Calcium signalling, pacing and rhythmic cell activity
D.F. van Helden, School of Biomedical Sciences, University of NewdsdSig 2308, Australia.

My interest in this area first arose while studying mesenteric veins in young guinea pigs. The mesentery is
also replete with striking arrays of lymphatic vessels, demarcated into chambers by frequently occurring
unidirectional valves. A feature that really caught my attentioaswthat the lymphatic chambers at times
exhibited spontaneous ythmical contractions that acted as “priwéfi hearts to propel lymph. This
phenomenon was so intriguing that the recording microelectrodes, while intended for theesmsalbften
“magically” strayed to record electrical activity from the lymphatic smooth muscle.

The venous studies were being made t@stigate spontaneous transient depolarizations (STDs), an
actiity reminiscent of transient depolarizations termed “bumps” that had been reported in photoreceptors. STDs
also paralleled spontaneous transigrgdnpolarisations that had been reported in neurons and smooth muscle,
differing primarily in their polarityWe investigated thesewvents, providing evidence that $hevere generated
by spontaneous release of?Ciom intracellular C&' stores and finding that the underlying currents, which we
termed spontaneous transient inward currents (STICs), wesly lik be generated by €aactvated Cr
channels. The significance of thesergs took on a whole medimension once microelectrode recordings were
made in lymphatic chambers, which indicated that lymphatic smooth muscle not only exhibited STDs but that
they, or summations thereof, were responsible for driving rhythmical lymphatic constrictions. This was most
surprising, as prior to this pacemakingsaconsidered to be generated by voltage-dependent channels in the cell
membrane, as had been first described for heart pacemakingadthihet CA™ stores might also act as a
pacemakr introduced aery different mechanism, one operated by an intracellular pacemaker “clock” set by
the release-refill cycle of Eastores.

The mechanism soon pial to be nore widespread, having roles in other pacesnalctivities such as
vasomotion and astrointestinal contractions. Wever, there remained a significant question, as tw fioe
mechanism operated vgh that indvidual C&* release eents are small and could not agtie sufficient current
to drive ppcemaking. Thedy  0lving this came with the realisation that stores had the capacity to interact as
coupled oscillators and so coordinate theinvégti A simple example of a coupled oscillator system is an array
of pendulums interconnected by springs, which entrain their cycles when randomwdtedctin the case of
stores, coupling between stores is mediated by both diffusion of storatastbetween storeg.(. C&*) and
by voltage coupling. The latter is mediated through transmission of membrane depolarization causing
enhancement of store agtiors and hence store cycling. It piles some 500 fold stronger coupling between
stores than does diffusion of aetiors. Evidence for the latter has been provided by studies on bésseéls
and strips of gastric smooth muscle.

The same coupled oscillator-based mechanism can generate long-range chemical/electrical signalling
within cells and cellular syitia. The mechanism subserves a similar role as sequentially conducting action
potentials, but is very different depending or’Cstores interacting as coupled oscillators and mitage
dependent channels in the cell membrane. Importantije coupling between Gastores may lead to near
synchronous local chemical/electrical signalling, substantial phase deleglepdeetween oscillatorsver
longer distances giving the impression of a propagatingewVe refer to such propagion as C& phase
waves. This mechanism is likely to underlie propagation ofvshi@ves in the gastrointestinal system and hence
is of considerable importance.

Biology continues to astonisiven in well-studied areas such as heart pacemaking, as it habaen
shawvn that C&* store-based pacemaking is also a player in the generation of heartbeats. dHo®dks”
mediate heart pacemaking, the “classical” pacemaker in the cell membrane and the intracéiusor€a
“clock”. These interact symbiotically to produce ugbheart pacemaking. Interestindlymphatic pacemaking
under certain conditions may also be mediated by both these mechanisms and hence lymphatic “hearts” may nc
be as primitie & previously thought. The existence of store pacemaking arfd @ese \aves provides nev
therapeutic directions for treatment of various pathologigsdrrhythmias). In case of the lymphatics,geting
the mechanism may lead to better treatments of disorders such as lymphedema. On the flip side, inhibiting the
lymphatic pump may also provide awdirst aid treatment for snakebite, as venoms usually first transit the
lymphatic system. This subject is of some significance, asebitakremains a world health problem with
[1.00,000 deaths and 400,000 amputations per ffegunately this approach may ke nerit, as we find that
lymphatic transport is considerably wied by topical application of an agent that inhibits lymphatic
pacemaking.
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Perspectives on multidrug resistance in membrane transporters
A.M. Geoge, Department of Medical and Molecular Biosciences, Faculty of Sciémieersity of Technology
Sydng, PO Box 123, BroadwayNSW 2007, Australia.

Membrane proteins constitute about 30% of all proteins and among these are a large cohort of
transporters, receptors, and enzymes. Membrane transponerkebame the subject of intense reseanatr o
the past tw decades, chiefly because mparfithem are responsible for a process known as drug efflux in which
the drug is captured at the cell membrane amdiéed to the outside, thereby protecting the cell from the action
of the drug. This is best and most simply illustrated by the resistance gfbacteria to antibiotics by drug
efflux. Though this is one of mgmechanisms of cellular resistance to drugs, it is perhaps the mosijperple
as it most often appears in the guise of multidrug resistance. In all, thereeamajfiv classes or families of
membrane drug transporters, naméhe Major Fcilitator Superfamily (MFS), Small Multidrug Resistance
(SMR), Multidrug and Toxin Extrusion (MEE), Resistance Nodulation Division (RND, andFABinding
Cassette Transporter (ABC) families.

The failure of cancer chemotheyaipn humans is a noted example of efflux-mediated resistance. A most
insidious feature of multidrug resistance is that it is often triggeredfmsare to a single drug. For example, if
human tumours are treated with yatoxic drug, the drug will bring about unbridled expression of an ABC
transporter called P-glycoprotein. Though this protein has seen only one drug, it elabordtes areetfianism
for all known cytotoxic drugs thereby rendering chemotheraglevant as a curate reatment for cancerous
tumours. A single membrane transporter is capable of extruding a large number of unrelated drugs, making the
cells multidrug resistant. That this mechanism is ubiquitous among i piakes it a major uestigative
topic. It was thought that recent resolved structures of some of these transportkersquickly yield the
mechanistic details of multidrug resistance, but the reality is less promisingvéiosome important studies
have gven dues about the way in which specific transporters are able to extrudesedaange of drugs.
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Molecular determinants of MRP1/ABCC1 expression and transport
S.P.C. ColeDivision of Cancer Biology & Genetics, Quegkniversity Cancer Resealr Institute Kingston,
ON K7L3N6, Canada.

The 190-kDa Multidrug Resistance Protein 1 (MRP1/ABCC1), first cloned by our group in 1992 from a
drug resistant lung cancer cell line (C@eal, 1992), is a member of the 'C’ branch of th&@Rbinding
cassette (ABC) supermily of polytopic membrane proteins. MRP1 belongs to a subset of ABCC proteins
comprising fie domains: 3 membrane spanning domains (MSDs), containing 5, 6, and 6 transmembrane (TM)
a-helices, respeatély, and two cytoplasmic nucleotide binding domains (NBDs) (Leslie, Dgél€ole, 2005).

In addition to its drug @fix properties, MRP1 mediates the ATP-dependent transport of a broad array of
exogenous and endogenousyanic anions, including theysteiryl leukotriene C4 (LC4), an eicosanoid
derivative that mediates inflammation and izalved in human bronchial asthma (Leslie, Dg&eCole, 2005;

Cole & Deelg, 2006). Thus MRP1 plays important roles in the celluldiuefof physiologically important
signalling molecules as well as participating in the tissue disposition and elimination of drugs and their
conjucated metabolites (Leslie, Degl& Cole, 2005; Cole & Deele 2006). A substantial number of iniilual

amino acids in different regions of MRP1vhaeen demonstrated to be critical for its substrate specificity and
transport actiities, as well as its stable expression in the plasma membrane. While some mutatiore-sensiti
residues are found in the cytoplasmic loops (CLs) of MRP1yrmma@nin, or are closely associated with, the TM
helices of the core region of the transporter that likely forms part of a substrate/inhibitor bindiaggrator
substrate translocation pathway through the membramwgcirarly crucial for LTC4 binding and transport are
Lys332 in TM6 (HaimeuyrDeelgy & Cole, 2002; Haimeuet al, 2004; Maencet al, 2009). Current @dence
suggests that TM6-Lys332 is vimlved in the recognition of the~Glu portion of LTC4 and other
substrates/modulators containing GSH or GSld-tikieties (Maenet al, 2009). These and other data indicate

that MRP1 has at least three substrate binding pockets. In contrast, residlwelim the proper assembly
and/or structural stability of MRP1 ¥ thus far been found in the CLs that mediate the coupling of TRage

actiity at the NBDs to the substrate translocation through the MSDs. Thus non-etimeexwbstitutions of

several ionizable amino acids in CL7 in MSD1 (Conseil, DgefeCole, 2006) and CL5 in MSD1 (Iram &

Cole, 2010) profoundly diminish thevids of MRP1 at the plasma membrane of mammalian cellsy Nan

not all) of these residues are predicted by homology models of MRP1 to be located in an environment where
they could form bonding interactions with residues in the opposing NBE. propose that these and other
interdomain interactions are critical to the proper assembly and trafficking of MRP1 to the plasma membrane of
mammalian cells.
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Drug translocation by P-glycoprotein: hov do topographical changes in transmembrane helices
assist?

R. Callaghan R.M. McMahort, E. Crowlg/,! M. O’'Mara? and 1.D. Kerr? INuffield Department of Clinical
Laboratory Sciences, John Radcliffe Hospital, University of Oxford, Oxford, OX3mitéd Kingdom,
2Molecular Dynamics Group, School of Chemistry and Molecular Biosciences, University of Queensland,
Brisbane QLD 4072, Australia andCente for Biochemistry and Cell Biolog$chool of Biomedical Sciences,
University of Nottingham, QueenMedical Cente, Nottingham, NG7 2UH, United Kingdom.

Background:Resistance to chemotheyaig a major causatie factor in the frustratingly poor success rate
of chemotherapeutic management in caritiee resistant phenotype is multifactoriatatving both cellular and
tissue architectural factors. One of the mosvageat, and dective, resistance pathwaysvolves drug dfux
pumps from the ATP-Binding Cassette (ABC) superfamily of transport proteins. flte gfoteins confer
resistance by ensuring that cancer cells accumulatdiaisnf concentrations of anti-cancer drugs and thereby
evale their cytotoxic actions. P-glycoprotein (a.k.a P-gp or ABCB1) is an archetypal ABC fimgamp and
is knavn to confer resistance in a variety of cancer types including colear, lireast and a host of
haematological disorders. P-gp is known to bind and transpert200 pharmacological agents; hence it is
referred to as a multi-drug transportdihis property remains a biological enigma and remains poorly
understood. P-gp comprises four domains) imtramembranous (TMD) and éwcytoplasmic (NBD). The
TMDs are knavn to bind drug substrates and provide the translocation pore whilst the NBDs hydrolyse ATP to
power the actie ransport. The TMD and NBDs are linked during translocation to ensure that drug binding and
ATP hydrolytic events are efficiently coupled.

Objective: The process of coupling remains undefined, although ttansmembrane helices (TM6 &
TM12) appear to be intimatelyvalved. As part of an ongoingvestigation we aim to provide molecular
details on the coupling process and theolvement of these tw TM helices. The present \astigation
describes the role of TM12 in mediating coupling and the conformational changes gaesdduring the
translocation process.

Strategy: The investigative drategy involves the mutagenesis based insertion of cysteine residues into
various positions along TM12 using the fully functional cysteine-less isoform of P-gp as a template. The single
cysteine mutant isoforms were expressed in insect cells with a recombinantvivasuémd purified using
affinity chromatograpy The purified, reconstituted mutant isoforms were assessed for function to ascertain the
functional irvolvement of the tagreted residue positions. In the second phasevestigation, the introduced
cysteine residues were measured for their accessibility idettt modification by a variety of thiol-reaoti
probes. Using probes witharying biophysical properties, differential labelling wouldvead the local
ervironment at each position. Finallihe isoforms were “trapped” in @&#rent conformations to assess the
changes in local environment and therelweakthe topographalterations during the translocation process.

Results:This cytosolic region undgoes a shift from a hydrophilic to hydrophobic environment during
ATP hydrolysis. Overall the carboxy-proximal region of TM12 appears more responsichanges in the
catalytic state of the protein compared to its amino-proximgibme Thus, the carboxy-proximal region is
suggested to be resporssito nucleotide binding and hydrolysis at the NBDs and therefore diresthvied in
inter-domain communication. These data can be reconciled with an atomic scale model of human ABCB1.

Conclusion:Taken together these results indicate that TM12 playsey kole in the progression of the
ATP hydrolytic cycle in ABCB1, in particular coordinating conformational changes between the NBDs and
TMDs.
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The malaria parasite’s chloroquine resistance transporter: a multidrug resistance carrier?
R.E. Martin}2R.L. Summer5M. Nash! R.\ Marchetti,! T.J. Dolstrat and K. Kirk! 'Reseach Shool of
Biology, The Australian National Universitfanberra, ACT 0200, Australia arf&chool of BotanyThe
University of MelbourngParkville, VIC 3010, Australia.

Malaria remains a major infectious disease in yngarts of the world; an &fctive vaccine is not yet
available and the parasite hasrdeped resistance to most of the antimalarial drugs currently in\Wen it
was introduced in the 1940s, thefatability, low toxicity, and efectiveness of chloroquine (CQ) caused a
revolution in the control of the disease. Around 15 years,lamveve, chloroquine-resistant (CQR) parasites
had emeaged and by the 1990s resistant strains wergalemt in most regions where malaria is endenti®QR
parasites accumulate much less CQ than do their CQ-8er€iQ)S) counterparts and it is this medkdecrease
in drug accumulation that underlies the phenomenon of CQ resistance. CQ resistance has heed attrib
primarily to mutations in the chloroquine resistance transporter (Bf@GR integral membrane protein localised
to the parasitg’ internal digestie vacuole (belieed to be he site of CQ action) and a member of the
Drug/Metabolite Transporter (DMT) Supanfily. Furthermore, mutations in this protein also modulate the
parasites susceptibility to a number of other clinically important druddowever, the mechanism by which
mutant PfCR confers reduced drug accumulation within the digestacuole, and hence resistance, has been
unclear.

We haveexpressed PfCRin Xenopusogytes, achieving a ralst heterologous system for the functional
characterization of this proteimchieving expression was not straightfaxd; the coding sequence was codon-
harmonised todcilitate correct folding of the protein and a number of prgatafficking motifs were remeed
to prevent its retention at internal membranesithtfut these changes, PfCRvas not expressed at significant
levels in the oocyte plasma membrandsing this system, we undertook direct measurementSHICQ
transportvia PfCRT and provided a clear demonstration that the resistance-conferring form ofT PfCR
(PFCRTCQR) has the ability to transport CQ out of the digestiacuole whereas the sengitiform of the protein
(PfCRTC®S) does not (Martiret al, 2009). We dso showed that the transport of @@ PICRTC®R s inhibited
by verapamil, a drug long-recognised for its ability teerse CQ-resistande vitro. Moreover, CQ uptake was
inhibited by a number of quinoline antimalarials (including quinine and amodiaquine) as well asuinal anti
agent amantadine (which exhibits some antimalariavifictin vitro, particularly against CQR parasitespy
contrast, piperaquine and artemisinin (both clinicalfeaive aganst CQS and CQR strains) were without
effect. A focus of our recent work has been on determining whetpamil, quinine, or amodiaquine are
also transportedia mutant forms of PfCR

There has been some conjecture as to whetherTPBERaves as a bannel or a carriere(g. Sanchezt
al., 2007). We found that the transport of C@a PfCRTCQR is saturated by i@ (clinically relevant)
concentrations of the drug (the apparep(®Q) was 245uM; Martin et al, 2009). T place this in cont,
the addition of 100 nM CQ to theteacellular solution is estimated to result in a CQ concentration of around 2
mM in the digestie vacuole of CQS parasites and 200 to f®0in the digestie vacuole of CQR parasites -
due to the accumulation of the druig 'weak-base trapping’ in this acidic compartme#t.characteristic of
saturable transport is the ability of unlabelled substratéstimhibit the uptak of a mdiolabelled substrataie
observedcis-inhibition of [PH]CQ transport by unlabelled CQ in otes expressing PfARCR and likewise
found that the inhibition of PfCFEQR by a number of different compounds, including quinine, verapamil, and
amantadine, @as concentration-dependent. Furthermore, wee llacently shown that CQ upt@kn cocytes
expressing PfCRCOR displays another hallmark of carrier-mediated transport - a edadependence on
temperature (Summers & Martin, 2010)aken togethey the saturability and strong temperature-dependence of
CQ transportvia PFCRTOR dong with the placement of the protein within the DMT sugmiify of carrier
proteins, support the wiethat PfCR is a @arrier Moreover, the interaction of mutant forms of the protein with
a number of different drugs suggests that PTGian function as a multidrug resistance carrifne finding that
PfCRTCQR behares as a arrier has significant implications for the treatment of CQR parasites with CQ or CQ-
like drugs. In particular we relate this to theample of Guinea-Bissau, where high doses of CQ are routinely
used to cure CQR malaria (Ursiagal, 2007).
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Antimicrobial resistance in staphylococci: Molecular architectue of a multidrug binding site
M.H. Brown, School of Biological Sciences, Flirslehniversity Bedfod Park, SA 5042, Australia.

A significant mechanism of bacterial resistance is they@etport of antimicrobials from cells by broad
specificity multidrug efflux systems. Theport of antiseptics and disinfectants in staphylococci, mediated by
the plasmid-encoded determinajacA is an e&ample of such a multidrug efflux system (Bro& Skurray
2001). QacA is a 514-amino acid membrane protein, containing 14 transmembrane segments (TMS), and is ¢
member of the Major Facilitator Supanfily (MFS) of transport proteins. QacA confers resistance to more than
30 different monealent and bialent cationic, lipophilic antimicrobial compounds from 12feliént chemical
families via a proton motve force-dependent efflux mechanism. Transport and competition studies ha
indicated that QacA interacts with maaient and bralent compounds at wvdistinct substrate-binding sites
(Mitchell et al, 1999). Mutagenesis of the aspartic acid residue at position 323 in TMS 10 of the QacA protein
has been shen to radically alter the substrate specificity of the transpdigteine-scanning mutagenesis of
35 residues within and surrounding TMS 10 delineated the extents of the TMS and identified residues within the
substrate-binding site; TMS 10 appears to play amgiateole in the formation of the substrate-binding site of
QacA (Xuet al, 2006). Interestinglythe location of ky regdively-chaiged residues in QacA has an influence
on the subset of élent cations recognised (Hassral, 2007).

To date there is no high resolution structure of a 14-TMS transport proteimevelp snce QacA
possesses a number of amino acid sequence motifs conserved within the MFS gmotgimnsfit practical to
extrapolate the known structures of related 12-TMS transport proteins, such as GIpT and LacY? Arvalternati
way of abtaining information on the structure of multidrug bindixgarters, in particular their binding paatk,
is to analyse other multidrug-binding proteins that may be more amenable to crystal structure analyges (Grk
et al, 2002). One such protein, the QacR transcriptional represgdively regulates the expression gicA
and is induced by interaction with antimicrobials which are substrates of QacA,; binding of these compounds
conformationally modifies QacR such that it can not bind tajtt® DNA operator sequence (Schumachker
al., 2002). Crystal structures of QacR conyaie to a rumber of chemically- and structurally-difent cationic
compounds ha ded light on the induction mechanism of QacR and also illustrate the versatility of the
substrate-binding domain of this proteinyeaing separate, u linked ligand-binding sites within a single
protein (Schumachest al, 2001; Brookset al, 2007). Recent mutagenic studiesvddocused on the four
glutamic acid residues, identified from these structures, that line and surround the QacR ligand binding pock
(Peterset al, 2008). Biochemical analyses and examination of crystal structuvesdhealed that these acidic
resides do not appear to play a role in charge neutralisation of cationic subsitategybbe imolved in
substrate discrimination through affecting the positioning of the drugs within the bindingt.pdbis only
senes to provide furthervidence of the promiscuous nature of the binding pocket of multidrug binding
proteins.
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Reduced mitochondrial biogenesis actation during exercise after short-term training

N.K. Steptd;? G. Wadlg,? B. Benziané,A.\. Chibalin,* B.J. Canny’ and G.K. McConelt, YInstitute of Sport
Exercise and Active Livindictoria University Melbourne VIC 8001, Australia?School of Sport and Exercise
Science Victoria University Melbourne VIC 8001, Australia®School of Exercise and Nutrition Sciences,
Deakin UniversityBurwood, VIC 3152, AustralidDepartment of Physiology and Pharmacoldggrolinska
Institutet, Stockholm, Sweden, aﬁﬁlbpartment of PhysiologiMonash UniversityClayton, VIC 3800,
Australia.

Mitochondrial biogenesis and function are important for energy production in cells and tidbeemnt
mitochondrial function, specifically reduced volume not function, has been implicated as a cause or at least a
contrikutor to lifestyle diseases including insulin resistance, obesity and diabetes. It is also well established that
mitochondrial function and biogenesis is promoted by physicaVitgctand eercise. In this study we
investigated whether mitochondrial biogenesis was maintained in response to mewiseeafter 10d of
intensive cycle training despite the reduction of AMPK a&iii. Nine untrained, healthparticipants (mear:

SEM; 23+ 5 years of age, BMI: 24.9 1 kg.m? VO, 44.1+ 7.2 ml.kg.min™?) provided written informed
consent. These participants performed a 60 min bout of cyckagise at 164+ 9 W ((070% pre-training
VOzpeaQ, muscle biopsies were taken from thastus latealis muscle under local anesthesia at rest,
immediately and 3h afterxercise. Wthin 7 days the participants then underwent 10d of intensifyeté c
training including 4 days of high-intensity intetvtraining. Three days after the final training session
participants repeated the pre-trainingereise trial with biopsies at the same absolute work leddb4 W).
Protein and mRN were extracted from muscle for analysis by immunoblotting DrgQRCR respectely.
AMPK Thrl172 phosphorylation increased by 15 fold and 4 fold durkeycise before and after training
respectrely (p<0.05). PGCla gene expression was increased by 11 and 4 psdd.Q01; Figure A) 3 h after
the eercise bout before and after training.
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PGC1la protein expression increased 1.5 fot&@.05; Figure B) in response taeecise pre-training with no

further increases occurring after the post-trainirgrase bout. COXIV genex@ression was increased by
training only (1.6 fold;p<0.0001). Onthe other hand COXIV proteirxpression increased (1.5 folpk0.05)

but demonstrated a 20% reductigox(.01) in response to acuteercise before and after training. The nuclear
co-repressor RIP140 and ®Oprotein expression was influenced by acuter@se only Specifically, protein
expression of RIP140 increased bp.5 fold (£<0.01) and C@&l decreased® fold (p<0.01) in response to

acute gercise before and after training. These data demonstrate that short-term intensified training promotes
gene and protein expression for mitochondrial biogenesis, and that sexdisesafter training at the same
absolute intensity results in reduced gene expression responses.
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30 days of normobaric hypoxia increases mitochondrial respiration

D.J. Bishop! A. Ferri,%?|. Rivolta? A. Panariti? A. Zaz& and G. Miserocch?, lInstitute of Sport, Exercise and
Active Living (ISEAL) and School of Sport and Exercise Sci&fateria University Melbourne VIC 8001,
Australia and?Dipartimento di Medicina Sperimentaleniversita degli Studi di Milano-Bicocca, Monza, Italy..

Contrasting increases iytochrome c oxidase and decreases in mitochondrial voluagelan reported
in response to stays at high altitude (Hoppeler & Vogt, 200 ek, none of these studies directly measured
mitochondrial respiration and all can be criticised for a lack of control for changes in physidiay. atttie
purpose of this study was tovastigate the effects 30 days of hypoxia on directly-measured, mitochondrial
respiration. Wenty Wistar rats were randomly assigned to 30 days of either normobaric normoxia (CON; 21%
O,) or hypoxia (HYP; 10% Q). Both submaximal (0.1 mM ADP) and maximal (2 mM ADP) ADP-stimulated
mitochondrial respiration were determined on both isolated mitochondria (from lungs) and permeabilised
muscle fibres from the left (LV) and right ventricle (RV), andsbkus(SOL) and EDL. Results were analysed
using one-way AN®A (p<0.05). Bothsubmaximal and maximal ADP-stimulated respiration was significantly
greater in HYP for SOL andM.and tended to be higher foMRp=0.06). There were no significantféifences
for the EDL. The significantly greater mitochondrial respiration in efLHYP (26%;p<0.05) was similar to
a previous study (16%, ns) (Nal-Chatéet al, 1998). The non-significantly greater mitochondrial respiration in
the R/ of HYP is also consistent with previous researchvgN@haté et al, 1998) and can probably be
attributed to significantly greater mass of the. BVe have showvn for the first time haever, that there is a
greater mitochondrial respiration in theleusof rats exposed to 30 days of hypoxia.

Hoppeler H. & Vogt, M. (2001). Muscle tissue adaptations ypdxia. Journal of Experimental Biolgy 204,
3133-3139.

Novel-Chaté, V., Mateo, P., Saks, V.A., Hoert@A. & Rossi, A. (1998). Chronicxposure of rats toypoxic
ervironment alters the mechanism of agetransfer in myocardiundournal of Molecular and Cellular
Cardiology30,1295-1303.
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3-day oral N-acetyl-cysteine supplementation alters metabolism but not performance of high
intensity aerobic exercise in trained cyclists

A. Trewin,* F. Billaut,%? A. Petersert;? B.D. Perry! E. Gof,! T. Aanasovskhand N.K. Stepté? 'School of
Sport and Exercise Scienaéctoria University Melbourne VIC 8001, Australia andinstitute of Sport Exercise
and Active LivingMctoria University Melbourne VIC 8001, Australia.

Redox homeostasis is essential for proper functioning of biological systems. @xidiegss impairs
contractile activity in skeletal muscle, and conitéds to muscular fatigue during heawereise (Barclay &
Hansel, 1991; Reidt al, 1992). Accordingly antioxidant supplements may assist endogenous antioxidants to
prevent deleterious effects associated with oxidatiress (Meded et al, 2004; Kelly et al, 2009). In this
study we iwestigated the effect of oral N-acetysteine (MC) supplementation on metabolism and high
intensity cycling performance. Nine well-trained male cyclists (me8D; 27+ 6 years of age, @Zpeak69.4i
5.8 ml.kgt.min™) provided written informed consent. In a randomized, double-blind ovesdesign, subjects
performed a 6 5 min High Intensity-Interval Taining (HIT) cycling session at 82.5% of peak sustainedepo
output, followed by a 10 minute self-paced Time Trial (TT) oo twcasions 7 d apart. Prior to one session
subjects consumed % 750ml doses (% 2 d, 2x 1 d, 1 x 1 hr pre-trial) of sports drink each containing
100mg.kg! NAC, which was repeated for the other sessiom,without NAC. Metabolic, electromyographic
(EMG), performance data, and blood/plasma samples were collected for analysis before, during, and after the ¢
x 5 min HIT bouts and subsequent .TRespiratory Exchange Ratio (RER) was decreased in At déndition
throughout HIT ®ercise, and as significant at bouts 1 andfpb< 0.05) as shown in The Figure. Compared to
placebo, MC decreased blood lactate during TT and veop (p < 0.05). Both pH §p < 0.01), and HCO3( <
0.05) were reduced throughoutemcise and reogery with NAC. In contrast MC resulted in higher blood
glucose concentration during HIPp € 0.05). EMG median frequepof the vastus latealis decreased in HIT
bout 6 in the MC condition ( < 0.05). No significant difference was observed in the total work performed in
the 10-min TT p = 0.16). These data indicate thaf® does not change performance in a self-paced 10-min
TT, but induces a shift in muscle fibre-type recruitment and alters metabolism during high intensig} interv
exacise, which may provide a glycogen-sparing effect during prolonggedise.
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Actions of the antioxidantN-acetylcysteine on cell signaling response to exercise in human
skeletal muscle

A.C. Petersef;?3M.J. McKenna? |. Medved? K.T. Murphy? M.J. Brown} P. Della Gatta and D. Cameron-
Smith? 1School of Exercise and Nutrition Sciences, Deakin UniveMEjbourne,ZSchooI of Sport and

Exercise Scienc&fctoria University Melbourne VIC 8001, AustraliadInstitute of Sport, Exercise and Active
Living, Mctoria University Melbourne VIC 8001, Australia andDepartment of Anaesthesia, Royal Melbourne
Hospital, MelbourngVIC 3050, Australia.

Production of reacte axygen species (ROS) in skeletal muscle is markedly increased dxeneise and
may be essential foixercise adaptation. @/itherefore inestigated the effects of infusion with the antioxidant
N-acetylysteine (MC) on exercise-induced actation of signaling pathays and genesvolved in «ercise
adaptation in human skeletal muscle. Subjects completexsxcise tests, 7 days apart, with saline (control,
CON) or NAC infusion before and duringkercise. Exercise tests comprised of cycling at 71%p\galjor 45
min, then 92% V)zpeakto fatigue withvastus latedlis biopsies at pre-infusion, after 45 min cycling and at
fatigue. Analysis s conducted on the mitogen-gatitd protein kinase (MAPK) signaling pathways, which
are irvolved in growth, metabolism, differentiation, transcription, translation, and remodeling and also nuclear
factor«B (NFkB) signaling, which is a major stimulator of genegined in inflammation and muscle protein
turnover. We found that gercise increased phosphorylation of the MAP kinases c-Jun N-terminal kinase (JNK),
p38 MAPK, and extracellular signalg@lated kinases 1 and 2 (ERK 1/2), and thA€CNhad no effect on these
kinases. NF«B p65 phosphorylation was unaffected bigreise; hevever it was reduced in AC at fatigue by
14% (<0.05) compared to pre-infusion. Additionallye analysed expression ok@cise and/or ROS sensigi
genes imolved in stress-response (heat shock protein 70, HSP70), inflammation (interleukin-6, IL-6ytenonoc
chemotactic protein-1), anti-oxidant defense (n@aege superoxide dismutase, MnSOD) and mitochondrial
biogenesis (peroxisome proliferatactivated receptor coaetitor-1a, PGC-1a). Exercised induced mRN
expression was ROS dependent for MNSOD (Figure), but not RG@terleukin-6, MCP-1, or heat-shock
protein 70. These results suggest that inhibition@SRttenuates some skeletal muscle cell signaling pgtthw
and gene expressiorvislved in adaptations toxercise.
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Rigour or rigor mortis: a challenge for physiology
P. Poronnik, Health Innovations Resehrinstitute School of Medical Sciences, RMIT UniversiBundoora,
VIC 3083, Australia.

The education sector is in ongoing turmoil with debates around tHeutif” of the proposed national
curriculum in maths and science with potential flow-on effects to the tertiary .s€bimiology as an
independent discipline is also under ongoing threat, often seen as primarily service teaching for medicine relatec
courses. dgether with the massification of the tertiary sector and fiscal pressures, does this lead to dilution and
less rigorous teaching in physiology? The mantra of multidisciplinarity is also a potential threat in that it may
encourage a shalker-broader educational approach rather than directing disciplinary depthysislpby just
too hard for the “@erage” science student? Or do the current methods of physiologerdedimply fail to
engage and excite the students tovetrfor academic xxellence through an inherent curiosity aboutvtibe
body works? In response to the 2003 BIO2010 report on undergraduate biology curriculum, Brtleo8ilv
issued a “call to action” to restore physiology to its true place in the science curriculum as ‘hatiiete
discipline in biology”. Since then, there has been an increasing recognition within the physiology family of
these issues. Our challenge is to capitalize on the forwavdmemt in this area and enact this essential change.
We reed to build critical mass to reinvigorate the physiology curriculum inag that recognizes and
contetualizes prior knwledge and challenges students to\ali participate in the learning around the
fundamental concepts that are the foundations of modeysighbgy Encouragement, tangible support,
teamwork and academic output and recognition aeg kablers that will place physiology in the centre of
biomedical curriculum of the future.

Committee on Undergraduate Biology Education to Prepare Research Scientists for the 21st Bléntury
2010:Transforming Undergraduate Education for Future Research Biologiaghivgton DC: National
Academy Press, 2003.

Silverthorn DU. (2003) Restoring physiology to the undergraduate biology curriculum: a call for action.
Advances in Physiology Educati@i: 91-6.
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Using the Finapres to teach cardigascular physiology to second year science students
YM. Hodgson and.Xhoate Department of Physiologionash UniversityVIC 3800, Australia.

There are manways of teaching cardiascular physiology to umérsity science students, butwfeof
these directly demonstrate or measure cardiac output and total peripheral resistance, concepts which ar
fundamental to an understanding of caveszular plysiology The Physiology Department at Monash
University has been trialling the use of a finger pressure cuffFthapressystem, in the cardiascular
practical classes. This abstract reports on the initial findings from a study of 220 secondygedogyh
students undertaking a practical class xaase and cardigascular physiology using tHénapressystem.

During the practical class studentsrked in groups of 5, with one student performing gradeddeof
exacise on a cycle gpmeter The ercise workload was increasedegy 3 minutes by increments of 5Qatts,
until the subject reached 75% of their maximum HR. Hmapresfinger cuff, together withBeatscope
software, were used to continuously measure and record blood pressure (BP). Heart rate (HR) and cardiac
output (CO) were triggered from the pulse rate and the pusdawm, respectiely. The students were astl to
calculate the strakwlume (SV) and the total peripheral resistance (TPR).

To determine if theFinapres practical class had impved sudent learning and understanding of
cardiovascular physiology andxercise, pre- and post-tests wergegi to the students at the beginning and end
of the practical class. The questions tested the students understanding obseutio physiology during rest
and eercise. Statistical analysis of student performance for theithdil questions indicated that there was a
significant impreement for two questions following the practical class. The first question required a calculation
of the CO. On the pre-test 75.81% of students answered this corfdtdyose to 84.5% on the post-test. A
similar increase (78% to 84%)aw seen for a multiple choice question about the sympathetic cardiac response
to exercise. Havever, there was no significant difference in themrall pre- and post-test results, suggesting that
theFinaprespractical had a posit, but narrav, efect on learning.

A questionnaire using a Bvpoint Likert scale, similar to that used by Rodrigues-Barbero (2008), w
used to ealuate the student experience of tiaapressystem. The findings showed that students: i) appreciated
the immediag of the recording of cardi@scular responses (4.%70.85, meart SD); ii) felt that thg gained a
better understanding of Wwoto record physiological data (4.060.89); iii) enjoyed the practical class (4.7
0.96); and iv) would recommend th&napresto other students (4.12 0.97). Gven this positve gudent
feedback, we hee sibsequently used thenapressystem to teach §hiotheray and third year Pysiology
(Science) students about circulatory reflesponses to perturbations in the carasoular system. The ability of
the Finapressystem to continuously record and calculate BR, CO, SY and TPR during thexperimental
protocols preides students with immediate feedback and, we \melianproves their understanding of
cardiovascular physiology.

Rodriguez-Barbero, A. & Lopez-Noa, J.M. (2008) &aching intgratve physiology using the quantitag

circulatory physiology model and case discussion metheduaion of the learning x@erience.
Advances in Physiology Educatj@®: 304-311.

Proceedings of the Australian Physiological Society http://www.aups.ag.au/Proceedings/41/12P



The KISS approach: Hov to devdop an effectve lf directed e-learning application

R. Guy! H. Pisani? P. Rch,! G. Mandarand, C. Leahy? T. MolyneuxX and R. Davidson,'School of Medical
Sciences, RMIT University Bundoora, Bundoora, VIC 3083, Australid%eitbol of Health Sciences, RMIT
University Bundoora, VIC 3083, Australia.

An Interactve e Alas of functional anatomy (leA) has beeweeped to provide support for large class
teaching and to encourage engagement in the study area (Figure 1). The leA provides general support fo
introductory anatomy & physiology courses and also forms a component of blended learning and distance
education.

The KISS approach (keep it simple for students) was used dunmppiment of atlas content and
structure. Best practice principles and cogaitioad theory were used to pide efective interactivity,
flexibility, options and feedback.

Two other online applications (Neuronal Physiology animation Figure 2; Glass Brain Figunee3jdua
been deeloped using best practice principles.

Preliminary @aluations indicate a good student response to the applications. The KISS approach may be
useful in facilitating student engagement in e-learning environments.

Effective Excitatory Input

Proceedings of the Australian Physiological Society http://www.aups.ag.au/Proceedings/41/13P



Lecture a@tendance, learning style and assessment outcome in physiology students
D.A. Saint, D.M. Horton and S.D. Wiederman, Discipline of PhysioRupol of Medical Sciences, The
University of AdelaideAdelaide SA D05, Australia.

It seems selfsadent that students attendance at lectures should predict their performance in exams and
other assessments. This has been shown in some studies, for example in dental studersei(E10D9) lut
the correlation is often weak. Some authongehmggested that provision of alternatilearning materials, such
as online lectures, may be detrimental to student performance because it reduces attendarveatitnaddn
lectures (Fernandes, Male & Cruickshank, 2008). Studemns Yemied learning styles, or combinations of
styles, assessed by VARK (visual, auditfagading/writing and kinaesthetic), and this has beewshio some
cases to predict academic outcomes (Dobson, 2009)eddn the interaction between lecturdeaitiveness and
student learning styles is poorly understood. Here, wee hiavestigated the correlation between lecture
attendance and student performance ifediht assessment tasks, and the influence of the students’ learning
style on this. W hypothesised that the gieee of correlation of lecture attendance with academic performance
will be different for students with different VARK profiles.

Second year students for the combined Biomedical, Health and Science 2009 cohort (n=120) completed a
guestionnaire in which tlyeself-reported their lecture attendance and the timg #Hpent using alternate
resources to supplement their learning. Self-reported lecture attendance in the first semester of 2089 was 73
2%. Correlations between lecture attendance and grade outcome are shown the Table.

Grade Component Combined Male Only Female Only
Male/Female
n=120 n=49 n=71
Practical r=0.29, p<0.002 r=0.32, p<0.03 r=0.20, p<0.10, ns
Tutorials r=0.35, p<0.0005 r=0.29, p<0.05 r=0.33, p<0.005
Exam r=0.21, p<0.02 r=0.29, p<0.04 r=0.10, ns
Combined Grade r=0.31, p<0.001 r=0.35, p<0.01 r=0.20, p<0.10, ns

95 students completed the VARK assessment. For these students, a greater percentage score of "R" (i.e
use read/writing as a method of learning by VARK analysis) predicted: Exam Mark (r=0.22, p<Qt68al T
mark (r=0.20, p<0.05), Practical Mark (r=0.19, p<0.07), Overall Mark (r=0.26, p<0.02). Females had a higher
proportion of "R" compared to males (Females =& 201, n=63: Males =0.250.01, n=32; P<0.03).

We @nclude that lecture attendance and learning styles interact in prediggiatj mark, t the details,
and the causal relationships, require movestigation.

El Tantawi MMA, (2009)ournal of Dental Educatio@3(5): 614-623.

Fernandes L, MaleM, Cruickshank C (2008Journal of the International Association of Medical Science
Educatos (JIAMSE)18(2): 62-70.

Dobson JL (20090dvances in Physiology Educudati®®: 308-314,
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The Human Physiology Writing Centre: Task-based building of student capacity
S. Wiedermah J. Miller? and C. Habe?f, Discipline of PhysiologySchool of Medical Sciences, ad@ente for
Learning & Professional Development, The University of Adeldidelaide SA B05, Australia.

Students studying second year Humarydrilogy write a literature w@ew in the first semester and a
critical evaluation in the following semeste6Generally sudents are asked to complete such writing tasks,
without ary established teaching procedures. Therefore, these assessments can be difficult, particularly for
‘English as an Additional Language’ (EAL) students. As an aid, weigea detailed assessment criteria sheet,
however the interpretation of this information can in itself be a challengeremedy this situation, we
established the Human Physiology Writing Centre, providing tutoring to the students for the specific writing
task. The students were pided with two individual 30-minute sessions (one week apart) with a writing tutor
(trained Psychology PhD students). The tutors provided guidance with the purpose of the task and an
explanation of the assessment criteria. Working with the students and their draftselgiesl with logical flov
and structure; as well as grammar and style. The tutors wereamdiiaf with the underlying content
(Physiology), which maintained a focus on writing. Qualitely, the students k& reported gerwhelming
support for this progranvia student galuations).

This ‘task-specific’ approach introduces the students to other ‘writing’ resouwadsble within the
University (the Writing Centre). This mentorship encourages student engagement with improving their writing
via both intrinsic (context) and extrinsic (assessment) vaotis. Importantlywe ae providing the resources
required to meet the student learning obyestof improved scientific writing.
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Effect of hypoxia on the dynamic response of leg blood floduring exercise
S. Green and.Donnelly Department of PhysiologWniversity of Otago, Dunedin 9013, MW&ealand.

Systemic hypoxia increases the musgfpdraemic response during steady-staercise. Havever, the
effect of hypoxia on dynamic response characteristics of muscle blagdsflaot knovn. To test this dect,
eight subjects performed eighteecise trials while breathing a normoxic, @ = 0.2094) or hypoxic (fO, =
0.105) gas mixture. Exercise consisted oé fimnutes of intermittent contractions of the left calf muscle (3s
duty cycle) at a hv intensity (20% MVC) during which ¢gblood flov (LBF) and mean arterial pressure (MAP)
were measured between each contraction. Four sets of LBF responsevenaggedafor each subject under
normoxia and hypoxia and fitted using a multiphasipoaential function. This enabled amplitudes and
temporal parameters of a fast andasfirowth phase, as well as a rapid decay phase, to be estimated. Hypoxia
did not significantly affect MAP at rest but resulted in a 7% lower value by the endroise (p < 0.05). In
contrast, hypoxia increased the change in LBF from the start to endroise by 13% (p = 0.07) and the
amplitude of the rapid growth phase of the LBF response by 16% (p < 0.001). Hypoxia also increased the
amplitude of the slo growth phase by 24% (p = 0.08utit had no effect on the decay phase. These results
suggest that the effect of hypoxia omreise hyperaemia is targeted at rapid and gllbases of the response.
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Citrulline supplementation does not pevent atrophy during limb-casting in mice
R. Koopman, D. Ham, B.G. Gleeson and G.S. Lynch, Basic and Clinical Myology Lahdbatmaytment of
Physiology The University of Melbourn&/1C 3010, Australia.

Essential amino acids, particularly the branched-chain amino acidsbden shown to play a major role
in the regulation of muscle protein synthesis and breakddoopman, 2007). Thus, ingestion of specific
amino acids (AAs) could be anfeftive therapeutic strategy to attenuate the muscle wasting and weakness
common in may disease states and conditiodthough studies hae indicated that supplementation with non-
proteinogenic amino acids such as citrulline, can manipulate the anabolic response, their application for treating
muscle wasting has rewed little attention. Interestingly oral administration of citrulline to old malnourished
rats enhanced muscle protein synthesis Bkaet al, 2006). Citrullinecan be cowverted to arginine in the
kidneys and thus plays an important role in protein homeostasis, controlling urea productiorgiaimd ar
awailability. We hypothesized that citrulline administration increases muscle protein synthesis thereby
preventing skeletal muscle asting during limb-casting. Our aims were to establish the stimulating/pvetecti
properties of citrullinen vitro on muscle cell ypertroply and atroply, and to examine whether citrulline could
attenuate the loss of muscle function during casting.

Atrophy was induced in cultured C2C12 myotubes by switching the medium to HBS, with or without the
addition of 2.5 mM citrulline. After 6h of treatment, cells were fixed in 3.7% formgatheland reacted with
myosin antibodies to determine myotube diameseqrepared for western blot andifRCR analysesMice
(n=24) were subjected to unilateral limb-castihdjce were anaesthetised with an intraperitonigal) (njection
of Ketamine/Xylazine (100 mg/kg Ketamine; 10 mg/kg Xylazine) so theas wo response to tactile
stimulation. Thdeft hindlimb was wrapped in a special veterinary plaster with the foot positioned in plantar
flexion to induce maximal atrophof the gastrocnemius and other hindlimb muscles. Mice vegteitrulline
(n=12, 1 g/kg/day) or alanine (n=12, control) during the 2 weeks of limb-casting. At the end of the treatment,
mice were anaesthetised atitulalis anterior (TA) muscle function was assessadsitu (Murphy et al, 2010).

Mice were killed by cardiac excision while anaesthetised dedplscles were analysed for changes in muscle
fibre cross sectional area, fibre type distribution and oxlatipacity.

C2C12 myotubes incubated in HBS for 6h had a 40% reduction in myotube diadmeatéation with
citrulline partly preented this wasting, with citrulline incubated myotubes being 18% bigger than the HBS or
HBS-alanine treated myotubgs<(.05). Incubatiorwith citrulline did not enhance the phosphorylation status
of p70-S6K1 or Akt. Two weeks of unilateral limb-casting resulted in 25% reducti@s®.05) in quadriceps
and TA muscle mass, and 33% and 15% reductions in peak and specific force, velgpestiTA muscles.
These changes in muscle mass and function were associated with a specific afttbghtype 1lb/x fibres,
without changes in the size of type lla muscle fibi@#rulline treatment during limb-casting did not attenuate
muscle wasting.

Although citrulline administration reduced musclastingin vitro, it was unable to counteract muscle
wasting in vivo. Citrulline does not xert its efect on skeletal muscleia the classical amino acid-induced
increase in Akt/mTOR signalling.

Koopman R. (2007)nternational Journal of Sports Nutrition and Exercise Metaboll§mS47-S57.

Murphy KT, Koopman R, Naim ,TLeger B, Tieu J, Ibebunjo C & Lynch GS. (2010FASEB ®&urnal
doi:10.1096/fj.10-159608

Osavska S, Duchemann, Walrand S, Paillard A, Boirie ,YCynober L & Moinard C. (2006)American
Journal of PhysiologyEndocrinology and Metabolisi291: E582-586.

Supported by the Ajinomoto Amino Acid Research Program (Japan)
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Inhibition of the renin-angiotensin system enhances whole body and skeletal muscle function in
healthy and tumour-bearing mice

K.T. Murphy! A. Cheée' A.M. Allerf and G.S. Lynch,'Basic and Clinical Myology Laboratoripepartment of
Physiology The University of Melbourn&/IC 3010, Australia andCentral Cardiovascular Regulation Group,
Department of Physiolog¥he University of Melbourn&/C 3010, Australia.

Cancer cachexia describes the progvessieletal muscle wasting and weakness in yneamcer patients.
Cancer cachexia impairs mobilitsauses sgere fatigue, and accounts for >20% of cancer-related dedtins.
mechanisms underlying cancer cachexia are multifactorial and current treatmverniobed ineffective @ they
have mly targeted one of these mechanisms (MurghLynch, 2009). Renin-angiotensin system (RAS)
inhibition has typically been used in the treatment of hypertension, but recent evidence indicates that stimulation
of RAS may contribute to skeletal muscle breatdoby a myriad of mechanisms, including inducing
inflammation, causing insulin resistance, inducinglefal muscle apoptosis, reducing protein synthesis and
enhancing protein dgadation. RAS inhibition may therefore preseor exhance skeletal muscle strength and
function and consequentlyepresents a potential therapeutic sgwatéor counteracting the skeletal muscle
wasting and weakness associated with conditions such as cancexizadhe tested tw hypotheses: i) that
life-long RAS inhibition would enhance whole body anélskal muscle function in heajthmice; and ii) that
acute RAS inhibition would enhance whole body aneletkl muscle function in a commonly used murine
model of cancer cachexia.

All experiments were appved by the Animal Experimental Ethics Committee of The \érsity of
Melbourne and conducted in accordance with the current codes of practice of the National Health and Medical
Research Council (Australia)Animals were anaesthetised with sodium pentobarbitone (Nembutal, 60 mg/kg,
i.p.) prior to assessment of muscle contractile properties and were later killed as a consequence of cardiac
excision while anaesthetised deeply.

In study 1, 12 week old wild-type control miae=(.3) and those lacking the angiotensin type 1A receptor
(ATlA"‘, n=15) were tested for whole body strength (grip strength) and function (rotarod), glucoseitsensiti
during a glucose tolerance test and maximum tetanic force productioratandhlbility in situ of the tibialis
anterior (TA) muscle (Murply et al.,2010). Comparewith controls, A’lA"‘ mice exhibited a 17% higher grip
strength <0.01) and a 49% prolonged latgrto-fall during a rotarod tesp€0.01). Glucosesensitvity was
improved by 23-26% in AU A"' mice (<0.01). Maximumin situ forces (normalised to CSA) ofATmuscles
was higher by 25% in A& ,”" mice (<0.05), but the force decline during fatiguing intermittent stimulatias w
not different between groups.

In study 2, 15 week old CD2F1 (BalbtdDBA) mice bearing Colon-26 (C-26) tumour cells were treated
for 14 days with the ACE inhibitpPerindopril (4 mg/kg/dayn=4-7) via the drinking vater Control mice were
given water alone ri=4-6). Perindopril preented the decline in body mass in C-26 tumour-bearing mice
(p<0.01), enhanced grip strength by 29¢«Q.05) and prolonged the latgn-fall during a rotarod test by
56% (<0.05). Glucosesensitvity was impraved with Perindopril <0.01). Perindoprihad no effect on
maximum force of A musclesin situor of diaphragm muscle strifis vitro, but attenuated the decline in force
during fatiguing intermittent stimulation in boti® Thuscles and diaphragm muscle strips(.01).

RAS inhibition enhanced whole body and skeletal muscle function, andviedpglucose sensiity in
healtty mice and in mice bearing C-26 tumourfhese findings highlight the therapeutic potential of RAS
inhibition for cancer cachexia and other diseases associated with skeletal muscle wasting and weakness.

Murphy KT & Lynch GS. (2009Expert Opinion on Emerging Drug$19-632.

Murphy KT, Koopman R, Naim R, Léger B, Trieu J, Ibebunjo C & Lynch GS. (2BASGEB &urnal In Press
(Jul 12, 2010) doi:2010.1096/fj.2010-158741.
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Voltage-dependent and -independent G4 entry into skeletal muscle during excitation-
contraction coupling
B.S. Launikonis, School of Biomedical Sciences, The University of Queensland, Biiad€72, Australia.

Excitation-contraction coupling (EC coupling) is the process that links theatarti of the surdce
membrane of a muscle to the force response produced. This process is reliant on a rapid and large change |
cytoplasmic [C4"] ([Ca?"] ;) due to release agtited from the internal Ca store, the sarcoplasmic reticulum
(SR). Thechange in [C"g“}jtcyto regulates the meement of the contractile proteins in the muscle to produce
force. Also,during EC coupling there can be an input ofCacross the surface membrane, or from the
invagination of this membrane, the tubular (t-) system. leletkl muscle, this influx of Cis not strictly
required for a contracture to occbut its importance may be in the longer-term regulation of function or may
indeed hge nore subtle, immediate consequences that are not clear from present measurSeverds.
pathways can be responsible for an influx oPTCiato skeletal muscle fibres during EC couplinthese can be
voltage-dependent, including L-type €acurrent, action potential-avtted C&* current (ARCC) and
excitation-coupled C# entry (ECCE); or voltage-independent, including store-operatéd eddry (SOCE),
stretch-actiated C&* entry or otherwise astited to enter through transient receptor protein (TRP) chanhels.
should be noted that the conditions thatvateunder bouts of EC coupling are the conditions thatvaeti
voltage-dependent and —independent*Centry during EC coupling in skeletal muscle (Alleh al 2005;
Launikoniset al, 2010).

The nature of these voltage-dependent and -independent pathways in skeletal madelerhaamined
by a number of groups using either fully differentiated fibres or myotulgwoblem that does arise here is
that properties dered on nmyotubes are often assumed to be very similar to that in the fufigretitiated
muscle. Therare significant differences in myotube and adult fibre physiology and membrane ultrastructure,
making etrapolation of results desd on me cell to other not a simple mattefhe examination of Ca
currents in myotubes may Ve been necessary in some instances becausext@nal electropisiological
methods are difficult or do not Ve the sensitiity to measure such §nCa* currents in adult fibres.
Furthermore, the use of pharmacological agents commonly used to bld¢ke@my pathways are,
unfortunately non-specific in most case# combination of these factors mayviealead to a misrepresentation
of certain pathways existing in myotubes or adult fibres.

In adult, mammalian s#etal muscle fibres it has been possible to imagéiGahe lumen of the t-system
using a lev-affinity Ca?*-sensitve fluorescent dyeThe dye is trapped in the t-system of skinned fibres, where
the surface membrane has been nestidy microdissection. Wh this preparation, G4 movement across the
t-system membrane is visualized as a net change in ied€endent fluorescence signal emitted from the t-
system lumen.This can be monitored in conjunction with a spectrally separaté&-d@asitve dye in the
cytoplasm to monitor changes in [@}aC »» Which will be predominately due to fluxes across the SR membrane.
This preparation has alle@d the identification and characterization of SOCE during voltage-independént Ca
release and also AEC, which has been identified and obseiio occur during single and trains of action
potentials in adult mammalian skeletal muscle fibres.

Allen DG, Whitehead NPYeung EW (2005)Journal of Physiology567. 723-735.
Launikonis BS, Murpih RM, Edwards JN. (201(pfligess Archiv, 460 813-823.
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Coupling and uncoupling of the DHPRs and C#' release channels in skeletal muscle fibres
T.L. Dutka, Department of Zoologya Trobe UniversityVIC 3086, Australia.

This study focused on the importance of transverse tubular (T)-system potentialtatiom-contraction
(E-C) coupling and the consequences of disruptegddipyridine receptor (DHPR)-ryanodine receptor (RyR)
coupling on sarcoplasmic reticulum (SR)2Caandling. Male Long-Evans hooded rats were killed by
anaesthetic verdose (4 % v:v isoflurane) and EDL muscles swiftkgised and immersed in paraffin oil at
resting length. Individual fibres were mechanically skinned, connected to a force transducer (stretched to 120 %)
and immersed in a standard K-H®based solution. All solutions contained as follows (in mM); 1 fre€* Ve
ATP; 10 creatine phosphate, 55, 66 or 126a€ pH 71, and were equilibrated to room temperatiz3¢C).
Single fibres were electrically stimulated (75 Vénl ms pilse) to produce twitch or tetanic (50 and 100 Hz)
force responses. Additionallpaired pulses with differing inteals (0-50 ms) were applied to determine the
repriming period of sodium channels in the T-system membrane (Dutka & Lamb, 2007a).

The importance of T-system membrane potenRattial long-lasting depolarization of the-system
membrane (achied by lowering the gtoplasmic [K]) reduces tetanic force by impairing AP repriming and
preventing the generation of APs in quick succession thus reducing DHPR-mediatedel@ase through
RyR1. This reduced muscle excitabilityasvnot due to DHPR inagétion because lowering the frequgnaf
stimulation partly ameliorated thefeft. Furthermore, when fibres were chronically partially depolarized,
PCr/CK ATP regeneration system was not optimal andeglathe repriming period of T-system Nzhannels.
Addition of Phospho(enol)ypuvate (PEP) hastened AP repriming and hence, iedrd-system gcitability
(Dutka & Lamb, 2007b) implying N&K*-ATPases function better wheTR is produced glycolytically in the
triad junction instead of by PCr/CK elsewhere.

The importance of strict DHPR-RyR1 couplifgisruption of the interaction between DHPRs and RyR1
appears to cause an ieesible C&*-leak from the SR through RyR1. When DHPR are in tiresitu state thg
have been shown to suppress RyRs activitg.(C&* spark) at rest in cultured mammalian muscle (Zébal,
2006). Similarly Weisset al, (2004) showed that a mutation in the DHBRoplasmic IlI-1V loop of alpha (1S)
sulunit (R1086H) greatly enhanced RyR1 sensitivity tovatitin by wltage/cafieine, indicating that DHPRs
had a ngative dlosteric modulatory déct on RyR1. Furthermore, high €4dnduced uncoupling of DHPRs
from RyRs has also been shown to cause a similareigible SR C4" leak in mechanically-skinned fibres
(Lamb & Cellini, 1999). In the »periments described here, immediate application of S-nitrosoglutathione
GSNQ,,,, (a reactre axygen and nitrogen species) to the fibres reduced twitch and tetanic force responses (15
and 10 % respeetily) even though it caused aiD.1 pCa unit increase in contractile’Gaensitivity These
reductions to AP-mediated force responses were due to impaired DHPR-RyR coupling and concomitantly
GSNQ,, ., treatment also caused Ldeakage through RyRs, which was notersible with DTT The C&* leak
through RyRs was substantially blocked by raising the freé{Mgm 1 to 10 mM. The irnersible C&" leak
caused by DHPR uncoupling observed by others (Lamb & Cellini, 196&sét al, 2004; Zhouwet al, 2006)
is strikingly similar to that observed here caused by exposure to GSN&hich might help explain the &S-
mediated loss of signal transduction observed during prolongetdqueng fatigue (Brutoret al, 2008).

Bruton JD, Place N, afmada T Silva P, Andrade FH, Dahlstedt AJ, Zhang SJ, Katz A, Larsson NG &
Westerblad H. (2008)Journal of Physiologyp86,175-184.

Dutka TL & Lamb GD. (2007a)American Journal of Physiologgell Physiology292,C2112-2121.

Dutka TL & Lamb GD. (2007b)American Journal of Physiologgell Physiology293,C967-977.

Weiss RG, O’Connell KM, Flucher BE, Allen PD, Grabner M & Dirksem. R2004). American Journal of
Physiology Cell Physiology287,C1094-1102.

Zhou J, Y J, Royer L, Launilonis BS, Gonzalez A, Garcia J & Rios E. (200@merican Journal of
Physiology Cell Physiology290,C539-553.
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One is enough: RyR1 allele-specific gene silencing in mouse models of centraé disease (CCD)
and malignant hyperthermia (MH)

R.T Dirksen, R.E. Layl.D. Lue& and M. Mostajo-Radji, University of Rochest@epartment of Pharmacology
and PhysiologyRochesterNY 14642, USA. (Introduced by Angela Dulhunty)

Central Core Disease (CCD) and Malignant Hyperthermia (MH) are linked to single amino acid
substitutions in the skeletal muscle?Ceelease channel, the type 1 ryanodine receptor (RyR&E)focus on
two autosomal dominant (AD) RyR1 mutations, Y522S (YS) and 14898T (IT), which cause MH and CCD,
respectiely. The AD mode of inheritance and data indicating knock-out of one RyR1 allele is well-tolerated in
mice led us to hypothesize that allele-specific gene silencing (ASGS) of the mutant allele would rescue RyR1
functional defects in skeletal muscle cells from YS and IT knock-in mice.

We evauated the functional consequences of allele-specific silencing in YS and IT muscle cells using
short interfering RNAs (siRRs). To screen potential sSiRNAs for relaé knockdavn eficagy and allele
specificity we generated cDNAs encoding fusion proteins eti from wild type (WT) (\énus-
Exons-3XFLAG) and either YS or IT mutation-containing (Cherry-Exons-3XHApres. Simultaneous
transfection of these cDNAs and siR&l into HEK293 cells and subsequent@aation of mRM (semi-
guantitatve RT-PCR) and protein \e&ls (fluorescence microscp@and western blotting) was used to determine
knockdavn eficacy and allele-specificity prior to functional rescua&periments. Myotubeslerived from
heterozygous YS mice (YS/+Xxlibit [(4-fold increase in caffeine sensitivity (EC50 values were 0.5mM and
2.3mM for YS/+ and WTrespectrely). Treatment of YS/+ myotubes with a YS-seleetsRNA, normalized
caffeine sensitivity (EC50 = 2.5mM) without decreasing peakeg#-induced releaseSimilarly, Y S-selectie
SiRNA treatment rescued the increased voltage sensitivity 6f @éease in YS/+ myotubes determined in
perforated-patch clamp experiments (VF1/2: WT = -18M8/+ scrambled = -35mVWYS/+ YS-selectie =
-18mV). Theseaesults indicate that ASGS represents a promising approach for normalization of RyR1 function
in MH and CCD. Similar functional rescue experiments in adult skeletal muscle fibres are currently underway.
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Small molecule diffusion in irverse cubic phase lipid systems

S. Faserl?R. Mulder? J. Cosgrifi,2 X. Mulet? F. Sepaovict and A. Polyzog,'School of ChemistrBio21
Institute The University of Melbourn&/C 3010, Australia?lan Wark Laboratories, CSIRCMSE , Clayton
North, VIC 3165, Australia antDepartment of Chemistrigniversity of Cambridg, Cambridge, United
Kingdom.

The cubic phases formed by amphiphiles are an important class of nanostructured self-assembled
material. Colloidally stable, particulate dispersions of theerie cubic phase, termed cubosomes, are of
particular interest due to their thermal stahiliyge surface-area to volume ratio (up to 48@mh of cubic gel),
their ability to incorporate functional molecules, and a viscosity approximately equal to thateoflmvsuch
structurally complex, multi-component systemsfudiion NMR is a powerful technique for measuring small
molecule diffusion within cubosomes and, importardlipws simultaneous acquisition of diffusion clogénts
for free molecules in solution or bound to a receptor embedded in the lipid matrix. The model system used here
is the biotin-Neutravidin system (K= Mo M), with the biotin chemically attached to a lipid incorporated
into the cubosomes, whilst the Newidin is added in solution. The results reported here indicate a multi-
component diffusion of water and proteins through the pores of cubosomes. Nifvdifneasurements sho
signal attenuation in the ater and protein resonances whilst the lipid components of the system remain
unafected (Figure). The decrease infaion constants for water and protein in the cubosome system in
comparison to free solution indicates thafudifon is dependent on the porous nature of the cubosome and
protein binding.

DOSY proton NMR speetof the phytantriol inverse cubic phase at 25°C.
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Detection of proteins in the pathological deposits in Pseudoexfoliation syndrome using Atomic
Force Microscopy

R. Creasg! C. Gibsont S. Sharma,J.E. Craig! T. Bedcke,? P. Hinterdorfer and N.H. Voelker,* IFlinders
University of South Australia, GPO Box 2100, Adelai $01, Australia?Nanochemistry Resezr Institute,
Curtin University GPO Box U1987, Perth, WW6845, Australia andlinstitute for Biophysics, Johannes Kepler
University Linz, Altenbger St. 69, Linz 4040, Austria.

Protein aggrgation is of significant interest to various disciplines; it can be the cause of debilitating
diseases, or the foundation of advanced nanomaterials. One ocular disease dthlpgrotein aggoggtion is
known as Pseudoexfoliation Syndrome (PEX). This condition is caused by the formation of insoluble
aggreaes, and is characterised by deposition of fibrillar proteinaceous material on the anterior lens capsule.
PEX deposits in the eye block the agueous amtfifechanisms, which can lead to anvel®mn in intraocular
pressure and subsequent glaucoma. Glaucoma is the second leading causssiblerblindness wridwide,
and PEX is the most common known risk factor for glaucoma.

Proteomic analyses Y& revaaled an association ofisious genetic markers and protein expression with
PEX; havever a complete explanation for disease susceptibility is not yatadle. As the agggees are a
comple arrangement of proteins, the ultrastructure is poorly characterised arydoroéein constituents of the
aggr@aes remain unknown. This study addresses the critical issue of determining the molecular nature of PEX
on lens capsules in their nagigate by atomic force microscpAFM) based antibody recognition imaging.

The particular focus of this study is on a type of AFM methodology referred to as topognapfecognition

imaging (TREC). Proteins identified by proteomic data as being implicated in the PEX patblmgy, such as
clusterin and LAL1, are detected by an AFM probe modified with the appropriate antidogwpgraphical

AFM images and antibody recognition images are obtained simultaneously to determine the specific location of
proteins in and around PEX aggaes on the lens capsule anterior surface. These data, combined with data
from alternatie antibody-recognition imaging techniques, proteomic and genetic analyses, are leading to an
improved understanding of the pathophysiological basis of PEX. A more complete understanding of the
pathoplysiological basis for the disease will lead to theettsoment of earlier detection methods and treatments
that target the disease instead of the subsequent glaucoma.
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Visualisation of bacterial hydrodynamics
J.L. Flewellen, University of Oxford, Clarendon LaboratdPsrks Road, Oxford, OX1 3REngland.

Bacteria and other microgenisms lve in an ajueous, law-Reynolds number environment where viscous
forces dominate. The means by which gnamcroorganisms propel themselves through such arirenment
are not well understood. Additionagllynderstanding the ay in which fluid couples physical interactions
between micro-scale objects and surfaces hasveelc@icreasing attention in a number of biological and
technological fields @ recent years. The traditional approaches teestigating these problems are
mathematical simulations and particle image velocimetry (PRgeements. While modeling can be done in
three dimensions, the vast majority of experimenta¢stigations hae keen restricted to only two. This is
primarily due to the reduced depth of fielditable at the high magnifications required to see migaosms.

| have used some n@ approaches to irestigating hydrodynamic interactions on the micro-scale,
specifically in the context of the bacterial flagellar motdrave adapted in-line holographic PIV techniques
(Cheonget al, 2009) for use in a biological environment under high magnification. Assays of motile
Escheritia coliare seeded with microsphere tracer particles and illuminated with a collimated laser beam. The
coherent light scattering foh microsphere interferes with non-scattered light and results in a characteristic
interference pattern. From this pattern, microsphere positions in three dimensions can be determined. This
technique allows for greater depth of field than other techniques, and, when combined with high-speed video
microscopy, can generate a full three-dimensional map ofw fleld in a dynamic micro-system.

Independentlymicrospheres can also be used as pasditectors of dynamic bewiaur. In a ®parate
experiment, a microsphere is held in an optical trap in close proximity to a second microsphere attached to the
motor of an immobilised bacterium. The resulting hydrodynamic interactions are recorded through video
microscopy. The ultimate aim of this approach is tovdep a non-contact method of detecting the motion of
dynamic systems which are invisible under normal microscop

These methods hold promise foqptring and visualising not only bacterial systems, byt d&ymamic,
agueous micro-scale environment.

Cheong, FC, Sun, B, Dreyfus, R, Amato-Grill, J, Xiao, K, Dixon, L & Gigs (2009). Flav visualization and
flow cytometry with holographic video microsopptics Expressl7(15), 13071-13079.
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Shedding light on liposomes: Using lipid-mimetic metal complexes for fluorescent labeling
A. MechlerM. S. Hida, E. Doevan and C. Hogan, Department of Chemisérjirobe UniversityVIC 3086,
Australia .

For the study of biophysical systemsvaitving phospholipid membranes, such as membrane lysis by
antimicrobial peptides, supported membrane deposition, or liposome size and shape studies, it is often desired t
apply a fluorescent label to the lipid phasewier, lipid membranes are dynamic systems that are highly
dependent on the strength of headgroup interactions, internal pressure and lipid .nibkititgr of these
factors is changed, the properties of the membrane (surface tension, liposome dibitigteto attach to
surfaces) might change as well, compromising the measurements. Unfortuihadebscent labeled lipids and
membrane-specific dyes typically do change the physicochemical properties of the membrane. Gsrtaim w
develop a fluorescent dye that is similar to the lipid molecules in shape and size, and to use it for liposome
imaging.

Two metal complges, (Ru(2,2-bigridine),(4,4-dinonyl-2,2-dipyridyl)(PF6) and
(Ir(2-phenylpyridine)(4,4-dinonyl-2,2-digridyl)(PF6)) hae keen synthesized, both with the same molecular
structure: a "head group" made of the metal coordinated Yoyariab ppy, respectiely, and a "tail group" with
two dkane chains. The lipid-mimetic compgts have been successfully reconstituted into DMPC liposomes.
Importantly when making the liposomes, extrusion was omitted; only a geottexwg and 30 s weak
sonication was employed and the liposome size disioitb was left to wolve. As a result, liposomes of a
relatively broad size distribution were created, tendingvatds a bimodal distribution containing small
unilamellar liposomes (SUVILOOnm of diameter) and large (up to micron size) liposomesyesad by DLS
measurements. Importantlthe size distribution of the liposomes labeled with the metal coemls \ery
similar to DMPC liposomes without the fluorescent label, thus the presence of thexcaologdenot alter
significantly the physicochemical properties of the membrane. Igidady assumed that if larger liposomes
form they must be multilamellar "onion" structures with an SUV corewiler, confocal microscopic imaging
of the metal comple labeled liposomes shows hallostructures with occasional encapsulated smaller
liposomes. The figure shows an example of a confocal microscopic cross-section pictureggeflipdaome
enclosing a smaller one. Remarkablihe metal compbkes suffer minimal, practically ngligible
photobleaching, making longer time lapse studies feasible. Thamatal complees fluoresce at diérent
wavelengths opening the door for dichroic measurements with thidateeling method.

A liposome- in- liposome system, labeled with Ru@opygne The diameter of the outer liposome 3.5um.
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Shedding light on neurodegeneration: small angle X-ray scattering and misfolded proteins
C.C. Curtain, Mental Health Resedr Institute The University of MelbournéMelbourne VIC 3010, Australia.

The misfolding pathways that lead tgt@toxic species vary between diseases such as Alzhei(AgY),
Huntingtons and Rarkinsons kut there is a common link in that thell involve osme form of oligomeric
species, in contrast to the extra- or intra-cellular fibrillar deposits of gajgdeprotein that are gerded as end
products of the pathological processli@magneet al, 2010). T ducidate possible folding pathways for the
amyloid 3 peptide of AD (4) we made time-resolved, stoppedHlcSAXS measurements at the Australian
Synchrotron on B 1-40 and /8 1-42 peptides in dilute NaOH (13mM) that were rapidly mixed with pH 6.9
phosphate tifered saline containing Gtiions. These showed that protofibril formation occurred in less than
one second in either control or €ucontaining hffer and that olution of the fibrils in subsequent seconds
followed a non-linear pattern. Static measurements on the peptides that had been reacted with sub-micella
concentrations of the lipid mimetic, N-laytaminopropyl-N,N'- dimethylamine oxide (LIAO) and a dipeptide
formed of tyrosine 10 cross-linked3AL-40 (Kok et al, 2009), havever, gavea dable well-defined “Y” shaped
structure for both the di-tyrosine linked peptide andACD associated f 1-42. The “Y” shape is reminiscent
of the Fc antibody fragment. Since the di-tyrosine dihlpeptide is neurotoxic, as in the case yabtoxic
antibodies, its tw ams may carry lignds able to cross-link cell membrane receptors to initiatgoogic
cascade.

Villemagne VL, Perez KA, P&kKE, Kok WM, Rowe CC, White AR, Bourgeat &alvado O, Bedo J, Hutton
CA, Faux NG, Masters CL, Barnham KJ (20I16)rnal of Neuroscienc@0: 6315-22.

Kok WM, Scanlon DB, Karas JA, Miles LA,eWw DJ, Rarker MW, Barnham KJ,Hutton CA (2009Fhemical
Communications (Cambrigg England)7: 6228-30.
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Integrating peripheral and central mechanisms that regulate gowth hormone (GH) secretion

during periods of altered food consumption

F.J. Seyn, J.WLeong and C. Chen, School of Biomedical Sciences (SBMS), The University of Queensland, St.
Lucia, QLD 4067, Australia.

Growth hormone (GH) has gained most of its recognition for its role in stimulating lineathgro
However it is also a lkey anabolic hormone in the regulation of energy balance; in this role GH stimulates muscle
growth and bone densitgnd also regulates body fat mass and lipid metabolism. Somewhat reciprooajly
composition and meal pattern are both major determinants of GH secretion in that the central and peripheral
peptides normally wolved in the regulation of food intakmediate GH secretion. As a result, nutritional status
impacts the regulation of the GH axis culminating in reduced or increastsidé GH secretion during periods
of excessie a restricted energy consumption, respesiyi

To fully understand the impact of energy flux on GH secretion, one must consider interactions between
multiple endocrine systems and their gregion with the central mechanisms thawverGH secretion. At its
core, central regulation of GH secretion from the anterior pituitary gland is modulated by stimulating GH
releasing hormone (GHRH) and inhibitory somatostatin (SRIF) neurons. These neurons are dispersed betwee
populations of orexigenic (primarily NPY and AgRRpeessing neurons) and anorexigenic neurons (including
neurons expressing POMC and CBRDespite the fact that direct interactions between hypothalamic appetite
regulatory neurons and those regulating GH secretion are still ungstigation, clear relationships between
peripheral factors coupled to food intalnd GH secretion h& been established. Foxample, ghrelin - a
potent orexigenic hormone secreted by the stomach - stimulates both NPY/AgRP neurons and GH secretion.

The endogenous cannabinoid system has gamexrfas a central regulator of appetite. Treatment with
cannabinoid receptor subtype-1 (CB1) agonist result in a biphasic response in foeq limtaklosages
stimulate food consumption whereas high dosages &minhibitory efect. Of particular importance garding
GH secretion and food intekis he potential role of the endogenous cannabinoid system igraititey
peripheral with central mechanisms that ak®lired in mediating GH secretion. Early observations suggest that
activation of the CB1 receptor byxegenous cannabinoids result in suppression of GH secretion. These studies
do not take into account the biphasicfefts of CB1 receptor agtition, and consequently do not address
potential stimulatory or inhibitory effects of cannabinoids on GH secretion. Furthermore, as fasting stimulates
the endogenous cannabinoid system, early attempts do not address the potential interaction of cannabinoids ¢
GH secretion during periods of reduced food intake.

Our recent observations confirm that centralvatitin of the CB1 receptor suppresses the initigtifhg-
induced increase in GH secretion. Gene analysis studies confirm that tfeede afe mediatedia an
interaction with GHRH neurons. It should be notedyé&e@r, that the impact of fasting and the mechanisms that
drive GH secretion during early periods of food restriction differ from those regulating pulsatile GH secretion
during times of adequate food consumption. In this scenario we ebaadfferential impact following CB1
actvation, where lav levds of cannabinoid treatment (0.5mg/kg IP) resulting in increased foodeingak
coupled with an increase in GHRH mRNvithin the arcuate nucleus. In contrastyeied dosages (1.0mg/kg
IP) of cannabinoid treatment do not affect food intakr do thg induce aw dterations in GHRH mRN
expression. This finding &as surprising considering that the same dosage (1.0mg/kg IP) was sufficient to inhibit
the initial fasting-induced increase observed in GHRH mRNA a# currently extending these observations to
determine whether the differential impact on GHRH neurons relates to changes in peripheral GH secretion.
Overall, our obsemtions suggest that the endogenous cannnabinoid system may tprbe yet another
mechanism iwolved in the already complicated array of greged systems that regulate GH secretion during
periods of altered food consumption.
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Control of energy balance by nutrient sensing neurons
M.A. Cowlg, Department of PhysiologiMonash UniversityClayton, VIC 3800, Australia.

Obesity confers significant health risks, and rates of obesity continue to rise withinvéteped and
developing world. The Cwley lab has disogered hav Proopiomelanocortin (POMC) neurons in the brain
detect leels of leptin, which signals adipose stores. This signal allows the brain to regulate foedardak
enegy expenditure to maintain homeostasie Mivealso discwered that the melanocortin circuits transduce
the appetite reducing actions of the gut hormone PYY3-36, and the appetite stimulating actions of ghrelin. This
suggests that the melanocortin circuits are a major neural center for processing signalgyobtahes to
regulate long term body weight. More recently the lab has désed hav the brain becomes resistant to leptin,
and haev leptin resistance in a hallmark of obesithe lab has deloped sgeral therapies that bypass leptin
resistance and regulate food irgakd energy expenditure to reduce adipose stores and cause weiglness.
of these therapies has recently completed Phase 3 trials.
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Regulation of hypothalamic GHRH neuronal activity by ghrelin and obestatin
J. Epelbaum, Center for Psychiatry & Neurosciend&R-S894 Inserm, Faculté de Médegcibaiversité Paris
Descarte 75006 Paris, Fance (Introduced by Chen Chen)

Ghrelin, a natural lignd of the Growth Hormone Secretagogue Receptor (GHS-R), is synthesized in the
stomach but it may also be expressed in lesser quantity inygmthlalamus where the GHS-R is located on
Growth Hormone Releasing Hormone (GHRH) neurons. Obestatin, a 23 amino acid peptiet fdem the
same precursor as ghrelin, antagonizes ghrelin-induced increase of Growth Hormone (GH) secietdot
it is not actve o pituitary explantsin vitro. Thus, the blockade of ghrelin-induced GH release by obestatin is
likely mediated at the hypothalamiwéewithin the neuronal network which controls pituitary GH secretion.
Ghrelin increased GHRH and decreased somatostatin (somatotropin releasing intabtmnBRIF) release
from hypothalamic xplants while obestatin only reduced ghrelin-induced increase of GHRH release. Thus, the
effect of ghrelin and obestatin is targeted to GHRH neurons. Patch-clamp recordings on mouse GHRH-eGFP
neurons indicate that ghrelin and obestatin do not affect glutamatergic synaptic transmission. In sharp contast
ghrelin decreases GAf&rgic synaptic transmission, anfegft which is blocked in the presence of the GHS-R
antagonist BIM-28163Ghrelin also stimulates the firing rate of GHRH neurons. Obestatin blocks the effects of
ghrelin on GAB\ergic synaptic transmission. These data suggest that 1) ghrelin increases GHRH neurons
excitability by increasing their action potential firing rate and decreasing the strength & Ghbbitory
inputs, thereby leading to an enhanced GHRH release and 2) obestatin can counteract ghrelin actions. Suc
interactions between metabolic regulatory neuropeptides on GHRH neuronsedyetdilparticipate in the
control of GH secretion.
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Electron microscopic study of the effect of p75NTR extracellular domain on the amyloi@
protein assembly

JJ. Lu, M. YangY. Lim, J.H. ZhongY.J. Wang and X.FzZhou, Department of Physiolagylinders University of
South Australia, BedfdrPark, SA 5042, Australia.

Accumulation of toxic amyloid in the cerebral corkeand hippocampus is a major pathological feature
of Alzheimers disease (AD). The p75 neurotrophin receptor (p75NTR) is the common receptor for
neurotrophins which can mediate cell death and neurigeerdgation. Previous studies showed that the
expression of p75NTR is increased in AD brain andvaiitin of p75NTR by A& and nere gowth factor
(NGF) does not atays promote neuronal death but can promote garaf human neurons (Zhanet al,
2003). In this studywe investigated the effect of p75NTRx&acellular domain fused with Fc fragment of
human IgG (p75/Fc) on thepfassembly using transmission electron microgd@EM). AP peptide purchased
from American Peptide (Sugwale,CA) was dissolved in DMEM at the final concentration oftr2@l/l.
Samples were divided into 4 experimental groups and incubated at 4°C and 37°Cvebgiiec24 hours: 1,
AP prepared immediately after dissolution without incubation; R,ifcubated alone; 3, incubated with
p75NTR (molar ratio 1:0.5) and 4 Ancubated with human IgG (molar ratio 1:0.5).

