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PGC-1a reduces proteasome and lysosome activity and attenuates myotube protein degradation
P. Spulveda, M.JQuick, M.A. WallaceR.J. Show and A.PRussell, The Cengrfor Physical Activity and
Nutrition Researh (C-PAN), School of Exercise and Nutrition Sciences, Deakin UnivevkERy3125, Australia.

Introduction. Skeletal muscle adapts toy#iological demands by altering its metabolism and modifying
its size (Schidino et al., 2007). Regulation of muscle size is determined by twposite phenomena,
hypertroply and atroply. The ubiquitin proteasome pataw(UPP) is seen as the predominate pathwahiad
in muscle protein degradation (Solomon & Goldberg, 1996yeha, recently the lysosomal pathway has been
shawvn to play a ky role in myotube protein degradation (Zhetaal.,2007). Peroxisome Proliferator - actied
receptor gamma, co-agdior 1 alpha (PGQd), a key protein involved in oxidatve metabolism, has been shio
to attenuate atroghin mice, in part,via inhibiting the Forkhead @XO) transcriptional regulation of atrogin-1
and MuRF1 (Sandret al., 2006), tw key members of the UPP (Bodinet al., 2001). Whether PGCel
influences proteasomal and lysosomal activity is unknown.

Methods. Mouse C2C12 myotubes were infected for 48 h with an adenovirus (Adv) containing green
fluorescent protein (GFP-Adv) or human PGEL{hPGC-hi-Adv). After infection, myotubes were treated with
or without dexamethasone (DEX) (fuM) for 24 h and the release 6H]-tyrosine into the media was used as a
measure of protein degradation. Proteasomal chymotrypsin- and caspaadilikies, as well as lysosomal
cathepsin protease activity was measuved fluorometric analysis of their cleed fluorescent peptide
substrates, Suc-MY-AMC, Z-Leu-Leu-Glu-MCA and Z-Phe-Arg-AMC-HCI, respeday. Expression of
PGC-Tn, arogin-1 and MuRF1 mRAN were measuredia quantitatve FCR.

Results.When compared to the GFP-Adv control grouperaxpressing hPGCd.in C2C12 myotubes
attenuated basal as well as DEX induced protein degradation by 18% and 33%,vebspeGIC-1a blunted
proteasomal chymotrypsin- and caspase-éitivities, and lysosomal cathepsin aitti by 42%, 43% and 64%,
respectrely and reduced atrogin-1 and MuRF1 miRNevds by 50% and 74%, respecdy.

Conclusions. Our results demonstrate that PGE-attenuates both basal and DEX induced protein
degradation, in partyia reducing the activities of the proteasome and lysosome. The reductions in atrogin-1 and
MuRF1 support prgous observations and suggest a possible mechanism influencing the reduced proteasomal
activity. Further irvestigations are required to determinewh®GC-1a attenuates proteasomal and lysosomal
activity.
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Effect of mechanical stretching on Akt signalling and protein synthesis in myotubes
E.L. Brown, M.JQuick, R.JShow and A.PRussell, The Cergrfor Physical Activity and Nutrition Reser
(C-PAN), School of Exercise and Nutrition Sciences, Deakin UniverERy38125, Australia.

Introduction. Recently studies using pharmacological and genetic modifications in rodents and cells
have found the protein kinase Akt (protein kinase B) to be a maguda®r of muscle mass. When aefiAkt
increases protein synthesig signalling through the mammalian target of rapamycin @RYT and glycogen
synthase kinase3(GSK-33), and inhibits protein dgadationvia forkhead box, sub-group O (KD) family
of transcription factors (Glass, 2003h vitro mechanical stretch mimics thefexfts of resistancexercise
(Powell et al, 2002) and has been used twastigate the influence of mechanical load on myotube protein
synthesis (dndenburghet al, 1989) and more recenflyAkt activation (Hornbeger et al, 2005). Havever,
whether mechanical stretch causes an increase in protein sywiheSks signalling has not been determined.

This study aimed to determine whether the increase in Akt signalling seen in response to ten minutes of stretct
(Hornbergeet al, 2005) results in an increase in protein synthesis, and whether the increase in protein synthesis
seen in response to 48 hours of stret@n@énburglet al, 1989) was associated with an increasedratitin of

the Akt signalling pathways.

Methods. C2C12 myoblast cultures were grown andedéntiated into myotubes on Biafles-well
flexible bottom culture plates. Myotubes were mechanically stretched using koelF&rain unit (FX-4000)
for either 10 min at 15% stretch (Hornberet al, 2005) or 48 h at 8% stretch gwWdenburglet al, 1989).
Phosphorylated and total proteins for Akt, p70S6k, GBKaBd FOXO were measured using western blotting
techniques. Atrogin-1 and MuRF1 mRNevds were measured using real time-PCR. Protein synthesis rates
were measured by the incorporation $iJftyrosine into the myotubes.

Results. Ten minutes of stretch caused an increase in phosphorylated Akt, p70S6k andpGRid-a
decrease in Atrogin-1 and MuRF1 mRNvhen measured immediately post-stretch. Protein synthesis rates,
measured during the first 2 h post stretch, did not change. 48 h of stretch resulted in a decrease in
phosphorylated Akt, p70S6k and GSR-8s well as Atrogin-1 when measured immediately post-stretch. This
was associated with a 12% increase in synthesis rates, measured during the last 2 h of stretch.

Conclusion. Short duration high-intensity mechanical stretching increases the phosphorylation of
members of the Akt signalling pathy but does not result in increases in protein synthesis within 2 h post
stimulation. A longer time period of protein synthesis may be required. In contrast, longer duvaiinte hsity
mechanical stretching results in a decrease in the phosphorylation of members of the Akt signalleng fpathw
does result in increased protein synthesis during the lasthbars of stimulation. The reduction in Akt
signalling may be caused by a feed-back mechanism aimed at minimising\expegein synthesis lels.

Glass, DJ. (2009nternational Journal of Biochemisty and Cell Bioldgjg; 1974-1984.

Hornbeger TA, Armstrong DD, Koh TJ, Burkholder TJ & Esser KA. (208&)erican Journal of Physiody -
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Are genuine changes in protein expression beingerlooked? Avoiding pitfalls in Western
blotting quantification using AMPK and calsequestrin 1 as the proteins of interest

J.P. Mollica,! J.S. Oakhill? G.D. LamB and R.M. Murphy, 'Department of Zoology.a Trobe University,
Melbourne VIC 3086, Australia andSt Vincens Institute of Medical Resez, Fitzroy, VIC 3065, Australia.

Western blotting has long been used in skeletal muscle physiology and biochemistry to examime relati
amounts of specific proteins between treatment groups. An underlying assumption is that, alifauigr
proportional, responsexists between the amount of sample loaded and the density obtained for the protein
band(s) of interest. Such a relationship does not usually exist and the present study highlights inadequacies i
analysing proteins using arbitrary density units without the use of internal reference standasd kturv
demonstrates that in order to correctly estimate velahanges in protein amounts, it is essential to establish
the amount of sample that needs to be used and quantify the dynamicwemgéich the protein of interest
can be detected.

Male Long-Evans hooded rats (6-8 months old) were sacrificed using a lettgdse of fluothane in
accordance with the La Trobe Waisity Ethics Committee and thetensor digitorum longus (EDL) muscles
excised. Wholanuscle homogenates were used, that is, muscle samples were not subjgcetdrdngation
prior to Western blotting, in order to ensure that the entire pool of muscle proteins were represented. By
ensuring that no proteins were inadently spun out, the absolute amounts gémgiproteins were able to be
determined. A very sensit Western blotting technique was used to detect calsequestrin 1 (CSQ1) and AMP
kinase (AMPK) in as little as @g total muscle homogenate (< Quf total protein). Using an anti-AMPR1
isoform antibodythe concentration of AMPK in rat EDL muscle was determined tdBfeuM. Standard
curves prepared from both homogenates and pure protein samples of CSQ1 and AMPK demonstrated tha
loading too much sample (homogenates or pure proteins) would hinder seeing the true changes caused by son
intervention, because the standard curves were no longer proportional with the amount of sample loaded (see
Figure). This occurred withb0 g total muscle [(12 pg total protein) and 2Qg (Cb ug total protein) for CSQ1
and AMPK, respectily.
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It was found, thatx@rapolation from a standard cerwhich although linear was not directly proportional,
could result in an error of at least fefotd. This finding suggests the possibility that true changes due vera gi
treatment or intervention are not being detectedconclusion, a simplistic approach of “less is moreg. (
using small amounts of sample) enables a much clearer and more accurate outcome whezstesimdpldtting
for either absolute or relag anounts of particular proteins.
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Properties of Heat Shock Protein 25 and 72 in rat skeletal muscle
N.T. Larkins, R.M. Murphy and G.D. Lamb, Department of Zoglbgylrobe UniversityMelbourne VIC 3086,
Australia.

Skeletal muscle has a remarkable ability to adapt to physiological stresses. Stresses such as glycogel
depletion, myoplasmic free €aaccumulation, ischemia, heat and¥eise can all induce a family of proteins
known as heat shock proteins (Hsp). These proteins are considered to play an essential role in maintaining
cellular homeostasis through their role as molecular chaperones. These proteins ganizedtdy their
molecular weights and stvoa high degree of homology amongnious species. The function and properties of
Hsp 25 and Hsp 72 in non-stressed muscle are not well understood. In the present studyasessed the
relatve and absolute amounts of Hsp 25 and Hsp 72 as well as theisiblifity and fibre type dependenn
resting rat skeletal muscle.

Male Long-Evans hooded rats (6-8 months old) were sacrificed using a letiddse of Fluothane in
accordance with the La Trobe Waisity Ethics Committee and the extensor digitorum longus (EDL) and soleus
(SOL) muscles were excised. Portions of muscle were homogenized and whole muscle homogenates were
analysed using a sens#i\estern blotting techniqueoTtompare fibre type differences EDLx{usively type
II) and SOL (predominantly type |I) muscles homogenates were run side by sidetefmine the absolute
amounts of Hsp 25 and 72 in muscle, Wncamounts of pure Hsp 25 and Hsp 72 were run on Western blots
alongside the muscle homogenates samples (Mugplal., 2008). D measure protein diffusibility ingidual
fibres were dissected from muscles that had been immersed in paraffin oil and then mechanically-skinned anc
exposed to pisiological K-based solution (pCa < 10) for various times (2-120 mins). The wash solution and
their matched fibres were analysed by Western blotting (Mwphl;, 2006).