. b SO e
Electron micographs of samples of incubates. Scalestium.
We found that A prepared immediately after dissolution without incubation showed only amorphous material
under TEM. After A8 was incubated alone at 37°C for 24 hours, numerous fibrils were seen (Figure A).
However, when A3 was incubated together with p75/Fc, only short fibrils can be observed and the number of
fibrils remarkably reduced (Figure B). Addition of Human Ig G into tH& gblution did not alter the
morphology and number of fibrils wiously (Figure C). After incubation at 4°C, numerous oligomers formed
(Figure D). Addition of p75/Fc to theAremarkably reduced the number of oligomers (Figure E) but addition
of human 1gG did not change the morphology and number of oligomers (Figuree Rurthér irvestigated
whether the p75/Fc can disaggeee the preformed B fibrils. When preformed B fibrils were incubated with
p75/Fc for additional 3 days, most fibrils disassembled and becamayaggrdut these fibrils showed no
change when incubated with human IgG (Figure H). In conclusion, p75/Fc can inhibit the oligomerization and
fibrillation of AB. Furthermore, p75/Fc can also disaggte the preformed B fibrils. Thus, p75 NTR may be a
potential therapeutic agent for AD.

Zhang Y Hong Y, Bounhar Y Blacker M, Roucou X, Tounekti O,&feler E, Bavers WJ, FederbHJ, Goodyer

CG, LeBlanc A. (2003) p75 neurotrophin receptor protects primary cultures of human neuainstag
extracellular amyloid beta peptide cytotoxicifyurnal of Neuroscienc3: 7385-7394.
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Superoxide dismutase 2 in human brain: A marker for mitochondria and mitochondrial
dysfunction in Parkinson’s disease and dementia with Lewy bodies

0. Barnes and J.H.Power Department of Human Physiolgd¥hool of MedicineFlinders University,
Bedfod Park , SA 5042, Australia.

Mitochondrial dysfunction and oxida# dress are garded as tw of the main mechanisms associated
with the pathogenesis ofakkinsons dsease (PD) and Dementia withviae body disease (DLB). Both PD and
DLB are neurodgeneratie dseases termed synucleinopathies characterized by the formation of intracellular
inclusions termed Lewy bodies. Lewy bodies are agajmms of lipid and protein within the dopermigear
neurones within the substantia nigra in PD and within cortical neurones in DLB. There is still debate as to
whether Levy bodies are proteet a are detrimental to neurones, although there averakereports that the
generate hydrogen peroxide. Cellular antioxidant enzymies pfotection against reaefi okygen species,
including free radicals and peroxides, produced as a by-product of egigatisphorylation. The mitochondrial
antioxidant enzyme superoxide dismutase 2 (SOD2) eyaizyme in mitochondrial defences as it ineatis
the superoxide radical to form hydrogen peroxide during oxil@iosphorylation. Seral other enzymes such
as glutathione peroxidase 4 (GPx4) and the more recently identified peroxiredoxin 3 and peroxiredoxin 5
inactivate mitochondrial devied hydrogen peroxide. These antioxidants are vital to protect mitochondria from
oxidative damage to DNA, lipids and proteins. This project is focussed on the diwtriof SOD2 in human
brain and the profile of oxida# damage in PD and DLB.

Human brain proteins from PD, DLB and control tissue were separated dgBig @d the molecular
forms of SOD2 were determined using$tern blotting. The general distribution of SOD2 was examined using
light immunohistochemistry and the specific cellular distribution with confocal immunofluorescence with
specific cellular markers. SOD2 was co-localized with theylLleody marler a-synuclein to determine if there
was a elationship between ey body pathology and mitochondria since wevehgreviously obsered
mitochondrial components in Lewy bodies using electron micrgst¢o@ddition, SOD2 was co-localized with
a marker of oxidatve DNA damage (8-hydroxy-2-deoxyguanosine) to determine if mitochondrial or nuclear
DNA damage was present in these diseases. A SOD2 ELISA was set up to determineef tfiehis enzyme
was up or awn regulated in PD or DLB.

Western blotting indicated that SOD2 was an abundant enzyme in white and gray matter of all brain
regions e&amined with a molecular weight of 22kD, the predicted molecular weight of SOD2. Light
immunohistochemistry indicated that SOD2asapresent in most cells with a granular staining consistent with
mitochondrial staining. There appeared to be stronger staining in the control brain tissue with the large cortical
neurones particularly prominent. A network of granular staining was observed in all tissues consistent with
mitochondrial staining in axons. Confocal immunohistochemistry with cellulareraikdicated that neurones,
astrogtes, microglia and oligodendrocytes were all pesitior SOD2, consistent with this enzyme being
essential in all cells. White matter in diseased tissue was well stained agdsstrag/tes were large and
activated.

Confocal immunohistochemistry co-localizirgrsynuclein and SOD2 in PD and DLB showed that
mitochondria were sequested intowhe bodies in a progres& manner Lewy bodies were seen to be
surrounded with SOD2 posi& mtochondria. In neurons with advancedayebodies mitochondrial fragments
and SOD2 were present but the mitochondrial integrity appeared to be lost. ELISA results indicated that the
level of SOD2 was highest in normal control brain indicating that SOR& mot upregulated in these diseases.
This is in contrast to the cellular antioxidants peroxiredoxin 6 and glutathione peroxidase 1 in these diseases.
Staining with a DM oxidative marker showed that neurones with Lewy bodies did not exhibit mitochondrial
nuclear damage. Interestingturrounding glial cells shweed marked oxidate camage as shown by the nuclear
staining.

In conclusion these results shdhat SOD2 is an abundant antioxidant enzyme in human brain and
present in most cells and is axcellent marker for mitochondria. The finding that mitochondria are sequested
into Lewy bodies may & srious implications for neuronal swei. The loss of cellular energy production
may be the mechanism of cell death in these diseases.
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The relationship between fibrillin and Marfan’s syndrome

Y. ! R. Jeremy,M. Kekic and B.D. Hambly, 'Discipline of PathologyBosd Institute University of Sydne
NSW 2006Australia and?Central Clinical School, CardiologyRoyal Prince Alfred Hospital, University of
Sydng, NSW 2006Australia.

Fibrillin is a 350kDa calcium-binding glycoprotein that is vital for the formation of elastic and non-
eleastic fibers in conneet tissue. It is secreted into theteacellular matrix by fibroblasts and becomes
incorporated into insoluble microfibrils, which provide a &udffor deposition of elastin. Mutations in fibrillin
are associated witheaal different connectie issue diseases, especially Mars syndrome (MFS). The initial
hypothesis has been that mutations in fibrillin result in defecticrofibrils. Howvever, fibrillin-1 also interacts
with latent transforming growthattorf3 binding proteins and controls T bioavailability; dysregulation of
TGF{3 activation and signalling has been demonstrated in the diseased tissues of an MFS-affected mouse
model. Therefore, one or both mechanisms of dysfunction may result in the MFS phenotype. The human FBN
gene consists of repeating EGF (epidermal growth factor) domains and TB (transforming groweth f
B-binding protein) domains. The majority of EGF domains contain?a léading consensus sequence and are
known as cbEGF domains (43/47 cbEGF domains in FBN1 and FBN2; 42/44 cbEGF domains in FBN3). Ca
confers structural rigidity to the fragment, producing a rod-tinformation by structural and dynamic studies
of tandem repeats of coEGF domains. TB domaxnst eniquely in the microfibril proteirafmily, locating in
extracellular matrix fibrils; the major function isviolved in extracellular matrix construction and storage of
latent TGFB. All TGF-B isotypes are \@&r expressed in MFS. ¥ have examined the locations ofver 600
mutations in fibrillin-1 that cause MFS, then correlated and classified the mutations in terms of their structural
and functional consequences.eWave shovn that in some case &abinding is impaired (EGF domain
structural defect) and in other cases storage of latent I GFpredicted to be altered due to TB domain
structural perturbations.
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Oxytocin depolarizes mitochondrial membrane in freshly isolated myometrial cells

F.S. Gravina; P. bbling! R.B. de Oliveird, K.P. Kerr,! H. Parkingtorf and D.F van Helden ‘School of
Biomedical Sciences and Pharma0yiversity of NewcasteNSW 2308, Australia antDepartment of
PhysiologyMonash UniversityVIC 3800, Australia.

Oxytocin is a peptide hormoneviived in reproduction, including stimulation of uterine contractions and
lactation. Even though oxytocin agonists and antagonists been used for the induction and ymetion of
labour the mechanism of action on uterine smooth muscle is not fully understood. ltwa kimat oxytocin
increases intracellular €& simulating C&* entry and C& release from the sarcoplasmic reticulum (SR). The
SR also interacts closely with mitochondria and weehaeviously shown that mitochondria play an important
role in uterine actity. The aim of this study is to westigate whether and if so homitochondria respond to
oxytocin. FemaleSwiss mice (6-10 weeks) were euthanased \®yegposure to the inhalation anaesthetic
isoflurane (5-10%) followed by exsanguination, a procedure aegprby the Animal Care and Ethics
Committee at the Uwersity of Newcastle. Uteri were dissected out and the endometriumvednby fine
dissection. Isolated cells were obtained by placing myometrial strips into an enzymatic solution containing 0.1%
collagenase, 0.03% elastase and 0.3faluronidase for 50 minutes, followed by trituratioro @&auate
changes in mitochondrial membrane potential, myometrial cells were loaded withml5
5,5,6,6-tetrachloro-1,13,3-tetraethylbenzimidazolocarbganide iodide (JC-1) for 1 hour and then were
perfused for 30 minutes with Hepegffier prior to experiments. JC-1 J-agg#es (complges formed in high
mitochondrial membrane potential) were visualized wiktitation/emission of 488/585 nm, while JC-1
monomers were detected at 488/522 nm. Application of 0.1nM and 1nM oxytocin, perfused for 11 minutes,
decreased mitochondrial membrane potentirh) to 92+ 2% (n=5 cells) and 7& 4% (n=9 cells, ditrent
from control, p<0.001) of control respegdly. As a psitve @ntrol, 1 pM carbonylcyanide
3-chlorophenyllidrazone (CCCP) was perfused and caused a large decredse, ithis being 58 9% of
control (p<0.001). @ understand the mechanismsatved in this mitochondrial depolarization, oxytocin 1nM
was gplied in combination with 2-APB (an inhibitor of IP3 receptors and store-operaféceqtay), in C&*
free (0.5mM EGTA) solution, or with 2 mM nifedipine (L-type <achannel blocker). When decreasing
intracellular C&*, either by inhibiting C&* entry or SR C# release, the effect of oxytocin on mitochondrial
depolarization was diminishedn the presence of 2-APB, the mitochondrial depolarizatimkesl by InM
oxytocin was 88& 3% of control (n=8 cells), in Gafree (EGTA) solution it was 9% 2% of control (n=8 cells)
and with nifedipine it was 87+ 5% of control. These results were not significantly different from control
(p>0.05), suggesting that €ahas a substantial role in mediating the oxytocin-induced changéminlt is
concluded that oxytocin depolarizes the mitochondrial membrane and this mechanism is in part dependent or
intracellular [C&%].
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Intrauterine gr owth restricted fetuses hae increased blood flov to the adrenals and decreased
blood flow to the heart but no difference in brain blood flow
R. Poudel, I.C. McMillen, S. Dunn and J.L. Morrisdgarly Origins of Adult Health Resear Group, Sansom
Institute University of South Australia, AdelaidgA 900, Australia.

Intrauterine grath restriction (IUGR) refers to the inability of a fetus to wgrto its genetically
determined potential size. IUGR fetuses are known ¥ laaincreased risk of cardiescular disease in later
life. The most common cause of IUGR is placental iighgy, which is associated with a reduction in
delivery of oxygen and/or nutrients to the fetus. It is well established that in response to ygmxentia,
fetuses redistribute their cardiac output to maintain adequate perfusieg afgkns including the brain, heart
and adrenal glands at the expense of peripheral tissues. It is mot, kmavever, whether the redistribution of
cardiac output persists in chronicallygoxemic IUGR fetuses. The surgical revabof uterine caruncles
(placental attachment sites) in the non-pregnar eesults in the restriction of placental growth (PR) and
chronic fetal gpoxemia. W hypothesize that exposure of the fetus to PR and chrgmioxamia results in
increased blood flo to the brain, heart and adrenals in late gestation. At1P@ gestation, vascular catheters
were implanted in the fetuses to measure fetal blood gases, blood pressure (BP) and heart rate (HRyv Blood flo
studies were conducted at 18Ad of gestation, using fluorescent labelled microspheres. At 18gestation
(term 150+ 3d), ewes and fetuses were humanely killed and fetal weights recorded. The fetal tissues including
brain, heart and adrenals were dissected and weighed. Microspheres westetdry tissue digestion and the
amount of fluorescence in eaclgar was then quantified to measure bloodvfl&etuses were allocated into
two groups: control (C) (n=6) and IUGR (n=5) according to their mean gestatia@glaRd fetal weight. Fetal
weight (C, 3.7+ 0.1 kg; IUGR, 2.7+ 0.1 kg) and mean gestationd® (C, 21.8+ 1.4 mmHg; IUGR, 15.4
+0.2) were significantly reduced in the IUGR group. There was ferelifce in baseline MAP and HR between
the control and IUGR fetuses. There was no difference in bloaddltrain between the tavgroups, havever
IUGR fetuses had a significantly higher bloodMlto the adrenals and significantly lower bloodwflto the
heart compared to control fetuses. Reduction in heart bloadifldUGR fetuses may be responsible for
changes in cardiomyocyte and blood vessetldpment and increase the risk of caxd&gcular disease in their
adult life. Whereas the increase in bloodvflo the adrenal may be necessary to support the increase in plasma
cortisol concentrations in IUGR fetuses. The lack of change in brain blaothftbe IUGR fetus, whoxibits
brainsparing is an unexpected finding but may reflecierdiices in substrate dediy, extraction or
consumption in the brain of the IUGR fetus.
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Nedd4 and Nedd4-2 heterozygosity leads to opposing anxiety behaviour in mice

D. Bongiorno'2N. Boas€ S. Kuma? and P Poronnik}2 'School of Medical Sciences, RMIT University,
Bundooa 3083,%Health Innovations Resedr Institute (HIRi), RMIT UniversityBundoor 3083 and®Centre
for Cancer BiologySA Rithology Frome Road, Adelaide 5000.

Introduction : Nedd4 and Nedd4-2 (Neural precursor cell Expressegi@mnentally Devn-regulated 4
and 4-2) are ter dosely related ubiquitin ligases (E3) thatvhadstinct substrates within the central nawe
system (CNS) (Yang andufar 2010). The absolute physiological implications of whiclvenget to be
determined. Thereforig¢is not surprising that Nedd4 and Nedd4-2 kraadkmice are not viable and die shortly
after birth due to delopmental or physiological defects. In this study weestigated whethea sngle copy
deletion of either Nedd4 or Nedd4-2 (by using heterozygous mice) fisientf to alter anxiety related
behaviourdn viva. We hypothesize that although Nedd4 and Nedd4-2 are closely related BBaretikely to
be functionally different due to unique substrate profiles, and that their loss neyiffarential effects on
animal behaviour.

Method: Elevated plus maze (EPM) was used to assess anxiety in adult (8-12 week old) Nedd4
heterozygous (+/-, n=14), Nedd4-2 heterozygous (+/-, n=8) and wild type (WT) littermate controls (n=8 for each
group). The EPM is composed ofdwpen and tw dosed arms, and mice arevgn 5 minutes to explore the
maze. The proportion of time spent in the opensus closed arm is an indicator of anxidiyr example,
increase in duration spent in closedroopen arm indicates increased anxietd coversely a decrease in time
spent in openwer closed arm indicates decreased anxiety.

Results

O wr
Il Moddd-2(+k)

Duration (s)

Opan Closed

Results from this study shothat when a single cgpof the gene encoding for Nedd4 or Nedd4-2 is deleted,
significant alterations in anxiety is produced. Interestinggyfiown in the figure, Nedd4 heterozygous mice
spend a significantly longer duration in the closed arm of the maze compared to wild-type littermate controls,
suggesting increased anxieGornversely, Nedd4-2 heterozygous mice spend significantly less time in the closed
arm, and subsequently increase the time spent exploring the open arm suggesting reduced anxiety in these mic
compared to wild type littermate controls.

Conclusion Nedd4 and Nedd4-2 may modulate neuronal function lgetad degradation of specific
substrates that may conituiie to the observation in anxiety changes. Furthestigations are required to define
precise E3 substrates that modulate anxiety behaviours in these mice.

Yang, B. and S. Kumar (2010). "Nedd4 and Nedd4-2: closely related ubiquitin-protein ligases with distinct
physiological functions.Cell Death and Differentiatiot7(1): 9.
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Parvalbumin-immunoreactive neurons in the rat ventral respiratory column receve dose
appositions from galanin-immunoreactve axons

K.L. Jung! D.R. McCrimmor?,G.F. Alheid? G.M. Etelvind and 1.J Liewellyn-SmitH, ‘Cardiovascular
Medicine Physiology and Cengrfor NeuroscienceFlinders University Bedfod Park, SA 5042, Australia and
2Physiology Feinbeg Sthool of Medicing Northwestern UniversityChicago, IL 60208, USA.

The neurochemistry of neurons in thentral respiratory column (VRC) correlates with their function
(Feldmanet al, 2003; Alheid & McCrimmon, 2008). Galanin (GAL) influences breathing when injected into
the VRC (Abbottet al, 2009) and occurs in about 40% of chemoseresiteurons in the retrotrapezoid nucleus
(RTN), which lies ventral and caudal to the facial nucleus (Storeéttd, 2009). Wwo-thirds of lage VRC
neurons with spinally-projecting axons contain the calcium binding proteirglpamin (Parv; Alheidet al,

2002). In the VRC, the neurokinin 1 receptor (NK1R) occurs in small neurons of the PreBotzinger (PreBot)
group and in larger bulbospinal neuron that occur caudal to the PreBot neurons (@tgn2002). In this

study we wsed peroxidase immunohistochemistry teegtigate whether GAL-immunoreagt aons innerate
Pav-immunoreactie VRC neurons and to characterize the neurochemistry ofwvwa gneup of GAL-
immunoreactie reurons that we identified in the caudal ventral respiratory group (cVRG).

Male and female Sprague-Dky rats were anesthetized with pentobarbitone (60 mg/kg i.p.) and
perfused transcardially with phosphatgfered 4% formaldehyde. Each perfused medulia wut on a cryostat
at 30pum into 4 series of sections. In some series of sections, GAL-immunoreactsgtyisualized alone using
a bHack peroxidase reaction product. A second set of sectiagastained to weal Parv with a brown peroxidase
reaction product and GAL with a black peroxidase reaction product. In a third set of sections, NK1R-
immunoreactivity was detected with a black reaction product; and GAL, with a brown product.

We identified two groups of GAL-immunoreaate mata in the ventral medulla. The rostral group,
which are the RTN neurons, lay medial arahtval to the caudal end of the facial nucleus. A second GAL-
positive goup was located more caudaliynmediately entral and slightly lateral to the column o&rf
neurons. In a 1:4 series of sections, there werev@age 56+ 12 neurons (n=8) in this caudal GAL-containing
group. The location of the second group suggested that these might be PreBot neurons and therefore migh
contain NK1R. Some of the caudal GAL-immunoreactireurons were NK1R-immunoreagti & well as
GAL-immunoreactre. Howeve, these NK1R-positie reurons were too big to be PreBo6t neurons. In the VRC,
occasional black GAL-immunoreaati axons closely apposed some large brovarvARmmunoreactie cell
bodies.

These obseations indicate that GAL occurs in a population of bulbospinal neurons in cVRG as well as
in some RN neurons. The data also suggest that GAL may influence respiration atdsvwithin central
respiratory circuitryRTN neurons may release GAL ontar-immunoreactie VRC neurons, which inneate
spinal motor neurons that control respiratory pump muscles. Bulbospinal cVRG neurons may also release GAL
directly onto spinal motor neurons innervating pump muscles.

Abbott SB, Burle FG, Pilovsky PM. (2009) Galanin microinjection into the PreBotzinger or the Botzinger
Compl« terminates central inspiratory activity and reduces responsg@daih and hypercapnia in rat.
Respiratory Physiology and Neurobiolob§7: 299-306

Alheid GF, Gray PA, Jiang MC, Feldman JL, McCrimmon DR. (2002j\valtumin in respiratory neurons of
the ventrolateral medulla of the adult ddurnal of Neurocytologl: 693-717.

Alheid GF McCrimmon DR. (2008) The chemical neuroanatomy of breathRegpiatory Physiology and
Neurobiologyl64: 3-11.

Feldman JL, Mitchell GS, Nattie EE. (2003) Breathingthimicity, plasticity, chemosensitivityAnnual Reiew
of Neuroscienc@6: 239-266.

Guyenet PG, Segny CP, Weston MC, Stornetta RL. (2002) Neurokinin-1 recejgqaressing cells of the
ventral respiratory group are functionally heterogeneous and predominantly gluticataurnal of
Neuroscienc@2: 3806-3816.

Stornetta RL, Spirovski D, Moreira TS, Takakura AC, West GH, Gwilt IMwBkg PM, Guyenet PG. (2009)
Galanin is a seleat marker of the retrotrapezoid nucleus in ralaurnl of Comparative Neotogy 512:
373-383.
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Mechanism underlying distension-goked peristalsis in guinea-pig distal colon: is thez a role for
enterochromaffin (EC) cells?

N.J SencerL. Robinson, S.JGregory, M. Kyloh, V Zagorodnyuk, H. Peiris, S. Brookes and [Xé&ating,
Department of Human Physiolgdslinders University of South Australia, BedtbPark, SA 5042, Australia.

Background:The mechanism underlying distension-induced peristalsis in the iiatestine is unkmwen.
Studies hee suggested that the initiation of peristalsis is due to release of 5-hydroxytryptamine (5-HT) from
enterochromdiin (EC) cells in the mucosa, which aetes neighbouring sensory nerendings. Havever, no
direct evidence to support this hypothesis exists, since real time recordings of 5-HT release from E@cells ha
not been made during colonic peristalsis.

Methods:Real time amperometric recordings with video imaging of colonigements were used to
determine whether 5-HT release from EC cells was required for distensiceteperistalsis in guinea-pig
colon.

Results:Amperometric recordings vealed a basal and transient release of 5-HT from EC cells during
peristalsis. This was evident when the carbon fibre electrogerdd to within 10@m of the mucosal border
recorded an ambient release of 5-HT ofil2(N=5). However, removal of the mucosa and submucosalxpie
abolished all release of 5-HT (@ud; N=5), but did not preent, nor inhibit the initiation of peristalsis, nor
propulsive force generated during peristalsis. The propagatelocity of fecal pellets along the colon of
dissected (mucosa-free) preparations @.@.2mm/s; N=14) was significantly reduced compared to control
intact preparations (2.6 0.2mm/s; N=25). This reduction in propagation velocity occurked though there
was no keduction in propulsie force generated during peristalsis in preparationsideof mucosa and
submucosal plexus. Maintained distension by fecal pellets genenatkchic peristaltic vaves, which also
persisted following rem@l of the mucosa and submucosal plexus, albeit with a reduced pacemaker fyequenc

Conclusions:The initiation of colonic peristalsisseked by physiological distension and the propaign
of physiological colonic content does not requirg selease of 5-HT from EC cells, the submucosal plexus, nor
activation of sensory neevendings in the mucosa, as previouslpbthesized. Our data lead to the inescapable
conclusion that the mechanoreceptorsvatd by radial distension and sensory neurons which initiate
peristalsis lie in the myenteric plgs and/ormuscularis gterna Moreover, the pattern generator underlying
cyclical generation of peristaltic aves in response to maintained distension also does not require release of
5-HT from the mucosa, or neural activity from within the submucosal plexus.
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Identification of the pacemaker mechanism underlying migrating motor complexes in mouse
small intestine

L. Beech, S. @gory, M. Kyloh and N.JSencerDepartment of Human Physiolgdstinders University of
South Australia, BedfdrPark, SA 5042, Ausdtia

Introductions: Migrating motor compbees (MMCs) are spontaneous contractions of the small intestine,
which occur cyclically and propagaterep lamge lengths of intestine, leading to the propulsion of intestinal
content. Although the mechanism underlying MMC generation is unknown, there has been a resurgence of
interest in the mechanisms underlying the pacemak "clock" that generates spontaneous MMCs. This is
because in human patients with diarrhea-predominant IBS (D-IBS) the frgqoEmMéMC is altered and
thought to be responsible for the abdominal pain and discomfort underlying the disease. Data obtained from a
number of laboratories strongly suggests that theigctf the MMC pacemaker uolves release of serotonin
(5-HT) from the intestinal epithelium (mucosa), since antagonists of the 5-HT3 receptothsldIMC
pacemakr and prolong intestinal transit, making these drufgctfe in relieving the symptoms of D-IBS.

What is not clearis how o where the release of 5-HT from EC cells acts to control the CMMC paeerak
whether EC cells themselvegea form part of the MMC pacemak mechanism. Greater than 90% of all the

5-HT in the body is made and released specifically by EC cells in the intestinal mucosa, so an understanding o
whether EC cells and 5-HT release from EC cellsvshired in the MMC pacemaker mechanism is of supreme
importance to clinical treatment of D-IBSAlthough the location of the pacemaker that generates MMC
rhythmicity is unknaevn, it must lie within the small intestine itself, since MMCs still occur in an isolated ileum.

Aim: To determine the role of the mucosa and submucosalugléand hence endogenous serotonin
release from EC cells) in the generation and propagation of spontaneous MMCs.

Methods:Spontaneously occurring MMCs were recorded from isolated intact segments of mouse ileum at
36°C. Simultaneous mechanical recordings were made from three site along the ileum to determine the
propagtion velocity and direction of velocity of MMCs. The primary aim was to determine whether MMCs
would still occur if the mucosa and submucosakptewere remeed from the ileum and if so, hoare their
properties different from control preparations with mucosa present.

Results:In intact preparations of ileum,gelar MMCs were recorded, with a mean intervaldof = 0.1
min (n=5). D test whether the mechanisms underlying MMC generation required the mucosa, we sharp
dissected dfthe mucosa, submucosa and submucosalupl&om the entire full length of ileum. Rewab of
these structures did not peat the cyclical generation of MMCs. Surprisinglhhe pacemaker frequenc
actually increased, such that the mean iateoetween MMCs after the rewab of the mucosa, submucosa and
submucosal plexus was 28).2 min; n=5 p<0.05). There were no significant differences in MMC amplitudes
(control: 0.5 0.06mN, c.f. without mucosa: 0.% 0.01mN; n=4:p<0.05), or half durations (controR9.7 +
3.1s c.f. without mucosa: 16.& 1.3s; n=4;p<0.05). MMCs that persisted in dissected preparations consisting
of only myenteric ganglia and smooth muscle were abolished by hexamethoniulh; 26€3.

Conclusions: These results lead to the inescapable conclusion that in the small intestine, the pacemak
and pattern generator underlying the cyclical generation and propagation of MMCs is located within the
myenteric plexus and/anuscularis gternaand do not require the release of substances from the mucosa or
neuronal activity within the submucosal plexus for their spontaneoustecti
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The affects of amyloid precursor protein (APP) trafficking, processing and interaction with p75
in the presence of amyloid3

K. Smith, M. Yang and X. Zhou, Department of Human Physjdfiggiers University GPO Box 2100,
Adelaide SA 01, Australia.

Alzheimers dsease (AD) is one of the most well kmo and most debilitating neuragiEneratre
diseases. Neurons die in AD due to toxicele of amyloid beta () proteins and tangled clusters of tau
proteins within the cell. The R\originates from cleage of APP (amyloid precursor protein). APP has been
shavn to interact with p75NTR (the neurotrophin receptor), leading to cell deathb@hneet al, 2009).
However, how APP interacts with p75NTR and whether the receptantlg affect their interactions are not
known. We popose that p75NTR ligands may affect APP-p75TR interactions and the interaction may
participate in the delopment of AD.

In the present study we attempted to use FRET (fluorescence resonance energy transfer) analysis t
characterize the nature of the APP-p75NTR interaction in HEK293 cells which were transfected with p75NTR-
CFP and APP-YFP plasmids and controls. These cells were subjected to a range of neurotrophpisstand A
differing concentrations. The FRETfiefengy of APP-p75NTR was significantly higher than thegatiee
control and comparable to the posticontrol, suggesting these tmmolecules are close to each othal
neurotrophins at least in awer concentration triggered an increase in the FREGiexfcy between p75NTR
and APPsuggesting neurotrophins can enhance the interaction between p75NTR aridt@feBtingly AP at
all concentrations triggered a dramatic increase in FRidiezfoy, reaching wer 3-fold of the positie wntrol,
suggesting that B can cause p75NTR-APP clumping together and trigger an aggras&raction between
these molecules. As[Ais the pathogenic agent for AD, the subsequent experiments had focused on the nature
of the AB induced interactions.

AB time course of f's effect on p75NTR-APP interaction was undertaken. Results showed that the
interaction increased dramatically within the first 1-3 minutes of the additiof td the cells. 8 not only had
a profound effect on p75NTR-APP interaction, but also its effect was almost immediate, suggesting a quick
biochemical reaction. It is kmo that both p75NTR and APP v phosphorylation sites within their
intracellular domains. W propose that a phosphorylatiomeat may play a role in the interaction of p75NTR-
APP upon addition of the ligandBAWhen a phosphorylation inhibitor KT5720 was added to transfected cells
with added A, FRET eficiency dropped. Reciprocallywhen a phosphorylation acgior 8-Br-cAMP was
added, FRET étiengy increased significantlyThese data seem to support the idea that p75NTR-APP
interaction is under the influence of a phosphorylatieente Furthermoreve proposed that endogenouf A
may constitutiely activate the interactions of p75NTR and AP test the idea, FRET fafiengy dropped
further by blocking endogenousfAwith an antibody 6E10, indicating endogenouf #ay increase the
interaction of APP and p75NTR. Also, the preliminary data support tBatnéreases APP transcription
possiblyvia activation of the p75NTR-APP pathay. This could suggest thatfAmay hae a msitive feed
forward mechanism that increases APP transcription, which may in turn increase an oufputVefa@nclude
that p75NTR ligands, B and neurotrophins enhance the interaction of p75NTR-APP in a phosphorylation
dependent manneand the increased interaction of p75NTR-APP may participate in the pathogenesis of AD.

Fombonne J, Rabizadeh S, Banwait S, MehleBrBdesen DE (2009) Seleai wilnerability in Alzheimers
disease: amyloid precursor protein and p75(NTR) interactionals of Neurologg5: 294-303.
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Thiol-reactivity: A small molecule approach to identifying proteins involved in regulating the
calcium sensing steps of nate membrane fusion

K.L. Furbet and J.R. Coorsseh!Physiology & Pharmacologyraculty of MedicineUniversity of Calgary,
Calgary, AB T2N 4N1, Canada antMolecular PhysiologySchool of Medicine University of Western Sydye
Campbelltown, NSW 1797, Australia.

In specialized cells, fusion of secretory vesicles with the plasma membrane enables release of biologically
active nolecules; this process is tightly regulated by intracelluldi Géoweve, the identity of critical proteins
involved in C&* sensing and triggering of nadi membrane fusion remain specwati Unlike aher types of
secretory esicles, isolated cortical vesicles (CV) from unfertilized urchin eggs remain fully primed and fusion-
ready providing a stage-specific preparation to quantbatassess the nat, Ca?*-triggered fusion mechanism
(Zimmerberget al, 2000). Thiol-reactivity offers an unbiased approach in studying proteirdvéd in
c&*-triggered membrane fusion. Furthermoreykiing reagents are highly seleetifor, and bind irreversibly
to, cysteine residues, providing important information about function while also tagging the pretaeslin

Previous work indicates that multiple thiol sitesfdientially regulate the ability of CV to fuse as well as
the eficiency of fusion (.e. C&* sensitvity and kinetics) (FurbeBrandman & Coorssen, 2009; Furb@ean &
Coorssen, 2010). lodoacetamides and bimanestha unigue ability to access avabthiol site that potentiates
the efficieng of fusion, presumably by altering the Meensing mechanism (Figure).

This may be due to a direct effect on &@Qainding protein
o activity curve or disruption of a regulatory interaction in the fusion
%é g% % comple, yet delineating thexact nature of this mechanism
@¢>

3
=3

first requires identification of the protein(s) beingyéding.
Initial studies coupling Lucifer yell® iodoacetamide
S aetivi e / treatment with 2-dimensional electrophoresis of CV
i% @ / membranes kealed that numerous proteins become labeled
: Q (Furber Dean & Coorssen, 2010). Thusyeml stratgies
é/ §:Ez:;freorlve“owiodmmideha/e keen employed to better focus on the labeled spots
g‘wm/g/ | ¥ Monobromobimane pertinent to mechanism: (i) comparison of labeling across
: 4 Dibromobimane multiple reagents and concentrations; (ii) prefractionation of
' o o o cholesterol-enriched membranes to isolate proteins
[Me™],.., (uM) . , L L
preferentially located at/near the fusion site; and (iii) third-
dimension electrophoretic separations for invedoresolution.

Labeled proteins thus far identified include aiety of metabolic enzymesystosleletal components
(actin and tubulin), and geral isoforms of Rab GTPases. Both tlystosleleton and Rab proteinsveadefined
roles in vesicle mobility and trafficking, but these data raise the possibilityrtag also act in later stages of
exocytosis to rgulate Ca" sensitvity and kinetics of secretion. Pharmacological experiments ugtogkeletal
(de)stabilizing reagents in the stage-specific CV preparation rule out a direct role for actin (Hibbert, Butt &
Coorssen, 2006) and tubulin (Furbetr al, unpublished) in the Ca-triggering steps of membrane fusion.
Nonetheless, there is evidence indicating a role yaysteletal components in fusion pore expansion and thus
the kinetics of the release process (Berbeegiaal, 2009; Doreian, Fulop & Smith, 2008; Larira al, 2007;
Miklavc et al, 2009). W& ae currently focusing on Rab proteins as prime candidatel/ed in the rgulation
of fusion eficiengy, perhaps reminiscent of the synergistifeets between ¢4 (Cp) and GTP (G) on scretion
in other cell types (Coorssen, Davidson & Haslam, 1990; Howell, Cockcroft & Gomperts, 1987).

Berberian K, Torres AJ, Fang Q, Kisler K & Lindau M (2008&)rnal of Neuroscienge9, 863-870.

Coorssen JR, Davidson MM & Haslam RJ (19@@)| Regulationl, 1027-1041.

Doreian BWFulop TG & Smith CB (2008Journal of Neuroscience8, 4470-4478.

Furber KL, Brandman DM & Coorssen JR (2008)rnal of Chemical Biology2, 27-37.

Furber KL, Dean KT & Coorssen JR (2010)inical and Experimental Pharmacology and Physigo37,
208-217.

Hibbert JE, Butt RH & Coorssen JR (200Bixernational Journal of Bidwemistry and Cell Biolgy, 38,
461-471.

Howell TW, Cockcroft S & Gomperts BD (1987purnal of Cell Biology 105, 191-197.

Larina O, Bhat PRickett JA, Launilonis BS, Shah A, Kruger WA, Edwardson JM & Thorn P (20@@)ecular
Biology of the CeI18, 3502-3511.

Miklavc B Wittekindt OH, Felder E & Dietl P (200#nnals of the Ne York Academy of Sciencgl52 43-52.
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Spinal projections of medium sized sensory neurons that express Calcitonin Gene-Related
Peptide but not Substance P in mice

G.R. Kestell, R.L. Anderson, J.N. CleslRV. Haberbeger and I.L. Gibbins, Centr for Neuroscience and
Anatomy & HistologyFlinders University GPO Box 2100, AdelaidSA 01, Australia.

Many small diameter sensory neurons in dorsal root ganglia (DRG) contain both calcitonin gene-related
peptide (CGRP) and substance P (SP). These neurons generally loaiceptve function. Havever, in DRG
of mice, a population of medium diameter neuraxqmess CGRP but not SPhe projections and functions of
these neurons are not kmo. Therefore, we h@ mmbinedin vitro axonal tracing with multiple-labelling
immunohistochemistry to map the projections of these neurons to the cervical spinal cord.

Mice (C57/BI6) were anaesthetised with inhaled isofluorane ss@hguination, prior to remd of the
upper spinal cord with intact brachial plexus and dorsal ranglga. Neurobiotin (NB) was applied to the C7
ventral ramus and the brachial ples-DRG-spinal cord preparation was incubated for 4 hours. MB w
subsequently detected with streptin-DTAF in spinal cord and DRG sections, which were also labelled for
CGRP and SP.

The majority of the DRG neurons were filled with NB. Approximately one-third of the sensory neurons in
C7 DRG expressed CGR®% of these neurons did not contain detectableldeof SP and had arverage
soma size of 5226umz2. Within cervical spinal cord, terminals containing CGRP were prominent in the
superficial dorsal horn (lamina I) and deeper dorsal horn (lamina 1V). CGRP terminals lacking SP were most
prominent in lateral areas of lamina | and in laminaStprisingly these terminals were only occasionally
filled with NB. NB filled fibres mainly projected into the medial dorsal horn. These fibres included lar
myelinated fibres thatxéended into the ventral horn, and smaller diameter fibres that penetrated lamina IV
Some of these small diameter fibres in lamina IV contained CGRP and the majority of thedeSla&nall
diameter fibres filled with NB and CGRP were also present in laminae | and Il. A subpopulation of these fibres
did not contain SP.

Although the majority of sensory neurons in the DRG are filled with NB it appears that there is an under
representation of small diameter NB filled fibres in the spinal cord. A likely explanation is that these neurons of
the C7 DRG project to other spinal segments rostro-caudal to theg@érse Our data skothat 44% of the
sensory neurons posi# for CGRP do not contain detectableds of SP Based on their multiple somatotopic
projections we propose that neurons containing CGRP without SP may represent a subpopulation of polymoda
mechanoceptors.
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Activation of CB1 receptor inhibits fasting-induced increase in gpwth hormone (GH) secretion
in mice

JW. Leong F.J. Seyn, L. Huang and C. Chen, School of Biomedical Sciences (SBMS), University of
Queensland, St Lucia, QLD 4067, Australia.

The endocannabinoid system is one of the main regulators of energy homeostasis. While the mechanism:
by which endocannabinoids regulate food ietake still under inestigation, growing eidence supports a
potential interaction with endocrine factors. Initial obséions suggest that addtion of cannabinoid receptor
type 1 (CB1) by the cannabinoifi-9-tetralydrocannabinol £A9THC) results in suppression of the potent
anabolic hormone growth hormone (GHQ. &ldress the impact of cannabinoids on GH secretion, we measured
the effects oA9THC (1.0mg/kg, IP) treatment on the aadtion of the GH axis followingdsting. V¢ isolated
measures of peripheral hormonesoimed in the regulation of food intakend GH secretion, and correlated
these to hypothalamic and pituitary gemx@ression of factors Wolved in the regulation of GH secretioro T
characterise GH secretion we incorporated a newlglaleed and sensitt GH ELISA with repeated tail tip
blood samples in 7-9 week old male C57 mice. Results confirm that fasting results in an initial increase and an
eventual decrease in GH secretion. AdditionA¥THC treatment inhibits the fasting-induced increase in GH
secretion. Immunofluorescent staining in GH-GFP transgenic mice confirms that somatotrophsxgoesst e
CB-1 receptorsA9THC treatment does not change pituitary GH mMRMpression. Within the arcuate nucleus
we observed an increase in @th hormone releasing hormone (GHRH) and somatotropin releasing inhibiting
factor (SRIF) mRM expression after fasting. This does not occur fellm A9THC treatment. These changes
appear to be independent of orexigenic and anorexigenic pathwAgJ € does not impact fasting induced
changes in NPYAgRR POMC or CART mRNA expression. W dosened no changes in circulatingvits of
plasma leptin or aate dhrelin in response tA9THC treatment. Based on these results, the consequence of
A9THC treatment onasting GH secretion is most likely mediated by hypothalamic mechanisms. This is
consistent with prior reports confirming thgpeession of CB1 in the arcuate nucleus. Specificadlgults
suggest that CB1 aettion inhibits the initial rise in GH secretion during fasting through an interaction with
GHRH and SRIF neurons.
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Characterising the impact of lipid-rich diets on the endocrine profile of C57 mice during

progressive weight gain resulting in the derelopment of obesity

T. Xe, FJ. Seyn, J.WLeong and C. Chen, School of Biomedical Sciences (SBMS), University of Queensland, St
Lucia, QLD 4067, Australia.

Obesity deelops from an imbalance between energy consumption and energy output. While this
addresses theverall change in energy homeostasis (resulting in weight gain), it does not consisieiqgical
disruptions resulting in an inability togelate energy demand or output. The endocrine system is central to the
regulation of appetite, breakdown of dietary components for storage or useyesalll maintenance of body
composition. Weight @n and obesity are associated with multiple disruptions in the normal endocrine profile.
For example, secretion of ghrelin, growth hormone and adiponectin all decline with increased adipesdgs
obesity is associated with prolongedvat®on of leptin and the delopment of central leptin resistancén
order to characterize the impact of obesity on endocrine function it is necessary to first identify suitable animal
models that closely correlate to endocrine disruptions associated with human. dbdsigystudy we assessed
the efectiveness of three commercial diets (sourced from Specialty Feeds, Western Australia) in inducing
obesity: a very high fat, Yo sucrose diet (VHFLS diet - 60% kcal contribution from fat, 106g/kg sucrose), a
high fat moderate sucrose diet (HFMS diet - 23% kcal cartioib from fat, 201g/kg sucrose), and a high f
high sucrose diet (HFHS diet - 23% kcal contribution fram 405g/kg sucrose). Four week old male C57 mice
were fed on either diet for a period of 12 weeks, and analysis of weight gain and conseqtiecttabef
endocrine function were assessedaB and 12 weeks of feeding. Age-matched control mice were maintained
on standard mouse olioAnimals had free access to food aratev for the duration of the experiment, with the
exception of tvo days prior to sacrificing when animals were fasteerright for a glucose tolerance testeW
found that a diet rich in fat and sucrose is sufficient to induce obesity in mice by 12 weeks of feeding. By
contrast, animals maintained on the VHFLS diet did not become obese. A characteristic shift in the endocrine
profile was obserd in all animals maintained on a high fat dietwever, devdopment of glucose intolerance
by week 12 of dietary inteention only occurred in HFHS diet-fed mice. These results confirm that a diet rich in
fat and sucrose is essential to induce a characteristic shift in endocrine profile in C57 mice to thatdbserv
human obesityWe will utilize this animal model to further characterize the impact of obesity on endocrine
profile disruption.
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Possible role of fatty acid GPCRs in endometrial cancer cell gwth in vitro
K.W Lee FJ. Seyn and C. Chen, School of Biomedical Sciences (SBMS), University of Queensland, St. Lucia,
QLD, 4072, Australia.

Endometrial cancer is one of the most common gynaecological tumourgdopdel countries, with a
lifetime risk of 2-3%. Studies ka revealed an association between obesity and the incidence of endometrial
cancer A high level of very lon density lipoprotein (VLDL) is a common phenomenon in obesity along with
high levels of free fatty acids (FFAs). GPR40 and GPR120, both G-protein coupled receptors, are functional
receptors for medium- and long-chain FFAs, and implicated in the growth addpieent of different cell
types. Gene analysisvealed that the human endometrial cancer cell lines used in this sshikava and
HECI1A, predominantly expresses GPR120 and GPR40 resghedtn this study we investigated the décts of
long-chain fatty acids on Ishikea and HEC-1A gravth, as well as the contribution of GPR40 and GPR120
activation in this process. Using a tetrazolium-based proliferation assay we demonstrate that oleic acid (C18:1)
significantly increased proliferation in both Ishika aand HEC-1A cells within 72 hours in a dose dependent
manner A similar increase in Ishikaa cell proliferation occurs when cells are treated with the synthetic non-
FFA GPR40 and GPR120 agonist, GW9508. This does not occur in the HEC-1A oalislafe the décts of
the two receptors, Ishikea clls were treated with a GPR40 antagonist, GW1100, in conjunction with
GW9508. Results indicated that GW1100 had no effect on the stimulation of cell proliferation, suggesting all
pro-proliferatve dfects of GW9508 are mediated through GPR120. These results suggest that GPR120 plays a
more important role in the gnh of endometrial cancer cell lines compared to GPR40. Further analysis of
downstream pathways following GPR120 saation in Ishikava cells using GW9508 along with antagonists for
PI3K, PKC, PLC, and PKA were conducted. Results confirm a significant reduction in the pro-praiferati
effects of GW9508 in cells treated with the PI3K, PKC, and PLC antagonists. Overall, results suggest that the
pro-proliferatve dfects of G\ may be mediated through pathwaysdliwing down-stream actation of PI3K,

PKC, and PLC, following GPR120 aedtion.

Proceedings of the Australian Physiological Society http://www.aups.ag.au/Proceedings/41/44P



The effect of maternal separation stress and high fat diet on tyrosine hydroxylase regulation in
the rat adrenal gland

L. Bobowskaya! J. Maniam? L.K. Ong? PR. Dunkley and M.J Morris,? 1School of Pharmacy and Medical
Sciences, University of South Australia, SA 5000, Austf8izhool of Medical Sciences, Faculty of Medicine,
University of Nev South Wales, NSW 2052, Australia aisthool of Biomedical Sciences and Pharmacy,
University of NewcastJd&NSW 2308, Australia.

Background: Tyrosine hydroxylase (TH) is the rate-limiting enzyme in the synthesis of catecholamines.

In the short term TH adfity is regulated by its phosphorylation at specific serine residues most particularly
Ser40, whereas in the longer term TH igulated by increases in TH protein. Previous stubliedvo have
shavn altered expression of TH mRNand TH protein in adrenal gland in response to different types of stress.
Maternal separation stress is known teere lasting efects on the HR axis but the impact on the
adrenomedullary hormonal system is not known.

Aims: In this study we aimed tovestigate the effects of maternal separation stress and palatablahigh f
diet on the adrenomedullary TH protein and TH phosphorylation at Ser40 in male and female rats.

Methods: Male and female Sprague-Dley rats were ®posed to maternal separation for 15 minutes per
day (S15, control non-stressed group), 180 minutes per day (S180, stressed group) or left non-handled (NH
non-handled control group) from postnatal days 2-14. At weaning, postnatal day 21, half of pups of each gender
from each treatment group were assigned to standard laboratevy(thdJ/g, energy 12% fat, 21% protein,

65% carbohydrate- NH, S15, S180 groups) and half to high fat diet (15.3 kJ/g, energpt,328%¢f protein, and

50% carbohydrate-NH+HFD, S15+HFD, S180+HFD groups). At 19 weeks of age the pups were anaesthetised
by halothane x@osure and sacrifised. Adrenal glands were rapidly vedhend TH phosphorylation at Ser40

and TH protein were analysed by western blotting.

Results: TH protein was not significantly changed between the treatment groups in male vedgerHo
pSer4d0TH was significantly increased in the S180+HFD groupvelatithe S180 group (2 foldy<0.05) in
male rats. In contrast, in female rats TH proteaswignificantly increased (1.7 folgk0.01) in the NH+HFD
group relatie o the NH group while pSer40THag significantly reduced (by 60%x0.05) in the S180 group
relative to the NH group.

Conclusions: We povide evidence for the first time that the maternal separation stress decreases
pSer40TH in female rats but not in male ratge &0 shev that high fat diet increases TH protein content in
non-stressed female rats and pSer40TH in stressed male rats. These data suggest that in female rats the mater
separation stress leads to the decreased capacity of the adrenal gland to synthesise catecholamines by inhibitir
pSerd40TH. High fat diet leads to the increased capacity of the adrenal medulla to synthesize catecholamines b
increasing TH protein content (in non-stressed female rats) or by increasing pSer40TH (in stressed male rats)
The gender differences obsedvin these studies may suggest that gonadal steroids contribute tgulb&ae
of TH in the adrenal gland in response to the maternal separation stress and high fat diet.
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Fasting increases fat mobilisation and utilisation subsequent to high intensity intermittent
exercise in healtly adults

M. Attardi, E. Rybalka, A. Hayes and C.G. Stathis, Metabolism, Exercise & Nutrition Unit, School of
Biomedical & Health Sciences & Institute of Sport, Exercise science & Active Living (ISEAL), Victoria
University PO Box 14428, Melbourne City MC, VIC 8001, Australia.

Introduction: Although fat mobilisation and utilisation in response dstihg and xercise hae keen
shawvn to increase, the effects of superimposing a high intensity intermixtenotse (HIIE) protocol on arying
durations of fasting on fat oxidation\sayet to be inestigated. Thus the aim of this study was to determine the
effect of increasing the duration cddting on fat oxidation and physical and cogeiterformance follaving
HIIE in healtly, untrained males.

Methods: Five healtty, adult males completed a 12 h, 18 h and 3&gt in random order prior to carrying
out HIIE (3 times 50% W, peak). This was followed by a 60 min regexy period, and a subsequent time to
exhaustion test (TTE) (80%Q, peak). Cognitie ests were administered at the commencement of each trial
and post-receery.

Results: HIIE increased fat mobilisation and utilisation irrespextif fasting status. d&sting resulted in
overall elevations in resting, xercise and reogery concentrations of plasma freatly acids (FFA) (0.1& 0.08,
0.28+ 0.11 and 0.4& 0.14 mEg/L; at 12 h, 18 h and 36 h, respebtj p<0.05) and glycerol (0.025 0.02,
0.037% 0.02 and 0.40& 0.02 mEqg/L; at 12 h, 18 h and 36 h, respehtj indicating an increased reliance on
fat mobilisation and utilisation with prolonged fasting. Fasting did néecafperformance on a bout to
exhaustion (TTE) (8.9& 6.67, 9.28+ 8.11 and 8.54t 6.75 min; at 12 h, 18 h and 36 h, respa&ty) or
cognition, as measured by a Nintendo DS (21%.22.80, 208.8& 27.04 and 226.42 18.46; at 12 h, 18 h and
36 h, respectely). Participants reported increased appetite as the duration of fasting increasederHiois
was ot reflected in the total amount of kilojoules consumed in the first meal following the trial or in the
subsequent 24 h, which was eglent between fasting trials.

Conclusions: An increased fasting duration of up to 36 h, increas¢dnbbilisation and utilisation as
evidenced by plasma concentrations ofAF&hd glycerol at rest, during HIIE and during reeqy, and was
shown not to affect physical and cogveticerformance variables.

Proceedings of the Australian Physiological Society http://www.aups.ag.au/Proceedings/41/46P



Caffeine ingestion and high intensity intermittent exercise increases post exercise fat

mobilisation and glycogenolysis in healthindividuals

T. Gerber E. Rybalka, A. Hayes and C. Stathis, Metabolism Exercise and Nutrion Unit, School of Biomedical
and Health Sciences and Institute of Sport, Exercise science and Active Living (ISEAL), Victoria University , PO
Box 14428, Melbourne City MC, VIC 8001, Australia.

Introduction: Considering eercise for weight management, high intensity intermitte@ase (HIIE)
elevates fit metabolism and is fettive & reducing adiposity By superimposing caffeine, a known lypolytic
agent, we aimed to further increase fat metabolism with HIIE.

Methods: Six participants provided written informed consent and complete@grcise trials consisting
of 30 min of HIIE (20s cycling at 150%Q/, . with 40s rest), followed by a time to exhaustion (TTE) test at
150% \O,, . with prior ingestion of 5 mg/kg of either caffeine or placebo (Caltrate) in randomised Arder
matched paired students t-test,otway repeated measures AM® and Tukeys post hocanalysis were
emplogyed to identify significant differences. Plasma was analysed for glycerol, free fatty acids, lactate, glucose
and uric acid. All testing procedures were apptdoby the Victoria Unversity Human Research Ethics
Committee.

Results: During recaery from TTE, plasma glycerol & significantly increased with caffeine<(.05),
with a similar trend for plasma RHp=0.1). MO, was dgnificantly elevated in the cdgine trial compared to
placebo after both HIIE and TTEecise bouts §<0.05), and plasma uric acid was significantly higher after
caffeine following TTE 6<0.05).

Conclusion: Caffeine and HIIE, with subsequent TTEeecise, may be an fefctive method at stimulating
lipolysis for potential increased fat oxidation falimg exercise. Furthermore, enhanced energpenmditure
following exercise suggests this protocol is beneficial for optimising energy deficit and potential use in weight
management program.

Trapp EG, Chisholm DJ, Freund J, Boutcher SH. (20@@)ynational Journal of Obesity2: 684-91.
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N-acetylcysteine decreases insulin sensitivity after moderate intensity exercise

B.D. Perry! I. Levinger-?M.J. Brown,! M.J. McKenna and N.K. Steptd? ‘School of Sport and Exercise
Science Victoria University Melbourne Victoria afidstitute of Sport Exercise and Active Living Victoria
University Melbourne Victoria.

This study examined the effect of the antioxidant N-acetylcysteiA€)Nn acute insulin sensitity after
exacise in sgen young, health participants. Moderate intensity aerobigeise increases acute insulin
sensitvity (Hawley & L essard, 2008; Hudett et al, 2008) and recentvi@ence has suggested thagukar
antioxidant supplementation ablates the increase in insulin sensitivity seen through a struciwied e
program (Ristar et al, 2009). This study thus seeks to test if an antioxidant can alter insulin\agnaiier a
single bout of rercise. Seen untrained, health participants (22.1 3.2 years of age, BMI: 248 3 kg.m 2,
VO, peak, 50.6t 4 mi/kg/min) underwent a blind crossa study design, consisting of twidentical trials
separated by4 days. In each trial AC or saline was intraenously infused before and during sub-maximal
exacise for a total of 95 minutes (62.5 ml/kg/min for 15 min, fokd by 25 ml/kg/min for 80 min). During
this infusion time, the participant underwent 35 minutes of yassst, followed 60 minutes of sub-maximal
execise (55 min at 68% @, peak follaved by 85% \D, peak forfive min) on an electronically brakegde
ergometerAfter three hours rest, a hyperinsulinemic euglycemic insulin claagused to determine insulin
sensitivity via a modified M-\value (glucose infusion rate/ mean insulin concentratioAC Mifusion during
exacise resulted ib.8% decrease in insulin sensitivity posereise (Figurep = 0.041).
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This research demonstrates th&Q\aters insulin senskitity after a single bout of intensifiecescise. These
data also suggest that regetioxygen species produced duringeecise hae a ple increasing postxercise
insulin sensitivity.

Hawley, J & Lessard, S. (2008) Exercise training-induced im@reents in insulin actionActa Physiolgica
192 127-135.

Howlett, K., Mathews, A., Garnham, A. & Sakamoto, K. (2008) The effeckefcise and insulin on AS160
phosphorylation and 14-3-3 binding capacity in human skeletal mégulerican Journal of Physiadyy.
Endocrinology and Metabolis204, E401-7.

Ristow, M., Zarse, K., Oberbach, A., Kléting, N., Birringd., Kiehntopf, M., Stumvoll, M., Kahn, C. &
Bluher, M. (2009) Antioxidants preent health-promoting effects of physicakeecise in humans.
Proceedings of the National Academy of Sciences of thelO&8665-70.

This study was funded by the VU Researcherddpment Grant Scheme, 2009 (IL, NKS, MJM)

Proceedings of the Australian Physiological Society http://www.aups.ag.au/Proceedings/41/48P



Role of phosphorylation in the C&* regulation of C&?* release channels in skeletal muscle
K. Walweel, D.Fvan Helden and D.R. Lavegchool of Biomedical Sciences and Pharmaddsgiversity of
Newcastle and Hunter Medical Resgainstitute Callaghan, NSW 2308, Australia.

During excitation contraction coupling, the action potential depolarise®ltage-dependent L-type €a
channels in the sarcolemma antlifiules, leading to a release of"C&rom the sarcoplasmic reticulum (SR, the
main intracellular C# store) and a rise in cytoplasmic Cavhich stimulates muscle contraction. Irekkal
muscle, the CH release channels in the SR (RyR1 isoform) are stimulaigch drect protein-protein
interaction with the L-type G4 channels whereas in cardiac muscle it is thevnfib Ca?* into the gtoplasm
through the L-type CGa channels that asfites the cardiac ryanodine receptors (RyR2). Cardiac agldtak
RyR isoforms are modulated differently by intracellula?'C&ardiac RyRs ha&e a omplete reliance on €&
for opening in which C& in the cytoplasm and SR lumen produce a synergistieatioti of the channel (Laer
& Honen, 2008). On the other hand, skeletal RyRs can open in the complete absertecofa@aother
activating ligand and intracellular Mg is required to inhibit RyR1 and prent SR C&* release during muscle
relaxation (Laer et al, 2004). In this studywe eplore the dict of endogenous phosphorylation of RyR1 on
its ability to open in the absence of{ta

RyR1 was isolated from rabbit skeletal muscle as described previoushr @taal, 1995). RyRs were
incorporated into artificial lipid bilayers and channel gating was measured by single channel recording. RyR
open and closed times were measured in the presarioas/concentrations of cytoplasmic and luminaP[Ta
and in the presence of cytoplasmic ATP or AMP-PCP (2 mmol/l). The effect of endogenous phosphorylation of
RyR1 was assessed by incubating SR vesicles containing RyR1 with Protein Phosphatasel (PP1, 20 units/mq
SR protein) for 5 min at 30°C. PP1 revas phosphate groups from serine residues.

RyR1 in their endogenous phosphorylation state were quiteedatthe virtual absence ofytoplasmic
and luminal C&" (1 nmol/l cytoplasmic and < 2@mol/l luminal). Under these conditions thikad an opening
rate of 100 50 s (n=4). The opening rate sed no significant dependence on luminal{Thetween 10
umol/l and 2 mmol/l. The opening rate increased with increasing cytoplasnfig] [@ato 1000 s* with half
activation at 1umol/l. RyR1 treated with PP1 had zero opening rate in the absence cytoplasmic and luminal
C&*. Opening rates increased ta:®.5 st in the presence of 0.1 mmol/l luminaland 170+ 80 st in the
presence of 0.1 mmol/l cytoplasmicXa

The results indicate that endogenous phosphorylation is important for maintainingetiod éetivity of
RyR1 in skeletal muscle. Interestinglgephosphorylation of RyR1 makes them reliant orf*Gar their
actvation and in that rgaed makes them very similar cardiac RyR8his suggests that aek functional
difference between cardiac and skeletal muscle may depend on phosphorylation of a serine residue in RyR1.

Laver DR, Roden LD, Ahern GFEager KR, Junankar PR & Dulhunty A995). Cytoplasmic 4 inhibits
the ryanodine receptor from cardiac musdteirnal of Membrane Biolog¥47,7-22.

Laver DR, O'Neill ER, and Lamb GD (2004) Luminal &aregulated M@* inhibition of skeletal RyRs
reconstituted as isolated channels or coupled cluslemsnal of General Physiology24: 741-758

Laver DR, Honen BN (2008) Luminal Mg*, a key factor controlling RyR2-mediated &arelease:
Cytoplasmic and luminal galation modelled in a tetrameric chann#urnal of General Physiolyy,
132:429-446.
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lon channels as nanwalves for the controlled release of liposome-encapsulated particulates
M.J. Landsbeg,! A.FW Foo! A.R. Battle-? B.J Marsh}! B. HankameYand B. Martinac lnstitute for
Molecular BioscienceThe University of Queensland, St Lucia, QLD 4072, Australia®®fudor Chang
Cardiac Reseanh Institute Darlinghurst, NSW 2010, Australia.

The bacterial mechanosensgtichannel of lage conductance (MscL) acts as an osmoticallyatetl
nanwave, allowing bacteria to respond to hypo-osmotic stress by opening nanometer-size channel pores.
Significant insights into the underlying mechanism of channelaticin and opening by membrane tensioneha
been obtained for indidual MscL channels reconstituted into artificial liposomes using patch clamp, electron
paramagnetic resonance (EPR) and fluorescence spectrasampmnbination with computational modeling of
channel dynamics during channel opening (Pesbzd., 2002; Corryet al, 2005; Betanzost al, 2002). Gven
the relatvely large size of the MscL pore (>25 A), weviainvestigated its suitability for use as a naslve
enabling controlled release of liposome-encapsulate particulates. Liposomes present one of the major forms o
particulate drug carriers and provide an excellent method of encapsulation of highly toxic drugs, for example. In
this study we hae describe methods for generating small liposomes of uniform size based on a combination of
liposome extrusion techniques and continuous sucrose gradient cetimifugn addition, we demonstrate that
MscL reconstituted into these liposomes may be used as sahani@r controlled release of small molecules
including the self-quenching fluorescent dye 5,6-carboxyfluorescein (CF). CF releagdatedeby the MscL-
activating amphipath La-Lysophosphatidylcholine and exhibits a dependence on liposome size, amphipath
concentration and protein-to-lipid ratio (see Figure).
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gaiing mechanism of mechanosenaitthannelsNature418: 942-8.

Corry B, Rigby PLiu ZW, Martinac B. (2005) Conformational changesadrued in MscL channel aing
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The availability of Aquaporin 1 to function as a gated cation channel is regulated by tyrosine
kinase signalling

E.M. Campbell and A.Xool, Medical School North, Department of Physioldgphool of Health Science,
University of AdelaideFrome Road, SA 5005, Australia.

Aquaporins (AQPs) belong to thanhily of major intrinsic proteins, MIPs, found across all forms of life.
AQPs commonly facilitate the rapid transport of water across cell membranes with some sub-types transporting
other small molecules and ions. AQP1 also has beemnstm function as an ion channel when zatéd by
cGMP dthough this finding is contkersial as some research groupséheot detected ion permeation, onvia
found only a small proportion of the water channel populatiorvagahle to function as gated ion channels.
Molecular dynamic simulation and electrophysiological analyses suggested that cations pe@Rdata e
central pore formed by the tetramerigarsation of subnits, and that a conserved intracellular loop between
the 4th and 5th transmembrane domains is required for cGMP-dependent gathgl(\2006).

The purpose of this study was to use cysteine residues introduced into AQP1 by mutagenesis and probec
with mercuric chloride to test the central poywdithesis, ando evaluate the role of tyrosine phosphorylation
in the carboxy (C)-terminal domain for controllinggdability of AQP1 ion channels to be agted by cGMP.

Human AQP1 wild type or site-directed mutant @&Nwere injected singly or in combination into
Xenopugogytes and incubated for at least 48h prior to experimentation. AQP1 ion channels were stimulated by
the addition of extracellular CPT-cGMP (#@). Conductances were measured by two-electrode voltage clamp,
and compared with non@P-&pressing control oocytes. Tyrosine kinase inhibitor (1-Napthyl PRIM1@&nd
tyrosine phosphatase inhibitor (bpV phen, 18) were applied to determine the phosphorylation states
necessary for @P1 ion channel aeition. A functional AQP1 mutant lacking all four nadi cysteines \as
made and used as a template for the introduction of cysteine residues into the pem&ial pore region and
the C-terminal domain phosphorylation sites. Mercuag w&pplied to probe the effects of the cysteine residues
on the actiation of the ionic conductance.

Results to date indicate that tyrosine phosphorylation isveenfiel modulator of AQP1 ion channel
activity, and that introduced cysteines in AQP1 mutants dectfe pols for demonstrating that the central
pore r@ion isinvolved in the permeation of ions through the channel, and that the C-terngioal meodulates
ion channel weailability. Continuing work is testing the hypothesis that phosphorylationeseag a master
switch that controls AQP1 respovaiess to cGMP.

The presence of hierarchicavés of regulation of AQP1 could explain thefdiences that ve been
reported in ion channel activity across various experimental preparations, demonstrating that an increase ir
cGMP level alone is not sufficient to guarantee ion channelvatitin. Thesefindings offer insight into the
possible resolution of an intriguing conteosy in the aquaporin field, andkpgand our understanding of
aquaporins as complenultifunctional channels.

Yu J, Yool AJ, Schulten K & Tajkhorshid E (2006). Mechanism afimgg and ion conductivity of a possible
tetrameric pore in aquaporin-1. Structure 14, 1411-1423.
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Conformational changes associated with desensitisation in the ligand binding domain of the
glyicne receptor

Q. Wang SA. Pless and J.Mlynch, The Queensland Brain Institutiiversity of Queensland, St Lucia , QLD
4072, Australia.

Glycine receptor chloride channels (GlyRs) belong to the Cys-loamdigated ion channel receptor
family. Synaptic GlyRs are responsible for mediating inhibitory neurotransmission in the spinal cord, brainstem
and retina. Agonists binding to the extracellular ligand binding domain (LBD) induce local conformational
changes that are propagated to the distanatioti gate in the transmembrane domain to open the channel
pore. Licand-gated channels also display a phenomenon termed desensitisation, which is the yedgdasgi
of the ionic flux in the prolonged presence of agonist. The rates of onset avaydmum desensitisation are
important parameters gerning the size and decay rate of synaptic currents. Despite the physiological and
pathological importance of this proces®ry little is known about the conformational changes mediating
desensitisation in Cys-loop receptors. Here we eyeplosoltage clamp fluorometry (VCF) in an attempt to
systematically map LBD conformational changes that accoyngesensitization with a we to devdoping a
structural model of this process.

Xenopus lags frogs were anaesthetized in 1g/lydtm-aminobenzoate according to procedures agoro
by the Unversity of Queensland Animal Ethics Committee. Stage Viytescwere remaed and injected with
10 ng of wildtype or mutant al GlyR mRNnto the cytosol and incubated for 3-10 days at 18°C. For labelling,
oocoytes were placed into ice-cold ND96 saline solution containingM @ulforhodamine methanethiosulfonate
(MTSR) for 25 s. Oocytes were then washed and stored in ND96 for up to 6 h before recardiagofeing,
oogytes were placed on the stage of areited fluorescence microscope. Fluorescence signals were recorded by
a photomultiplier and membrane currents were recorded usinggaional two-electrode voltage-clamp.

We havepreviously shown that the folleing LBD sites can be produedly labelled with MTSR: A52C,

Q67C, L127C, G181C, N203C, H201C, G221C, Q219C, L127C, S121C and M227C. In each case, agonist
application results in non-desensitizing current and fluorescence responses. In order toaistdaoereit
desensitization, we incorporated the intracellular A248L mutation in conjunction with each of the abo
mutations. Our aim as to determine whether fluorescence responses desensitized with the same time) constant (
as the current response, or whethery thmmained non-desensitising. A desensitizing fluorescence response
would be taken as evidence that the label was detecting a local conformational change associated with
desensitization. Incorporation of the A248L mutation resulted in fast desensitizing current responses (
3000ms) at all double mutant receptors studiedvéder, labels attached to Q67C, G181C, N203C, H201C and
G221C showed non-desensitizing fluorescence responses, indicating that these residuesvaheedotviti
conformational changes mediating desensitization. The loop 2 mutant, A52C, and the pre-M1 domain mutant,
M227C, are both located near the transmembrane domain interfadeuld the glycine-induced fluorescence
signal of both residues had the same desensitization rate as the currentyA&2€urrent = 350& 200 ms

andt for fluorescence = 3150360 ms; M227C:t for current = 325& 130 ms and for fluorescence = 3280

350 ms).

We found no gidence for desensitization-induced conformational changes in the domains that form the
glycine binding site or in the inngsheet domain of the LBDHowever, we dd find evidence that labelled
sites in loop 2 and the pre-M1 domain did alter conformation during receptor desensitization. These sites are
located close to the inteide between the LBD and the transmembrane domain. Further experiments focused on
these rgions should help elucidate the structural changes that mediate desensitization in this important model
receptor family.
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Modelling the response of ion transporters to hyperosmotic shock in cells of salt-sens#tChara
australis and salt-tolerant Lamprothamnium succinctum
S. Al Khazaaly and M. Beilb$chool of Physics, Biophysics, The University of NEB{V 2052, Australia.

We w@mpared the response of salt-semsitChara australis and salt-tolerant Lamprothamnium
succinctunto hyperosmotic shock. Media osmolarities were increased to 285 mOsmol/kg by adding sorbitol.
Current-wltage scans were obtained as function of time in sorbitol medilihe data were modelled by a
parallel combination of proton pump, inward and outward rectifiers laackground current§Beilby &
Walker, 1996).

The response dfampiothamnium succinctumas to increase thevarage membrane potential up to —151
+ 10 mV (n=5) after 14& 74 minutes (Al Khazaaly & Beilhy2007). Modellingindicated increased rate of
proton pumping. The half agttion potential of the inward rectifier depolarized @bdhe resting membrane
potential, so K* ions could be imported into the cell, contributing to turgagutation. In contrast to
Lampioothamnium succinctunmost Chara australis cells became strongly depolarized, condigctind shaved
varying rate of plasmolysisThe Chara australisproton pump responded to osmotic shoek,did not maintain
rates high enough to keep membrane potentigitive. Eventually all cells became plasmolysed and their
conductance increased considerably to 5.5%5amd higher The failure ofCharato regulate turgor (Bisson &
Bartholomev, 1984) appears to arise from insufficient eation of the proton pump to turgor decrease.

Al Khazaaly S. & Beilby, M.J. (2007). Modeling ion transporters at the time gbdntonic regulation in
Lamprothamnium succinctuf@haraceae, Charophycea@harophyted (1): 28-47.

Beilby, M.J. & Walker, N.A. (1996). Modeling the currenbltage characteristics @hara membranes. I. the
effect of ATP and zero turgatournal of Membrane Biolog¥49: 89-101.

Bisson, M. & Bartholome, D. (1984). Osmoregulation or wor regulation inChara Plant Physiolgy 74:
252-255.
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Ivermectin interacts with an intersubunit transmembrane domain of the glycine receptor
T. Lynagh, T.I. Webb and J.\Wynch, Queensland Brain Instityt8uilding 79, The University of Queensland, St
Lucia, QLD 4072, Australia.

Ivermectin is a widely-used anti-parasitic drug thatfisoi’re aganst nematodes and insects. It paralyses
and starves nematodes by wating inhibitory currents at glutamate-gated chloride channels (GIuCl). It also
actvates other members of the Cys-loopalgl-gated ion channel superfamily including the human glycine
receptors (GlyR). The location of theeimectin binding site on these receptors is not known. Homomeric and
heteromeric Cys-loop receptors are formed bg fitbunits that each contain a large N-terminahtig-binding
domain and four membrane-spanning helices (M1-M4¢. rééently showed thatvérmectin sensitivity at
GluCls and GlyRs depends on the amino acid identity at a particular location in the third transmembrane (M3)
domain (GlyR Ala288). W hypothesized that tryptophan substitution of residues vicinal to Ala288 might also
impair actvation by ivermectin and provide a structural basis for understanding the binding interaction between
ivermectin and GlyR.

We wsed site-directed mutagenesis to generateraleGlyRs containing auky tryptophan residue in a
domain formed by M3 (including Ala288) from one subunit and M1 from an adjacamisudccording to the
high-resolution structures of analogous proteins. HEK-293 cells were transfected with wild-type (WT) or
mutant GlyR DM and sensitivity to vermectin was measured by recordinggrimectin-mediated current
magnitudes using whole cell patch clamp recordiBgieral mutants showed 2-4-fold shifts in E@alues for
actiation by vermectin. Havever, the M1 mutant Pro230® showed a 100-fold increase ireimectin EG,,
vaue (<0.001,n=4). M3 Leu291Trp and M1 Leu238T were not actisted by vermectin at all (=8).
Furthermore, at both of these mutant&rmectin irreversibly inhibited responses to glycine, with B/
ivermectin causing 100% inhibition of responses to saturating glycine concentratidi)s Ala288Trp vas
poorly expressed but showed small responses to glycine and no respovaesactin.

Ala288, which is located in M3, is directly opposite Pro230, located in M1, in our model of the
intersulunit transmembrane domain, and substitution of either residue ulkly lamino acids decreases
sensitvity to activation by vermectin. M3 Leu291 is directly opposite M1 Leu233 in this domain, and mutation
of either of these leucine residues for tryptophanvews vermectin from an agonist to a ligand that
antagonises aefition by glycine. Since mutations in the upper part of this domain reduce the sensitivity to
activation by vermectin and mutations in thewer part rgerse the effects ofvermectin, we conclude that
while this domain might contrilie to anwvermectin binding site, it certainly forms a crucial part in the agonist
transduction pathay. This result praides an important insight into the binding and gating mechanisms of this
important anti-parasitic drug.
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How do mutations in the cytoplasmic PAS domain of hERG affect channel structure?

Y. Ke! M. Hunter! CA. Ng! D. Stock and JI. Vandenber® *Molecular Cardiology and Biophysics Division,
Victor Chang Cardiac Resedr Institute Lowy Pa&er Building, 405 Liverpool St, Darlinghurst NSW 2010,
Australia and?Structural and Computational Biology Division, Victor Chang Cardiac Rebelastitute Lowy
Packe Building, 405 Liverpool St, Darlinghurst NSW 2010, Australia.

The humarether a go-go relatedeme(hERG) encodes for a*kchannel predominately expressed in the
heart. Mutations in this gene cause prolongation of the QT interval on the surface electrocardiogram and are
associated with a marked increased risk eftkicular arrhythmias and sudden cardiac death. Over 300
mutations in hERG he& been identified hwever only a small number of thesevJeabeen characterized at the
molecular le@el. Many mutant hERG proteins exhibit intracellular trafficking defect, in that thi to exit from
the ER and do not reach the cell surface.

The N-terminus of hERG contains &A&) domain, which is a hot spot for mutations. ifivestigate the
molecular basis of the defect caused by these mutants weethdied the biophysical properties of the isolated
PAS domain for WT and 11 mutant constructs. TH&SRIomain constructs wer@auated for thermal stability
(Table) and ability to form quaternary interactions with other domains in the channel. All doubutants
(R56Q and 142N) reduced the thermal stability of tA& EHomain. 10/11 of the full-length PAS domain mutants
of hERG expressed in HEK293 cells exhibited a trafficking defeatiei, none of these mutants resulted in a
dominant ngdive auppression when co-expressed with WT hERG channels.

Mutant/WT Melttemp  Trafficking Rescued at

(°C) defectveda  26°C
37°C

F29L 48.12 Yes Yes
142N 57.77 Yes Yes
Y43C 40.08 Yes No
R56Q 56.11 No

ce4yY 52.39 Yes Yes
T65P 49.25 Yes Yes
A78P 49.82 Yes Yes
L86R 41.00 Yes No
96T 46.60 Yes Yes
M124R 45.09 Yes Yes
WT 57.20

This suggests that PAS domain mutants will result in only a moderate clinical phenotype. This is
consistent with recent clinical data from the International Long QT Syndrogiryeshowing that patients
with mutations in the N-terminus (which includes tf&SRlomain) hae a bss seere phenotype than patients
with mutations in the pore domain.
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Charged residues irolved in GABA . receptor agonist selectivity

H-S. Taé and B.A. Cromet,Ylon Channels and Diseases Group, HowvElorey Institutg University of
Melbourne Parkville, VIC 3010, andHealth Innovations Resedr Institute School of Medical Sciences, RMIT
University Bundoora,VIC 3083, Australia.

The homopentamerjgl y-aminohutyric acid receptor (GAB_) is a member of the Cys loop lemd-gated
receptor family and closely related to the heteropentamericAGABceptors. The GAB binding sites are at
the intersubunit interfaces of the N-terminatracellular domains. Homology modeling of these receptors,
based on recent structural information, hasvided a reasonable wieof the receptor structure but precise
molecular details and thexact orientation of GAB and other agonists in the binding pocket remains unclear
In this studywe haveused homology modeling to identify a series of conserved charged residues at the GAB
binding site that we hypothesized may be important for agonist sépsatd selectiity. To test this lgpothesis
we used site-directed mutagenesis in combination with two-electrode voltage clamp recording of recombinant
receptors expressed Xenopusoogytes. Seeral of the mutants tested sied a reduced sensitivity to GAB
compared to the wild type receptamilst at the same time showing an increase in sensitivity to other agonists.
This altered agonist selectivityas particularly sensite o the size or length of the ligand. Our results are
consistent with ourypothesis and demonstrate the functional importance of these conserved charged residues
in determining agonist selectivity of the GABAeceptor and potentially other related receptors.
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Characterisation of ASCT-mediated transport at lav pH
A.J Sopelliti, R.M. Ryan and R.¥andenbegy, Department of PharmacologBlackburn Building D06, The
University of Sydng NSW 2006, Australia.

The alanine, serine and cysteine transporters (ASCT1 and 2) are electroneutral exchangbetoridne
to the Solute Carrierdmily 1, along with human and prokaryotic glutamate transporters (Excitatory Amino
Acid Transporters - EAATs and Gjtrespectiely). Neutral amino acid»ehange is coupled to only one Na
ion, as opposed to the three*Nane H" ion and K coupling required for acidic amino acid transport by the
EAATs. Although amino acid exchange by ASCT is nétddupled, its substrate specificity is pH-dependent.
Cysteate is a substrate at pH5.5, but not at neutral pHiefSety, danine and serine are substrates at neutral
pH, but are lesser substrates at pH 5.B. iNitiated a study of ASCTL1 to provide more detailed comparisons
with the well characterized EAATSs so as topde a better understanding of the molecular basis for similarities
and differences between ASCT and the EAATs. ASCT1 wpeessed irXenopus lagis oogytes and the tar
electrode wltage clamp technique was used to characterize the pH dependence of amino acid exchange. In
addition to coupled ion-substrate fasg ASCT1 also supports an uncoupled anion current, which is similar to
that of the EAATs. As coupled amino acid-ion exchange is electroneutral, we monitored the generation of the
uncoupled anion current as a measure of substrate flux. Using this method alanine and serine ggeerate lar
uncoupled anion currents. aMlemonstrate that the acidic amino acids L-aspartate angsteate arealso
substrates at pH5.5ubL-glutamate and D-aspartate are not substrates. While L-alanine and L-gehiapge
at neutral pH can only be supported by Nee demonstrate that L-aspartate and L-cysteate exchange pHlo
can be supported by a variety of cations, includirig Ki and CS. To determine the molecular basis for these
changes in substrate selectivity and cation coupling, we created and tested a range of mutations in the transpo
domain of ASCTL1. Residues thatvieapreviously been implicated in substrate and/or cation coupling in the
EAATs and are also different between the EAATs and ASCT1 wagetéal for further imestigation. One of
these mutations, A3821n transmembrane domain 7 was found to relax the substrate specifi@atgsacidic
amino acids. This mutant allowed the transport of L-aspartate at pH7.5, although produced much smaller
currents than L-alanine or L-serine. At pH5.5, L-aspartate angteate mediated currents were 3-4foldéar
than those mediated by neutral amino acids, indicating a much larger anion flux when L-aspartgsteate.-c
are bound. Furthermore, D-aspartate, but not L-glutamate generated anes) Hixploiting the apparent
variation in transport mechanisms between acidic and neutral amino acids in ASCT may aid in furthering the
understanding of transport mechanisms in the EAATSs.
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Rapid down-regulation of the rat glutamine transporter SNAT 3 by a caveolin-dependent
trafficking mechanism in Xenopus |leavis oocytes

S. Balkrishna, A. BréeA. Kingsland and S. BrogReseach Shool of Biology Australian National University,
Canberra, ACT 0200, Australia.