When equal amounts of whole EDL and SOL homogenates were compared, dse2e3vtimes more
Hsp 25 and Hsp 72 in SOL compare to EDL muscle homogenate. The absolute amounts of Hsp 25 and Hsp72 il
SOL muscle were found to hébuM and [2.6 uM, respectirely. After mechanically-skinning SOL and EDL
fibres, (iwo-thirds of Hsp 25 and Hsp 72 were found in thaskv solutions, indicating these proteins are
essentially free to diffuse within the cytoplasm.

Murphy RM, Larkins NT, Mollica JR Beard NA, Lamb GD. (2008)ournal of Physiologysubmitted.
Murphy RM, Verburg E, Lamb GD. (2006Journal of Physiology576:595-612.
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Attenuation of glucose uptale is associated with reduced leels of striated activator of Rho
signalling (STARS) in L6 myotubes

M.A. Wallace and A.RRussell, The Cendgrfor Physical Activity and Nutrition Resedwr (C-PAN), School of
Exercise and Nutrition Sciences, Deakin Univerat¢ 3215, Australia.

Introduction. STARS is a nwgd actin-binding protein specifically xpressed in cardiac and ed&tal
muscle (Araiet al, 2002). SRS binds to the I-band of the sarcomere and to actin where, in part collaboration
with RhoA, stimulates the binding of free G-actin to F-actin filaments, resulting in enhanced actin
polymerization and/or stabilization. The reduction in the pool of free G-actinvesnits inhibition of the
transcriptional co-actator myocardin-related transcriptioadtorA (MRTF-A) (Sotiropouloset al, 1999); the
latter a positie regulator of serum response factor (SRF) transcriptional activity (Miralled, 2003). Actin
polymerization is also associated with increased skeletal muscle glucose (atakaki, 2006). High legls of
palmitic acid (R) can cause apoptosis and attenuate glucoseauftafpin et al, 2006), havever whether this
is associated with a reduction of STARS and actin polymerization is unknown.

Methods. Differentiated L6 muscle cells were treated with or without 0.75mANoP 24 hours, follaved
by stimulation with or without 10 nM insulin for 30 minuteSlucose uptai& was determined by measuring the
uptale of C'*-2-Deoxy-D-glucose (2-DG)STARS mRNA was measured using gPCR. Statistical analyses were
performed using a one-way ANA.

Results.As shown in the figureAreduced both basal and insulin stimulated 2-DG @pak0.05) with
a cooncomitant reduction in STARS mRNp<0.01).
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Conclusions.PA-induced reduction in 2-DG uptaks asociated with a decrease in STARS RN L6
muscle cells. By analogyhe reduced el of STARS indicates a decrease in actin polymerization,TMR
translocation and SRF transcription. These results suggest thRISSSignalling might play a role in basal and
insulin stimulated glucose uptak Futurestudies are required to establish if the down regulation of STARS has
a causal influence on glucose uptadad insulin sensitivity in skeletal muscle.

Arai, A, SpencerJA & Olson, EN. (2002).Journal of Biological Chemistn277, 24453-244509.

Kanzaki, M. (2006).Endocrinology Journal53, 267-293.

Miralles, F Posern, G, Zaromytidou, Al & Treisman, R. (2008)ell 113, 329-342.

Sotiropoulos, A, Gineitis, D, Copeland, J & Treisman, R. (19€3l 98, 159-169.

Turpin, SM, LancasterGl, Darby I, Febbraio, MA & Watt, MJ. (2006).American Journal of Physiology -
Endocrinology and Metabolisr291, E1341-1350.
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The effect of estrogen on Akt signalling and protein synthesis in C2C12 mouse skeletal myotubes
R.J Sefanetti, A.l. TurneM.J. Quick, R.J Show and A.PRussell, The Cergrior Physical Activity and
Nutrition Researh (C-PAN), School of Exercise and Nutrition Sciences, Deakin UnivevERy3125, Australia.

The maintenance of sletal muscle mass is a critical component of health in both chraasting
diseases and aging. A considerable amount of progress has been made in the understanding of the signallin
pathways that mediate skeletal muscigofrtropty and atroply. Akt is seen as agly nolecular protein inolved
in the maintenance of skeletal muscle mass as it has the dual ability teelyosifiuence protein syntheses and
negaively regulate protein degradation in its aetidate (Glass, 2003). Potential mechanisms which may assist
with maintaining skletal muscle mass are the estrogen hormones. Estrogens increase the proliferation of mouse
and rat myoblasts and can also attenuate immobilization-induced skeletal muscheiatrafsin vivo (Kahlert
et al, 1997). No studies & investigated the effect of estrogens on the \atibn of skeletal muscle
hypertroply and atroply signalling pathvays. Estrogens may contribute to maintaining skeletal muscleuviaass
their actvation of the Akt signalling pathays. Therefore, the aims of the present study were to determine if
treatment of C2C12 myotubes with eitherfiéstrodiol or estrone increases the activity of Akt and its
downstream anabolic signalling proteins, GSK, p70s6k and 4E-BP1 and decreases its catabolic stimulating
tamgets, FOXO, atrogin-1 and MuRF-1. A secondary aiaswo determine if this was associated with an
increased rate of protein synthesis.

C2C12 myotubes were incubated at 37°C in serum free DMEM without phenol red containing 10 000
units/ml penicillin, 10 00Qug/ml streptomycin, and 2p@/ml amphotericin B for 24h. Myotubes were then
stimulated with 173 estradiol (10nM) for 24h. Phosphorylated and total proteins for Akt, p70S6k, [ 3EKE3
BP1, FOXO and atrogin-1 were measured using western blotting techniques. Atrogin-1 and MuRA1 mRN
levels were measured using real time-PCR. Protein synthesis rates were measured by incorporation of
[3H]-tyrosine into the myotubes during the last hour of treatment.

Compared to control myotubes, treatment witB-#8tradiol increased the ratio of phosphorylated to total
protein contents for Akt, GSK@3and P78% by, 1.62, 1.53 and 2.2 fold, respeadly (n=6 per groupp < 0.05).

There was, hwever, no difference in the ratios of phosphorylated to total 4E-BP1 or Foxo3a or Atrogin-1 and
MuRF1 mRNA. Protein synthesis rates remained unchanged.

This study demonstrates that in C2C12 mouse myotubelsesiradiol treatment increases the
phosphorylation of theypertroply signalling protein, Akt, and its downstreamgdertroply signalling tagets,
GSK-33 and P76f% no associated changes in protein synthesis were observed. Future studies sfiestitmia
the ability of 1PB-estradiol to actiate these proteins in a model of myotube catabolism and to determine if
protein degradation is attenuated.

Glass DJ. (2003)ature Cell Biology, 5, 87-90.

Kahlert S, Grohe C, Karas RH, Lobbert K, Neyses L. Vetter H. (1B®themical and Biophysical Resehr
Communications232, 373-378.
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The relative amounts of PTEN protein in rat cardiac and skeletal muscles and the effect of high
dose statins

C.A. Goodman, H. Yu®.J. Pol and G.K. McConell, Department of Physiolp@lge University of Melbourne,
Parkville, VIC 3010, Australia.

The tumor suppressor PTEN (phosphatase and tensin homologue deleted from chromosome 10) is a due
protein and lipid phosphatase whiclgetevely regulates the PI3BK/AKT pathway thus affecting metabolism and
growth. Muscle specific deletion of Pten enhances insulin-stimulated glucosee uptatouse slav twitch
soleus but not in fast twitch EDL muscle i{@¢ekaraet al, 2005). D date, fav studies hae examined PTEN
protein expression in rat muscle and no studiee lesamined the relate expression of PTEN across muscles
with different fiber type compositions and different functionso Previous studies hae diown that prolonged
statin [3-tydroxy-3-metlylglutaryl coenzyme A (HMG-Co0A) inhibitors] administration leads to increased
PTEN protein lgels in the heart (Planda et al, 2008; Mensalet al, 2005) possibly via increased ARy
mediated transcription €Fesi,et al, 2008). Others & own that PRR-y agonists lead to reduced muscle
PTEN levels (Kim et al, 2007). No studies ka examined the effect of high dose statins on skeletal muscle
PTEN protein gpression. Therefore the aim of this study was testigate: 1) the relate cwntent of PTEN
protein in cardiac and skeletal muscles of different fibre types and 2)f¢loe @f prolonged high dose statin
administration on PTEN protein expression in the tibialis anterior muscle.

Twenty four male Sprague ey rats (6-7 wks) were dided into three groups: 1) controls, 2) 60
mg-kg!-d! simvastatin and 3) 80 mg-Kgd! simvastatin. All rats hadd libitumaccess to food andater Rats
were orally gvaged daily for 14 days with either a vehicle (0.5% methyl cellulose) oastatin + vehicle at a
constant relatie volume of 5ml-kgt body mass. On day 15, rats were killed with serdose of pentobarbitone
(0.7ml of pentobarbital sodium-325mg=Hiland the heart and soleus, EDL, plantaris and tibialis anterior
muscles rapidly dissected. Pten protein was analysed by western blot with the density of the PTEN protein banc
expressed relate © the amount of protein loaded onto each gelf§0 Results are Meaf SE. Statistical
analysis performed with one-way ANA with Bonferoni post-test. Significancepat 0.05.

Under control conditions, the PTEN antibody detectenl fi@tein bands in the heart samples suggesti
of two different isoforms but only one band in all the skeletal muscles. The amount of PTEN protein in control
muscles was greatep € 0.05) in the heart (0.149 0.009 A.U.ig protein; n = 8) compared to theed&tal
muscles, with soleus (0.0240.002 A.U.[ig protein) and tibialis anterior (0.0890.004 A.U.[ug protein; n = 8)
having greater amounts of PTEN than EDL (0.@43.007 A.U.[ig protein; n = 8) and plantaris (0.047/0.002
A.U./ug protein; n = 8) which were not drent from each othep 0.05). Two weeks of either 60 mg.Kgd®
or 80 mg-kg-d? group resulted in 10.2% and 20.5% less body weight (p>0d)6)ogpmpared to controlp £
0.05). Neither 60 or 80 mg-Kedt! of simvastatin for 14 daysesulted in a change in the amount of PTEN
protein in the tibialis anterior muscle compared to Control muscles (&.868L6vs0.361+ 0.011vs0.410+
0.027 A.U.[1g protein, respectily).