The glutamine transporter 3W3 is invdved in the uptak and release of glutamine in the brairvefi
and kidng. Substrate transport is accompanied by Natransport and Hantiport. In this studytreatment of
Xenopus lagis oogtes expressing rat M3 with the phorbol ester PMA resulted in a rapidvdosgulation of
glutamine upta& in less than 20 minutes. PMA treatment of oocytes co-expressirAf Shnd the
monocarboxylate transporter MCT1 reduced ABBl activity only, demonstrating the specificity of the
regulatory mechanism. Single or combined mutations @érs@utative phosphorylation sites in the 3N3
sequence did not affect the regulation ofASR by PMA. Expression of an EGFP-@3 fusion protein in
oogytes established that the wdaregulation was caused by the rewdkeof the transporter from the plasma
membrane. Co-expression of ANB with dominant ngative nutants of dynamin or @aolin revealed that
SNAT 3 trafficking occurs in a dynamin-independent manner and is influencedvbglinoa While System N
activity was not affected by PMA in cultured astrocytes, a downregulation was observed in HepG2 cells.
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Characterization of tolaasin inhibitory factors for the suppression of bown blotch
S.WPark, M.H. Kim and Y.K. Kim, Department of Agricultural Chemjsityungbuk National University,
Cheongju, Korea.

The brown blotch disease of culied oyster mushroom isveked by tolaasin, a 1.9 kDa peptide.
Tolaasin is produced byseudomonas tolaasand forms pores in the cellular membranes of \Gatéd
mushroom. Prgously, we diowed that the tolaasin-induced pore formation required the multimerization of
tolaasin molecules and the multimerization of tolaasas Wwlocked by the treatment of various chemical
compounds. These chemicals were named tolaasin-inhibitory factor (TIF)vemtpilee brown blotch disease.
Among different food addities, fatty acid deviatives docked efectively the tolaasin-induced hemolysis. These
compounds were fefctive & concentrations of 10-10Q0M and sometimesven at 1 uM. TIF successfully
inhibits the ion channel awtties of tolaasin channel in artificial lipid bilayers. TIF activities were not dependent
on temperature and pH, although haemolyticvigtiof tolaasin increased at higher temperature. Chemical
properties of TIF were irestigated to deelop a commercial product for farmers. Since TIFs are unsaturated
carbon compounds, thewvere sensitie o the air exposure and light irradiation. In nitrogen-filled air tight
containers, TIFs were stable and less than 10% actiesydecreased during a storage period of three months.
However, more than 90% of TIF activity was suppressed by tveeks in the presence of oxygen. Room light
also decreased the TIF activity byowmes. Temperature did not sh@ignificant effects on the stability of
TIFs, since storage at 5, 25, and 45°C did nowvshny dfference. Therefore, in order to neathe storage
period of TIF longercontainers should be designed to oxygen-tight and light-free. Currtrelgigradation
products of various TIF are being identified by mass spectrggoagmalyze solution the structure of tolaasin
and binding sites of TIF.

Tolaasin Multimerization Membrane Pore
Binding formation
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Ophiobolin A is an inhibitor of STIM1/Orail-mediated current

M-S. To>2J. Castro? B.P Hughes® G.J. Barritt® and G.Y Rychlov;? 'Department of Human Physiolgdihool
of Medicine Flinders University Bedford Park, SA 5042, AustraligDiscipline of PhysilogySchool of Medical
Sciences, University of Adelajdadelaide SA 05, AustraliaDepartment of Medical Biochemisti§chool of
Medicine Flinders University Bedfod Park, SA 5042, Australia arfschool of Pharmacy and Medical
Sciences, University of South Australia, Adela&ié 00, Australia.

Store-operated Gaentry (SOCE) plays a critical role in maintaining?Chomeostasis andvalves the
activation of C&* influx across the plasma membrane following depletion off @@m the endoplasmic
reticulum (Feske, 2009; Putne2010). wo proteins, stromal interaction molecule 1 (STIM1) and OraMeha
been recently identified as essential components 6f @dease acteted C&* (CRAC) channel, the best
characterised mediator of SOCE (Rebsal, 2005; Prakriyaet al, 2006). STIM1 predominantly resides in the
endoplasmic reticulum (ER) and acts as 4"Gansorwhile Orail has a plasma membrane (PM) localisation
and comprises the channel pore. Upon store depletion, STIM1 and Orail naistnibthe ER and PM
respectiely, and co-localise at junctional ER,giens where the ER and PM are juxtaposed. The present study
investigates the effects of the fungal toxin ophiobolin A (OphA), avkm@almodulin (CaM) inhibitqron the
actiation of CRAC current (.z,) and distribution of STIM1 and Orail invér cells.

The experiments were conducted on control H4NEr Icells and H4IIE cells heterologouslymessing
STIM1 and Orail. Fura-2 imaging has been used to measure cytoplasfiicafitamembrane currents were
measured by whole cell patch clamping using a computer based patch-clamp amplifier (EPC-9, HEKA
Elektronik) and PULSE software (HEKA Elektronik).

It was determined by patch-clamp recordings that OphA inhibited thetami of natve |, in control
H4-IIE cells stimulated with either inositol 1,4,5-trisphosphate) (8 thapsigagin (TG). Fura-2 imaging
revealed that OphA had no detectable effect on intracelluldf @éease secondary to TG applicationwéeer
Ca’* entry was entirely inhibited by OphA at a concentration ofi®D0 It is therefore likely that OphA actsa
a mechanism independent of store depletion. As the biophysical properties ofhe rhediated by
heterologously expressed STIM1 and Orail depend on theveelaipression leels of these proteins
(Scrimgeouret al, 2009), two transfection rations between STIM1 and Orail containing plasmids were used
(1:4 and 4:1 of Orail:STIM1). When STIMlaw co-expressed in excess of Orail, the resulting cur@nt w
inhibited almost entirely by OphA. In contrast, the inhibition was reduced when cells were transfected with
Orail in excess of STIM1. Confocal imaging alseeeded differences in the redistution of STIM1 and Orail
following application of TG when OphA was present. When STIM1 wpsessed alone, its response to TG in
the presence of OphAas indistinguishable from control. Wever, when STIM1 was co-expressed in excess of
Orail, the redistribution of STIM1 was uninhibited whereas Orail maintained its contiguous distribution.

The results suggest that OphA is aveanhibitor of | and is likely to act by disrupting the
interaction between STIM1 and Orail.

CRAC

Fesle S. 009).Immunological eviews231,189-209.

Prakriya M, Fesk S, Gvack Y, Srikanth S, Rao A & Hogan PG. (200®jature443,230-233.

Putngr JW. (2010). Molecular Interventiond.0,209-218.

Roos J, DiGregorio PJ, YerominVAOhlsen K, Lioudyno M, Zhang S, Safrina O, Kozak JA, Wagner SL,
Cahalan MD, Velicelebi G & Stauderman KA. (200ble Journal of Cell Biolog$69,435-445.

Scrimgeour N, Litiens ;Ma L, Barritt GJ & Rychlov GY. (2009).Journal of Physiologyp87,2903-2918.
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Characterization of a novel hERG potassium channel isoform upregulated in schizophrenia
patients

J. Heide!?S.A. Manhand J.I. Vandenbet'? Victor Chang Cardiac Resedr Institute Lowy Pa&er
Building, 405 Liverpool Street, Darlinghurst, NSW 2018 stralia andZSchizophrenia Resedr Institute,
Lowy Pa&er Building, 405 Liverpool Street, Darlinghurst, NSW 2018 stralia .

Background Recently Weinbeger and colleagues found an association between a single nucleotide
polymorphism (SNP) in the second intron of the KCNH2 gene and schizophrenfakg@det al, 2009). The
KCNH2 SNP results in increased expression of an altgghatspliced isoform of the human etha&go-go-
related (hERG 1A) potassium channel (referred to as hERG 3.1) in the prefrontalaporteippocampus.
Intriguingly, the vast majority of antipsychotics, which block dopamine receptors as their major therapeutic
mechanism, also inhibit hERG*Kchannels. This raises the possibility that, in patients wie mcreased
levels of hERG 3.1, treatment with antipsychotics cowmdoerbate, or ameliorate, symptoms of the disease.
Accordingly, the aim of this study was to characterize the gating properties of ¥hehidRG 3.1 isoform and
investigate the effects of antipsychotic drugs on this isoform.

Methods hERG K’ channel currents were recorded from CHO cells, stably expressing hERG 1A or
transiently transfected with the hERG 3.1 isoform, using the whole-cell voltage clamp technique.

Results & ConclusiondlERG channels can exist in one of three main gating states, a closed state, an
open state or an inaetied state. Transitions between theses states are voltage dependent.

hERG 3.1 displays the same voltage dependence of channetiactias the 1A isoform, but has a
voltage dependence of channel ineatton that is 8mV shifted to more posii potentials when compared to
the hERG 1A isoform. While the rates of channelvatibn are not statistically different for both isoforms, the
rates of deactetion are &ster across the tested voltage range by almost an order of magnitudeasiéris f
channel deaatation leads to anwerall "loss of function" effect and less flux of potassium ions across the cell
membrane. Applying of the kmm state dependent hERG blocker Haloperidol has a significantigréd
affinity for the 3.1 isoform compared to the 1A isoform.

The clinical significance of reduced hERG block in patients with increasels lef the hERG 3.1
isoform remains to be determined.

Huffaker SJ, Chen J, Nicodemus KK, Sambataror&ng F Mattay V Lipska BK, Hyde TM, Song J, Rujescu
D, Giegling I, Mayilyan K, Proust MJ, Soghoyan A, Caforio G, Callicott JH, Bertolino Ayekie
Lindenbeg A, Chang J, Ji YEgan MF, Goldbeg TE, Kleinman JE, Lu B, \&nbeger DR. (2009)
Nature Medicinel5: 509-518.
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Modeling of the open-channel structue of MscL using restrained simulations
E. Deplaze$,M. Louhivuori? S.J Marrink? and B. Corryt 1University of Western Australia, Perth A/g025
Australia and?Rijksuniversiteit Groningen, 9700 AB Groningen, Netherlands.

Mechanosensite channels are membrane proteins that act as sadbiysvio protect bacterial cells from
sudden osmotic shock. The gating is induced by tension in the surrounding lipid bilayer and the channel
undegoes a large conformational change during the transition from closed to open. The structure of the
mechanosensite thannel of large conductance (MscL) in the closed state has beed s§IWRD (Changet
al., 1998). The protein has been characterized using EPR (Per@p2002) and FRET (Corrgt al, 2005)
spectroscopbut a detailed structure of the channel in the open state is still unknown. Computational modelling
of MscL is challenging as the gating transition spameraktime and lengths scales.

In this study we present a method for incorporating structural data from EPR and FRET experiments into
a aoarse grained model of the MscL. The simulations system consisted of a solvated MscL protein, embedded in
a lipid bilayer and was modelled using the MARTINI force field (Marriek al, 2007). Restraints based on
solvent accessibility from EPR data were implemented by altering the interactions of specific residues with
water and lipid particles. Distance restraints between specific residues were implemented using harmonic
potentials. A series of MD simulations of at leags ith different combinations of restraints and membrane
tension were carried out. Restraints were slowly introduced to induce the opening of the channel. The
simulations produced a set of open channel structures that were analysed using a range of structural feature
such as pore radius and helix tilt.

Chang G, Spencer RH, Led & Barclay MT (1998). Structure of the MscL homolog from mycobacterium
tuberculosis: A gated mechanosensitbn channelScience282, 2220-2226

Corry B, Rigby PLiu ZW & Martinac B (2005). Conformational changesdiwved in MscL channel aing
measured using FRET spectrosgdpiophysical Journa89, L49-L51

Marrink SJ, Risselada HJeffmov S, Tieleman DP & deVries AH (2007). The MARNI force field: coarse
grained model for biomolecular simulatiodsurnal of Physical Chemistry B11, 7812-7824

Perozo E, Kloda A, Cortes DM & Martinac B (2002) yBigal principles underlying the transduction of bilayer
deformation forces during mechanosewmsithannel gatingNature Sructural Biology9, 696-703
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The Tyr-315 to Cys polymorphism in the P2X4 receptor causes loss of function and is associated
with increased pulse pressug in humans

L. Stokes,K. Scurrah? J. Hlis,® B. Cromer* K. Skarratt! S. Harrag and J Wley,}* 'Sydng Medical School
Nepean, University of Sydndewel 5 South BldcNepean Hospital, Penrith, NSW 2751, Austraiidente for
Molecular Environmental, Genetic and Analytic Epidemiolptyiversity of MelbourngParkville, VIC 3052,
Australia, *Murdoch Childrens Reseah Institutg Royal Childrens Hospital, Flemington Road, Parkvill®IC
3052, Australia andFlorey Neurosciences Institut&niversity of Melbournglewel 3 Alan Gilbert Building,

161 Barry St,, South Carlton, VIC 3053, Australia.

The P2X4 receptor is expressed in endothelial cells where wakvéd in shear stress-induced calcium
signalling and generation of nitric oxide eWwrutated an EGFP-tagged human P2X4 plasmid and expressed the
constructs in HEK-293 cells. Electrophysiological studiesaghbthat the Tyr315Cys mutation significantly
reduced the peak amplitude of the ATP-inducedairacurrent to 10.9% of wild-type P2X4 receptors (n = 4-8
cells, p = 0.0002). Co-transfection experiments to mimic a heterozygous state reduced the respdiséoto A
40% of wild-type alone. Concentration-response curves for ATWethdhat the Tyr315Cys P2X4 mutant
caused a rightward-shift of the EC50 compared to the wild-type recepttrer irvestigation using BzAPR, a
partial agonist at human P2X4 receptors, also showed a right-shifted dose-response and an increase in EC50
the Tyr315Cys P2X4 receptor compared to the wild-type. Cell surface expression ojr8ibdys-P2X4
mutant was significantly reduced compared to wild-type P2X4 receptsingle nucleotide polymorphism
representing the Tyr315Cys P2X4 mutant was testathsigsupine systolic, diastolic and pulse pressures in
2864 subjects from theiatorian Family Heart Studyrhe mutant allele frequepavas 1.4% (89 heterozygotes
and 1 homozygote) and sked no evidence of population stratificatign=0.73). In a variance components
analysis with adjustments for agexsand their interaction in parents and offspring separately we found
significant association with pulse pressyse=(0.023 for total association) such that 1 minor allele increased
pulse pressure by 2.84 mmHg (95% CI 0.41 to 5.27). These data suggegt3ha&CYys disrupts ATP binding
to the P2X4 receptor and this is supported by modelling data using the recently published crystal structure of the
zebrafish P2X4 receptoiThe associated increase in pulse pressure might reflect reduced large arterial
compliance as a result of impaired endothelium-dependent vasodilation in large arteries.
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Brush-border peptidases alter the kinetic properties of neutral amino acid transporters BOAT1
and BOAT3

S. FairweatherA. Broer, T. Thavjogarajah and S. BréegReseach Shool of Biology College d Medicine,
Biology and Environment, Australian National Universifanberra, ACT 0200, Australia.

Protein digestion, absorption and re-absorption of the resulting amino acids are fundamental functions of
the small intestine and kidneys. Until recenthe classic vier of protein digestion s that no direct interaction
between the brush-border peptidases and amino acid transporters occunradtr,Hoe discwery that that the
carboxy-peptidase Angiotensin Garting Enzyme 2 (ACE2) is required for the fieifing of the neutral amino
acid transporter BOAT1 to the cell sackin vitro andin vivo in the intestine has led to a reaiation of this
traditional viev. These disceeries raise the possibility that other brush border peptidases may play a functional
role in neutral amino acid transport in the small intestine and/oritirie now known that transporters other
than BOAT1, especially BOAT3 (XT2), require ACE2 for trafficking to the cell surface.

Here, we shw that the brush-border peptidases Aminopeptidase N (APN) and ACE2 regulate the kinetic
properties of the neutral amino acid transporters BOAT1 and BOAT3, respedti both cases this geilation
involves an increase in substrate affinity of the transportersx@ession of APN with BOAT1 resulted in a
2-fold increase in substrate affinity of the transporter for its neutral amino acid substrates. Co-expression of
BOAT3 with ACE2 resulted in a 6-fold increase in the substrdit@itgfof BOAT3 for its main substrates alanine
and glycine. Co-immunoprecipitation of BOAT1 and APNeads that the tw proteins form a compiein the
apical membrane of the small intestine as do BOAT3 and ACE2 in theykitlme suggests the formation of
brush-border metabolons in both thesgans. Site-directed mutagenesis and functional assays studies of APN
suggests that the peptidase increases the substrate affinity OflL BBA creating a change in the local
concentration of substrate that the transporter "sees" in the vicinity of the plasma membrane.
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Inhibitory activity of plant extracts on Plasmodium falciparum aquaporin
J. Rei and A.JYool, Discipline of Physiologyschool of Medical Sciences, University of Adelai8é $05,
Australia.

Malaria is one of the top three global infectious diseases that are life threatening. In 2002, there were
about 300-600 million malaria cases recorded globally WSeb al, 2005). For humansPlasmodium
falciparumaccounts for most of thes®e and fatal malaria casd2lasmodium falciparunaquaglycerolporin
(PfAQP) is expressed on the parasite plasma membrane which is the major glycerol transporter (Beitz, 2007).
Mice infected with PfAQP knoaut parasites had a longer swabitime compared with wildtype parasites
(Promeneuet al, 2007). Because the mutation rate of @RAgene is relately low compared with the majority
of the genome (Bahamontes-Raxaal,, 2007), a PfAQP blocker could be a good goal for anti-malarial drug
development. | hypothesized that these plants, Bac&@axdpa monnier), Rhubarb Rheum rhuababarum
Ginseng Panax ginsenpand Fuling Poria cocoy, that hae been used as diuretics in traditional medicinesha
an inhibitory effect on PfAP. Xenopus lagis oogytes that express PAQP were used in the swelling-shrinking
assays to test the inhibitory effect on PfAQP of selected plant extragisholirs incubation in three of the
whole plant extracts (5mg mfi) decrease the glycerol swelling rate to 7.16%, 7.37% and 20.01% redyecti
compared with the swelling rates of untreated oocytes. Plant extracts were fractionategrdsplease
chromatograp using C18 silica column and mobile phase of 100% to 0% water in methanol. Six fractions
were collected and dried @a. Active fractions inhibited the glycerol permeability of PTAQP dose dependently
and the inhibitory magnitude increased with time. Chemical analyses of the @ctiponents are in progress.

The identification of first plant desd PFAQP blockers present exciting opportunities for theckdgment of
novel anti-malarial drugs.

Bahamontes-Rosa N, VB, Beitz E, Kremsner PG, Kun J@2007) Limited genetic dersity of the Plasmodium
falciparum aquaglyceroporin gen#lolecular and Biochemical Parasitolodp6: 255-257.

Beitz E. (2007) Jammed traffic impedes parasitevtiroProceedings of the National Academy of Sciences of
the USAL04: 13855-13856.

Promeneur D, Liu Y Maciel J, Agre PKing LS, Kumar N. (2007) Aquaglyceroporin PbAQP during
intraerythrogtic development of the malaria parasite Plasmodiungher. Proceedings of the National
Academy of Sciences of the UBM:2211-2216.

Snav RW, Guerra CA, Noor AM. Myint HY Hay Sl. (2005) The global distribution of clinical episodes of
Plasmodium falciparummalaria.Nature434:214-217.
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Characterization of microbial nitrate uptak e for the treatment of agricultural wastewater
YB. Yoon and Y.K. Kim, Department of Environmental & Biological Chem@tyngbuk National University,
Cheongju, Korea.

Although nitrate is an essential nutrient for thewglfoand reproduction of all plants, the excess nitrate
causes serious physiological problems in plant growth, known as ’salt stress’. In order\e temecess
amount of nitrate from cultéting soils, we hee isolated soil microganisms which hee a hgh capacity of
nitrate uptake. These micrganisms were found to be also useful for the reghof nitrate from vastevaters.
The amount of wastavater, such as household wege, livestock wastavater, and food wastevater, is increasing
evay year and regulations of ocean disposal becomeeaeti2012 in Korea. Lvestock wastavaters are
required to be treated byastevater treatment plants.olincrease the &fiency of wastevater treatment,
microoganisms were used for the rewab of various chemicals, hydrocarbons, andyemetals. Microbial
applications were also useful for the ramiocof nitrogen compounds from thevéistock wastevaters. In this
study microorganisms were isolated fromvistock farms as well as upland soils and their nitrate aptak
actiities were inestigated. V¢ haveisolated three microgenisms from a hog farm and four micrganisms
from a poultry farm. Nitrate uptakectivities of these microgenisms were excellent compared with those of
soil microoganisms,Enterobacterspecies an®acillus species. All these soil bacteriaveaeen demonstrated
to remave ritrate of 2,000-5,000 ppm. The characteristics of nitrogen metabolism westigated and it \&s
found that those isolated fromagtevaters showed pH-dependence on the growth and nitrate uptake. In the
range of pH 5 to 8, both bacterial growth and nitrate @ptakre increased from 1,000 to 5,000 ppm.
Interestingly at pH 9 both were maximal but delayed by 2 h. At pH 9, both bacterial growth and nitrate uptak
were suppressed for 4 h during theyibaing of incubation and then thevere rapidly increased to maximal
levels after 6 h. This may be due to the precipitation ofMat alkaline pH as MgPO,),, suggesting that
nitrate transport enzyme in these bacteria i*Mgnsitve. The delayed increase in nitrate umakay be
explained by pH decrease in culture media during watitin and thus solubilization of precipitate. When the
medium was bffered with 20 mM phosphate, the nitrate uptalas completely inhibited at 0 mM Mgand
was maximal at 2 mM Mg". In these bacteria, nitrate uptaks mediated by an enzyme sensitio pH and
Mg?*. The enzyme is inhibited at pH 9 and requires 2 mMMg
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Methodology strategies for the purification and biophysical characterization of bacterial ATP-
binding cassette transporters

M.P. Ween, V.G. Lewis, J.C. Paton and C.A. McDevitt, Rebe@entre for Infectious Diseases, School of
Molecular Life Sciences, University of Adelgi@& 00, Australia.

Bacterial membrane proteins are essential for bacterial pathogenesis awval. stingy havea range of
functions including toxin release, drug resistance, cell adhesion, and nutrient acqutsiéadomonas (P
aeruginosais a clinically important bacterial pathogen which predominantly infects the immuno-compromised
(e.g.AIDS, cancer) and urns patients. It also remains the leading cause of morbidity and mortaliggtia ¢
fibrosis patients. ATP binding cassette (ABC) transporter®.imeruginosahave essential roles in drug
resistance and nutrient up&a#nd, consequent/yare ideal antimicrobial targets.

We havedeveloped a strategy for the isolation Bf aeruginosaABC transporters, with the objeeti o
further studying their biochemical, biophysical and structural propert@shi§ end, we ha devdoped a
ligation independent cloning system to enable rapid screening of His-tag polarity and signal sequence
modification in Escheritiia (E.) coli Once the optimal protein expression construct has been identified,
expression can be optimised by screenimgious E. coli strains under different induction parameters. The
remaining bottlenecks of membrane protein solubilization and purification are addressed by screening non-ionic
and zwitterionic detgents for their membrane protein extraction, assessed by western blot. The His-tag protein
is then purified by immobilized metal affinity chromatogngaphd analysed by gel permeation chromatogyaph
for monodispersity.

One example of this methodologyaiccess is in isolating an i@l membrane transporter froR
aeruginosa The mangnese ABC permease froR aeruginosahas important roles in growth and swig
oxidative dress, under iron restriction.aNaveshowvn that the Mn ABC permease is successfully solubilized by
lysophospholipid analog detgnts preferentially to non-ionic maltoside or glucoside detergents. This protein
has been successfully purified to greater than 95% homogeneity and is amenable to futysécaiogid
structural ivestigations.
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Re-examining the role of the voltage sensor in hERG channel inacation

S.C.E. Wond;?M.D. Perry* and J.I. Vandenbet'? "Molecular Cardiology and Biophysics Division, Victor
Chang Cardiac Reseeln Institute Darlinghurst, NSW 2010, Australia ad8t. Vinceng Qinical School,
University of NSWDarlinghurst, NSW 2010, Australia.

The human ether-a-go-go related gene (hERG) potassium channel plays an important role in
repolarization of the cardiac ventricular action potential. A reduction in the current passed through hERG
channels (J) prolongs the action potential duration resulting in a disordewknas Long QT syndrome
(LQTS). This disorder can, in turn, lead to life-threateningyéinrhias. HERG channels are part of a family of
voltage gated potassium channels)(Mhich hae sx transmembrane spanning segments in the protein. The
fourth segment (S4) is highly conserved among all family members and has been identified disdbe v
sensing region for ae@tion. Hovever, hERG channels & cating properties that are unique from other K
family members. In particular transition from the open to inafd states occurs much more rapidly and is
intrinsically voltage dependent. 8\fave used the technique gfvalue analysis to irestigate whether the S4
segment also plays a role in hERG channel inaain.

@-value analysis allows us to determine the temporal order of conformational changes steag within
the channel protein in response to a single transition seeffr¢m open to inactiated). Point mutations were
introduced into the channel protein and the kinetic rates for the onset amdryeftom inactvation were
determined. The-value was then calculated by comparing perturbations to the energetics of the transition state
(derived from Alog(k;) for mutant relatie o WT wherek; is the forward rate constant at OmV) to that of the
stable end states (degd from Alog(K,) for mutant relatie o WT whereK_ is the equilibrium between open
and inactated states at OmVjp-values are calculated from the ratioAdbg(k;) to AIog(KeO). As AIog(KeO) is
the denominator for calculating @value, small values foAlog(K,) can gve inaccurate results (Cymes,
Grosman & Auerbach, 2002). Previous analysigetdown thatAlog(K, ) should be at least 0.5 in order for us
to confidently accept the deed @-value of a residuap-values in the range of 0 to 1ueabeen interpreted as
indicating the extent to which the reaction has occurred, with ahesvof 0 indicating the last step in the
pathway and a value of 1 indicating a change at the start of the reactdmvwapreviously used this technique
to demonstrate the releéi wntribution of regions of the hERG channel protein to the imadbin process
(Wang et al, 2010). Havever, point mutations of chaed residues within the S4 segment did notid
sufficient perturbations in the inadtion process for an accurapevalue to be calculated.

In the present stugg tryptophan, alanine and serine mutagenesis scan was conducted for all g@al-char
residues within the S4 segment. Electrggiblogical recordings were then carried out using thedigctrode
voltage-clamp technique. The most dramatic effect of all the mutant channels studied was found at residue
V535. The aerage shift in Iog((eoP of V535 mutations to Trp or Ser were found to be £0910 (n=7) and
0.84t0.11 (n=7) respeately. Derived mean @-values for V535W and V535S were 00003 (n=7) and
0.570.01 (n=7). The werall g-value for all V535 mutants studied (& ) is thus 0.53 (R=0.98). These results
reveal that a conformational change in the S4 segment occursayithrough the inaatétion process. Other
residues showed only mild changes in @J and thus were not considered reliable enoughwe gi accurate
@-value.

For the first time we hae identified a residue (V535) in the S4 segment of the hERG protein that when
mutated enables an accurgtgalue determination. From this we can determine that a conformational change in
the vicinity of V535 in the S4 genent occurs approximately halfway through the temporal sequengents e
that mediates the intercearsion of the open and inaedted states of the hERG'K¢hannel. This result clearly
indicates that the S4 segment plays an important role in thevaticti process. Hwoever, whether the S4
segment functions as the voltage sensor for waiittn, remains to be determined.

Cymes GD, Grosman C, Auerbach A. (2002) Structure of the transition state of gating in the acetylcholine
receptor channel pore:gavalue analysisBiochemistryd1: 5548-5555.

Wang D, Hill AP, Mann SA, Tan PS,andenbeg J. (2010) Mapping the sequence of conformational changes
underlying selectivity filter gting in the hERG potassium channdkture Sructural and Molecular
Biologyprovisionally accepted 4 September 2010.
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Facilitation of tolaasin-induced haemolysis by phospholipid composed of short length fatty acids
M.H. Kim and Y.K. Kim, Department of Environmental & Biological Chemi€myngbuk National University,
Cheongju, Korea.

Tolaasin is a pore-forming antimicrobial peptide producedPsgudomonas tolaassind causes a brm
blotch disease by disrupting membrane structures olvaieiti mushrooms. It consists of 18 amino acids, its
molecular mass is 1,985 Da and it has been demonstrated to form a left-bameled The mechanism of
membrane-pore formation of tolaasin molecule has not known in detail. Since it forms enough for 4 turns of
helix in solution, the length of tolaasin corresponds to near 20 A, a little shorter than the thickness of membrane.
Tolaasin channels are unstable in the artificial lipid bilayer and this may be explained by the comparison
between the length of tolaasin channel and the thickness of lipid bilayer membrane. In control condition, bilayer
was made with phosphatidyl ethanolamime (PE18:1/16:0) and phosphatidyl serine (PS18:1/18:0). The
membrane is thicker than the estimated length of tolaasin channel and mismatch in thickness enthg mak
channel unstable. Therefore, tolaasin may require phospholipids made with short length fatty acigstie mak
membrane thinneimn order to test this idea, the effects of various phospholipids composedieoénlifiength of
fatty acids were imestigated on haemolysis. When phosphatidyl ethanolamines made with decanoic acids
(DDPE), myristic acids (DMPE), and stearic acids (DSPE) were added tauffiee dontaining RBCs and
tolaasins, DDPE (200 nM) facilitates tolaasin-induced haemolysis. When the concentration of RBPE w
adjusted from 0.2-200 nM, the haemolysis was stimulated at the concentratisaabt while fast, but not
completed, hemolysis occurred only at 10 and 20 nM. The preincubated tolaasin and DDPE inhibited tolaasin-
induced haemolysis. Binding of tolaasin and DDP&swompleted within 5 minutes. Therefore, tolaasin
molecules ma& more stable channels with phospholipids made with short length fatty acids.
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Mapping the importance of 4 factors in creating monwalent ion selectivity in biological
molecules

M. Thomas, D. Jayatilaka and B. Cariyniversity of Western Australia, 35 Stirling Hv@rawley, WA 6009,
Australia.

The ability of macrogcles, enzymes, ion channels, transporters ané BiNdifferentiate between ion
types is often crucial to their functiorlJsing molecular dynamics simulations on both detailed systems and
simple models we quantify the importance of four factors which affect the ion wgfeofi such molecules,
including the number of coordinating ligands (Thomas, Jayatilaka & Ca0§7), their dipole moment
(Noskov, Berneche & Roux, 2004), the cavity size {oet al, 1998) and their vibrational motion. The
information resulting from our model systems is distilled into a series of ‘séfgctiaps’ that can be used to
‘read of’ the relatve free energy associated with binding offeliént ions, and to provide an estimate of the
importance of the various factors. While our maps cannot capture all elements of real systems, it is remarkable
that our simple model produces differential site binding energies in line widgriment and more detailed
simulations for a variety of systems. This makes our maps a very useful tool for assisting in understanding the
origins of selectie kinding and transport. Our studies shthat the various suggested mechanisms of ion
selectvity can be important inarious situations. The chemical nature of the coordinating ligands is essential for
creating thermodynamic ion selectivity inXilele molecules (such as 18-crown-6), but as the binding site
becomes more rigid the number of ligands (as in ion channels) and the reduction of thermal fluctuations (as in
amino acid transporters) can become important. In the future, our maps could aid in the determination of the
local structure from binding energies and assist in the desigrvdfina selectie nolecules.

Doyle DA, Morais Cabral J, Pfuetzner RA, Kuo A, Gulbis JM, Cohen SL, ChaitMBEKinnon R. (1998).
The structure of the potassium channel: molecular basis" @oKduction and seleetty. Science280,
67-77.

Noskov S Berneche S, Roux B (2004). Control of ion selattiin potassium channels by electrostatic and
dynamic properties of carbonyl liganddature431, 830-834.

Thomas M, Jayatilaka D, Corry B (2007). The predominant role of coordination number in potassium channel
selectivity. Biophysical JournaB3, 2635-2643.

Proceedings of the Australian Physiological Society http://www.aups.ag.au/Proceedings/41/70P



GABA g receptor gene knockdown impairs inhibition of N-type calcium channels in rat sensory
neurons bya-conotoxin Vcl.1

H. Cuny T. Yasuda, A. de Faoite and D Adams, Health Innovations Reselatnstitute RMIT University,
Melbourne VIC 3083, Australia.

G protein coupled GAB receptors are receptors fgraminolutyric acid (GABA) and are widely
expressed in the central and peripheral aesvsystem. The regulate synaptic transmission and signal
propagtion by modulating the activity ofoltage-@gted calcium channels and inwardly rectifying potassium
channels. Functional GA®, receptors are heterodimers consisting of @ABand GABA, sulunits. The
analgesiax-conotoxin Vcl.1, a peptide from thenom of the marine cone sn&ibnus victoriaginhibits N-
type calcium channels in sensory neuraiasactivation of G protein coupled GA®; receptor (Callaghaet al,

2008). Although there is unambiguous pharmacologicaleace demonstrating that Vcl.1 does not interact
directly with N-type calcium channels but inhibits theta a wltage-independent mechanisnvalving the
GABA; receptoy to date, there are no molecular studies confirming the interplay between Vcl.1 and the
GABA receptor The aim of the present study was to examine the effect of theAGABonist baclofen and
Vcl.1 on N-type calcium channel currents recorded in sensory neurons following transient knock-down of the
GABA receptor using RN interference (RNAI). Dorsal root ganglion (DRG) neurons isolated from 3-12 days
old rats were transfected with small interfering RNAs (siRNAgetaing both GAR\; sulunits. One day after
transfection a reduction ofver 50% in mMRM levds for GABA sulunits was observed compared to control
cells (mock cells transfected without siRNand scrambled non-targeting siRNtransfected cells), as
demonstrated in quantitad real-time PCR analysis of a minimum of 4 independepeements. Moreger,
suppression of GAB, protein expression wavauated immunocytochemically using a high-content imaging
system and confocal laser scanning microgc@3 days after transfection. Quantivati analysis of
immunofluorescence-labeled GAB proteins in DRG neurons vealed significantly reduced GA®,
expression in cells transfected with GAB-targeting siRMs compared to control cells. Whole-cell patch-
clamp studies conducted 1-3 days after transfection demonstrated that kmoclodunctional GABR\g
receptor gpression significantly reduced the inhibition of N-type calcium channels in response to both baclofen
(30 uM) and Vcl.1 (100 nM) in isolated DRG neurons. This is in contrast to neurons transfected with a non-
targeting siRM which were not distinguishable from untransfected neuroakenTtogetherthese results
confirm thata-conotoxin Vcl.1 modulates N-type calcium channgdsactivation of the GAB\g receptor in

DRG neurons.

Callaghan, B., Haythornthwaite, A., Berecki, G., Clark, R.J., Craik, D.J., Adams, D.J. (3608)al of
Neuroscienceg?28,10943-10951.
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Biological activity of a-conotoxins on N-type calcium channels in rat sensory neurons

B.P. Callaghan A. De Faoite! N. Daly? D.J. Craik? and D.J Adams! Health Innovations Resear Institute,
RMIT University Melbourne VIC 3083, Australia andinstitute for Molecular Biosciences, University of
Queensland, Brisban@LD 4072, Australia.

Conotoxins are selegt antagonists of a range of membrane receptors, ion channels and transporters
associated with pain pathways. Previous studigs kdamonstrated the analgesic potential ofesd different
a-conotoxins that competly inhibit NAChRs with varying degrees of subtype selgisti We havepreviously
reported that the9a10 nAChR-selectie a-conotoxins Vcl.1 and RglA inhibit N-type calcium channels in rat
sensory neurongia a GABA ; receptordependent signalling mechanism, which may contribute to their pain
relieving actions (Callaghaat al, 2008). We havealso recently shown that the synthetic cyclisation of Vcl.1
produced an orally aee peptide by imprging in vivo stability (Clark et al, 2010). Here we report that
a-conotoxin AulB, a weak it selectre a3pB4 nAChR antagonist, also inhibits higloltage-actiated (H\A)

Cé&* channels in DRG neuronsa a GABA ; receptor dependent pathway whereas Mil, a pat8f2 nAChR
antagonist does not. Nedi AulB peptide found in the venom, has C1-C3, C2-C4 cystine globular carityecti
whereas when AulB is synthesized chemigdiyth the the globular and ribbon (C1-C4, C2-C3 conwig}i
isomers are formed. The ribbon isomer of AulB was also examined oG Ad8eptor /N-type C4 channel.
a-Conotoxins were assessed orfCehannel currents in rat DRG neurons using the whole-cell patch clamp
recording technique. AulB (100 nM) reduced peak*Ghannel current amplitude to 64t66.2% of control

with an 1C50 of 1.5 0.3 nM (n = 17). Application of the ribbon isomer of AulB (100 nM) did not affeét Ca
channel current amplitude (92+8% of control, n = 5), whereas this isomer inhibi84 nAChRs (Grisharet

al., 2010). Application of the selegg N-type C&* channel inhibitgrw-conotoxin CVID, confirmed that AulB
targets the N-type component of the M\Ca* channel currents. Preincubation with the receptor antagonist
CGP 55845, blocked the effect of AulB on A\Ca?* channel currents. MIl at concentrations up tpM did

not inhibit depolarization-astited C&* channel currents. The linker length of cyclised AulB oR*@hannel
current inhibition vas also examined. Cyclised AulB (100 nM) with 4 linking residues (GGAA) reduc&d Ca
channel current amplitude to 49.8.3% of control with an IC50 of 5.8 0.5 nM (n = 4) and cyclised AulB
(100 nM) with 5 linking residues BAGA) reduced C& channel current amplitude to 6%.8.8% of control

with an IC50 of 21.3 0.8 nM (n = 4). These findings demonstrate thabnotoxins other than9010 nAChR-
selectve mnotoxins inhibit N-type calcium channel currewia the GABA ;-mediated pathway andg/disation

of the peptide retains this inhibitory activity.

Callaghan B, Haythornthaite A, Berecki G, Clark RJ, Craik DJ, Adams §2008) Journal of Neuoscience
28(43):10943-51.

Clark RJ, Jensen J, Nevin S, Callaghan B, Adams D. Craik2@.0)Angewandte Chemie (International ed. in
English) 49(37):6545-8.

Grishin AA, Wang CI, Muttenthaler M, Algood PFE Lewis RJ, Adams DJ.(2010) Journal of Biolgical
Chemistry285(29):22254-63.
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llluminating the mechanism of hERG channel actrators using voltage clamp fluorometry
P.S.P Tan, A.PHill and J.l. Vandenbey, The Victor Chang Cardiac Researinstitute Lowy Pa&er Building,
405 Liverpool Street, Darlinghurst, NSW 2010, Australia.

hERG (human ether-a-go-go related gene) encoded channeldtageisensitie potassium ion channels
that mediate cardiac repolarisations due to their unusmiggkinectics. In particular the mechanism ofaslo
activation is not well understood. There are malugs and compounds which cause block of hERG channels
but recently a neel class of compounds which adie hERG channels has been diszed. Here we use
voltage clamp fluorometry as a measure of voltage senseement to unrael the mechanism of hERG
channel actiators.

Methanthiosulfonate-rhodamine (MTSR) fluorescence at position E518C of hERG chaaselsed to
track \wltage sensor nvement. Depolarisation of E518C channels caused an increase in the fluorescent signal
fit with a Boltzmann function with a V0.5 = -68 1.1. Application of hERG channel aaior NS1643
(50umol/L) caused a shift of the fluorescence response to V0.5 = £22% In addition NS1643 increased the
rate of increase of the fluorescent signal. Previous studiesshavn that NS1643 causes both a shift in the
voltage dependence of current aation as well as an increase in the rate of action.

The results indicate that NS1643 causes a shift indhliege dependence of current which is related to a
shift in the voltage dependence of voltage sensaement. In addition, NS1643 causes an increase in the rate
of actvation which is related to an increased rate of voltage sensgannent.
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A new simple method for the experimental measurement of liquid junction potentials
PH. Barry, TM. Lewis and A.JMoorhouse Dept of Physiologyschool of Medical Sciences, University of New
South Wales, NSW 2052, Australia.

In electrophysiological experiments, particularly with patch clamp recordings, accurate potential
measurements require corrections for liquid junction potentials (LJPs). Changes in LIJPs can begfirly lar
especially under the dilution conditions used to determinevel@n permeabilities. In most cases, where the
ion mobilities are known, these corrections can be calculatedalidate such calculated corrections, or to
determine them if the ion mobilities are not Wmaccuratelyit is necessary to measure LIB@erimentally.
3M KCI electrodes hae keen widely used in the past with sharp microelectrodes to minimise LJPs, betause K
and Ci ions hae vay similar, but not equal, mobilities and at such a concentration tendetavbelm the LIP
contritution of other ions, so that the LJPs tend to be sdrak independent of solution composition.
Unfortunately 3M KCI also produces major history-dependent problemsan st bridges or in the absence of
a free-flaving junction (see Barry & Diamond, 1970; Neh&®92), because the tip of the salt bridge or
electrode takes up the composition of the previous solution in which it has been placed and no lovegsbeha
a 3M KCI junction. Havever, we have now shown that this problem with 3M KCI agar salt bridges can be
overcome if the last 5 mm (at least) of the salt bridge (encased in pdbmthtubing) are cut bfust before the
salt bridge is placed into a test solution ofatiént composition (or concentration), to thus ensure a fresh 3M
KCI agar-solution in contact with the test solution. The measurements still need to be corrected for the small,
but non-trivial, well-defined calculable shifts in reference potentials at the fresh 3M KEsalgition interhce
(AV,,). The experimental setup is shown in the adjacent figure (modified from Fig. 3 ofeBairy2010). X
and Y represent different cations, forample, for LiCl dilution potentials, X would represent Li and there
would be no Y needed. In this situation, the test solutiomddwepresentll.O, (0.5 andD.25 dilutions of the
XCl salt, whereas in biionic measurements foo tifferent salts at the same concentration, for example, X may
represent K and Y represent Na, for a change from KCI to NaCl.

Using this technique, we
have recently measured LJPs in

3M KClI salt bridge
with freshly-cut tip

XCl bridge Head- 1_{Patch-clamp diluted solutions of LiCl and NacCl
Sersouions)| 1somuxc N aukcisatongge o1 LA | (with and without 4 mM CaG

Ag/AGCI salt bridge l Ag/AGC and found them to agree within the
150 mM XCl i 150 mM KClI experimental error (0.1 to 0.2_ mV)
e AT AV to those LJPs calpulated Wlth _the
Test Solutions : Henderson equation (using ion

(XCI* or YCI) 150 mM KCl actuities, rather  than ion
concentrations, and using the

*Test solutions also include 10 mM HEPES, 5 mM

m
=- +
AViy = ~AVexp + AVgy glucose & ~4 mM XOH (or YOH), so pH = 7.4

Windows ‘ersion of the liquid
junction potential program JPCalc;
Barry, 1994), reported in Sugiharet al. (2010) and Barnet al. (2010). W havealso nev measured dilution
potentials for KCI salts and biionic potentials for KCI:NaCl, with excellent agreement between the corrected
experimental measurements of the biionic LIP &1 mV (=14), after aAV,,, correction of 0.7 mV] and
the theoretically predicted LJP value of 4.4 mV (using iornvitiets). Excellent agreement was also true for
measured and predicted KCI dilution potentials, though here the LIP correction was small, equal and opposite tc
the AV,,, value (0.3 mV and 0.% 0.1 mV for the 0.5 and 0.25 dilutions respesi), so that the uncorrected
AV " value was[D.0 mV in each cas@%5). This is due to the test and 3M KCI solutions being primarily KCI
solutions, unlile the case where the 3M KCQlerwhelms the LIP contributions of salts with very different anion
and cation mobilities.

We havethus deeloped a straight-forward and reliable method to measure LIPs, whichveatva
validated with a number of salt solutions with well documented ionic properties.

Barry PH. (1994)lournal of Neuroscience Methadsl: 107-116

Barry PH & Diamond JM. (197Qournal of Membrane Biology: 93-122.

Barry PH, Sugiharto S, Lewis TM, Moorhouse AJ. (20CBannelsA(3): 142-149.

Neher E. (1992Methods in Enzymolo®07. 123-131.

Sugiharto S, Carland JE, Lewis TM, Moorhouse AJ, Barry PH. (2Pfliiyess Archiv 460:131-152.
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Identification of Nav1.8 channel domains responsible fquO-conotoxin MrVIB binding and
channel biophysical properties

O. Knapp! T. Yasudal N. Lawrence,R. J Lewis? and D.J Adams! Health Innovations Resear Institute,
RMIT University Melbourne VIC 3083, Australia andinstitute for Molecular Bioscienc&niversity of
Queensland, Brisban@LD 4072, Australia.

Voltage-agated sodium channels GSCs) are expressed primarily in excitable cells, such as central and
peripheral neurons and muscle, and playvatali role in the initiation and propagation of action potentiats. T
date, nine subtypes of the pore-formmgulunit have been identified, each with a distinct tissue distiim,
biophysical property and sensiily to the neurotoxin tetrodotoxin (TTX). The 260 kdasuhkunits echibit
intracellular N- and C-termini and consist of four domains, each containing six membrane-spagmieigise
Na 1.8, a TTX-resistant subtype, is predominantly expressed in sensory neurons and plays gsgeitgpal
role in neuropathic pain. In contrast to TTX-sewsito-subtypes, Ng.8 exhibits slower actation and
inactivation kinetics and is inhibited byO-conotoxin MrVIB fromConus marmarus(Ekberget al, 2006). o
determine which domain confers N&8 a-sulunit its biophysical properties and MrVIB binding, we
constructed various chimeric channels betweepli8aand a TTX-sensite Na 1.2 that is expressed in the
central nervous sytem. il type and chimeric channels were expressedenopusogytes and depolarization-
induced N& currents were recorded using the two-electramitage clamp technique. Sidnactvation kinetics
of Na,1.8 was changed to fast kinetics when domain 1 an@<replaced by the corresponding domains of
Na 1.2; slav activation kinetics remained unaltered. MrVIB M) inhibits Na 1.8 currents by 80% whereas no
significant effect was observed on 2 currents. A similar sensitivity to MrVIB was observed fo{ N2 /1.8
chimeras containing N&.8 domain 2. In contrast, a2 /1.8 chimeras containing Na2 domain 2 were
insensitve © MrVIB. Taken togetherthese results suggest that domain 2 of Nav1.8 is critical for MrVIB
binding and actity. A previous study on Nd.4 reported that MrVIB hinders th@ltage sensor in domain 2
from actvating and, hence, the channel from opening (Leitldl, 2007). The binding of TTX may rely on a
comparatie mechanism since the presence of one arlimding sites within VGSCs Na.8/1.2 chimeras had
no efect compared to the wild type VGSC subtypg N&. All results were confirmed by a set of at least 10
cells/experiments.

Ekbeg J, yamanne A, Vaughan GWslan S, Thomas L, Mould J, Drinkwater R, BalMD, Abrahamsen B,
Wood JN, Adams DJ, Christie MJ, Wwes RJ. (2006)Proceedings of the National Academy of Sciences
USA103:17030-5.

Leipold E, DeBie H, Zorn S, Borges A, @ra BM, Terlau H, Heinemann SH. (200Channels (Astin) 1(4):
253-262.
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Lipid and lyso-lipid effects on the behavior of liposome co-reconstituted MscS and MscL

T. Nomural A.R. Battlé and B. Martinact® ¥ictor Chang Cardiac Resedr Institute Darlinghurst, Sydng
NSW 2010, Australi#Department of Physiology and Pharmacolo§shool of Biomedical Sciences, The
University of Queensland, St Lucia, QLD 4072, Australia%8tdVincent Qinical School, The University of
New Suth Wales, NSW2052, Australia.

Bacterialmechanosensite channels osmall (MscS) andamge (MscL) conductance Y been proposed
to play a major role in the protection of bacterial cells against hypo-osmotic shock. Although the genes of both
channels hae keen cloned (Lénaet al, 1999; Sukhakeet al, 1994) and X-ray crystallographic analysis has
revealed their 3D structure (Bast al, 2002; Changet al, 1998), much less is known aboutwhtipids
surrounding the channels in the bacterial cell membrane may influence mechanosensitivity of both channels. In
this study we examined the effects ofavious lipids and lyso-lipids on mechanosensitivity of MscS and MscL
channels co-reconstituted into liposomes by the patch-clamp technique. Reconstitution into liposomes of
different lipid composition such as phosphatidylethanolamine (PE), phosphatidylcholine (PC),
phosphatidylglycerol (PG), and cardiolipin (CL) did noteaf the pressure-threshold aetion ratio of the
channels. Addition of 5-30% cholesterol, which is known to affect the bilayer thickness ¢Miatra2004), led
to a decrease of the threshold \etion ratio. In contrast, application of micromolar concentrations of
lysophosphatidylcholine (LPC), which has been known as a mechanasedsinnel actiator (Perozeet al,
2002), led to an increase of the thresholdvatitin ratio. These findings suggest that the cholesterol-induced
difference in membrane thickness (hydrophobic mismatch) and the change in intrinsic lipid bilagrreurv
induced by LPC affect mechanosensitivity of both channels to a different extent and by a different mechanism.

Bass, R.B., Strop, P., Barclay. & Rees, D.C. (2002%cience298 1582-1587.

Chang, G., SpenceR.H., Lee, A.T., BarclayM.T. & Rees, D.C. (1998%cience?282 2220-2226.

Levina, N., temeyer S., Stokes, N.R., Louis, P., Jones, M.A. & Booth, I.R. (1988)BO burnal 18,
1730-1737.

Mitra, K., Ubarretxena-Belandia, I..aguchi, T., Warren, G., & Engelman, D.M. (20B4oceedings of the
National Academy of Science U$@{, 4083-4088.

Perozo, E., Cortes, D.M., Sompornpisut, P., Kloda, A., & Martinac, B. (2082ie418 942-948.

Sukharg, S1., Blount, P., Martinac, B., Blattnéf.R. & Kung, C. (1994Nature368 265-268.
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Binding of sea anemone toxin Shk to the potassium channel Kv1.3 from molecular dynamics
simulations
M.H. Rashid and S. Kuyucak, School of Physics, University of gydsi&/ 2006,Australia.

Potent blockers of Kv1.3 potassium channel are crucial in theatsmti of human déctor memory T
cells (TEM); selectve Hockers constitute valuable therapeutic leads for the treatment of autoimmune diseases
mediated by EM cells. Computational simulation at the moleculaellés a powerful tool in understanding
electroplysiological experiments performed on wild type and mutant channel. Here we go for molecular
dynamics (MD) simulation on compleKv1.3-Shk (sea anemone toxin) to measure the ppteh&hk to
channel Kv1.3.

Side viev of Sk in complg with Kv1.3 potassium channel. Shk klagne is shown in yellow and the sithaios
of R11, M21, K22 and S20 residues involve in bindirgegplicitly shown. Wo of the four monomsiin Kv1.3
(B and D) ae shown clearly.

Based on crystal structure obltage-gted potassium channel Kv1.2 wevbaonstructed a homology
model of Kv1.3. Haddock has been used for ttagation of the conformational space and the determination
of ligand /protein contacts. The potassium ion channel axis provides a natural reaction coordinate for unbinding
of a sea anemone toxin (Shk). Along this coordinate we measure the bindigg enterxin with the channel.
The computational results Y& an excellent platform due to a comprehesgsiollection of plysiological data
awailable to test the outcomes.eWaverun the MD simulation up to 10 ns for the channel-toxin cormea
solvated lipid bilayer evironment. This confirmed that the toxin and the pore region of the channelxirte fle
in the binding. The last 5 ns is considered as the production time. Recognition residues and interaction contact:
for the binding were identified during this time of simulation. Lys-22 goes far inside the channel. Among Kv1
family Kv1.3 has His-404 alwe the selectivity filterHis404 maks a hydrogen bond with Asp402 of theitne
monomer in a pattern of His(A)-Asp(B), His(B)-Asp(C), His(C)-Asp(D) and His(D)-Asp(A). This
His(404)/Asp(402) pair does not alloAsp402 side chain to makeny interaction with toxin. Argll comes
closer to residues Asp376(B), His404(B), Ser379(B) and Asp402(B). Met21/Met403(D), His19/Asp402(D),
Tyr23/Gly401(C) are the interacting residue pairs in the Shk-Kv1.3 complex. This is an agreement with the
experimental (mutant cycle analysis) result (Lamigt al, 2002). 10 measure the potepof Shk we calculate
the potential of mean force (PMF) of its unbinding from the channel. Weighted histogram analysis method
(WHAM) is used to calculate PMF from Umbrella sampling data. The outcome PMF from the umbrella
sampling simulation diér 1 kcal/mol from the experimental measurement. The consysheteen the result
of the simulations and the experimental data indicate that our three-dimensional models of the toxin-channel
comple are reasonable. So our model can be used as a guide for future biological studies, such as the rationa
design of selecte Hocking agents of the Kv1.3 channel and mutation cycle analysis in toxins to increase
selectivity and poternctowads the channel. Thereby we are in search for more potent mutants of Shk.

Lanigan MD, Kalman K, Lefievre )YPennington MW Chandy KG, Norton RS.(2002) Biochemistry 41:
11963-11971.

Proceedings of the Australian Physiological Society http://www.aups.ag.au/Proceedings/41/77P



Stabilisation of quasi stable states by flash turner of photosystem Il core mmplexes from
higher plants. Back reaction kinetics

P.J. Snith, B. Bataituti, Lu. Jin, E. Krausz and RPace Reseach Shool of ChemistryCollege d Science,
Building 33 Science Rd, Australian National Univetsd@T 2601, Australia.

The smallest functionally agg, stable photosystem Il (PSIl) compks ae termed core compes,
where the inner components of the multipeptide PSII comaplae isolated by detergent solubilization from the
thylakoid membrane and outer light hasting systems. Functional membrane bound PSII from higher plant
and PSII core compkes from oxygenic thermophilic cyanobacteria appear to retain dimer functionaéity (K
et al, 2005; Guskv et al, 2009). The isolation of PSII core compés from higher plants follows a dérent
isolation procedure to that of thermophiligaoobacteria (Smitkt al, 2002). The isolation of higher plant PSII
cores leads to fully ast mmplexes that may be mostly monomer in functional unit morphologiyhough
fully active, collaborations to generate flash tuvaoof higher plant cores had resulted in capture of only 10%
of centres in the S2 state (Thapperal, 2009). We haveexamined single laser flash illumination tuweo of
higher plant PSII core comples and measured the kinetics of the presence of S2 multiline signal after flash -
delay then rapid freeze to liquid nitrogen (77K). The temperature dependence of the S2 Multiline signal decay
kinetics were measured for temperatures between 6°C and 20°C (280K and 293K). Conditions for full multiline
signal intensity were recorded for a number of added quinone (artificial acceptor) : PSII cor catigdg0
to 90 quinones per core comyplen nole : mole basis).

The actvation enegy for the S2 multiline / S1 back reaction measured from an Arrhenius plot of the
decay was 55kJ.mdi (0.6eV). The magnitude of this aaiion energy is of the same order as that reported for
the S2 multiline / S1 back reaction kinetics for PSIl membrane samples (Seaeligeck & Rengerl997).

The time course for the loss of S2 multiline signal in higher plant PSIl core c@splas observed to be ow
orders of magnitude faster than for the loss of multiline signal in PSII membrane samplesrynépid back
reaction is hypothesized to arise from the solution status of PSIlI core gempke ompared to the lge
membrane fragments associated with sufdakwid PSIl preparations. Such solution properties of the core
complexes dlow collisional dismutation of acquired and stabilized dgeaseparation during the S1 to S2
turnover.

Kern J, Loll B, Zouni A, Saenger Wirgang KD, Biesiadka J. (2008)hotosynthesis Resear84: 153-159.

Guslov A, Kern J, Gabdulkhalv A, Broser M, Zouni A, Saenger W2009) Nature Sructural & Molecular
Biology 16:334-342.

Smith PJ, Peterson S, Masters VM, WydrzynskiSijring S, Krausz E, &e RJ.(2002) Biochemistry41:
1981-1989.

Thapper A, MamedoF, Mokvist E Hammarstrom L, Styring S. (2009je Plant CelR1: 2391-401.

Seeliger AG, Kurreck J, Renger G. (198idchemistry36: 2459-2464.
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Rapid characterization of bacterial motility using Dynamic Light Scattering (DLS)
R. Nixon-Luk, G Bryant and J.N. D Gode&chool of Applied Sciences, Royal Melbourne Institute of
Technology Melbourne VIC 3000, Australia.

Cell motility is an important characteristic of nyapiological processes, and is ubiquitous in unicellular
organisms such as bacteria. The bacterigstheridia coli is a well studied model system for understanding
cell motility. These cellsxecute random walks by alternating between swimming (or running) at speeds of tens
of microns per second (fail sscond), and then tumbling (changing direction) for 0.1 s.

Dynamic light scattering (DLS) has long been used for the measurementwofi@tanotion in colloids,
proteins and macromolecules, and is a routine technique for the determination of particle size invaoieim Bro
systems. Dynamic light scattering can makcurate measurementgep a very short timescale, is honvasive,
requires very little sample, and has a high sefitgitimaking it a perfect tool to westigate living biological
cells. Earlyin the deelopment of DLS, its potential for studying bacterial motility wasegtigated €.g.
Nossal, Chen & Lai, 1971), haver these inestigations were complicated by a lack of understanding of the
details of cell motilityas well as equipment limitations, and weresereseriously pursued.

In this abstract we report on preliminaryeatigations of the motility ofE. Coli using modern dynamic
light scattering techniques.aNfaveobsered that the correlation functions measured at small scattering angles
exhibit two distinct decays: the faster decay being due to the self propelled velocity (motility), and the second,
slowver decay being due to the normalfalive notion. Thesefunctions were analysed using the model
proposed by Nossal, Chen & Lai, and revised by Stock (1978), which was foundrittepgood agreement
under most conditions. This analysis yields the velocity distributions vinage velocities and the fraction of
non-motile cells. The diffusion cdafients of the cells can be either an input into the model, or a free parameter
Measurements of non-swimming (dead) cells are also used to obtain independent measuresfasitme dif
coeficient. We haveinvestigated hav the correlation functionaries with time, and observed a decrease of
aveage swimming speed as time progresses. The effect of scattering anglandpceils reeals much better
theoretical fits at smaller angles, illustrating the effect that the bastemabling motion has on the correlation
function as scattering angle increases.

Finally, we measured thevarage velocity as a function of temperatuverdhe range 24-37°C. gMound
that cell motility increases with temperature up to a maximum value at 32°C, wherketh@lateaus. The use
of DLS for the study of cell motility is an area of research that is ripe for further study.

Nossal, R., Chen, S-H. &ai, C.C. (1971). Use of laser scattering for quantateterminations of bacterial
motility. Optics Communicationé: 35-39.

Stock, G.B. (1978). The measurement of bacterial translation by photon correlation spegtrBamolpysical
Journal 22: 79-96.
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Arterial potassium regulation during a 2000 mete rowing trial

T. Atanasovska;2 F. Billaut,12 A.C. Petersef? D. Rouffet C. Steward;2A. Trewin,12B. Gattl2 M.
Altarawneht? 1. Ngt3 and M.J McKennat linstitute of Sport, Exercise and Active Living (ISEAL), Victoria
University Melbourne VIC 8001, Australia?School of Sport and Exercise Scigndetoria University,
Melbourne VIC 8001, Australia anaDepartment ofAnaesthesia & Pain Mamgment, Royal Melbourne
Hospital, MelbourneVIC 3000, Australia.

Exercise induces myocytic potassium*{Kfflux, resulting in a laye rise in circulating Kconcentration
([K*]), that is largely dependent upon boitereise intensity and the contracting muscle massad¢€umulation
in muscle interstitial fluid has been ledk to fatigue and performance decrements durkegcise. Raving
involves intense contractions utilising a large proportion of the bauysculature. It was hypothesised that
rowing at high intensity would cause a pronounced increase in circulatihg& muscle fatigue.

Eleven healthy, young adults (8 Male, 3 Female; age 24733 years, height 1.70 0.09 m, mass 81.36
+ 12.2 kg, meant SD) performed a maximal 2000 m trial on a rowingoeneter All participants were
recreationally actie, had rowing experience (on-water or gymnasium) and included four well traineaisto
Radial arterial blood samples were wiraat —10 min, on the rowing ergometer immediately pereise (O
min), every 30 s during xercise and at 1, 2, 5, 10, 20 and 30 min pestase and analysed for fluid shifts,
plasma electrolytes and acid-base status. Instantaneous rowing power output was reeoydgd & and
cardiorespiratory data were collected continuously during the trial.

The time to complete 2000 maw 7.26:0.59 min. Power output was 32881 W in the first 30 s, tended
to decline slightly until 4 min and remained unchanged until the endecdise. At end-gercise, pulmonary
oxygen uptag increased to 4.2%¥0.76 L.mir%, ventilation to 121.226.7 L.min* and heart rate to 17749.8
beats.min®. Arterial [K*] (Figure) was 3.89+0.13 mM at rest, rose slightly at preescise < 0.005),
increased to 6.18 0.46 mmol.LZ! after only 90 s xercise p < 0.001) and remained unchanged thereafter for
the rest of gercise p < 0.001). Fllowing exercise, plasma [K] decreased abruptly to reach a nadir of 333
0.22 mM at 5 min postxercise p < 0.001) and remained belopre-exercise levels at 30 min postyercise <
0.005). Arterial [K] was irversely correlated with power output (r= —0.50s 0.05). Plasma®ume decreased
from pre-ercise by 9.67% 2.29 % at endx&rcise.
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Blood [glucose] vas unchanged duringecise but rose to a peak at 2 min pos#eise of 7.75 1.18 mM §
< 0.05). Blood [lactate] increased progreshi during eercise to peak at 10.8¥ 1.33 mM at endeercise.
Arterial pH decreased from 7.420.02 units at prex@rcise to nadir of 7.0% 0.07 units p < 0.001) at 5 min
post-eercise.

A high arterial [K'] was reached and sustained throughout the high intensity rowing trial. TWikosle
was ot as great as anticipatedy@i the high intensity and lge contracting muscle mass. These suggest that
after 90 s of eercise, muscular NaK*-ATPase activity was sufficient to match musclé Klease, thus
minimizing an &en more pronounced rise in extracellular]Kin blood and most likely also in muscle.
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Interaction of muscle glycogen status and nutrient supplementation on skeletal muscle
adaptation following resistance exercise

D.M. Camera, A. Garnham, J.A. Hawland V.G. Coffg, Health Innovations Resedr Institute School of
Medical ScienceRMIT University Bundoora, VIC 3083 Australia.

Background: The insulin/insulin-l&k gowth factor (IGF) signalling pathay has been implicated in
regulating eercise- and nutrient-induced adaptation in skeletal muselen gts putatve apacity to direct
diverse cell processes such as glucose transport, glycogen resynthesis, and protein syntiegsts HGoley,
2007). A downstream target within this pathway proximal to translation initiation is the ribosomal protein S6
(rpS6) which, when phosphorylated and \atéd, can enhance the translation of 8Nhat encode for
ribosomal proteins and elongaticacfors that may represent a rate limiting step for protein synthesis (Ruvinsk
& Meyuhas, 2006). The energy status of skeletal muscle has been shown to alter signal transduotis netw
that would be xpected to effect translation and protein twerqAthertonet al, 2005). Muscle glycogen is the
primary substrate for high intensityxeecise and changes in metabolism withwlanuscle glycogen
concentration may la detrimental effects on anabolic responses in skeletal muscléeyGaif al, 2009).
Interestingly while low glycogen may augment the adaptation response to a bout of enduxaraseethe
effect of decreased glycogen concentration on anabolic signalling and protein synthesis in musgteg follo
resistance»ercise is unknown.

Purpose: The aim of this studyaw to determine the effect of muscle glycogen content and nutrient
supplementation on anabolic signalling irelgtal muscle during the early reeoy period following resistance
training (RT).

Methods: The ening before an experimental trial, eight male subjects £22%years; BMI = 24.@ 0.8
kg/m?P) performed a depletion protocol where ong-ledertook cycling xercise to exhaustion tower muscle
glycogen lgels (Low) while the other lgrested and therefore maintained normal muscle glycogen (Norm). The
following day subjects completed a unilateral bout of resistaxeeige during which each deperformed 8
sets of 5 repetitions of depress at 80% of the previously determined one repetition maximolhowihg the
completion of gercise subjects consumed a 500ml bolus protein/carbohydrasage (20 g wheprotein + 40
g maltodextrin). Muscle biopsies were obtained fromuhstus lateralisn both legs at rest and 1h afteF.R

Results: The depletion protocol wadeetive in generating diergent muscle glycogen content thaasv
higher in the control g (Norm) than in the Le leg d rest (383t 43vs.184 + 14 mmol/kg dry wt;p < 0.05)
and remained different 1 h posteecise (309t 41vs.135+ 11 mmol/kg dry wt;p < 0.05). Nutrient ingestion
resulted in significant increases in blood glucose and insplin (0.05) during the early rewery period
compared to resting Vels. Ribosomal protein $62356 phosphorylation increased significantly 1 h post
exacise compared to reqi<0.05), howeer there were no differences between the Norm avdlegs at 1 h

Conclusion: V& dhow that despite significant disparity in muscle glycogerglteat rest and 1 h after
resistance xercise, there were no differences in rgS&>® phosphorylation between the Norm andwlLo
glycogen legs. These results indicate thet touscle glycogen kesls fail to suppress phosphorylation of eyk
component in sietal muscle translation initiation following high-intensity resistangercese when
protein/carbohydrate supplementation is provided during/eeg.o

Atherton PJ, BabrajA] Smith K, Singh J, Rennie MJ, adlkerhage H (2005) Seleeé activation of AMPK-
PGC-In or PKB-TSC2-mTOR signaling can explain specific adaptiesponses to endurance or
resistance training-l&dectrical muscle stimulatiolrrASEB Journall9(7): 786-8.

Coffey VG, Pilggaard H, Garnham ARD'Brien BJ, Havley JA (2009) Consecute bouts of dverse contractile
activity alter acute responses in human skeletal muszlenal of Applied Physiolog¥06(4):1187-97.

Coffey VG, Hawley JA (2007) The molecular bases of training adaptatpuorts Medicin®@7: 737-763.

Ruvinsky I, Meyuhas O (2006) Ribosomal protein S6 phosphorylation: from protein synthesis to cell size.
Trends in Biochemical Scienc8s: 342-348.
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The local dynamics of thermal sweat suppression following a systemic cholinergic blockade
C.A. Machado-Moreird,PL. McLennar?, S. Lillioja,! W. \an Dijk,! J.N. Caldwelt and N.A.S. Tayldr,'School
of Health Sciences, University of WollongpWéllongong NSW 2522, Ausafia. and?Graduate School of
Medicing University of WollongongAbllongong NSW 2522, Australia..

Human eccrine sweat secretion can be fully inhibited by atropine, systemically administered in the correct
dose. Havever, the dynamics of this suppressionveaot been thoroughly described. Therefore, usiagyv
sensitve methods, local sweat rates were measured simultaneously acresd bedy segments, before and
after a cholinergic blockade. Herein are described the temporal characteristics of thermal sweat suppressior
following atropine infusion. Eight males were padsi heated (feet immersion (42-43°C)at@rperfusion suit
(48°C)). After core temperature increadddi5°C, and steady-state thermal sweating was established, the core
temperature was clamped and atropine sulphate was graduey lomin) and intraenously infused (dorsal
hand: 0.04 mg.kg). Sweat rates were measured at 1s intervals using ventilated capsules positioned at the
forehead, the dorsal surfaces of the forearm and hand, the palm and calf. drlaleles/ were estimated: the
phase delay between the start of the infusion and theVfidgnee of sweat reduction; the time required for full
suppression of sweating; and the time constant for this détey blockade completely inhibited thermal
sweating from all region92€0.05), and this occurred, onesage, within 5 min (@ble: data are means with
standard deviations). Indeed, the firgidence of suppression appeared within 60s, and the mean decay time
constant \as 144s. The rapidity of this action was remarkableengithat the infusion was debred
intravenously at the hand, and had to diffuse from the periglandular capillary and through the interstitial fluid
before it could block receptors on the sweat gland. This waaititdted by an almost immediate cardiac
acceleration (404 beats.min') and presumably by the rapid reduction in peripheral vasoconstrictor tone to
support pressure gealation. It took longer for the full suppression to become established at the forehead
(p<0.05), and this delay may be explained by its higher initial sweat rate. Indeederadtopine dose is
required to produce inhibition when sweating is more profuse (Cummings & Craig, 1967). Furthermase, it w
only the total suppression time thaasvdelayed, while neither the phase delays nor the time constéetsddif
significantly among site#$0.05).

Skin site Phase delay (min) Time constant (min)  Full suppression
(min)
Forehead I{=6) 0.8+0.4 2.6£1.3 7.8£2.4"
Dorsal forearmN=6) 0.9+0.4 2.1+0.7 3.9+0.2
Dorsal hand 1.20.5 2.7£0.5 4.4+0.6
Pdm 0.9+0.4 2.1+0.4 3.7£0.7
Upper calf 1.0t0.2 2.4+0.4 5.1+1.6
All sites (mean) 1.0+0.3 2.4+0.3 4.9+0.5

Tsignificantly different from all other sites.

Cummings, E.G. & Craig, F.N. (1967). Influence of the rate of sweating on the inhibitory dose of atropine.
Journal of Applied Physiology2: 648-654.
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Do non-cholinergic efferent pathways hee a unctional relevance during the thermal and non-
thermal stimulation of human eccrine sweat glands?

C.A. Machado-Moreird,PL. McLennar? S. Lillioja,! W. \an Dijk,! JN. Caldwelt and N.A.S. Tayldr,'School
of Health Sciences, University of WollongpWéllongong NSW 2522, Ausafia. and?Graduate School of
Medicine University of WollongongAbllongong NSW 2522, Australia..

Whilst the cholinggic modulation of thermally induced eccrine sweating has beaensvely
demonstrated, evidence concerning the neuropharmacological control of non-thermally mediated sweating is
eguiocal. Hovever, a parse distribtion of noradrenergic neevterminals surrounds the sweat gland, sweating
can be induced by noradrenergic agonists, and it is also possible these glands deddeinnenation.
Therefore, the long-held dogma is that non-thermally induced sudomotor responses are, at least in pairt,
noradrenggically driven. Accordingly this experiment was designed to test the hypothesis that sweating could
not occur following a systemic cholinergic blockade. Sudomotor responses from ning/ mealits were
investigated when psychological (mental arithmetic), local pain and stegicige stimulations were applied
under thermoneutral conditions (27.5-28°C), and also following\mahksating (feet immersed 42-43°Cater-
perfusion suit 33-48°C). Mean body temperatuias vihen clamped (3&0.1°C), and atropine sulphateasv
administered (intnzenous: 0.04 mg.kd). Following complete sweat suppression, these stimuli were repeated.
The isothermal clamp prented the body temperature \edgon that would normally accompgithe cessation
of sweating. ¥ntilated sweat capsules and skin conductance methods were used to measure sweat secretio
from both glabrous and non-glabrous (hairy) skinae$. When thermoneutral, significant sweat secretien w
evident only from glabrous skin following these non-thermal stimulatipr®.05; Figure). Bssve heating
induced sweating at all sites, and when these stimuli were superimposed upon this thermal load, significant
sudomotor responses were evident from each site tgst@db). During the blockade, none of these stimuli
elicited sweating, either as discharged or primary (skin conductance) sw@a05). Therefore, these data
demonstrate that sweating during these thermal, psychological xantise stimulations wasxelusively
cholinegically mediated. Therefore, whilst eccrine sweat glands may indeed respond to catecholamines, the
current results refute the proposition that functionallyasienoradrenergic, sudomotor pathways may exist.

1.0 6
Isometric handgrip exercise (2 min) ’?(_,

= 08 _ 1 Thermoneutral -5

g ] B Passive heating [ 2/
& [ Atropine with thermal clamp L =)

N

' -4 8
9 ¢ - B
ep 069 —ar— =
5 -3 B
COR 8
. -
S 0.4 1 [ g
0) -

= -2 %
— % 3 —
= i —r— =
O L
B2 0.2 1

%] ] - 1

0.0 - 0
Forehead  Forearm Dorsal hand Calf Palm Palm-SC
N=17) (N=38)

Proceedings of the Australian Physiological Society http://www.aups.ag.au/Proceedings/41/83P



The role of F-actin in vesicular secretion
Y. Jang and PThorn, School of Biomedical Sciences, The University of Queensland, QLD A@tlia.

Acute pancreatitis is an inflammatory process that leads to auto-digestion of pancreatic tissue by
premature actetion of digestve enzymes within pancreatic acinar cells. One of the prominent cel#aise
in acute pancreatitis is formation ohcuoles and rapid disruption of the actytoskeleton surrounding the
lumen of pancreatic ducts (Nemo#d al, 2004). Themechanisms behind reganization of F-acin during
vesicular secretion are still uncledmoweve it is generally accepted that secretory granules are coated with F-
actin in response to secretagogue stimulation. F-actin coating of secretory vesicles may p@@eks which
regulates vesicle content release xoeytosis. Thereforethis study inestigates the role of F-actin iregicular
secretion in pancreatic acinar cells.

Experiments were performed using clusters of acini, isolated from the pancreas of 2-5 week-old male
CD-1 mice by digestion with collagenase. Thieets of inhibiting F-actin polymerization were examined with
10 puM of Latrunculin B treatment prior to cell stimulatiohatrunculin is an actin perturbing drug which
reduces F-actin and mayJeadfects on fusion pore dynamics (Lariea al, 2007). Firstly the efects of
increasing treatment time (0 to 35 min) of Latrunculin B on the F-actin coating of secretory vesicles were
examined in confocal microscgp After various treatment times, the cells were incubated with fluorescein for 5
minutes then stimulated with acetylcholine for 2 min. For the visualization of F-acin, acini vestevith 4%
paraformaldejde and stained with Alexa 633-phalloidin. Latrunculin B inhibited F-actin coating of secretory
granules at all time points. The longer exposure to the drug strongly decreased the B-adtintes of
exposure to the drug did not significantly change the structure and the size of the seesitbeg.vAfterl5
minutes of Latrunculin B treatment, thereeage size of the secretory granules increased three fold in
comparison to the size of granules in control cellee measured size of control vesicles was £.0519 um
(mean diametet SEM, n=100) while the size ofsicles in Latrunculin B treated cells was 3+18.09 um.
Latrunculin B did not déct the the total number okecytic events suggesting that F-actin plays a role in
secretory vesicle maintenance. Therefore wpokthesize that the increased size of the secretory vesicles of
Latrunculin B treated cells may be due to tlesigle swelling duringxcytosis. D examine the appearance of
zymogen granules in real time,dvphoton excitation imaging of pancreatic acinar cells was perforTigede
course Latrunculin B treatment and acetylcholine stimulation was processed in the acini for real time
experimentation in equélent conditions to those described eb@s an etracellular tracer Vesicle fusion s
visualized using sulforhodamine Baw 10 minutes after stimulation under déaphoton microscop Real time
analysis reealed that secretory vesicles appeared as same size assitlesvin control cells then swell with
sequential xocytosis after stimulation resulted in Latrunculin B treatment for 15 minutes. Corresponding to the
fixed cells imaging result, 5 minutes treatment of Latrunculin B did not cause the secretory vesicle extension.

In conclusion, the results of this study suggest that loss of F-actin during secretiemsvibeksecretory
vesicle membrane and destabilizes granulBsis supports the idea that impaired F-actin polymerization leads
to retention of enzymes in the cytosol which may contribute to auto-digestion @iciinglar membrane in acute
pancreatitis. & ae currently vorking on the mechanisms of granule swelling after Latrunculin treatment and
its potential relationship to acute pancreatitis.

Nemoto, T., Kojima, T Oshima, A., Bito, H., and Kasai, H. (2004). Stabilizationxafogtosis by dynamic F-
actin coating of zymogen granules in pancreatic acdournal of Biological Chemistry279,
37544-37550.

Larina, O., Bhat, P., Pickett, J.A., Launikonis, B.S., Shah, A., Kriek., Edwardson, J.M., and Thorn, P
(2007). Dynamic regulation of the g eocytotic fusion pore in pancreatic acinar celdolecular
Biology of Cell18,3502-3511.
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The role of dynamin in fusion pore dosure and endocytosis in pancreatic acinar cells
A. Banerjee and.Fhorn, School of Biomedical Sciences University of Queensland , Brispabet067,
Australia.

Introduction: In previous work on mouse pancreatic acinar cells that secrete precursorvdigesti
enzymes, we ha $rowvn that the end of®cytosis and beginning of endocytosis is neatky the closure of the
fusion pore (Larinat al, 2007). Here we shw that the mechanism that closes the fusion pore is regulated by
dynamin, a GTPase implicated in vesicle dynamics in other cellsuggest that the closure of fusion pore is
the limiting step in secretion that fdifentiates the tw distinct irreversible processes -xecytosis and
endocytosis - and following fusion pore closure the vesicle is committed to be internalized.

Methods: CD-1 mice were killed according to the appso ethical procedures of The Umrsity of
Queensland. The pancreas was excised and collagenase-digested to produce fragments of pancreatic tissue. T
tissue was suspended in extracellulaifdr at 37°C and bathed in 8@ extracellular dye Sulforhodamine B
(SRB). The cells were stimulated with 600 nM Acetylcholin€which was limited at 2 min by applying the
cholinegic antagonist, atropine {8M). Cells were then incubated in themcellular lffer with or without the
dynamin inhibitor Dyngo* (50uM) for between 0 to 50 minutes. The cells were then centrifuged and
resuspended in an extracellularffer with the extracellular dye HPTS in place of SRB (§00). Endogtic
objects were therefore labelled with SRB only and granules still goitey exocytosis at the time of
centrifugation were labelled with HPTS. The cells were then imaged using 2-photon migrasitbpan
excitation of 800 nm.

Results: Control cells (absence of Dyngo) had vesicles that still contained the first dye, SRB as the dye
was wnable to escape when the cells were resuspended due to the closure of the fusion pore. Control cells als
showved vesicles with the second dye, HPTS indicating theseles are stillx@cytotic and in continuity with
the extracellular environment. Using MetaMorph® imaging software, 2D surface aresicdés in a particular
cell was quantified as those which contain SRB (red) and that contain HPTS (blue) and expressed as a
percentage of internalisation: endocytosis = red surface area/ (red + blaeg sugfa. The area of SRB-positi
vesicles significantly increased/i@ time 0 min - 18.9%, 5 min - 30.7%, 10 min - 35.9%, 20 min - 47.1%, 30
min - 53.2%, 50 min - 63%. In Dyngo-treated cells significantly fewer vesicles contained SRB,indicating the
fusion pore had not closed and the dye was able @ liba vesicle upon resuspension in the HPTS. At 30
minutes there was a significant decrease in the area of SRBrposs#icles (53.22.1%,compared with
7+1.5%, N=3 (number of micesfudent t-test: £0.0001).

Conclusion: The rate of endocytosis in pancreatic acinar cells appears to be quite wath
internalisation continuingwer the entire 50 minute time frame of owperiments. This is in contrast to other
tissues such as frog neuromuscular junction, in whadt €ndocytosis occursves 20 €conds and sk
endogtosis occurs in 5 minutes (Royle & lagnado, 2003). Application of a dynamin inhibitor significantly
reduced the surface area of SRB-pusitresicles indicating the importance of dynamin in fusion pore closure.
Our results support the idea that dynamin plays a critical role at the transition from exocytosis to endocytosis.

Larina O, Bhat PPickett JA, Launikonis BS, Shah A, Kruger WA, Eardson JM, Thorn P.(2007) Dynamic
regulation of the largex®cytotic fusion pore in pancreatic acinar ceNolecular Biology of the Cell8:
3502-11.

Royle S, Lagnado L. (2003) Endocytosis at the synaptic terndmahal of Physiology553: 345-355.

*Dyngo acts on a dynamin GTPase domain allosteric #itwas deeloped through a joint venture between the
Childrens Medical Research Institute (CMRI) and the \gnsity of Newcastle. Itis marketed by Biolink
(www.bio-link.com).
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Multiple effects of anthracyclines on cardiac ryanodine receptors
A.D. Hanna, A.FDulhunty and N.A. Beard, Muscle Res#a@oup, John Curtin School of Medical Resgar
The Australian National Universitanberma City, ACT 0200, Australia.

The anthracyclines doxorubicin and daunorubicin areepiul chemotherapeutics, usedeetively in the
treatment of various malignancies. The use of anthracyclines is limitwevdrp due to dose-dependent
cardiotoxic side effects gieloping in some patients. Thesdegfts present as both acute and chronic impairment
of cardiac function and preclude anthracycline use in patients with axiptieng heart condition. Current
theories concerning acute mechanisms of angbliae-induced cardiotoxicity suggest the drugs and their
metabolites, doxorubicinol and daunorubicinol, accumulate in the sarcoplasmic reticulum (SR) of
cardiomyogtes where thetarget SR proteins and cause changes iff Gameostasis. The cardiac ryanodine
receptor (RyR2) has been implicated as gefarbecause the drugsviealeen shown to dramatically alter SR
Céa* release. Hwever the mechanism of the protein-drug interaction remains wakrand is thought to also
involve anthracycline-induced oxidation of critical sulfhydryl groups and generation of free radicals.

Sheep hearts were excised from anaesthetiseds e(5% pentobartitone (IV) followed by
oxygen/hatothane). RyR2-enriched cardiac SR vesicles were obtained from sheep heart byatientrisg
described in Leer et al. (1995). SR vesicles (containing RyR2 channels) were reconstituted into artificial planar
lipid bilayers formed across an aperture separatirggsdutions, equialent to the cardiomyocyteytoplasm
(cis) and SR lumentfans). Thetranssolution was held at virtual ground anoltage (+40mV or —40mV) as
applied to thesis solution. Control RyR2 activity was recorded, before drugs were addedttaritesolution .

Addition of low micromolar concentrations (uM to 10 uM) of anthracyclines to th&ans (luminal)
side of single RyR2 channels caused significant increase in channel activity in a concentration dependent
mannerWith higher concentrations of each drug, the increase in channel actagtjolowed by an inhibitory
phase where thereas a strong reduction in channel @ty which continued for the lifetime of thexgeriment
(up to 30 min). Further irestigation of the effects of daunorubicin sted that the aotation effect vas
reversed by washout, but not the inhibitory effect, indicating that the difects are mediated by separate
mechanisms. This &s confirmed using the reducing agent dithiothreitol (DTT) and the thiol modifying reagent
N-ethylmaleimide (NEM), which were able to ment or reduce the extent of the inhibitory effect but not the
activation effect. These data suggest that inhibition of RyR2 activilg waused by oxidation of free thiol
groups, lilely on the RyR2 itself. Carrsely, the reversal of actvation following washout and the failure of
DTT and NEM to preent actvation, suggests a ligand binding mechanism, either to the RyR2, or an associated
regulatory protein.

The results pnade novel evidence that anthracycline-induced biphasic modulation of RyR2 channels is
mediated by tw distinct mechanisms. Firstlythat the actiation effect is mediated by a redox-independent
mechanism, most likely ligand-binding to either the RyR2 itself or to an associgtgatoey protein. Secondly
anthragcline-induced inhibition is caused by drug-induced thiol oxidation Since this aythnaeinduced
inhibition was not reersed by DTT we beliee that, once formed, the disulfide bond/s become buried in the
protein complg, thus inaccessible to DTTh summary we provide nosel evidence that multiple effects on
RyR2 channel activity may conttite to anthracycline-induced disruption of?Chomeostasis and subsequent
cardiotoxicity This important n& information may help in theventual design of anthracyclines that do not
detrimentally alter C# signalling in the heart.

Laver DR, Roden LD, Ahern GREager KR, Junankar PR and Dulhunty AF (1995) Cytoplasmic Ca2+ inhibits
the ryanodine receptor from cardiac musdteirnal of Membrane Biology47: 7-22.
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Ryanodine receptor phosphorylation in human heart failure

N.A. Beard! M. Janczura A.F. Dulhunty? P. Molenaar-2 and D.R. Lavet,The John Curtin School of Medical
Reseath, The Australian National Universitycton, ACT 2612, Australi#Department of MedicindJniversity

of Queensland, Brisban®LD 4072, Australia®Faculty of Science and Technolo@ueensland University of
Technology Brisbane QLD 4000, Australia and School of Biomedical Sciences, University of Newcastle and
Hunter Medical Reseah, Callaghan, NSW 2308, Australia.

Heart failure is a compkedisorder characterized by aefition of the sympathetic nervous system, leading
to dysregulated G4 homeostasis in cardiac myocytes and tissue remoddimng. variety of diseases, cardiac
malfunction is associated with aberrant @syof C&* across both the surface membrane and the interrfal Ca
store, the sarcoplasmic reticulum (SR). One prominent hypothesis residues is that elbegrtHe activity of
the ryanodine receptor (RyR2) €aelease channel in the SR is increased duedess phosphorylation and
that this contributes to excess SROaak in diastole, reduced SR #ad and decreased contractility (Huk
& Bers, 2008). There is contrasy over which serine residues in RyR2 are hyperphosphorylated in animal
models of heart failure and whether thivig the CaMKIl or the PKA-linked signaling patlay S2808, S2814
and S2030 in RyR2 ka keen variously claimed to be hyperphosphorylated. Our aim was to examingrbe de
of phosphorylation of these residues in RyR2 from failing human hearts.

The use of human tissue was apetbby the Human Research Ethics Committee, The Prince Charles
Hospital, EC28114. Left ventricular tissue samples were obtained from an explanted heart of a patient with end-
stage heart failure (Emery Dreifuss Muscular Dystyopith cardiomyopathy) and non-failing tissuasvfrom
a patient with cystic fibrosis undgoing heart-lung transplantation with no history of heart diseaseeSiBlas
were prepared as described byéraet al. (1995) and examined with SD&fe and Western Blotrdnsferred
proteins were probed with antibodies to detect total protein phosphorylation, phosphorylation of RyR2 serine
residues S2808, S2814, S2030 and for #hekoteins calsequestrin, triadin, junctin and FKBP12d& a/oid
membrane stripping artifact, each membrane was exposed to one phosphorylation-specific antibody and signa
densities quantified using Bio-Rad Quantity One software.

We found no distinguishable difference betweaitirfg and healty hearts in the protein expressiondss
of RyR2, triadin, junctin or calsequestrineMdund an expected umyelation of total RyR2 phosphorylation in
the failing heart sample, compared to a matched amount of RyR2 (quantified using densiometry) yn health
heart. Probing with antibodies detecting only the phosphorylated form of the specific RyR2 resideéstishb
the increase in total RyR2 phosphorylation in the failing heart was dug&spihosphorylation of S2808 and
S2814. ¢ found that S2030 phosphorylatiovéds were unchanged in human heart failure. Interestingty
found that S2030 has a basaldeof phosphorylation in the healtthuman heart, different from the absence of
basal phosphorylation recently reported in rodent heart dHukBers, 2008). Finallypreliminary results
indicate that less FKBP 12.6 is associated with RyR2 inatied heart, possibly as a consequence of PKA
activation.

In conclusion, residues S2808 and S2814 are hyperphosphorylated in human heart failure, presumably
due to upregulation of the CaMKIl and/or PKA signaling pathvas a result of chronic agiion of the
sympathetic neaus system. Such changes in RyR2 phosphorylation arevdoelie contribute to the leak
RyR2 phenotype associated with heaitufe, which increases the incidence of arrhythmia and contributes to
the seerely impaired contractile performance of the failing heart.

Huke S & Bers DM. (2008). Ryanodine receptor phosphorylation at serine 2030, 2808 and 2814 in rat
cardiomyocytesBiochemical and Biophysical ReseArCommunication876,80-85.

Laver DR, Roden LD, Ahern GFEager KR, Junankar PR & Dulhunty A995). Cytoplasmic C4 inhibits
the ryanodine receptor from cardiac musdteirnal of Membrane Biolog47,7-22.
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Inhibition of cardiac Ca?* release channels as therapy for arrhythmia

D. Mehra! D.F. van Helden} H.S. Hwang, B.C. KnollmanAand D.R. Lavet, !Department of Biomedical
Sciences and Pharmadyniversity of Newcastle and HMRI, Callaghan, NSW 2308, AustraliZ@epartment
of Medicine Division of Clinical Pharmacologyanderbilt UniversityNashville TN 37240, USA.

The ryanodine receptors (RyR2) are the calcium release channels in sarcoplasmic reticulum (SR) which is
the main C&' store in the heart. Mutations in RyR2 or calsequestrin cause arrhythmias as a result of increased
diastolic C&* releasevia RyR2. Such an abnormality manifests in Catecholamiad?olymorphic éntricular
Tachycardia (CPVT), a form of cardiac arrhythmia which is the focus of our research.

Flecainide, a sodium channel blocker of the Class | antiytamtic group was found to prent
arrhythmia in CPVT by inhibiting RyR2 (Atanabeet al.,2009). Havever, it is not clear hav inhibition per se
has an anti argithmic action because another inhibit@tracaine, has a pro-arrhythmic actioraf@habest al.,

2009). It was noted that flecainide decreased channel mean open time whereas tetracaine increased chann
closed times (Hilliarcet al., 2010). Therefore, we test the hypothesis that the therapeutic inhibition of RyR2
relies on reducing channel open times without affecting its closed times. Our approach is to measure the action:
of a range of class 1 drugs on RyR2 open times in single channel recording and correlate this with their
therapeutic action determined in isolated cardiomyocytes and in a CPVT mouse model.

RyR2 was isolated from sheep and human hearts as described previouale{lad, 1995). RyRs were
incorporated into artificial lipid bilayers and channel gatirags wneasured by single channel recording. RyR2
open and closed times were measured in the presence of diastSiif (¥ nmol/l cytoplasmic and 0.1
mmol/l luminal). SR C# release was measured using confocal micrgscop intact \entricular
cardiomyogtes isolated from hearts of calsequestrin kootknice (CPVT mouse model). Fura2-AM was used
to measure the effect of Class | anti arrhythmic drugs on isoproterenol-induced cadsiesn w

RyR2 open time was decreased by the Class Ic antithmiic drugs whereas Classes la and 1b had no
significant effect at concentrations up tomol/l (see Table). None of the Class Ic drugs hadsagnificant
effect on RyR2 closed durations. The ability of the drugs to reduce RyR2 open times correlated with their ability
to prevent the C&* waves in cardiomyogtes; an indicator for their anti-arrhythmidieficy. Both flecainide and
propafenone suppressed ventricular tachycardia in calsequestrin knockout mice.

The data suggest that potgnof RyR2 open time reduction rather than just a reduction in open
probability determines &€acy of class | agents for the prention of CPVT This may lead to a paradigm shift
in drug deelopment process by directing strategiesyafrom discaering high afinity compounds to searching
for low affi nity compounds with short residence time in the channel.

Comparison of the potency (@ of class 1 drugs on the mean open time of cardiac RyRs and thesr o€
reduction in frequency of Gawaves in intact catiomyocytes. n.d: not donen in parentheses.

compound IG, (Mmol/l) in IC., (Lmol/l)
RyR2 open time Ca* waves
quinidine >50 (5) >6 (28)
Class 1a  procainamide >50 (5) >15 (28)
disopyramide >50 (7) >6 (28)
lidocaine >50 (5) >50 (28)
Class1b o oilitine >50 (6) >6 (28)
flecainide 16.#4.0 (14) 2.0+ 0.2 (36)
Class 1c R-propafenone 8.#0.6 (13) 1.1+ 0.5 (36)
S-propafenone 1781.6 (14) 51 (36)
encainide 22312 (9 n.d.

Hilliard FA, Steele DS, Leer D, Yang Z, Le Marchand SJ, Chopra N, Pistaw/,[Huke S Knollmann BC.

(2010) Journal of Molecular and Cellular Cardioliology8: 293-301.

Laver DR, Roden LD, Ahern GFEager KR, Junankar PR & Dulhunty AFL995). Journal of Membane

Biology 147:7-22.

Watanabe H, Chopra N, kar D, Hwang HS, Davies SS, Roach DE, DwiJ, Roden DM, Wilde AA,

Knollmann BC. (2009)Nature Medicinel5: 380-383.
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How additi ve dfects of small changes in repolarising currents can increase the risk for atrial
fibrillation — a modelling study

S.A. Manrt, J.l. Vandenber§and D. Fatkir? *Mark Cowle Lidwill Cardiac Electrophysiology Resegr
Program, Victor Chang Cardiac Resedr Institute 405 Liverpool St, NSW 2010, Australia 28R Bernice
Reseach Program in Inherited Diseasévictor Chang Cardiac Resegéln Institute 405 Liverpool St, NSW 2010,
Australia.

Atrial fibrillation (AF) is the most common cardiac arrhythmia and a frequent complication of cardiac and
systemic disorders. Community-based studieg temonstrated familial aggyetion of AF (Fox et al, 2004;

Arnar et al, 2006) with the heritability of AF estimated to be 60% in one twin cohort (Christophetsan
2009).

While these studies indicate that genetic factorse tea important role in AF pathogenesis, the genes
involved and mechanistic links with atrial aythmogenesis are incompletely understood. AF is predicted to be
a omplex trait in which one or more genetianants, together with acquired “environmental” factors that alter
atrial size and/or function, arevisived in most cases (Fatkin, Otway &nfenbeay, 2007). Genome-wide
association studies ¥a been used to define commoariants that modify susceptibility to AF in the general
population (Milanet al, 2010). Because of their frequsna@ommon variants hee a gynificant population
impact but the effect size of individual variants is generally only small. Combinations of variants with small
effect size may ha alditive, opposing, or syngistic actions, and the net effects of multiple variants are
difficult to predict or demonstrate experimentally.

We performed in silico modelling using the Courtemanche human atrial action potential model
(Courtemanche, Ramirez & Natte, 1998) to assess the effects of combinations of multiple potassium variants or
atrial action potential properties. For this we simultaneously altered the conductances of each ef the fiv
potassium channel components of the Courtemanche model by +10 or —10 percent of their aligisalev
each of the resulting 243 combinations we performed 1000 simulation-rwith additional random noise
added to the potassium conductances - and measured the resulting action potential duration variabilities.

Our data demonstrate that multiplé Kariants of small déct size can ha wollective dfects that are
functionally equialent to those attributable to single-gene mutations.

Arnar DO, Thorvaldsson S, Manolio TA, Thorgeirsson G, Kristjansson K, Hakonarson &hsStf K.(2006)
Familial aggreyation of atrial fibrillation in IcelandEuropean Heart Journd7: 708-12.

Christophersen IE, Ravn LS, Budtz-Jgemsen E, Skytthe A, Haunsoe S, Svendsen JH, Christens@069)
Familial aggreyaion of atrial fibrillation: a study in Danish twingCirculation, Arrhythmia and
Electrophysiology: 378-83.

Courtemanche, M, Ramirez, R J, Nattel, S. (1998) lonic mechanisms underlying human atrial action potential
properties: insights from a mathematical modeherican Journal of Physiolo@75: 301-21.

Fakin D, Otway R, \andenbeay J. (2007) Genes and atrial fibrillation: awdook at an old problem.
Circulation 116: 782-92.

Fox CS, Rarise H, D'Agostino RB SiLloyd-Jones DM, Vasan RS, Wang TJ, Levy D, Wolf PA, Benjamin EJ
(2004) Parental atrial fibrillation as a risk factor for atrial fibrillation ifsgring. JAMA: The durnal of
the American Medical Associati@91:2851-5.

Milan DJ, Lubitz SA, Kaab S, Ellinor P12010) Genome-wide association studies in cardiac elegisapbgy;
recent disceeries and implications for clinical practiddeart Rhythnv: 1141-8.
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Measuring receptor motility and filopodia dynamics

K. Hendy! Y. DeGraaf! J. darke! WG. Thoma$and I.L. Gibbins, JAnatomy & Histologyand Cente for
NeurosciencgFlinders University GPO Box 2100, Adelaid A D01, Australia andSchool of BioMedical
Sciences, University of Queensland, QLD 4072, Australia.

Signaling through G protein-coupled receptors (GPCR#&Nies the orchestrated interactions of the
receptor complbeitself with elements of a dynamic actiytaskeleton. Important components of the motile cell
membrane include actin rich protrusions, termed filopodia, which can mediate interactions between the cell and
its environment. Hwever, the dynamics of GPCRs in a highly motile cell membrane are not well understood.
Therefore, we ha devdoped an gperimental approach to measure membrane motility and GPCR motility in
tandem, in We cells, during application of receptor agonists and modifiers of actin dynanedsav&utilised a
Chinese Hamster Ovary (CHO) cell linepeessing functional angiotensin Il type 1a receptor (AT1AR) tagged
with enhanced green fluorescent protein (eGFP) as a GPCR model syatérg. advantage of the imaging
capabilities of our Leica SP5 laser scanning confocal microscope equipped with the uniqgue combination of a
high-speed resonant scanner analaanche photo diode detectors, we are able to image receptor and membrane
dynamics at ery high speed and single photon sensitivity with minimal photodamage. Series of 50 images of
live CHO-AT1AR-eGFP cells were captured at a rate of 20-25 frames per second, t=0, 10, and 20 min after
addition of fluorescently labelledTAAR agonist, angiotensin II-AlexaFluor647 (Angll-A647) (100nM)fegts
of the actin polymerisation inhibitocytochalasin B (CB) (0fM, 2.5uM, 5uM), and the dynamin GTd3e
inhibitor dynasore (80M) were also tested. Images were collated, processed and analysed primarily with
ImageJ software. In the absence of agonist, high resolution imageaded a surprising amount of motility in
the cell membrane and constittiinternalisation of the receptor was observed. In the presence of agonist, the
high level of membrane motility remained in the presence of internalisation of ligand-bound receptors. In 4 of 5
cells, application of 0§V CB led to collapse and aggtion of filopodia 10 min after application. By 20 min
post application, significant reeary of filopodial motion vas observed. Immunocytochemistry labelling with
antibodies for3-actin demonstrated a classic text-book distidn of actin including the appearance of stress
fibres at the basolateral surface of control celleafiment with CB (08M, 2.5uM, 5uM) revealed a
reoganisation of the actinytoskeleton, including the appearance of actin rich aggiens along the membrane
and the disappearance of actin stress fibres. CB treated cells algedshochange to theverall cell
morphology In dl 7 cells treated with 80M dynasore, no obvious effect on filopodia motility was observ
This model system enables the measurement of filopodi@nemt in diferent states of receptor agiion.

Our results to date suggest that the analysis of agonist-receptor interactions, at least in cell lines, will be
significantly confounded by the consequences of membrane madditgoupling this model with adanced

image analysis to extract and quantify different aspects of membrane and receptor redgiliparticle
tracking, Raster Image Correlation Spectroscopy), we will enhance our understanding of GPCR signalling in a
dynamic membrane environment.
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Pulmonary surfactant membranes of hibernating ground squirrels possess increased fluidity but
are capable of maintaining an ordered membrane structue at low temperatures

S. Ogeig,t L. Suril L. McCaig? V. Fcardi,® R. VeldhuizeR,J. Saples? F. Possmayetand J Perez-Gil?

1School of Pharmacy & Medical Sciences, Sansom Institute for Health Bleddwaiversity of South Australia,
Frome Rd, Adelaide 5001, Australfbawson Reseah Institute University of Western Ontario, London,
Ontario N6A 3K7, Canad@Pepartment of Biochemistraculty of BiologyComplutense Universitadrid,
Spain,*Department of BiologyUniversity of Western Ontario, London, Ontario N6A 3K7, Canada and
SDepartments of Obstetrics & Gynaecology and Biochemistriversity of Western Ontario, London, Ontario
N6A 3K7, Canada.

Pulmonary sudctant, a mixture of lipids and proteins, regulates the surface tension at-lil@icir
interface of the lung. Reduced body temperature during hibernation is accompanied in 13-lined ground squirrels
(Ictidomys tridecemlineatiidy an increase in fluid monounsaturated phosphatidylcholine (PC) species (e.g. PC
16:0/16:1, PC 16:0/18:1) and phosphatidylglycerol (PG) speeigsPG 16:0/18:1, PG 18:0/18:2), butfer
disaturated PC and PG species (Possmetyal, 2010). Preiously we speculated that altered surfactant lipid
composition during metabolic depression states such as torpor or hibernation will reduce the phase transitior
temperature (J) of the mixture, enabling pulmonary surfactant to remain fluidr @ broader range of
temperatures and thereby maintaining respiratory function (eaaly 2005). Here we analyze thermodynamic
properties and behavior of surfactant from hibernating and suwiactieg 13-lined ground squirrels in relation
to natural porcine surfactant, usingfeiential scanning calorimetry and URDAN fluorescence spectrosgop
In addition we conducted epifluorescence studies to visualize changes in phase coexistence of surfactant films c
hibernating and summectve animals. Surictant membranes of hibernators showed gel-to-fluid transitions at
lower T with reduced enthajprelatve o membranes from summective juirrels. Both exhibited lwer
enthally than porcine surfactant. WARDAN fluorescence and epifluoresence suggested possible structural re-
arrangements of surfactant membrane lipids and films, reggecin hibernators. These exhibited a similarly
delydrated and condensed highly packed ordered phase as for sumwepitiels, despite differences in
composition and T. In conclusion, pulmonary surfactant composition changes in hibernating squirrels to
increase werall fluidity, but to maintain an ordered membrane structurevatémperature.

Possmayer ,AMcCaig L, Yao L, Zhao L, Staples J, Orgeig S, Veldhuizen RA. (2010). Coping with the cold:
effect of hibernation on pulmonary surfactant in the thirteen-lined ground sq&ioghysical durnal
98, 76a.

Lang CJ, Postle AD, @eig S, Possmayer, Bernhard W Panda AK, Jirgens KD, Milsom WK, Nag K &
Daniels CB. (2005). Dipalmitoylphosphatidylcholine is not the majorastaht phospholipid species in
all mammalsAmerican Journal of Physialy. Regulatory, Integrative and Comparitive Physiay 289,
R1426-R1439.
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Aggregation state of A3 peptides in model membranes
M.A. Sani, J.D. Gehman and $paiovic, School of ChemistrBio21 Institute University of MelbourngvIC
3010, Australia.

Amyloid-beta (A3) peptides are postulated to cause loss ofeeell function in individuals sdé&ring
from Alzheimers dsease (AD), where evidence suggests that interaction with the cell membrane correlates
strongly with gtotoxicity. Howeve, the molecular mechanism is still unclear and further evidence is required to
identify the culprit promoting neuron loss. The peptides agtgereadily and form amyloid fibrils. &/have
been studying the interaction of A2 peptide with phospholipid membranes using solid-state NMR
spectroscop Howeve, the aggrgaion state of the peptide during the NMR experiment is not,ahearis it
obvious that it remains the same throughout the experiment.

The sample preparation is a very crucial aspect in studying the kinetigsagfghaation: use of NaOH,
trifluoroacetic acid (TFA) remal, peptide stock solution concentration and temperatureaater§ promoting
completely different agggeation patterns, as observed with either Congo red or thioflavin T fluorescence. When
TFA was remweed from the peptide, using 5 mM HCI pre-treatment and freeze-drying as a routine procedure,
aggr@aion was not obseed, most likely due to the passage fronv jgH below the Pl to a bffered aqueous
phase (pH 7.4). UnfortunatelyFA is a $rong counter ion that can lead to membrane degradation and dramatic
errors in peptide weight estimation. When thé\Wras not remeed, a monomeric peptide stock solutioasv
prepared in NaOH, and hexafluoroisopropanol was used to diskelpeptide. Again, little fluorescenceasv
obsenred from thioflavin T and no differencea® observed when experiments were conducted at 28°C or 37°C.

The role of membrane lipids is anothactor in A3 aggr@aion and kinetic experiments using thiofla
T are being used to veal if membranes play a critical role in accelerating amyloid formation. Large unilamellar
vesicles (LUV) composed of palmigtnleoylphosphatidylcholine (POPC), palmyoleoylphosphatidylserine
(POPS) and cholesterol (Chol) in a molar ratio 1:1:1 were used as a mimic of the neuron cell membranes. A
small concentrated volume of peptide in NaOH was externally added tgeahldiered solution of LUV in a
lipid/peptide molar ratio 30:1 and kept at 37°C with moderate shaking and peptidgstggneas monitored.

Amyloid plaques in the brain are rich in copgnc and iron, which bind to B peptides. 8 and metals
have keen proposed to promote lipid peroxidation and some evidence suggestf tmild\drive the metals
close to the membrane sace where membrane-oxidizing radicals could be generated. Solid-state NMR is
being used to obtain some insights o-Metal interactions with model membranes. Mutation wf 10
replaced by an alanine or oxidation of Met 35, as encountered in AD patients brva@rghbdan different
interactions with POPC/POPS/Chol (1:1:1) at the membrane surface as monitored by change¥An the
chemical shift anisotrgp and in the hydrophobic core of the phospholipid bilayers asalted by the
guadrupolar splittings in the deuterium NMR spectra.
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Boltzmann statistics maximum entropy of solid-state NMR dipolar recoupling and magic angle

spinning data

J.D. Gehmart,M.-A. Sant and A.K. Meht&,School of Chemistry & Bio21 Instityténiversity of Melbourne.

Melbourne VIC 3010, Australia anaChemistry Department, Emory Universi§lanta, Georgia 30322, USA.

We have engineered algorithms to emplonaximum entrop as @mmonly used to dare Boltzmann'’s
distribution for application in solid state NMR data analysis. The approach is used to characterisgiatistrib
of chemical shift tensor parameters from magic angle spinning sideband peak intensities, as well as distance:
from rotational-echo double-resonance (REDOR) data, in heterogenous samples. In the case of REDOR date
the method can veal multiple distances with relaBly few data points, which is of particular benefit in
application to biological systems. Thisseeses the common practice of comparing REDOR data to dephasing
curves simulated for steral preconceied gructural models, by providing the information necessary to construct
models based on unbiased data analysis. In the case of chemical shift tensor analysis, it allows arbitrarily
complex phospholipid mixtures to be analyzed for subtle perturbations, Xample by association with
antimicrobial peptides.

The method prades for a model-free approach to data analysis, in the sense that one need not assume the
presence of anspecific number of different chemical shift tensors or distances that egetiid obsered
signal. The strategy differs from the more common practice of including a single weighted term in a fitting
procedure, as each datum constitutes additional "information" and independently adds to or subtracts from the
entropy of the distribution. A constrained optimisation problem with 100s of uwksathe number of points
used to approximate a continuous probability distribution of the desired parameter(s)) is thereby turned into an
unconstrained optimisation problem with one coefficient for each data point.

The Boltzmann Statistics method also offers intriguing philosophical implications esttige broadest,
and perhaps most probability distitibn consistent with the data, but also helps to determine which data points
hold the greatest information content, such that experimental time can be focussed on gaining the best signal-to
noise where it is likely to benefit most.

Proceedings of the Australian Physiological Society http://www.aups.ag.au/Proceedings/41/93P



Measuring the incorporation of fluorescently labelled lipid analogues into the membrane of giant
unilamellar vesicles

I.L. Salvemint; J. Reid® and P.D.J Moens! Centee for Bioactive Discovery in Health and Agejr&hool of
Science & Technologyniversity of Nev England, ArmidaleNSW 2351, Australia amchool of Science &
Technology University of Nev England, ArmidaleNSW 2351, Australia.

The use of Giant Unilamellaréegicles (GUVs) composed of fluorescently labelled lipid analogues has
become an increasing popular model to study both structural and odbiggéysical properties of bilayers.
However, there is a common assumption that the number of probes incorporated into the membrane of the
GUVs is proportional to the mole fraction (%) of these lipid molecules in the original solvent solution.

A commercial confocal laser scanning microscope (Nikon C1) was used to obtain single point
fluorescence correlation spectrosg¢pCS) data. The time dependence of the spontaneous fluctuations and the
number of molecules in the detection volume (point spread function) was calculated using the autocorrelation
function of the fluorescent signals. From these data, thesidih coefficient (D)and the number of fluorescent
molecules (N) incorporated into the membrane was obtained.

We siccessfully measured the diffusion coefficient ofo twiifferent labelled lipid analogues
(1,1-dioctadecyl-3,3,3,3-tetramethylindocanpaaine perchlorate[DilC] and BODIPY TMR-
phosphatidylinositol (4,5) bisphosphate[TMR-PI(4,5)P2])incorporated into the membrane of GUVs (Moens,
Gratton & Salemini, 2010). The results obtained for these lipid analogs are in good agreement widtispre
published data (Golebiewslka al. 2006; Golebiewskat al. 2008; Gieleret al. 2009).

We dso shav that the number of Dilmolecules incorporated into the membrane of the GUVs (formed
by the electroformation method) is in agreement with tpeeted number of molecules calculated from the
mole fraction of the g@anic stock solution. Hwever, we find that the actual proportion BfBODIPY-HPC,TR-
P1(4,5)P2,and TMR-PI(4,5)P2 incorporated into the bilayer is significantly less than the proportion of these
lipids in the oganic solvent stock solution.

These findings dra attention to the need to quantitaiy measure the incorporation of these probes for
experiments in which the concentration is of importance to the parameter beaisiigated.

Gielen E, Smisdom N,ande\én am, De Clercq B, Gratton E, Digman M, Rigo J-M, Hofkens J, Engelborghs Y
Ameloot M. (2009 . angmuir. 25(9): 5209-18.

Golebiavska U, Gambhir A, Hangyas-Mihalyné G, Zausd, Radler J, McLaughlin S. (2008iophysical
Journal 91(2): 588-99.

Golebiavska U, Nyak M, Woturski W Zaitseva I, McLaughlin S. (2008Molecular Biolayy of the CellLl9(4):
1663-9.

Moens PD, Gratton E, Salvemini IL. (201d)croscopy Reseah and TechniqueAug 23. [Epub ahead of print]
http://dx.doi.org/10.1002/jemt.20919
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Which residues ae important within the N-terminal helix of hLERG PAS domain to maintain a
functional channel?

C.A. Ngt? M. Hunter: M.D. Perry! M. Mobli2 Y. kel D. Stock* PW. Kuchel? G.F. King® and J.I.
Vandenbeg,? Molecular Cardiology & Biophysics Division, Victor Chang Cardiac Reslednstitute Lowy
Packe Building, 405 Liverpool St, Darlinghurst, NSW 2015, Austrafiachool of Molecular Bioscience (G08),
The University of SydgeNSW 2006, Australi@Division of Chemistry & Structural Biologinstitute for
Molecular BioscienceThe University of Queensland, St. Lucia, QLD 4072, Australia*Strdictural and
Computational Biology Division, Victor Chang Cardiac Reshdnstitute Lowy Pa&er Building 405 Liverpool
St, Darlinghurst, NSW 2015, Australia.

The hERG K channel plays an important role in maintaining proper repolarisation in the heart.
Dysfunctional hERG, caused either by drug block or genetic mutation, results in long QT syndrome
characterised by a prolonged QT interval on the surface electrocardiogram and an increased risk of cardiac
arrhythmias and sudden death.

The cystoplasmic N-terminal domain of hERG contains a 110 residues Per-Arnt-Sim (PAS) domain (S26
to K135). Deletion of the N-terminal 135 residues of hERG results in a significaster fate of deagttion.

Further the WT rate of deactétion can be restored by external application of a recombinant protein
corresponding to the N-terminal 135 residues. Subsequent studigedshimat the deletion of just the N-
terminal tail A2-26) had the samefett as deletion of M1 to K135 suggesting that it is the N-terminal tail
rather than the & domain that is critical for the slodeactvation in hERG. In the previously solved crystal
structure of the hERG PAS domain, the N-terminal tail (M1 to Q25) was disordered.

In this study we have determined the structure of the PAS domain including the N-terminal tail using
NMR spectroscop The NMR ensemble is very similar to the crystal structueejgt it exhibits an additional
flexible N-terminal helix (T13 to E23). The functional role of this N-terminal helix is bewpdpeed through
site-directed mutagenesis andtelectrode voltage clamp #enopuoogytes, which express the mutant hERG
channels. Preliminary results sh¢hat this N-terminal helix is functionally important, in particulat3A and
D16A slov deactvation while F14A and R20A »hibit a faster deactétion compare to WT Further
investigation using a GGGS linkers displacement of the N-terminal helix shows a fastva&actiesembling
the A2-26 hERG, indicating this N-terminal helix plays a role of positioning the first 9 residues in a correct
orientation to regulate deagtion of the channels.

Proceedings of the Australian Physiological Society http://www.aups.ag.au/Proceedings/41/95P



Kinetics of glucose transport across the surface membranes of single fast- and slow-twitch
muscle fibres of the rat

H.A. Rudayni, G. S. Posterino and D.G. Stephenson, Department of Z&tagp/ of Life Sciences, Faculty of
Science and Technolqdya Trobe UniversityVIC 3086, Australia.

Glucose is an essential substrate for muscle metabolism. It is transported across the surface membranes
members of a family of specialized proteins, known as glucose transporters (GLUTSs). Currently there is no
simple technique for directly measuring the kinetics of glucose transport across #we sugmbranes of
muscle fibres, because intracellular glucose can neither be directly measured nor realistically calculated with
sufficient accurag in whole body or whole muscle experiments. The aim of this stuay W deelop a
technique for directly measuring the uptakf a fluorescent glucose analog (2-(N-(7-nitrobenz-2-oxa-1,
3-diazol-4-yl) amino)-2-deoxyglucose, 2-NBDGaodhiokaet al, 1996)) across the surface membrane of single
muscle fibres.

All experiments were appved by the La Trobe Uniersity Animal Ethics committee. Adult male rats
(Long-Evans hooded) were killed by deep anesthesia with isoflurane (4% v:v) astetieor digitorum longus
(EDL, predominantly fast-twitch) andoleusmuscles (predominantly sietwitch) were rapidly dissected,
blotted dry on filter paper and then were pinned in a Petri dish under paraffin oil at resting leygtntSef
single muscle fibres with intact sade membranes were isolated under a dissecting microscope. The ends of the
fibre segments were carefully tied with finegscal thread (Decknatel 10.0) while still immersed in paraffin oil
and the preparation was transferred to a well made out of Bipax epoxy resin on a\gashpcfilled with
parafin oil which was placed on the stage of a fluorescence microséodeoplet of modified pisiological
saline (MPS; mM: NacCl, 145 when no glucosaswpresent and 135 with glucose; KClI, 3; MLgGJS; HEPES,

10; EGT, 2 and glucose, 0 or 20) containing 9 2-NBDG, was also placed under oil on thevecslip and

the preparation &s incubated for known periods of time in this droplet, followed by a brief wash in a MPS
droplet without 2-NBDG . The preparatioras/then carefully placed on the bottom of theecalip and the
fluorescence signal (450-480nm excitation/ 500nm dichroic mirror/ 510-530nm emisammeaasured from a
70um regon in the middle of the preparation. The fibre segmead then returned to the 2-NBDG containing
droplet and the cycle was repeated. The integrity of the surface membrane in the prepaaaticmscked by
blocking the GLUTSs with ytochalasin B and the concentration of the 2-NBDG in the preparation was calibrated
by measuring the 2-NBDG signal from Triton X-100 treated single fibgeneets exposed to droplets of
relaxing solution (mM: K, 126; N&, 36; EGTA, 50; total AP, 8; aeatine phosphate (CP), 10; free ¥dl;
HEPES, 90; pH 7.10; pCa (-log10 B, <9.0) containing 2-NBDG. The 2-NBDG uptakurves could be

well fitted by the expression A(1-exp(-kt)), where A is the final [2-NBDG] in the fibre, k is the rate constant and
t is time and the rate of 2-NBDG up®kvas calculated assuming a cylindrical shape of the filgmeet.
Equilibrium was effectiely reached in less than 2 min in both EDL a&oteudfibres.

In the presence of 50M 2-NBDG and in the absence of glucose, the basal rate of 2-NBD Gewpéak
8.7+2.5pmol/cni/s (n = 4) in the soleus and 5:3.3 pmol/cd/s (n=3) in the EDL fibres. Addition of 20 mM
glucose to the 5QM 2-NBDG MPS reduced the uptakates of 2-NBDG by a factor of 3.5 goleusfibres (2.5
+ 0.6 pmol/cm/s, n=3) and by half in EDL fibres (248..0 pmol/cm/s, n=3). This corresponds to avemge
GLUTs dissociation constant for glucose of about 7.9 and 12.6 mM faeoteesand EDL fibres, respeutly.

Using these alues, the projected maximum rates of basal glucose transport in the soleus and EDL fibres is
similar (69.2vs66.8 pmol/cri's).

Yoshioka, K., Takahashi, H., Homma, T., Saito, M., Oh, K-B., Nemotp,aid Matsuoka., H. (1996).
Biochimica et Biophysica ActE289 5-9.
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Myotoxin induced regeneration of fast-twitch EDL skeletal muscles from aged mice results in
fibre branching and increased susceptibility to dystrophic type eccentric damage

S.I. Head, A.S.lee A.J. Kee PW Gunning and E.C. Hardeman, School of Medical Sciences, University of
New Suth Wales, NSW 20523ustralia.

Duchenne muscular dystropis an X-linked recesse dsorder characterized by progressinasting of
skeletal muscle. It is caused by the absence of dystrophin, a protein that, in normal muscle fibres, is located in
close proximity to the internal face of the sarcolemma. Recerkt fikom my laboratory carried out using aged
mdx mice, which also lack dystrophin, has lead to the proposal that it is the branched fibres, formed during the
repeated bouts of generation, which are responsible for the terminal phase of muscle damage(Head, 2010;
Chan, Head & Morlg 2007). Inthis hypothesis, damage results from the structural weakening of the muscle
fibres at multiple branch points, and hence is not a primary consequence of the absence of dystrophin. In orde
to further test this hypothesis myotoxin (notexin) was used to induce injury in EDL muscles from aged (28
months old female C57BL6) WT mice. The resultingemerated muscles contained “dystrophin pasiti
branched fibres. Mice were anaesthetised with a mixturetikine (0.1 mg/g) and Xylazine (R8/g), a 1 cm
incision on the lateral side of both hindlimbsasvmade to expose EDL. Notexin (Qug) was injected
intramuscularly into one EDL muscle, the contralateral EDL served as a control. Animals were allowed to
recover for 21 days with daily monitoring and analgesic cakast recaeery the animals were killed with
halothane and the EDL rewmnl and attached to a force transducer (appdoUNSW ethics). After the
contractile analysis the muscleasvdetached from the force transdueerighed and processed for histology
Single EDL muscle fibres were enzymatically isolated using 3mg/ml collageyasé (Sigma), and suspended
in a relaxing solution containing 50mM E&Th order to viav individual fibres. 38% (n=3) of thegenerated
fibres had branches while only 2% (n=3) of the control fibres had a srgetledef branching. The generated
muscles were significantly heavier than the contralateral muscle, 1% @n8ys 9.8mg+ 0.2, absolute force
was dgnificantly larger in the regenerated muscle, 169mB vs 145mN £ 8 while there was no significant
difference in specific force 230mN/mm 15 vs231mN/mnt + 14, (all case n=10 with mearsSEM & t-test).
A lengthening/eccentric contractiorasvperformed three times, at intervals of 5 min with a strain of 33% of
fibre length. Regenerated muscles has a significant force deficit of+139%n=3), the force from control
muscles was not f#cted (n=3). This study shows that notexin induced regeneration produces muscles that
contain a population of branched fibres, the regenerated muselesdranal contractile properties and an
increased susceptibility to eccentric damage. | propose that this increase in susceptibility to mild eccentric
damage is the resultfahe presence of regenerated branched fibres within the muscle.

Head Sl (2010). Branched fibres in old dystrophic mdx muscle are associated with mechanem@ihgedkhe
sarcolemma abnormal €aransients and a breakdown of?Chomeostasis duringifigue.Experimental
Physiology95, 641-56.

Chan S, Head SI, MogeJW (2007). Branchedibers in dystrophic mdx muscle are associated with a loss of
force following lengthening contraction&merican Journal of Physiody. Cell Physiolayy 293, C985-92.
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Identifying the skeletal muscle ryanodine receptor actiation domain of triadin
E. Wium, A.FDulhunty and N.A. Beard, John Curtin School of Medical RebkeAustralian National
University ACT 0200, Australia.

Muscle function is influenced by €ahandling proteins in the sarcoplasmic reticulum (SR) of muscle
fibres. One such protein is the skeletal muscle ryanodine receptor type 1 (RyRahdagkged C4 release
channel. This channel is regulated by axiety of SR luminal proteins including the Lainding protein
calsequestrin (CSQ1) andawessociated transmembrane proteins, triadin and junctin. While triadinnitially
believed to be an achoring protein which tethered CSQ1 to the RyR1, it has recently become apparent that it
plays a larger role in RyR1 regulatiorriadin’s luminal interaction with the RyR1 leads to an enhancement of
channel actiity, and three discrete regions of its luminal tail’édeen found to bind to RyR1 (Caswell al,

1999; Leeet al, 2004). T identify whether one of thesegiens alone can regulate RyR1, we synthesized a
peptide containing amino acids 200-232 of rabbit skeletal muscle trigidBrnthen determined its physical and
functional interactions with purified RyR1s isolated from the skeletal muscle of euthanized rakebis &\
2009).

Using affinity chromatograghwe confirmed that the 200-232 triadin peptide bound to RyR1s in solution.
Functional studies confirmed that the peptide had more than justsacagdhinteraction with RyR1. This as
shawvn through $H]ryanodine binding assays, where the amounfidfrjanodine binding to RyR1 is directly
proportional to channel agiy. Incubation of RyR1 with the peptide increaséi]fyanodine binding
[1.7-fold, indicating that RyR1 activity is increased in the presence of the peptide. A sirfalzr vefs
obsered in lipid bilayer experiments where the current passing across a single channel is monitored in real-
time. Purified RyR1s reconstituted in artificial lipid bilayers showed a signifidaBtfold increase in open
probability when their luminal sides were exposed to peptide velatbefore peptide addition. As the effect of
the peptide mimics the increased RyR1\étgtinduced by full-length triadin (Goonasaket al, 2007; Wei et
al., 2009), it appears that residues 200-232 of triadin are sufficient to replicate Ryidtiom by full-length
triadin.

The triadin sequence of this peptideasvpostulated to align as fastrandin vivo to facilitate the
RyR1-triadin interaction (Bbayashkt al, 2000). To discover whether this structural element was important for
RyR1 regulation and whether all residues in the peptide were necessary for RyR1 regulatiopetiraents
were repeated with a series of mutant peptides. When eight residues predicted to line up along one side of th
putative B-strand were mutated to alanines, the peptide did not bind to vatadtie RyR1. The mutations
caused little change to the already disordered structure of the WT peptide, suggesting the residuessthemselv
not their structure, were essential for RyR1 regulation. As the RyR1 residues critical for Trisk95 binding are
acidic (Leeet al, 2004; Goonasedraet al, 2007), it seemed likely that the basic residues on triadin would form
chaged-pair interactions with the RyR1. When onlefhasic residues in this region were mutated, the peptide
similarly did not bind to RyR1 or regulate the channel. Therefore allveradeof these fie basic residues are
critical for allowing Trisk95 to modulate RyR1 activity.

Caswell AH, Motoilke HK, Fan H & Brandt NR. (1999Biochemistry38,90-97.

Goonase&ra SA, Beard NA, Groom L, Kimurg Tyfenko AD, Rosenfeld A, Marty |, Dulhunty AF & Dirksen
RT. (2007).Journal of General Physiolog¥30,365-378.

Kobayashi YM, Alseikhan B & Jones LR. (2000)Journal of Biological Chemistr75,17639-17646.

Lee JM, Rho SH, Shin W, Cho C, Rarrk WJ, Eom SH, Ma J & Kim DH. (2004Journal of Biolagical
Chemistry279,6994-7000.

Wei L, Gallant EM, Dulhunty AF & Beard A. (2009).International Journal of Biochemistry and Cell Bigio
41,2214-2224.
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Possible contribution of SPRY2 and ASI regions of RyR1 to interdomain interaction
H. WillemseS. Mrza, E.M. Gallant, H.S. Tad.. Wei, M.G. Casarotto, R.Dirksen and A.FDulhunty John
Curtin School of Medical Resedyx Australian National UniversityACT, 0200, Australia.

Excitation-contraction (EC) coupling is the process that links an action potential to muscle contraction. A
physical interaction between the surface membrarté €annel, the diydropyridine receptor (DHPR), and the
sarcoplasmic reticulum (SR) ryanodine receptor (RyR1®" @aease channel facilitates skeletal muscle EC
coupling. Havever, the mechanism and sites of interaction between the DHPR and RyR1 are not understood.
RyR1 contains 3 SPRdomains in the N-terminal one third of each of its fourusits. Generally SPRY
domains function as protein-protein interaction domains and were identifi@iciyostelium discoideum
tyrosine kinase spore lysis SlA) and the mammaliaRyR. The 29 of the 3 domains (SPRY21%5%\/1209
overlaps with the part of the RyR1 that support skeletal EC coupling and is a binding partner for the N-terminal
residues in the II-11l loop of the,  sukunit of the DHPR as well as Imperatoxin A (IpTxA). As IpTxA and the
[I-111 loop peptide increase the activity of RyR1 channels isolated from rabbi¢tsk muscle, SPRY2 may
contribute to an inhibitory regulatory module within the RyR1.

The SPR2 domain may bind to a region within RyR1 which contains residues that exhibit close
structural and functional similarity to the DHPR II-lll loop N-terminal residues. Thjsome(T347LG3500
contains the alternatily spliced (ASI) residues #82G348%, present in the adult RyR1 (ASI(+)RyR1)itb
excluded from the juvenile ASI(-)RyR, and a neighbouring basic sequence. ASI(-)RyR1 gsla@e in
adults with myotonic dystroph(Kimura et al. 2005). The ASI residues contribute to a regulatory module in the
RyR1 and mutations of these residues or the adjacent basic residues affect skeletal EC coupling{(ldimura
2007; Kimuraet al. 2009; Chenget al. 2005). The positiely charged residues in the ASl/basic region are
aligned along one surface of arhelix (Kimuraet al. 2009). As a ngaively charged F loop of the SRR
domain between residued'®-A''?1 pind to the ASl/basic region (unpublished), these regions may interact to
form the inhibitory module that is disrupted by IpTxA DHPR II-lll loop N-terminal residue binding to the
ASl/basic region. (Kimurat al. 2009). W predict that there may be different interactions between the F loop
and ASI(-)RyR1 and that mutation of residues in the F-loop that bind to the ASI/@isic weould preent
endogenous F-loop binding to the ASI region. t&€st this hypothesis, we V& o first established that the
characteristics of the interaction between the F-loop peptide and the recombinant RyR1.

Rabbit ASI(-)RyR1 was x@ressed in HEK293 cells. Cells were harvested 48h after transfection,
homogenised, ASI(-)RyR1 partially purified and incorporated into an artificial lipid bilayer
(phosphatidylethanolamine: phosphatidylserine: phosphatidylcholine; 5:3:2) with symmetrical 250mM cesium
methanesulphonate solutions with 100nM cytoplasmf¢ &ad 1mM luminal C&.

ASI(-)RyR1 expressed well and was visualised oaswfn Blots at the expected 500kDa. When
incorporated into bilayers it had a single channel conductance #2@@6. The relate goen probability after
adding 1M F-loop peptide vas 2.8&0.3 times greater than control, or after addinguM@®-loop peptide fell to
0.56t0.07. These changesky are similar to changes recorded in RyR1 from rabbit skeletal muscle. The action
of the F loop peptide on a mutant ASI(-)RyR1 in which three residues in the F loop of the SPRY2 domain that
bind to the isolated ASI region V& keen mutated will bexamined next to test the prediction that the F loop
peptide will either not affect the mutant RyR1, or will inhibit rather thawvaetthe channel.

Cheng W Altafaj X, Ronjat M, Coronado R (2003proceedings of the National Academy of Sciences of the
United States of AmericE2 19225-19230.

Kimura T, Nakamori M, Lueck JD, Pouliquin Roike F, Fujimura H, Dirksen R, Takahashi MPDulhunty AF
(2005).Human Molecular Genetick4, 2189-2200.

Kimura T, Pace SM, Wei L, Beard NA, DirksenTRDulhunty AF (2007)Biochemical Journa#l01, 317-324.

Kimura T, Lueck JD, Hargy RJ, Pace SM, moto N, Casarotto MG, DirksenTRDulhunty AF (2009)Cell
Calcium45,264-274.
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In vitro interactions between C-terminal residues of th@, . subunit of DHPR and RyR1 from
skeletal muscle

R.T Rebbeck, YKarunasekara, E. M Gallant, N.A. Beard, M.G. Casarotto and Bufhunty Department of
Structural BiologyJohn Curtin School of Medical ResehrAustralian National UniversityP.O. Box 334,
Canberra, ACT 2601, Australia.

Excitation-contraction (EC) coupling is the process which links the excitatory action potential to
contraction of the muscle. Essential to this process in skeletal muscle is the interaction betnedcium
channels: the L-type voltage gatedydihopyridine receptor (DHPR) located in the transverse tubule and the
ryanodine receptor (RyR1) located in the sarcoplasmic reticulum (SR). This interaction between the tw
channels triggers SR €arelease through the RyR1, which raisgtosolic [C&*] from [1.00 nM to 1-10uM
and enables contraction. The physical components of this channel-to-channel interaction are yet to be
elucidated.

The last 35 C-terminal residues (V490-M524) andydrdphobic heptad repeat motif (L478, V485 and
V492) of theB,, sutunit of the DHPR hee keen shan to play an important role in EC coupling (Bget al.

1999; Sheridaret al, 2004). Havever, the importance of the heptad repeat in EC coupling is camnsial as
Dayalet al.(2010) has recently shown thaipeession of a heptad repeat mutant (L478A, V485A, V492A) only
slightly hinders EC coupling in &, -null zebrafish model. Our aimas to ivestigate the functional and
physical interaction between RyR1 andot®5 residue peptideg, | C-tail peptide, corresponding to the last 35
C-terminal residues of tH&  sulunit, (V490-M524; which contains only one of thedhophobic residues in the
heptad repeat) arfg] , A474-A508 peptide, which contains the full heptad repeat.

New Zealand rabbits were euthanized by captiolt. Fractions of SR membrane, containing veti
RyR1, were collected from rabbit back and leuscle by gradient centrifugation. RyR1 was purified by
solubilising the SR and further gradient centrifugation. Thgsighl interaction between RyR1 and the
biotinylated B, peptides was irestigated using streptalin-agarose affinity chromatographThe functional
action off3, , peptides on RyR1 were measured by reconstituting RyR1 into artificial lipid bilayers and assessing
channel response to peptide addition, and Wifrfanodine binding.

We show that natve and purified RyR1 bound to bof , peptides. As a functional consequence of the
physical interaction between RyR1 afig C-tail peptide, RyR1 activity increased 2 to 3-fold in the presence of
the 3, , C-tail peptide (100 pM to 500 nM). Consistentlye 3, peptide significantly increase@HJryanodine
binding to natre RyR1 at C&" concentrations between 1 and {iMl. Significantly there was also a 2-fold
increase in nate RyR1 activity in the presence of 10 and 100 f8)} A474-A508 peptide. These results
demonstrate that the C-terminus of fiyg sulunit can modulate RyR1 activity by directly binding to the RyR1
and that the heptad repeat is not crucial for the functional interaction between the DHPR and RyR1. Preliminary
data havever indicate that three hydrophobic residues located along one surfaca-tiedir between L496 and
W503 are essential for the action of the C-tail peptide on RyR1 chanwélya@yverall, the results suggest that
through its C-terminus, th& _ sulunit modulates RyR1 activity under Caoncentrations that occur inedktal
muscle fibres during EC coupling, but that the heptad repeat is not essential for this regulation.

Beumg M, Ahern CA, Vallejo PConklin MW, Powers PA, Grgg RG and Coronado R. (199Bjophysical
Journal 77: 2953-2967.

Dayal A, Schredelseker J, Franzini-Armstrong C and Grabner M. (ZEDEalcium47: 500-506.

Sheridan DC, Cheng Warbonneau L, Ahern CA and Coronado R. (2@physical Journa87: 929-942.
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GSTM2-2 C terminus modulates the contractility of cultured rat ventricular cardiomyocytes
R.P . Hewawasam, M.G. Casarotto, P.G. Bbard A.F Dulhunty Department of Structural Biologyohn
Curtin School of Medical Resedy Australian National UniversityGPO Box 334, Canberra, ACT 2601,
Australia.

The ryanodine receptor (RyR) functions as an ion channel that relea¥e&dba the sarcoplasmic
reticulum and is essential for excitation-contraction coupling and contraction in striated muscleiidaspre
studies we hae d$own that the human muscle specific glutathione transferase M2-2 (GSTM2-2) is a high
affinity inhibitor of cardiac muscle ryanodine receptors (RyR2) and a weakatactiof sleletal muscle
ryanodine receptors (RyR1) (Abdellagif al.,2007). Excessely active RyR channels are partly responsible for
low store C&" levels and defectie release in heart failure. Therefore, inhibition of RyR2 is a potential gyrate
for the treatment of heart failure. GSTM2-2 is one of tiiedglective inhibitors of RyR2 that does not influence
skeletal muscle RyR aefity. Single channel lipid bilayer experiments andOalease assays conducted on the
C-terminal half of GSTM2-2(GSTM2C) and the mutants, F157A and Y160A in the C terminal domain
confirmed the importance of the helix 6 in the C-terminal fold for the inhibition of RyR&aiMasamet d.,

2010). It has been reported in a quakatiudy that a glutathione transferase fr@wistosoma japonicum
(Sj.GST26) can be internalised from the medium into a variety of mammalian cell types (Naalik2003).

Morris et al. (2008) also reported that proteins including GSTM2-2 containing a GST fold structure are
efficiently internalized by L-929 cells. Therefore, the objextd this study was to confirm the fact that
GSTM2C is capable of internalising into cultured cardiomyocytes and to determinéettteo€IGSTM2C on

the cardiac function.

The study was performed on primary cardiomyocyte cultures from neonatal rats. Cells were seeded at a
density of k10° cells per 35mm dish and used 2-3 days after platingl GSTM2C tagged with oregon green
dye was incubated with cultured cardiomyocytes for 24h and immunostained witk-aatinin, which
specifically stainst cardiac/skletal actinin. Optical fields were randomly chosen and observed to ascertain the
occurrence of spontaneous beats. Beating freguartt number of beating cells were counted from the control
and UM GSTM2C treated cells. Cell beatingag/recorded in both control and GSTM2C treated cells using a
JVC video camera KY/F550 attached to Nikon TE2000-U microscope. Images were analysed using Image Pro
plus 6.2 software and percentage cell shortening measured.

Confocal images of the cardiomyocytes stained withg@regreen-GSTM2C and anti-actinin
confirmed the uptak of GSTM2C into the cultured cardiomyocytes. A preliminary study showed that the
beating frequenc (contractions per min) in the control group was reduced significantly from 42.5/min to
6.9/min in the GSTM2C treated cells<0.001). The number of spontaneously beating cells obddnvthe
control group, 6.6%, was also significantly reduced to 1.846.001) in the drug treated group. In order to
determine whether the alm result is due to action potential failure or GSTM2 C terminus affecting the
contraction mechanism, the degree of shortening in each lasameasured. The percentage shorteniag w
significantly reduced from 743.0% in the control group of cardiomyocytes t0+2.%% after GSTM2C
treatment <0.001), consistent with GSTM2C reducing?Ceelease from the SR.

In conclusion, our results indicate that GSTM2 C terminus enters cardiomyocytes and alters the cardiac
function by reducing C4 release through RyR2 in ventricular cardiomyocytes.

Abdellatif Y, Liu D, Gallant EM, Gage PVWBoard PG & Dulhunty AK2007)Cell Calcium41: 429-40.

Hewawssam R PLiu D, Casarotto M G, Dulhunty ABoard PG. (2010Biochemical Pharmacolgy 80(3):
381-88.

Morris MJ, Craig SJ, Sutherland TM, Board PG, Casarotto MG (2@8083himica et Biophysica Acta
1788(3)676-85.

Namiki S, Tomida T Tanabe M, Lino M, Hirose K (2003Biochemical and Biophysical eseach
communication805: 592-97.
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Effects of membrane cholesterol depletion on excitation-contraction coupling in mammalian

skeletal muscle

A.J.H. Hewson and B.S. Launikonis, School of Biomedical Sciences, The University of Queensland, Brisbane,
QLD 4072 Australia.

Cholesterol in the lipid bilayer of plasma membranes is present invebldtirge proportions compared
to the internal membranes of eukaryotic cells. Its presefeetsithe biophysical properties of the membrane-
embedded proteins. Arkeellent membrane signaling system to study the effects of membrane cholesterol is
excitation-contraction coupling (EC coupling). Thissélves transduction of electrical signals throughout the
sarcolemma and its vagination into the cell, the tubular (t-) system and the transduction of this signal to
internal sarcoplasmic reticulum (SR) membrane for initiation of* @alease. Thereforéor functional EC
coupling in skeletal muscle, CIK*, Na* and the wltage sensor must work at thedeof surface membrane/t-
system and C4 release channels and Tgpumps must work at the SR, adwnembranes with significantly
different cholesterol contentdMe dmed to assess the role of membrane cholesterol in these membranes by
assessing the functionality of EC coupling after manipulating membrane cholesterol wigh pagghlodextrin
(MBCD) and saponin, agents that deplete membrane cholesterol and bind with membrane cholesterol anc
aggreate to form pores, respeedly (Launikonis & Stephenson, 2001).

The Animal Ethics Committee at The Waisity of Queensland appred the use of animals in this study
2-3 mo old C57 mice and 2-3 mo oldidtéar rats were killed by asphyxiation and the interosseieatethsor
digitorum longus(EDL) muscles were remed, respectiely. Interossei fibres were transferred to a chamber
with Na“-based physiological solution (with or without"Chnd either impaled with a glass microelectrode to
measure resting membrane potential (Vm) with a GeneClamp 500 amplifemzymatically dissociated and
loaded with fura-2AM for imagingytoplasmic C&" on a Nikon wide-field fluorescence microscope equipped
with a camera during field stimulation at 10 Hz with a pulse strendiB®#/cm for 0.5 ms. Intact EDL fibre
bundles were exposed to a Naased pwsiological solution containing fluo-4 salt or fluorescein dextran. Fibres
were mechanically skinned, trapping the dye in the t-system, and transferred to a chamber containing a
K*-based internal solution. In some experiments, skinned fibres were bathed in an internal solutioquMtith 20
fluo-4 and release of SR €awas evoked by exposure to 30 mM cédine. Fluo-4or fluorescein deran
fluorescence signals were imaged on an Olympus FV1000 confocal microscope.

Treatment of skinned fibres with 10 mMBD for up to 10 min did not result in significant loss of
fluorescence signal from the t-system (n =B)eatment of skinned fibres with 1 mg/ml saponin caused a rapid
decline in fluorescence from the t-system due to creating cholesterol-dependent pores in the t-system (n = 3)
The saponin-induced loss of t-system trapped dye was pragtgssiduced after 2 and 10 min pretreatment of
the fibre with 10 mM NBCD (n = 4 each), indicating significant cholesterol is remddrom the t-system by
MBCD, without affecting t-system membrane grity. Exposure of 10 mM MACD to isolated intact fibres
caused the formation of pores at the myotendonus junction but nehefgein the preparation, as assessed by
the loss of gtoplasmic fura-2. This may be a consequence of membrane weakening following collagenase
treatment or a non-fluid nature of this section of membrane in these filsssaying SR Cd content with
caffeine showed that 2 min treatment of the skinned fibre with 10 nfdCMfor 2 min reduced SR &&a
loading ability by about 66t 6 % (n = 10). In a normal physiological solution, resting Vm initially
hyperpolarized and then slowly depolarized in the presence of 30 E&DMver an bour (n = 3). In a CHree
physiological solution, 30 mM fACD caused a sho depolarization of the resting Vmver an hour (n=3).
Resting Vm remained reladly stable for more than an hour in the absence BB (n = 6). Electrical
stimulation of isolated intact fibres loaded with fura-2 induced partially fusétti@asients that initially were
potentiated by 2 or 3 mM BCD and then declined within 1.5 and 4 min, respelsti These results suggest
that depleting membrane cholesteroleafs the function of t-system Thnd K" channels. Aneffect of
membrane cholesterol manipulation on the t-systefincNannel and voltage-sensor cannot be excluded.

Launikonis BS, Stephenson DG (2001)fdets of membrane cholesterol manipulation xcitation-contraction
coupling in skeletal muscle of the toddurnal of Physiologyp34: 71-85.
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The response of health and dystrophic mdx mouse muscle to prolonged efations of

cytoplasmic Ce*

K.A. Burlinson and B.S. Launikonis, School of Biomedical Sciences, The University of Queensland, Brisbane,
QLD 4072, Australia.

Duchenne Muscular Dystropl{DMD) is the most common form of muscular dystrgplit is caused by
a mutation in the dystrophin gene resulting in the lack of the structural protein dystrofis.results in
numerous abnormalities in the dystrophic muscle, including the response of the membrane to stretch, calciumr
handling and the turwer of fibres within the skeletal musclé& number of membrane proteins are responsible
for shaping the C4 transient in theytoplasm. Thereforayith C&* handling affected in dystrophic fibres, this
signal can be different from that in hegltimuscle fibres. This could lead to different downstream outcomes.
We amed to trigger a prolonged ektion of cytoplasmic C& in healtty and dystrophic muscle fibres, under
different conditions, to obsexvhe effect on the aetition of signalling pathays by measuringytoplasmic
C&* and observing membrane integrity and fibre status.

All experiments were appved by The Animal Ethics Committee at The Waisity of Queensland.
C57BL/10 (WT) and C57BL/10-mdx (mdx) mice were killed by asphyxiation following inhalation of CO
Interosseimuscle from these mice were dissected out andvithdil fibres were enzymatically isolated.
Selected isolated fibres were loaded withub Fura-2AM in a physiological solution and placed aba Dx
objective d a Nikon inverted microscope in a customised experimental chamber with a glasslipoas a base.
The physiological solution used in experimentsweither Naor K*-based, to polarise and depolarise the fibre,
respectiely, and had either 2 mM CGaor was nominally Cd-free. C&*-free solution contained 1 mM EGT
and had raised Mg from 1 to 3 mM. Cytoplasmic Fura-2 signals were collected from isolated fibrewifaijlo
excitation of the trapped dye with light alawdengths of 340, 360 and 380 nm. Excitatioavdengths were
generated in a Sutter DG4 monochromator that rapidly changed theapattiiight through the >eitation
filters. Light was passed through each excitation filter for <10 Emsitted light was collected by QuanTEM
CCD digital camera and displayed on a computer monitor using MetaMorplasaft®ura-2vas excited and
fluorescence subsequently collectedbrg 2 or 30 s during xperiments. Theratio of the 340/380nm
wavelengths was used to monitor cytoplasmic{Gand the 360nm avdength (isosbestic point) as used to
monitor [Fura-2] in the fibre. Calcium was leakfrom the sarcoplasmic reticulum using the sarcoplasmic
reticulum C&*-ATPase (SERCA) blocker cyclopiazonic acid (CPA).

In 0 C&*, K*-based solution, a 1Q@M CPA treatment induced cell death observed agmettontracture
or loss of gtoplasmic Fura-2 through a lysed surface membrane in 18 of 33 WT and 1 of 18 mdx fibres. In
addition, all 5 mdx fibres suméd exposure to 25M CPA. The cytoplasmic C4 transient induced by the
introduction of CR did not appear to be different between the fibre types. In‘ebhsed, 2 mM C4 solution,
the introduction of 5quM CPA was sulfficient to deplete the SR passed thevaticin threshold for store-
operated C& entry (SOCE) in all 3 WT but not in all 3 mdx fibres. Store-operatéd &ury was obserd in
all 4 mdx fibres when [CPA] was raised to 3849.

KAB was the Leonie StanjdMemorial Scholar of Muscular DystrophQid.
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Muscle membrane permeability damage and atroply in Zucker obese rats

N. Capitanio! E. Rybalka: R. Murphy? H. Latchmar?, K. Croft® and A. Hayes,™Metabolism Exercise and
Nutrion Unit, School of Biomedical and Health Sciences and Institute of Sport, Exercise science and Active
Living (ISEAL), Victoria UniversityPO Box 14428, Melbourne City MC, VIC 8001, Austraflagpartment of
Zoology La Trobe UniversityLa Trobe UniversityMelbourne VIC 3086, Australia andDepartment of

Medicine and the WHeart Reseath Institute University of Western Australia, CrawleAA 6009, Australia.

Type 2 Diabetes (T2D) has a heterogeneous payisapbgy. Devdopment of the disease is often related
to the effects of an increase in fatty acid)Eontent. These include: 1) increased production of reactiygen
species (RS), and reduced antioxidant defencedlable (Johansert al. 2005); 2) increase in inflammatory
mediators leading to insulin resistance (Dandona, Aljada & Bandyppad{2004) and apoptosis/necrosis
(Shoelson, Herrero & Naaz, 2004); 3) reduced membrane fluidity which inhibits mitochondrial function
(Lamson & Plaza, 2002); and 4) altered sarcoplasmic reticulum function (EibsttaliZ1984; Gangulyet al,
1986). These defects can be damaging to muscle thereby reducing muscle mass, function and mdiphology
amount of muscle damage is examined with the use of a fluorescent dye known as Evans Blue Dye (EBD),
which permeates gndamaged or leaktissue, thus »hibiting higher fluorescence. As such, the aim of this
study was to determine if there is more skeletal and cardiac muscle damage andimff@Rhmuscles at rest
compared to normal muscles, and whether this damage is associated with increased lipase and protease activity

Twenty eight male Zudk rats (a widely-used model of T2D) at 14 weeks of age, comprising of 14
Zucker Obese rats (OBESE) and 14 Zucker Lean (LEAN) rats, were injected with 1% EBD 24 hours prior to
sampling to allev absorption into muscle tissue. On the following ,dayimals were anaesthetised (Neutd,
60 mg.kgl) and a portion of EDL @st-twitch), soleus(slow-twitch), and cardiac muscles were resem
covered in O.C.Tcompound and frozen in isopentane cooled with liquid nitrogen, for later histological analysis
of muscle damage and atrgpfhe remainder of the muscles were immediately snap frozen in liquid nitrogen
and stored at —80°C for later isoprostane (marker lipase-induced membrane breakdown) and calpain (marker o
proteolysis) analyses.

Overall, OBESE rats had a significantly higher amount of musdibiéing EBD fluorescence than
LEAN littermates in EDL andsoleus(p<0.01), and cardiacp€0.05) muscles. In addition, the fluorescent
intensity was also shown to be significantly higher in EDL and cardiac muscle of OBES@@5), with a
trend in soleus muscle of OBESE rats (p=0.06). Absolute andveelpér body weight) muscle masses were
significantly lower in EDL and soleup<0.05) of OBESE animals, concomitant with lower fibre area (p<0.05).
Cardiac muscle mass was significantly higher in OBESE pa& @ 5), lut when taken as a percentage of total
body weight, it was significantly lower than the LEAN groys@.01). Despite the lower mass and higher
muscle damage and/or membrane leakiness asnshp EBD fluorescence, no differences were observed in
markers of necrosis as indicated by the presence of non-membrane bound nuclei, isoprostane production, or ir
p-calpain, and calpain-3. Interestingtgtal arachidonic acid content (a\k@mmponent of plasma membranes)
was found to be significantly lower in the EDL and soleus muscles of the OBESE arpsd@B5), but not in
cardiac muscle.

In conclusion, this study stwed that resting muscles from T2D rats exhibit higher skeletal and cardiac
muscle damage and atrgphwhich cannot be attriied to isoprostane production, inflammation or calpain
activation.

Johansen JS, Harris AK, Rychly DJ, Ergul A. (20@grdiovascular Diabetolog¢(1),5-16.

Dandona PAljada A, Bandyopadhyay A. (2004ltends in Immunolog25(1),4-11.

Shoelson SE, Herrero L, Naaz A. (200@astroenterology.32(6),2169-2180.

Lamson W, Aaza SM. (2002)Alternative Medicine Rewvig 7(2),94-111.

Eibschutz B, Lopaschuk GD, McNeill JH, Katz S. (19&8g&searth Communications in Chemicalathology
and Pharmacology5(2),301-304.

Ganguly PK, Mathur S, Gupta MBeamish RE, Dhalla NS. (198 merican Journal of Physiody, 251(14),
E515-E523.
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Stimulating the Notch signalling pathway does not impove nmuscle regeneration after myotoxic
injury in dystrophic mice

JE. Chuch! J. Tieu,* A.P Rusself and G.S. Lynch,'Basic and Clinical Myology Laboratoripepartment of
Physiology The University of Melbourn&/IC 3010, Australia andSchool of Exercise and Nutrition Sciences,
Deakin University221 Burwood HighwayBurwood, VIC 3125, Australia.

Duchenne muscular dystroptDMD) is the most seere of the muscular dystrophies, affecting 1 in 3,500
live male births, and characterised by chronic muscle fibrgemkration and increasingly ifettive
regeneration which results in fibrotic tissue infiltration and leads to major functional impairments. The Notch
signalling pathway is a central regulator oelepment, and participates in regulation of myogenesis both in
the embryo and postnatally following injury (Conbet al, 2002). Stimulatiorof the Notch signalling pathay
has previously been shown to impeonuscle regeneration in aged animals (CgnBoRando, 2003).The
present study sought to test the hypothesis that stimulation of the Notch signalling pathway weudd ha
similarly beneficial effect on muscle regeneration in dystrophic mice.

Male C57BL/10 omdxdystrophic mice (8-9 weeks) were used in these experiments. Bniifly were
anaesthetised (ketamine 80 mg/kg and xylazine 10 migfkgand thetibialis anterior (TA) muscle of the right
hindlimb was injected with Notexin (fug/ml, i.m.) to cause complete muscle fibreggémeration. AfteB days,
the mice were gen a s$ngle intramuscular injection of either saline, a Notch antibody (twvabetiNotch
signalling), a Jagged-Fc fusion protein (to inhibit Notch signalling), or their regpaotitrols (Hamster IgG as
a ontrol for the Notch antibody and human Fc protein as a control for Jagged-Fc). Mice were then allowed to
recover for a further 4 or 11 days (corresponding to 7 and 14 days post-injury). At these times, mice were
anaesthetised (60 mg/kg, sodium pentobarhifa),and A muscle function was assessaditu using methods
described previously (Gehrigt al, 2010). Micewere killed at the end of the experiment by cardiegisgon
while still anaesthetized deeply.

We found that neither ae@tion nor inhibition of Notch signalling at 3 days post-injury hag an
significant effect on force production by the regenerating muscles of either Buti@xonice when measured
at 7 or 14 days post-injunyWe then examined the effect of a single intramuscular injection of the Notch
antibody (an actitor of the signalling pathway) on muscle function in th® mouse (a mouse model of
muscular dystrophwith a more seere phenotype matching that of DMD patientgyhen muscle function as
assessed 3 days after injection, force production was reduced significantly in the antibody-treated mouse
compared with controip&0.05).

These results suggest that, contrary to our hypothesigatangjithe Notch signalling pathway in injured
muscles of C57BL/10 amdxmice does not impke@ nuscle regeneration, and that aating the pathway in a
severely dystrophic but otherwise uninjure@o mouse actually reduces muscle function. These findings reflect
the comple and progressie rature of the muscle asting in muscular dystrophand indicate that the
continuous cycles and heterogeneous nature of the degeneration and regeneration of muscle fibres in DMD wil
be a significant barrier for therapeutic modulation ektigmental signalling pathways.

Conbg IM, Conbgy MJ, Smythe GM & Rando TA. (2008cience802 1575-1577.
Conby IM & Rando TA. (2002pevelopmental CeB: 397-409.
Gehrig SM, Koopman R, Naim, Tjoakarfa C & Lynch GS. (2010)American Journal of &hology176. 29-33.
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Influence of myo-inositol on protein turnover in C ,C, , myotubes
E. Zachaewicz and A.PRussell, Deakin University221 Burwood HwyBurwood, VIC 3125, Australia.

Introduction: Muscle atroph is a devastating condition present in numerous neuromuscular and chronic
diseases (Skiparth et al, 2006). Loss of muscle tissue leads to weakness, loss of independence, reduced
response to chemotherapies and is used agaiweepognostic ctor (Al-Majid & Mccartly, 2001; Andrgrev
et al, 1998; Tisdale, 2002). Identifying therapeutic targets whighrse muscular atroghend maintain muscle
mass remain ¢y research priorities. Recently dyainositol-1,2,6-trisphosphatex{trinositol, AT) has been
shavn to attenuate the loss of body mass in a MAC-16 tumour murine cachexia model, attenuate protein
degradation in GC,, myotubes and increase protein synthegsupregulating the phosphorylation of R
and attenuating the autophosphorylation of eukaryotic initiatiotof 21 (elF-20) (Russellet al, 2009, Russell
et al, 2010). Havever, AT is not naturally present in mammalian tissue and furthermore its association with
target molecules in the body has not yet been fully characterised. Naturally ocaug@igositol (M) is
present in all mammalian and plant cells, is obtained from the diet and synthasisadh by kidney cells
(Clements & Darnell, 1980; Clements & Wertson, 1977; Holub, 1986)oate, no study has looked at the
role of natural Ml on the regulation of protein tuvao Therefore the aims of the study were teestigate the
role of MI on protein synthesis and degradation and Akt andogbR®sphorylation under catabolic conditions
in C,C,, myotubes. A secondary aim was teestigate the role of Ml in (C,, myoblast cell proliferation.

Methods: C,C,, myotubes were treated with the catabolic stimuli dexamethasone (D) for 24 h
and TNFx (50 ng/ml) for 2 and 24 h, in the presence and absence of MIY¥)0Protein synthesis &s
determined by the incorporation &f-tyrosine into myotubes. Protein degradation was determined by the
release ofH-tyrosine into the medium as a fraction of totdttyrosine. The expression of the muscle specific
atropty genes, muscle atropt- box (MAFbx/atrogin-1) and muscle RING finger 1 (MuRF-1) was determined
by PCR. The expression of phosphorylated Akt andcelprdteins, as well as atrogin-1 and MuRF-1 proteins
was determined by western blot analysis. Myoblast proliferaticas wletermined by the incorporation of
5-bromo-2-deoxyuridine (BrDU) into newly synthesised DNuring serum stamtion, with and without Ml
(0-1000uM), and in the presence of THK0-250 ng/ml).

Results: DEX decreased protein synthesis by 159 (0.001) and increased protein degradation by 34%
(p < 0.001). MI, either alone, or when combined with DEX, did not influence protein synthesis or protein
degradation. Ml decreased MuRF1 mRNy 18%, when compared to basal conditiops<( 0.05). DEX
increased atrogin-1 mRNexpression by 47%, when compared to basadde an effect attenuated by 44%<
0.05) with MI. TNFax treatment did not influence protein synthesis gradation. Haever, TNFa treatment
for 2 h decreased MuRF-1 mRNy 30% (p = 0.04) and increased atrogin-1 mRNxpression by 90%p(=
0.09). MI, either alone, or when combined with TtNRad no effect MuRF-1 or atrogin-1 mRNevds. TNFa
and serum starvation decreased myoblast proliferation by f£8%0.01) and 16%p < 0.001), respectely. MI
blocked the serum starvatiom< 0.008), but not the TNg, reduction in proliferation.

Conclusion: These results shothat natural Ml does not influence protein synthesis gradation.
However, MI attenuates the DEX-induced up regulation of atgeglne expression in C,, myotubes. The
measurement of atrogin-1, MuRF1, Akt and elf#totein levels is currently being performed. Ml may play a
protectve role in maintaining GC,, myoblast proliferation during serum starvation.

Al-Majid, S & McCartty, DO. (2001)Biological Researh for Nursing,2: 155-166.

Andreyey, HJ, Norman, AR, Oates, J & Cunningham, D 1988iropean Journal of Cancer (OxihrEngland:
1990)34: 503-509.

Clements, RS, J& Darnell, B (1980)American Journal of Clinical Nutritior33: 1954-1967.

Clements, RS, J& Reynertson, R (1977Diabetes26: 215-221.

Holub, BJ (1986)Annual Revies of Nutrition, 6: 563-597.

Russell, ST Sren, PMA, Siren, MJ & &dale, MJ (2009)Cancer Chemotherapy And Pharmaaplp64:
517-527.

Russell, STSrren, PMA, Siren, MJ & Tisdale, MJ (201@xperimental Cell Resegelr, 316: 286-295.
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Does folic acid supplementation during pregnancy reduce skeletal muscle mitochondrial
biogenesis and insulin signalling in adult offspring?