In conclusion, rat PTEN proteinvds vary between cardiac and skeletal muscle and betwedeatalk
muscles of different fibre types. In addition, in contrast to previous studies in cardiac muscle, prolonged statin
administration did not alter skeletal muscheels of PTEN protein.

Kim KY, Cho HS, Jung WH, Kim SS & Cheon HG (200plecular Pharmacology1, 1554-1562.

Mensah K, Mocanu MM, Yellon DM. (2009purnal of the American Colgee d Cardiology45, 1287-1291.

Planaila A, Rodriguez-Cale R, Ralomer X, Coll T Sanchez RM, Merlos M, Laguna JC, Vazquez-Carrera M.
(2008)Biochimica et Biophysica Acter81, 26-35.

Teresi RE, Planchon SM, Waite KA, Eng C. (2068)man Molecular Genetick?, 919-928.

Wijesekara N, Konrad D, Eweida M, flafes C, Liadis N, Giacca A, Cramker M, Suzuki A, Mak TWKahn
CR, Klip A, Woo M. (2005Molecular and Cellular Biolog®5, 1135-1145.
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Myostatin inhibition increases muscle mass in aduiindx dystrophic mice but does not enhance
regenerative apacity of dystrophic skeletal muscle after injury

S.M. Snell, K.TMurphy, R. Kboopman and G.S. Lynch, Basic and Clinical Myology Laboraiepartment of
Physiology The University of Melbourna/ctoria 3010, Australia.

Duchenne muscular dystropfDMD) is characterised by continuous cycles of muscle fibgemkration
with less than successful fibre regeneration, leading to progresascle wasting, weakness and premature
death. There is a profound need to identify therapeutic strategies tovémfeo dystrophic pathology and
enhance quality of life for these patients. Myostatin, a member of the transformwidp dgaotorf (TGF)
superfamily is a regdive requlator of muscle mass; highvigs of myostatin suppress muscle growth whereas
lower levels promote muscle growth (McPherrehal, 1997). Thus, myostatin blockade represents a potential
stratgy to improre the regeneratte apacity and function of dystrophic skeletal muscleg #sted the
hypothesis that myostatin inhibition in aduitdx mice, a commonly used animal model of DMDeukd
improve the regenerate apacity and enhance function of dystrophic skeletal muscle.

Male C57BI/10ScSmdxJ (mdx 12 week old; n=55) mice reosd weekly subcutaneous injections of
either saline or a myostatin antibody deped by Pfizer Inc., USA; 10 mg/kg) for up to 8 weekseRieeks
after commencing treatment, mice were anaesthetized deegtigniie, 76 mg/kg, Xylazine, 10 mg/kg).)
and thetibialis anterior (TA) muscle of the right hindlimb injected with the myotoxin Nate(C40-5Qul; 1
pg/ml in 0.9% saline), to induce complete muscle fibigederation. Maximal force production ofjenerating
muscles was determined at 7, 14, 21 or 28 days post-injury usingiimapproach. In addition, for the 28 day
post-injury group, the diaphragm wascised from deeply anaesthetized animals (sodium pentobarbital, 60
mg/kg,i.p.) and function of isolated diaphragm muscle strips assaasetto according to methods described
in detail previously (knch et al, 1997). All mice were killedvia cardiac excision, while under deep
anaesthesia.

The body mass of myostatin antibody treated mice was 13% and 10% greater than that of control mice at
14 and 21 days, respadly (p < 0.05). The mass of injured/regenerating muscles was greater in the
antibody treated group compared with control at 7, 14 and 21 days post-mrg.@¢5), but not at 28 days
post-injury Despite the increase in muscle mass in antibody treated mice, there was no difference in absolute or
specific (normalised) force production between groupisere was no difference in specific force production of
diaphragm strips between treated and control mice nor did treatment confer protection from contraction-
mediated injury based on muscle force responses during a protocol of repeated lengthening contractions (as
described by Schertzet al, 2007). These data demonstrate that inhibiting myostatin can increase muscle mass
in adultmdxmice but this may not necessarily translate to an increase in maximal force production.

Lynch, G.S., Rafael, J.A., Hinkle, R.T., Cole, N.M., Chamberlain, J.SadlkRer JA. (1997). American
Journal of Physiology 72, C2063-C2068.

McPherron, A.C., Lawler A.M. & Lee, S-J. (199Rature387, 83-90.

Schertzer J.D., Gehrig S.M., Ryall J.G. & Lynch, G.S. (208ijerican Journal of Pathologl71, 1180-88.

Supported by research grant funding from Pfizer Inc. (USA).
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Macrophage polarization induced by different toll-like receptor agonists mediate insulin
responses in muscle cells

J.D. SchertzeV. Samokhvale, PJ. Bilan, C.N. Antonescu and A. Klip, Cell BiologyoBram, The Hospital for
Sik Children, Toronto, ON, M5G 1X8, Canada.

Skeletal muscle is the main site of postprandial glucose disposal and defects in muscle glucose transport
are critical in the deslopment of type 2 diabetes. Diets inappropriately high in saturated fat are associated with
a gate of chronic inflammation and contribute to insulin resistance. Redelenee had implicated toll-lék
receptors (TLRs), components of the innate immune system, in propagatingdid-induced inflammatory
signals leading to insulin resistance. Direxp@sure of muscle cells to palmitate, one of the moshddmnt
dietary saturated fats, causes insulin resistance,fact efssociated with signaling through TLRs. Bacterial
infection is also associated with insulin resistance and direct administration of lipopolysaccharide (L&tS), a w
component of Gram-igetive bacteria and well-known TLR4 agonist, can cause insulin resistance. Macrophage-
adipose cell cross-talk has been implicated in fatty-acid induced inflammation and insulin resistaheeote
of macrophage secreted factors on insulin responses in muscle cells is ill-defemdgpathesized that
conditioned medium from palmitate and LPS treated macrophagelsl wause insulin resistance in muscle
cells. Treating R¥W264.7 macrophages with 0.5 mM palmitate for 6 h increased the expression of inducible
nitric oxide synthase (iNOS) by3-fold and did not alter the expression of arginase. Conditioned medium from
palmitate-treated macrophages inhibited insulin-stimulated glucose euptak GLUT4 translocation in
L6-GLUT4myc muscle cells. This suggests that palmitate promotes macrophage polarizatials tthe M1
pro-inflammatory state, which can lead to the release of factors that cause insulin resistance in muscle cells
Contrary to our hypothesis, treating macrophages with 10 ng/mL of LPS for 24 hours increaspdetson
of arginase by[#-fold and increased INOS expression bg-fold, suggesting a polarization of these
macrophages veards the M2 anti-inflammatory state. Mowen oconditioned medium from LPS-treated
macrophages stimulated insulin-induced glucose eptal GLUT4 translocation in L6-GLUTMyc muscle
cells. Importantly analysis of differences in macrophage secretedofs reealed that LPS induced a 16-fold
increase in the anti-inflammatory cytokine, IL-10, whereas palmitate treatment only increased IL-10 by 2-fold.
Exogenous IL-10 stimulated insulin action in muscle cells and attenuated insulin resistance caused by
conditioned medium from palmitate-treated macrophages. These results indicate that macrophages may be a
integral element linking inflammation and glucose homeostasisdletsk muscle. Our data suggests that the
polarization state of macrophages, which can be differentially regulated by innate immune responses to
saturated fatty acids or LPS, can impinge or potentiate insulin responses in skeletal muscle cells.

Support: Natural Sciences and Engineering Research Council of Canada, Canadian Institutes of Health Researc
and Canadian Diabetes Association.
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Identifying the site of the source of reactie axygen species within the mitochondria after
transient exposuee of cardiac myocytes to hydrogen peroxide

H.M. Viola! E. Ingley?2 P.G. Arthurtt and L.C. Hool; 1School of Biomedical, Biomolecular and Chemical
Sciences, University of Western Australia, CrgyigA 6009, Australia andWestern Australian Institute for
Medical Reseanh, Perth, WA 6000, Australia.

Oxidative dress is a feature of card@scular disease and hydrogen peroxidgQ})i can act as a signaling
molecule to mediate cardiascular pathologyWe have previously demonstrated that transient exposure of
ventricular myocytes to KD, leads to a further increase in reaetickygen species (ROS) from the
mitochondria (supporting the “ROS-induced ROS-releagpbtiesis). Exposure of cardiac myocytes tph30
H,O, for 5 min followed by 10U/ml catalase for 5 min togdade the HO, caused a 65.4 8.4% further
increase in superoxide by the mitochondna @7) (Viola et al, 2007). NADPH-oxidase, xanthine oxidase and
nitric oxide did not contribte to the increase in superoxidee Wsted whether a transient exposure {®OH
altered protein synthesis in the myocytes. Ventricular myocytes were isolated from ke#sesl drom
anesthetised guinea pigse\Wlund that 5 min exposure to 8@ H,0, followed by 10U/ml catalase for 5 min
caused a tw fold increase in protein synthesis measured@Hakeucine incorporationn(= 10). This suggests
that a transient exposure tg®, may be sufficient to induce cardiagpertroply. We wished to identify the site
of the source of ROS in the mitochondria. Previous studies diawn the main source of ROS production by
the mitochondria occurs via compldl although comple | may also be a source of ROS productioar(&ns,
1997; St-Pierreet al, 2002; Muller et al, 2003; Turrens, 2003). ®exposed myocytes touM DPI, which
binds just prior to the ROS generation site of compléollowed by 3@M H,0O, for 5 min and 10U/ml catalase
for 5 min. Superoxide was assessed with the fluorescent indicator dihydroethidium (DHE). The presence of DPI
completely attenuated the increase in DHE aftgrosure to HO,. We dso exposed guinea pig cardiac
myogytes to UM rotenone, which binds just after th@®R generation site of complé, followed by 3QuM
H,O, for 5 min and 10U/ml catalase for 5 min. The presence of rotenone attenuated the increase in DHE after
exposure to HO, by 45%. These data suggest that the source of production of ROS is distal toxcomple
Identifying the site of production of ROS may represent a possible therapeutic targeermo e deelopment
of cardiac hypertrophassociated with a transient exposure {®H

Muller FL, Roberts AG, Bowman MK & Kramer DM. (2008iochemistry42: 6493-9.

St-Pierre J, Buckingham JA, Roebuck SJ & Brand MD. (2QRRjynal of Biological Chemistrg77: 44784-90.
Turrens JF(1997) Bioscience Reportks7: 3-8.

Turrens JF(2003)Journal of Physiologyp52: 335-44.

Viola HM, Arthur PG & Hool LC. (2007Circulation Researh 100: 1036-44.

Proceedings of the Australian Physiological Society http://www.aups.ag.au/Proceedings/39/74P



Comparison of the cardiac-specific effects of dietary omega-3 and omega-6 polyunsaturated fatty
acids in male and female rats

A.P. McAlindon, J.R. Bell, C.L. Curl, C.E. Huggins and L.M.D. Delbeid@ardiac Phenomics Laboratory,
Department of Physiology¥he University of Melbourné&/IC 3010, Australia.

Clinical trials hae demonstrated that orge3 polyunsaturated fatty acids (PUFA) reduce sudden death in
patients with recent myocardial infarction (Betral.,1989). Experimental studies provide further evidence of a
cardioprotectie le of omga3 PURA mediated through antiarythmic actions and altered €ahandling.
Whether these effects may be atitdd to membrane-incorporated and/or free diffusibleldFeontroversial
(Den Ruijter et al., 2008). Furthermore, epidemiologic, clinical andperimental studies ka dmost
exclusively focused on males. @n there are reportedseelated differences in cardiac function, and that these
differences imolve dtered C&* handling, it is surprising that the question of whether significant
cardioprotection in the female heart can be aedighrough dietary PU& has not yet beenxplored. This
experimental study westigated the sex-specific cardiac effects of dietary gmle (w3) and omga6 (w6)

PUFA.

Six-week old male and female SpragueMy rats were fed a fully fabricated isoenergetic diet high in
eitherw3 (N3D, Nu-Meaa fish oil) orw6 (N6D, sunflower oil) PUA for eight weeks. At feeding completion,
rats were anaesthetised with pentobarbitone sodium (20 mg/kg, IP), hearts rapidly excised and assigned to on
of two experimental protocols. In aex vvo study hearts were perfused in Langendonfode with oxygenated
(95% Q, 5% QO,) bicarbonate bffer (37°C) at a constant pressure. Left ventricular pressure was measured
continuously with an ismlumetric, intrarentricular balloon inflated to produce an end diastolic pressure of 4
mmHg. Ex vivofunctional parameters were determined following 30 minutes aerobic perfusioninrvigo
study hearts were perfused in Langendoniode with 50 mg/ml collagenase to enzymatically disperse
cardiomyogtes. Isolated myocytes were loaded with thé*Qadicator Fura-2 and placed in a superfusion
chamber on the stage of arvérted fluorescence microscope. Fura-2 fluorescence (ratio 380/365nm) and cell
shortening (edge detection) were monitored using an lonOptix fluorescence and contractility system (lonOptix
Corporation, Maryland, USA). Cells were then superfused with 2mi BBPES-solution and paced at 4 Hz
to examine basal functional parameters. All data are presented as#m@BM and analysed by twway
ANOVA.

We havepreviously shown that with these dietary intemionsw3 and w6 PUFA enrichment of cardiac
membranes is achied. Somatic graith over the dietary period was equal for N3D and N6D groups and at
feeding completion there were no significanfedénces in body mass between dietary groups within each se
Body mass of female rats was significanthwéo (male: N3D: 573 14 g, N6D: 582t15 g; female: N3D: 303
9 g, N6D: 327+ 12 g; dietp > 0.05; s& p < 0.05,n = 9-12/diet group). There & no effect of diet on systolic
blood pressure measured using tailf quiethysmograpy dthough pressure obsew in female rats as
significantly laver. No ggnificant se& or diet differences were observed in basal left-ventriculareldped
pressure, heart rate, dP/dt max or min. A significant reduction in rate-pressure product was observed in N3D for
both s&es (male: N3D: 30983 2315 mmHg.mift, N6D: 37439+ 897 mmHg.mirt; female: N3D: 32513
1815mmHg.mirt, N6D: 35056+ 1677 mmHg.mift; diet p < 0.05; s& p>0.05,n = 5-7/diet group). Myogte
diastolic C&*was dgnificantly lower in N3D groups (Garatio; male: N3D: 1.7% 0.04, N6D: 2.0Q+ 0.08;
female: N3D: 1.73 0.06, N6D: 1.86- 0.07; dietp < 0.05; se& p > 0.05,n = 6-11 cells/diet group). N3D groups
also exhibited significantly reduced systolic?C§C&" ratio; male: N3D: 2.03t 0.04, N6D: 2.33+ 0.12;
female: N3D: 1.92+ 0.09, N6D: 2.21+ 0.08; dietp < 0.05; s& p > 0.05, n = 3 hearts/diet group). Myagte
shortening was not significantly influenced by diet o1, séthough there was a trend for female N3D nyyes
to exhibit reduced shortening.

In summary dthough minimal functional &ct of N3D was observed under basal conditionsxinvo
perfused hearts, significant differences irf'aandling were obseed for myocytes of N3D and N6D groups.
These results are the first to demonstrate alterétll@adling in female cardiomyocytes as a result of dietary
w3 intenention. These results also pide evidence for membrane-incorporate8l PUFA to modulate cardiac
function and cardiomyagte calcium flux in both ses. Further characterisation of the role of RUketary
intervention in modulation of myocardial function in females is warranted.

Burr ML, Fehily AM, Gilbert J-Rogers S, Holliday RM, Sweetham PMwebd PC, Deadman NM. (1989)
Lancet 2: 757-61.

Den Ruijter HM, Berecki G, &kerk AO, Bakker D, Baartscheer A, Schumacher CA, Belterman CiléwW
Jonge N, Fiolet IW,IBrouwer IA, Coronel R. (2008}irculation, 117:536-44.
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Role of 3-adrenoceptors during early skeletal muscle regeneration in mice
R. Sheay, J.G. Ryall, J.E. Chuh and G.S. Lynch, Basic and Clinical Myology Laborai@gpartment of
Physiology The University of Melbourn&/1C 3010, Australia.

Skeletal muscles can be injured via numerougspgal, metabolic and thermal insults, leading to a loss of
force production.A greater understanding of the processes controlliete&l muscle regeneration may lead to
novel treatments for muscle injuries and muscle disea¥és.have previously identified theB-adrenoceptor
(B-AR) signalling pathway as a potentialgtdator of muscle regeneration after injury (Beiteglal 2004;
2007). The aim of this studyas to determine whethgd-ARs are necessary for successful muscle fibre
regeneration. Since transgenic mice lacking déthand ,-AR subtypes arevailable (Adrb1/Adrb2"), we
determined the pfsiological role of3-AR signalling during skeletal muscle regeneration after injuvi tested
the typothesis that mice homozygous null f§rARs andp,-ARs (Adrb1’/Adrb2’) would exhibit impaired
muscle regeneration, as evidenced by reduced muscle function.

To examine the role op-ARs in muscle regeneration, we utilized 7-8 week/ddb1’/Adrb2’ mice f
= 27, Jackson LaboratoryySA, Adrbl o Adrb2 ... stock no. 003810) and C57BL/6 wild-type mice
(WT, n = 31, Animal Resource Centre, Canniatpy WA, Australia). Mice were anaesthetized deeply
(ketamine 76 mg/kg and xylazine 10 mg/k@;) and the extensor digitorum longus (EDL, fast-twitch) muscle
was aurgically exposed and injected with Ngie (1pug/mL; Lotaxan, Valence, France) to cause complete
degeneration of all muscle fibres (Plagit al 2006). Thecontralateral EDL muscle served as the uninjured
control in each case. Mice were allowed to vecdor 7, 14 or 21 days, at which time yheere anaesthetized
deeply with sodium pentobarbitone (60 mg/kp;) and isometric contractile properties of injured and uninjured
muscles were determingd vitro, as dscribed préously (Plantet al. 2004). Micewere killed by cardiac
excision while anaesthetized.

Maximum force was not different between uninjured EDL muscles fdnb1//Adrb2” and WT mice
(234 + 5kN/m? and 238+ 7kN/n?, respectiely). Theforce producing capacity of muscles from WT mice at 7,
14 and 21 days post-injury was 31%, 64% and 78% of their uninjured control values, velgpdcticontrast,
the force producing capacity of muscles fréwairb1’/Adrb2- mice at 7, 14 and 21 days post-injury was 3%,
64% and 78% of their uninjured controls, respebyi

Our findings indicate that whilB-ARs are not required for successful skeletal musadeneration, as
evidenced by the restoration of force producing capacity to uninjured contels l&y 14 and 21 days post-
injury, they may play an important (and previously unreported) role during early musgenemtion.
Clarification is required on the role BfAR signalling on inflammatory and early myogenic processes such as
myoblast differentiation and cell fusion. Our results suggest that manipulation @#tResignalling pathway
during early regeneration after injury may imypgdhe rate, extent andfafacy of these rgeneratie processes.
The findings hee important implications for the treatment of muscle wasting conditions especially muscle
diseases where regeneration is defecti

Beitzel F Gregorevic P, Ryall JG, Plant DR, Sillence MN,yinch GS. (2004)Journal of Applied Physiolgy,
96: 1385-92.

Beitzel F Sllence MN, Lynch GS. (2007)American Journal of Physiology Endocrinology and Metabglism
293: E932-40.

Plant DR, Colarossi FE, Lynch GS. (200@uscle & Nerve34: 577-85.
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Nitric oxide and skeletal muscle regeneration in mice after injury — the role of muscular nNOS
JE. Chuch, SM. Gehrig G.K. McConell and G.S. Lynch, Basic & Clinical Myology Laborat@rgpartment of
Physiology University of MelbourngVvIiC 3010, Australia.