D.S. Hiam! G.D. Wadley and J.A. Owen$ Cente for Physical Activity and Nutrition, School of Exercise and
Nutrition Sciences, Deakin UniversiBurwood, VIC 3125, Australia arf®chool of Paediatrics and
Reproductive Health, University of Adelaj@&A 01, Australia.

Background:Fdlic acid plays a significant role in the health of a foetus and is often supplemented to
women during prgnang to prevent neural tube defects such$gina Bifida(Lucock & Yates, 2009). Heever,
recent evidence suggests that high doses of folic acid supplementadiSh dering prgnany might
permanently alter the sletal muscle metabolism in adult offspring. Indeed, Ovetras. (2009) hae found that
high FAS during prgnang increases insulin sensitly in adult males but decreases insulin sensitivity in adult
female offspring (Owenst al, 2009). Mitochondria are crucial to skeletal muscle metabolism and impaired
mitochondrial biogenesis (synthesis) is implicated in the aetiology of insulin resistance and type 2 diabetes (Liu
et al, 2009). InterestinglyOwenset al. also found decreasedpression of genesvolved in mitochondrial
biogenesis, such as PG@;knd genes ivolved in insulin signalling, such as Akt in theefdtal muscle of these
FAS animals (Owenset al, 2009). Therefore, it is possible that high dose folic acid supplementation during
pregnang could also dwn-regulate the protein expression of skeletal muscle mitochondrial biogenesirsnark
and insulin signalling proteins in the offspring.

Aims: To examine the long-term ffcts of high folic acid supplementation during gmmeng on the
markers of mitochondrial biogenesis and insulin signalling proteins in #letskmuscle of the adultfepring.

Methods:Praggnant rats receéd ether a control diet containing a normal amount of folic acid (2mg/kg) or
a FAS diet containing a high dose of folic acid (6mg/kg). At 90 days of age, the young dspittngf were
given intraperitoneal injection of sodium pentobarbital (180 mg/kg body weight) and ¢letaskmuscle as
dissected out and quickly frozen in Lind stored at —80°C. Skeletal muscle was collected and markers of
mitochondrial biogenesis, thevids of mitochondrial proteins and insulin signalling proteins were measured by
western blotting.

Results:IRS-1 protein gpression was 42% higher in male FAS offspring compared to the male Control
offspring (<0.05). The protein abundance of other insulin signalling proteins, such asa8kiok altered in
either s& following FAS. Furthermore, there were no other significant differences between FAS offspring and
Control offspring in either sefor marlers of mitochondrial biogenesis (PG@-and Tfam) and the Vels of
mitochondrial proteins (C®IV and Cytochrome C).

Conclusions:The results indicate that young adult males whose mothers weosesl to high folate
levels during prgnang had increased expression of the insulin signalling protein IRS-1 in association with
improved insulin sensitivity that has been previously reported (Owéias, 2009). Havever, exposure to high
levels of folate during prgnang does not appear to alter markers of mitochondrial biogenesis or mitochondrial
proteins in the adult offspring of either male or female rats.

Liu, J, Shen, Wzhao, B, Wang, yWertz, K, Weber P & Zhang, P (2009) drgeting mitochondrial biogenesis
for preventing and treating insulin resistance in diabetes and obesity: Hope from natural mitochondrial
nutrients Advanced Drug Delivery Reviewsl, 1343-52.

Lucock, M & Yates, Z (2009) Folic acid fortification: a double-edge@drdwCurrent Opinion in Clinical
Nutrition and Metabolic Cax,12,555-64.

Owens, J, Kong, WGrant, P Moretta, S, De Blasio, M, Harland, M, Gatford, K, Robinson, J & Dziadek, M
(2009) Maternal folic acid supplementation in the rat imgsdnsulin sensitiity in adult male dkpring
but impairs that of female fsfpring. Proceedings of the Perinatal Society afsfalia and Nev Zealand
meeting in Darwin, April 20085.
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The effect of taurine andf3-alanine supplementation on taurine content and contractile

properties of skeletal muscle in the mdx mouse

D.M. Horvath! A. Haye$ and C.A. Goodmaf!School of Biomedical and Health Sciences, Victoria University,
Melbourne VIC 8001, Australia anaDepartment of Comparative Bioscientmiversity of Wisconsin,

Madison, WI 53706, USA.

The amino acid taurine (Tau) has been suggested as a possible beneficial compound in the treatment ¢
Duchenne muscular dystropliDMD) due to its effects on multiple targets associated with DMD pathology
There is evidence that the mdx mouse (a model of DMD) has lower Vs t®mpared to controls during
degeneration and that increased Tavele in sleletal muscle correlates with tissue repair and restoration of
function (MclIntoshet al, 1998). B-alanine competiiely inhibits Tau upta& and has been previously reported
to decrease Tau in skeletal muscle by up to 50% in ratwg@eet al, 2002). Thisdecrease was associated
with impaired eercise tolerance and an increase in fatigue.

This study examined sketal muscle taurine \els (plantaris and diaphragm) and contractile function
(extensor digitorum longu$¢EDL)) of six month old male control (C57BL10) and mdx mice after 4 weeks of
3% taurine or 3%f3-alanine supplementationia drinking water Muscles tested were dissected out under
anaesthesia (40-50mg/kg of Nembutal i.p.) in accordance with thevalpgmanted from the Victoria Uwaersity
Animal Ethics Experimentation Committe€ontractile function including a fatigue protocol was assessed
(30°C, 70Hz, 250ms for 1 min) as pieusly described (Hamiltoat al, 2006). Recwery post-fatigue was then
followed for 1 hour and tetanic force measurements recorded at 1, 2, 5, 10, 20, 30, 45 and 60 minutes.

Four weeks of Tau of-alanine supplementation significantly<€ 0.05) increased and decreasedlstal
muscle Tau leels, respectiely. B-alanine supplementation reduced fatigpe< (0.05) in both control and mdx
mice, havever Tau shaved a similar effect in the mdx muscles onKfter 10 minutes of rea@ry mdx Tau
supplemented muscles produced significantly more fopces (0.05) than both the3-alanine and non-
supplemented mdx groups. Taurine supplementation had fect en the reogery of the control group.
B-alanine supplementation immenl recovery in the control mice up to 10 minutes with no significant
difference between supplement groups observed after this time.

The findings suggest that taurine may be able to decraiigpecf and impnee recovery in the mdx mouse.

Dawson Jr R, Biasetti M. Messina S. Dognih (2002)Amino Acid22(4): 309-24.

Hamilton EJ, Bay HM, Easton CJ, Bakker AJ. (2008nino Acids31(3):273-8.

Mcintosh LM, Garrett KL, Mgeng L, Rudnicki MA, Anderson JE. (1998Anatomical Recat 252(2):
311-24.
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The molecular architecture of the heart’s cnduction system in health and disease
M.R. Boyett and H. Dobrzynski, Cardiovascular Medicieiversity of Mancheste46 Gafton Street,
ManchesterM13 ONT UK. (Introduced by Yue-kun Ju)

The cardiac conduction system (CCS) acts as the fi@aitig system and is vital for the initiation and
coordination of the heart beat (Bzt, 2009). The main tissues comprising the CCS are the sinoatrial node (the
pacemakr of the heart), atrientricular node (responsible for slaction potential conduction from the atria to
the ventricles and, therebwn delay between atrial and ventricular systole) and the His-Purkinje system
(responsible for fast action potential conduction throughout #mricles and, therebythe synchronised
contraction of the ventricles) - thavere discoered in the late 19 and early 28 centuries. The electrical
actvity of the CCS is ultimately dependent on thx@ression of ion channels and, using quant#aBCR and
immunohistochemistrywe ae mapping the expressiond@0 ion channel sulmits in the CCSg.g.Chandleret
al., 2009). Unsurprisinglythe expression pattern is very different from that in tleekiag myocardium, bt
appropriate toxplain the electrical activity of the CCS. For example, pacemaking in the sinoatrial node can be
explained by the poor expression of the backgrouniciannel, K2.1, the expression of the pacemaion
channel, HCN4, and perhaps the high expression of thedhiage-actiated C&* channels, CA.3 and Cg8.1;
slow conduction through the atrentricular node can be explained by the poxpression of the major Na
channel, Ngl.5, and the major gap junction channel, Cx43; fast conduction through the His-Purkinje system
can be explained by the high expression ofIN& and expression of the large conductance gap junction
channel, Cx40. The heart rate of the mouse is abowt fa8ter than that of the human and this canXptagned
by differences in ion channekgression: analysis suggests that channels carrying outward current are generally
more highly &pressed in the mouse sinoatrial node and this is expected to result in a shorter action potential
(essential in the case of a higher heart rate) and channels carrying inward current are also generally more highl
expressed in the mouse sinoatrial node and this may be responsible for the faster heart rate of the mouse.

There is dysfunction of the CCS in the aged heart, in heart failure (HF), atrial fibrillation and possibly
diabetes (Boyett, 2009). Foxample, a substantial proportionil6%) of HF patients die of bradyaythmias
and there is dysfunction of all parts of the CCS in HF: there can be sinus bradycardia and prolongation of
atrioventricular nodal conduction and heart block, a@$% of HF patients & left bundle branch block. &
and others are showing a widespread remodelling of ion channels in the CCS iniheartffor example, in a
rat model of heart failure (following pulmonary hypertension), 14 out of 21 transcripts for ion channels and
related proteins were altered in the sinoatrial node (the CCS appears peculiarlyesertdii— for example, in
this model only 4/21 transcripts were altered in the atrial musdhe. dysfunction of the CCS in disease is
likely to be the result of the remodelling of ion channels - fample, the sinus bradycardia in HF and atrial
fibrillation has been attributed to avdaregulation of HCN4 in the sinoatrial node (Bxit, 2009). There isven
evidence of ’'dysfunction’ in trained athletes: sinus bradycardia, prat@rg of atrizventricular nodal
conduction and heart block and incomplete right bundle branch block. The effects of athletic traiaibegha
attributed to 'high vagal tone’, lut there is no evidence for this and instead it is more likely to be the result of a
remodelling of ion channels (Boyett, 2009). The CCS is mxtensie than originally thought and specialised
nodal-like tissue encircles the tricuspid and mitralves, pulmonary artery and aorta and is potentially
responsible for atrial tachycardias and ventricular outftact tachycardias (Boyett, 2009).

M.R. Boyett. (2009).And the Beat Goes On’. The cardiac conduction system: the wiring system of the heart.
Experimental Physiolog94, 1035-1049.

Chandler NJ, Greener IDgllez JO, Inada S, Musa H, MolenaarCHrancesco D, Baruscotti M, Longhi R,
Anderson RH, Billeter R, Sharma Sigg DC, Boett MR, Dobrzynski H. (2009). Molecular architecture
of the human sinus node - insights into the function of the cardiac pasmen@ikculation 119,
1562-1575.
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Distribution and functional role of IP ;R receptors in mouse sino-atrial node
YK. Ju, Department of Physiology (F13), University of SydN8W 2006, Australia.

Inositol 1,4,5-trisphosphate receptors ;®@B) hae been implicated in the generation of cardiac
arrhythmias, although the mechanismalved is uncleadn mammalian sinoatrial node (SAN), where the heart
beat originates, the expression and functional role ftdPae ot been inestigated.

In order to determine whether SAN cellgeess IERs and their functional role in cardiac pacemaking,
we used a range of techniques to study rARNd protein expression and distributioneVitst examined
MRNA expression oflp,rs, Hcn4, Ryr2 and Stim1genes across different regions of the mouse heart, including
central SAN, peripheral SAN,\Anode, atria and ventricle. &\found that all thregp,r isoforms were xpressed
in the SAN and other regions of the heart. In conttdsh4 expression was highest in the central SAN and
showed progresae reduction in peripheral SAN,\Anode, atria and ventricle.

Whole mount SANs were co-labelled with Cx43 antibody and eithg®1lFor IPR2 antibody Cx43
antibody was used to distinguish central SAN from peripheral SAdNfohd very weak labelling of JR1 in
the central SAN, identified by absence of Cx43RIPlabelling appeared in the peripheral SAN, especially in
the interatrial septum, which also showed straxgression of Cx43. In contrast, the entire SAN, including the
central and peripheral SAN and the surrounding atrial tissue, was uniformly labelled yJ®&thdRtibody The
results suggested that while the SAN expressed thrges IBoforms, IER2 was the only protein isoform
detected in the central SAN and isolated single pacemaker calsistvVfound that C& sparks induced by
membrane-permeable JAP,-BM) were predominately located near the sarcolemma (withiprh)5 The IBR
agonist endothelin-1 (ET-1) induced sinoatrial gthimias as necaled by SAN electrical mapping. ET-1 and
IP,-BM increased intracellular Ca and pacemadr firing rate whereas the JR antagonist,
2-aminoethoxydipheyt borate (2-APB), decreased £and firing rate. Both of these effects were absent in
SANs from IBR2 knockout mice. Westimate that the contribution of Eaelease from IERs to normal heart
rate could be up to 14 % based on the spontaneous firing rate of isolated SANs fromPBR2vKO mice.
The results provided clear evidence that the heart rate modulated byl 2-APB \&@svia their interaction
with IP,Rs.

All animal experiments were apwel by animal ethics committees of all listed research institutefR2P
knock out mice are gift from Ddu Chen. The details of gene targeting and generation &2#leficient mice
were published previously (let al, 2005).

Li X, Zima AV, Sheikh F Blatter LA, Chen J. 2005) Endothelin-1-induced arrhythmogenf¢ €ignaling is
abolished in atrial mygtes of inositol-1,4,5-trisphosphate(IP3)-receptor type 2-deficient mice.
Circulation Reseath 96(12):1274-81.

This study vas supported National Health and Medical Research Council of Australia (program grant 354400
and project grant 570926) and the Health Research CouncilwZBaand.
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Proteins in the lumen of the sarcoplasmic reticulum determine cardiac RyR channel activity,
cardiac function and the structure of Ca2* release units

A.F. Dulhunty and N.A. Beard, John Curtin School of Medical RebeAustralian National UniversityPO
Box 334, ACT 2601, Australia.

The activity of ryanodine receptor (RyR2) Larelease channels in the intracellular sarcoplasmic
reticulum (SR) C#& store of cardiac myocytes must bevlduring diastole for efficient ¢a accumulation by
the SR for release during systole and for appropriate lowering of cytoplasitficRPR2 channels become
“leaky” in inherited and acquired disorders in which high cytosolic{during diastole leads to delayed after
depolarisations (DADs) and agtinmias (catecholaminergic polymorphic ventricular tachycardia (CPVT)). The
“leaky” RyR can also deplete the SR?Csatore, reducing systolic Earelease and cardiac output.

Low RyR2 activity during diastole in healthmyocytes is maintained by the integrated actions @
and associated proteins. Cytoplasmic proteins that depress RyR2 activity include members of the glutathione
transferase family and the chloride intracellular channel protein, CLIC-&&aMsamet al, 2010). RyR2
channels arexguisitely sensitie © luminal [C&*]. However luminal proteins that influence the response of
RyR2 to luminal C&" and their binding sites on the minute luminal domain of RyR2 are only just being defined.
The luminal proteins include the €abinding proteins calsequestrin (CSQ2) and the histidine rich protein
(HRP) as well as the membrane spanning triadin and junctin, which bind to RyR2 and to CSQ2. Mutations in
CSQ2 as well as RyR2 lead to DADs and CPVa@ understand ha luminal factors regulate cardiac output,
numerous transgenic modelsvhdeen deeloped in which the luminal proteinsvyebkeen knocked out, under
expressed or @& expressed (Knollman, 2009;aR et al, 2008). The general consensus is that none of the
proteins is essentiale. animals surwie with altered expression, but are often unable to cope with stress and
develop CPVT A major change with CSQ2 knockout is proliferation of the SR to maintain tHes@ae. The
structure of the SR is also influenced by triadin and juncgimession. Hwever the transgenic studies do not
reveal the role of the targeted proteinwhd interacts with RyR2 or the mechanisms thatvalioto regulate
RyR2 and C# release, because of the compensatory changes in SR structure amessien of other
proteins.

In contrast to the explosion in transgenic models, basic studies of the role of luminal proteins in cardiac
SR function are f@. This is also in contrast toceensve dudies of interactions between the luminal proteins in
skeletal muscle, albeit from only a handful of laboratories. A long held assumption, thatwleeleve is
incorrect, is that the luminal proteins interact with RyR2 in the heart in the sayn@swihg interact with RyR1
in fast-twitch skeletal muscle. As a consequence interactions betastetwitch skeletal proteins V& been
extrapolated to the cardiac system, despite dgloethat there are different isoforms of the RyR, CSQ and triadin
in the two tissues and the demands on thé'Gtore are astly different. This is particularly true for CSQ, where
the polymerization of the skeletal isoform dictates both" ®ading capacity and its ability to influence RyR1
actiity in response to changes in luminal f(a Cardiac CSQ2 does not polymerize whetpased to
physiological free [C&"] of (1L mM and an ionic strength df150 mM, in contrast to CSQ1 which is mostly
polymerized under these conditionsejWt al, 2009). Inhindsight it was not surprising that we find that CSQ2
actvates RyR2, while CSQ1 inhibits RyR1 @iVet al, 2009). Our preliminary evidence suggests that the
interaction between junctin and RyR2 may also be isoform-specific. ypothesis is that CSQ2 acts to ensure
strong C4" release from cardiac SR with each heart beat, in contrast to its role in conserving th# Siar€a
in skeletal muscle for occasional maximedions.

Knollmann BC. (2009Journal of Physiology87:3081-3087.

Fan GC, Yuan Q, Kranias EG. (2008)ends in Cardiovascular MedicinE8; 1-5.

Wei L, Hanna AD, Beard NA, Dulhunty AF2009)Cell Calcium45: 474-484.

Hewawssam R, Liu D, Casarotto MG, Dulhunty ABoard PG. (2010)Biochemical Pharmacolgy 80:
381-388.
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A new twist in cardiac muscle: dislocated and helicoid arrangements of myofibrillar z-disks in
mammalian ventricular myocytes

M.B. Cannell, I.D. Jayasingh®.J. Crossman, D. Baddeleand C. SoelleDepartment of Physiology
University of Auckland NeZealand. (Intoduced by Yue-Kun Ju)

The general structure of cardiac muscle cells has been established by light and electron mifwoscop
some time, but detailed information on 3anization is less common as is thganization of proteins that
enable high speed signal transduction te faice. © provide information for detailed modeling of cardiac cell
function we hme been examining the ganization of myofibrils, sarcoplasmic reticulum, t-tubules and
associated proteins by confocal fluorescence micrgsdtyese studies shothat the basic 3D genization of
the myofilaments is complex, with dislocations and helicoidal structwrdsrg (see figure). Such a comple
structure may arise during normal growtht bt also has important implications for arthmogenesisvia
calcium wave propagtion. While the sarcoplasmic reticulum calcium release channel (RyR) is generally close
to z-lines and separated laterally 3.6 um, the longitudinal separation should be set by the sarcomere length
which is considerably longer 1.9-2i#m. Therefore one would expect that a Cavevwould be able to
propagte more easily in the trarexge direction than longitudinallfloweva, it is well known that calcium
waves propagate throughout the cell rather uniformly.d. Berlin, Cannell& L ederey 1989). Our obsemtion
(Jayasinghet al, 2010) of dislocated z-lines thatVeRyRs associated with them helps explain this paradox;
the dislocations coupled with the jitter in longitudinal RyR spacing will assist longitudinal calcawa w
propagation.

For normal excitation-contraction coupling, calcium influba I-type
calcium channels (DHPRS) triggers the release of calcium from RyRs and
2D analysis of the colocalization of DHPRs and RyR in rat suggested that
most (160%) of the DHPRs were grouped opposite the RyRsu@griDan
& Moore, 2000). Hwever, when analysis is performed in 3D, the
colocalization is significantly lower[#15%) (Fletcheret al, 2010). This
recent finding underscores the importance of studying structure in 3D
especially when the underlying resolution of the microscope is insufficient at
the spatial scale of interest. In human, we find aen dower level of
colocalization which suggests that normal EC coupling may arise from a
combination of tightly coupled release triggered by DHPRviati plus a
component due to local calcium diffusion from nearby DHPRs and Ryrs.

At the near moIecuIar scale, we find that RyRs are not packed into junctigivaisras a single cluster
but rather as smaller groups of RyRs forming super clusters. This agggests that local diffusion between
release sites plays an important role in nornxaitation-contraction coupling. It is possible that this partial
uncoupling of RyRs from DHPRs sexwto protect excitation contraction coupling during the normdictafg
of proteins and sub-cellular remodeling which would be important as the hearthas a chance to rest and
rekuild. On the other hand, this looser coupling pmlarrlythmogenesivia calcium waves more likely and
may help explain the propensity of the remodeled, diseased heavelmpdarrhythmias.

1. Berlin, J.R., Cannell, M.B. & LederanN.J. (1989) ITI in single rat cardiac ventricular cells: Relationship to
fluctuations in intracellular calciun€irculation Researh 65,115-126.

2. Jayasinghe, I.D., Crossman, D.J., SoellerCannell, M.B. (2010) A metwist in cardiac muscle: dislocated
and helicoid arrangements of myofibrillar Z-Disks in mammalianticular myogtes. Journal of
Molecular and Cellular Cardiolog$8(5),964-971.

3. Scrven, D.L., Dan, P., Moore, E.D.W2000) Distrilution of proteins implicated inxeitation-contraction
coupling in rat ventricular myocyteBiophysical Journal9,2682-2691.

4. Fletcher PA., Scriven, D.L., Schulson, M.N., Moore, E.D.W2010) Multi-image colocalization and its
statistical significanceBiophysical Journaf9,1996-2005.

Proceedings of the Australian Physiological Society http://www.aups.ay.au/Proceedings/41/112P



Mechanisms of contractile dysfunction in lamin A/C-deficient hearts
D. Fatkin, Sr Bernice Reseadr Program in Inherited Heart Diseases, Molecular Cardiology Division, Victor
Chang Cardiac Reseeln Institute Darlinghurst, NSW 2010, Australia.

Mutations in theLMNA gene that encodes the nuclear lamina proteins, lamin A and lamiveChden
associated with derse human disorders and are the most common cause of familial dilated cardiomyopath
(DCM). The mechanisms by which nuclear protein defects result in cardiac contractile dysfunction are
incompletely understood. Mice with agated deletion of themnagene deelop DCM and are a useful model
to study disease pathogenesitomozygoud mnaknockout (Lmna’) havesevere DCM and die by 6-8 weeks
of age, while heterozygoukrina”’) mice develop a milder phenotype in adult life with reduced savafter
40 weeks. Previous studiesvhaestablished that lamin A/C-deficient nucleiveaincreased deformability and
reduced survial when subjected to biaxial strain. On the basis of these findings, it has been proposed that
mechanical stress-induced apoptosis couteid significantly to the gdelopment of DCM in patients with
LMNA mutations. The aim of our studyas to test this “structural hypothesis” by determining the effects of
interventions to modify mechanical stresslimna’ mice. Serial echocardiograptand tissue studies were
performed in wildtype (WT) andlmna’ mice before and afterxercise training, thoracic aortic constriction
(TAC), and administration of g-adrenegic receptor-blocking drug, carvedilol. Echocardiogsaplas
performed in anaesthetized miceddin 2.5%). Mice were ventilated and anaesthetized for surgical procedures
with ketamine (75 mg/kg), xylazine (20 mg/kg) and atropine (0.6 mg/ksgué& analyses were performed post-
mortem in excised hearts.eNirst evaluated the biophysical properties of isolated cardiomyocytes from mice
aged 12 weeks (prior to DCM) and found changes in nuclear size and shapesifi mice, as well as altered
distribution of perinuclear desmin and enhanced swelling responsgpdeoBmotic stress. Groups of 12 week-
old WT andLmna’- mice underwent a 6-weelkecise training program. Contrary to our predictions, neither
moderate nor sere intensity gercise training induced cardiomyyte apoptosis (assessed by TUNEL assay
and caspase-3 aedtion) or DCM. Sustained left ventricular pressuxertbad generated byAC resulted in
apoptosis and contractile dysfunction in WT and.inna”" mice, with no differences in gerity between the
genotype groups. ¥/found hevever, that regular moderatexercise training attenuated DCM wtopment in
male Lmna’" mice. Oral administration of carvedilol from 6 weeks to 40 weeks also had a peteéiict
against DCM in malémna’ mice.

These data indicate that lamin A/C-deficient cardiorgiesc hae intrinsic structural defects but that
mechanical stress-induced apoptosis is not a major determinant of DEModse that alteredytoskeletal
stability due to loss of normal nuclear anchoring may impair force transmission and promote D@k
hearts. Exercise training and camiol administration from an early age are promising strategies for DCM
prevention and warrant further clinicavauation.

Proceedings of the Australian Physiological Society http://www.aups.ay.au/Proceedings/41/113P



Hot and cold running ion pumps

S.L. Myers, F. Cornelius? H.-J. Apell® and R.J Clarke ,! 1School of Chemistryniversity of Sydng NSW
2006, Australia’Department of Physiology and Biophysics, University of Aarhus, DK-8000 Aarhus C,
Denmark andFaculty of Biology University of Constan¢d®-78435 Constangésermany.

Crystal structures of the N&*-ATPase from both a arm-blooded animal (pig) (Mortét al, 2007) and
a wld-blooded animal (shark) (Shinoga al, 2009) hae recently been published. Although the structures of
the enzyme from these tvwgpecies appear very similave havediscosered major differences in their kinetics,

From irvestigations of K occlusion by the phosphoenzyme intermediate of theKNaATPase and its
K*-stimulated dephosphorylatiovia stopped-flav fluorimetry we hae found that, whereas both enzymes
appear to hae smilar rate constants of ¥occlusion of 370-380°% the two enzymes hee vey different rate
constants of dephosphorylation. For the shark enzyme, dephosphorylation proceeds with a rate constant of onl
48 *2) st at 24°C and pH 7.4, whereas for the pig enzyme the rate constant is%3& slephosphorylation
is, thus, the major rate-determining step of the shark enzyme under saturating concentrations of all substrates
For the pig enzyme, on the other hand, the major rate-determining step under the same conditions is the
conformational E2-E1 transition of unphosphorylated enzyme and its assocfatetbdse to theytoplasm.

The differences in rate constant of the dephosphorylation reaction of thengymes are paralleled by
compensating changes to the rate constant for the E2-E1 transition (&adiljd010), which explains whthe
differences in the enzymes’ kinetic behavioweheot previously been identified in steady-state kinetic studies
of the enzymes entire reaction cycle.

In mammals, heat generation by the"a-ATPase as a by-product of ion pumping is thought toemak
approximately a 12% contuition tavards the maintenance of body temperature. Therefore, the possibility
should be iwestigated whether under physiological conditions the differences IiKN&TPase kinetics, which
we have identified between a warm- and a cold-blooded animal, could in part be responsible for the higher body
temperature of warm-blooded animals.

Khalid M, Cornelius FClarke R]. (2010)Biophysical Journa®8: 2290.

Morth JR Pedersen BPToustrup-Jensen MS, Sgrensen TL, Petersen J, AnderséitsdR B, Nissen R2007)
Nature450 1043-9.

Shinoda TOgawa H, Cornelius FToyoshima C (2009Nature459 446-50.
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Mapping the ion translocation pathway in the glutamine transporter SMT 3

S. Broer S. Balkrishnd, H.-P. Schneidef and J.WDeitmer? 'Reseach Shool of Biology Australian National
University Canberra, ACT 0200, Australia arfdligemeine ZoologieFachbereit Biology, Technical
University of Kaiserslautern, Kaiserslautern, D-67653 Germany.

The glutamine transporter 33 plays a pvotal role in the release of glutamine from brain asties,
the uptak and release of glutamine from hepatocytes and the eptiaglutamine in epithelial cells of the
kidney. SNAT3 has a comple mechanism imolving the cotransport of Na+ and the antiport of protons. In
addition substrate-dependent and independent ion-conductances areedchbsererder to understand the
mechanism of the transporter in more detail, welared the ion translocation pathway by experimental and
theoretical approaches.

Until recently database searchesvearot revealed homology to an known transporter structure.
Comparison of dropatly plots of the hydantoin permease Mhpl with tiydropatly plot of SNAT 3, hawvever,
revealed a significant similarity aleing us to generate a homology model of the transpdither SMT 3 model
suggests anwverall topology that is similar to the Mhpl structure. In this model helix 1 and 6 are lining the
translocation pore and a putatiNa+-binding site was identifiedvialving residues asparagine 76, methionine
79 in helix 1 and valine 377 and threonine 380 in helix 8.

In line with this model we pxéously found that mutation of threonine 380 and of asparagine 76 changed
the permeability properties of the transporkdutation of valine 377 to larger hydrophobic residues resulted in
transporters with little aatity. Mutation of \aline 377 to leucine, heever resulted in an acté transporter
molecule. This conseative exchange abolished the substrate-dependent conductance at pH 8.4, but not at pH
7.4. This is opposite to the change obedrin a threonine 380 to alanine substitution, where the conductance at
pH 7.4 is abolished. This confirms previous obsgons that the transporter has different conductance
properties at different pHalues. As shown previously mutation of asparagine 76 to aspartate introduces a
chloride-conductance that is tightly controlled by pHe Wwmbined this mutation with a truncation of the C-
terminal histidine in order toxplore whether this residue changes the pH-dependence of the conductance. In
this double mutant the anion conductance was still pH-gated, but showed little rectification compared to the
N76D mutant.

The results suggest that asparagine aine 377 and threonine 380 line the translocation pore of the
glutamine transporter SN 3. All three residues significantly alter the conductance of the transporter which is
consistent with their suggested position close to the substrate and ion binding site of the transporter.
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Glutamate transporter loss-of-function mutations cause human dicarboxylic aminoaciduria
R.M. Ryart, C.G. Bailg/,> A.D. Thoend,C. Ng? K. King? J.M. Vanslambrouck,C. Auray-Blias’ R.J.
Vandenbeg,' S. Broef and J.E.JRasko® IDepartment of Pharmacologyniversity of Sydng NSW 20086,
Australia, ’Gene & Stem Cell Therapy &ram, Centenary Institutfgamperdown, NSW 2050, Australia,
3Service of Genetics, Dept. of Pediatrics, Université de Sherbr@érbroole, Québec, CanaddReseath
School of BiologyAustralian National UniversityACT 0200, Australia anéCell and Molecular Therapies,
Sydng Cancer Cente, Royal Prince Alfred Hospital, Camperdown, NSW 2050, Australia.

Excitatory amino acid transporter 3 (EAAT3) has beerwshto be the major epithelial transporter of
glutamate and aspartate in the kigraad intestine in rodents. EAR is also found in the brain where it is
responsible for clearing the major excitatory neurotransmitter glutamate from the extracellular space. In this
study we describe v mutations in EAA3 that cause human dicarboxylic aminoaciduria, an autosomal
recessie dsorder of urinary glutamate and aspartate transport that has been associated with mental retardation
The single point mutation R445W causes an increase in subsfiaity ahd a significant reduction in transport
and cell-surface expression. The non-functional deletion mutation, 1395dhdbjte nayligable cell surdce
expression. Our study provides definitievidence that EAA3 is the major renal transporter of glutamate and
aspartate in humans and implicates EAAT3 in the pathogenesis of neurological disorders.

Proceedings of the Australian Physiological Society http://www.aups.ay.au/Proceedings/41/116P



Determining the physiological state of a membrane protein: westigating the P-gycoprotein

crystal structure

M.L. O'Mara and A.E. Mark, School of Chemistry and Molecular Biosciences, University of Queensland, St
Lucia, QLD 4072, Australia .

P-glycoprotein is one of the major multi-drug transporters in humans. Expressed primarily in barrier
tissues, P-glycoprotein (P-gpxports a wide range of substrates and is a cellular first defence mechanism
against xenotoxins. P-gp is a member of the ABC transporter supigyf utilising the energy released from
Mg?* catalysed ATP binding and hydrolysis between the macleotide binding domains (NBDs) to induce a
conformational change across thetinransmembrane domains (TMDs). This conformational changesdhie
translocation of substrate across the membrane. Recent studkesyiséallized homologues of P-gp in aifiA
bound conformation (Dawson & Loch&006). Here the tw TMDs are in an outwardly splayed conformation
and are connected to the tightly coupled NBDs which form a characteristic nucleotide sandwichvidimer
nucleotide analogues sandwiched between them. In 2009 a medium resolution crystal structure of murine P-gy
was lved in an alternate conformation, with iamly facing TMDs and a wide gap separating the WBDs
(Aller et al, 2009). The large conformational differences between the structavesige to questions as to
whether this nucleotide-free structure represents an alterr@mtiformation in the transporycle, or whether
this structure arose as a crystallization artefact. Here we address these quwestimossets of molecular
dynamics (MD) simulations: one of P-gp in a cholesterol enriched POPC bikmgkeithe second in the
crystallographic mother liquor.

Simulations of the crystallographic mother liquor demonstrate that the nucleotide-free structure of P-gp is
stabilized primarily by protein-protein contacts in the unit cell crystal lattice. Ramb these contacts is
sufficient to destabilize the P-gp crystal structure. The instability arises from an ataténtial between the
NBDs, resulting in a salt bridge between D558 and H1228. Experimerdadilesterol is necessary for the
functional actvity of P-gp, hevever MD simulations demonstrate that the presence of cholesterol alone in a
POPC membrane is not fiofent to stabilize the P-glycoprotein crystal structuree ¥& identifying the
underlying factors producing the instability of the P-gp crystal structureamdiming the effects of dirent
ionic solutions on structural stability of P-gp.

Dawson RJ. Locher KF2006) Structure of a bacterial multidrug ABC transpoiiature443: 180-5.

Aller SG, Yu J, Ward A, Weng Y Chittaboina S, Zhuo R, Harrell PMyiih YT, Zhang Q, Urbatsch IL, Chang
G. (2009)Structure of P-Glycoprotein veals a molecular basis for poly-specific drug bindiggience
323:1718-1722.
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Acquisition and dissemination of multidrug resistance in cancevia microparticles

R. Jaiswalt S. Sambasivah). Gong}! JM. Mathys? V. Combes’ G.E. Graif and M. Bebawy,Faculty of
Pharmacy The University of SydygeNSW 2006, AustraligDepartment of Molecular and Clinical Genetics,
Royal Prince Alfred Hospital, Camperdown, NSW 2050, Australigéstular Immunology Unit, Discipline
of Pathology Sydney Medical School, The University of SygneSW 2006, Australia.

Background: A major obstacle to the successful treatment of cancer is the acquisition of multi-drug
resistance (MDR), a unique drug resistance in which tumors display cross-resistance to a wide range of
unrelated drugs. MDR in cancer cells is typically causedvayexpression of efflux transporters constituting
the ATP Binding Cassette Supeariily, of which P-glycoprotein (P-gp) and the Multidrug Resistance Associated
protein (MRP1) are the most prominent. These transporters with their remarkable efflux capacity maintain
sublethal intracellular drug concentrations, effegtyi rendering cancer cells treatment unrespansi

The cellular regulation of these transporters was initiallywknao occur either pre- or post-
transcriptionally Howeve, we recently disceered a neel non-genetic pathway of MDR acquisition in which
microparticles (MPs) provide the vehicle for intercellular transfer of functional P-gp from multidrug resistant
donor cells to drug sensié recipient cancer cells.

Objective: The current study irestigated the role of regulatory nucleic acids contained within the MP
cargo in the acquisition and regulation of traits in recipient cells.

Methods and Results:MPs isolated from donor MDR cells, VL (MDR") were co-cultured with
drug-sensite CCRF-CEM (MDR) cells for 4 h to allew for MP binding and P-gp transfefhe MP
localisation on the cell swafe and internalisation in recipient cells was visualised using confocal imaging. The
acquisition of fully functional P-gp following MP transferaws established by flocytometry following direct
immunolabeling and by assessing Rhodamine 123 dye exclusion.

Using quantitatie RT- PCR the MPs were observed to incorporate and transfer transporter transcripts
including those forABCB1and ABCC1 We disened a significant 218 fold increase and 30% decrease in
ABCB1land ABCC1 mRNA respectiely in recipient cells following MP coculture, the resulting phenotype
being reflectre d that observed in the donor cell population.Xaraining a potential contribution bygelatory
nucleic acids twards this differential profile in recipient cells, we identifimitro-RNAsas ley mediators in
this pathway.

Conclusions: These findings seevio further our understanding of the intercellular pathwayulaing
trait acquisition in cancer cell populations and provide a basis for treogment of alternate treatment
strategies targeting the emergence of MDR in cancer.

This work is funded by the NSW Cancer Council.
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Microparticles confer multidrug resistance in breast cancer

J. Gong}! R. Jaiswalt S. Sambasivamh)-M. Mathys? V. Combes’ G.E. Graif and M. Bebawy,Faculty of
Pharmacy The University of SydygeNSW 2006, AustraligDepartment of Molecular and Clinical Genetics,
Royal Prince Alfred Hospital, Camperdown, NSW 2050, Australigéstular Immunology Unit, Discipline
of Pathology Sydney Medical School, The University of SygneSW 2006, Australia.

Rationale: Despite decades of using cytotoxic drugs, the incidence of cancer relapse is\&iéinpre
One mechanism contributing to this is multidrug resistance (MDR). MDR occurs when a tumour cell becomes
resistant to a number of structurally and functionally unrelated cytotoxic drugs following exposure to a single
agent, resulting in a tumour cell that no longer responds to thevap if drugs of different classes are used.
One mechanism contributing to the egerce of MDR is the w@r-expression of efflux transporters, in
particular P-glycoprotein (P-gp). This transporter maintains a sublethal intracellular drug concentration,
effectively rendering cancer cells treatment unrespansi

Microparticles (MP) are plasma membrane-gstivesicles 0.1-im in diameter released by blebbing
from various cell types. As such, MP are made up of fragments of the parestpealiha membrane and
contain its cell surface proteins and cytoplasmic material (M@, 2000). We have previously shown in
human acute lymphoblastic leukaemia cells that MP are shed spontaneously from drug-resistant cells, are
capable of binding to drug-sensdi cells, and in doing so, transfer functional P-gp to drug-seasills,
conferring MDR (Bebay et al, 2009). Here we demonstrate that this also occurs in solid tumour cells such as
the MCF-7 breast cancer cell line. Specificallg demonstrate that the multidrug resistant MCF-7/Dx cell line
spontaneously sheds MP and that these MP carry the multidrug trandpottezrmore, we demonstrate that
MP derived from these cells also transfer transporter transcript and regulatory nucleic acids (microRNAS).

Methods: To determine if MP are shed from drug-resistant cells, the isolated MP populaolabelled
with FITC-annexin V and analysed byJlaytometry To determine if MP transferred P-gp to drug-sewusiti
cells, a co-cultured population of drug-sensitiells with MP were labelled with FITC-anti-P-gp and analysed
by flow cytometry Transferred P-gp was deemed functional by the daunorubicin dye exclusion assay
Quantitatve real time PCR was used to determine theléeof expression of transcripts and microRNAs in
donor cells, MP and recipient cells following MP coculture.

Results: Our results she that the multidrug resistant MCF-7/Dx cell line spontaneously sheds MP and
that these MP are capable of carrying functional P-gp to the drug-gersitiline, rendering recipient cells
MDR. We havealso determined that MP are capable of incorporating and transferring transporter transcripts and
microRNAs, leading to changes in the recipient cells which are reéegttine donor cell phenotype.

Conclusion: The significance of this study is in the elucidation of a non-genetic pgttiar the
acquisition of P-gp mediated MDR in cancé&his has the potential for translation into clinical outcomes as it
provides anothenanue by which resistance to chemothgregn be addressed.

Bebawy M, Combes, V Lee, E, Jaiswal, R, Gong, J, Bonhoure, A & Grau, G.E. (2009) Membrane
microparticles mediate transfer of P-glycoprotein to drug seasdincer cellsl.eukemia23,1643-9.

Mack, M, Kleinschmidt, A, Bruhl, H, KlierC, Nelson, P.J, Cihak, J, Plachl, StangassingemM, Erfle, V &
Schlondorf, D. (2000) Transfer of the chemokine receptor CCR5 between cells by membramd-deri
microparticles: a mechanism for cellular human immunodefigigimas 1 infectionNature Medicine6,
769-75.

This work was supported by a research grant from the NSW Cancer Council.
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Cadherin dynamics and the cytoskeleton

M. SmutnyS. Mangold, S. Wu, G. Gomez, Eoudcs, N.A. Hamilton and A.S. Yapivision of Molecular Cell
Biology; Institute for Molecular Bioscienc&he University of Queensland, St. Lucia, QLD 4072, Australia.
(Introduced by Pie Moens)

Classical cadherin adhesion receptors are major determinants of tiganigation both in health and
disease. Thehavelong been thought to function in close cooperation with the agtoskeleton. Despite this,
the molecular mechanisms responsible for cadherin-actin cooperation are poorly understood and lack, indeed,
clear aver-arching conceptual fram®rk. A major analytic challenge is to \d#op approaches to encompass
both the dynamics of adhesion receptoganization and the intrinsic dynamics of actin polymer
assembly/disassembly andgamization. W ae tackling this problem by using lentiviral shRNystems to
“replace” endogenous proteins with XFP-tagged transgenes; and then comlimiagl limaging (including
FRAP and photaatétion) with mathematical modelling in order to quantiteii characterize cadherin and
cytoskeletal dynamics. This multimodal approach is yielding a picture of functigtasleletal modules that
cooperate, in a context-dependent fashion, to regulate the stability angeturineell-cell junctions.
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Detecting stem cell differentiation using fluorescence lifetime microscopy (FLIM) by the phasor
approach

E. Gratton, Laboratory For Fluorescence Dynamics, 3210 Natural Sciences Il, University of California, Irvine,
CA 92679, USA.

In fluorescence lifetime microscpFLIM) of live issues a major issue is the assignment of auto-
fluorescence to specific molecular components and their interactions within ys@lgiical contgt.
Analyzing the intensity decays with a muliponential fit is often not sufficient to properly describe this
complexity Here we use the phasor approach to FLIM to analyze canggeays in a lie issue. Each
chemical species was identified and gateed by its specific location in the phasor plot. This phasor
fingerprint reduces the importance of knowing the exact lifetime distribution of fluorophores amd allo
interpreting the FLIM images directly in molecular terms. The phasor signature$eotmlifspecies e keen
used to separate matissue components inside the testes of an Oct4-GFP transgenic mouse and to map the
relative mncentration of auto-fluorescence, GE#tlagen, retinol, retinoic acid, FAD andA®H. Furthermore
the analysis of the fluorescence decay with higher harmonics of the phasor plot can seferexte tdifue
components that ke the same location in the phasor plot at one harmonicaftise from different lifetime
distributions. The phasor approach to lifetime imaging ive liissue provides a unique fit-free and
straightforvard method for interpreting compldecays in terms of molecular features the retatbncentration
of fluorophores. This method has the potential to become a wasivm ol to characterize the local
microenvironment and monitor differentiation and diseases in label-¥etsBues.
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Light, x-rays or electrons for imaging malaria parasites?

L. Tilley,! E. Hansser,N. Klonis! M. Dixon! P. McMillan,! N. Abu-Bakal and C. Whitchuh,® La Trobe
Institute for Molecular Science , and Centf Excellence for Coherent X-ray Scienta Trobe University,
Melbourne 3086, VIC, AustraligElectron Microscopy Unit, Bio21 Molecular Science and Biotechnology
Institute University of MelbourngParkville, VIC 3010, Australia andinstitute for the Biotechnology of
Infectious Diseases, University of Technology SyddgW 2007, Australia.

Imaging technologies ka provided us with phenomenal insight into the micro- and nano-scopic domains
and efforts to answer the major medical and biotechnology questions of the 21st century wiiilpe diizant
on the use of advanced imaging techniquesvdder there are limitations. Ceentional light microscop can
be used with hydrated (in some cases) Icells ut has limited resolution, particularly for full-field imaging.
Cornventional electron microscgpoffers very high resolution kagver the strong absorption of electrons by air
and by the sample means that it can only be used vty thin, fixed, dehydrated samples. Imaging
technologies thatvercome some of the disadvantages of optical and electron microscopies are keenly sought.

We haveused tvo “bridging” imaging modalities toxplore sub-cellular topograghThree-dimensional
structured illumination microscgp(3D-SIM) permits superesolution fluorescence imaging of cells that are
specifically labelled with fluorescent probes. Immunoelectron tomograibars high resolution imaging of
individual ultrastructural features in a cellular context. Combined with serial sectioning and immunogold
labeling it permits precise mapping of whole cell architecture.

The malaria parasiteRlasmodium falciparumdevdops within human erythrocytes. As it grows the
parasite establishes a membrane network outside its own limiting membrane in the cytoplasm of its host cell.
These membrane structures play an important role in thiekiafy of virulence proteins to the host cell s,
however their ultrastructure is only partly defined and there is on-going debgtedirgy their origin,
organization and connedfity. Parasite endocytic processes are also poorly understood. The parasite consumes
host haemoglobin in order to support its own growth. Small packets of haemoglobin are transferred from the
host cell cytoplasm to a parasite digestiacuole for haemoglobin digestion and heme detoxificatiovele
the precise mechanism for uptals debated. Advanced imaging methodwvédgrovided nwel insights into
parasite cell architecture and functional cell biology.
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Molecular transport in cells by the pair correlation fluctuation method
M.A. Digman, 3210 Natural Sciences 2, Laboratory For Fluorescence Dynamics, University of California
Irvine, Irvine, CA 2679, USA.

Traditional fluctuation spectroscppnethods are empyed to determine molecular diffusion in cells.
While these methods provide information about a local dynamics in a specific point in the geflo tho
respond to the question of the path taken by a moleculeuwd fram one point to anotherThis kind of
guestion is generally addressed by techniques such as single particle trdd&imeyer, in sngle particle
tracking the same molecule must be observed foxtmeéed period of time and the molecule must be isolated
from others. Also, maty single particle trajectories must be recorded before we lsafficient statistics to
delineate the path following by the particles. These conditions are difficult tv@ehdethe collection of man
trajectories tak&s some time, especially if the volume to be interrogated is small. As a consequence, single
particle tracking is used with large and bright particl#¢e devdoped a method in which we can fallo
relatively dim molecules in the presence of masther molecules, and statistically folothe flov of many
molecules at a time. &/have applied this method to the tfiaf of molecules inside the nucleus of cells and
among the cytoplasm and the nucleus.
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In vivo pair correlation analysis of enhanced green fluorescent protein (EGFP) intra nuclear
diffusion

E. Hinde F. Cardarelli, M.A. Digman and E. Gratton, Laboratory for Fluorescence Dynamics, Department of
Biomedical EngineerindJniversity of California, IrvineCA 2697, USA.

Intra nuclear diffusion is fundamental to enabling crucial cellular processegelile transcription, DN
replication, DM\ repair and epigenetic regulation todgikace. The dilusion of molecules within the nucleus is
obstructed by the steric constraints imposed by the nuclearomment. The extent to which nuclear
architecture directs the €isive route taken by these molecules is of significant interest. No methods proposed
thus far hae the capability to measurer@all molecular flev in the nucleus of living cells. Here we apply the
pair correlation function analysis (pCF) to measure molecular anisotropic diffusion in the interphase nucleus of
live eells. In the pCF method we cross correlate fluctuations v@radedistances and locations within the
nucleus, enabling us to define migration paths and barriers to diffusienus&/monomeric EGFP as a
prototypical inert molecule and measure itsvfio and between the ddrent nuclear environments, marked by
Hoechst 33342 as a reference ofddiensity.

As schematically shvan in the figure ab@e aur results suggest that there ar® tisconnect molecular fles
throughout the nucleus, associated with high amd DINA density regions. \& dosene that the diferent

density regions of DN form a netwrked channel that alo EGFP to diffuse freely throughout, Wever with
restricted ability to treerse the channel barriers. Upon more detailed analysis in time, rare bursts of EGFP
molecules were detected entering and exiting the channel, with a characteristic time of approximately 300ms.
The intermittent nature of this transit suggests an intrinsic localized change in chromatin structure which
periodically turns on and bfPreliminary results obtained during mitosis, suggest the chromosomes to impart a
markedly different mechanismward regulating the equilent transit. This is the firsh vivo demonstration of

the intricate chromatin network showing channel directefdigidn of an inert molecule with high spatial and
temporal resolution.
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SPontaneous Oscillatory Contraction (SPOC): Quantifying contractile performance in isolated
human cardiomyocytes under partial actvation

JE. Robinsor,R. Whar? F. Braet? Y. %12 S. Ishiwata M. Yamané, T. Kaganoto? N. Fukuda J. Hughes: T.
Kraft,® J. van der Velde®,S.B. Marstorf,M. Steenmaf P.S. Macdonal®land C.G. dos RemediésMuscle
Reseach Unit, Bost Institute Department of Anatomy and Histologyniversity of Sydng NSW 2006,
Australia, 2Australian Cente for Microscopy and Microanalysis, University of SygféSW 2006, Australia,
3Department of Physics, Faculty of Science and Engineafihseda UniversityTokyo, Japan?Department of
Cell PhysiologySchool of Medicine Jikei University Tokyo, Japan®Molecular and Cellular Physiology,
Medical School HanoveHanover GermanyfLaboratory for Physiologyinstitute for Cardiovascular
Researh, VU University Medical Cen&, Ansterdam, The Netherland®lational Heart and Lung Institute,
Imperial Collgge London, London, United Kingdoﬁinstitut du Thorax, Université de Nantes, NanteanEe
and®Heart and Lung fnsplant Unit, St Vincers’Hospital, Darlinghurst, Australia.

Under conditions of partial agtition, striated muscle fibresxlgibit repetitive, cyclic auto-oscillation
between rapid-lengthening (relaxation) and slow-shortening (contraction) phases. This phenomenon is termec
SPontaneous Oscillatory Contraction (SPOC), and represents a third state of muscle that exists intermediate t
contraction and relaxation. The cardiac SPOC period and shortexlimgty have been correlated with heart
rate in various animals. Thus, SPOC is likely to reflect tlysiplogy of the heart as it functioned in life. Small
bundles of skinned, immobilised human cardiomytes suspended by adhesiape were exposed to precise
ionic conditions to induce SPOC, and recorded at high spatial and temporal resolution vesiagil li
microscopy. Quantitatve analysis allows us to dwaconclusions about hothe SPOC parameters, including
total SPOC period and rates of shortening and lengthening, change with ageailingmfiman heart samples,
from 3 weeks to 65 years. Furtheve look at SPOC as a technique for demonstrating and quantifying a
functional defect in cardiomyectomy samples from patients diagnosed wpigrttophic cardiomyopagh
(HCM), where a causal genetic mutation has been identified. SPOC might be applied in future as a tool to assis
with the diagnosis and risk stratification of HCM patients.
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The effects of membrane potential and cytoplasmic calcium concentration on calcium extrusion
across the tubular system in mammalian skeletal muscle

JN. Edwards and B.S. Launikonis, School of Biomedical Sciences, The University of Queensland, Brisbane,
QLD 4072 Australia.

The regulation of cytoplasmic €ais essential in the maintenance oklgkal muscle function and
survival. This is achiged by the combined activities of ion transporters such as SERCA, NCX, PMCA, found
embedded within the sarcoplasmic reticulum (SR) and plasma membranes. Upoel&mse from the SR,
[Ca2+]cyto can globally reaci”uM and it is during such anvent that highlights C& extrusion is an essential
regulatory mechanism, as this i0 times the resting [éé]C o~ We haveshavn that during cell wide ca
release eents, there is an initial increase in t-system (extracellulaff,Gallowed by a net decline due to the
activation of a store-operated calcium entry (SOCE) current. Although the SOCE current has recently generated
significant leels of interest, information on the rates of t-systent*Geptale (cytoplasmic C&" extrusion)
remains limited. Therefore, we aimed to characterise feetefof membrane potential and ECJ@MO on the rate
of cytoplasmic C#& extrusion in mammalian skeletal muscle.

Wistar rats were killed by asptiation in accordance to the guidelines set by the Animal Ethics
Committee of the Unersity of Queensland.Extensor digitorum longusnd soleusmuscles were rapidly
excised, pinned out and fully immersed in paraffin oil. Small bundles of intact fibres were isolategp@setle
to a Nd-based physiological solution containing the fluorescent dye, fluo-5N Sagle fibres were then
isolated and mechanically skinned (resulting in the trapping the dye in the t-system) and transferred to a
chamber containing a*kor Na" -based internal solution to set the membrane potential. A ‘release solution’ with
low Mg?*, 5mM BAPTA and 5mM caffeine was used to chronically deplete sarcoplasmic reticuléifrstOees
and actvate SOCE. T-system fluo-5N fluorescence was imaged on an Olympus FV1000 confocal microscope in
either xy or xyt mode in polarized and depolarized fibres witlwknzytoplasmic C# concentrations, at rest or
during SR C#&' release. The net change in t-system fluo-5N sigaal wged as an indicator of Caovements
across the t-system.

Fluo 5N trapped in the sealed t-system was calibraiedsi{u) and in the presence of &hfent
concentrations of bovine serum albumioll&wing low [C&™* tsystem (achiered by dhronic actvation of SOCE
with ‘release solution’) the t-system could be reloaded with internal solutions containing 1 mM(E@iEr
100, 200 or 800 nM free €§. This rate of uptak was markedly greater in depolarized cells (Na+ based
solutions) compared to polarized cells*(Kased solutions), most likely due to an increased driving force for
C&* to exit the cell.Interestingly vacuoles were seen in some fibrescibles retained fluo 5N for > 20mins in
the presence of a ‘release solution’ whereas a fluorescence signal frorersartabules was rapidly lost.ew
have dso measured for the first time, a SOCE flux and t-system elipaow-twitch fibres from thesoleus
muscle which are currently being explored.
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The effect of suramin (a calmodulin antagonist) on caffeine-induced &release in
mechanically skinned fast-twitch skeletal muscle fibres of the rat

D.W Williams, G.S. Posterino and D.G. Stephenson, Department of Zobkigybe UniversityVIC 3086,
Australia.

Calmodulin (CaM) is a ubiquitous, multifunctional calcium binding protein, which binds to the ryanodine
receptor (RyR1) in skeletal muscleriffathy et al, 1995). C&*-free CaM binds to RYR1 and increasesRRs
affinity for calcium, while C4*-bound CaM inhibits RYR1s affinity for calcium (Rognet al, 2000). The
precise role of CaM in the regulation of calcium release in physiological preparations remainarunkno
Suramin is a broad acting CaM antagonist known to displace bound CaM from Ry&agq&i@l, 2009). In
this study we imestigated the effects of suramin on®aelease from the sarcoplasmic reticulum (SR) in freshly
mechanically skinned muscle fibres where the SR is intact under conditions where the suramin treatment did no
affect the ability of the contractile apparatus toetp force.

All experiments conducted were apped by the La Trobe Uniersity Animal Ethics committee. Rats
were killed by an werdose of isoflurane (4% volume: volume) and whole EDL muscles werevednand
pinned out on a bed of Sylgard at resting length under paraffin oil. Single fibres were then isolated under a
dissecting microscope, mechanically skinned, and mounted between a pair of forceps andve feeocsiti
transducer After mounting to the force recording apparatus, fibres were bathed in a K-based solution that
mimics the normal intracellular @imonment with respect to pH (7.10); maaient ions (137 mM); Mg (1
mM); divalent cations (60 mM); total ATP (8 mM); osmolality (295 mOsm/L);3¢a100 nM. The relatie R
Ca-content and ease of &anoving through the RyR1s can be estimated from the force responseiriglithe
transfer of the fibre to a SR-€adepleting solution containing caffeine (30 mM) and IfMg?*] (50 uM)
(Lamb & Stephenson, 1991). A similar area under thieioaf-induced force response is indieatd similar
SR Ca-content and adter rate of rise of the caffeine-induced force and/or a greater force peak (for same SR
Ca-content) indicate a greater SR?*Gefflux through the RyR1. Fibres were repeatedly bathed in a SR Ca-
loading solution ([C&] (300 nM) for increasing amounts of time (10-120 s) to reload the SR Carituy
levels and then the SR &awas fully released in the SR-Ca-depleting solution . Fibres were randowitiedi
into two groups (control and test) then exposed for 2 min to MGuramin (test) or exposed to adikolution
sanssuramin (control). After the suramganssuramin treatment, the fibres were washed for 10 min and the SR
Ca-loading/cdgtine release protocol was repeated for both groups. Suramin treatment resulted irech mark
reduction in the caffeine induced rate of rise (time between 20 and 80% of peak caffeine response decreased b
25.9+ 7.1% (S.E.M.) of controlg < 0.01) at 30 s load without changing the area under tHeimafinduced
force responsep 0.1). Suramin also increased the peak force of submaximal caffeine responses hy 20.70
5.99 % of maximum force for a 30 s load (n=4). Thus, the resulis thtad treatment with 10QM suramin for
30 s increases the SRC&ffux through the RyR1, which is consistent with suramin removing the CaM from
RyRs on the intact SR.

Lamb GD, Stephenson DG. (199burnal of Physiology434: 507-528.

Rodng GG, Williams BY, Strasbug GM, Beckingham K, Hamilton SL. (200@iochemistry39: 7807-7812.
Sigalas C, Bent S, Kitmitto A, O'Neill S, Sitsapesan R. (2@#)sh Journal of Pharmacology56. 794-806.
Tripathy A, Xu L, Mann G, Meissner G. (1998jophysical Journab4: 106-119.
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Calcium regulation of apoptosis in pancreatic acinar cells

J.V. Gerasimenkd,P. Ferdek! A.V. Tepikin? O.H. Petersehand 0.V Gerasimenkq! 'Cardiff School of
Biosciences, CardifJniversity Museum Avenye€ardiff CF10 3AX, UK andThe Physiological Laboratory,
The University of Liverpool, Crown Street, Liverpool L69 3BX, UK. (Introduced by Grigori 8jchk

We havestudied calcium igulation of induction of apoptosis in pancreas. In pancreatic acinar cells, the
earliest gents were found to beytosolic calcium eleations due to release of calcium from intracellular stores.
As a result of that calciumvels also increased in mitochondria aiding mitochondrial depolarization and.mPTP
High mitochondrial calcium at the time of oxidant stress found to be the crucial factor in the cell fate. When
mitochondrial calcium was lav, then apoptosis did not occurgeedless of other stores’ contentVe dso
studied Bcl-2 family members, well known regulators of apoptosisivad in regulation of intracellular
calcium homeostasis. Most interestingsaa potential link between Bcl-2 family proteins and a pasaicium
release from the intracellular storese Wund that BH3 mimetics induce calcium release from the ER that leads
to the formation of calcium plateau. Inhibition of either IP3Rs or RyRs redutetichnot abolish BH3-elicited
calcium release. Furthewe haveshavn that loss of Bcl-2 protein decreases calcium release from the ER and
increases cytosolic calcium clearance in pancreatic acinar cells.

Gerasimen& J, Ferdek PFischer L, Gukvskaya AS, Pandol SJ. (201Bjluges Archiv European Journal of
Physiology460(5) 891-900

Gerasimen& O, Cerasimenk J. 010)Methods in Molecular Biologg91 201-10.

Baumartner HK, GerasimenklV, Thorne C, Ferdek,Pozzan T Tepikin AV, Petersen OH, Sutton R, aion
AJ, Gerasimenk OV. (2009)Journal of Biological Chemistr284(31) 20796-803.
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The application of complementary luminescent and fluorescent imaging techniques to visualize
nuclear and cytoplasmic C&* signaling during in vivo differentiation of slow muscle cells in
zebrafish embryos

C.Y. Cheung! S.E. WebB,D.R. Lové and A.L. Miller,? IDepartment of Anatomical and Cellular Pathology,
Prince of Wales Hospital, CUHK, Hong Karhina, >Section of Biochemistry and Cell Biolo@jvision of

Life ScienceHKUST, Hong Kong China, and®School of Biological Sciences, University of Auckland, Auckland,
New Zealand. (Intoduced by Grigori Rycluk)

Intact zebrafish embryos were used asnavivo animal model to ivestigate the role of Cé signaling
during the differentiation of sl muscle cells (SMCs) within forming skeletal muscleaisgenic zebrafish
were generated using anactin promoter that targeted apoaequorin expression specifically to muscleveells. T
distinct C&" signaling periods (CSPs) were visualized in thesidping SMCs: betweefl7.5-19.5 hours post-
fertilization (hpf) and aftef23 hpf, separated by @3.5 hour C&' signaling quiet period. Further spatial
characterization of these €asignals using confocal fluorescent microscapd calcium green-1 dextran as a
reporter indicated that the earlier CSP displayed distinct nuclearygngdlasmic components, whereas the later
CSP was predominantly cytoplasmic. Both CSPs consisted of a series of oscill&finga@s generated at
distinct frequencies, while the earlier CSP also displayedaariie then fall in the G4 baseline-leel. Imaging
of cyclopamine- and forskolin-treated wild-type,sond”~ mutant embryos, where SMCs do not form, confirmed
the specific cell population generating the signaisafing embryos with antagonists indicated that bofRsP
and RyRs are responsible for generating the temporal characteristics of tisggGaling signature, and that the
latter plays a necessary role in SMC differentiation and subsequent myotome patterning (€thalLr10).
Together these data support and extend the proposition that specific spatiotemporal patterns of spontaneous
Ca* signals might be used for different as well as combinatomigilagion of both nuclear and cytosolic signal
transduction cascades, resulting in myofibrillogenesis in SMCs as well as myotome patterning (Webb, & Miller
2010).

Cheung, C.Y., Webb, S.E., /g D.R., and Miller A.L. (2010)nternational Journal of Developmental Bighn
In PressDOI 10.1387/ijdb.103160cc

Webb, S.E., and MillerA.L. (2010) In: Calcium Signaling CHS Press (Eds. Berridge, M.J., Pyind,
Roderick, L., Bootman, M.D)n Press.
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STIM:Orai stoichiometry and the trapping and activation of store-operated calcium channels
P.J. Hoover and R.S. LewjdDepartment of Molecular and Cellular Physiolo@anford University School of
Medicing Sanford, CA 94305, USA. (Introduced by Grigori Rymhk

The actvation of store-operated &aentry (SOCE) by depletion of €astores results from the
redistritution of the ER C& sensor STIM1 and the CRAchannel protein Orail to ER-plasma membrane
(PM) junctions where thyeform closely apposed clusters. Recent studies supporb-gaw difusion-trap
model for this process, in which the C-terminal polybasic domain of STIM1 binds to phosphoinositides in the
junctional plasma membrane and the STIM1 CR&tivation domain (CAD) binds to Orail, fettively
trapping and acteting mobile CRAC channels. Store depletion-induced oligomerization of STIM1 hasgeter
as the essential trigger for this sequencevefts, as shown by the ability of artificial STIM1 crosslinking to
elicit clustering at junctions and aaie CRAC channels in the absence of store depletion. STIM1 traps and
actvates CRAC channels through the binding of the CActivation domain (CAD, aa 342-448) to the N- and
C-termini of Orail.

Crosslinking of individual CR& channels by the isolated CAD protein fragment suggests that each
channel probably contains four STIM binding sites. deétermine the minimum number of bindingeets
required to trap a CR&channel at the ER-PM junction, we measured the junctional ratio of STIM1 to Orail as
the expression V&l of Orail was increased rele¢i o that of STIM1 in HEK 293 cells. At high Orail
expression, the STIM:Orai ratio reached a minimuatug of (0.3, or 1.2 STIM/tetrameric CR& channel,
suggesting that a single STIM1 is capable of arresting aCCBr¥annel at the junction.oTdetermine ha
CRAC channel activity varies with the number of binding sites occupied by STIM1, we meastitedensity
in HEK cells expressing a constant amount of STIM1 and increasimals lef Orail. V& found that CRE
channel actiation is a highly nonlinear bell-shaped function of Orail expression, and that the minimum
stoichiometry sufficient for trapping the channels at junctions fails/dkeesgnificant actvation. A simple
cooperatie cating model fitted to the data suggests that only CRi#annels with 4 sites occupied contrié
significant current. This highly nonlinear aetion of CRAC channels supports earlier conclusions based on
current noise analysis (Prakriya & Lewis, 2006) that ther slevdopment of whole-cell CR& current after
store depletion reflects the stepwise recruitment of individual channels from a silent to a high open-probability
state as theenter ER-PM junctional sites.

Prakriya M, Lewis RS. (200&)ournal of General Physiolog$28: 373-86.
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Peroxiredoxin 4 is confined to the endoplasmic reticulum in human brain and associated with
Lewy body formation in Parkinson’s disease and dementia with Lewy bodies

L.J. Turnbull and J.H.TPower Department of Human Physiolodichool of MedicineFlinders University,
Bedfod Park, Bedfod Park, SA 4042, Adelaide.

Pakinson disease (PD) is a progressieurodegenerate dsorder characterised by formation ofwye
bodies within the doperminergic neurons within gwbstantia nigh and depending on the staging of the
disease, marked loss of these neurons. Simildelypentia with Lewy bodies (DLB) wiolves the formation of
Lewy bodies within the cortical neurons resulting in marked synaptic lossvantu&ly neuronal loss and
dementia.

Lewy bodies contain a range of cellular proteins including a high proportiarsyhuclein, a small
protein whose suspected role is in synaptic vesiclgclieg. Thereis still debate as to whether Lewy bodies
are protectie a destructve © neurons. ‘¥ast models expressing alpha synuclein suggestotsghuclein
blocks trafficking from the endoplasmic reticulum to the Golgi apparatus and results in endoplasmic reticulum
stress.

Peroxiredoxin IV is the least characterized of the peroxiredaamly of antioxidant enzymes and is
different from other 2-Cys members in that it contains a hydrophobic leader which suggests that peroxiredoxin
IV is a secreted proteirRecent pulse chase experimentgehiadicated that peroxiredoxin 1V is in fact confined
to the endoplasmic reticulum and possiblolred in protection against endoplasmic reticulum oxigadiress
and as a molecular chaperone. This studg wonducted to determine the cellular localization of this enzyme in
the human brain and whether peroxiredoxin IV is present in the endoplasmic reticulum and associated with the
formation of Lewy bodies in PD and DLB.

Human brain proteins from control, PD and DLB tissue were separated us8tg, Bansferred to a
Polyvinylidene difluoride membrane (PVDF) and then probed with a peroxiredoxin IV antibody to determine
the specificity of the antibody and the molecular forms. Light immunohistochemistry using the same antibody
was performed using parfii embedded sections from the same tissue to determine the general distribution of
peroxiredoxin IV Confocal immunofluorecence using the peroxiredoxin IV antibody and specific cellular and
organelle markers was used to determine the specific cellular and sub-cellularutiisiridn addition,
colocalization witha-synuclein vas used to determine if peroxiredoxin IV and the endoplasmic reticuhsn w
associated with Lewy body pathology in PD and DLB.

On Western blotting, peroxiredoxin IV stained asotgrominent proteins at approximately 27kd and
65kD under reducing conditions. Peroxiredoxin IV is predicted to be 31kD with a 4kD leader sequence
indicating the monomer in human brain is the wdamature form. This protein functions as a committed dimer
and the 65kD form is probably the dimer although it is slightly larger than predicted. Peroxiredoxas IV w
alundant in neurones, both light and confocal immunohistochemistweshprominent granular staining in the
neurones with hv levd staining in oligodendrocytes. Astrgies did not appear to be labelled and levd
staining microglia appeared to be from ingested material. Peroxiredoxin IV co-localised with the ER/Golgi
marker SARL indicated that peroxiredoxin IV is confined to the ER in human brain supporting cellular pulse
chase studies. SAR1 had a slightly larger area of disiritb suggesting that peroxiredoxin IV does not
translocate to the Golgi. Ma@ver, peroxiredoxin IV did not co-localise with the lysosomal marker Lamp2
indicating it is not associated cellular degradati@iysosomes.

Co-localization of peroxiredoxin IV with the Lewy body marka-synuclein shaved that there is a close
association between Lewy body formation and the HR.pre-Lewy body neuronesiy-synuclein and
peroxiredoxin 1V positie vesicular aggrgaions were observed to be coalescing between the ER and Golgi
supporting recent findings in yeast models thatynuclein blocks docking of ER vesicles with the Golgi
apparatus. Avariety of Lewy body forms were observed and all forms were closely associated with the ER as
determined by the peroxiredoxin 1V staining.

In conclusion these results shdor the first time that peroxiredoxin 1V is present in human neurones and
that it is confined to the ER. These results also suggest tgthadies are seeded framsynuclein esicular
aggr@aions unable to dock with the Golgi apparatus giving imesights into the formation of this pathologic
structure.
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ProBDNF inhibits neurites outgrowth in neurons of mice by actvating RhoA
Y. Qin, Y Lim, J.H. ZhongM. Yang and X.FZhou, Department of Human Physiology and Cefur
NeuroscienceFlinders University GPO Box 2100, AdelaidSA 42, Australia.

Background: Brain-derved neurotrophic &ctor (BDNF) is a potent molecule regulating dendritic trees
and synaptic plasticifjnoweve, whether the BDNF precursor (proBDNF) playy aale in the neurite greth
is unknown. This study wrestigated whether proBDNF has a physiological role in the neurite growth of neonatal
cortex neuronin vitro. We focus on the following the aspects, the dose effect of proBDNF on neuritevatiitgro
ELISA assay to test proBDNF and BDNF after stimulated neurons by 45 mM KCI for 30 min, distribution of
RohA, cdc42, F-activia immunohistochemistry after gradient or uniform of proBDNF added, aadhieed
the down streaming signals of RhoA and cdc42.

Methods: The corte from neonatal C57BL/6 (n=12) mice were rapidly reetband cultured. Lve
images were collectedrgry 6 s for 30 min by using Nda BioStation and analyzeda the advanced softave.
Primary neurons were incubated in proBDNFataus concentrations for 24 h and the lengths were measured.
8 x 10P cells were dissociated for 24 h, treated with 50 ng/ml proBDNF for 0, 5, 10, 20 min, the neuron cell
lysates of 10Qug protein in 0.5 ml RIR buffer were incubated in 10g Rho binding domain (RBD) agarose gel
for RhoA and cdc42 aeiity assays. The pull-down and total proteins wetuated by western blotting. Data
are mearx SEM from 3 independent experiments.

Results: Live imaging showed the clear collapse ofwgito cones in response to proBDNF (50 ng/ml) and
the elongation to BDNF (50 ng/ml) at the indicated point (Figure A). proBDNF caused a 34% decrease in the
extension rate after 6 min and maintained throughout a 30 min treatment. Meanwhile, neurons treated with
BDNF spent 63% of the time extending (Figure B). proBDNF (10, 30, 100 ng /ml) resulted in a 50% decrease in
length (58.6um vs 118.1um) compared with 0 ng /ml proBDNF group (Figure C) but proBDNF 3 ng /ml had
no significant dects on the length. 5 min after proBDNF treatment, RhoA activity was increased by 5 fold 20
min after proBDNF incubation (Figure D). Interestingtp dfference in actiated cdc42 leel was seen during
the proBDNF incubation.

Conclusion: Live imaging demonstrated that proBDNF repulsed growth cones and induced the neurite
collapse of cortical neurons in neonatal mice. Statistical analysisedithe dose-dependent effect of proBDNF
on neurite collapse. proBDNF rapidly aeted RhoA without affecting the cdc42vek Thus, proBDNF
inhibits neurite growtlvia activating RhoA in neonatal cortical neurons of mice.
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Paostsynaptic GABA, receptor number and enhanced gaboxadol induced change in holding
currents in Purkinje cells of the dystrophin-deficient mdx mouse

S.I. Head! S.L. Kuel?,J. Dempstet and J.WMorley,? ‘School of Medical Scienceniversity of Nev South
Waes, NSW 2052, AustralidSchool of Medicine University of Western Sydne\NSW 2560, Australia and
3Strathclyde Institute of Pharmacy and Biomedical Sciences, University of Strai@lsigow Scotland, UK.

Duchenne muscular dystroph(DMD) results from an absence of the protein dystrophin. It is
characterized by sere wasting of skeletal muscle. In about a third of these patients, there is evidence of an
accompaping cognitve and behavioral deficit. In the cerebellum dystrophin is normally localized at the
postsynaptic membrane of GABrgic synapses on Purkinje cells. Here, weestigate the effect of an absence
of dystrophin on the number of GAB channels located at the synapse in cerebellar Purkinje cells of the
dystrophin-deficient mdx mouse. Whole-cell patch-clamp recordings of spontaneous miniature inhibitory
postsynaptic currents (mIPSCs) were performed in cerebellar slices from mdx and littermate control mice,
which had been killed by an halothane according to UNSW ethics guidelines. Using non stationary noise
analysis, we found a significant féifence in the number of receptors at G¥Byic synapses in mdx mice
(38.38 £ 2.95; n=14) compared to littermate controls (53#03.11; n=12) f = 0.01). In response to the
application of the GAB agonist gaboxadol we found a significant difference in tigogadol induced change
in holding current in mdx mice (65.@5.89 pA; n=9) compared to littermate controls (3A3H82 pA; n=8).

The results she that in cerebellar Purkinje cells of dystrophin-deficient mdx mice there is a reduction in the
number of receptors localised at GA&gic synapses, and an increase xrasynaptic GAB, receptors,
indicating that dystrophin plays an important role in ion channel localization and stabilization at the post-
synaptic membrane. If similar changes occur in the CNS in boys with DMD, it may impact on the function of
neural networks and contribute to motbehavioral and cognitie impairment apparent in mgrboys with

DMD.
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Huntingtin associated protein 1 associates with amyloid precursor protein and regulates its
trafficking and A 3 levels

X.E Zhou, G.Z. Yangl.J. Lu, Y. Lim, J.H. Zhong and M. YanBepartment of Human Physiology and Cerudir
NeuroscienceFlinders University Adelaide SA 01, Australia.

Amyloid precursor protein (APP) is a type | transmembrane reckpéomolecule irvolved in the
pathogenesis of Alzheimers diseaselldwing endocytosis, APP is dedred to endosomes, whefe and y-
secretases are localized anf Aeurotoxic peptide is produced. Huntingtin associated protein 1(HAP1) is a
brain-enriched protein and participates in intracellulafittahg in neurons. HAP1 interacts with kinesin light
chain and dynactin p150Glued, regulates the anterograde and retrograde transport of a number of protein
including proBDNF and APP (McGuiret al, 2006). Havever, how HAP1 regulates APP trafficking and the
significance of this regulation remain unknown.

Using HEK 293 cells transfected with HAP1-CFP and APP-YFP plasmids, we showed that these tw
proteins were highly colocalized. Immunohsitochemical datavetidhat these tw proteins are present in a
number of brain regions such as certeippocampus and hypothalamus with a similar distribution patterns in
the mouse and human brains. Confocal microgshpwed that thg aso co-exist in a number of subcellular
structures. FRET analysis showed that the FREiaficy between HAP-CFP and APP-YFP wage020%,
much higher than mgative and positve controls, indicating these twmolecules were close to each otirevivo.
Immunoprecipitation experiments orvep-expressed HEK293 cell lysates or on human brain homogenates
shaved that HAP1 and APP were present in the immunoprecipitated samples forming axcdimplee
whether HAP1 regulates APP subcellularfieafng, we cultured cortical neurons from HAP1+/+ and HAP1-/-
neonatal mice and analyzed the co-localization of APP wiglnetles marker proteins. The results showed that
APP has a high co-localization ratio with giantin GM130 (cis-Golgi marker), Golgi97 (trans-Golgi &omple
marker), EEA1 (early endosome marker) and SEC22b (ER-Golgi intermediate compartmesr) maidaP1-/-
cortical neurons, Wt has no significant difference with GRP78 (endoplasmic reticulum marker), CD71
(regycling endosome maek), Lampl (lysosome marker) and VPS35 (retromer marker) in neurons between
HAP1+/+ and HAP1-/- mice. Heever, there was a lower co-localization ratio between APP and the autophagy
marker beclinl in HAP1-/- neurons, compared with wt neurons. These results suggest that APP is retained in
cis-Golgi, trans-Golgi comple early endosome and ER-Golgi intermediate compartment when HAP1 is
deleted, and HAP1 may increase the APP trafficking to autoptesigles. Sucrose gradient fractionations on
wt and HAP-/- brain homogenates showed that the APP distnibis altered. In the normal wt brain therasw
only one peak of ARRorresponding to membranougamnelles such as Golgi and ER, whereas in the HAP1-/-
mice, there were tavpeaks of APP distribution: one is near to the bottom of the gradient and the athar w
the cytosol fractions. InterestinglsgM130, EEA1 and GRP78 had a similar distribution pattern to APP in
HAP1-/- mice. APP internalization assay using antibody imaging and biotinylation techniques on HAP1-/-
neurons showed that significant alteration in APP endocytosis in HAP1-/- neurons and abnormal re-insertion of
APP into the cytoplasmic membranevéimaging analysis and FRAP assay on APP-YFP vesicles in HAP1-/-
neurons showed that the trafficking speed was reduced and the number of motionless particles were increase
To e whether HAP1 regulate3Aroduction, we cultured cortical neurons from Alzheimers disease mice and
knocked down HAP1 protein with interference RNAeWund that the den-regulation of HAP1 increasesfA
levels.

Taken togetherour data suggest that HAP1 associates with APP and regulates APP subcelfidkintgyaf
to the non-amyloidogenic patlay Up-regulation of HAP1 may increase APP re-insertion ingtoplasmic
membrane and reduceg3froduction.

McGuire JR, Rong J, Li SH, Li XJ. (2006) Interaction of Huntingtin-associated protein-1 with kinesin light

chain: implications in intracellular tf&tking in neurons.Journal of Biological Chemistry281:
3552-3559.
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Huntingtin-associated protein 1 (HAP1) regulates exocytosis via multiple mechanisms
K. Madkenzie X.F. Zzhou and D.JKeating, Discipline of Human PhysiologZentre of NeurosciencgFlinders
University Surt Rd, Adelaide5042, Australia.