Nitric oxide (NO) plays a compkerole in skeletal muscle biology and its role, particularly in muscular
regeneration, is still not fully understood. Increased NO in skeletal muscle has been reported to be beneficial in
models of muscle injury and generation/rgeneration such as muscular dysty¥ehling et al, 2001) or
crush injury (Anderson, 2000),ub NO also plays a prominent role in the muscle wasting (or x&jhe
associated with inflammatory disorders (Marinez-Morehal, 2007). Theseseemingly contradictory fefcts
of NO in sleletal muscle may be dictated by a combination of subcellular localisation and/or concentration of
NO, both of which are intimately related to the isoform of nitric oxide synthase (NOS) from which the NO is
produced. Althouglskeletal muscle can express all three subtypes of NOS (nNOS, eNOS and iNOS), nNOS is
the most highly expressed isoform of NOS in skeletal muscle.

The aim of this study &s to clarify the role of NNOS-deed NO in keletal muscle by examining muscle
fibre regeneration after myotoxic injury in mice genetically lacking nNOBwvelve week old
C57BL/6J-NosT"Ph mice homozygously null for the nNOS gene (nNQSind their litermate controls
(nNOS"*) were used in this studyMuscle function of théibialis anterior (TA) muscle of the right hindlimb
was assessedh situ using methods described in detail previously (Schedrzed, 2007). Maximalisometric
force (R) was determined from the frequgriorce relationship and muscle fatiguability determined from a
protocol of repeated, intermittent isometric contractions.

TA muscles from nNO$% mice were less susceptible € 0.05) to fitigue than nNOS" mice but specific
force (R normalised to muscle cross-sectional areg) sRd the frequency-force relationships were not
different between groupsto examine the contribution of nNOS to musclgeaeration after injurymice were
anaesthetised (ketamine 100mg/kg and xylazine 10mggkgand the A muscle of the right hindlimb injected
with the myotoxin Notexin ({@g/ml, i.m.) to cause degeneration of all muscle fibres. Mice were allowed to
recover for 10 days, after which function of thé Tuscle was assessgusitu. At 10 days post-injurythe sP
of the regeneratingArmuscles, while laver (P < 0.05) than that of uninjured muscles, was unchanged between
the two groups. These findings suggest that expression of NNOS does not appear to be aactiticah f
successful regeneration of skeletal muscle with this mode of injury.

Anderson, J.E. (2000 olecular Biology of the CellLl1,1859-1874.

Martinez-Moreno, M., Martinez-Ruiz, A., Alvarez-Barrientos, A.vilezaes, F., Lamas, S. & Rodriguez-
Crespo, I. (2007Journal of Biological Chemistr282,23044-23054.

Schertzer J.D., Gehrig S.M., Ryall J.G. & Lynch, G.S. (2@0#grican Journal of Patholodl71, 1180-1188.

Wehling, M., SpencemM.J. & Tidball, J.G. (2001Journal of Cell Biology155,123-131.
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Developmental changes in contractile function of the diaphragm in the pre-term lamb

T. Lavin! J. Rillow,? A.J. Bakker! C. McLear and G.J Pinniger! 1School of Biomedical, Biomolecular and
Chemical sciences, art&chool of Women and Infants Health, University of Western Austrah&008,
Australia.

The reduced force producing capacity and decreasggué resistance that arise from mechanical
ventilation have keen termed ventilator induced diaphragm dysfunction (VIDD). Although VIDD has been
characterised in adults after mechaniaahtitation, no study has systematically explored the existence of and
pre-disposing factors to VIDD in the newborn subjece Jbpose that the functional wiopment of the
diaphragm may play a role in the onset of VIDD in neonates as gestational differences in transdiaphragmatic
pressure and maximal inspiratory pressunehaen observed (Dimitrioat al.,2001). Deelopmental changes
in the contractile function of the diaphragmvéaleen examined primarily in small laboratory animals.
However, most deelopmental changes in rodents oceur uero while the majority of deelopment in human
neonates occulig utem (Finkelsteinet al.,1992). Furthermore, the higher proportion of fast fibres and higher
respiratory rate in small laboratory animals (Hodgal.,1997) may impact on the contractile properties of the
diaphragm and thereforefedt the susceptibility to damage, fatigue and VIDD. As little is known abouhthe
uterodevelopment of fibre type composition and contractile properties of the diaphragm in human neonates, we
used a comparable ovine animal model teestigate deelopmental changes in contractile function of the
diaphragm at different gestational ages.

Fetuses of different ages were deled at 75 daysn(= 4), 100 daysr{= 4), 128 daysr{=6) or 140+ 2
days ( = 4) gestation or deliered at term [(IL50 days) and grown to 7 weeks postnatal age (200 day greup;

4). The fetal diaphragmas remwed dter euthanasia via a lethal umbilical venous injection of pentobarbitone
(100 mg/kg) andesanguination via the femoral artefiyo grips of longitudinally arranged muscle fibres were
dissected from the diaphragm muscle to assess 1) the susceptibility to muscle damage and 2¢rthafteco
fatigue. The rib and tendon ends of the muscle strip were tied wifcausilk and the preparation mounted in
an in vitro muscle test system (1200A, Aurora Scientific Inc.) perfused with mammalian saline solution (in
mM): NaCl (109), KCI (5), MgC] (1), CaCl, (4), NaHCQ, (24), NaHPO, (1), sodium gruvate (10) and
aerated with 95% 5% CQ, at 25°C. The contractile parameters were determined including maximum
isometric tetanus (ff, specific tetanic force (force/cross-sectional area), Sprce-frequeng relationship,
maximum isomeric twitch force g? time to Ft>, half relaxation time, maximum rate of forcevel®pment
(dF/dt) before and after either a fatigue protocol (5380 ms tetani trains, 80 Hz) or muscle damage protocol
(5 x stretches at 10% fibre length during isometric plateau phase of Po). Fatigwewvemlealculated by
dividing the 158 tetanic stimulus by theSitetanic stimulus during the fatigue protocol.

A number of significant (one-way ANG,
bonferroni post-hoc,p < 0.05) age-dependant 22.5+ *

changes were seen, including: 1) three-fold increased 20.0+
in specific tetanic force from 75 d to 200 d (seetE :;z
Figure); 2) force frequemcrelationship increased %r‘g 125
by a factor of(B from 75 d to 200 d; 3)atigue 285 ;.
index decreased by half from 75 d to 200 d; 4) ﬂé 7.5
mean time to rec@ry after fatigue increased from & 5.04
5 min at 75 d to 40 min at 200 d; 5) dF/dt decreasedE 2.59
from 700 (g/s) at 100 d to 100 (g/s) at 200 d. 0.0-
This study shas age-dependant changes in
Contractile funCtion Of the Sheep diaphragm Mean and S.E. *p<D.05 compared with 75 day and 100 day groups

including increased gpand decreasedatigue

resistance with acdncing maturation. These changes may reflect a shift in fibre type composition fwoto slo
fast fibres in the maturing diaphragm, orfeliénces in the contractile function of fetal and neonatal muscle
fibres. These data provide a framoek from which we can westigate our lypothesis that the magnitude and
nature of VIDD is influenced by gestation.

Dimitriou G, Greenough A, R&dfrth GF & Maxham J. (2001American Journal of Respiratory and Critical
Care Medicine 164:433-6.

Finkelstein DI, Andrianakis,R.uff AR & Walker DN. (1992)American Journal of Physiolog363: 900-8.

Hodge K, Powers SK, Coombes J, Fletcher L, Demirel HA, Dodd SL, & Martin D. (18®8piration
Physiology 109: 149-54.
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Regulation of atrogin-1 and protein degradation following incubation with dexamethasone and
TNFa in mouse C2C12 and primary human myotubes

A.E. Larsen, T.C. Crowe and ARussell, The Cengrfor Physical Activity and Nutrition Resedr (C-PAN),
School of Exercise and Nutrition Sciences, Deakin Univekdify3125, Australia.

Introduction: Atrogin-1 is a muscle specific E3-ligaseatved in muscle wasting (Bodiret al.,2001).
Increased Ieels of atrogin-1 mRM has been observed in numerdaosvitro andin vivo rodents models of
muscle atroph (Glass, 2005). Human studies performedehgiown that atrogin-1 is increased in human
atropty conditions, such as deimmobilization (Jonest al.,2004), ALS (Lgeret al.,2006), COPD (Doucaet
al., 2007) and quadriplegic myopatiDi Giovanni et al., 2004). In mice, but not humans, fasting increases
atrogin-1 (Sandret al.,2004; Larseret al.,2006), suggesting that species differences may exists with respect to
its regulation. The aim of the present study was to determineghiatien of atrogin-1 and protein giadation
following treatment with dexamethasone (DEXA) and TNiF mouse C2C12 and human primary myotubes.

Methods: Mouse C2C12 myotubes and primary human myotubes were treated with either (ROF-
ng/mL) or DEXA (10uM) for 1, 4, 24 and 48-h. Atrogin-1 mPN evds were measured using real time-PCR.
Protein degradation was determined by measuring the relea$-tfrposine into the media.

Results: Atrogin-1 mRNA was significantly increased 2- and 4-fold in C2C12 myotubes after 24 and 48-h
treatment with DEXA, respeegtly. In human myoblasts atrogin-las increased 2.2-fold only after 48-h of
DEXA treatment. After treating C2C12 cells with TN#F-atrogin-1 showed a transient change, increasing by
50% following 1-hr of treatment, decreasing to 50% Wwetmntrol levels following 4h of treatment then
retuning to control heels after 24 and 48-h. In contrast, human myotubes treated withaT$tiewed a 3.1 fold
increase in atrogin-1 after 48-h of treatment. In the human myotubes the increase in atrogid-lewvdRN
following 48-h of both DEXA and TNIe- treatment resulted in significant increases in protein degradation by
approximately 15%.

Conclusions: Treatment of both mouse C12C12 myotubes and primary human myotubes with DEXA
results in increases in atrogin-1 mRNAwWwer human myotubes require a longer treatment pericghatment
with TNF-a demonstrated a more dramatic species dependent effect, with mouse C2C12 myotubes presenting :
rapid increase, then decrease in atrogivet &-4 h of treatment, followed by a return to baseline lines at 48-h.
In contrast, human myotubes had an increase in atrogin-1AnBNafter treatment. In human myotubes the
increases in atrogin-1 caused by both DEXA and DiNKas associated with an increase in proteig@dalation.
These observations highlight the need for caution when translating results obtained in rodent models to humar
conditions.

Bodine SC, Latres E, Baumhueter S, Lai VK, Nunez L, @aBR, Poueymirou WT Panaro FJ, Na E,
Dharmarajan K, Pan ZQ,alenzuela DM, DeChiara TM Stitt, TN Yancopoulos GD, Glass DJ. (2001).
Science294:1704-8.

Di Giovanni S, Molon A, Broccolini A, Melcon G, Mirabella M, Hofian EP & Servidei S. (2004)Annals of
Neurology 55: 195-206.

Doucet M, Russell AR_eger B, Debigare R, Joanisse DR, Caron MA, Leblanc P & MaltgB0B7).American
Journal of Respiratory and Critical CarMedicine 176:261-9.
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Store-dependent C&* influx in intact healthy and dystrophic skeletal muscle

TR. Cully! O. Friedrich! JN. Edwards;? R.M. Murphy and B.S. LaunikonisSchool of Biomedical
Sciences, University of Queensland, St Lucia, QLD 4072, AustraliZDephrtment of Zoology.a Trobe
University Melbourne VIC 3086, Australia.

Store-operated C4entry (SOCE) is a mechanism thatdlves an extracellular 4influx in response to
store-depletion to alie refilling of internal stores to physiologicaivis. It was suggested that SOCE may be
enhanced in dystrophic aletal muscle, aatéting proteolytic enzymes and triggering necrosimwever, those
studies were xxlusively performed in myotubes that do not compare to the fullfediftiated muscle cell,
where the dystrophic phenotype is primed. A recent study by Betttih, (2006) claimed that SOCE flux rates
were increased by an order of magnitude in adult singietsk muscle fibres from dystrophic mdx mice
compared to wild-type (wt). This SOCE flux rate was based on fluorescent myoplasmic signals from the high
affinity Ca?* dye fura-2. The plateauas reached withiifl0 s in mdx, probably saturating the dye, a@dmin
in wt fibres. Having observed a robust and normally regulated SOCE in skinned fibres from mdx (Frétdrich
al., 2008), we re-examined SOCE fluxes in intact single wt and mdx muscle fibres.

C57BL/10 mice (8-20 weeks old) were killed by agghtion, in accordance to guidelines set by the
Animal Ethics Committee of the Urarsity of Queensland. Interossei muscles were dissected and placed in a
physiological saline. lIsolated fibres were obtained by mild enzymatic treatment and loaded with 10
fluo-4AM (15 min) to allev for imaging of cytoplasmic G4 Sarcoplasmic reticulum [C&([Ca®*];p) was
depleted by bathing the cells in a 02€aK*-based physiological solution with 30M cyclopiazonic acid
(CP), followed by caffeine (10 mM) applicationFibres were then transferred into a 0°Ca\a*-based
solution containing Rhod-5N (1@M) and 2 mM C&" was alded during imaging to measure SOCE.
Fluorescence xyt images were obtained on an Olympus FV1000 confocal microatiggmutions contained
50 uM BTS to preent contraction.

After CRA incubation, caffeineveked a sgnificant fluorescence increase indicating that SR @akage
alone does not fully deplete [@“@SR. Therefore, all cells were depleted withACPlus cafeine in a C&'-free
solution. By adding Cd to the Rhod-5N containing solution, “€aarrival” at the depleted cell could be
tracked. Avery fast or very slar fluorescence increase was obeédrin response to SOCEgeedless of cell
type. Thefast increase saturated the dyd BO s. All these cellsesiculated and were permeant to propidium
iodide (P1). Thus, the high €&influx rates are a result of breakdown in membrangiitye Cells that did not
vesiculate alsoxxluded PI entry and showed much slower fluorescence increases which did not saturate the
dye. Inthese cells, there ag three times larger SOCE flux into mdx compared to wt fibres. This result
correlates well with increased expression of Stiml and Orail in mdx compared to wt fibres (Feedrtich
2008).

We mnclude that there is an increased SOCE flux in dystrophic intact muscle thaweverho
significantly lower than pxéously suggested (Boittiet al.,2006). Furthermorehis increased influx will not
contribute to C4* overload in mdx cells due to the robust SOCE deatitin mechanism that persists in these
cells (Friedrichet al.,2008).

Boittin F, Petermann O, Hirn C, Mittaud, Porchies OM, Roulet E, Ruegg U{2006) Journal Cell Science
119:3733-3742.

Friedrich O, Edwards JN, Murpi RM, Launikonis BS. (2008) Proceedings of the ustralian Physiolgical
Society 39: 19P.
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Evidence of impaired store-operated C& entry in aged mammalian skeletal muscle

JN. Edwards.? O. Friedrich! T.R. Cully} R.M. Murphy and B.S. LaunikonisSchool of Biomedical
Sciences, University of Queensland, St Lucia, QLD 4072, AustraliZDspd of Zoologyla Trobe University,
Melbourne VIC 3086, Australia.

Age-related effects on skeletal muscle function are increasingly recognized asutiogtriéaictors to a
reduced lifestyle quality in the elderly population. Such effects include a decline inxdduad$ mobility and
independence, possibly due to reduced specific force production and sarcopenia. As a major determinant o
muscle force, it has been suggested th&t Bameostasis is compromised in aged skeletal muscle (Delbono,
2002). Store-operate@a’* entry (SOCE) is a mechanism thatdlves extracellular G4 entry in response to
C&* release from (and hence a reduction in) the intracelluléf €ares. SOCHEppears to be tailored to the
specific needs of different cell types including highly specializetetd muscle cells (fibres); where force is
produced in response to an increased myoplasmi][@ae to C&* release from the intracellular €astores
(sarcoplasmic reticulum, SR). Reduced SOCE and consequent cell functiertdem described in aged
neuronal cells and aged fibroblasts. Thus, there is an importancettigate SOCE in aged sletal muscle
because a change inT&andling through SOCE may contribute to the decline in force production.

Young (8-20 weeks) and aged (23 months) C57BL/10 mice were killed by asphyxiation, in accordance to
the guidelines set by the Animal Ethics Committee of thevégsity of QueenslandTibialis anterior muscles
were collected for protein analysigxtensor digitorum longus muscles were rapidly excised, pinned out and
fully immersed in paraffin oil. Small bundles of intact fibres were isolated apdsed to a Nabased
physiological solution containing the fluorescent dye, fluo-5N salt. Single fibres were then isolated and
mechanically skinned (resulting in the trapping of the dye in the t-system) and transferred to a chamber
containing a K-based internal solution with 1 mM E&T100 nM free C&), 1 mM free Mg* and 50uM
rhod-2. Releasef SR C&* was evoked by substitution of the bathing solution with a woMg?*" solution,
containing 0.01 mM Mg and being nominally free of €a Cytoplasmic rhod-2 and t-system fluo-5N were
continuously imaged on an Olympus FV1000 confocal microscope in xyt mode dufihgel@ase at 1.0 Al
The net change in t-system fluo-5N signaswused as an indicator of SOCE activity (Launikonis and Rios,
2007). Theprotein levels of Orail (the intgral membrane G4 channel thought to be responsible for SOCE)
were measured in whole muscle homogenates by Western Blotting.

Substitution of the standard*Kbased intracellular solution with awdVig?* solution induced global SR
Céa* release. Thisvas accompanied by an initial Gauptale in the sealed t-tubules, followed by depletion due
to SOCE. SOCE deautition followed C&" reuptale into the SR and reduction in myoplasmicCan some
fiores, subsequent €awaves were obsersd, with defined fronts and defined onset of SOCE. This data,
together with a high temporal resolution line acquisition, allowed the SOCEitiacti coupling delay to be
measured (start of €arelease @veuntil the beginning of SOCE). SOCE kinetics was analyzed by line-wise
signal aeraging with a 500Hz resolutiorSOCE actration was significantly delayed in aged muscle £381
ms, n = 4) compared to young mice (27 3.6 ms,n = 6, p = 0.044). Thisdata suggests that SOCE may be
delayed in aged skeletal muscle and therefore compromise adequate fine tuning of store-refilling. This may be
due to an approximately 50% reduction in Orail proteieldeobserved in aged skeletal muscle reatd
skeletal muscle from young mice.

Delbono O. (2007)Biogerontology; 3: 265-270.
Launikonis BS & Rios E. (200dpurnal of Physiology583: 81-97.
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Examination of the expression of the cardiac muscle regulatory molecules, troponin fand C in
the sheep heart across late gestation

G.S. Posterind;®S. Dunr? K.J. Botting 23 W. Wang? H. Forbeg and J.L. Morrisor?® IDepartment of Zoology,
La Trobe UniversityMelbourne VIC 8001, Australia Victoria3086, AustraliéEarIy Origins of Adult Health
Reseach Goup, Sansom Instituténiversity of South Australia, Adelaid8A 01, Australia an&DiscipIine

of PhysiologyUniversity of AdelaideAdelaide SA 05, Australia.

During development, the fetal heart undergoes a progvessicrease in the ability to produce force
related to eolving function. Developmental changes in somegtgatory proteins of the cardiac contractile
apparatus heae hbeen shown with gestational age. The troponin | molecule (Krage., 2006) has been
examined in relation to birth with no attention to troponin T or C, major determinants of fordephaent.

Our understanding of the wiopmental changes in expression of variougpdnin molecules is complicated by
the fact that manstudies are carried out in mammalian species, particularly in rats and mice, whicgounder
cardiomyogte maturation after birth whereas this occurs in late gestation in humans andBheain of this
study was to determine the expression of each of the major troponin molecllas] T during late gestation
fetal heart deslopment.

All procedures were appred by the Unversity of South Australid animal ethics committee At
110-125 days (d) gestation, surgery was performed in 13 pregnant ewes under aseptic conditions and gener:
anesthesia. Vascular catheters were inserted as previously described in the maternal ginguilae Vetal
femoral and carotid arteries, jugular vein, and the amniotiityc@Morrison et al., 2007). Fetal carotid arterial
blood gas samples (0.5 ml) were collected daily for the measurement of fetal blood gases. At a range of
gestational ages (110-140 d; term, 150 d), ewes 23) were humanely killed with anverdose of sodium
pentobarbitone (Lethobarb, 25 ml; 325 mg/ml) and fetuses wener@eliby hysterotomy and weighed. The
ap« of the left ventricle was flash frozen in liquid nitrogen and stored at -80°C. The heartwsese rgerfused
with collagenase and protease to isolate cardiomyocytes which were fixed in 2% paraformaldehyaddo allo
measurement of cardiomyocyte size and the percent of mononucleated cardiomyocytes. Western blots were
performed on heart tissue using the Invitrogen NuPage Bis-Tris electrophoresis system. Primary antibodies for
cardiac isoforms of fbponins C, T and | (Abcam Inc, Cambridge USA) were diluted 1:5000 and incubated on
blots avernight at 4°C. Membranes were then incubated with a horse anti-mouse HRP conjugated secondary
antibody at 1:2000 for lhour (24°C), and bands visualized using ECL. Band densities were calculated using
Quantity One software relad o internal controls.