Subcellular localisation and protein interaction data indicate that HAP-1 may be importadidie v
trafficking and microtuble transport. Havever, no physiological evidence exists to verify this possibili@ur
study reports a n@l role of HAP-1 as a regulator ok@cytosis by influencing the rate okacytosis, fusion
pore dynamics and the size of the readily releasable pool (RRP) which consegilefsweleased immediately
upon stimulation. Chromaffin cells from the adrenal gland were used forxogyt@sis assays. Cells were
cultured from adrenal glands t&kfrom dead 8 week old mice using collagenase (Type A, Roche). Carbon-fibre
amperometry &s used to westigate &ocytosis in single chromaffin cells. &\&gplied +800 mV to a carbon
fibre electrode placed on the surface of a single chromaffin celfinfdltaneously measured current caused by
the oxidation of released catecholamines and analysed the number of currest sgpkesenting single
exocytotic events, occurring in this time. Chromaffin cells were cultured from HARKO), HAP-I" (Het)
and HAP-T* (WT) mice. Similar leels of exocytosis triggers by a 70mM *solution wer found in WT (102.2
+ 10.2 xocytotic events, n= 29) and Het (90811.5, n=20) cells whilex@cytosis in KO cells was significantly
reduced (60.4 7.1, n=35) compared to WP<0.01) or Het [p<0.05) cells. The duration of the pre-spilfoot
signal”, an indicator of fusion pore opening, was found to be prolonge® iceks (3.0+ 0.1 ms) compared to
WT (2.3 £ 0.1 ms,p<0.05) and Het (2.& 0.1 ms,p<0.05) cells indicating that HAP-1 may function in
stabilizing the formation of the fusion pore. The size of the RRP is astated by HAP-1 as the number of
vesicles undergoingx@cytosis following treatment with a hyperosmotic solution i@ kells (19+ 5.3, n=7) is
less than in WT (54.4 8.9, n=7p<0.01) or Het (4& 9.2, n=8,p<0.05) cells. Real-time PCR also indicates the
downregyulation of eocytosis-related genes in X cells. Our findings implicate, for the first time, the
involvement of HAP1 in the regulation ota@cytosis at multiple leels including vesicle localisation, membrane
fusion and gene transcription.
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Circulating ceramide, inflammation and insulin resistance

M.J. Watt,! J. Boonl D.C. Henstridg? J.S. Oakhill® B.A. Kingwelf and A.J Hoy! Biology of Lipid
Metabolism LaboratoryDepartment of Physiologionash UniversityClayton, VIC 3800, Australia’?Baker
IDI Heart and Diabetes Institutdlelbourne VIC 3004, Australia andSt. Vincent Institute of Medical
Researh, Fitzroy, VIC 3065, Australia.

Obesity is associated with an increased risk géldping insulin resistance, a condition that precedes the
development of type 2 diabetes. Although this relationship is well recognised, the mechanisms linking obesity to
insulin resistance remain unresolved. Oxyglanation is that obesity is associated with amrsupply’ of lipids,
which leads to the storage of lipids in tissues such aswreahid skeletal muscle that in turn cause insulin
resistance. Another is that obesity is accompanied by low-grade inflammationgdiateheimpacts on insulin
signal transduction. Ceramide accumulation ieletal muscle is associated with thevelepment of insulin
resistance and pharmacological blockade of ceramide ameliorates lipid-induced insulin resistance in obesity
(Holland et al, 2007). Ceramides are also kmo to circulate in plasma,ven though thg are insoluble in
agueous enronments. While plasma ceramides are increased in type 2 diabetes patientst @lap809), the
mode of ceramide transpant vivo and the role of circulating ceramide in thevdlepment of insulin resistance
and inflammation remains unresolved.

We first assessed ceramidedis in human plasma which was fractionated by fast performance liquid
chromatograpyn The eluted fractions containing lipoproteins were identified by analysis of theialdta
absorption spectrum and confirmed by measuring cholesterol in each fraction. Ceramide was transported
exclusively by very lov density lipoproteins (VLDL,[110%), lov density lipoproteins (LDL[50%) and high
density lipoproteins (HDL[#0%). Total plasma ceramide contewes increased in obese, type 2 diabetes
(T2DM) patients compared with lean, insulin semsitiged-matched individuals (Lean: 13t8L.1 vs T2DM:
17.4+ 1.3 uM). Ceramides were higher in LDL (55%,= 0.006) of T2DM, but not in VLDL P = 0.76) or
HDL (P = 0.16). LDL-ceramide was posrgly associated with insulin resistance (HOMA-IR), fasting insulin
and glucose but not body mass inda marker of adiposity), triglyceride or cholesterol. Thus, LDL-ceramide is
associated with insulin resistance in humans.

To assess circulating ceramide function in cell culture, aelnapproach was used to replicate thevivo
ervironment by creating LDL containing ceramides. This method depletes the LDL core of neutral lipids which
allows for the introduction of ceramide into an intact LDL. LDL-ceramide (either C16:0 or C24:0 ceramide)
mildly decreased insulin-stimulated glucose uptak L6-GLUT4myc myotubes after 24 h treatmenB{%),
whereas no effect was observed at 6 h. The reduction in insulin resp@ssi vas not associated with an
impairment in Akt phosphorylation, suggesting no diredeatfon distal insulin signalling. Interestingly
intracellular ceramide as increased with LDL-ceramide, although we are unable to provide defmitience
for receptor-mediated uptake. LDL-ceramide \atfid pro-inflammatory signalling in R 264.7
macrophages, resulting in c-Jun terminal kinasevaiin and increased TN&-secretion, but surprisinglyot
IL-6 secretion . The conditioned media from LDL-ceramide treated macrophages decreased insulin-stimulated
glucose uptadin L6-GLUT4myc myotubes, whereas no effect was observed with LDL conditioned media.

Overall, these results sivahat ceramides are @kted in the plasma of obese, type 2 diabetes patients and
that this is related to insulin resistance, and not adiposity or generalised dyslipidemia. Furthermore, LDL-
ceramide can cause insulin resistance in skeletal myotubes, albeit, maildlyactvate pro-inflammatory
signalling in macrophages, that in turn creates a milieu that decreases insulin sensitivity.

Haus JM, Kasyap SR, KasumoT, Zhang R, Kelly KR, Defronzo RA & Kirwan JR2009). Plasma ceramides
are eleated in obese subjects with type 2 diabetes and correlate withwiriysef insulin resistance.
Diabetesh8, 337-343.

Holland WL, Brozinick JTWang LR Hawkins ED, Sargent KM, Liu YNarra K, Hoehn KL, Knotts TA, Siegk
A, Nelson DH, Karathanasis SK, Fontenot GK, Birnbaum MJ & Summers SA. (2007). Inhibition of
ceramide synthesis ameliorates glucocorticoid-, saturateddnd obesity-induced insulin resistance.
Cell Metabolisnb, 167-179.

This study was supported by the NHMRC.
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Dual, but opposing, roles for the double stranded RNA-dependent protein kinase in metabolic
homeostasis

G.l. LancasterBaker IDI Heart and Diabetes Resehrinstitute 75 Commercial Road, Melbourn®IC 3004,
Australia.

Chronic inflammation is a hallmark of obesity and contels to the deslopment of numerous diseases,
including insulin resistance, Type 2 diabetes, atherosclerosis and.dsietabolic and immune signalling
pathways are intimately linkd and understanding Wwonutrient excess promotes cellular inflammation is of
considerable importance in understanding the pathogenesis gfchmamic metabolic diseases. A recent study
in Cell identified double stranded RNdependent protein kinase (PKR) as a core component of a “metabolic
inflammasome” linking stress signalling to metabolic disease (Nakaghala2010). Using murine embryonic
fibroblasts and macrophages from PKR-deficient mice on an inbred C57BL/6 background our results confirm
that PKR is required for the induction of pro-inflammatory responses triggered by nutrient exoessr,Hod
remarkably PKR-deficient cells had 2 to 3-fold increases in thegke of numerous intracellular lipid types,
including diacylglycerol and ceramide, lipid species didko inflammation and insulin resistance, failog
treatment with fatty acids.

To examine then vivo consequences of PKR deletion, we placed PKR-deficient and wild type (WT) mice
on a high fat diet. PKR knockout ) mice had increased total body fat mass, higher leptitsland increased
lipid accumulation in skeletal muscle andveti Furthermore, high fat fed PKR & mice were
hyperinsulinaemic, glucose intolerant and insulin resistant, compared to WT mice. Xpeggsien analysis of
PKR-deficient and wild type macrophages, skeletal muscle wrddentified marked increases in theds of
the fatty acid transporter AF) CD36 and seeral fatty acid binding proteins ABP). While we obsemd
significantly greater recruitment of macrophages into the white adipose tissue of GKHRCE, this vas
associated with similar Vels of the pro-inflammatory genes Tnf and 16 but highermlte of the anti-
inflammatory gene 1110. & onclude that while PKR deletion may confer protection from nutrigoess-
driven inflammation, it also promotes lipid accumulation, mosgljikvia an increase in thexpression of
FAT/CD36 and specific ABP. Importantly,in vivo excess lipid accumulation appears to be the predominating
effect of PKR deletion, leading to exacerbated glucose intolerance and insulin resistance.

Nakamura, T., Furuhashi, M., Li, P., Cao, H., Tuncman, G., Sorggri¥erGorgun, C.Z., and Hotamisligil, G.S.

(2010). Double-stranded RNA-dependent protein kinase links pathogen sensing with stress and metabolic
homeostasiCell 140: 338-348.
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The emerging role of HDL in glucose metabolism
B.A. Kingwell, A.K. Natoli, M. Reddy-Luthmoodoo, A.L.&yah.L. Siebel, D. Sviridoand B.G. Dew Baker
IDI Heart and Diabetes InstitutdMelbourne VIC 3004, Austalia. (Introduced by M. att)

The association of W@ plasma leels of high-density lipoprotein (HDL) with states of impaired glucose
metabolism and type 2 diabetes mellitus is well establishgdihe mechanistic links remain to be fully
elucidated. Recent data from our laboratory {De¢ al, 2009) and others suggests that HDL directly influences
glucose metabolism through multiple mechanisms. This presentation will discuss tiggngregidence and
mechanisms by which HDL modulates glucose metabolism in thextaftehe well established actions of
HDL.

Low HDL has been traditionally considered an atherosclerotic d@stoif on the basis of caeincing
epidemiology demonstrating an association withgagve crdiovascular outcomes,ven at \ery lowv levds of
LDL. The process of cholesterol remabfrom peripheral cells such as macrophages, for transport tos¢he i
and subsequent excretion is termegbrge cholesterol transport, and is generally viewed as the most important
anti-atherosclerotic action of HDL. M@ver, in addition to rererse cholesterol transport, HDL iswmd&nown to
corvey an impressie gectrum of protectie poperties including inhibition of inflammation, oxidation and
thrombosis, as well as vasodilatatia nitric oxide.

Recent gperimental and clinical deelopments linking HDL to glucose metabolism suggest yet another
beneficial action of HDL that may Y& relevance to diabetes. ¥Vhave shavn that HDL elicits reductions in
blood glucose in patients with type 2 diabetes \iDe¢ al., 2009) which likely occurs through multiple actions
including stimulation of pancreatfcell insulin secretion (Dxe et al, 2009; Fryirset al, 2010) and increased
glucose uptak into skeletal muscleia activation of the AMP-actiated protein kinase (AMPK) signaling
pathway (Drew et al, 2009). In addition, gien the established role of lipid accumulation and inflammation in
the pathogenesis of type 2 diabetes, it is highly likely that thersee cholesterol transport and anti-
inflammatory actions of HDL in metabolic tissues contribute to ingaransulin sensitivity and thus glucose
homeostasis. @terefore hypothesized that HDL may imypeonsulin sensitiity via lipid removal and anti-
inflammatory actions in macrophages associated witless adiposity/ectopic lipid deposition. A variety of
macrophage cell models including RiR264.7 (mouse), THP-1 (human) and primary human macrophages from
healtty participants were incubated separately with an acetylated LDL lipid challenge and then co-treated with
either HDL (5Qug/mL) or vehicle for 18 hours. Fresh conditioned media from macrophage culasegpplied
(1:10) to primary human skeletal muscle cell culturesvdéifirom 5 unmedicated patients with type 2 diabetes
for 24 hours and insulin-mediated glucose uptékdeoxyglucose) measured. In all models, acetylated LDL
treatment reduced insulin-mediated glucose uptakasal leels and co-treatment with HDL restored insulin
mediated glucose uptako ontrol levels. These data suggest that macrophage inflammation associated with
excess/ectopic adiposity is reduced by HDL and thefeetefmay contribute to impwed insulin sensitivity and
glucose homeostasis.

Research in this area is in a preliminary phase, with the potential for Hidti@teto provide metabolic
protection yet to be pven in a dironic context. Havever, findings to date provide fertile ground for mechanistic
speculation rgarding links between HDL and glucose metabolism in the context of diabetes (where HIAL is lo
and fisting plasma glucose is poorly controlled) and aerobic conditioning (where HDL is higlasting f
plasma glucose is tightly controlled). These findings highlight the possibility that HDL-raising therapies already
in advanced clinical delopment for vascular disease may alseehdficag in the preention and management
of type 2 diabetes.

Drew BG, Duffy SJ, Formosa MMAatoli AK, Henstridge DC, Penfold SA, Thomas WG, Mukhanvadd, de
Courten B, Forbes JM, Yap FKaye DM, \an Hall G, Febbraio MA, Kemp BE, Sviridd, Steinberg
GR & Kingwell BA. (2009). High-density lipoprotein modulates glucose metabolism in patients with type
2 diabetes mellitusCirculation 119,2103-2111.

Fryirs MA, Barter PJ, Apparoo M, Tuch BE, &bet FFHeather AK & Rye KA. (2010). Effects of high-density
lipoproteins on pancreatfgcell insulin secretiorArteriosclepsis, Thrombosis and Vascular Bigio 30:
1497 - 1499.
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Calorie restriction versus exercise: which produces the best health outcomes?

L.K. Heilbronn! D. Samocha-BonétE. Larsen-Meyet L. Redmari,A. Civitarese S. Smithand E. Ravussip,
1Level 6 Eleanor Harrald BuildingDiscipline of MedicingThe University of Adelaideddelaide SA 905,
Australia, Garvan Institute Darlinghurst, NSW 2010, Australia adBennington Biomedical Resezr Centre,
Baton Roug, LA 70808-4124, USA. (Introduced by Matt Watt)

The prevalence of obesity is rapidly escalating worldwide and obesity is closely linked towHepiaent
of insulin resistance, metabolic syndrome and type 2 diabetgstieaney balance is &y in revasing the
metabolic defects associated with obesity and produces an array of health benefits that cannot be matched &
ary one drug that is currently on the matk These include impved lipid profiles and insulin sensitty,
reduced ectopic lipid deposition, blood pressure and reduced inflammgtokine production. Hwever, the
optimal method to achve regdive enelgy balance is debated. Here | compare studies of reducegy entie
to increased energy expenditure, and in particular focus on the differential effects of these interventions on lean
mass preservation, energy metabolism and insulin action.

In free living studies, moderate calorie restriction (CR) nearyayd produces greater weight lossit b
there is evidence to suggest that aerokaraise may preide equal or greater health benefits and is better to
maintain weight loss following CR. Here, | report findings from the CALERIE studies, where we compared
25% CR versus 12.5% CR plus 12.5% increase in energy expenditure by aespbiseetraining under
stringent laboratory conditions for 6-months in healtbverweight individuals. In this studyenergy
requirements were carefully assessed, all foods wewidpbfor 3.5 months whilst individuals attended weekly
training sessions to learnwado accurately count calories, and all of thexeise sessions were conducted under
supervision. Under these conditions, CR and CR+EX produced equgy efedicits; and thus equal losses in
body weight, subcutaneous fat cell size and subcutaneous, viscerakeafat ktores by MRI. No changes were
obsered in intramyocellular lipid, but CR+EX led to slightly greater prestgom of lean body mass at
3-months, and greater imp@ments in fithess and insulin sensitivity at 3- and 6-months. Similar results were
produced from the CALERIE study conducted at Washingtoreisity where participants were randomised to
either 20% CR or a 20% increase in physical activity alone.

We dso observed that energy expenditure in the 24-hour chandseraduced more than predicted based
on the loss of mass in both CR and CR+EX indicating metabolic adaptation, but there was no change in
spontaneous physical agty. Total daily energy expenditureas reduced only in CR, and was greater thas w
accounted for based on the decrease in sedentary enggydéure. This suggests that the CR group also
reduced daily actity. This result is found follwing prolonged CR in moms, although CR rodents that are
given access to a running wheekeecise more tharad-libitum fed animals. W dso observed that CR and
CR+EX produced similar increases in mitochondrial biogenesis and SKpFdssion in muscle and egdent
reductions in DM damage, although functional changes in mitochondria were not observed. Intereatingly
recently completed study that wevkaomnducted of high fat v@rfeeding also produced an increase in
mitochondrial biogenesis, despite induction of insulin resistance, lending support to the growing body of
evidence that suggests that mitochondrial dysfunction may be a consequence rather than a cause of insulil
resistance.

So, should we promote dieting oteecise? This probably depends on whether the goal is weight loss or
maximal impraement in health. Without close dietary ankereise support, xercise alone is unlikely to
produce much weight loss. Wever, dieting alone reduces sedentary gyeexpenditure and physical adty
which will promote weight rgain over time. We have shovn that the combination of CR+EX ments
reductions in total energy expenditure, and may also provide slightly greater health benefits than dieting alone.
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Probing the interaction between psalmotoxin 1 and acid sensing ion channel 1a, an analgesic
drug target

N.J Saez! M. Mobli* M. Bieri,® A.K. Malde? A.E. Mark}?PR. Goolg2 L.D. Rash and G.FKing '
institute for Molecular Bioscienc&niversity of Queensland, St Lucia, QLD 4072, AustradBzhool of
Chemistry and Molecular Biosciences, University of Queensland, St Lucia, QLD 4072, Australia and
3Department of Biochemistry and Molecular BiolpBip21 Molecular Science and Biotechnology Institute,
University of MelbourngParkville, VIC 3010, Australia.

Acid sensing ion channel la (ASICla) is one of the primary acid sensors in the peripheral and central
nenous system, and it has emerged as een@mrget for the decdlopment of drugs to treat chronic pain,
neurodgeneration, and possibly depression (Slkeikal., 2009).The only known seleg# inhibitor of ASIC1a is
psalmotoxin-1 (PcTx1), a 40-residue disulfide-rich peptide isolated from the venom of the Trinideah che
tarantulaPsalmopoeus cambriég PcTx1 is a potent blocker of ASICla (10.5nM) but it does not inhibit
other ASIC subtypes (Escouba&s$ al, 2000). RemarkablyPcTx1 has analgesic activity comparable to
morphine in rat models of acute pain (Mazzwtaal, 2007). With a vigv to using PcTx1 as a lead for
development of nwel analgesics, we deloped an efficient bacterialxpression system for production of
recombinant toxin and determined a high-precision structure using 3D/4D triple resonance NMR spgctroscop
Site-directed mutagenesisvealed a highly cationic pharmacophore located within one of the ystare loops.
Molecular dynamics simulations in combination with NMR spin relaxation and relaxation dispersion
measurements vealed significant motion in this loopver a wide range of timescales (ps to ms), thus
precluding the use of rigid body docking protocols for modelling the toxin:channel complex. Instead, we used
HADDOCK (Dominguezet al, 2003) to dock the toxin onto a homology model of rat ASICla (rASICley. K
interacting residues identified from mutagenesis of the toxin and the channel were used as ambiguous
interaction restraints and the sidechains of residues at the interaction interface were alloweel torimp
simulated annealing and refinement. The resulting model of the PcTx1:rASICla xoevgids a neel mode
of interaction dominated by ion pair interactiongoiming arginine residues in tghairpin loop containing the
toxin pharmacophore. The toxin:channel model is currently being used filico screening of chemical
libraries to find nonpeptide mimetics of PcTx1.

Dominguez C, Boelens R & Bonvin AM (200&urnal of the American Chemical Socié®5 1731-1737.

Escoubas ,De Weille JR, Lecoq A, Diochot S, Waldmann R, Champi@) Moinier D, Ménez A, Lazdunski
M. (2000)Journal of Biological Chemistr275 25116-25121.

Mazzuca M, Heurteaux C, Alloui A, Diochot S, Baron Ail\¢y N, Blondeau N, Escoubas Gélot A, Cupo A,
Zimmer A, Zimmer AM, Eschalier A, Lazdunski M. (200Mature Neurosciencd 0: 943-945.

Sluka KA, Winter OC & WemmieAl(2009)Current Opinion in Drug Discovery & Developmei#t 693-704.
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Conotoxins targeting voltage-gated sodium channels: Designing new analgesics

R.S. Nortor};? K.K. Khool23Z. Kuang? B.J. Smith2 M.J. Wison* M-M. Zhang? J.E.F. Rivier,> D. Yoshikamf,
B.M. Oliverd and G. Bulaj*® "Monash Institute of Pharmaceutical Sciences, Monash Univepaitiville,
VIC 3052, Australia?The Walter & Eliza Hall Institute of Medical ReselarlG Royal Parade Parkville, VIC
3052, Australia3The Department of Medical Biologyniversity of MelbourngParkville, VIC 3010, Australia,
4Department of BiologyUniversity of Utah, Salt LakQty, Utah 84112, USASalk Institute for Biological
Studies, La Jolla, CA 92037, USA department of Medicinal Chemisti@ollege d Pharmacy University of
Utah, Salt Lak Gty, Utah 84108, USA.

p-Conotoxins are a group of toxins from predatory marine cone snails that taltggev@ted sodium
channels (VGSCs), blocking the passage of sodium ions through the chameaell $suronal VGSC subtypes
have been implicated in the perception of pain; as such, modulators of these subtypes of VGSCsveould ha
potential therapeutic use as analgegiesonotoxin KIIIA (u-KIlIA) shows potent analgesic activity follong
its systemic administration in mice (Zhagigal, 2007). Structure-aatity studies indicated that thek residues
important for VGSC-blocking activity (K7, W8, R10, D11, H12, R14) mostly resided on an alpha-helical motif
and that the first disulfide bond could be reetbwithout significant loss of activity (Khoet al, 2009). These
findings suggested a route for minimizatiorueKIlIA by retaining the ley residues on aa-helical scaffold.

In stabilizinga-helices, the use of,(i+4) lactam bridges has pen to be a sccessful approach. For a
mimetic of u-KIlA, the result that Cys9 can be replaced with no significant loss in activity generates a position
in the helix that can be substituted to form a helix stabilizirig-4) lactam bridge to either residue 5 or 13, both
of which are non-essential residues and are replaceableawdesigned and synthesizedraml analogues of
u-KIIlA; all of them are truncated at both N- and C-terminal ends, and the remaining sequence is stabilized by a
lactam bridge at stragec locations. The helicity of the six lactam analogues has been analysed using NMR
spectroscop and molecular modelling, and their activitiesreadeen tested against a range of VGSC subtypes.
Our findings highlight important structure-activity relationships and provide a basis for the design of ne
minimized peptides and helical mimetics ageh@analgesics.

Zhang MM, Green BR, Catlin, Fiedler B, Azam L, Chadwick A, Terlau H, McArthur JR, French RJ, Gulyas J,
Rivier JE, Smith BJ, Norton RS, @#ra BM, Yoshikami D, Bulaj G.(2007) J Biol Chem 282,
30699-30706.

Khoo KK, Feng ZP Smith BJ, Zhang MM, Yoshikami D, Glera BM, Bulaj G, Norton RS.(2009)
Biochemistry48,1210-1219.
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Subverting the biological actions of Conus peptides to modulate physiological responses
R.J French, Department of Physiology & Pharmcology and Hotchkiss Brain Institnigersity of Calgary,
Calgary, Alberta T2N 4N1, Canada. (Introduced by Davidhdams)

The peptides from arious Conusvenoms hae keen grouped by Qlera (1997) into cabals, whose
members hae g/nemistic actions een though members of a single cabal mayehafferent targets. ér
example, members of the motor cabal may inhibit muscle contraction and induce flaccid paralysis by blocking
either neuromuscular transmission, or by targeting muscle sodium channels to block the generation of muscle
action potentials. On the other hand, different members of the lightning bkl appear to inducedtotoxic
shock, with rapid-onset rigid paralysis, by inhibition of sodium channel watioti and by block of eltage-
gaed potassium channels. Actions ©bnus peptides, studied in species other than the naturgl pase
revealed cases of unexpected and specific targeting which open possibilities for pharmacological modulation of
a variety of processes. Examples include cerjaiconotoxins, nominally considered to be members of the
motor cabal, which inhibit particular neuronal sodium channel isoforms more strongly than their canonical
target from skeletal muscle. Thus, in a mouse magebnotoxin KIIIA has performed morefettively as an
analgesic than lidocaine (Zhamg al, 2007). Conkunitzin-S1, a member of theurktz inhibitor family of
peptides, blocks certairoltage-@ted potassium channels (Bayrhubeal, 2005) and thereby has the potential
to enhance electrical bursting adly. The molecular correlates and ysiological consequences of these
surprising and striking actions are becoming evident.

Bayrhuber M, Vijayan VFerber M, Graf R, Krukottu J, Imperial J, Garrett JE, @dra BM, Terlau H,
Zweckstetter M, Becker S. (200%urnal of Biology Chemistr280: 23766-70.

Olivera BM (1997)Molecular Biology of the Ce8: 2101-8.

Zhang MM, Green BR, Catlin, Fiedler B, Azam L, Chadwick A, Terlau H, McArthur JR, French RJ, Gulyas J,
Rivier JE, Smith BJ, Norton RS, @ra BM, Yoshikami D, Bulaj G (2007ournal of Biology Chemistry
282:30699-706.
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Calcium, Vcl1.1 anda9a10 nicotinic acetylcholine receptors
M. Chebib, N. Absalom, G. Liang. Rera, C. Chu and H-L. Kim, Faculty of Pharmacy A15, The University of
Sydng, NSW 2006, Australia.

Nicotinic acetylcholine receptors (nNAChRs) arealig-gated ion channels wolved in fast synaptic
transmission. nAChRs are pentameric cogddormed from a combination of alpha and beta subunits to form
heteromeric channels, or alpha soits alone in the case of homomeric channels. Stoichiometferatites
have been conclusiely shown to exist witha4p2 nAChR subtypes ((4)3(32)2 and ¢4)2(32)3) and that
calcium permeability differs between theatweceptor populations épiaet al, 2007). Thea9a10 heteromeric
complecis found in inner hair cells, and is potently and selelstiinhibited by the conotoxins Vcl1.1 and RglA
(Vincler et al, 2006; Halaiet al, 2009). Its been shown txist as one stoichiometric populatiom©)2(10)3)
(Plazaset al, 2005). We have investigated the roles of both stoichiometry @®a10 receptors and calcium
concentration on conotoxin inhibition ofCh-evoked currents heterologously expressed in Xenopus/tesc
We have altered intracellular and extracelluar calcium concentrations, and the rati® aid al10 sulunit
MRNA to change the relate ébundance of the subunits to infer stoichiome®ur data she that Vcl.1, bt
not RglA or atropine, inhibitea 910 receptors in a biphasic manner under #rging conditions and infer that
these receptors exist in at leasb tsioichiometric forms.

Halai R, Clark RJ, Nen ST, Jensen JE, Adams DJ, Craik DJ (20Q8urnal of Biological Chemistry84:
20275-84.

Plazas PWKatz E, Gomez-Casati ME, Bouzat C, Elgoyhen AB. (20@Gjnal of Neuroscienc5: 10905-12.

Tapia L, Kuryato A, Lindstrom J (2007Molecular Pharmacologyl: 769-776.

Vincler M, Wittenauer S, d&ker R, Ellison M, OWera BM, Mcintosh JM (2006Proceedings of the National
Academy of Sciences U383 17880-17884.
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Analgesic conotoxins: modulation of voltage-gated calcium channels in pain pathways
D.J. Adams, Health Innovations Reselainstitute RMIT University Melbourne VIC 3083, Australia.

The small and highly structured peptides found in the venom of marine cone snails target aiefge v
of membrane receptors and ion channels in normal and diseased states. A number of these peptides (conotoxin
have shown eficacyin vivoincluding inhibitors of eltage-gted sodium (Ng and calcium (Cg channels and
nicotinic acetylcholine receptors (NnAChRs) which are in preclinicaéldpment for the treatment of chronic
and neuropathic pain. A number of structurally relateconotoxins bind directly to and selesy inhibit N-
type calcium channels of nocicemidrsal root ganglion (DRG) neurons. Among theseonotoxin MVIIA
(Prialt) still maintains its orphan drug status as a valuable altegratiathecal analgesic for the management
of chronic intractable pain, especially in patients refractory to opioidslyNdiscovered w-conotoxins from
Conus catusire more potent and seleetifor N-type (Cg2.2) calcium channelsver other Cgs (Bereckiet al,
2010). Furthermore, in spinal cord slices, these peptidearsilely inhibited excitatory monosynaptic
transmission between primaryfexents and dorsal horn superficial lamina neurons. In the rat partial sciatic
nene ligation model of neuropathic paimy-conotoxins CVIE and CVIF significantly reduced allodynic
behaviour Another family of conotoxins, tha-conotoxins, competitgly inhibit NAChRs and bind at the
interface between specific subunits walilog them to discriminate among different nAChR subtypes.
a-Conotoxins Vcl.1 (EV1) and RglA are small disulfide bonded peptides currently uelalment as a
treatment for neuropathic paini(¢ler et al, 2006). It was proposed that the primarygetrof Vcl.1 and RglA
is thea9a10 neuronal nAChRs. Surprisingljoweve, we found that Vc1.1 and RgIA more potently inhibit the
N-type (Ca2.2) Ca&* channel currents in rat sensory neureisa wltage-independent mechanisnvalving
the G protein-coupled GAB, receptor (GARB\;R) (Callagharet al, 2008). This vas the first demonstration of
a-conotoxins actingia the G protein-coupled GAB,R modulating natre Ca 2.2 channels. Recent molecular
studies confirm that Vcl.1 and RglA inhibit N-type 2Cahannelsvia GABAgR eactivation. Transient
transfection of DRG neurons with small interfering RNAs (siRNAs) to knoekadthe GABAGR reduced
mMRNA levds for GABA, sulunits by >50% compared to control cells and suppressedAgRBorotein
expression. Whole-cell patch clamp recording of DRG neurons conducted 1-3 days after transfection
demonstrated that knockdown of functional GRR expression significantly reduced the inhibition of N-type
C&* channels in response to both baclofen and Vc1l.1. Thssimcontrast to neurons transfected with a non-
targeting sSiRM which were indistinguishable from untransfected neurons, confirmingrtbahotoxin Vcl.1
modulates N-type C& channelsvia activation of GABAZR in DRG neurons. Our current findingsvieathe
potential to introduce a paradigm shift in thinking about the targets-aanotoxins. GAB R may play a
critical role in pain pathways and are a clear therapeutic target for these and modified conotoxins.

Berecki G, Motin L, Haythornthaite A, Vink S, Bansal ,FDrinkwater R, Wang CI, Moretta M, Lewis RJ,
Alewood PF: Christie MJ, Adams DJ. (2010Jolecular Pharmacology77: 139-148.

Callaghan B, Haythornthwaite A, Berecki G, Clark RJ, Craik DJ, AdamgZnD8)Journal of Neuoscience
28:10943-10951.

Vincler M, Wittenauer S,dker R, Ellison M, Olera BM, Mcintosh JM.(2006) Proceedings of the National
Academy of Sciences of the J$83:17880-17884.
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Temporal relationships between intraluminal manometry and actual gut mgement in the
isolated rabbit small intestine

P.G. Dinning! M. Costa,? JW. Akwtight S.J Brookeg and N.J Spencer Department of Gastroenterology,
St.Geoge dinical School, University of Ne South Wales, Kgarah, NSW 2217, AustraliéDepartment of
Human Physiologyschool of Medicine Flinders University PO Box 2100, AdelaideSA ®01, Australia and
3Material Science and EngineeringSIRO, West Lindfield, NSW 2070, Australia.

The content of the intestine is propelled by coordinatedements of the muscle layersvolving both
myogenic and neurogenic mechanisms. The relation between motions of the gut wall and the resulting
intraluminal pressure has not been well establisivéd.raveinvestigated this relationship in isolatedgseents
of rabbit small intestine taken from 4 animals killed by imjection of lethobarbital (0.5ml/Kg)Segments of
40 cm were placed into angan bath containing warm (36°C) oxygenated Krebs solution, constantilléd
with carbogen gas. Krebs was infused the cannulated oral end at 2-4ml/minute and the contents could be
expelled and measured at the anal eiada ron-return alve. Motionsof the intestinal wall \&s recorded by a
video camera placed almthe bath. Spatio-temporal maps of changes in diameter (Dmaps) were constructed
from the video recordings (Henngj al, 1999). Spatiotemporahaps of intraluminal pressure (Pmaps) were
constructed from high-resolution fibre-optic manometry recordings (Arkweghal, 2009). The relation
between meements and intraluminal pressure were compared during periods of motor activity that occurred
spontaneously or elicited by sladistension or by erythromycin (10-6M)A total of 85 minutes of combined
Dmaps and Pmaps were analysed. During this period 813 longitudinal muscle contractions, 288 circular muscle
contractions in the diameter maps and 1049 pressangsevere identified in the pressure mapd. antegrade
propagting circular muscle contractions were associated with high presaues aud with outflav at the anal
end indicating propulge notor actvity. Incomplete propagating circular muscle contractions were also
associated with pressureawes. Inthe segment of intestine novanled by these contractions, peaks of pressure
were recorded simultaneously indicating a commorityca Pressure \aves o a much lower amplitude were
also associated with spontaneous pendular longitudinal muscle contractions. These results will enable a more
appropriate interpretation of manomeiyvivo.

Hennig GW Costa M, Chen BN, Brookes SJ. (1998urnal of Physiologyp17:575-590.

Arkwright JW, Underhill ID, Maunder SA, Blenman N, Szczesniak MM, Wiklendt L, Cook IJ, Lubowski DZ,
Dinning PG. (2009Dptics Expresd7: 22423-22431.
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Gap junction coupling between smooth muscle cells modulates responses to inhibitory
motorneurons and exogenous ATP

S.E. Carboné,D.A. Wattchow,N.J Spencet and S.J.H. Brookes!Human Physiology and Ceetfor
NeuroscienceFlinders University Surt Rd, Bedfad Park, SA 5042, Australia arfFlinders Medical Centre
Department of Sgery, Surt Rd, Bedfad Park, SA 5042, Australia.

We have previously reported that electrophysiological responses of gut smooth muscle cells, including
inhibitory junction potentials, are absent during the first 30-60 minutes after setting up prepanatitnas
Here, we inestigated the mechanisms that underlie this temporary unresgosss.

Methods: Segments of guinea pig ileum, with mucosa and submucosa veeimavere used for
intracellular recording under current clamp conditions. Circular smooth muscle cells were impaled with glass
micropipettes filled with carboxyfluorescein (5%) and KCI (1M), in Krebs solution (34°C) contaipivig 1
hyoscine and M nicardipine to inhibit smooth muscle contractions ¥&corded resting membrane potential
(RMP), inhibitory junction potentials (IJPsyaked by dngle shot stimuli, and responses to ATP applied locally
by pressure ejection (140&Ritrogen pulses, 50-100ms duration, 10mM). Cells were dye-filled by 0.5nA
hyperpolarising pulses (50% dutyate for 2 minutes, followed by 1 minute diffusion). Dissections were carried
out in cool Krebs solution (14°C)The start of the equilibration period was considered as being the moment
when warmed Krebs solution (35°C) first reached the recording chamber.

Results: The recording chamber warmed to 34-35°C within the first 5 minutes of the equilibration period
(n=3), havever 1JP amplitude was typically less than 1mV for the first 30 minutes (n=12). IJP amplitude then
increased gradually so that by 90-120 minutes, |JP amplitadaged -11.5m¥1.6mV (n=12). Cells with 1JPs
less than 1mV were classed as ‘unequilibrated’ and cells with 1JPs greater than 10mV were classed as
‘equilibrated’. ‘Unequilibrated’ cells were significantly hyperpolarised compared to equilibrated cells where
RMPs were -5881.4mV and -47.20.4mV respectiely (cells=23 and 64, n=12)<0.0001). Input resistance
was dgnificantly greater in ‘unequilibrated’ cells (1359 MQ) than ‘equilibrated’ cells (84#0.7 MQ, n=12,
p<0.0001). ‘Unequilibrated’ cells showed significantly less dye coupling (meatB:3.tarboxyfluorescein-
filled profiles) compared to ‘equilibrated’ cells (mean=0.8, n=12,p<0.0001). Addition of gap junction
blockers carbenoxolone (1QM) and 1 Glycyrrhetinic acid (1iM) made “equilibrated” cells change their
characteristics back to a state similar to “unequilibrated” cells. In the presence of carbenoxolone, circular
smooth muscle cells had a moregaese resting membrane potential, smaller IJP amplitude, increased input
resistance and reduced dye coupling. @isreetinic acid similarly reduced IJP amplitude, increased input
resistance and reduced dye coupling between ‘equilibrated’ cells. These results suggests that gap junctior
coupling between smooth muscle cells may increase during the equilibration period and may underlie the
changes in IJP amplitude. In other cell typeg minction permeability is reduced by high cytostolicq{TaNe
tested whether influx of calcium, during the set-up procedure, might cause uncoupling during the ‘equilibration’
period. Preparations were dissected ww [€&*], high [Mg?*] Krebs solution (mM: C& 0.25; Mg* 2.5 at
14°C), and transferred into normal Krebs solution at 35°C for recording. There was no significant reduction of
the equilbration period in these preparatiobastly we tested whether the loss of IJPs during the equilibration
period was associated with a loss of sensitivity by smooth muscle cellPtotlfe transmitter of the fast [JP
Hyperpolarisationsveked by local application of 20mM ATP were significantly smaller in ‘unequlibrated’cells
(0.3t0.3mV) compared to ‘equilibrated’ cells (-1301m\, n=6, p<0.0001)), paralleling the change in
amplitude of the I1JPThis suggests that the loss of neuronal input may be due to a change in
electrophysiological properties of the postsynaptic cell during equilibration.

In conclusion, follaing set-up of dissected gut preparatidansvitro, smooth muscle cells sho
significant changes in electrophysiological properties thatveeaturing the “equilibration period”. Smooth
muscle cells are hyperpolarised andr/éha educed response to inhibitory stimulation either by inhibitory
motorneurons or by exogenous application 3PADuring this period gp junction coupling is suppressed.
Pharmacologically blocking gap junctions mimics the change in elegBmpbgical properties during the
equilibration period. The change imamjunction coupling does not appear to be due to influx of calcium into
smooth muscle cells during the set-up procedure.
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KV4 and ANO1 / TMEN16A chloride channel expression profiles distinguish between atypical
and typical smooth muscle cells in the mouse renal pelvis

R.J Lang! J. Igbal! M.A. Tontal H.C. Parkingtor and H. Hashitanf, 'Department of Physiologgchool of
Biomedical Sciences, Monash Universiliayton, VIC 3191, Australia amtDepartment of Cell Physiology,
Nagoya City University Graduate School of Medical Sciences, Nagoya 467-8601, Japan.

Previous intact preparation experiments and calcium imaging Raggested that atypical smooth muscle
cells (SMCs) in the proximal renal pelvis are likely to be the pacernlls that drie pyeloureteric peristalsis
(Langet al, 2007). However, their electrical characteristics, location and mechanisms of paeemakeration
remain obscure. Standard perforated-patch patch clamp, intracellular microelectrode recording and
immunohistochemistry techniques were used. In some experiments a transgenic mouse with enhanced yello
fluorescent protein (eYFPXeusively expressed in cells containirgrsmooth muscle actina(SMA) were
used.

Single atypical eYFR-SMA® SMCs could be distinguished electrophysiologically from typical
eYFPa-SMA* SMCs by the absence of altage-operated transient 4-amigagdine-sensitie (A -type’ KV4)

K* current (ka) and the absence of spontaneous transient outward currents (STOCs) arising from the opening of
large conductance Gaactvated K* (BK) channels. Both typical and atypical SMCs displayed spontaneous
transient inward currents (STICs) flowing through niflumic acidAN$ensitve A~ channels. Haever, 25%

of typical SMCs also displayed a dgr NFA-sensitive A~ current which displayed reladly slow kinetics of
activation and deactition, presumably reflecting a reladly high internal C&" concentration. Atypical SMCs
also fired prolonged large inward currents (LICs), which were cation-seleatd blocked by L& or
ryanodine. Immunostaininpr ANO1/ TMEN16A CI channel subnits was found predominately in the distal
regions of the renal pelvis, co-localizing with intense immunostainingoaf&@MA. In contrast,a-SMA™
interstitial cells (ICs) were distinguished by the presence of a Xe991-genditr current, a smalll, current,
tetraethylammonium-sensié BK channel STOCs and Tkelectve STICs blocked by NR. Intense
TMEN16A immunostaining also located to a population of KKSMA™ ICs in the proximal and mid gions

of the renal pelvis.

We onclude that (i) KV4, BK STOC*, a-SMA* SMCs are the typical SMCs that facilitate muschdlw
contraction, (i) TMEM16A or KV7 immunoreagity may be useful makers of KitCs in the urogenital tract,
and (iii) KV4~ a-SMA™* atypical SMCs firing cation-seleeé LICs are likely to be the pelviureteric
pacemakers.

Lang RJ, Hashitani H, Tonta, MAaFkington, HC & Suzuki H. (2007) Spontaneous electrical activity asdl Ca

transients in typical and atypical smooth muscles and interstitial cells of Cajaklik of mouse renal
pelvis. Journal of Physiology583, 1049-1068

Proceedings of the Australian Physiological Society http://www.aups.ay.au/Proceedings/41/147P



Controlling uterine contractions: the role of interstitial cells

H.C. Parkingtor Q. Li,! M.A. Tontal J. Igbal! M.M. Davies! K.W. Taylor.! S.P Brennedke? H.A. Colemari,
R.J Lang and P.J Sheehar?, ‘Department of Physiologionash UniversityClayton, VIC 3800, Australia.
and?Royal Womes' Hospital, Corner Grattan Street and Flemington Road, ParkWil€ 3052, Australia..

During labouy the smooth muscle cells (SMCs) in the wall of the uterus generate strgtignid
contractions that are necessary for vaginalvdeli Such contractions are kept in gla@ce before the onset of
labour and the transition into laboundives the actiation of contraction associated processes. The processes
recruited in this switch are incompletely understoodytRinic, controlled SM contractions arecggisitely
exemplified in the functioning of the gastrointestinal tract. In this location “interstitial cells” (ICs), described
initially over 100 years ago by Cajal, play a major role iganrrhythmicity. In the last decade, ICs y&dso
been identified within the wall of the uterus, but their role remainsveludere we inestigated the role of
uterine ICs in late pregnant and labouring human and mouse uterus using a variety of approaches.

Tissues were obtained from women undergoing caesareapryldiilice were studied 24 hours before
delivery and in labour Either membrane potential or cytoplasmic?Cavas recorded simultaneously with
tension. In single SMCs and ICs isolated with collagenase, ionic currents were recorded and molecular
fingerprinting assessed using single-caACR. Cellular localizations of proteins of interest were made using
immunohistochemical techniques.

Uterine ICs stained with vimentin but since this can stauerak cell types, in human uterine tissue
distinction was made between ICs, fibroblasts and immune cells by a co-staining approach. Prolyl
4-hydroxylase, which identifies fibroblasts, co-localized with vimentin in cells that had a stheiesaround
the nucleus, and 2 long slender projections. Unphosphorylated connexin 43 and c-Kit identify ICs, and cells co-
staining with these had a large cetllime with 3-5 projections emanating from the nuclear region. CD45,
which identifies macrophages, did not co-stain with vimentimevitin staining, in cells located amongst the
SMCs, doubled in human tissues obtained during labout3%) compared with those in late gnang but
not in labour (1.80.2%). Isolated SMCs had a robust large-conductandé;aCtvated K™ current, which \as
absent from ICs. This was verified in pairs of SMC and IC from 20 women using singl6-€sIR

In mice, vimentin staining did not occur amongst the SMCs in the,dotgitudinal muscle layer
although vimentin staining was observed between SMC bundles in thislfagentrast, strong vimentin and c-

Kit staining occurred amongst the SMC of the inner circular muscle, layeéiin the loose tissue between the
two muscle layers. This geegaion provided as close as might be possible to a natural “IC knock-out”
preparation, which wexgloited to further probe the role of ICs in uterine pacemaking. Isolated circular strips
were alays spontaneously contractile, and the SMC had “resting” potentials af3rBZ In contrast,
longitudinal strips were alays quiescent, with resting potentials of +2inV. In view of the high density of
vimentin-staining cells in the loose intermediate region between thentwcle layers, we made circular and
longitudinal strips that had: (1) as much intermediate material as possibleedenamd (2) as much
intermediate material as possible retained. Circular strips with intermediate material attached were
spontaneously contractile, while rewirng this material led to the abolition of this aiif. In contrast,
longitudinal strips remained quiescent, whether or not intermediate material was presexerHongitudinal

strips with intermediateand circular muscle remaining attachedways contracted spontaneouslyhese
spontaneous contractions in fully intact longitudinal strips were abolished by imatkio ), which
putatively blocks c-Kit.

In conclusion, ICs may well play a role in the generation of spontaneous uterine contractions. In mouse
uterus, interaction between ICs and circular SMCs appears to be required fovdidpaeent of pacemaking.

In addition, vimentin/c-Kit staining cells appear critical for the spread of contractions betweern tmadele

layers. The longitudinal muscle is the more important for successful vaginargelvhile the circular layer
appears to play a greater role in generating contractions. In human uterus, the smooth muscle layers are mot
diffuse and a circular/longitudinal distinction is not evident. The tissue is arranged in thin layers throughout the
wall, with the SMC within each layer in the same orientatiahwith a different orientation in adjacent layers.

Here, cells that link the SMCs within this intricately layered network are likely to be critical damized
contraction of the gan, such as is necessary for timely vaginahee}i ICs may fulfil this role.
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Developmental programming following prenatal alcohol exposure: models and mechanisms of
disease

K.M. Moritz, School of Biomedical Sciences The University of Queensland St Lucia 4067. (Introduced by
Caroline McMillen)

Chronic prenatal exposure to high doses of alcohol can cause a rangel@frdental abnormalitiesub
whether alcohol causes detrimental effects in the fetuswioigp short term exposure or atwodoses is
somevhat contreersial. Mary women cease drinking upon greang recognition but mancontinue to drink
during prgnang with the pattern of drinkingarying from occasional drinking to routine consumption ofva lo
amount of alcohol on a daily basis. In this study wedthesized that the dose and timing of exposure may be
critical in determining both the short and long terrfe@s of alcohol on fetal delopment and outcomes in
offspring.

Thus, we hee wsed the following three rat models of alcohol exposurexpdoee the immediate and/or
long term consequences for the fetus and offspring:

1. Highdose binge (HD) in which rats are administered 1mg/kg alcohol (or saline as a control) by oral
gavage on days 14 and 15 of pregmanc

2. Chroniclow dose &posure (CL) in which the dam hab lib access to a liquid diet containing 6%
alcohol (115% calories devied from alcohol) or a control diet throughout pregnanc

3. Periconceptionaxposure (PC) where the dam taaklib access to a liquid diet containing 12% alcohol
((30% calories deved from alcohol) from 4 days prior to mating and then for the first 4 days of
pregnang.

Maximal blood alcohol content &) reached approximately 0.11%, 0.03-0.05% and 0.1% in the HD,
CL, and PC models respedy. Offspring in the HD model were born grth restricted and remained small
throughout lactation it experienced catch up growth after weaning and were of a similar weight to control
animals in adulthood. Animals in the CL group were lighter at day 20 ghang but were of similar weight
to control animals throughout weaning and early adulthood. Animals in the PC were of a similar weight to
controls at day 20 of pgpany and have yet to be studied as offspring. As adults, both male and female
offspring in the HD group had elated blood pressure (Bp<0.001) whilst BP vas normal in the CL group.
Renal function was altered in the HD offspring with males showing an increase in @8BR0L) whilst
females showed a decreased GHRRO(01). There were alterations in the ability of the CEksming to
concentrate urine following dehydration.f§jfring in both the HD and CL groups had a reduced number of
nephrons in the kidiyg([20-30% reduction compared to controls) wheangined using unbiased stereololyy
the HD group there were significant changes in gergdating branching morphogenesis in the fetal kidne
whilst apoptosis was elated in the fetal kidneys of animals in the CL and PC groups. This suggests that kidne
development is susceptible to alcohol and that multiple mechanisms may otatiabthe impairment in renal
development and the subsequentvioephron humberThe dose and timing of alcohatmosure is likely to be
important in determining the subsequent risk of adult onset disease.
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Intrauterine inflammation: effects on fetal lung development
TJ.M. Moss, The Ritchie CestrMonash Institute of Medical Resebr P.O. Box 5418, Clayton, VIC 3168,
Australia. (Introduced by Helena Parkington)

Intrauterine infection or inflammation is common in cases of preterm birth, especially those that occur at
very early gestational ages. Exposure of the fetus to prenatal infection or inflammation is independently
associated with alterations in the risk ovesal neonatal diseases associated with prematuroty example,
evidence of exposure to infection/inflammation before birth is associated with a reduction in the risk of neonatal
respiratory distress syndrome (RDSis life threatening disease, which accounts forynmaonatal deaths, is
believed to be die primarily to a lack of pulmonary sadtant. Theassociation between intrauterine
inflammation and reduced risk of RDS suggests that prenatal inflammation stimulates fetal pulmaaansurf
production. Instudies using sheep weveadown that experimentally induced intrauterine inflammation or
infection (induced by amniotic fluid injection of lipopolysaccharide e lireaplasmas) causes a precocious
increase in pulmonary surfactant in the preterm lungs (Mbsd, 2002a; Mosset al, 2008) that improes
preterm lung function, consistent with obs#ions of human preterm infants. The effects of intrauterine
inflammation appear to result from direct action of proinflamatory stimuli on the fetal lungs €Mals2002b)
rather than by systemic signals, such as stimulation of the fetal hypothalamic-pituitary-adrenal axis and
activation of the classical glucocorticoid-mediated lung maturation pathway (Netsads 2002). These initial
experiments hee focused imestigation of responsible mechanisms on local pulmonacgofs that might be
induced by inflammation and stimulate surfactant production.

A prime candidate for mediating inflammation-induced surfactant production by the preterm lung is
prostaglandin E and/or other arachidonic acid metabolites. Prostaglangirs & fundamental mediator of
inflammation; limited aailable evidence indicates it can induce aatant production in preterm lungs. Our
experiments demonstrate that intrauterine inflammation induggsession of enzymes responsible for
prostaglandin production in fetal lung tissue. Lung tissue analyses from these same experiggents ha
demonstrated also that paracrine/autocrine production and/or metabolism of glucocorticoids in fetal lung tissue
may occur in response to inflammation, as a result of inflammation-induced changgsession of 1ft
hydroxysteroid dehydrogenase (types 1 and 2). This effect might account for at least some of the changes ir
fetal lung deelopment induced by inflammation.

In order to address the role of glucocorticoid signaling in the response of the fetal lungs to inflammation,
we are inducing intrauterine inflammation in transgenicgmmet mice carrying glucocorticoid receptor
knockout fetuses. Consistent with our studies using sheep, intra-amniotic injection of lipopolysaccharide in
wild-type mice induces large increases in surfactant protein g&peession in the preterm lungs.
Demonstration of this same effect in the GR knockout mimgldvdemonstrate this effect is independent of GR
signaling.

The possibility exists that there are previously unknown mechanisms of stimulatactautrproduction
by the preterm lungs, which might bepéoited as neel therapies for preenting respiratory distress syndrome
in preterm infants. Elucidation of thef@fts of inflammation on the fetal lungs and othgaas will allov more
refined approaches to care of preterm infants exposed to inflamnmatitzma

Moss TJ, Knox CL, Kallapur SG, Nitsos I, Theodoropoulos C, Newnhartk&fmi M, Jobe AH. (2008)
Experimental amniotic fluid infection in sheep:fdets of Ureaplasma parvum seas 3 and 6 on
preterm or term fetal sheefimerican Journal of Obstetrics and Gynegplal98(1):122.e121-122.e128.

Moss TJM, Newnham JRVillett KE, Kramer BW Jobe AH, lkegani M. (2002a) Early gestational intra-
amniotic endotoxin: Lung function, sadtant, and morphometrimerican Journal of Respiratory and
Critical Care Medicinel65(6):805-811.

Moss TJM, Nitsos |, Kramer BWkegami M, Newnham JRlobe AH. (2002b) Intra-amniotic endotoxin induces
lung maturation by direct ffcts on the desloping respiratory tract in preterm sheémerican durnal
of Obstetrics and Gynecolod7(4):1059-1065.

Nitsos I, Moss TJM, Cock ML, Harding R, Newnham (#®02) Fetal responses to intra-amniotic endotoxin in
sheepJournal of the Society for Gynecologic Investigatig(?): 80-85.
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Early origins of cardiovascular disease: The heart of the matter

K. Wangt K.J. Botting12D. A. Brooks, L. Zhang! L. Rattanatray: S. Zhand, J. Duffield? C. Sutef I.C.
McMillen and J.L. Morrison? Early Origins of Adult Health Resezr Goup, School of Pharmacy and
Medical Sciences, Sansom Institute of Health RebBe8A 901, Australia?Discipline of Physiology,
University of AdelaideSA 01, Australia andVictor Chang Cardiac Resedr Institute Lowy Pa&er
Building, Liverpool Street, Darlinghurst, NSW 2010, Australia.

Cardiovascular disease currently affectgenp3 million Australians. Reduced growth in fetal life together
with accelerated growth in childhood results in an increased riskpdrtension andb0% greater risk of
coronary heart disease in adult life. It is uncleary whanges in growth patterns in early life lead to a
vulnerability to cardigascular disease. Left ventriculaypertroply is the strongest predictor of progressi
heart disease and poor cargiscular outcomes in adult life. Pathological ventriculgoértroply begns as an
adaptve response to increase cardiac pump functionvéder, if this response is prolonged it can lead to dilated
cardiomyopatf, heart failure and sudden deathe \Wopose that the mechanisms that support the growth of the
heart when substrate supply is restricted during fetal life are the same as those which are recruited to induc
pathological lpertroply in later life. This may xplain the vulnerability of the heart to thevdl®pment of
cardiovascular disease as the heart ages and is required tayargeertroply in response to ischemic heart
disease or ypertension in order to maintain cardiac outplrisulin-like gowth factor 1 (IGF1) has been
implicated in the initiation of entricular lypertroply. In a range of experimental models, IGF1 aeia the
IGF1 receptor (IGF1R) botim vivo andin vitro to increase the size of cardiomyocytes. Recently it has been
shownin vitro that when the IGF1R signalling pathway is blocked, addition of IGF2 results in an increase in the
size of cardiomyocytes. This suggests that IGF2 may act to stimulate heart v¢h tgrmoough the IGF2
receptor (IGF2R), which is interesting as the IGF2R has traditionally beeed/i@s a receptor which acts to
clear IGF2, rather than as a receptor which is part of a ligand mediated growth pathway.

The adaptation of the fetal heart to a period of reduced substrate supply and decreasedutiodiyagro
critical consequences for heart health in later life because at birth, the human heart contains most of the
cardiomyogtes it will have for life. The growth of the heart in earlyvdopment initially occurs through the
division and hence proliferation of mononucleated cardiogtggcwhich then undergo differentiation to form
binucleated cardiomyocytes. These cells are unablevidedand heart growth then predominantly occurs
through an increase in the size of the binucleated cardiomyocyyesrifioply). In a sheep model of
intrauterine growth restriction (IJUGR), induced by restriction of placental growth, we inaestigated the
proliferation and growth of cardiomyocytes and the pattern éérdifitiation of mononucleated to binucleated
cardiomyogtes in the fetal heart. $\havefound that heart massas maintained relat to fetal body mass,ub
that there was a relgt increase in the size of binucleated cardiomtexin the heart of the IUGR sheep fetus.
In addition, the lav birth weight lamb has increased relatileft ventricular weight at 21d of age.eVijropose
that in response to a poor substrate supply in the fetus, the IGF1R signallingyppthys a proteate ole in
the heart through its anti-apoptotic and angiogenic actiorsddt/ suggest that once up-regulated, the IGF2R
signalling pathway mediates cardiomyocyy@értroply. This is a nwel and significant fipothesis as it places
the IGF2R, rather than the IGF1R, signalling pathway asyarkchanism underlying the changes in heart cell
growthin uterowhich may contribute to a later vulnerability of the heart to pathological hypeytroph
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Maternal diets rich in fat programme obesity, hypertension and altered sympathetic nerous
system activity in adult offspring

JA. Armitage?L.J. Prior,? S.L. Burké and G.A. Head,'Department of Anatomy and Developmental Biology,
Building 76 Monash University\ellington Road, Clayton, VIC 3800, Australia akeuropharmacology
Laboratory Baker IDI Heart and Diabetes InstityteO Box 6492 St Kilda Road Central, MelbourngC

8008, Austalia. (Introduced by Janna Morrison)

The predence of obesity and related disease are rising rapidijdwide. The majority of Australian
adults are werweight or obese and the cangdecular and metabolic consequences are predictedvioHgh
financial and social costs. Adult risictors, genetic predisposition and socioeconomic factors all contribute to
the deelopment of obesity and obesity related hypertensioveher there is compellingwdence that the early
life environment also contributes to disease progression. This process is terneapfdental programming”
and it is hypothesized that maternal dietary imbalance ignprey results in fetal and neonatal adaptations
including redistribution of blood flg, dtered oganogenesis and growth in response to altered nutritional
awailability later in life (Barler 2001; Armitage, Taylor & Poston, 2005). Maternal obgsigternal essential
fatty acid depwation (Weisingeret al, 2001), or high &t consumption in pgnang can programme obesity and
hypertension in the offspring (Khaet al, 2003). This programmed obesity related hypertension has been
associated with dysfunction of the periphe@daulay metabolic and renal systems (Armitagéal, 2004). W\
hypothesized that the hypertension and obesity seen in offspriag fetifmothers was associated withvatied
sympathetic new activity and altered ypothalamic responses to peripheral appetite controlling peptides and
hormones including leptin and ghrelin, anddeped an animal model to test the hypothesis.

Female Ner-Zealand White rabbits were fed either a control (3.5% fat) or high fat diet (HFD, 18tb% f
for 3 weeks prior to mating and throughout gestation and lactation. After weaningisptingf were fed a
calorie controlled 3.5% fat diet. At 4 months of age all rabbits were instrumented with intracevgtmaar
(icv) cannulae and renal nerdectrodes under isoflurane anaesthesia (fetiat, 2010). The central ear artery
was aatheterized and arterial pressure, heart rate and sympatheticatarnity recorded under basal conditions
and in response to a stressful stimulus; a jet of awibtpat 100 L/min was directed at the face for 10 minutes.
The cardi@ascular and renal sympathetic nemesponses to increasing doses of leptin (recombinant murine
leptin Peprotech USA, 5-100ng dedied icv) and ghrelin (human ghrelin Auspep, Melbourne 1-5 nMol, icv) on
separate days. Body weight was similar between groupgvbBoHFD offspring (n = 9) had heger visceral
white adipose tissue compared with control offspring (n 9 8& 0.05). Rabbits from &t fed mothers
demonstrated greater mean arterial pressure (p/4).05) tacclycardia (+11%p < 0.05) and eleated renal
sympathetic activity (+17%p < 0.05) compared with control offspring. The cardiscular and sympathetic
responses to acute stress were similar between groups. Interedithgiygh icv administration of ghrelin
reduced the pressdactycardic and RSN response to stress in both groups, this reduction in stress responses
was érogated in offspring of fat fed rabbits, compared with contrpls @.05).

Maternal high fat feeding during geany and suckling results in the dgopment of obesity related
hypertension in the offspring. Our results indicate thatadel renal sympathetic activity is associated with the
hypertension and that perturbations of the leptin and ghrelin systems in the hypothalamus may underlie the
phenotype. Further understanding of which hypothalamic nuclei are affected are the subject of ongoing work.

Armitage JA, Khan I'YTaylor PD, Nathanielsz PWPoston L. (2004)ournal of Physiologyp61(2):355-377.

Armitage JA, Taylor PD, Poston L. (20059purnal of Physiologyp65(1): 3-8.

Barker DJ. (2001 )British Medical Bulletin60: 69-88.

Khan 1Y, Taylor PD, Dekou VSeed PT Lakasing L, Graham D, Dominiczak AHanson MA, Poston L.
(2003).Hypertensiort1(1): 168-175.

Prior LJ, Eilelis N, Armitage JA, Daern PJ, Burk 3, Montani JPBarzel B, Head GA(2010.)Hypertension
55(4): 862-868.

Weisinger HS, Armitage JA, Sinclair AJ, Vingrys AJ, Burns Pleisihger RS.(2001).Nature Medicine7(3):
258-259.
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Early life environments and programming of the vascular phenotype
M. Tare, Department of Physiologivonash UniversityVIC 3800, Australia.

Disturbances in the early life environment cawehdife long repercussions on cardéscular health.
Perturbations during critical times invad#opment including fetal and early postnatal life can influence arterial
structure and function, predisposing to cavescular disease. 8\tavestudied the effects of a variety of early
life challenges on vascular function. Challengesstigated include vitamin D deficiepncseveal different
models of intrauterine growth restriction, prenatal glucocorticoid or alcohol exposure, and the lactational
ervironment. The striking finding to emerge from thisrlwis that the nature of vascular dysfuncticihibits
regional heterogeneity Vascular mechanisms that are targeted include endothelial function, neuromuscular
transmission, smooth muscle reactivity and walfregs. Ofthese mechanisms, weveafound that a change in
wall stiffness is generally the most consistent indicator that there has been an exposure to an early life insult.
Intrauterine growth restriction causes stiffening of the coronary arteries of the fetal sheep. Alcohol exposure in
the fetal sheep causes stiffening of arteries across the Boohe insults can alsowg fise to functionally
opposing responses in different vascular beds. ikstance, maternal alcohol ineakesults in endothelial
vasodilator dysfunction in coronary arteries agdrfunction in the mesenteric arteries of fetal sheep. Changes
in vascular function that persist into adulthood increase the risk of gasdidar diseaseSeven year old sheep
exposed to tw days of prenatal glucocorticoids early in gnang had significantly increased coronary artery
stiffness. Agedats exposed to vitamin D deficignduring early life had persistent alterations in renal artery
function including altered wall sfifess and augmented newmscular constriction. The early postnatal
ervironment can also influenceaascular function. Changes in the lactational environment can either rescue or
aggraate disturbances in vascular function caused by prenatal ingutteough not tested in all models, there
appears to be sexual dimorphism in the nature atahieof vascular dysfunction, with males tending teeha
worse outcomes than females. In conclusion,adety of early life insults can induce adaptations in the
developing vasculature that may cause lasting alterations in function. Persistence of vascular dysfunction into
adulthood will increase the risk of cardascular disease.
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Selectve loss of visceral pain in the aganglionic rectum of lethal spotted mutant mice
V.P. Zagorodnyuk, M. Kyloh, S. Nicholas, S.J.H. Brookes and®ehcey Department of Human Physiology,
Flinders University GPO Box 2100, Adelaid&SA 01, Australia.

Aims.Mutations in the gene coding for endothelin 3 each account for approximately 5% of human cases
of Hirschsprungs disease. Mice with deletions of endothelin 3, lethal spotted (Is/ls) mousepisiparable
defects - loss of both enteric neurons amdiglia (aganglionosis) in the distal bowele \Wave previously
established that mgnextrinsic sensory neurons V& ransductions sites in enteric ganglia, including lo
threshold, wide-dynamic range mechanoreceptoyer(ket al, 2003; Spenceet al, 2008). Preliminary results
shaved that the visceromotor responses (VMRS) to noxiowgslef rectal distension were reduced or absent in
Is/ls mice. The aim of this study was twéstigate in details extrinsic innemtion of colorectum and VMRs in
Is/ls mice.

Methods In anaesthetized mice (200-3@0 of 6 mg/ml of pentobarbital sodium, s.c.), electromyogram
recordings were made from the transverse oblique abdominal muscles during noxious rectal distensions (up tc
120 mmHg) to actiete VMRS. Extrinsic spinal inneation of the mouse colorectum in wild type and Is/Is mice
was investigated by retrogradly labelling of DRG neurons with Dil tracer injected into the rectum, by
immunohistochemistry to sensory neurons raamgalcitonin gene related peptide (CGRP) and xiyaeellular
recordings from fine rectal nexrwunksin vitro.

Results. Intraluminal distension (15-20 s, increments of 20 mmHg), applied to the colorectum of
anaesthetized wild type mice, consistentipked VMRs with a threshold of approximately 20 mmHg, which
increased linearly with pressure up to 120 mmHg (n=9). When the same incremental distensions were applied tc
the a@nglionic colorectum of Is/ls mice, no detectable visceromotor responses were elicited (n=11). VMRs
evdked by intraluminal distension (20-100 mmHg) of the bladder (n=6) or by somatic stimuli (calibrated pinch
to the tail or hind limb, n=14) were not fifent between wild type and Is/ls micee Wsted whether thereas
a omplete loss of functional pain pathways from the colorec@ibmeof the gut in Is/ls mice. Electrical
stimulation (1-20 Hz, 0.4 ms, 6Q Y0 s) gplied to the exposed rectum consistentigked VMRS in both wild
type (n=14) and Is/ls mice (n=12). Wever, responses in mutant mice were significantly smafi€®.001) than
controls. In control mice (n=4), the greatest number of Dil-labelled neurons were located in dorsahgbat g
of S1 and S2, with a small proportion of neurons labelled in L3. In Is/ls mice (n=6), significantly fewer neurons
(60-80% loss) were labelled in S1 and S2 than in wild type contpel®.q01). In Is/ls mice (n=4), the
aganglionic rectum had a significant reduction in immunoreigtio CGRP compared with controls (n=4).
Stretch-induced firing of {@ threshold stretch-sensié dferents in Is/ls mice (n=27)as approximately half
that of control mice (n=25<0.0001) while stretch-induced firing of serosal high threshold afferents did not
differ significantly between control (n=14) and mutant (n=17) mice.

Conclusions The current study has identified that, in addition to colorectahglpnosis, mice deficient
in endothelin 3 also wa a ®lectve deficieny in nociception from the aganglionic colorectum. The results
revealed a significant reduction in density of spinal sensory innervation of aganglionic rectum and impairment
of mechanosensitivity of W@ threshold, wide-dynamic range mechanoreceptors which together may account for
aloss of VMRs in Is/Is mice.

Lynn PA, Olsson C, Zagorodnyuk &osta M & Brookes SJ. (2003) Rectal intraganglionic laminar endings are
transduction sites of extrinsic mechanoreceptors in the guinea pig r&distroenterologyl 25 786-794.

Spencer NJ, &rrin A, Singer CA, Hennig GWGerthofer WT & McDonnell O. (2008) ldentification of
capsaicin-sensite rectal mechanoreceptors aeted by rectal distension in micéleurosciencel53
518-534.

Supported by NH&MRC of Australia grant n 535033.
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Purinergic signalling via ATP-gated ion channels mitigates noise-induced hearing loss

G.D. Houslg,2Y. Svakumarant TL. Loh! S.F Tadros! A.C.Y Wong! PR. Thorn€3S.M. Vlajlovic? and

A.F Ryan? 'Department of Physiology &anslational Neuroscience Facilitgchool of Medical Sciences,
University of Nev South Wales, NSW 2052, Austraf®epartment of Physiologfaculty of Medical and
Health Sciences, The University of AucklandNI\ZeaIand,3AudioIogy Section, Faculty of Medical and Health
Sciences, The University of AucklandywNEealand and'Departments of Sgery & Neuroscience & VA
Medical CenterUniversity of California, San Diego, La Jolla, CA 92093, USA.

We tested the hypothesis that aation of P2X, receptormediated signal transduction in the cochlea
mitigates noise-induced hearing loss (NIHLY.FAgated ion channels assembled from P2eceptor subnits
are gpressed by the cochlear sensory hair cells, associated epithelial supporting and secretory cells, and by th
spiral ganglion neurons. These sites of expression may etedtby noise-induced release of ATP tteetf
sound transduction, cochlear electrochemical homeostasis, and auditory neuron excitability (seg Housle
Bringmann & Reichenbach, 2009, for aviesv). This P2X, receptor signalling is up-regulated by sustained
exposure to high noisevels (Wanget al, 2003), suggesting a potential relationshipildtype (WT) and P2X
receptor knockout (KO) mice (C57BL/6J background strain) were exposed twise conditions: acute - high
level noise, and long-term — mediunvét (ervironmental) noise. In the case of the acute study (30 minutes, 95
dB SPL, 1 octave @ — 16 KHz) white noise), hearing sensitivityaw measured by auditory brainstem response
(ABR) before, immediately afteand then tvo weeks after the noise exposure, to determine temporary (TTS)
and permanent (PTS) threshold shifts.* The WT al ridice groups had comparable TTS within the noise
band, havever, the KO mice sustained high frequen®TS. Inthe second studyVT and KO mice were born
into either an acoustically attenuated “quietVieonmental chambeor an eévironmental chamber pvading
exposure to moderate ambient noise (75 dB white noise). After four months, both WTCamic& in the
“noise chamber” had significantlyonse hearing than the mice in the “quiet chambet8wever, as en in the
acute noise studyearing loss in the & mice extended to higher frequencies than in the WT mice.

Conclusion: In the absence of Pxceptor signalling (R mice), NIHL in the cochlea isxacerbated for
both high-leel, short-term noisex@osure and long-term moderate noisele ThusP2X;, receptor signalling
is oto-protectie, providing intrinsic reduction of high-frequen&lIHL.

*The mice were anaesthetized using ketamine (40 mg/kg); xylazine (8 mg/kg); acepromazine (0.5 mg/kg)
(i.p.) during the ABR measurements following a protocol aygatdy the UNSW Animal Care and Ethics
Committee.

Houslegy GD, Bringmann A, Reichenbach A (200B)ends in Neuroscience3?: 128-141.
Wang J C-C, Raybould NR.uo L, Ryan AEF Cannell MB, Thorne PR, HousteGD (2003) NeuroReport14:
817-823.

Supported by the National Health & Medical Research Council (Australia).
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Extracellular recording of viscerofugal neurons in guinea-pig colon
T.J. Hibberd, N.J Sencer and S.J.H. Brookes, Human Physiology and €&mtNeuroscience School of
Medicine Flinders University Bedfod Park, SA 5042, Australia.

Viscerofugl neurons hae cell bodies in the myenteric plexus of the gativand project out of the gut to
synapse with pos&mnglionic sympathetic neurons in the abdominalvgtebral gnglia. Noradrenegic
sympathetic neurons in turn project back into the gut, wheng itifébit transmitter release from enteric
neurons. This reflecircuit, when actiated by mechanical and chemical stimulation of the intestine, causes
inhibition of gut motility and secretion. Much of our current understanding of viscerofugal neurons has been
deduced from intracellular recordings of cholinergic synaptic input onto symaptheticambérigodies, where
mary viscerofu@l terminals synapse. Direct extracellular recordings from axons of viscerofugal neurons, from
mesenteric nerves, would meakossible more detailed vestigation of their plgsiology Howeve, this has not
been possible to date because of the presence of spinal sensory neurons within the sarmenkerv
Previouslywe havereported that maintaining preparations of guinea pig distal colog@natypic culture for a
period of 3-5 days causes degenerationxtriresic nene fibres which hee been seered from their cell bodies.

In these preparations, viscerofugal neurons and their axonsvesuavil we were able to makdrect
extracellular electrophysiological recordings from identified viscemfugxons. Our current aim was to
determine whether axons of viscerofugal neurons could be recorded in mesentescdmeute preparations
(that had not been gan-cultured).

Methods: Close extracellular recordings from colonic ednynks were made from flat sheet preparations
of guinea pig distal colon freshly rereal from humanely killed guinea pigs. Preparations were studied
vitro, dter remwa of the mucosa, sub-mucosa and circular muscle layers. The nicotinic receptor agonist,
DMPR was ejected onto myenteriamgglia through a micropipette (541 tip) using nitrogen pulses (100&P
10-40ms). Putate viscerofugl nene cell body locations were identified when DMPP-stimulation caagljon
evdked a lurst of action potentials in the recorded colonic aerééangliavere classified as respovsia non-
responsie (o DMPP) and the results were mapped onto a printed micrograph of the preparagaecorded
nene trunk was then filled with biotinamide and locations of viscerofugalenezl bodies projecting into the
recorded nem trunk were mapped.

Results: DMPP-sensit stes were significantly associated with the presence of viscelohaege cell

bodies. In ten mapped preparations, 16 of 24 ganglia containing visa@ragmee cell bodies were DMPP-
sensitve. Conversely, 158 of 162 ganglia without viscerofugal nereell bodies were non-respowusito DMPP.
This association was highly significaqi<Q.001). Inresponsie ganglia, spritzes of DMPPveked hursts of
action potentials from 100-1000ms in duration, typically of small amplitude (f2@@ak-to-peak). In man
cases, single units could be discriminated with firing rates at up to 50Hz. None of the DMPPvegmitssi
were actrated by capsaicin.

Conclusion: Singleunit recordings of viscerofugal neurons can be made using standard intracellular
recording techniqueis vitro. ldentified axons of viscerofugal neurons are abundant in colonic nerves and can
be distinguished with high reliability by their responses to localised application of a nicotinic aJdnisst.
result paes the way for detailed characterisation of viscerofugal neuron activity.
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Cardiac SR C&" release channels and adrenergic stimulation

D.R. Lavet J. Li,! N.A. Beard? A.F. Dulhunty’ and D.F van Helden ‘School of Biomedical Sciences and
Pharmacy University of Newcastle and HMRI, Callaghan, NSW 2308, Australigkoe Curtin School of
Medical Reseah, Australian National UniversityCanberra, ACT 0200, Australia.

Adrenegic stimulation of the heartwnlves phosphorylation of mgrintracellular C&* handling proteins
including the ryanodine receptor €arelease channels (RyRs) in the SR. It is known that RyRs can be
phosphorylated at three serine residues at 2808, 2814 and 2030 &HBé(s, 2008) and that phosphorylation
of RyRsvia PKA causes an increase in RyR activity cardiomyocytesveda, little is known about ho
phosphorylation of RyRs alters their regulation by intracellulaf*Gand our aim was to explore this
physiologically important question.

In our experiments, RyRs were isolated from rat hearts, which had been rapidiedeperfused with
Krebs luffer in a Langendofiapparatus. One group of hearts was perfused witndl/l isoproterenol§1- and
B2-adrenegic agonist) and the other group without (control) and immediately snap frozen in ligiincbhder
to capture their state of phosphorylation. SR vesicles containing RyRs were isolated from the heart tissues a:
previously described for sheep heart yeaet al, 1995). The bffers used for RyR isolation also contained 20
mmol/l NaF to preent dephosphorylation of RyRs by endogenous phosphatases. This approaed e
RyRs to be phosphorylated by theypiological signalling processes resulting from adrenergic stimulation of
cardiomyogtes. RyRs were incorporated into artificial planar lipid bilayers and theiuitpottas measured
using single channel recording in the presence of a range of luminaJtapthsmic [C&"]. Western Blots were
used to determine RyR phosphorylation state.

Adrenegic stimulation of rat hearts caused an increase in heart rate frarh@#846@35 (n=6) which
was austained for 1 min prior to freezing. This stimulation caused an increase in phosphorylation at S2808
without ary change at S2814 and S2030. The activity of RyRs from isoproterenol stimulated hearts (ISO RyRs,
n=25) was 3-fold higher than control RyRs (n=24) at diastoli¢*Jqda00 nmol/l) but was not significantly
different at systolic [C&] (>1 umol/l). At diastolic [C&"], addition of Protein Phosphatasel (PP1, 5 min)
reduced the activity of ISO RyRs by @&.6% (n=4) and control RyRs by #20% (n=4) but this treatment
had no effect at systolic [€§. ISO RyRs displayed a 100-fold channel-to-chanmgiation in activity which
was lamger than, and encompassed, the range of activity seen for control RyRs and PP1 treated RyRs. A
subpopulation of ISO RyRs (13 of 25) were typical of control RyRs hearts and aestited subpopulation (8
of 25), had 10-fold higher opening rates.

The effects of adrenergic stimulation on RyR2 regulation ypptasmic and luminal Ga were
accurately fitted by a model based on a tetrameric RyR structure with f6use@msing mechanisms on each
suhlunit (Laver, 2007; Laver & Honen, 2008). Phosphorylation did not alter the ion binding affinities for these
sites. Ratherit increased channel opening rate and decreased the channel closing rate associated with Ca
binding to the cytoplasmic and luminal aetion sites.

The results indicate that: 1) Adregir stimulation causes a rapid increase in phosphorylation at S2808;
2) which increases RyR2 activity during diastole but not during systole; 3) RyRRdatje channel-to-channel
variations in activity most likely as a result of varyinggdees of phosphorylation at S2808; and 4) adginer
stimulation increases the proportion of phosphorylated RyRs in the SR. The increase in RyR2 activity will
contritute to an increase in the frequgraf the SR C&" uptale-release cycle which in turn generates the
increased heart rate seen durimgreise and stress.

Huke S, Bers DM. (2008). Ryanodine receptor phosphorylation at Serine 2030, 2808 and 2814 in rat
cardiomyocytesBiochemistry and Biophysical ReselaitCommunication876 80-85.

Laver DR, Roden LD, Ahern GEEager KR, Junankar PR, Dulhunty AE995). Cytoplasmic G4 inhibits the
ryanodine receptor from cardiac musdeurnal of Membrane Biolog$47.. 7-22.

Laver DR. C&* (2007) Stores regulate ryanodine receptot*@alease channels via luminal and cytosolié*Ca
sites.Biophysical Journal,92: 3541-3555.

Laver DR, HonenBN. (2008) Luminal Mg*, a key factor controlling RyR2-mediated €arelease:
Cytoplasmic and luminal regulation modelled in a tetrameric chada@inal of General Physiolyy,
132 429-446.
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Cardiac ischemic stress: C&" and sex scenarios
J.R. Bell and L.M.D. Delbridg, Cardiac Phenomics, University of MelbourndC 3010, Australia.