Despite a decline in the percentage of mononucleated cardiomyocytes with increasing gestational age,
there vas no change in the expression of either troponin T or I. There was also no significant correlation
between troponin T and | with either fetal weight, percent of left ventricular mononucleated cardi@®yoc
(LVMC) or the size of left ventricular binucleated cardiomytes (LVBC). Troponin C, hwever, showed a
40% increase in protein expressign<0.04) after 120 d gestatiorFurthermore, this increase in troponin C
was positively correlated with both gestational age and fetal weight<(0.04). The percentage of
mononucleated cardiomyocytes in the left ventriclaswngdively correlated with troponin C protein
expression.

These data skothat changes in troponin C occur in late gestation tracking the timing of cardigteyoc
maturation. This may be the mechanism that supports oviopsedata showing little change in cardiac muscle
contractility from 125 to 140 d gestation (Speneeal.,2006). Cardiomyocytes undergo binucleation after 110
d gestation in the sheep fetus (Burrell al., 2003) and this transition from mononucleated to binucleated
cardiomyogtes may well be related to increased TroponinxPrassion and thus an increased ability to
generate force.

Kruger M, Kohl T, Linke WA. (2006)American Journal of Physiolod391: H496-506.

Morrison JL, Botting KJ, Dyer JL, Williams SJ, Thoum KL, McMillen IC. (2007) American Journal of
Physiology 293: R306-313.

Spencer TN, Botting KJ, Morrison JL, Posterino GS. (2d@8jnal Apply Physiologyl01: 728-33,

Burrell JH, Boyn AM, Kimamasamy YHsieh A, Head SlLumbes ER. (2003) Anatomical Readyr 274A:
952-61.
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Characterisation of Suppressor of Cytokine Signalling protein expression in regenerating mouse
skeletal muscle after injury

J. Sratton, K.T Murphy, C. van der Poel and G.S. Lynch, Basic & Clinical Myology Laboratbgpartment of
Physiology The University of Melbourn&/IC 3010, Australia.

Muscle injury can result in a significant loss of function that can impact on quality of life. A better
understanding of the signalling pathways controlling skeletal muscle is criticaMeimdetherapies to enhance
muscle regeneration and function after injudpe of the ky regulators of skeletal muscle regeneration is the
JAK/STAT (Janus kinase/hyperlink) pathwy which transduces the signal oftakines and growth factors. This
pathway is ngaively regulated by the Suppressor of Cytokine Signalling (SO&@®)ly of proteins. In man
tissues, SOCS regulate inflammation, proliferatiorfedkhtiation and growth; importanvents for successful
muscle rgeneration. The expression patterns and welaiinportance of SOCS proteins during muscle
regeneration hae yet to be properly characterised. The aim of this study was to characterise SOCS1, SOCS2
and SOCS3 mRA expression during skeletal muscle regeneration after infmg examine the expression of
Leukemia Inhibitory Factor (LIF), agy gowth factor regulating SOCS expression.

Male C57BL/6 mice (12 weeks old) were anaesthetised deeply (76 mglagnike and 1@ng/kg
Xylazine; i.p.) and the tibialis anterior f) muscle injected with the myotoxin Notexin (1.6 mg/kg). Muscle
function was assessau situat 7 daystf = 8), 14 daysif = 8) and 21 daysr{= 7) post-injury using methods
described in detail elsewhere (Scherte¢ral, 2007). Before performing functional analysis mice were
anaesthetised (60 mg/kg Sodium pentobarbitape; SOCS1, SOCS2, SOCS3 and LIF mRiEXxpression
were assessed using Real-TinleARCR and normalised against total c®bbntent.

Specific (normalised) force of injuredATmuscles was decreased by 31%, 60% and 79% of control
uninjured values at 7, 14 and 21 days, respayt(p < 0.001). Fibre cross-sectional area in injured muscks w
52% and 70% of control uninjured values at 7 and 14 days, regbeti < 0.05). increased The percentage of
centrally nucleated fibresas increased in injured muscles by 15-, 7- and 5-fold of control uninjured values at 7,
14 and 21 days, respady (p < 0.001). SOCS2 mRAM expression was 30% lower at 7 days post-injury
compared with uninjured controlp € 0.05), but receered to control uninjured \els by 21 days post-injury
There was no effect of injury on SOCS1 or SOCS3 WRMpression at antime after injury LIF mRNA
expression was 400% higher at 21 days-post injury compared with control uninjured pafu®6x).

These preliminary findings implicate SOCS2 and LIF in successful muscle regeneration siappdhe
to play important regulatory roles in theeats controlling muscle repair after injury.

Schertzer JD, Gehrig SM, Ryall JG, Lynch GS. (208merican Journal of Patholog$71:1180-8.
Spangenbuy EE. (2007)Exercise and Sports Science Revi&8s156-62.
Supported by research grant funding from the Australian Research CouncivdédjsBooject funding
scheme (DP0665071; DP077281)

Proceedings of the Australian Physiological Society http://www.aups.ag.au/Proceedings/39/83P



The effects of arsenic of the NadK* AT Pase transporter in the gills of the freshwater crayfish,
Cherax destructor

Y. Lankadeva, G. Williams and J.M. West, School of Life and Environmental Sciences, Deakin Urdgrsity
Burwood HwyBurwood, VIC 3125, Australia.

Arsenic is a ubiquitous element found in varying concentrations throughout whienement. Itis a
known carcinogen found at high concentrations in association with gold and other mStaesal
anthropogenic adtities, such as mining and agriculture can lead twamdd arsenic concentrations in the
ervironment. Arsenic is found in the environment mainly asgadc arsenic, arsenite (As(lll)) and arsenate
(As(V)) which are the most toxic and bioaccessible arsenic compounds.

Contamination in the environment can often lead to higddeof arsenic in surroundingater bodies.

Thus aquatic animals are more highly exposed dedtafl than terrestrial animals asytlaee immersed in this
toxin. Exposure to metal contamination has beemwsho affect the function of a number ofgans in a range
of aquatic animals. Marine species are generally found to be more hitgdiedfby metal exposure; iever
effects of metal contamination can vary amongst freshwater species.

The freshwater crayfistChemax destructor{Decapoda, Parastacidea) (yabbies), is the most widespread
genus of Australian crayfish. Yabbies can accumulate significant amounts of arsenic within their tissues
(Williams et al, 2008) andxgosure to arsenic in their water results in reduced appetite and increased mortality
post-moult.

This study aims to irestigate the déects of arsenic exposure on the activity of the'/KaATPase
transporter responsible for aaly pumping sodium ions from the gill epithelium in yabbies exposed to 3ppm
As(V) or As(lll) in their water Three gill flaments are attached to each walking leg. The three gill filaments on
each of the four alking legs were used in the analysis. The activity of th&KNATPase transporter as
measured using the method of McCormick & Bern (1989). The activity of this transporter was significantly
different between the gill branches with the largest filament (22.3 nmol-mg tpYoshowing the highest
actiity in animals from the intermoult (8.3 nmol-mg ptdt® smallest gill). Activity was also significantly
higher p < 0.05) at different stages of the moult cycle in control animals (40.0 nmol-m ptet postmoult;

22.2 nmol-mg prot-h? - intermoult). Exposure to As(lll) caused a significant reduction in transporteityacti
but only after 12 weeks exposure from 40.0 nmol-mg-ptot in the control animals to 17.4 nmol-mg ptaét?
in the As(lll) exposed animals (see Figure).
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These results may explain the increased mortality seen in post-moult animals exposed to arsenite in their
water. As new gll epithelium is laid devn during the premoult, arsenic may alter the tissue structure such that
their is reduced number of transporters or thellef activity of the N&/K*-ATPase enzyme within the
transporter is affected.

McCormick SD, Bern HA (1989American Journal of Physiology - grdatory, Integative and Compaative

Physiology256 707-715.
Williams G, West JM, Swmo ET (2008) Environmental Toxicology and Chemis#y.1332-1342.
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Characterization of the muscle fibres types in a pristine and regenerate chela from the Christmas
Island Red Crab Geocarcoidea natalis

J. \an Grambeg, S Linton and J.M. West, School of Life and Environmental Sciences, Deakin Unj22bity
Burwood Hwy Burwood Victoria 3125, Australia.

This study inestigated the relationship between chelae morphology and muscle fibre composition of the
Christmas Island Red cralldales of this species grdarger and deglop asymmetrical chelae; femalesnewer
possess smaller symmetrical chelae. This species is purely terrestrial and use their chatemi$oiunctions
including, burrowing, defense, courtship, grooming and walking.

Crustacean muscle fibres ghgreat variation in fibre type which can be categorized by their greatly
different sarcomere length (SL). Short-sarcomere fibres &&h < 4um, a fst contraction speed, but produce
relatively low forces. Fibres with long-sarcomerevdia 3 > 6um, exhibit a slower speed of contraction and
develop considerably more force than short-sarcomere fibreso@wl976; West & Stephenson, 1993). Fibre
types in crustaceans can also be distinguished by the contractilegatatay protein isoforms tlyecontain
(Mykles, 1988; Kwenderst al, 2004). Short-sarcomeres can be distinguished from long-sarcomere fibres by the
presence of P75 (onlykeressed in fibres with short sarcomeres); the isoforms of paramyosin (short-sarcomere
P1; long-sarcomere P2) and in the troponin | and T isoforms (Koeeidalrs2004).