Important sg differences exist in cardrascular heart disease, and much of thifed#ntial is cardiac
specific. Pre-menopausabmen are protected from ischemic heart disease compared with age-matched men,
but prevalence increases steadily post-menopause. There is growargreess of thextent to which cardiac
function can be influenced byxsend se& hormones, haever the fundamental mechanisms responsible for
these se differences are not well understood. Female and male cardiomyocytes exhibit markiedgntdif
calcium (C&*) handling characteristics which reflect the influences of endogeneels t&f se steroids on
myogyte C&* transport mechanisms. Experimental studiesvstiat, compared with males, female myies
operate on a relagly low Ca&* cycling load, with C&" entry through L-type channels reduced and
sarcoplasmic reticulum €hcycling davnregulated. Overall, diastolic and systolicC@aperational leels are
higher in male myocytes — with endogenous estrogen and testosterone playing recigudatdryeroles in
maintaining this difference. €ais a major causat factor in mawg of the pathologies associated with
ischemia/reperfusion, including apmthmogenesis, contractile dysfunction and multiple forms of cardioptgoc
death. C&' overload triggers hypercontracture and eatts calpain, leading to sarcolemmal rupture and a loss
of cell integrity. It also promotes mitochondrial €aloading, causing the mitochondrial permeability transition
pore to open. Subsequent mitochondrial swelling leadgttzlerome c release and caspase-mediated apoptosis.
With more seere ischemic insults, an uncoupling of the mitochondria deplei€slévels and necrotic injury
occurs. Evidence suggests®Calso triggers autophaghough whether this is responsible for ischemia-induced
autophagy is yet to be resolved. Limiting?C#oading in ischemia/reperfusion substantially imeso post-
ischemic outcomes. The extent of?Caverload is partly mediated by the actions of@ealmodulin-dependent
protein kinase (CaMKIl). Responsi © fluctuations in C&, CaMKIl functionally modulates manion
channels and transporters within the cardiorgt@cHence, an initial rise in €alevels during ischemia
activates CaMKII, augmenting Caentry and increasing intracellular £aMale only studies ha $own that
inhibiting CaMKII during ischemia/reperfusion reduces’Caverload and attenuates apoptotic and necrotic
cardiomyogte death. W hypothesized that the lower operationalds of C&* in female cardiomyocytes may
limit the influence of CaMKIl in ischemia/reperfusion injury and mediate the cardioprotecfandeaf to
female hearts. Whaverecently shown CaMKIIl-mediated injury in simulated ischemia/reperfusion is attenuated
in female myocytes. CaMKII inhibition (KN93) maellly enhanced male myocyte sweliafter a simulated
ischemic gent, but had only marginal fefcts on the more resilient female myocytes. Further studies will discern
the fundamental mechanisms of thig géferential and he it may be modulated in complalisease settings
(cardiac hypertroph diabetes).
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Cardiomyopathies: When is C&* the culprit?
M. Ward, Department of PhysiolgdyMHS, University of Auckland, Auckland 1142yNéesaland..

The coordinated contraction and relaxation of the heart that allows it to function as a pump arises from
transient changes in the concentration of*Gaithin the myocytes. Influx of Ga during the cardiac action
potential triggers release from the intracellular>’Catore (the sarcoplasmic reticulum, or SR), rapidly
increasing the cytosolic [€§ [110-fold. C&* then actiates cross-bridge cycling, and force production, by
binding to the regulatory sites on troponin C. Relaxation takes place when &ipri@arns again to resting
levels as it is remeed from the cytosol by tw principle transport mechanisms: re-upahto the SR by the
C&*-ATPase (SERCA2a); and transport across the sarcolemma (SL) by ‘it@eNa@xchanger (NCX). Gien
the ley le of C&* in the mechanical activity of the heart, it is not surprising th&t @és-handling is often
implicated in cardiomyopathies where force production is compromisedeMdo mary other changes also
occur in heartsen oute to failure, such as extracellular matrix remodelling and increased [3-agicener
stimulation. The impact of these changes on a beat-to-beat basis remains partiealarly since most studies
only examine force and €aduring steady-state, or single beat responses. In this, stedyilised an animal
model of lypertensie failure to gain insights into €ahomeostasis in the reemy from non-steady-state
interventions in isolated left ventricular preparations.

Measurements of isometric force and 2ft}f'slwere made at 37°C in lefewntricular trabeculae fronailing
spontaneously ypertensie rat (SHR) hearts, and their normoteesWMistar-Kyoto (WKY) controls. At 1Hz,
peak stress was reduced in SHR (#4254 mN mm? versus22.5+ 6.7 mN mn¥ for WKY), although the C&
transients were bigger (peak fC]@O.GOi 0.08 uM versus0.38+ 0.03 uM for WKY) with a slower decay of
fluorescence (time constant 0.188.005 sversus0.093+ 0.002 s for WKY). Wo experimental protocols were
used to potentiate force as a probe of dynamf¢ €gling: (i) an interval of 30s rest, and (ii) a 30s train of
paired-pulses, and the recirculation fraction (RF) calculated fonvescto steady-state. No differenceasv
found between rat strains for RF calculated from either peak force?drathough the RF as dependent on
potentiation protocol. Since SR upgals dower in SHR, the lack of change in RF must be due to a parallel
decrease in trans-sarcolemmafCextrusion. This viev was supported by a slower decay offeak-induced
C&* transients in SHR trabeculae. Confocal analysis\bfriee wall showed t-tubules were distorted in SHR
myocytes, with reduced intensity of SERCA2a and NCX labelling in comparison to WKY.

Proceedings of the Australian Physiological Society http://www.aups.ay.au/Proceedings/41/159P



Defining the roles of C&" entry in endothelin-1 and thromboxane A receptor mediated vascular
contractile responses

Y.Y. than, N. Scrimgeou@.Y. Rychlov and D.P WIson, Discipline of PhysiologySchool of Medical Sciences,
University of AdelaideSA 200, Australia.

Introduction: C&* is an important mediator of vascular contractilithich can enter the cytosol through
voltage-gated L- and Tchannels and intracellular SR Laelease. Upon depletion of the SR?Catore,
Ca&*-release actated C&* (CRAC) channels, which are composed of plasma membrane bound Orail and SR-
bound STIM1, form functional channels, aliog store refilling. Although endothelin-1 (ET-1) and
thromboxane A are both potent vasoconstrictors implicated in varicascular disease states, ythreediate
Cé&* entry and vasoconstrlctlon through uniquely different mechanisms.

Aim and Method: To identify the role of IP3 receptors, CRA L- and T-channels in ET-1 and
thromboxane A-mediated vasoconstriction. Using @nvitro rat artery model, functional vascular myograph
coupled with patch clamp analysis were used to identify theatioti and inhibition of C& entry pathvays
mediated by agonists and pharmacological inhibitors of ion channels, redpecti

Results: Brief sequestration of extracellular €aising EGR (5mM) revealed that approximately 20%
ET-1-mediated vasoconstrictionvisived IP3-mediated SR €a(p<0.05; n=4). Bllowing SR C&* depletion
using gclopiazonic acid (10mM) (a SERCA pump inhibitor) and 2-aminoethyl diphenyl borate (100mM)
(which is knavn to block IP3 receptors, CRAchannels and potentially non-selgetiation channels),ascular
contractility was abrogted (P<0.05; n=4), indicating a role for both IP3 receptors andQCB¥annels.
Blocking extracellular C& entry using combined L-f&hannel blockers, mibefradil (1mMp<0.05; n=7) and
efonidipine (0.021mM) ¢<0.05; n=13) attenuated approximately 65% ET-1-mediated vasoconstriction in the
microvasculature (Balet al, 2009). Patch clamp analysis ofJl, - has reealed that in addition to blocking L-
and TFchannels, both mibefradil and efonidipine also inhibited CR#annels. In contrast, thromboxane
A_,-mediated vasoconstriction only voived C&" entry through L-channels and RhoA-Rho kinase
Ca2+ independent sensitization and does natlire IP3 receptors, T or CRAchannels.

Conclusion: In the microwasculature, ET-1 mediates €aentry via L, T, IP3 receptors and CFA
channels. Ircontrast to the traditional L-type €achannel blockers, the more recentlweleped combined
L-/T-channel blockers may prole additional benefit through blockade of GRAhannels, which may
effectively enable clinical modulation of SR Eaelease.

Ball CJ, Wilson DPTurner SP Saint DA, Beltrame JF(2009) Heterogeneity of L- and T-channels in the
vasculature: Rationale for the effigaof combined L- and T-blockadélypertensiorb3: 654-660.
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The role of G-CSF in the gowth and development of skeletal muscle celle vitro

C.R. Wrightt E.L. Brown! A.C. Ward and A.PRussell! ‘Cente for Physical Activity and Nutrition Reser
School of Exercise and Nutrition Sciences, Deakin Univeggity Burwood HwyBurwood, VIC 3125,
Australia and®School of MedicineDeakin UniversityPigdons Road, GeelonyIC 3217, Australia.

Background: Granulocyte-Colop Stimulating Factor (G-CSF) is a cytokine which stimulates the
production of hematopoietic stem cells from bone mari@nce its disceery and appraa for clinical use,
various roles for G-CSF outside the hematopoietic systera Baelged. RecentlyG-CSF treatment has been
shavn to increase skeletal muscle mass, strength and regeneration in rodent models of muscle disease an
damage (Stratost al, 2007; Pitzeret al, 2008). Havever, the molecular mechanisms underlining these
responses are poorly understood. In cells expressing the G-CSF Receptor (G-Ca8Rr&hitding actiates
several intracellular signalling cascades such AK/$TAT, Akt, and ERK1/2 (Liongueet al, 2009). These
signalling pathways are of vital importance in the regulation of skeletal muscle dypedrbply, arophy and
regeneration. Havever, it is unknovn whether the G-CSFR is expressed in skeletal muscle, or if these signalling
pathways are aetited in response to G-CSF treatment.

Methods: RT-PCR:mRNA expression for the G-CSFR was determined ByPRR. The resulting PCR
fragment was separated and purified from a 2%rése gel and sequencedestern Blotting: Protein vas
separated on a polyacrylamide gel and transferred to PVDF membrane. The mendsgmehgd for the
proteins of interestProliferation: C,C, , proliferation was measured by the BrdU Labelling and Detection Kit
[ll (Roche), according the maradturers instructionsProtein Dgradation / Synthesid?rotein synthesis and
degradation was determined by the amount of radio-labelfetyidsine incorporated and released from the
cells, respectiely.

Results: The expression of the G-CSFRasvdetected in {C, , cultures by R-PCR and western blotting,
as well as in mouse and human muscle by western blotting and immunofluorescence. 30 min G-CSF (4ng/ml,
40ng/ml) treatment in £C, , myotubes increased the phosphorylation oA Preliminary data showed Akt
and ERK1/2 phosphorylation was also increasedweder, the rate of proliferation, protein synthesis and
protein degradation remained unchanged under basal and catabolic conditions.

Summary/Conclusion The expression of the G-CSFR irefital muscle suggests that G-CSF/G-CSFR
may be of importance to muscleysiology Activation of STAT3 dgnalling, and the potential agétion of Akt
and ERK1/2 in GC,, myotubes, elicits potential signalling pathways for G-CSF/G-CSFR in skeletal muscle.
However, a unctional outcome remains elvai

Liongue C, Wright C, Russell AP & Ward AC. (2009). Granulocyte colony-stimulatiatprf receptor:
stimulating granulopoiesis and much maimernational durnal of Biochemisty and Cell Biay 41,
2372-2375.

Peterson JM & Pizza FX. (2009). Cytokines dedifrom cultured skeletal muscle cells after mechanical strain
promote neutrophil chemotaxis in vitrdournal of Applied Physiology (Bethesda, Md. 198%)6,
130-137.

Pitzer C, Kruger C, Plaas C, KirschBittgen T, Muller R, Laage R, Kastner S, Suess S, Spoelgen R, Henrigues
A, Ehrenreich H, Schabitz WR, Bach A & Schneider A. (2008). Gragtdemolory stimulating factor
improves autcome in a mouse model of amyotrophic lateral sclerBsisn 131,3335-3347.

Stratos I, Rotter R, Eipel C, Mittimeier T & Vollmar B. (2007). Granuteecolory stimulating factor enhances
muscle proliferation and strength following skeletal muscle injury in Jatsnal of Applied Physiolgy
(Bethesda, Md. 1983)03,1857-1863.
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B,-adrenoceptors ae the dominant subtype ivolved in early muscle regeneration after injury

J. £, Chuch,! J. Trieu,! P. Moore! P. Gregorevic? and G.S. Lynch,!Basic and Clinical Myology Laboratory,
Department of Physiolog¥he University of Melbourn&/IC 3010, Australia andLaboratory for Muscle

Researh & Therapeutics Development, Baker IDI, PO Box 6492, St Kilda Road Central, VIC 8008, Australia.

Skeletal muscles can be injured by a myriad of insults that can compromise their functional .capacity
Regeneratie rocesses are often sl@nd incomplete, and so dgoping novel therapeutic strategies to enhance
muscle regeneration represents an important research\@ebaveshavn previously that the3-adrenoceptor
(AR) signalling pathway plays an important role in skeletal muscle regeneration after injury (Beigtel
2004, 2007), and that transgenic mice lacking Hgthand B,-ARs hae celayed regeneration folldng
myotoxic injury (Sheorget al, 2008). Inthe present study weviestigated the contribution @3-AR signalling
to early muscle regeneration, to determine the velatintribution of indvidual B-AR subtypes to muscle repair
after injury.

Mice (8-9 weeks) lacking,-adrenoceptor3{-AR KO), B,-adrenoceptorg3(-AR KO), or both subtypes
of B-adrenoceptorsB(/B,-AR KO), were obtained from The Jackson Laboratory (Bar Hayldd&r, USA).
Littermate wildtype mice were used as controls forBR&R KO and 3,-AR KO mice, while control mice for
the B,/B,-AR KO mice were from a C57BL/6 background, as ergptb previously (Sheoyeet al, 2008).
Muscle function was determined by assessing the contractile propertiestibfalie anterior (TA) musclein
situ (Gehriget al, 2010). Briefly mice were anaesthetised (60 mg/kg, sodium pentobarigitd),the right A
muscle was surgically exposed, and the distal tendmnaitached to thever arm of a force transducewith
the knee and foot immobilised. At the conclusion of the experiment the mice were killed by caciiame
while still anaesthetised deeply.

When muscle function was examined in uninjurédriuscles, boti,-AR KO mice andf,/B,-AR KO
mice produced significantly less force than their respeatntrols @ < 0.05), havever, TA muscles from
B,-AR KO mice shaved no significant deficit in force productiofio determine the relate cntribution of the
individual B-AR subtypes to early muscle regeneration, mice were anaesthetised (ketamine 80 mg/kg and
xylazine 10 mg/kgj.p.) and the A muscle of the right hindlimb was injected with the myotoxin, Notexin (1
pg/ml, i.m) to cause complete muscle fibregdmeration. Micevere allowed to rea@r for 7, 10 or 14 days,
after which A function was assesseau situ. f3,/,-AR KO mice produced significantly less force than their
controls at 7 days post-injurp € 0.05) hut force production had increased to similaele as control at 10 and
14 days post-injury Muscles fromB,-AR KO mice sheved a similar pattern of force production during
regeneration with significantly less force at 7 days &imilar force production at 10 and 14 days post-injury
while muscles fronf8,-AR KO mice did not exhibit force deficits atyastage during regeneration.

These results suggest that Bigadrenoceptor is the domina#AR subtype imolved in early muscle
fibre regeneration. Seleet dimulation of3,-adrenoceptors may therefore be a therapeutic strategy tovinpro
the rate, extent and fefagy of the regeneratte pocess, and may e important implications for other
conditions where muscle wasting and weakness are indicated.

Beitzel F Gregoreric P, Ryall JG, Plant DR, Sillence MN & Lynch GS. (2003turnal of Applied Physiolgy
96 1385-1392.

Beitzel F Sllence MN & Lynch GS. (2007American Journal of Physialy, Endocrinolaggy and Metabolism
293: E932-940.

Gehrig SM, Koopman R, Naim Tjoakar& C, Lynch GS. (2010American Journal of Pathology76 29-33.
Sheorg R, Ryall JG, Church JE & Lynch GS. (200Byoceedings of the Ustralian Physiological and
Pharmacological Societ§9: 76P.
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Muscle-specific heat shock protein 72 (HSP72yerexpression improves muscle structure and
function in dystrophic mdx mice

S.M. Gehrig TA. Sayet C. van der Poet,D. Henstridg? J.D. Schertzet J.E. Chuch,! M.A. Febbraid and
G.S. LyncH, Basic and Clinical Myology Laboratoripepartment of Physiolog¥he University of Melbourne,
VIC 3010, Australia andCellular and Molecular Metabolism Laboratgrigaker IDI, PO Box 6492, St Kilda
Road Central, VIC 8008, Australia.

Duchenne muscular dystroptDMD) is the most seere of the muscular dystrophies, affecting 1 in 3,500
live male births. Affected patients generally die in their twenties, with respiratory and/or ceaadiae f
ultimately causing death in most cases (Finst&#06). Absence of the dystrophin protein results in muscle
fibre fragility, whereby contractions result in membrane tears arfd iG#ux. Coupled with abnormalities in
intracellular C&* handling, this results in an elted cytosolic [C&], resulting in the subsequent aetion of
degeneratie pathways. Chronic muscle fibre generation and increasingly ifiegtive regeneration results in
fibrotic tissue infiltration leading to major functional impairments in DMD patients. Heat shock protein 72
(HSP72) has been shin to protect contractile function and impeo alcium handling dynamics under
conditions of stress in cardiac muscle (Katal, 2006). W tested the hypothesis that HSPR2rexpression
would ameliorate the dystrophic pathology and thus presemscle function irmdxdystrophic mice.

Femalemdx mice were crossed with male micepeessing a rat inducible HSP72 transgene under the
control of a chickn B-actin promoterwhich limited transgene expression telstal and cardiac muscle (and
brain) tissue (Marbeet al, 1995). F generation males were mated with femaléx mice to yield an equal
proportion of mdx'SP72 and mdx littermate controls. Mice (25-30 week old) were anaesthetised (60 mg/kg
sodium pentobarbitone), and the functional properties of diaphragm muscle strips were nmeagitnm@s
described previously ginch et al, 1997). Mice were killed by diaphragm and cardiac excision while still
anaesthetized deepBiaphragm muscle strips were also frozen for subsequent histological analysis. Bkod w
sampled to measure serum creatine kinase (Gi)slea myoplasmic protein commonly used as a measure of
whole body muscle breakdm. In a separate group of mice, Evans blue dye (EBD) was injected (1% wi/v
10ul/g BM, i.p.) for assessment of damaged and necrotic muscle fibres.

HSP72 protein expression was\eted significantly in the muscles ofd¥'SP72 compared withmadx
littermate control mice. HSP72verexpression impreed specific (normalised) force in isolated diaphragm
muscle stripsf{ < 0.05), reduced collagen infiltratiop € 0.05) and reduced minimal Ferets variance foceht
(used as an indeof the seerity of the pathology;p < 0.05). Serum CK lels were significantly lower in
md¥*SP72 compared withmdx littermate controls < 0.05), which vas further supported by a reduction in
EBD-positive fibres indicating fewer damaged and/or necrotic filjpesq.05).

Overpression of HSP72 impved the dystrophic skeletal muscle pathologymdxmice, especially in
the seerely afected diaphragm muscle. Further research is required to determine the therapeutic potential of
this novel approach for DMD and related conditions.

Emery AE. (2002).ancet359 687-695.

Finsterer J. (2006)ung 184: 205-215.

Kim Y-K, Suarez J, Hu YMcDonough PM, Boer C, Dix DJ, Dillman WH. (200Birculation 113 2589-2597.

Lynch GS, Rafael JA., HinkleTR Cole NM, Chamberlain JS, &dulkner JA. (1997American Journal of
Physiology Cell Physiology272 2063-2068.

Marber MS Mestril R, Chi S-H, Sayen R, eflon DM, Dillman WH (1995)The Journal of Clinical
Investigation95s: 1446-1456.
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Properties and proteolytic activity of m-calpain in rat skeletal muscle
J.P. Mollica, R.M. Murphy and G.D. Lamb, Department of ZoolagyTrobe UniversityMelbourne VIC, 3086,
Australia.

m-Calpain is a ubiquitously expressed?Gdependent protease withvdise functionality in séletal
muscle including, bt not limited to, roles in cell migration, fusion and membrane rep&rbelieved to require
>100 uM free [C&] for actvation (Conget al, 1989; Elceet al, 1997), although this requirement may be
dependent on phosphorylation status and/or phospholipid binding €Gall 2003). Gizen the peak tetanic
[C&?*] within skeletal muscle fibres normally reaches only g\EBaylor & Hollingworth, 2003), this raises
the question of he m-calpain fulfills its role as a protease in skeletal muscle.

EDL andsoleusmuscles were dissected from male Long-Evans hooded rats sacrificed by anaesthetic
overdose (4% v: v halothane) with appebof the La Trobe Uniersity Animal Ethics Committee. ¥gtern
blotting was used to quantify the absolute amount of m-calpain by comparinwg koocentrations of pure rat
recombinant m-calpain to wholeadktal muscle homogenates. The total amount of m-calpain was found to be
(1.0 umol/kg muscle mass in predominantly slow-twitch soleus musclé®3dimol/kg muscle mass irat-
twitch exensor digitorum longusnuscle. Experiments in which mechanically skinned fibre segments were
washed in agueous solutions for set times showed @zl of the total m-calpain is freely diffusible within a
quiescent fibre.

The proteolytic actity of m-calpain was also assessed using mechanically-skinned single fibres. Once
skinned, the fibre segment was stretched to approximately twice its resting length so that no force-producing
cross-bridges could be formed, with the resulting paskirce being due toxtension of titin, a large elastic
sarcomeric protein that is a kmo substrate for m-calpain. Proteolysis of titin was gauged from the decline in
passive force when a stretched fibre segment was exposedid rht recombinant m-calpairnver a range of
elevated free [C&']. Proteolytic activity of m-calpain was observearewith free [C&*] as low & 4 M, and
the rate of decline of passiforce reached7% / min at 2QuM free C&*. The rate of passé force decline
was even greater at higher free [€4, reachingC250% / min at 50QuM Ca*. In the presence of 20M free
[C&*], porcine-dened native m-calpain added exogenously afi¥l resulted in proteolysis of titin at 9% / min,
approximately half the rate observed with the rat recombinant mcalpain under the same conaésvadorte
decline er the physiological range of free [Eawas also measured both with and without ATP present in the
solution and proteolytic activity was found to be the same in both cases. With beéhandtrecombinant m-
calpain, proteolytic activity could \abys be rapidly stopped by lowering the free {Gato <10 nM.
Furthermore, the proteolytic activity of mcalpain gui free C&" was unchanged irrespegt d whether or
not the m-calpain had been aeted at higher [CH] beforehand.

In conclusion, these findings demonstrate that m-calpain displays considerable proteolytic acti
physiological C&* conditions occurring in muscle fibres. Furthermore, the findings distinguistyitkatien
from that of the other ubiquitous calpajrcalpain, which becomes more Taensitve following exposure to
elevated [C&"], suggestie hat the ubiquitous calpains likelyveacuite different roles in skeletal muscle.

Baylor SM & Hollingworth S. (2003)The Journal of Physiology51, 125-138.

Cong J, Goll DE, Peterson AM & Kapprell HR989).The Journal of Biological ChemistB64,10096-10103.
Elce JS, Hgadorn C & Arthur JS. (1997 he Journal of Biological ChemistBr72 11268-11275.

Goll DE, Thompson VA.i H, Wei W & Cong J. (2003)Physiological Review83, 731-801.
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Properties of AMP kinase (AMPK) 3 isoforms and glycogen related proteins in segments of
single fibres from rat skeletal muscle

R.M. Murphy* H. Latchmart, B. Kemp P. Gooley and D.l. Stapletos,'Department of Zoology.a Trobe
University Melbourne VIC 3086, Australia2St Vincens Institute of Medical Resear, Fitzroy, VIC 3065,
Australia and3Bio21 Institute The University of Melbourné&/IC 3010, Australia.

To understand function and regulation of proteins it is importantwe kaowledge about their properties
in the physiological environment. In this studye haveused small segments of single skeletal muscle fibres
dissected from rat skeletal muscle t@mine diffusibility and fibre type expression of a number of glycogen
related proteins as well as AMPK isoforms.

Male Long-Ewans hooded rats (6-8 months old) were sacrificed using a lettralose of fluothane in
accordance with the La Trobe Waisity Animal Ethics Committee and tletensor digitorum longu$EDL)
andsoleus(SOL) muscles were excisedo tompare fibre type dérences EDL (eclusively type 1) and SOL
(predominantly type I) muscle fibres were analyzed for AMRKand 32, glycogen branching enzyme (GBE),
glycogen debranching enzyme (GDE), glycogen phosphorylase (GP), phospho-GP and glycogen synthase (GS)
To measure protein difisibility, individual fibores were dissected from muscles that had been immersed in
parafin oil and then mechanically-skinned and exposed to physiologfebhEed solution (pCa < 10) for 1 and
10 min. The wash solution (W) and their matched fibres (F) were analyzed side by side et Wotting
(Murphy et al, 2006). For fibre type comparisons, the amount of each protesmmwermalized to the amount of
an abundant muscle proteire(actin or myosin) and therxgressed relate © the amount of the gén protein
present in the SOL fibres. Identity of AMHAKisoforms was confirmed by their absence in muscle homogenates
from respectie knock-out mice.

Proteins related to glycogen breakao (GDE, GR p-GP) were present in higher amounts astf
compared with slow-twitch muscle dffle). Proteins related to glycogen synthesis were similar (GSyer lo
(GBE) in slow- compared with fast-twitch muscle (Table). The AMFiKoforms had the opposite aidances
in fast- and slow-twitch muscle. Some proteins were freely diffusible (GBE, ARIP#d [32), some appeared
to be weakly bound (GB-GP), whilst GDE was much more tightly associated with a muscle structure and
likely bound with glycogen which reportedly washes out <40% in 10 min (Goodtran 2005). Gven that
[B0% of the GP appeared in the wash, it isliikhat there is considerable excess of this enzyme compared with
the amount of glycogen present .These findings strongly suggest that when glycogen related proteins or AMPK
are examined in skeletal muscle, the fibre type dependence musteheirtetk account. This is particularly
important in human @{etal muscle which is typically heterogeneous with respect to fibre types present and so
these proteins should be examined in individual fibres.

Protein / Approx amount  Amount appearing — — S MHC
enzyme in EDL in wash after 10

compared with  min ~05 kD s - e al -GP

SOL EDL SOL

AMPK B1 0.4 70%  70% A
AMPK [2 4 0% 70% —— e s - MHC
GBE 0.2 80% 85% 43 kDa — AVPK 1
GDE 5 20% 50% 34 kDa
GP 100 80%  40% 26kDa . SR AMPICE2
phospho-GP 10 60% 40% EDL SOL mix B1KO p2KO
GS 1 ND ND

Goodman C, BlazeR & Stephenson G. (2005Flinical and Experimental Pharmacology and Physioliglo
32,749-756.
Murphy RM, Verbuig E & Lamb GD. (2006)Journal of Physiology76,595-612.
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Pre-, hemi- and postfusion stages of lamellar body (LB) exocytosis in the rat lung: mechanisms of
regulation and implications for surfactant release

P. Dietl, Institute of General Physiologibert-Einstein-Allee 11, 89081 Ulm, Germar{introduced by Peter
Thorn)

Exogytotic systems in biology are highlyasable with rgard to vesicle size, content solubiligynamics
of release and modes of stimulation. The alveolar type Il cell is a paradigm fowesésieeter”, with esicles
(lamellar bodies = LBs) of about 100-fold diameter @Ge. million-fold volume) of a synaptic esicle, and a
poorly soluble, lipoprotein-li& secretory product (suattant). Dudo their large size and sequential (rather than
simultaneous) mode of release, LBs in type Il cells are an ideal model system to elucidatesidgiealated
evants in the course ofxecytosis using le-cell imaging techniques. 8\havedeveloped seeral fluorescence
techniques that enable a “dissection” of tlxeggtotic process into arious stages, based on quantum yield,
solubility, diffusion and accumulation of dyes in different compartments according to biophysical properties and
modes of application. In combination with other techniques, these methodg@tstimate with high spatial
and temporal resolution the hemifusion lifetime, the instance of fusion pore formation, dynamicysical ph
forces of fusion porexpansion, andgostfusion gents in and around single fused LB®Ve found that an
elevation of the gtoplasmic C&' concentration ([CH] o) aove =300 nmol/l is a stimulus for LB fusiorvents,
where the amount of fusion correlates with the mtegrate%I*Ig)auer time. Each fusionwent is initiated by a
hemifusion phase, i.e. a period of lipid merger between plasma and LB membrane, which can be detected by :
decay of light intensity (SLID = scattered light intensity decrease) of the limiting LB membrane in darkfield
microscopy. After fusion pore formation, LB contents remain within the fused LB, because the fusion pore
opens slowly and swattant is a hydrophopic material that does not immediately disintegrate. Xpebsseng
actin-GFP form a dense “actin coat” around the fused anteswLB, and this actin coat formation is necessary
for surfactant release throught the pore. When actin coat formationvieniee by remual of Ca?* or by
pharmacological treatment with €achannel blockers, swattant release is inhibited. The dependence of actin
coat formation and contraction on extracellulat'Gaompted to imestigate localized [C%T] changes at the site
of fusion. Fluo-4-fluorescence measurement&aled transient [C%‘t] elevations around single fused LBs
subsequent to fusion pore formationAQE = fusion-actated Cé* entry). Current experiments aim at
elucidating the molecular components offCantry in type Il cells.We wnclude that the postfusion phase
plays an important ast rle and is rate-limiting for the release of surfactant’*@annels, which are
selectvely activated and/or accessible to thetracellular space during this phase account for a yet undetected
postfusion C& signal, boosting release of vesicle contents. This type 8f&@a&retion-coupling mayxest in
all cell types, where vesicle content release biysiibn through a slowly expanding pore is not sufficientst f
enough.
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Targeting membrane lipids to modulate amyloid precursor protein processing

B. Garnerlllawarra Health and Medical Resear Institute University of WollongongAbllongong NSW 2522,
Australia and School of Biological Sciences, University of Wollong@dbjongong NSW 2522, Australia.
(Introduced by Peter Thorn)

Inhibition of cerebral amyloid® (AB) deposition represents a therapeutic target for Alzhegrdséase
(AD). AB is derived from the amyloid precursor protein (APR3 two sequential cleaages that are mediated by
B-secretase and thyesecretase complex. Such amyloidogenic APP processing occurs in lipid raft microdomains
of cell membranes @trivel et al, 2005) and it is known that modulating the distribution of cholesterol in lipid
rafts can regulate APP processing an@ groduction (Simonset al, 1998). Certain ATP-binding cassette
(ABC) transporters regulate lipid transport across cell membranes and, as recent stigdieswithin
membrane microdomains (Glares al, 2005). We therefore examined the role that ABCA1, A2, A7 and G1
may play in rgulating neuronal lipid homeostasis and APP processing. In addition, we directly modulated raft
lipid composition using glycosphingolipid (GSL) synthesis inhibitors as another means to assess the impact
membrane lipid composition has on APP processing. Our studiesleg that ABCALl, A2 and G1 were
expressed in human neurons as was ABCA7, albeit at much lowas. |@he same transporters were also
expressed in human brain (Kirat al, 2008). Cellular cholesterol efflux to apolipoprotein acceptoes w
accelerated bywer-expressing ABCA1, A7 or G1 (it not A2) in HEK293 cells (Kinet al, 2007, Charet al,
2008). Extracellular B levels were reduced when CHO cells stably expressing human APP (CHO-APP) were
transfected with ABCAL, A7 or G1 (but not A2); implying regulation of APP processing by ABC transporters
was oorrelated with lipid efflux actity (Kim et al, 2007). In very recent studies, we assessed the capacity of
three ABCA1 mutants (that do not promote cholestefih§fto modulate APP processing and, xjpextedly,
these also reducedBfproduction. Co-immunoprecipitatiorxgeriments indicated ABCAL1 and APPysically
interact which suggests a v pathway by which ABCA1 may mgulate APP processing. Using aferent
approach to modulate cellular lipid homeostasis, we reduced membrane v@SLuteng synthetic ceramide
analogues based on the D-1-pyleéirdecanglamino-3-morpholino-1-propanol (PDMP) structure that are
established glucosylceramide synthase inhibitors. PDMP and related compounds PPMP and EtDO-P4 inhibited
AP secretion from CHO-APP cells with approximate IC50 values of 15, 5 and, kespectidly (Li et al,
2010). In addition, EtDO-P4 inhibited endogenouB groduction by human neurons. In conclusion, ABC
transporter mediated modulation of APP processing mavia lipid—dependent and —independent processes.
Our studies also provide va information rgarding the regulation of APP processing by synthetic ceramide
analogues that could offer awebtherapeutic @enue to explore as a treatment for AD.

Chan SL, Kim WS, Kwk JB, Hill AF, Cappai R, Rye KA & Garner B (2008purnal of Neuochemistryl06:
793-804.

Glaros EN, Kim WS, Quinn CM, Wong J, Gelissen |, Jessup W & Garner B (Jo0f&)al of Biolaical
Chemistry280:24515-23.

Kim WS, Suryo Rahmanto A, Kamili A, Rye KA, Guillemin GJ, Gelissen IC, JessudiWAF & Garner B
(2007)Journal of Biological Chemistrg82:2851-61.

Kim WS, Weickert CS & Garner B (2008purnal of Neurochemistr§04: 1145-66.

Li H, Kim WS, Guilemin GJ, Hill AF Evin G & Garner B (2010Biochimica et Biophysica Actal801:
887-895.

Simons M, Keller PDe Srooper B, Bgreuther K, Dotti CG & Simons K (199&roceedings of the National
Academy of Sciences of the United States of Am@5ic@d60-4.

Vetrivel KS, Cheng H, Kim SH, Chen, Barnes NY Parent A, Ssodia SS & Thinakaran G (2003yurnal of
Biological Chemistr280: 25892-900.
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The effect of membrane-actire peptides on membrane dynamics and molecular order
F. Sepaovic, School of ChemistrBio21 Institute University of MelbourngviC 3010, Australia.

The results of solid-state NMR studies aimed at determining the orientation and location of antimicrobial
peptides obtained from Australian tree frogs and amyloid peptides in phospholipid membranes will be
discussed. The detailed structure of these peptides in membranes is difficult to determiyedigsuftiethe
phospholipid bilayerSolid-state NMR techniques are being used to determine the conformation and mobility of
these pore-forming peptides in order to understand the mechanisms by witiekethé¢heir biological eiect
that leads to the disruption of biological membranes. Both static and magic angle spinning techn@jeenha
applied to antimicrobial peptides in a range of model membranes, whiehl that the peptide awtty is
strongly dependent on the lipid composition of the bilayer and correlate with the végldoti bacterial
membranes. Similarlythe membrane interactions and structural changes§t-A2) and A(1-40) from
Alzheimers dsease are dependent on the presence of cholesterol and metal ions, whigrehamplicated in
the disease. The data from both the amyloid and antimicrobial peptidesl the importance of using
appropriate membranes systems for studying membrane-gefitides.
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Mechanisms of mechanosensation: Evolutionary origins of mechanosenggiion channels

B. Matrtinac, Victor Chang Cardiac Resehrinstitute Lowy Pa&er Building, 405 Liverpool St, Darlinghurst,

NSW 2010, Australia and St Vincenflinical School, University of Ne South Wales, NSW 2052, Australia.
Mechanosensite (MS) ion channels are found in all types afiig cells where theplay an important

role in mechanosensory transduction processes ranging frgar tantrol in bacteria and plant cells to hearing,

touch, renal tublar function and blood pressure regulation in mammalsy Ehivert mechanical stimuli acting

upon membranes of biological cells into electrical or chemical signals (Hamill & Martinac, 2001). In the

evdution of different life forms on Earth these ion channels may be among the oldest sensory transduction

molecules thatwlved as primary signalling elements in response to stimuli from the surroungingnerent.

The concept of ion channelsatgd by mechanical stimuli arose originally from studies of specialized

mechanosensory neurons (Hamill & Martinac, 2001). Their degoin embryonic chick skeletal muscle

(Guharay & Sachs, 1984) and in frog muscle (Brettral, 1984) over twenty five years ago demonstrated the

existence of MS ion channels in mamon-specialized types of cells. (Sachs, 1988) Instrumental for the

discovery of MS channels was theviention of the patch clamp technique (Hamaillal, 1981), whichallowed

the first direct measurements of single MS channel currents in a variety of non-specialized cells (Hamill &

Martinac, 2001), including bacteria and archaea (Martinac, 2004). Studies of MS ion channels carsied out o

the last twenty fig years hae geatly contributed to our understanding of the molecular mechanisms underlying

the physiology of mechanosensory transduction.
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Bacterial MS channels. (A) The structue of he pentameric MscL channel (left) and a channel monomer (right)
from M. tuberculosisaccoding to the 3D struct@l model. B) A current trace of a single MsclLhannel
reconstituted into azolectin liposomes (w/w protein/lipid of 1:20@@pded at +30 mV pipette potential. The
channel gated mar frequently and remained longer open with increase in negatigespe goplied to the
patch-clamp pipette (&ce shown below the channel current trac€).3D dructure of he MscS homoheptamer
(left) and a channel monomer (rightpi E. coli. (D) Current traces of two MscS channels reconstituted into
azolectin liposomes (w/w protein/lipid of 1:100@coded at +30 mV pipette volye Increase in pipette
suction (trace shown below the channel curreatd) caused an increase in the activity of both channels. C and
On denote the closed and open state of the n numbbkanhels. (Modifiedlom Martinacet al, 2008)

The cloning and structural determination of bacterial MscL and MscS channels (Figure), cloning and
genetic analysis of thmecgenes inCenorhabditis elgans genetic and functional studies of the TRP-type MS
channels as well as functional and genetic studies of the TREK and TRAAK 2P-tylkS Kon channels
continue to promote our understanding of the role that MS channels play in the physiology of mechanosensory
transduction in living gganisms (\énkatachalam & Montell, 2007). In recent years the scientific and medical
community has become increasinglyvaee of the importance of aberrant mechanosemssitihannels
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contrikbuting to pathopisiology of various diseases including heart failure and dysfunction, muscular dystroph
and polycystic kidng disease, to name awe(Venkatachalam & Montell, 2007; Martinagt al, 2008). At

present, MS channel proteins are at the focus of structural, spectroscopic, computational and functional studie:
aiming to understand the molecular basis of mechanosensory transduction in living cells.
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Martinac, B, Saimi, Y & Kung, C. (200®)hysiological Review88: 1449-1490.

Sachs, K1988)Critical Reviews in Biomedical Engineeridg: 141-169.

Venkatachalam, K & Montell, C.(200Annual Revie/ of Blochemistry76: 387-417.

Supported by grants from the Australian Research Council and National Health & Medical Research Council.

Proceedings of the Australian Physiological Society http://www.aups.ay.au/Proceedings/41/169P



Molecules in motion: imaging peptides, their receptors and diffusion models
I.L. Gibbins, S. Goh,.YDeGraaf K. Hendy and JClarke, Anatomy & Histology and Cergrfor Neuroscience,
Flinders University GPO Box 2100, Adelaid&SA 01, Austalia. (Introduced by Peter Thorn)

Although neuropeptides and the G-protein coupled receptors (GPCRSs) through whiopettage hee
been well studied for more than 30 yearsvhanary aspects of their function remain mysterious. When
considering the roles of neuropeptides as transmitters in peripheral autonomic and sensayspathw
guestions remain lgely unanswered: (1) can neuropeptides mediate non-synaptic neurotransmission® (2) ho
do neuropeptide signalling systems interact to modulatextibility of neurons in a physiological milieu that
includes a wide range of non-neural agents that also fent auronal xcitability? For several years we hze
been examining these questions, focussing on interactions between substance P (SP) and angiotensin Il (Angl
on prevertebral sympathetic neurons of guinea-pigs and on cell lx@®gsing NK1 receptors for SP of BA
receptors for Angll. Intracellular electrophysiological recordings of guinea-pig coediaglion neurons
strongly suggest that receptors for SP and Angivege an common intracellular signal transduction pastys
to inhibit the same potassium channels to increase neuroxeitakdlity. Based on combined
electroplysiological and confocal microscopic analyses, most of SP released from collaterals of unmyelinated
visceral nociceptie dferents probably acts non-synapticallfathematical modelling of SP diffusion using
realistic morphological parameters ded from electron microscgpand direct measurements of SPfuion
coeficients with fluorescence correlation spectrogcfCS) or raster image correlation spectrogcRICS)
shav that physiological rates of afferent stimulation can generate concentrations of SP from non-synaptic
release sites that are well within the range to affectxhigability of sympathetic neurons. Recently wevdna
been using a confocal microscope with a high-speed resonant scanner and highlye sevatdtnche
photodiodes to image the rament of EGFP-linkd Angll receptors in CHO cells at rates of 20-25 frames/s. In
addition to shwing a considerable degree of constiatinternalisation of the receptors, these image& ha
revealed the remarkably mobile nature of the cell membrane and the receptors it coat@nsogetherour
data and models suggest that theiremment within which peptides interact with their receptors is highly
comple, such that the rarely occur under equilibrium conditions. In real life, it is most probable that
sympathetic neurons are nearlyways exposed to neuropeptides, peptide hormones and other agents at
concentrations that increase their excitability significantlywat@mmminal resting leels. Somehw, the central
nenous system must takhis into account when gelating the degree of gganglionic drive o the peripheral
neurons. Similarlywithin the dorsal horn of the spinal cord, non-synaptic peptidergic transmission has the
potential to greatly modify the processes underlying nociception.
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Neuromuscular fatigue: interactions between central and peripheral factors
M. Amann, YA Medical CenterGRECC 182, 500 Foothill Driyezalt Lake Gty, UT 84148, USA. (Introduced
by Mark Hargreaves)

Over the past years evidence from us and others has accumulated indicating thatltpemdat of
peripheral locomotor muscle fatigue is confined to a certain limit which varies between humans. Central motor
drive o these muscles — and therefosereise performance — during human athletic activities appears to be
regulated to woid the deelopment of peripheral locomotor muscle fatigue beyond an Viddal critical
threshold”. The sstence of a degree of peripheral fatigue that igemexceeded during high intensity
endurance »@rcise prompted us to propose the role of peripheral locomotor muscle fatigue as a carefully
regulated variable. Inarious experiments we V& challenged this postulate from different perspastind our
results further verify its alidity. Based on the knowledge gained fromviwas observations we outlined a
model linking central motor dré with the metabolic milieu within the evking locomotor muscles. Our model
suggests that, during high intensity endurancercese, somatosensory feedback from the working muscles
imposes inhibitory influences on the magnitude of central motee ehith the purpose to gulate and restrict
the level of exercise-induced peripheral locomotor musaédue. Aswe also qualified, this proposed feedback
mechanism is likely only one ofal potential contributors to the modulation of central motoredand that
its relatve contribution will change with varying conditions such as, for examphersgdypoxemia. Inmore
recent work, we experimentally tested this modal pharmacologically modifying somatosensory patiisv
originating in the working limbs during whole bodyeecise. After initial difficulties with the lumbar epidural
application of a local anesthetic and the associated loss of locomotor muscle strength we switched to an
intrathecally applied opioid analgesic. These experiments were theviirstoesslectvely block lower limb
afferent feedback during cyclingx@cise without decting maximal locomotor muscle force output. In the
absence of neural feedback from the working limbs, central moter wais about 8% higher during the opioid
trial and end-eercise peripheral locomotor musclatijue exceeded, for the first time, the critical threshold by
nearly 50%. The outcome of these studies further confirms our hypothesis claiming that afferent feedback
inhibits central motor dvie and restricts the delopment of peripheral fatigue to an individual critical threshold.
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Fatigue during intermittent exercise: novel insights and real-world applications
D.J. Bishop, Institute of Sport, Exercise and Active Living (ISEAL) and School of Sport and Exercise Science,
Victoria University Melbourne Australia..

There is a reersible decline in the force production of muscles whew #éhe used at near their maximum
capacity This has been classically demonstrated by stimulating repeated short tetani in an isolated fibre (e.g.,
left-hand panel of figure; Lannergren &edterblad, 1991). Such experimentsehgovided valuable insights
regading potential determinants of fatigue (Allen, Lamb, &3&térblad, 2008). Nonetheless, the application of
such findings to dynamicxercise has been questioned.wWéwer, a smilar pattern for the decline in muscle
performance can also be observed when athletes a¥é tskepeat short-duration sprints (< 10 s), interspersed
with brief recweries (< 30 s)(e.g.right-hand panel of figure; Bishop, Edge, Davis, & Goodman, 2004). An
additional adantage of this approach is that it is possible westigate the potential influence of neural/brain
factors on the fatigue process.
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We ae interested in he fatigue manifests during intermittent sprieecise, and the potential underpinning
muscular and neural mechanisms. Such information is important as a better understandingacbithe f
contrituting to fatigue is @uably the first step in order to design interventidmstfaining programs, gogenic
aids) that couldentually improve intermittent-sprint ability.

At the muscle ledl, limitations in enagy supply which include phosphocreatine hydrolysis and the
degree of reliance on anaerobic glycolysis and oxidatietabolism, and the intramuscular accumulation of
metabolic by-products, such as hydrogen ions, emergeyafadtors responsible for fatigue. Although not as
extensvely studied, the use of surface electromyogyatthniques hae reveaaled that failure to fully actate
the contracting musculature and/or changes in inter-muscle recruitmengisgrdte. neural factors) are also
associated with fatigue outcomes. Via the use of deception, it has recently been demonstrated that prior
knowledge of the end-point ofxercise {.e. sprint number) is also able to influence the mechanical output
profile (.e.fatigue) during intermittent spriniercise.

Allen, D.G., Lamb, G.D., & Westerblad, H. (2008).eBkal muscle fatigue: cellular mechanisfbysiological
Reviews88(1),287-332.

Bishop, D., Edge, J., D&, C., & Goodman, C. (2004). Induced metabolic alkalosis affects muscle metabolism
and repeated-sprint abilityledicine & Science in Sports & Exerci86(5),807-813.

Lannegren, J., & Westerblad, H. (1991). Force decline duatigide and intracellular acidification in isolated
fibres from mouse skeletal muscleurnal of Physiology434,307-322.

Proceedings of the Australian Physiological Society http://www.aups.ay.au/Proceedings/41/172P



Erythrocyte shape, metabolism and membrane transport — computations
P.W. Kuchel, Singap@ Bioimaging Consortium (SBIC) A*STAR, 11 Biopolis V¥@p-02 Helios Building,
Singapoe 138667.

Our aim in modelling cellular responses to chemical angipal perturbations is to gain insights into
underlying structural, transport, and metabolic mechanisms. Such models can enable predictions of cell
behaiour under conditions that are notperimentally accessible; or the models can be added to others thus
building up the complexity of the model to describe highly-nonlinear cellular phenomena such as metabolic and
structural oscillations. The cellular system under study has been the human etytidata on cell shape on
the minute-to-hour time scalevealeen obtained with NMR-diffusion spectrosgand differential interference
contrast (DIC) light microscgp on the sub-second time scale fast image capture of membrane ‘flickering’ has
been carried out with DIC microscppData processing and modelling of cell shape-changes and membrane
flickering hae keen carried out by using Mathematica. Avdrio understand the “link” between the rate of
transmembrane pumping of Ngia the Na,K-ATPase, and the rate of glycolysis has used multinuclear NMR
spectroscop Agan modelling of the system has been set up in Mathematica. The next challenge is fitting
multi-parameter models to real experimental data.this we are using a Monte Carlo Mavkchain (MCMC)
approach.

Acknowvledgements: Ron Clarke, Bob Chapman, Gemma Figtree, StuaseGfien Larkin, Christoph
Naumann, David Philp, Max Puckeridge, David Szekignie Vandenberg.
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Fast acquisition of multidimensional NMR experiments by maximum entropy reconstruction of
non-uniformly sampled data

M. Mobli, Institute for Molecular Bioscienc&he University of Queensland, St. Lucia, QLD 4072, Australia.
(Introduced by John Gehman)

The discrete Fourier transform (DFT) played a seminal role in thielogenent of modern nuclear
magnetic resonance (NMR) spectroscdygevetheless it has a number of well-known limitations. Chief among
them is the difficulty of obtaining high-resolution spectral estimates from short time records, because the ability
to resole dgnals with closely-spaced frequencies is largely determined by the lorglesion time sampled.

The ability to obtain accurate, high-resolution spectral estimates from short data records is critical in
mary applications of NMR spectroscgpbecause thevailable sampling time is limited, for example due to
sample instability or simply due to constraints aailable instrument time. In practice the latter is mainly
encountered in multidimensional NMRperiments where the data collection time is directly proportional to the
number of data samples collected in the indirect time dimensions (indirect time dimensions correspond to time
delays between RF pulses; real time is referred to as the acquisition dimension). Furthermage higthv
magnetic field, the competition between the goals of short data collection time and high resolution becomes
more sgere as the bandwidth spanned by the nuclear resonances increases linearly with field strength,
necessitating a decrease in the time between samples in ordeidtal@sing.

Non-Fourier methods of spectrum analysis provide m@e to high-resolution spectral estimates from
short data records. Over the past three decades a host of non-Fourier methods of spectrum gedlysis ha
developed, including maximum entrgpmaximum likelihood and Bayesian methods, the filter diagonalization
method, G-matrix &urier transform, back projection reconstruction, and multidimensional decomposition.
These methods span a continuum of assumptions about the nature of the signal, and restrictions (or lack thereo
on the characteristics of the data sampling. MaxEnt reconstruction lies at the extreme of making fe
assumptions about the signal, and furthermore can be applied to data collected in essentially ashitary f
(non-uniform sampling, NUS).

Extensve wse of synthetic andxperimental, non-uniformly sampled data in 2-4 dimensions, processed
using MaxEnt has enabled us to both theoretically and practieallyage the pros and cons of this method. The
results suggest the method to be resilient to false yessand robust in situations of poor signal to noise, with
the consequence of producing non-linear reconstructions.

Proceedings of the Australian Physiological Society http://www.aups.ay.au/Proceedings/41/174P



Toward the virtual heart: graphics processor accelerated interactie sSmulations of cardiac
function

D. SzekelyA.P. Hill and J.I. Vandenbey, The Mark Cowlg Lidwill Program in Cardiac Electrophysiology,
Victor Chang Cardiac Resedr Institute Lewvel 6, Lowy Paker Building, 405 Liverpool Street, Darlinghurst,
NSW 2010, Australia.

Heart disease is the leading cause of death in tretoged world. Despite this, our understanding of the
mechanisms of cardiac dysfunction, particularly acute disorders related to the electrical system of the heart is
limited. Our goal is to create a realistic virtual model of the heart@aieinsight into this clinically important
problem.

Using the multiscale modelling approach, wedmeat the molecular begl with mathematical descriptions
of the ion channels, pumps andffers present invery heart cell. Integration of these subcellular components
reproduces the cardiac action potentiavdorm thebasic unit of cardiac electricity at the single cellele
From this building block we can extend our simulations to simple strings (1D), sheets (2D) and wedges (3D) of
cells and een include descriptions of theverall architecture, anatomical detail and tissue heterogeneity
necessary to simulate realistic hearts. At eacH l&f complexity we hare endeaored to gather appropriate
experimental data to validate the model.

The computational complexity of the virtual heart has been protahititil very recently Howeve, the
continued deelopment of masse parallelisation using graphics processor technology has allowed us to
compute the electrical activity ofver sevaal thousand cells concurrentlyhis has made the virtual heart a
much more realistic and ackiable goal.
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Vesicle docking and delery: Life in the TIRF zone
A.C.E Coster School of Mathematics & Statistics, University ofiN8uth Wales, NSW 2052, Australia and
Garvan Institute of Medical Resesr Darlinghurst, NSW 2010, Australia.

Cells traffic membrane-embedded proteins to the plasma membaameariety of mechanismsOne of
these is the docking and fusing of vesicles with the plasma membEare. this mechanism, t@ver can
happervia several modalities.

Given the live-cell imaging techniques using total internal reflection (TIRF) micros@apwvhich the first
[(R00Onm of the cell suatce is observed using fluorescent markers attached to the molecules)yibecoming
possible to vier the dynamics of these processes, albeit that in some systems the vesiclesvarieelo
resolution of the system.

In order to systematically extract these el events from other background traffic, we needusth
guantitatve descriptions of the dynamicsThese can then be employed in automated detection systems to
analyse the system under a variety of perturbations.

Such an automated detection system has beestoged within the Diabetes & Obesity Group at the
Ganan Institute of Medical Researcithe proteins of interest in this case are the glucose transporters GLUT4,
which are highly insulin-respong. These may be brought to the plasma membvanmethods including the
full fusion of the vesicles, and alsta a process termed “Kiss-and-Run”, whereby a pore connection is made
between the vesicle and plasma membranevadtpdiffusion of the GLUT4 proteins across the bounddrye
vesicle does not, hweever, become fully integrated, but, after a period, detaches from the plasma membrane.
Thus, the amount of GLUT4 dedéred depends on the amount of time the “Kiss” persists, and also on the
physical dimensions of the vesicle and pore connection.

The model for this process can also be used to explore the possibilities of differential diffusion rates of the
molecules in the vesicle and the plasma membrane. In the case of Geklgkwvin adipocytes, the analysis of
TIRF imagery is further exacerbated by the fact thatB@am diameter vesicles are well bglthe microscope
resolution. Adances in the understanding of these processes are stilydipbeing made, with the use of
mathematical modelling and sophisticated image analysis techniques. Current work is exploring the modelling
and imaging of the “Kiss-and-Run” dediy process, and the insights this may additionaliye gs into the
diffusion characteristics of the membranes.
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Lipid effects on the gating behaviour and reconstitution of MscL and MscS

A.R. Battle? T. Nomur& and B. Martinac®® 'School of Biomedical Sciences, The University of Queensland, St
Lucia, QLD 4072, AustraligThe Victor Chang Cardiac ResehrInstitute Darlinghurst, NSW 2010, Australia
and?3St Vincens Qinical School, The University of MeSouth Wales, NSW 2052, Australia.

The mechanosensite channels oflarge (MscL) andsmall (MscS) conductance act as osmosensors in
bacterial cells against hypo-osmotic shock (Martinac, 2007). MscL has bdensiely studied by
reconstitution into liposomes (Haseal, 1995; Moe & Blount, 2005), hweever MscS has pneed more difiicult
to reconstitute, requiring high protein-lipid ratios (Sukkia@802; Vasquezt al, 2007). We recently published
an improved reconstitution method for both MscL and MscS ig amolectin (Battleet al, 2009), a mixture that
contains lipids, sugars and sterolse Ydveexpanded these results and where the effect of both indidual
and mixtures of lipids on the reconstitution and channel gating behaviour of co-reconstituted MscL and MscS.
Introduction of the highly chged lipid cardiolipin causes rapid gating of MscS (Figure, A) in comparison to
soy azolectin (Figure, B), indicating that lipid charge may play a significant role on channel gating dynamics.
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MscS/MscL co-reconstitution. A: in soy azolectinB: in mixture of ghosphatidyl ethanolamine/ phosphatidyl
choline/cardiolipin at a wt/wt ratio of 7:2:1, both recordings at a pipette \g#td +30 mV.

Battle AR, Petre E, Pal B Martinac B. (2009FEBS Letter$83 407-12.

Hase CC, Le Dain AC, Martinac B. (199®&urnal of Biological Chemistr70. 18329-34.
Martinac, B. (2007 Current Topics in Membranés8: 25-57.

Moe P & Blount P(2005)Biochemistry44: 12239-44.

Sukharg S. (2002)Biophysical Journa83: 290-8.

Vasquez YCortes DM, Furukava H, Perozo E. (2007Biochemistry6; 6766-73.
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Mapping the sequence of conformational changes underlying selectivity filter gating in a
potassium channel

A.P Hill, 2 D. Wang!?S. Mannt?2 M. Perry}! P. Tant and J.I. Vandenbegr? "Mark Cowle Lidwill Reseach
Program in Cardiac Electrophysiologwictor Chang Cardiac Reseeln Institute 405 Liverpool Street,
Darlinghurst, NSW 2010, Australia ar8t. Vincens dinical School, UNSW Faculty of Medicindctoria
Street, Darlinghurst, NSW 2010, Australia.

The potassium channel selectivity filter both discriminates betwéemdsodium ions and contutes to
gating of ion flov. Satic structures of conducting (open) and non-conducting (vasedi) conformations of this
filter are known, haever the sequence of protein rearrangements that underlie intersimm between these
two dates is not. Using-value analysis we ka dudied the macromolecular rearrangements associated with
selectvity filter gating in the human ether-a-go-go-related gene (hERGghénnel, a &y regulator of the
rhythm of the heartbeat. havefound that closure of the selectivity filter gate is initiated Byelit and then
followed in sequence by conformational rearrangements of the pore domain outerXuelbellalar turret
region, wltage sensor domain, intracellular domains and pore domain inner helix. In contrast to the simple
linear models proposed for opening and closing andygated ion channels, a much more comaatial and
temporal sequence of widespread domain motions connects the open andtéthstates of the hERG'K
channel.
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Rigid body Brownian dynamics simulations of ion channels and channel blockers
D. Gordon and S.H. Chun&eseach Shool of Biology The Australian National Universitfanberra, ACT
0200, Australia.

lon channels all@ cells to rgulate the flav of ions across cell membranes in a controlled marinés
ionic flow is responsible for a host ofek functions in the @anism, including ner@ dgnaling, muscle
contraction, chemical signaling, and thgulkation of metabolism. The presence of various kinds of channel
blocker molecules can impede the normalflof ions through ion channels, leading to importaryspiiogical
consequences, both beneficialy calcium channel blocker drugs for high blood pressure) and detrimergal (
various polypeptide toxins). Therefore, it is important to be able to computationally model the dynamics and
enepetics of various channel blockers interacting with channedsieybort on the deslopment of a system that
uses rigid body Brownian dynamics to simulate the interaction betweereldpadn channels, and ions. This
allows us to elucidate binding, unbinding and blocking mechanisms, and to directly simulatiedise teht
blocker molecules hae m ionic currents. The use of Brownian dynamics, rigid body dynamics and macroscopic
electrostatics means that our simulation can be run on long timescaleg)gtoe direct measurement of ionic
currents.

Our model system contains an ion channel embedded in a lipid bilayer membrane as well as one or more
channel blocker molecules, and is solvated by water and ions. The channel is represented as a fixed rigid bod
and the bloc&r molecules as mobile rigid bodies. The ions are explicitly represented as spherigatl char
particles, whereas theater is implicit. The force field for the system contains various terms for short range
interactions between the ions, channel and l&ockolecules, frictional and random forces thavedrihe
Brownian motion of the ions and bloets, and long range electrostatic forces which arendiy the solution to
Poissors equation. The latter are the most challenging to model, and we dedoped n& methods for
efficiently solving Poissos’ejuation in our molecular system and applying these solutions to our simulation.

The other major component of our simulation is the motion algorithe.h&Ve developed a ne
algorithm for simulating the rigid body Brownian motion of the blockers (Gordon, Hoyles & Chung, 2009). A
rotational and translational Langevin equation is formulated, and a numerical solution algorithm is proposed,
based on the velocity Verlet algorithm, with additional steps being needed to handle the more complicated
rotational algebra and extra frictional terms.

We havetested our simulation in various applicationgoiming voltage gated potassium channeie
have examined a number of candidate blockers, including small classical blocker molecutes lik
4-aminopyridine (4AP) and tetraeffammonium (TEA), polypeptide toxins such as charybdotoxin (CTX), and
other small charged molecules. Our aim is to elucidate the binding, unbinding and blocking mechanisms for a
range of different channels and blockers.

Gordon D, Hoyles M, Chung SH. (2009) An algorithm for rigid-body Brownian dynarfhbygsical Reiew. E,
Statistical, Nonlinearand Soft Matter Physic80,066703-1 - 066703-12.
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Metamorphic chloride intracellular channel proteins: evidence for transmembrane extension

and membrane induced oligomerisation of CLIC1

S.C. Goodchild,S.N. Breit2 PM. Curm? and L.J Brown! IDepartment of Chemistry and Biomolecular
Sciences, Macquarie UniversitySwW 2109, AustraligSt. Vincens Centre for Applied Medical Reseeal, S.
Vincent Hospital and University of WeSouth Wales, NSW 2010, Australia algthool of Physics, University of
New Suth Wales, NSW 2052\ustralia.

Classically the study of protein structure is based on the assumption that e matéin fold is unique,
with at most small structural alterations to facilitate functionwél@r, the existence of seral proteins capable
of independently interchanging betweerotar more vastly different but stable folds arising from the same
amino acid sequenceVeleen shown. These proteinsvhavllectively been termed “metamorphic” (Murzin,
2008).

The highly conserved Chloride Intracellular Channel (CLIC) protein family is an example of the
metamorphic protein class. While the function of the CLIC proteins is not well understood, the CLICs are
expressed as soluble proteins but can algersibly auto-insert into the membrane to formaion channels.

This conformational transition has previously beemghto involve a lrge-scale unfolding between the C- and
N-domains for CLIC1 (Goodchilét al, 2010). The CLIC1 homologue also displays the unique ability to
undego a dramatic structural metamorphosis from a monomeric state, displaying a classic glutathione-S-
transferase fold, to a soluble alhelical dimer solution upon oxidation (Littlet al, 2009). Furthermore, in

the presence of membranes, the effect of oxidation has begn shocrease the interaction of CLIC1 with the

lipid bilayer (Goodchildet al, 2009). Havever to date, experimental evidence characterising the dramatic
structural rearrangements that must occur within CLIC1 to coafeurfable interactions with the membrane

and enable formation of an ion channel pore are lacking.

In the current studydte-directed fluorescence labeling of a series of singeme residues (T44C,
T45C, K49C, C89) within the vicinity of the single putatiransmembrane domain (aa24-46) of CLIC4sw
performed using a nel labeling strategy described recently (Goodckildl, 2010). Fluorescence Resonance
Enegy Transfer (FRET) as used to monitor for changes in the distance from a single igh35, located
within the transmembrane, to each of the 1,5-IAEDANS acceptor labgdtzire residues. This was performed
in both the soluble CLIC1 form and upon the addition of lipid bilayers. The FRET changesedhselicate
that an gtension of residues 24-46 occurs upon interaction with the membrane. This result is consistent with the
current model of a single extended helical transmembrane regidestlthe hypothesis that the CLIC1 forms
an oligomeric channel structure in the presence of membranes, a population of CLIC1 labeled with a donor
fluorescent label (1,5-IAEBNS) was mixed with a population of CLIC1 labeled with an acceptor fluorescent
label (5-1AF). Appreciable FRET interaction and thus evidence for oligomerisation was only detected upon
oxidation of the CLIC1 in the presence of the membraagetherthese tvo FRET results reinforce the notion
of the CLIC proteind@mily as dynamic and metamorphic entities and challengg ataepted views of protein
structure. Currentlyour labeling scheme is being extended to further refine our model for the structural
transitions and environmental triggers of CLIC1 membrane-induced metamorphosis.

Goodchild, SC, Howell, MWCordina, NM, Littley DR, Breit, SN, Curmi, PM, Brown, LJ (200%turopean
Biophysical JournaB9, 129-38.

Goodchild, SC, Howell, M\WLittler, DR, Mandyam, RA, Sale, KL, Mazzanti, M, Breit, SN, Curmi, PM,
Brown, LJ (2010)Biochemistry49, 5278-89.

Littler, DR, Harrop, SJ, Fairlie, WD, Brown, LJ, Pankhurst, GJ, Pankhurst, S, DeMaere, MZ, Campbell, TJ,
Bauskin, AR, Tonini, R, Mazzanti, M, Breit, SN, Curmi, PM (2003t rnal of Biological Chemistry
279, 9298-305.

Murzin, AG (2008),Science320, 1725-6.
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pH dependence of the C# release actwated Ca?* (CRAC) channel
N.R. ScrimgeouD.P. Wison and G.YRychloy, School of Medical Sciences, University of Adelaiddelaide,
SA 5005, Australia.

CRAC channels actisted by the depletion of intracellular €astores provide a major pathway forCa
entry in may cell types. Characteristic properties of GRA&hannels include high selectivity for €aover
monavalent cations, feedback inhibition by permeatingCknown as fast C& dependent inaatétion (FCDI),
and block by lav external pH (Malaye & Nelson, 1995). The functional CRAchannels are composed of a
tetramer of the Orail proteins, which forms the channel pore, and a protein called stromal interaction molecule 1
(STIM1), a C&* binding protein that plays the role of &a&ensor in the endoplasmic reticulum (Sokiotfal.,

2006). The glutamate 106 residue (E106) in a predicted transmembrane domain of Orail has been reported t
act as the selewity filter and to play a role in FCDI of CRAchannels (‘dmashitaet al, 2008). In this wrk
we shov that glutamate 106 is also a protonation site responsiblgfog block at lav pH.

STIM1 and Orail were pv@usly subcloned into pCMV-Sporté and the GFP co-expressaugor
pAdTrack-CMV (Scrimgeouret al, 2009). The Orail E106D mutation was generated using pCMV
Sport6-Orail as a template according to the protocol specified by the QuikChange |l site-directed mutagenesis
kit (Stratagene). Whole-cell patch clampingsaperformed at room temperature using a computer based patch-
clamp amplifier (EPC-9, HEKA Elektronik) and PULSE software (HEKA Elektronik).

| .rac Mediated by heterologously expressed Orail and STIM1 was inhibited ipHlceaching virtually
complete block at pH 5.5. The apparent pKa of CRAannel pH dependence was#08L (n=4). The E106D
Orail mutant, which has higher selectivity for*Naver Ca&2* and is blocked by Ca in time and wvltage
dependent manner @ashiteet al, 2008), showed no such dependence on pH. In contrast, lowering pH from
7.4 to 6.3 or belv increased the amplitude of the current and reducedxtkateof inactvation at ngative
potentials suggesting that theC&lock of N& current was reduced. The apparent pKa of the block 6f Na
conductance through E106D mutant by’ Gaas 6.1+0.1 (n=4). Iivestigation of C&* currents mediated by this
mutant in the absence of all permeable mvalemt cations in the external solutiorvealed that FCDI of E106D
is much faster than that of WT Orail and is progvebsreduced at lower external pH.

Overall, these results suggest that ring ajaige chamges at position 106 in the Orail pore controls not
only the selectivity of the channel, but also contributes to a cammehanism of FCDI and accounts for the
pH dependence of CRAchannel.

Malayes A & N elson DJ (1995)Journal of Membrane Biolog$46,101-111.

Scrimgeour N, Litiens ;Ma L, Barritt GJ & Rychlov GY (2009).Journal of Physiology87,2903-2918.

Sobolof J, Sassea MA, Tang XD, Hevavitharana T Xu W & Gill DL (2006). Journal of Biolaical
Chemistry281,20661-20665.

Yamashita M, Naarro-Borelly L, McNally BA & Prakriya M (2007).Journal of General Physiolgy 130,
525-540.
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The congenital Long QT Syndome: broad lessons from a rage disease
R.S. Kass, Department of Pharmacold@ylumbia University Medical Cente830 168th Street, NeYork, NY
10032, USA.

The Long QT syndrome (LQTS), a rare (1:2500 to 1:10,000) inherited disorder associated with an
increased propensity to arrhythmogenic syncope, polymorphous ventricular tachycardia, and sudden cardiac
death, has prxiaded a wealth of information about fundamental mechanisms underlying human cardiac
electroplysiology that has come about because of true collakeratieractions between clinical and basic
scientists. Our understanding of the mechanisms that determine the critical plateau and repolarization phases c
the human ventricular action potentiavbaeen raised to melevds through these studies with impact on the
manner in which potassium channels, sodium channels, and channel-associated pootieitesthés critical
period of electrical actity. To date, more than 12 genesvharen linked to LQTS, but the majority of disease
causing mutations occur in genes coding for petassium channels (KCNH2 (LQT-2) and KCNQ1 (L@QT
and the principal heart sodium channel (Nav1.5 (LQT-3). It is clear that there are distinct risk factors associated
with the different LQTS genotypes, andilding on collaboration between clinical and basic science teams
mutation-specific therapeutic approacheveh&een deeloped in a gene-dependent mann€ne greatest
difference in risk factors becomes apparent when comparing LQT3 syndrome p&iEh&AMhutations) and
patients with LQT1 syndromeKCNQ1 mutations). Soméroad insights into the structure, function, and
regulation of KCNQ1/KCNE1 (IKS potassium) and \Wa5 (sodium) channels Y& eneilged from specific
studies of LQTS gene mutations. The potential for understanding a mechanistic basis for arrhythnaa risk w
realized soon after the first genetic information relating mutations in genes coding for distinct ion channels
became wailable and is still the focus ofxeensie investigation and has bridged intoviestigations of mutant
channel actiity in cardiac myocytes desd from inducible pluripotent stems cells, cells thatehenique and
powerful potential to provide a personalized approach to management of this and other hewnthiote rh
disorders.
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Molecular mechanism of store-operated calcium entry (SOCE) in skeletal muscle and potential
role in fatigue resistance
R.T Dirksen, A.D. Lyfernkkand L. Wei, University of RochestBepartment of Pharmacology and Physiology,
RochesteMNY 14642, USA.

In skeletal muscle, store-operated calcium entry (SOCE) is a trans-sarcolemmal calcium infllay pathw
activated when sarcoplasmic reticulum (SR) calcium stores are depleted. Rewerdiynonstrated that SOCE
activation in skeletal myotubes\nlves a functional coupling between STIM1 calcium sensor proteins in the
sarcoplasmic reticulum (SR) and calcium-permeable Orail channels in the sarcolemmazer,Hbe precise
mechanism and pBiological role of SOCE in adult skeletal muscle remains largely unknown. Here we
investigated the mechanism andygiological role of SOCE in singléexor digitorum bevs (FDB) fibres from
adult mice. Using a Mii quench assaywe found that thapsagin-induced SR calcium store depletion
actvates a calcium influx pathway in adult FDB fibres that is inhibited by: 1. multiple SOCE channe&rblock
(La®*, BTP-2 and SKF96365); 2. prior expression of cherry-tagged domingativeenurine Orail (E108Q);
or 3. STIM1 knockdown 12 days after vivo electroporation of murine specific STIM1 siRNA® determine
the potential role of SOCE in maintaining SR calcium stores during repetitmulation, we monitored
myoplasmic calcium transients in mag-fluo-4 loaded mouse FDB fibres during vepegiti frequenyg tetanic
stimulation (60 consecweg F00ms, 50Hz stimulation trainvey 2.5s). Peak calcium transient amplitudasw
reduced dramatically with each tetanus by conditions that inhibit S@@E(dition of 0.5 mM C&/0.2 mM
La%*, 10 uM BTP-2, 50uM SKF96365, and STIM1 knockdown).

To further assess the role of SOCE in skeletal muscle, we generated skeletal muscle-specific HA-tagged
dominant ngative rmurine Orail transgenic mice (HSAdnOrai) using a transgene containing the hustetal sk
muscle actin promoter (kindly provided by.Dr Molkentin). HSAdnOrai mice sunve beyond weaning, gno
and breed normallyWestern blot analysis using an HA antibody confirmed dnOrail transgene expression in
skeletal muscle, lt not in heart, lung, brain, spleen kiginer liver. Primary skeletal myotubes deed from
HSAdnOrai mice lack SOCE follding SR calcium store depletion as assessed iff burench, calcium influx,
and whole cell patch clamp assays. In addition, compared to WT mice, the decline in peak calcium transient
amplitude during repetite etanic stimulation was significantly increased in FDB fibres from HSAdnOrai mice.
Together these results demonstrate that STIM1-Orail coupling mediates SOCE in atkttilskuscle and that
this process limits SR calcium store depletion and tivelaf@ment fatigue during repetie dimulation. In
addition, muscle-specific HSAdnOrai transgenic mice arewaefol tool for future studies designed to assess
the physiological role of SOCE in skeletal muscle.
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Skeletal muscle ROS and glucose uptakduring contraction

G.K. McConeft and T.L. Merry, linstitute of Sport, Exercise and Active Living and the School of Biomedical
and Health Sciences, Victoria UniversiyC 8001, Australia andDepartment of Sport and Exercise Science,
University of Auckland, Ne Zealand.

Exercise stimulates skeletal muscle glucose @phakincreasing GLUT-4 translocation from intracellular
vesicles to the cell membrane through a mechanism(s) thersdifrom insulin stimulation. Although the
pathway(s) through which contraction stimulateglsial muscle glucose uptls inclear there is evidence for
separate and colleed ontribution of seeral signalling intermediates including AMP-agtied protein kinase
(AMPK), nitric oxide (NO), calcium/calmodulin-dependent kinase (CaMK) and more recerabtive oxygen
species (ROS).

Exposure of isolated skeletal muscle to exogenous ROS increases glucosdTaytadaet al, 2004). In
addition, intense contraction of isolated mouse EDL muscle increases ROS production and the antioxidant N-
acetylysteine (MC) attenuates increases in skeletal muscle glucose elfandstronet al, 2006). Although
Sandstromnet al. presented evidence to suggest that AMPK may play a role in ROS-mediated glucose uptak
during contraction, we la recently shan that the increase in glucose umakiring ex \vo contraction is
attenuated by NC smilarly in wild type and AMPK kinase dead mouse muscle (Metrgal, 2010c). hese
results indicated that ROS regulate skeletal muscle glucoseeugiakg ex uvo contractionvia AMPK-
independent mechanisms. Interestinglg havepreliminary evidence suggesting that nitric oxide and ROS may
interact during ex \vo contractions to regulate skeletal muscle glucose aptglotentially via S-
glutathionylation and/or peroxynitrite signalling.

Until recently the role of RS in the regulation of contraction-stimulated skeletal muscle glucosesuptak
had only been examined using these isolated muscle models. In the absence ofwe|@adhflmodels depend
on diffusion gradients for substrate dety and clearance, and result in non-uniform\aeji of oxygen to all
muscle fibres. Furthermorex uvo muscle preparations generallyvatve supra-maximal highly dtiguing
stimulation protocols. Therefore, wevestigated the role of ROS signalling in the regulation of skeletal muscle
glucose uptad during contractionfeercise in intact preparations by infusind\® during moderate intensitiy
situ contractions in rats (Merrgt al, 2010a) and duringxercise in humans (Merrgt al, 2010b). Unlile ex
vivo contraction, we found thatAC did not affect skeletal muscle glucose uptalaring contractionsn situ
and eercisein vivo. These results provide evidence that under physiological contraggamige conditions
ROS may not be imolved in the regulation of gketal muscle glucose disposal and that previous results obtained
using intens@x \ivo contractions may not be rghat to normal gercise. Havever, more studies are required in
this emerging area of interest before defigitionclusions can be drawn.

Merry TL, Dywer RM, Bradlg EA, Rattigan S and McConell GK. (20103urnal of Applied Physiolgy 108,
1275-1283.

Merry TL, Wadley GD, Stathis CG, Garnham ARRattigan S, Hagreares M and McConell GK. (2010b)
Journal of Physiology88,1623-1634.

Merry TL, Steinbeg GR, Lynch GS and McConell GK. (2010&merican Journal of Physialy 298,
E577-585.

Sandstrom ME, Zhang SJ, Bruton J, 8il?, Reid MB, Westerblad H and Katz A. (200Burnal of Physiolgy
575,251-262.

Toyoda T Hayashi T Miyamoto L, Yonemitsu S, Nakano M, Tanaka S, Ebihara K, Masuzaki H, Hosoda K,
Inoue G, Otaka A, Sato K, Fushiki T and Nakao K. (20@4herican Journal of Physiody.
Endocrinology and Metabolis@87,E166-173.
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Effects of S-glutathionylation, S-nitrosylation and oxidation on Ca-sensitivity and force: a
balancing act

G.D. Lamb, J.PMollica, T.L. Dutka, G.S. Posterino and R.M. Murpbgpartment of Zoology.a Trobe
University Melbourne VIC 3086, Australia.

Reactve axygen species (ROS) and rewmetiritrogen species (RNS) are important foelgtal muscle
function both in physiological and pathological conditioifiese agents are generated invaatiuscle and can
induce both acute and long term effects on muscle function. Exposure of intact fast-twitch muscle fibres to the
oxidant hydrogen peroxide (B.) affects force principally by altering myofibrillar €asensitivity initially
producing increased sensity, followed by a decrease with more prolonged exposure (Andriade 1998).
Experiments on skinned fibres shthat these effects can be attributed t@kiinteracting with glutathione and
myoglobin, causing S-glutathionylation and oxidation of the contractile apparatus nestpedtamb &
Posterino, 2003; Murphet al, 2008). HO, can also oxidize the sarcoplasmic reticuluni*Calease channels,
the ryanodine receptors, and studies on isolated channeldisiothis oxidation has a g stimulatory déct
on C&*induced C&' release. Hwever, experiments on skinned and intact fibresvshioat acute HO,-induced
oxidation has little or no effect on action potential-induced*Qalease, the normal psiological process
governing C&" release (Posterinet al, 2003). Applicationof nitric oxide donors, on the other hand, produce a
decrease in submaximal force in skinned muscle fibres, due primarily to a decrease in myofitfillar Ca
sensitvity (Spencer & Posterino, 2009), brought about by S-nitrosylation of the contractile apparatus. More
extensive exposure of muscle to oxidants or nitrosylating agents can also lead to a decrease in both maximum
force and C&-sensitvity of the contractile apparatus, likely due primarily to oxidation of reactilphydryls
in the myosin heads. Thevaall effect on muscle function of ROS and RNS generated in physiological and
pathological conditions is determined by the balance of these conflicting actions of S-glyiatibionS-
nitrosylation and oxidation.

Andrade FH, Reid MB, Allen DG & Westerblad H. (1998urnal of Physiology09,565-575.

Lamb GD & Posterino GS. (2003purnal of Physiologyp46,149-163.

Murphy RM, Dutka TL & Lamb GD. (2008Journal of Physiology86,2203-2216.

Posterino GS, Cellini MA & Lamb GD. (2003purnal of Physiologyp47,807-823.

Spencer T & Posterino GS. (200®nerican Journal of Physiolog€ell Physiology296,C1015-1023.
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Skeletal Muscle H202 and Insulin Sensitivity
T. Tiganis, Department of Biochemistry & Molecular Biolp§yhool of Biomedical Sciences, Monash
University VIC 3800, Australia.

Reactve akygen species (ROS) are thought to contribute to the progression of various human diseases.
type 2 diabetes, ROS are generated by mitochondria, as a by-product olvexiiasphorylation and as a
consequence of inflammation. There is direct evidence for ROS serving to suppress the insulin response an
contritute to the deslopment of insulin resistance, aykpathological feature of type 2 diabetd2aadoxically,
ROS enerated by NADP(H) oxidases at the plasma membrane and endomembranes may also be required fo
normal intracellular signalingA wide variety of physiological stimuli including gsh factors, cytokines and
hormones such as insulin promote the generationQf Ror the coordinated inag#tion of protein tyrosine
phosphatases (PTPs) and the promotion of tyrosine phosphorylation, as well as phosphatidylinositol 3-kinase
and mitogen-actated protein kinase signaling. Thus, ROSééne potential to both promote and attenuate the
insulin response. Our recently published studies (&bhl, 2009) hae focused on the capacity of ROS to
promote muscle insulin sensitivity through the inattbn of the PTP superfamily member PTEN, a lipid
phosphatase that terminates signals generated by phosphatidylinositol-3-kinase.

Loh, K., Deng, H., Fukushima, A., Cai, X., Boivin, B., Galic, S., Bruce, C., Shields, B.J., Skiba B., Ooms L.,
Stepto, N., W, B., Mitchell, C.A., Tonks, N.K., Watt, M.J., Febbraio, M.A., Crack, P.J., Aogoklos,
S., & Tiganis, T (2009) Reactie okygen species enhance insulin sewititi Cell Metabolism10,
260-272.
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The role of ROS in insulin resistance
D.E. James, Garvan Institute of Medical ResbaB84 Victoria Street, Darlinghurst, NSW 2010, Australia.
(Introduced by Glenn McConell)

A great deal is known about the cellular response to aiarvvia AMP-actvated protein kinase
(AMPK), but less is known about the adaptation to nutrient excess. Insulin resistance is one of the earliest
responses to nutrient excess, but the cellular sensors that link these parameters remain poorly defined. It he
been suggested that defects in the early elements of the insulin signalling cascade constitute the major cause
insulin resistance. Heever, we haverecently described evidence in cell and animal models as well as in insulin
resistant humans that this is not the cada.the other hand, mitochondrial superoxide production is a common
feature of may different models of insulin resistance in adipocytes, myotubes, and mice.vepresulin
resistance was versed by agents that act as mitochondrial uncouplers, ETC inhibitors, or mitochondrial
superoxide dismutase (MNSOD) mimetics. Similar effects were aabevith overexpression of mitochondrial
MnSOD. Furthermore, acute induction of mitochondrial superoxide production using the xtiingteagonist
antimycin A caused rapid attenuation of insulin action independently of changes in the canonical PI3K/Akt
pathway These results werealidatedin vivo in that MNSOD transgenic mice were partially protecteairesy
HFD induced insulin resistance and MnSOD+/- mice were glucose intolerant on a stangardieththese
data place mitochondrial superoxide at the nexus between intracellular metabolism and the control of insulin
action potentially defining this as a metabolic sensor of energy excess.
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Periconceptional and early preimplantational undernutrition alters gene expression of metabolic
and gluconeogenic regulating factors in the Vier

S. Lie J.L. Morrison, O. Wyss, S. Zhang and I.C. McMillen, Early Origins of Adult Health Rés@arup,

Sansom Institute for Health Reselarschool of Pharmacy and Medical Sciences, University of South Australia,
Australia.

Introduction: Maternal undernutrition during gestation can result in insulin resistance and glucose
intolerance, leading to the vidopment of type-2 diabetes. Thefesft of maternal undernutrition during the
periconceptional period, haver, has not been widely uastigated. The metabolic master switch, AMP-
Activated Protein Kinase (AMPK) and the master integrator of external signals, peroxisome proliferator
activated receptory co-actvator 1o (PGC-In) play critical roles in Ner metabolism. More importantlythe
capacity of the Vier for gluconeogenesis which is regulated by phosphognolate carboxykinase, PEPCK, is
critical in maintaining glucose homeostasis.

Hypothesis: We typothesise that periconceptional (PCUN) and early preimplantational (PIUN)
undernutrition will result in a decrease in gene expression of the metalgpliatogs, AMPK and PCGel, as
well as an increase in the gluconeogenic regylREPCK in the fetal lier in late gestation.

Methods:Control eves were fed 100% metabolisable energy (ME) from —-45d to 6d after conception.
Ewes in the PCUN group were fed 70% ME from —45d to 6d and ewes in the PIUN group were fed 70% ME
from conception to 6d postconception.véti samples were collected at 136-138d gestation. The MRN
expression of AMPKeal, AMPK-a2, PCG-ti and the mitochondrial and cytosolic forms of PEPCK (PEPCK-

M, PEPCK-C) were analysed using Real Time-P@R.05 was considered statistically significant.

Results:Hepatic mRM expression of AMPKal was decreased in the PIUN singleton compared to the
control and PCUN groups. There was no differenceeher, in the expression of AMPKx2. The expression of
PGC-Tn and the cytosolic form of PEPCK was decreased in the PIUN and PCUN groups compared to the
control group, with no difference in the expression of the mitochondrial form of PEPCK.

Conclusion:Periconceptional and early preimplantational undernutrition may result in aydhgien of
hepatic enayy metabolism and a decrease in gluconeogenesis. The decrease incdAMARNA expression in
the PIUN group may be due to a mismatch between the oocyte and the early enlengy status.
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The effects of chronic moderate prenatal ethanol exposearon @rdiovascular and renal artery
function in adult rats

M. Tjonguet M. Tare! M.E. Probyr? K.M. MoritZ and K.M. Dentort, IDepartment of Physiologivonash
University VIC 3800, Australia andSchool of Biomedical Sciences, University of Queensland, QLD 4072,
Australia.

Maternal alcohol consumption during grany remains common in society toddrenatal exposure to
high levels of alcohol can cause viopmental abnormalities. Thefe€t of more moderate alcohol exposure on
the offspring remains uncleafn adverse environment in early life can increase the risk of caasliolar
disease in adulthood. The aim of this studgswo examine the effects of chronic moderate fetal alcohol
exposure on arterial pressure araseular function in adult rat offspring. Female rats wevenga mmplete
liquid diet containing either ethanol (6% v/v equating to 15% of total calories and a peak blood alcohol content
of 0.03 — 0.05%) or an isocaloric egaent during prgnang. Male f = 6-9) and femalen(= 7-8) offspring
were studied at 1 year of age. Mean arterial pressure (MAP) was recorded under basal conditions and during
restraint stressgia radiotelemetry At post mortemthe kidneys were rerved and the renal interlobar arteries
were isolated. Segments of renal interlobar artery were mounted onto a wire myograph for testing of smooth
muscle and endothelial function. Arteries were bathedanmed, oxygenated physiological saline (PSS). Other
segments of artery were mounted onto a pressure myograph and bathed in GihRISSacontaining 1mM
EGTA, for the assessment of passinall stiffness. Basal MAP and heart rate (HR) were not different between
vehicle and alcohol-treated groups. MAP and HR increased significantly in response to restraint steeas, ho
the increase in MAP was lower in alcohol-treated groups of bo#s ge = 0.001). Constriction of the renal
interlobar artery wked by sngle pulses of perascular nere dimulation was smaller in alcohol-treated
females p = 0.012), but not in the males. Vasoconstrictimoked by angiotensin Il and phstephrine, and
vasodilation @oked by the nitric oxide donor sodium nitroprusside, were not altered with alcohol treatment.
Total endothelium-dependent relaxation and the relaxation due to endothelivettdgperpolarizing &ctor
were not diferent between treatment groups. Interlobar arteries from alcohol-treated females were modestly
more compliant = 0.02), but arterial stihess was not different between treatment groups for the males. In
conclusion, this study demonstrates thanemoderate maternal alcohol consumption, egant to 2 standard
drinks per dayduring pregnangdoes hae lasting effects on the card@scular system of the offspring.

Proceedings of the Australian Physiological Society http://www.aups.ay.au/Proceedings/41/189P



Gonadotropin-inhibiting hormone (GnlH) regulates spontaneous action potentials in
anorexigenic proopiomelanocortin neurons and orexigenic neuropeptide Y cells

J.S. Jacobi, H.A. Coleman, A. Sali, H.C. Parkington, M.A. Cpwarid 1.J Clarke, Department of Physiology,
Monash UniversityClayton, VIC 3800, Australia..

Enegy homeostasis and reproduction are intimately related and the mechanisms for such a close
connection are the subject of considerable attentiometAw, our understanding of the neurobiological basis
for this phenomenon is still incomplete. Neuropeptide Y (NPY) is a potexigerethat is produced by cells in
the arcuate nucleus of the hypothalamus. In the same nucleus xpedissethe proopiomelanocortin (POMC)
gene that produces melanocortins which are anorectic. Gonadotropin-inhibiting hormone (GnlH) peptide is a
recently disceered inhibitory regulator of reproduction that is released by neurons localized in the dorsomedial
nucleus of the hypothalamus, which is a nucleus with a roleguatng appetite and energy balance. It has
been reported that central injections of GnlH increase fooddritalirds and rats. Since GnlH neurons\ide
input to subsets of NPY and POMC cells, the aim of this study was to determine the effects of GnlH on the
electrical activity of these appetite regulating neurons of the arcuate nucleus.

We wed mice in which NPY or POMC genes were tagged with a transgene for renilla and green
fluorescent protein. Mice were Kkilled, the braiasarapidly remeed into an ice slurryand 250pum thick
coronal slices were cut. Slices were mounted in a recording chamber on the platform of an upright microscope
and continuously superfused with artificial cerebrospinal fluid (aCSF) at 32°C. XpFé3sing cells were
identified using epifluorescence, and patch electrodes were positioned using infrared DIC atgtieslamp
recordings of spontaneous action potentialvagtivere made in whole-cell current-clamp mode or in cell-
attached mode.

GnlH inhibited the firing rate of POMC cells. Since these cells are anorexigenic this inhibition may be
involved in the increase of food in@knduced by GnlH. The GnlH regulation of NPY cells was more comple
In one group of NPY cells, GnIH inhibited spontaneous action potential activity and this effect was associated
with a clear perpolarisation of the membrane potential. Another group of NPY cells showed no effect of
GnlIH. The combined presence of bleck of glutamatergic and GArgic receptors decreased spontaneous
action potential activityunder these conditions, GniNaked an hcrease in action potential activity.

In conclusion, these data indicate that GnlH, in addition to having an important rolguiatirey
reproductve function, is also a significant regulator of the appetiteggnexpenditure system within the
hypothalamus.
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Maternal overnutrition during the periconceptional period and gender influences insulin
signalling and glucose handling in lambs after birth

L.M. Nicholas! L. Rattanatray; S. McLaughlirt S.E. OzannéB.S. Muhlhauslet,D. Kleemar? S. Walke? J.L.
Morrisont and 1.C. McMillent 1Sansom Institute of Health ResgaUniversity of South Australia, SA 5000,
Australia, 2Institute of Metabolic Science-Metabolic Resbdmboratories, AddenbrookeHospital,
Cambridg, (B2 0QQ, United Kingdom anurretfield Reseath Centre, $uth Australian Reseah and
Development InstitutsSA 00, Australia.

The increased pvalence of @erweight and obesity amongst Australians aged 18 years and older is
reflected in an increase in the number ohven who are entering greany obese (Callaay, O'Callaghan &
Mcintyre, 2009; Ryan, 2007; LaCoursieze al, 2005). Maternal obesity before greany is associated with
an increased risk of obesity and metabolic disease in the offspring (Ca¢dlaslo 2003). Hav the liver
responds to insulin is an important conitifr to the bodyg aility to maintain normal glucoseues throughout
life (Postic, Dentin & Girard, 2004)Little is known, hevever, about the impact of maternal obesity or the
impact of dieting before conception onvhthe liver of her offspring responds to insulin in order to maintain
glucose homeostasis. The present studssiigated whether maternal obesity during the periconceptional
period {.e. before and just one week after conception) resulted in changes in the expression of insulin signalling
molecules and genes that control glucose output invlredi postnatal lambs. This study alswéstigated the
effects of dietary restriction invernourished and normally nourished ewes on these measures of hepatic insulin
sensitivity in the offspring.

Donor eves were randomly allocated to one of 4 treatment groups. The CC growyedeceintrol diet
of 100% metabolisable energy requirements (MER) for 4 months before conception. The CR gruep aecei
diet of 100% MER for 3 months followed by a restricted diet (70% MER) for 1 month. Ewes in the HH group,
which is our model of maternal periconceptionarautrition, was gernourished [(180% MER) for 4 months.

The HR group, which is our model of dietary restriction in therrmurished ewe, as werfed for 3 months
followed by a restricted diet of 70% MER for 1 month. After conception, single embryos were transferred into
non obese 'recipient’'vees at 6-7 days after conception. Ewes lambed normally and tissues includingrthe li
were collected at 4 months of age for analysis.

There was a lowempg0.05) abundance of insulin signalling proteins Akt2, pAkt and pFoxO1 in the HH
group and this effect was ameliorated in the HR group. Interestixgisession of the gluconeogenic enzyme
PEPCK (mitochondrial form) and BHSD1 mRM was lower <0.05) in the HH group and this effecasv
also abolished in the HR group. IN addition, expression of yt@salic form of PEPCK mRAN was laver
(p<0.05) in CR, HH (male lambs) and HR groups.

In conclusion, periconceptionalvenutrition appears to program decreased expression of insulin
signalling molecules in thevier of the offspring which could contribute to the emergence of insulin resistance in
later life. In contrast, periconceptionalep- and under-nutrition dferentially suppress the mitochondrial and
cytosolic forms of the major gluconeogenic enzyme in ther livhich may protect the lamb from the
consequences of poor insulin signalling in the immediate term.

Callavay, L.K., O’Callaghan, M.J., & Mclintyre, H.D. (2009Barriers to addressingverweight and obesity
before conceptiorMedical Journal of Australid91: 425-428.

Catalano, P.M., Kirwan, J.P., Haugel-de Mouzon, S., & King(2D03). Gestational diabetes and insulin
resistance: role in short- and long-term implications for mother and fiuisial of Nutrtrition 133:
1674S-1683S.

LaCoursiere, D.Y., Bloebaum, L., Duncan, J.D., &®Mer M.W. (2005). Population-based trends and correlates
of maternal gerweight and obesifyUtah 1991-2001American Journal of Obstetrics and Gynegplo
192:832-839.

Postic, C., Dentin, R., & Girard, J. (2004). Role of therlin the control of carbohydrate and lipid homeostasis.
Diabetes and MetabolisB0: 398-408.

Ryan, D. (2007). Obesity in women: A life cycle of medical riskernational Journal of Obesityl: S3-S7.
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The role of regulator of calcineurin 1 (RCANL1) in the regulation of glucose homeostasis

H. Peiris! D. Mohanasundararf,). Brealey,® C. Jessup;® T. Coates?® M. Pritchard* and D. Keatingd,
Molecular and Cellular Neuroscience Group, Department of Human Physiology ane ®erntieuroscience,
Flinders University Adelaide SA $00, Australia’Central Northern Adelaide Renal ancafisplantation
Service Royal Adelaide Hospital, North Terrac@delaide SA D00, Australia?’Surgical PathologyElectron
Microscopy Unit, Royal Adelaide Hospital, North Terragdelaide SA 00, Australia,“Department of
Biochemistry and Molecular Biologionash UniversityVIC 3800, Australia andSchool of Medicine,
University of AdelaideAdelaide SA 00, Australia.

Reyulator of calcineurin 1 (RCANL1) is a gene located on chromosome 21 ame iexpressed in the
brains of Down syndrome (DS) patients. Our lab has previously shown that RCAN1 regxbmgeses in
adrenal chromaffin cells. As the incidence of diabetes is 5-10 times greater in the DS population we are
investigating the effect of increased RCAN1 expression and its possible role in the pathogenesis of diabetes.
Transgenic mice with a wersal oser-expression of RCAN1 were generated for this studyvivo studies
indicate that transgenic micewop age-dependent diabetes characterized by increased fasting blood glucose
levels of 5.80.3 mmol/L (n=9) at 60 days old compared to+0.2 mmol/L (n=9) in age-matched wild-type
mice (<0.05). Glucose tolerance, measured by injecting 2mg glucose/g body weight, is also reduced in
transgenic mice, with glucose@lues reaching peakvds of 27.51.4 mmol/L (n=5) after 60 minutes compared
to 1%1.3 mmol/L (n=5) in wild-type micepk0.01). Immunohistochemical analysis of pancreatic isletaled
that transgenic mice i@ a 0% reduction in islet area (n=4) at 100 days. Electron micrgsatglysis reeals
that transgenic mice i@ a 4% increase in empty secretary vesicles (n=3) at 120 days. Transgenic mice also
have dgnificantly decreased fasting blood insulin values at 120 days (n=6) when compared to age-matched
wild-type mice. In islets of transgenic micepeession of genes such as those mutated in hereditary forms of
monogenic type 2 diabetes (MODY) and others relate3-tell surviva and insulin production were
downregulated. Our findings highlight a va role of RCANL1 in regulating glucose homeostasis, isleivtjrp
secretary vesicle loading and insulin release. Additionadpression of RCANL increased 2.5 folok(.05)
when islets werex@osedin vitro to 16.7 mM glucose for 6 days. This along with our previous findingsdao
the exciting proposition that RCAN1 may bedtved in thef-cell failure and hypoinsulinemia that occurs in
the later stages of type 2 diabetes.
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Agonist interactions and selectivity in GABA, . receptors

B.A. CromerH.S. Tae and S. Petrou, Health Innovations Refelastitute School of Medical Sciences, RMIT
University Bundoora, VIC 3083 Australia and Howad Florey Institute University of MelbourngParkville,
VIC 3095, Australia.

Cys-loop ligand-gated ion channels constitute one obtwajor superfamilies of receptors mediating
rapid chemical synaptic transmission in the centralowensystem. Theinclude cation selese dhannels that
are receptors for excitatory neurotransmitters, acetylcholine and serotonin, and aniore shiautiels that are
receptors for inhibitory neurotransmittergsaminolutyric acid (GABA) and glycine. Recent structural
information from snail acetylcholine binding proteinsC#BP), torpedo acetylcholine receptors and bacterial
homologs hee povided a good understanding of thea@ll structure of the superfamily and of specific details
of acetycholine-receptor interactions. For inhibitory receptors for Sam] glycine, havever, we havea nmuch
more limited understanding of Waeceptors interact with and are seledyi activated by particular agonists.

In this study we haveinvestigated interactions between GABand receptqrusing the homopentameric
p1 y-aminohutyric acid receptor (GAB.) as a nodel for the broader family of heteropentameric G4\B
receptors. W used homology modeling to identify a series of corsgtsharged residues at the GRBinding
site that we hypothesized formed a series ofgdtahage interactions likly to be important for interaction
with agonist, agonist selectivity and receptor \ation. We have tested this hypothesis using site-directed
mutagenesis in combination withdavelectrode voltage clamp recording of recombinant receptors expressed in
Xenopusoogytes. Preliminary results @ revealed ley ceterminants of agonist seledty, particularly
determining sensitivity to the size or length of thatid, as well as receptor aetion or gating. These results
are consistent with our hypothesis and provide a basis for a more detailed understanding of agonist-recepto
interactions in inhibitory Cys-loop ligand-gated ion channels.
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Defining GABA , receptor pharmacology and physiologies through the disruption of receptor
protein interactions

M.L. Tierng,! VA.L. Seymout,J. Qurmi,! W. Xu? and H.C. Charf,'The John Curtin School of Medical
Researh, The Australian National UniversitCanberra, ACT 0200, Australia ar?EpitheIiaI Cell Biology
Researh Genter School of Biomedical Sciences, Faculty of Medicine The Chinese University of Hong Kong,
Shatin, Hong Kong.

GABA, receptors are the dominant inhibitory neurotransmgaéed ion channel in the central nene
system. ¥ haveidentified a n@el way in which these neuronal ion channels alter their electrical response.
Interactions between neighbouring, clustered @ABreceptors profoundly alter single-channel properties
(conductance and kinetics), leading to a significant enhancement of chanvigl @ctoss-talk’) (Everitt et al,

2009). Interactionsvere identified using competitor peptides that mimic defined intracellular protein binding
sites. Peptides were applied directly onto inside-out membrane patches pulled vifloonnneat hippocampal
neurons and single-channel currents were recorded. Combining the use of competitor peptides and single
channel recordings provided a visual insight into the dynamic nature of protein interactiondetttathaf

actwity of single GABA, ion channels. Specificallyhen applied to inside-out patches, a peptide mimicking

the MA helix of they2 subunit (y381-403) of the GAB , receptor abrogated the potentiating effect of the drug
diazepam on endogenous receptors by substantially reducing their conductance.

In addition to benzodiazepines, barbiturates, general anaesthetics and neurostezaitibden shan
to facilitate neuronal receptor cross-talk, that is, the drugs potentiaté&-@étivated currents increasing both
channel open probability and conductance. Such drugeven ae predicted to act on different GAR
receptor subtypesWe hypothesized therefore, that modulation of ion permeation was a general mechanism
through which all GAB\, receptor subtypes signal. Using a competitor peptide specifi&ctmtaining
GABA , receptors we tested ourygothesis. GAB. currents were potentiated by the general anesthetic
etomidate and competitor peptides were applied to neuronal patches. Additiondd¥fitheeptide but not a
scrambled version or theMA peptide abrogated the potentiating effects of etomidate. These data support our
hypothesis and are aiding our understanding of the complerplay between drugs and ion channels and also
amongst the different GABAreceptors subtypes themselves.

Everitt AB, Seymour VA, Curmi J, heer DR, Gage PWTiernegy ML. (2009)Protein interactions uolving the
Y2 large cytoplasmic loop of GABAreceptors modulate conductanEASEB Journal3: 4361-4369.
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Developing activation mechanisms for GABA, receptors
A. Keramidas, Queensland Brain Institu@BI Building #79, St Lucia, QLD 4072, Australia.

The a1B2y2 and a3B3y2 ae two synaptic isoforms ofx-aminolutyric acid type A (GABR\,) receptor.
They are found at different synapses, for example in the thalamus, wherantiate diferent inhibitory
postsynaptic current profiles, particularly with respect to the rate of current déeainetic characteristics of
both isoforms were irestigated by analysing single-channel currentgeroa wide range of GAB
concentrationsa12y2 channels exhibited briefer ae#i periods tharn333y2 channels wer the entire range of
agonist concentrations and had lower intirab open probabilities at subsaturating concentrationsvatiofi
mechanisms were constructed by fitting postulated reaction schemes to data recorded at saturating an
subsaturating GARB concentrations, simultaneousieaction mechanisms were ranked according to goodness
of fit values to open and shut dwell histograms of single channeitygctnd hav accurately thg smulated
ensemble currents. The highest r@shknechanism for both channels consisted of ®wguential binding steps,
followed by three conducting and three nonconducting configurations. The equilibrium dissociation constant for
GABA at a3B3y2 channels vas (13 uM compared with(l19 uM for a1p2y2 channels, suggesting that GAB
binds to then3B3y2 channels with higher fifity. A notable feature of the mechanism was that tansecutie
doubly liganded shut states preceded all three open configurations. The lifetime of the third shuasstate w
briefer for thea3p3y2 channels. The longer ae#i periods, higher dinhity, and preference for conducting states
are consistent with the slower decay of inhibitory currents at synapses that a@fi8y2 channels. The
reaction mechanism we describe accurately simulates real macropatch and synaptic currents mediated by th
two GABA , receptor subtypes and may be appropriate for the analysis of othék G&Beptor isoforms. The
mechanism may also be applicable for the rationadstigation of the kinetic effects of therapeutic agents that
actvate and modulate GABAreceptors, in addition to mutated channels that gge to disease.
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Understanding the molecular and pharmacological basis of selectivity of nicotinic acetylcholine
receptor antagonists using reactie methyllycaconitine analogues

N.L. Absalort,G. Quekt J. Ambrus? M.D. McLeod and M. Chebild, *Faculty of PharmacyUniversity of
Sydng, Camperdown, NSW 2006, Australia afeseach Shool of ChemistryAustralian National University,
Canberra, ACT 0200, Australia.

The nicotinic acetylcholine recepto (NnAChR) mediatest synaptic transmission between neural cells.
The nAChR is a pentameric protein that contains gelaxtracellular domain, four transmembrane domains
(M1-M4) where the second M2 lines the channel pore, dvort M1-M2 and M2-M3 loops that me o gate
the channel and a large intracellular M3-M4 loop. There is a large amounturfitsibterogeneity within the
NAChR, which can be formed by specific combinatione2fL0 and32-4 receptors. The expression patterns of
receptor subtypes partly determine thggiblogical role of each nAChR subtype. Thus, pharmacological agents
that can distinguish between receptor subtypes meg traater selectity for certain physiological process,
and may provide superior pharmacological agents.diheomomeric is potently and selectivity inhibited by
the toxin methylicaconotine (MLA) from the lakspur plant. Our aiaswo identify the site of the receptor that
conferred the binding seleditly to MLA on thea7 receptor and compare this to the corresponding residues on
the a4p2 receptor The a7, a4 or B2 cRNA was injected intoXenopusoocgytes that were renved from frogs
anaesthetized with tricaine and ion channel functias wneasured by the two-electrode voltage clamp
technique. For efficient expression of thé nAChR, cRM for the chaperone protein RIC-3asvco-injected.
To prevent the large desensitization properties of the nAChR, a mutant LI DNA was created by site
directed mutagenesis and all further mutations were studied with this background. Theutztion markdly
affected acetylcholine agtition but not MLA sensitiity. When varying concentrations of ACh were applied to
oogytes injected withn7 or a7L9'T after 3 minute incubation with a set concentration of MLA, the maximum
response was the same as for the maximum respongghtaldne. This suggests that the ACh is competing for
the same binding site with the MLA. Furthermore, the IC50 of MLA is significantly reduced ia4f#
nNAChRs, highlighting the selegtiy. When this experiment was performed on oocytes injected avifi2
nAChRs, the ACh the maximum response witthAand MLA was significantly lower than ACh alone,
indicating that the MLA was also binding at a sitefatént to the ACh-binding site. A previous published
crystal structure of the acetylcholine binding protein bound to MLA identified residues that interact directly with
the MLA molecule. W focused on tw stes where MLA was bound, including the Q79 residue whererale
antagonists and agonists of thé NAChR confer selectity by interactions with this residue in theteacellular
domain. V& havemutated this residue to the lysine and threonine residues that are the homologous residues on
the a4 and 32 receptors, respeutly to create the Q79K LY and Q79T LIT mutant receptors. Whavealso
made the homologousv@&sal mutations on the4 and (32 subunits to determine if the MLA inhibition is
altered. A second approach was taken by modifying MLA to contaystaice-reactie MLA molecule that can
tether to introduced cysteines on the target receptergplied this molecule to7 receptors with introduced
cysteine residues and identified one residue, S188T, kfhere the addition of theysteine reactie MLA
causes a permanent reduction in the current elicited by ACh. This indicates a strong association between thi:
residue and the site of the cysteine reactfoup in MLA binding. V havemade the corresponding mutations
in thea4 and 32 subunits to compare the residues that bind to MLA irChiR subtypes. Here we shohat the
while the residues that bind to seleetintagonists of nAChRs can be predicted with homology models, the
mechanism by which these antagonists are sedeat best understood by studies using a combination of site-
directed mutagenesis and chemical modification.
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Reciprocal regulation of expression of STIM1 and Orail proteins

L. Ma! D.P. Wison! G.J Barritt? and G.YRychloy;! 'School of Medical Sciences, University of Adelaide,
Adelaide SA B00, Australia andSchool of Medicine , FlindstUniversity of South Australia, Adelaid®A
5011, Australia.

Two proteins, stromal interaction molecule 1 (STIM1) and Orail constitute the minimum molecular
components of the Chrelease-actiated C&* (CRAC) channel (Liowet al, 2005; Rooset al, 2005; Mg, et al,

2006). STIM1 is predominantly located in the membrane of the endoplasmic reticulum (ER) and functions as a
molecular sensor of free ER €awhereas Orail is located on the plasma membrane and whesieacty
STIM1 forms the C# selectve pore of the channel @ominet al, 2006). While actiation of CRAC channels
uniquely depends on the freeXaconcentration in the ER lumen, its inaetion is regulated by both the free
ER [C&*] and the gtosolic [C&*]. Fast C&™-depend inactition (FCDI) is a feedback mechanisms which
limits C&* entry through these channels agaive potentials and is regulated by Lainding to surce
composed of residues from both Orail and STIM1 (Mulebhsal, 2009; Leeet al, 2009). Previously we
identified that FCDI of l.,. depends on the relaé expression leels of the STIM1 and Orail proteins
(Scrimgeouret al, 2009). Herein we present data that suggests the presence of ancthele@mdent
mechanism which regulates the activity of CRé&hannels. Specificallfhe expression of STIM1 and Orail are
interdependent and also [Ehdependent.

Heterologous xpression of STIM1 and Orail was conducted in HEK293T cells using the plasmid/DN
vectors pEX-GFP-Myc-Orail, pCM&port6-STIM1, pCMV-Sport6-Orail, Sport6-OrAia0-88 and pClneo-
hCIC-1 which were co-transfected atfdient ratios (between 1:8 and 8:1 of Orail:STIM1) using PolyFect
transfection reagent (Qiagen). The refatepression of STIM1 and Orail-GFP proteins was determined using
guantitatve western blot analysis using anti-STIM1 and anti-GFP antibodies. GAPDH was used as an internal
loading control.

Increasing the amount of Orail containing plasmid in the transfection mixture resulted in a significant
decrease in STIM1 expression. In contrast, control experiments ugmmgssion of eithernon-functional
OrailA70-88 or the unrelated CIC-1 protein had no effect on the expressasdéSTIML, identifying that the
Orail-STIM1 interaction was not a non-specifideef of competition in co-transfection. Depletion of
intracellular C&" stores, using thapsagyin, which actiates C&* entry through CRE& channels, increased the
dependence of STIMIxpression on the Orail. In contrast, inhibition o Gantry by 2-aminoethoxy-diphgh
borate (2-APB) or L# virtually abolished the interdependence of STIM1 and Orail expression.

These data indicate that thepeession of STIM1 and Orail proteins is interdependent and is regulated in
a Ca&*-dependent manner which may provide an important cellular feedback mechanism to enable medium to
long term regulation of ER €ahomeostasis.

Lee KR Yuan JPZeng W So |, Worley PF & Muallem S. (2009Proceedings of the National Academy of
Sciences of the United States of Ametigé: 14687-92.

Liou J, Kim ML, Heo WD, Jones JMyers JWFerrell JE & Meyer Jr.T(2005)Current Biologyl5: 1235-41.

Mullins FM, Park CY Dolmetsch RE & Lewis RS. (200®roceedings of the National Academy of Sciences of
the United States of Amerid®6: 15495-500.

Roos J, DiGregorio PJ, YerominVAOhlsen K, Lioudyno M, Zhang S, Safrina O, Kozak JA, Wagner SL,
Cahalan MD, Velicelebi G & Stauderman KA. (2008yurnal of Cell Biologyl69: 435-45.

Scrimgeour N, Litjens ;Ma L, Barritt GJ & Rychlov GY. (2009)Journal of Physiology87:2903-18.
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Atrogin-1 regulation in human and mouse skeletal myotubes
R.J Sefanetti and A.FRussell, Cent for Physical Activity and Nutrition Resedw School of Exercise and
Nutrition Sciences, Deakin Universi21 Burwood HighwayBurwood, VIC 3125, Australia.

Atrogin-1, an E3 ubiquitin ligase, is increased in numerous models of muscleyasrapls seen as a
potential therapeutic target to combat muscle wasting. Whilegu® rodent studies i@ wnsistently shawn
that under catabolic conditions, Atrogin-1 igutated by FOXO transcription factors, studies in atrophic human
skeletal muscle do not support a dominant role oK®. Our aim was to identify potential transcriptional
regulators of Atrogin-1 in human and mouse myotubes. Human primary and C2C12 myotubes were infected
with a c-MyC, C/EBR or APARd adenovirus for 48 h. Atrogin-1 mRNevds were increased by 72% and
decreased by 52% with PPARd and C/BRRer-expression, respeetlly. mRNA analysis in human myotubes
is in progress. At the proteinvid there was a 74% and 46% increase in Atrogin-1 with C&E®Br-expression
in mouse and human myotubes, respelsti -MyC and PRRd over-expression increased Atrogin-1 protein by
46% and 62% in mouse myotubes respelsti while in human myotubes infection with c-MyC andAiRel
decreased Atrogin-1 proteinvids by 23% and 26% respedly. These preliminary results suggest that
Atrogin-1 may be transcriptionally regulated by factors other than FoXO, and further highlight that Atrogin-1
regulation is species dependent. Future studies will determine direct transcriptopiataes of Atrogin-lvia
luciferase assays.
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NDRG2, a novel player in the control of skeletal muscle mass?
V.C. Foletta and A.FRussell, Cent for Physical Activity and Nutrition Rese&dy School of Exercise and
Nutrition Sciences, Deakin Universi21 Burwood HighwaywIC 3125, Australia.

The N-myc devnstream-rgulated genes (NDRG1-4) represent a family of moleculesdirtio cell
growth, differentiation and stress (Melo#¢ al, 2010); havever, how they function and their protein partners
are poorly described. Recentlye identified that the knockdown of NDRGZefted myoblast proliferation and
differentiation (llettaet al, 2009). In addition, we identified that NDRG2 expression increased markedly with
muscle differentiation and that its gengression increased also following treatment with catabolic agents, and
conversely decreased underypertrophic conditions in myotubes. Furthermore, the profile of NDRG2 gene
expression closely matched the mRIdrofiles of the E3 ligases atrogin-1/MAFbx and MuRF&y kegulators
of the ubiquitin proteasome pathway and skeletal muscle mass. This outcome suggests that these three genes ¢
regulated by related factors and thatytimay have @wnnected roles during changes in muscle mass. Here, we
sought to characterize further the potential relationship of these molecules in differentiated muscle cells.

Protein synthesis and degradation as measurédyrosine incorporation and release, respelytj was
assessed in mouse C2C12 myotubes following the knaeckdd NDRG2 protein beels by siRM\ under basal,

10 nM insulin and 1uM dexamethasone treatments. Co-immunoprecipitation analyses/epéxpressed
NDRGZ2, atrogin-1 and MuRF1 proteins in C2C12 myoblasts in the presence or absence of the proteasome
inhibitor MG132 also were performed.

A 20% increase in insulin-mediated protein synthgs#® (1) was found in myotubes lacking NDRG2
although no déct on protein degradation was measured. Co-immunoprecipitation analysesveddedran
ability of NDRG2 to interact with both atrogin-1 and MuRF1. Maezpthe interaction between NDRG2 and
atrogin-1 was enhanced by pM M G132, but not for the NDRG2 and MuRF1 interaction, suggesting that the
inhibition of atrogin-1 activity may promote NDRG2-atrogin-1 binding.

These data pxide corroboratie evidence of a relationship between NDRG2 and the ubiquitin
proteasome regulators, atrogin-1 and MuRF1, and that NDRG2 may also impact on the conttdtalf sk
muscle mass. Currenflye ae characterising the signaling patdys through which NDRG2 may affect protein
synthesis. These studies will help provide greater insight into the complecular mechanisms gerning
muscle mass regulation.

Melotte V, Qu X, Ongenaert M, van Criekinge Vde Bruine AR Baldwin HS and van Engeland M. (2010).
FASEB Journak4:1-14

Foetta VC, Prior M, Stupka N, CayeK, Segd DH, Jones, S, Swinton C, Martin S, Cameron-Smith D and
Walder KR. (2009)Journal of Physiology87: 1619-34.
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Multiple cell types express myokines following intense resistance exercise

PA. Della Gattat J. Reale? A.R. Garnhant and D. Cameron-SmithiSchool of Exercise and Nutrition
Sciences, Deakin Universi821 Burwood HwyBurwood, VIC 3125, Australia ari&chool of Human
Movement Studies, The University of Queensland, St Lucia, QLD 4072, Australia.

Optimal repair of skeletal muscle foling injury requires a significant and well orchestrated
inflammatory response. The infiltration of leaites, and particularly monocytes/macrophages, in the
hours/days following injury is a critical component in the repair of skeletal muscle (Chetzay@009; Koh &
Pizza, 2009). These cells are not only responsible for the clearance of cellular delalsptihe release of
factors that help to control the myogenic program of stem cells (Chataald 2009). While the appearance
and functions of these cellsueabeen widely ivestigated, the factors that are responsible for the recruitment
and chemotaxis of lewkytes into skeletal muscle are still somewhat unknown. Our aim wasesdigate the
effect of a single bout of resistancgercise on the expression and localization of 2 major chemoattacti
factors, monocyte chemoattractant protein 1 (MCP-1) and interleukin 8 (IL-8).

Eight young males (22+D.2yr) completed three sets of resistanaaise for the Ig muscles (lg press,
leg extension and squat).wb sts consisted of 8-12 repetitions at 80% 1-RM, whereas in the final set the
subjects gercised until exhaustion. Muscle biopsies were obtained bef@reise, and 2, 4 and 24 h after
exacise. Expression of MCP-1 and IL-8 was analyzgal Multiplex analysis (protein) and PCR (gene).
Immunohistochemistry was used to establish localization.

Large increases in both gene and proteipression of MCP-1 and IL-8 were evident 2 h faflog
exacise completion, returning to restingréks by 24 h. Neither factor was patent within the cytoplasm of
myofibres following gercise. MCP-1 was localized predominately to Pax7 and CD68 ymsibnonucleated
cells, but not strictly confined to these cell types. The digtab of IL-8 immunoreactivity was different to that
of MCP-1 and seemed to be in close proximity to collagen IV expressing cells.

Both MCP-1 and IL-8 hze keen identified as major regulators of muscle mediatedytek recruitment
in vitro (Chazauckt al, 2003; Peterson & Pizza, 2009). The present study indicated that both factors increased
dramatically in response to a single bout of resistareeiee, which is in accordance with previous literature
(Niemanet al, 2004; Hubalet al, 2008). The localization of these factors within a variety of cell types, and the
contrasting pattern of expression, suggest a cotmgid multifaceted response occurs within the muscular
microenvironment to regulate inflammation and muscular repair in response to resistesise.e

Chazaud B, Brigitte M, acoub-Yussef H, Arnold L, Gherardi R, Sonnet C, Lafuste P & Chreti@(09).

Dual and beneficial roles of macrophages during skeletal musgémamation.Exercise and Sport
Sciences Revievdy, 18-22.

Chazaud B, Sonnet C, LafusteBassez G, Rimaniol AC, Poron Authier FJ, Dreyfus R & Gherardi RK.

(2003). Satellite cells attract monocytes and use macrophages as a support to escape apoptosis ar
enhance muscle growtbournal of Cell Biologyl163,1133-1143.

Hubal MJ, Chen TC, Thompson PD & Clarkson PM. (2008). Inflammatory gene changes associated with the
repeated-bout &fct. American Journal of Physioly. Regqulatory, Integated and Compative
Physiolopgy294,R1628-1637.

Koh TJ & PFzza FX. (2009). Do inflammatory cells influence skeletal musgleettrophy?Frontiers in
Bioscience (Elite Ed), 60-71.

Nieman DC, Davis JM, Brown VA, Henson DA, DuenkL, Utter AC, Vinci DM, Downs ME Smith JC,

Carson J, Brown A, McAnulty SR & McAnulty LS. (2004). Influence of carbohydrate ingestion on
immune changes after 2 h of intergsiesistance traininglournal of Applied Physiolog96,1292-1298.

Peterson JM & Pizza FX. (2009). Cytokines detifrom cultured skletal muscle cells after mechanical strain
promote neutrophil chemotaxis in vitdnurnal of Applied Physiolog¥06,130-137.
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PGC-1a and PGC-18 regulate protein synthesis in C2C12 myotubes

E.L. Brown, PSepulveda, C.R. Wright, R. Snow and.ARssell, Cene for Physical Activity and Nutrition
Reseach, School of Exercise and Nutrition Sciences, Deakin Univergg Burwood HighwayBurwood, VIC
3125, Australia.

Skeletal muscle atroghis characterised by increased rates of protein degradation and/or decreased rates
of protein synthesis. @vexpression of peroxisome proliferatactivated receptol co-actvator-1a (PGC-1n)
or PGC-J can attenuate muscle atrgptend this has been attrited to a decrease in proteingdsdation
(Brault, Jespersen & Goldberg, 2010; Sardal., 2006).

This study inestigated the role of PGCed and PGC-pB in protein synthesis in C2C12 myotubes.
Myotubes were infected with GFPGC-1a, or PGC-13 adenairuses, and protein synthesis was measured at
basal leels and with dexamethasone treatment, by the ept&lRH]-tyrosine.

PGC-Tn or PGC-PB overexpression resulted in a 25-28% increase in protein synthesiani2¢hasone
decreased protein synthesis by 15% in the GFP-infected myotubesvddooverexpression of PGCH or
PGC-B was ale to preent the dexamethasone-induced decreaseatment with LY294, an inhibitor of
PI3K/Akt, did not preent the PGC-t& or PGC-J driven increase in protein synthesis. This effect was therefore
independent of Akt, a major kinase/dtved in muscle growth.

Another potential mechanism for the PG&-4nd PGC-[ driven increase in protein synthesis may be
via their regulation of microRNs (miRNAs). The expression of miR-1 and miR-133a twRNAs that are
thought to play a role in muscleygertroply, were devnregulated by PGC-d or PGC-J overexpression.
Further studies will determine if theseawniRNAs are iwolved in the regulation of protein synthesis with
PGC-In and PGC-p overexpression.

Brault JJ, Jespersen JG & GoldipéylL. (2010) Peroxisome proliferatactivated receptoy coactvator 1o or
1B overexpression inhibits muscle proteingtadation, induction of ubiquitin ligases, and disuse airoph
Journal of Biological Chemistrg85,19460-71.

Sandri M, Lin J, Handschin C, Yang,Wrary ZP, Lecker SH, Goldbay AL & Spiegelman BM. (2006).
PGC-lalpha protects skeletal muscle from atyopy suppressing FoxO3 action and atrggpecific
gene transcriptiorRProceedings of the National Academy of Sciences10SA6260-16265.
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Properties and amounts of heat shock proteins in skeletal muscle
N.T. Larkins, R.M. Murphy and G.D. Lamb, Department of Zoglbgylrobe UniversityVIC 3086, Australia.

Heat shock proteins (HSP) are considered to be important in protecting and maintaining cellular
homeostasis by binding to partially denatured proteins and acting as molecular chapdBeagstallin,
HSP25 and HSP72 are thought to protesst ®mponents in skeletal muscle such as SERCA pumps or actin. In
the present stugdye havemeasured the amounts, diffusibility and eatton characteristics of these proteins in
fast-twitch extensor digitorum longysand predominantly slow-twitctspleu3 fibres from rat skeletal muscle.

Male Long-Exans hooded rats (6-8 months old) were sacrificed using a letrdbee of isoflurane with
approzal of the La Trobe Uniersity Animal Ethics Committee, and tlestensor digitorum longu¢EDL) and
soleus (SOL) muscles were excised. Muscles were either used for obtaining skinned fibre segments or
homogenized and the entire muscle homogenate analysed using a quemigstern blotting techniqueoT
determine the absolute amountsodd-crystallin, HSP25 and HSP72 in unstressed muscle, known amounts of
pure HSP25, HSP72 anmB-crystallin were run on 8stern blots alongside or with the muscle homogenates
samples (Murph et al.,2009) (se€Table). From these measurementB-crystallin is almost 29 times more
expressed compared to HSP72 drkB time more than HSP25 in SOL muscle. These measurements of the
absolute amounts of HSPs presenteginsight into the importance afB-crystallin as well as the binding
limitations and physiological function of Hsps in skeletal muscle.

To measure diusibility, individual fibore sgments were mechanically skinned, removing theaserf
membrane and allowing proteins to diffuse out of the fibre and into the bathing solution. The skinned fibre
sggment and the matched bathing solution were run on Western Blots andftiséititfy of aB-crystallin,
HSP25 and HSP72 could be determined.

In unstressed muscle between 50 — 90% of HSP25, HSP7&8Bxaedystallin appeared in the bathing
solution within 10 min, indicating these proteins are broadly in rapid equilibrium with the cytoplasm in
quiescent fibres. When a muscle wapased to a potent oxided sress of 10 mM HO, whilst pinned at room
temperature, or bubbled with 95%, & an eleated temperaturel31°C) for more than 1 houthe difusibility
of aB-crystallin, HSP25 and HSP72 remained the same as that of an unstressed muscle.

Diffusibility was also imestigated after a muscle was heated to 40°C for 30 min whilst pinned under
parafin oil. HSP25 andaB-crystallin became almost completely bound within the fibre, whereas HSP72
shaved no change in diffusibility from that of an unstressed muscleel#o when the temperature was raised
to 45°C, HSP72 was no longer diffusible and became bound within the fibre. Whendibentefrom a 40°C
heated muscle were washed in the presence of 10 mM B8H25 andxB-crystallin remained bound and did
not became difisible, indicating the bonds between HSP2&Brcrystallin and the target site was not a simple
disulfide bond.

Amount
(umol/kg musclet SEM)
EDL SOL
HSP72 1.6 0.0 4.3+ 0.1
HSP25 2.8:0.3 8.9+ 1.3

oB-crystallin @ 3.3+ 0.8 123.9+16.7

Murphy RM, Larkins NT, Mollica JR Beard NA, Lamb GD. (2009ournal of Physiology87(2):443-60.
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Knockdown of STARS alters protein synthesis and degradation
M.A. Wallace and A.RRussell, Cene for Physical Activity and Nutrition Resedwy School of Exercise and
Nutrition Sciences, Deakin Universi21 Burwood HwyBurwood, VIC 3125, Australia.

Backgound and Aim:Striated muscle aetitor of Rho signalling (SARS) is a muscle specific actin-
binding protein (Araet al, 2002). \é haverecently shown that STARS is up-regulatedypédrtrophied human
skeletal muscle following resistanceeecise and is decreased following atrophy-stimulating detraining (Lamon
et al, 2009). STARS mRN is aso reduced in sarcopenic mice (Sakuetal, 2008). These studies suggest
that STARS may be wolved in skeletal muscle protein synthesis and/or degradatiamvhothis has not been
determined. Therefore, the aim of this studgswio establish the role of STARS in protein synthesis and
degradation in C2C12 myotubes.

Methods: STARS over-expression and knockdm in C2C12 myotubes was ackhed using adenwiral
infection and siRNK transfection, respeetly. Myotubes were also treated with insulin (100nM) to promote
protein synthesis or dexamethasone (DEX)uU{MP to promote protein degradation. Protein synthesis and
degradation was determined by the amount of radio-labé&Hetyrosine incorporation into and release from the
myotubes, respewoily.

Results: STARS over-expression did not influence basal protein synthesis gradation, nor did it
influence insulin stimulated or dexamethasone attenuated protein synthesesetiénockdavn of STARS
significantly reduced basal and insulin stimulated protein synthesis by 2&Hditionally, knockdavn of
STARS significantly increased basal and dexamethasone-induced protgedateon by 20% and 50%,
respectiely.

Conclusion:These observations shidhat STARS is necessary to maintain the fine balance between basal
protein synthesis and degradation. Furthermore, a reduction in STARS reduces the influence of anabolic stimuli
and enhances the effect of catabolic stimuli. A minimum amountARSTmay be required to sustain a health
level of protein turnwer.

Arai A, Spencer JA, Olson EN(2002). STARS, a striated muscle gaatior of Rho signaling and serum
response factor-dependent transcriptitmarnal of Biological Chemistr77: 24453-24459.

Lamon S, Wallace MA, Léger B, Russell AR009). Regulation of STARS and its downstreargdty suggest
a rovd pathway involved in human skeletal musclggertroply and atroply. Journal of Physiolgy 587:
1795-1803.

Sakuma K, Akiho M, Nakashima H, Akima Ha¥uhara M. (2008). Age-related reductions in expression of
serum response factor and myocardin-related transcriptotorf A in mouse skeletal muscles.
Biochimica et biophysica Acta782(7-8):453-61.

Proceedings of the Australian Physiological Society http://www.aups.ay.au/Proceedings/41/203P



Expression of STIM and Orai in liver disease

C.H. Wilsont G.Y. Rychlov? and G.J Barritt,* IDepartment of Medical BiochemistiSchool of Medicine,
Flinders University Adelaide SA 5001, Australia and’Department of Physiolog$chool of Medicine The
University of AdelaideAdelaide SA $01, Australia.

Liver disease is one of the leading causes of death in people with type Il diabetes. Disruptiéh in Ca
homeostasis has been detected in numereersdiseases. In hepatocytes,Caegulates glucose homeostasis,
protein synthesis and lipid metabolism amongst other functions. Store-operated calcium entry (SOCE) plays a
key role in maintaining intracellular Gaand SOCE plays an important role in\gth and differentiation of
hepatogtes. Defects in this process may lead to theldpment of lver disease ranging from non-alchoholic
steatosis, cirrhosis and cancgFIM and Orail proteins areely omponents of SOCE and STIM1 and Orai are
required for SOCE in primary hepatocytes (Jogieal, 2008). STIM1 and Orail isoforms, STIM2, Orai2 and
Orai3 may also be wolved in disease altered SOCE.eWypothesize that defects in €ahomeostasis
associated with Vier disease are due to abnormal expression, localization, and interaction of Orail with STIM1.
In hepatogtes isolated from genetically obed$a/fa) Zucker rats, a model of obesity and insulin resistance that
develop steatosis, we previously detected a significant decrease in the amplitude of |S@€daloti 25uM
ATP compared to the ISOC of lean Hooded Wistar rafe. assess whether this observatioasadue to altered
gene expression, the mRNevds of STIM1, Orail and their isoforms STIM2, Orai2 and Orai3 were compared
between primary hepatocytes of Zucker obese and lean control rats. In additiorxpyessi@n was determined
in cultured H4IIE rat krer cancer cells treated with or without 100 nM insulin/dexamethasone to influence
differentiation. Hepatocytes were isolated from A&rckats anaesthetized with xylazine/ketamine followed by
collagenase perfusion of thevdi. Gene expression was measured by nedatuantitatve plymerase chain
reaction (QPCR) and expressed rgkatib B-actin. Results neealed no difference in expression of STIM1,
STIM2, Orail and Orai3 in hepatocytes from obese and lean Zucker rats. This suggests that thd observ
difference in SOCE is due to changes in the distribution of STIM and Orai proteins, not atf@e=sien.

Orai2 is only expressed atwolevds in liver tissue and was difficult to detect in all samples. From
measurements obtained it appears that there is a small increase in Orai2 expression in hepatocytes from obe
Zucker compared with lean Zucker rats, suggesting that this might contribute to theedbaskeved SOCE
current. Insulin and dexamethasone treatment of H4IIE cells resulted in a signid@u@b] decrease in the
levels of STIM2 and Orai3 accompanied by a decrease in STIMY, End increase in Orailves. Orai2 vas

not detected. These initial findings suggest that STIM and @peaession is altered invier cancer and indicates
their possible imolvement in cellular di€rentiation. The complete absence of Orai2 indicates its possible loss
in cancer tissue. Future assessment of expressiels ia diseased humanvéir tissue samples compared to
normal tissue will test whether this finding is physiologicallyvaié Morewer, imunofluoresence microscpp

will help determine if altered distuibion of STIM1 is responsible for changes in ISOC of obese zucker rats
hepatogtes. Further work will be needed to determine whether a change inutistribccurs in lrers of Type

Il diabetes patients that might lead to disruption\a IC&?* homeostasis and ddopment of lver disease.

Jones BFBoyles RR, Hwang SYBird GS, Putng JW. (2008). Calcium influx mechanisms underlying calcium
oscillations in rat hepatocytadepatology48(4): 1273-81.
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Molecular mechanisms of paracetamol inducedver damage

E. KheradpezhouhG.J. Barritt? and G.Y Rychlov, 1School of Medical Sciences, University of Adelaide,
Adelaide SA B05, Australia andSchool of Medicing-linders University of South Australia, BedtbPark, SA
5042, Australia.

Paacetamol (acetaminophen) is the most commonly used analgesic and antipyretic drug/éiiable a
over the counter in mancountries, including Australia. At the same time, paracetamaldose is the most
common cause of acutevédr failure and the leading cause ofeli failure requiring Ner transplantation in
developed countries (Chust al, 2009). Paracetamolverdose causes a multitude of interrelated biochemical
reactions in ler cells producing multitude of outcomes. Among those avelent modification and inhibition
of enzyme actity, protein oxidation, lipid peroxidation, DN fragmentation, and deregulation of ?Ca
homeostasis, each contributing to paracetamol-indueerddkmage (Jaeschk& Bajt, 2006). It has been kwo
for a long time that paracetamolendose causes a €aaise in hepatocytes; Wever, the importance of Cain
paracetamol-inducedvir toxicity is not well understood, primarily due to lack of knowledge about the source
of C&*rise (Thomas, 1993).

In this work we iwestigated the molecular pathways of Zaentry actvated by paracetamol in
hepatogtes. Primary rat hepatocytes were isolated\®y perfusion with collagenase under general anaesthesia
(intraperitoneal injection of pentobarbitone 50 mg/kg body mass). Xjeriments were conducted on cells
maintained in culture for 24-48h. Cytoplasmic’Ceoncentration ([C%T]Cyt) was measured using Fura-2 with
the aid of a Nikon TE-300 werted fluorescence microscope. Measurements of ion currents were conducted by
standard patch clamping in whole cell mode using a compatad EPC-9 patch-clamp amplifier and PULSE
software.

Fura-2 experiments showed that application of 5 mM acetaminophen to the bath camsadrebse in
[Ca2+] ot reaching leels abave 1uM in 45 min. Application of paracetamol in the absence of'Ga the bath

solution did not cause grthanges in [C%T] suggesting that it astites C&* entry across plasma membrane
through C&" permeable channels. In patch clamping experiments incubation of hgpatedth 5-10 mM
paracetamol for 30-60 min resulted in weatibn of a large linear non-seleadi ation current, which as
inhibited by 20 puM clotrimazole, 100 uM chlorpromazin, 100 uM 2-APB, 5 uM N-(p-
amylcinnamgl)anthranilic acid (ACA), and 10M La®*. Smilar current was actated by treatment of
hepatogtes with 100-500uM of H,0O, for 15-30 min. The selectivity and pharmacological profile of the
channels acteted by paracetamol and,@, were consistent with those of the Transient Receptor Potential
Melanostatin (TRPM) 2 channel. TRPM2 is a non-sefectation channel expressed in myainssues and is
actvated by ADP ribose and J@,. We wmnfirmed the expression of TRPM2 in primary rat hepaésc by
western blotting and RPCR. D ascertain the molecular identity of the channel mediating non-sedestion
current actrated by paracetamol, the expression of TRPM2 protein was suppressed by a specfiic siRN
SiRNA-mediated knockdown of TRPM2 in rat hepaftes resulted in almost complete elimination of the
current actiated by either paracetamol or,®l,. These results suggest that TRPM2 may play a significant role
in paracetamol toxicity and oxide#i camage in the Vier.

Chun LJ, Tong MJ, Busulttil\R, Hiatt JR. (2009)Yournal of Clinical Gastroenterologg3, 342-349.

Jaesch& H & Bajt ML. (2006)Toxicological Science89, 31-41.
Thomas SHL. (1993pharmacology and Therapeutié§, 91-120.
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Mitochondria-induced hyperpolarization in mouse locus coeruleus neurons is dependent ona
entry but not intracellular Ca?* release

R.B. de Oliveira, F.S. Gravina, A.M. Brichta, RCallister and D.Fvan Helden, School of Biomedical Sciences
and PharmacyUniversity of Newcast|eNSW 2308, Australia.

Locus coeruleus (LC) neurons are known to play a fundamental role in brain function, impactingszon man
physiological processes such agukation of sleep and vigilance, learning and memisghavioural flexibility,
and a range of other functions (foview see Sara, 2009). Mitochondria are intracellulayaoelles that appear
to be irvolved in vast range of different pathways, including gpgroduction, neuronal death, oxidatigress,
neurodegeneratk dseases antheir role in luffering intracellular C& and resultant impact on €adependent
pathways (Ishii, Hirose & lino, 2006; LehningeNelson & Cox, 2008). In rat LC neurons, it has been
demonstrated that mitochondrial disruption caused an increase in intracellfiara@h actiation of
Ce*-actvated K' channels and resultant membrane hyperpolarization (Meraal, 1997). Here, we
demonstrate that theyperpolarization caused by mitochondrial disruption in mouse LC neurons is dependent
on external C# entry and not dependent on increases in cytosof¢ @mcentration ([C%*]c). The methods
used for euthanizing mice were apgad by the Animal Care and Ethics Committee at theviensity of
Newcastle. The brain was rapidly rewed with a slice containing the LC then prepared, allowed to equilibrate
and placed on the stage of an upright microscope in a bath perfused with artificial cerebrospinal fluid (ACSF) at
35°C (de ONeira et al, 2010). Recordings were made from LC neurons using patch electrodes in whole cell
recording mode. Mitochondrial disruption with the protonophore CCCRM)L caused hyperpolarization or
outward current in current and voltage clamp modes, resghctiThis outward current was likely to be
dominantly generated by &aactivated K* channels of the SK type, as the conductance was largely blocked by
Apamin (1uM). The outward conductanceas dependent on external®Cantry, as dtermined using Cafree
(0.5 mM EGTA) ACSF and C6 ACSF (C&* substituted for CH) solutions. This conductanceas not
inhibited when an internal pipette solution containing a high concentration of théw@ar EGTA (15 mM)
was wsed, suggesting that [?f@t was rot involved in its actration. C&* imaging demonstrated that CCCP
increased intracellular ain both ACSF and the Chfree ACSF The latter observation combined with the
finding that the CCCP-generated outward conductance was nadtetttin C&*-free ACSF confirmed that
increases in cytosolic [éé]C per sedid not actvate the outward conductanceakén togetherthese results
demonstrate thatyiperpolarization induced by mitochondrial disruption using the protonophore CCCP causes
Ca* entry and resultant Gaactivated K conductance that is independent of intracellulaf*@elease from
stores, but is dependent on externaf*Gantry. This suggests that aedtion of this conductance occurs in a
microdomain.

de Olveira RB, Howlett MC, Gravina FS, Imtiaz MS, Callister RJ, Brichta AM & Helden [2©10).
Pacemaker currents in mouse locus coeruleus neuNegosciencd 70(1):166-77.

Ishii K, Hirose K & lino M. (2006). C# shuttling between endoplasmic reticulum and mitochondria underlying
C&* oscillations EMBO Reportg: 390-396.

Lehninger AL, Nelson DL & Cox MM. (2008)ehningr Principles of Biohemistry W.H. Freeman, Ng
York.

Murai Y, Ishibashi H, lbyama S & Akaile N. (1997). C&*-activated K' currents in rat locus coeruleus neurons
induced by experimental ischemia, anoxia, ayyablglycemia.Journal of Neuophysioloy78: 2674-2681.

Sara SJ. (2009). The locus coeruleus and noradjiermapdulation of cognitionNature Reviews. Neuoscience
10: 211-223.
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Calcium influx-activating action of P-EPTX-Arla: an isolated neurotoxin from the venom of
Irian Jayan death adder

J. Chaisakul! H.C. Parkingtor? M.A. Tonta? H.A. Colemarf,N. Konstantakopouldsand W.C. Hodgsoh,
1Department of Pharmacologylonash UniversityClayton, VIC 3800, Australia amDepartment of
PhysiologyMonash UniversityClayton, VIC 3800, Australia.

We haveisolated a fraction from Irian Jayan death adderafthophis rugosiisvenom, that we ha
shavn displays pre-synaptic neurotoxic activity in chick neuromuscular juneigophospholipase Aactivity
(Chaisakulet al, 2010). W& alled this fraction P-EPTX-Arla. Past studiesséhaeported that manpre-
synaptic snal neurotoxins increase cellular calcium by hydrolyzing the plasma membrane and generating
lysophosphatidylcholine andtty acids (Rigonet al, 2007; Tedesceet al, 2009). In this studywe investigated
whether P-EPTX-Arla changes cytoplasmic calcium in rodent dorsal root ganglion cells (DRG).

DRGs were isolated from embryonic day (E) 19 Wistar rats or E18 Swiss mice. Cells were isolated by
gentle trituration, in the absence of digestieizymes, and the cells were plated onto 9mm poly-
ornithine/laminin coated glasswaslips and rested for 2 h in DMEM/F12 containing 5% fetal calf serum, 0.5
ng/ml nene gowth factor 1:100 dilution N2 hormone supplement and 2ng/ml glial-cellvedrierve gowth
factor. The cells were ashed and incubated in the calcium fluorophore Fluo-4-AM at 22°C for 10 min. The
cells were then continuously superfused with Hanks solution flowing at 1ml/min at 35°C, anxgehment
started after a 10 min wash. The sa&ikin was added to the superfusate for 4 min. In sepaxp&iments, the
patch clamp technique was used in whole cell mode to record femsedf P-EPTX-Arla on membrane
currents in DRG cells.

P-EPTX-Arla, 74nM, caused a prompt increaseytogiasmic calcium in approximately one third of
DRG neurons. The smaller diameter DRG cells were more vulnerable than those of larger.dBurstseof
cytoplasmic calcium continued to occur throughout the 4 min application of the sxak Following remaal
of the toxin, calcium bursting abatedwslg. DRG cells were then exposed to calcium-free Hanks solution for
1min prior to and during snakoxin exposure. In this situation the increaseyitoplasmic calcium in response
to toxin application was delayed by about 3min. Normal (1.3mM) calciwas ke-introduced during the
washout period and this caused prolongexdsts in cytoplasmic calcium in 28% of toxin-sensitie cells.
Furthermore, the increase in cytoplasmic calcium in this situation was so large (equalteettirgy that
evdked by exposure to 100 K solution for 10 s) that maells promptly withdrey projections and discontinued
association with the glasswasslip. The increase in cytoplasm calcium induced by srakin was undected
by nifedipine orw-conotoxin, which block L-type and N-typeltage-@ted calcium channels, respeely.
However, the response was blunted by agatoxin. Pretreatment with tetrodotoxin, which bittelge-gated
sodium channels 1.1-1.4, 1.6, 1.7, completelywenrted both the immediate increase in cytoplasmic calcium
induced by snak toxin in calcium-containing Hanks solution and to thegdadelayed response foliong
restoration of ¥tracellular calcium, as described aboP-EPTX-Arla induced an inward current in DRG cells.

Like mary other snak toxins, P-EPTX-Arla increasegtoplasmic calcium in neurons. The response is
very difficult to reverse and the»aent of the increase in cytoplasmic calcium can be sufficient to cause cell
death within minutes. The underlying mechanisms meghne dteration of the activity of ion channels.

Chaisakul J, Knstanta&poulos N, Smith Al, Hodgson WC (2010). Isolation and characterisation of P-EPTX-
Apla and P-EPTX-Arlaiochemical Pharmacologg0: 895-902.

Rigoni M, Pizzo PSchiavo G, Weston AE, Zatti G, Caccin, Rossetto O, Pozzan, Montecucco C (2007).
Journal of Biological Chemistr282:11238-11245.

Tedesco E, Rigoni M, Caccin Brishin E, Rossetto O, Montecucco C (200Rkicon54: 138-144.
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Alcohol-induced pancreatic trypsinogen actration depends on calmodulin-sensitie inositol
trisphosphate receptors types 2 and 3

J. Gerasimenko, CardifUniversity School of Biosciences, Biomedical Sciences Buildivigseum Avenue,
Cardiff CF10 3AX, UK. (Introduced by A/PrdB. Rychlov)

One of the major causes of acute pancreatitisxiessve dcohol intake; hwever the molecular
mechanism of this sere inflammatory disease is not completely understood. Acute pancreatitis is generally
initiated by premature trypsinogen &etion in pancreatic acinar cells mediated bycassie intracellular
calcium release from internal storese Ww show that in two-photon permeabilized mouse pancreatic acinar
cells even a relatively low ethanol concentration elicits calcium release from intracellular stores and also induces
intracellular trypsin actation. Adding the calcium sensor calmodulin (at a normal intracellular concentration)
to the solution surrounding the permeabilized cells etk reduced ethanol-induced calcium release and
trypsin actvation. Both ethanol-elicited calcium liberation and trypsinvatiton were significantly reduced in
acinar cells from mice in which type 2 inositol trisphosphate receptors had been knocked out. Double knock out
of inositol trisphosphate receptors of both types 2 and 3 further reduced ethanol-induced calcium release anc
trypsin actvation to lowv levds. Thusthe inositol trisphosphate receptor calcium release channels, that are
responsible for normal pancreatic stimulus-secretion coupling, also play a major role in the toxic action of
ethanol. Calmodulin provides a proteetivechanism, regulating the sensitivity of the calcium release process.
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Selectve ion binding and its role in potassium channel selectivity
TW. Alen, Department of Chemisiryniversity of California, Davis, One Shields AveniDavis, CA, 95616,
US.A.

lon channels catalyse rapid and selecion mosement across cell membranes to control electrical and
chemical activity in the bodyK* channels hee the remarkable ability to pass kons at near ditision-limited
rates, while sensitely excluding N4 ions; a characteristic essential for membrane repolarization during action
potentials. Sincé was suggestedyer 20 years ago (Neyton & Millerl988), that K channel pores consisted
of multiple K*-selectve hinding sites, and high resolution structures et al, 1998; Morais-Cabraét al,
2001) subsequently vealed these sites, the paiing view has been that Kchannels select for *Kionsvia a
mechanism of selegt hinding.

Recent molecular dynamics simulations (Figure, left), x-ray crystallograpld patch clamping
(Thompsoret al, 2009) hae wnveled a putatie Na" binding site within the K channel selectivity filterand
new calculations (Kim & Allen, 2010) hae demonstrated the existence of multiple such sites, leading us to
question the hypothesis of selgetiermeatiorvia selectve inding. EachK™ binding site (S0-S4, red balls in
the Figure) consists of a cage of 8 carbonyl (or threonine OH for S4) oxygeddigmade from twvplanar
rings formed by the KcsA tetramer (onlydwubunits depicted as lines). Each of these sites is adjacent to one
or two Na' binding sites, consisting of planar rings of 4 carbonyl oxygen atoms, as shown in the Figure (green
balls). Freeenegy calculations indicate that these planar sites select féroMa K*, and that the net
selectvity for K* over Na" in the selectivity filter is much lower than pieusly calculated. These results
suggest the need for a broademwigf selectivity mechanisms, including possible kinetic entry barriers for Na
ions (Bezanilla & Armstrong, 1972), with fully-atomistic molecular dynamics simulations helpingdal re
those barriers within the multiple-ion permeation process.

Bezanilla F & Armstrong CM. (1972). lgdive mnductance caused by entry of sodium and cesium ions into
the potassium channels of squid axalosrnal of General Physiolog§0,588-608.

Doyle D, Morais Cabral J, Pfuetzner Ru& A, Gulbis J, Cohen S, Chait B & MacKinnon R. (1998). The
structure of the potassium channel: molecular basis abKduction and selectivitcience280,69-77.

Kim | & Allen TW. (2010). On the selewt ion binding hypothesis for potassium channielgreparation

Morais-Cabral JH, Zhou Y & MacKinnon R. (2001fnegetic optimization of ion conduction rate by thé K
selectivity filter.Nature414,37-42.

Neyton J & Miller C. (1988). Discrete Bablock as a probe of ion occupgnand pore structure in the high-
conductance (4 -activated K" channelJournal of General Physiolog92,569-586.

Thompson AN, Kim |, Panosian TD, dwson TM, Allen TW & Nimigean CM. (2009). Mechanism of
potassium-channel selectivityvealed by N& and Li* binding sites within the KcsA poreNature
Structural and Molecular Biolog¥6, 1317-1324.
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The induction and stabilization of transmembrane pores by peptides
A.E. Mark, School of Chemistry and Molecular Bioscieilbe University of Queensland, St Lucia, QLD
4072, Australia.

Atomistic molecular dynamics simulation techniquegehieen used toxamine the interaction of a range
of pore-forming and cell-penetrating peptides with lipid membranes. Such systems are archetypigkziseof
self-oganizing molecular systems leading to functional comgde In general it had been assumed that the
structured formed were highlygelar Howeve, smulations of the spontaneous induction of transmembrane
pores by the antimicrobial peptides Magainin and Melletin suggest that the pores are at least initially highly
disordered casting doubt on thaidity of current models (Leontiadou, Mark & Marrink, 2006; Sengeptal.,
2008). In contrast in the case of the cell-penetrating peptides Penetrin andiTtheplide no spontaneous
formation of transmembrane pores was observed. Instead, the simulations suggest that the peptides may ent
the cell by micropinocytosis, whereby the peptides induceatunr® in the membrane, ultimately leading to the
formation of small vesicles within the cell that encapsulate the peptides (Yesylevskyink & Mark, 2009).

Leontiadou, H, Mark, AE & Marrink, SJ, (2006) Antimicrobial peptides in actlmarnal of the American
Chemical Societ$28,12156-12161.

Sengupta, D, Leontiadou, H, Mark, AE & Marrink, SJ.(2008)oidal pores formed by antimicrobial peptides
shaw significant disorderBiochimica et Biophysica Acta - Biomembraa&$8,2308-2317.

Yesylevskyy S, Marrink, SJ & Mark, AE. (2009) Alterna® mechanisms for the interaction of the cell-
penetrating peptides Penetratin and tA€ peptide with lipid bilayersBiophysical Journa®7,40-49.
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Monitoring the conformational changes irvolved in MscL channel gating using FRET

microscopy and simulation

B. Corry, School of Biomedical, Biomolecular and Chemical Sciences, University of Western Australia,yCrawle
WA @09, Australia.

Large scale conformational changes often play an essential role in the functioning of proteing; yet the
can be hard to probe with experimental methods aredpake wer timescales that are difficult to simulateeW
are using a combination of vio resolution experimental techniques in combination with agiety of
computational methods to try to understand thgelatructural rearrangements taking place in the gating of the
mechanosensite channel MscL. These bacterial channels open large pores in response to membrane tension in
order to rescue the cell under osmotic shock. In this caseaimesguctural data on the protein in a natural
ervironment using patch-clamp studies and confocal FRET micrgs€ombining this with gisting EPR data
as restraints in molecular and coarse grain simulations has allowed us to determine the likely structure of the
open state of the pore. While there are ynahrallenges to bevercome in this methodologyncluding careful
approaches to labelling; control of the protein state; careful analysis of the orientation, geometry and number of
fluorescent probes; and rigorous sampling of the conformational space; we leliat provides a useful tool
for studying the structures of a range of membrane proteins in natural environments.
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Free energy simulations of Asp/Glu transporter GltPh
S. Kuyucak and.Bastug School of Physics, University of Sydn®&SW 2006, Australia.

Glutamate is the dominant excitatory neurotransmitter in the brain. Its extracellular concentratjomn is k
at the nanomolar &l by glutamate transporters — membrane proteins that continuously pump glutamate back to
the neurons using theisting ionic gradients. Because small changes in glutamate concentrat@mdgar
effects in signaling in the brain, glutamate transporters ayetdgets for treatment of various neurological
conditions. Here we use the recently determined bacterial transporter structure GItPh in MD simulations to
delineate the basic stepsviélved in glutamate transport and pise a structural basis for the transport
mechanism. W have confirmed the binding sites Nal, Na2 and Asp, suggested byjplereental structure,
and found a third Na ion binding site (called Na3), which is critical for the functioning of the transpgtiter
also strengthens the case for constructing homology models for human glutamate transporfetshjEfm
the GItPh structure. Our proposed binding site for Na3 is completely consistent with the structural data, which is
not the case for other proposed sites.

We have calculated the binding free energies for Na ions and Asp in various configurations and thus
determined the order of binding as Na3, Nal, Asp, Na2 {oip the notation used in the crystal structure). T
understand the selectivity of GItPh for Asp, werdngerformed free engy perturbation calculations for the
transformation Asp to Glu and found a selatti free energy barrier of 4-5 kcal/mol consistent with the
experimental obseations. Thids basically caused by steric interactions - thgdasidechain of Glu does not
quite fit in the binding siteOnce we understand the operation of the bacterial transpedenill create a
homology model for the mammalian glutamate transporter EAAT1 amstigate similarities and diérences in
the transport mechanism with the bacterial one, following steps similarye.abo
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Mimicking biological ion channels using nanotubes
T.A. Hilder, D. Gordon and S.H. Chun@omputational Biophysics Group, Resga&hool of Biology,
Australian National UniversityCanberra, ACT 0200, Australia.

Biological ion channels are sele@ly permeable to specific ionic species, and regulate thediaons
across the cell membrane. Jhmaintain the resting membrane potential, generate padppdgction potentials
in nerves and control a wide variety of cell functiong Mport that hollev nanotubes constructed from carbon
atoms, and with hydrogen, carbonyl or carboxylic acid terminated ends eaability to mirror some of the
important functions of various biological ion channels. In particthase carbon nanotubes (CNTs), embedded
in a lipid bilayer (illustrated in Figure), are selgely permeable to cations or anions, depending on their
terminated ends and diamet&hey broadly mimic some of the permeation characteristics of the antibiotic
gramicidin, chloride channels, and the mutant glycine receptor.

Using a combination of molecular and stochastic dynamics simulations (see @bedpB009 for details), we
characterize certain properties of these engineered nanotubes, such as thedyeprefiles encountered by
chaged particles, the current-voltage-concentration profiles and ¥bemllo conduction mechanism. &V
demonstrate that CNTs can be designed such thatatBeselectie o dther cations or anions by modifying
their surface chemistryn particular we dscuss three CNTs with a length of approximately 36 A agting
surface chemistrynamely (i) with a radius of 4.53 A and terminated with carbonyl groups (see ldildgy
2010 for details); (ii) with a radius of 4.53 A and terminated with hydrogen and withetons near the
entrance andx# of the nanotubex®hydrogenated (outside surface hydrogenation); and (iii) with a radius of
5.08 A and terminated with carboxylic acid. These CNTs arevishio broadly mimic the permeation
characteristics of (i) the CIC-1 chloride channel and @ABut with conduction rates 4 times and 2 times
larget respectiely (see Hilderet al, 2010 for details); (ii) the antibiotic gramicidin but with a potassium current
6 times larger; and (iii) the mutant glycine receptor in which anions chaperone sodium across the channel
(illustrated in Figure) but with a sodium conductance 7 timegtafrhese synthetic nanotubes may lead to a
host of pharmaceutical products to assist in treatments such as antibacterial, cangatiarfibrosis in
addition to potential applications as sensitiosensors.

Hilder, T.A., Gordon, D. and Chung, S.H. (20Eipphysical Journgl99: in press.
Gordon, D., Krishnamurih V. and Chung, S.H. (2009ournal of Chemical Physi¢431 134102.
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Multi-drug efflux by P-glycoprotein; why has this protein not been stopped yet?

R. Callaghant R. Ford2 M. O’'Mara® and |.D. Kerr* Nuffield Department of Clinical Laboratory Sciences,
John Radcliffe Hospital, University of Oxford, Oxda®X3 9DU, United Kingdom?Faculty of Life Sciences,
Manchester Inter-disciplinary BiocewtrUniversity of ManchesteManchester M1 7DN, United Kingdom,
3Molecular Dynamics Group, School of Chemistry and Molecular Biosciences, University of Queensland,
Brisbane QLD 4072, Australia andMolecular Dynamics Group, School of Chemistry and Molecular
Biosciences, University of Nottingham, Quaedviedical Cente, Nottingham NG7 2UH, United Kingdom,.

Several ATP-Binding Cassette (ABC) transporters confer resistance to chemgthasad in the
treatment of cancebacterial infections and numerous parasitic infections. These proteins confer resistance by
preventing the attainment of diifient intracellular concentrations of cytotoxic drugs throughvadfl ux. This
efflux based resistance mechanism is simple, yet highdgtee and a widely used stragg The efflux pumps
share the ability to bind, and translocate, a large number of functionally and chemically unrelated drugs.
Consequentlythe transporters ka keen collectrely grouped as multidrug #fix pumps and share a common
structural oganisation. Each fully functional efflux pump contain®tiransmembrane domains (TMD) ancdbtw
cytosolic nucleotide binding domains (NBD). The TMDs constitute the drug recognition sites and the
translocation pathway through the membrane, whilst the NBDs provide energy for translocaiost (age
concentration gradients) from ATP hydrolysis.

P-glycoprotein (P-gp or ABCBL1) is the archetypal multidrutpuefpump from the ABC family and has
been established to confer resistance in numerous solid and blood-borne camveersts Gireydlence and
burden to chemothergpthis protein has been the subject of intemgnvestigation for over three decades. Its
astonishing ability to interact/translocatee0200 compounds has been suggested as a biological enigma. The
research in our laboratories has a central olgdiprovide a molecular mechanism of drug translocation by P-
gp. We have utilised biochemical, pharmacological and biophysical approaches to reach thisvebgedti
focussed on three specific areas:

How does P-gp bind so many compoun@sffvention dictates that substrate binding requires hidimigf
directional and select chemical interactions with the protein. Should this be upheld by P-gp it may require the
presence of multiple drug binding sites. Alterndlti, the protein may hea esolved a binding site capable of
mediating the translocation of substrates without the requirement of specific interactohsveddopted a
pharmacological strategy to explore the nature of multi-drug binding by P-gp amel@ted drug efflux pumps.
P-gp does indeed interact with substrates/inhibitors with highitgfand at multiple pharmacologically distinct
sites. Morewer, the sites form a comptellosteric communication network.

What is the mdwanism coupling drug binding with energygsion? P-gp is able to hydrolyse nucleotide in the
absence of anbound substrate and was initially suggested to be an uncoupled transdowere, the
presence of drugs increases the rate of hydrolyseadold in a manner suggest d coupling between
domains. Furthermore, there are numerous-way communication pathways between the drug binding sites
and NBDs. W& havedetailed the molvement and nature of these pathways during the translocation process.
What topgraphical alterations occur during druganslocation?Structural and biophysical approachesena
demonstrated large conformational changes within the TMDs in respongnte & the NBDs. It is also clear
that TM helices 6 and 12 are intimatelywalved in propagating this inter-domain coupling.e WWave
demonstrated a number of local topographical changes in TM6/12 and that thedib@s mediate their fefcts

in a drug specific mannandicating multiple communication routes.

Data from these researclvéstigations hae keen assimilated into a potential translocation mechanism for
P-gp, which may form a template for multidrug transport by ABC proteins.
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Metabolic regulation in exercise: mechanisms and experimental models
E.A. RichterMolecular Physiology Group, Department of Exercise and Sport Sciences, University of
Copenhagen, 13 Universitetsparken DK-2100, Denmark.

During eercise utilization of glucose and fatty acids as well as of glycogen and intramuscular lipids is
increased. In skeletal muscheescise elicits changes in molecular signaling that partly control these changes in
fuel utilization; havever, the knowledge of this intricate interplay between different molecular signaling
pathways is quite limited. In addition, the results of tlaious experiments are often hard to reconcile because
they depend heavily upon whether the results are obtameidro or in vivoand whether experimentsvgaleen
performed in cells, animals or humans.

The AMP actvated protein kinase (AMPK) has reeed much attention as a master regulator of
metabolism in cells, including muscle cells durixgreise. AMPK activity is increased in contracting muscle in
an intensity dependent mannpeut to a smaller x@ent in women than in men wheneecising at the same
relative intensity This is likely due to a higher proportion of oxidatitype 1 fibers in muscles in women, and a
lesser disturbance of energy status durirgaise. Studies with various transgenic and knockout models of
AMPK deficieny haveyielded conflicting results as to the importance of AMPK for regulation of glucose
uptale during exercise, whereas lipid metabolism quite clearly is ngulated by AMPK. In addition, results
obtainedin vitro sometimes do not agree with results obtainedvo likely reflecting the enormous comxyily
of thein vivo whole body gercise response compared to the reductionist madelgro. Finally, the olvious
rather large differences between mouse and man are likely also of importance for interpretafeniroeatal
findings.
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