Muscle fibre composition was determined irotmorphologically distinct chelae types from male Red
crabs. The large chela (propus and dactylarmktact only at the tips when chela is closed) andjanerating
chela (propus and dactylyesveaal points of contact when chela is closed). Chelipeds wereveehat he
basi-ischial joint, minimizing blood loss. Chelae were reedand thoroughly perfused with either 10% neutral
buffered formalin or 70% ethanol. Fixed muscle fibres were dissected from specific regions in the lateral-interior
surface of the pristine and regenerate chelae. SL of fibres was determined using a He-Ne laser and confirme
using histologyProtein isoforms of seeral fibres with greatly different sarcomere length were separated using
SDS-RAGE.

72% of male crabs had thedarchelae on the left hand side. A total of 766 fibres were dissected from 11
different areas of the pristine chela and 870 fibres from 9 areas in the regenerating chela and their SL
determined. Fibrem both chelae exhibited a broad range os3$anging from 3-2fim (pristine) and 3-1fm
(regenerate). The varage SL of fibres was 9. and 8.4%um in the pristine and regenerate chelae
respectiely. The number of fibres with a SL quih was one in the pristine and twehn the rgenerate
indicating that only a very small number of fast contracting fibres are present. Regenerate chela in other
crustacean species,Meaa geater proportion of fibres with short-sarcomeres in the central portions of the chela.
No such trend was observed in the Red .drddres from the chelae with a sarcomere length just ungdardd
not express the proteins characteristically used to identify short-sarcomere fibres, namely P75. Thus the fibres in
the chelae of the Christmas Island Red crab suggest a continuum in fibre type with the majority of fibres
expressing proteins of the long-sarcomere fibre type but having a broad range of sarcomere lengths.

Atwood, H.L (1973)American Zoologist3: 357-378.

Koenders, A., Lame T.M., Medlet S, West, J.M. & Mykles, D.L (2004)Journal of Experimental Zoolyy
Part A: Comparative Experimental Biologg01A: 588-598.

Mykles, D.L (1988)Journal of Experimental Zoologp45 232-243.

West, J.M. & Stephenson, D.G.(199R)urnal of Physiology462 579-596.
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Comparison of contractile characteristics of permeabilized muscle fibres from the golden
retriever muscular dystrophy (GRMD) dog and themdx dystrophic mouse

H.Q. Lim} C. van der Poel,J E. Chuch,' J.C.S. Bizarid M.C.R. Cost& M.L. Pinte and G.S. Lynch,Basic
and Clinical Myology LaboratoryDepartment of Physiologf¥he University of Melbourné/IC 3010, Australia
andZAssociagéo de Amigos dos Portadores de Distrofia Musditaversity of Ribeirdo Preto, S&o Paulo,
Brasil.

Duchenne muscular dystropfiDMD) is a seere X-linked progresse nmuscle disease caused by the
absence of dystrophinA number of animal models arevailable to irvestigate underlying mechanisms and
identify potential therapies for DMD. Although the most commonly used animal model of DMDnadke
mouse, carries the same genetic mutation of the dystrophin gene, it exhibits a considerably milder phenotype
(Lynch, 2004). The golden retvi® muscular dystroph(GRMD) dog represents an appealing animal model for
DMD as it not only shares the mutation in the dystrophin gene but also exhibits a similar phenotype @hilders
al. 2002). Fev GRMD dog colonies xést worldwide, making it a unique but not widely used model. Little
information &ists about manof the fundamental aspects of skeletal muscles from dystrophic compared with
healtty dogs. The aim was to identify C&'- and SF*-activated contractile characteristics of single muscle fibres
from dystrophic dogs and to compare these with fibres fnoixdystrophic mice.

GRMD dogs 1 = 3) and littermate controlsn(= 3) were housed in the Urersity of Ribeirdo Preto Sao
Paulo, Brazil. Dogs were anaesthetized (Tiletamine Cloridrate 125.0 mg and Zolazepam Cloridrate 125.0 mg)
and open muscle biopsies ¢akfrom the biceps femoris muscle. All dogs kexed from the anaesthesia. The
muscle samples were tied to a capillary tube and placed immediately in a vial containing skinning solution of
the following composition (mM): potassium propionate, (125), E@H), ATP (2), MgCl (2), imidazole, 20;
and 50 % v/v glycerol, adjusted to pH 7-1 with 4 K and stored at -20°C for up to 12 weekgnithet al.

2000). C57BL/10 andndxmice were killed by cardiacxeision while anaesthetized (sodium pentobarbital, 60
mg/kg,i.p.) and the extensor digitorum longus (EDL) and soleus muscles wegiealyr excised and immersed

in skinning solution for preparation of permeabilized muscle fibres. Individual fibres were isolated, attached to a
sensitve force recording device, and immersed in a series of solutions with increasfipdi@h[SF*]. After

the contractile properties had been determined, the figraesds were stored for later analysis of contractile

and regulatory protein isoforms by SDAGE.

There was a significant decrease in maximurfi-@aluced force by GRMD dog fibres (120 kN/m?, n
= 62), compared with littermate controls (182 kN/m?, n = 67), havever, maximum C&*-induced force &s
not different between EDL or soleus muscle fibres froax and C57BL/10 mice. There was a significant
decrease in the Hill coefficient (nof the force-pCa relationship for GRMD dogs, compared with littermate
controls but p was ot different between fibres fromdxand C57BL/10 mice. Fibre sensitivity to ‘"Ce(tpCaso)
was ot different between GRMD dogs (5.950.02,n = 55) and littermate controls (5.990.03,n = 54) nor
was it different betweemmdxand WT mice. These findings highlight differences between animal models for
DMD and that a lack of dystrophin can result in variable phenotypes between species.

Childers MK, Okamura CS, Bag DJ, Bogan JR, Petroski @#cDonald K, Korneggay JN. (2002).Archives of
Physical Medicine and Rehabilitatioi®3: 1572-8.

Lynch GS. (2004)Clinical and Experimental Pharmacology and Physiol@&fly. 557-61.

Lynch GS, Rafael JA, Chamberlain JS, Faulkner JA. (286@rican Journal of Physiolog®279: C1290-4.
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The location of nascent proteins in mechanically skinned skeletal muscle fibres of the rat

D.W. Jame! M. Jois? M. McDonagh and D.G. StephensdniDepartment of Zoology.a Trobe UniversityVIC
3086, Australia’School of Life Sciences, Leobe UniversityVIC 3086, Australia andVictorian Department
of Primary Industries, Attwood, VIC 3049, Australia.

A novd technique for measuring protein synthesis ignsents of single mechanically skinned muscle
fibres was recently deloped by us to westigate the cellular and moleculaveats underpinning protein
synthesis in muscle (Jame, Jois & Stephenson, 2006 & 2@\én the absence of a sadfe membrane, which
is remaed in this preparation by microdissection, it was important to determine where in the preparation the
newly synthesised proteins are located.

As previously described, mechanically skinned fibrgmemnts were prepared from freshly dissected
soleus muscles of rats (3-5 months old Long-Evans, hooded) killed by isoflwexdese in accordance with
animal ethics procedures apped a La Trobe Unversity. The skinned fibre segments were then incubated at
30°C for 2 hours in a medium mimicking the myoplasmic ionic environment and contdHileicine and a
mixture of all the 20 amino-acids required for protein synthesis (Jame, Jois & Stephenson, P20@5h
synthesis s determined by measuring the difference betweeleucine incorporation in paired segments of
the same skinned fibre, one incubated in the absence and the other in the presence of the well established prote
synthesis inhibitgrcycloheximide (CHX). Following incubation, the te fibre segments were washed under
identical conditions and then the membranous compartments of the single skinned muscle fibre segments wer
lysed by osmotic shock, in double distilled®ifollowed by freezing and tisng and finally by exposure to 1%

Triton X-100 in a relaxing solution heavily buffered for verwiivee [C&"].

Effectively all CHX-sensitve 3H-leucine incorporation in the mechanically skinned fibres could be
released when the intracellular membrane compartments were subjected to the lysing proceduB® (03
total CHX-sensitie H-leucine incorporationn = 7), indicating that the may synthesised proteins were
accumulating in a membraneous compartment. Aspastein synthesis occurring on free ribosomesild be
expected to freely difise out in the absence of a surface membrane, the results provide strong evidence that the
major site for protein synthesis measured in the skinned fibre preparation is the rough endoplasmic
(sarcoplasmic) reticulum. Considering that the sarcoplasmic reticulum remains structurally and functionally
intact after the skinning procedure (Lamb, Junankar & Stephenson, 1995), this stadytls&ibit is nav
possible to measure protein synthesis at single muscle fildeassociated with the intact rough endoplasmic
(sarcoplasmic) reticulum under controlled conditions.

Jame DV, Jois M, Stephenson DG. (200Bjoceedings of the Australian Physiological Socia#y 62P.
Jame DV, Jois M, Stephenson DG. (200PJjoceedings of the Australian Physiological Socia8y 107P.
Lamb GD, Junankar PR, Stephenson DG. (198&)nal of Physiology489: 349-362.
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The effect of taurine supplementation on taurine transporter content and ROS-induced lipid
peroxidation during fatiguing contractions in rat skeletal muscle

C.A. Goodmar;>*D. Horvath34 C.G. Stathis;*K. Croff® and A. Hayes;* School of Human Movement,
Recreation and Performangcéctoria University Melbourne VIC 8001, Australia.?Department of Physiology,
The University of Melbourné@arkville, VIC 3010, AustraliaSchool of Biomedical and Health Sciences,
Victoria University Melbourne VIC 8001, Australia?Cente for Ageing Rehabilitation, Exercise and Sport,
Victoria University Melbourne VIC 8001, Australia andSchool of Medicine and Pharmacologgniversity of
Western Australia, Crawhlg WA 6009, Australia.

Taurine (Tau; 2-aminoethane sulfonic acid), a non-toxic beta amino acid found in most mammalian cells,
is reported to function as an osmotigukator a ell membrane stabilizea modulator of inflammation, an
intracellular ion rgulator (esp. calcium) and a direct or indirect antioxidant (feienesee Huxtable, 1992).
Studies in Wer haveshavn that Tau may attenuate non-enzymatic reackygen species (@S)-induced lipid
peroxidation (e.g. Ndirim et al, 2007). Ithas also been stva in various cell lines and tissues that increased
Tau levds davn-regulates Tau transporter mRNand protein expression (Tappaz, 2004). The aim of this study
was to investigate: 1) whether Tau supplementation would increase muscle Tau content and lead to a decrease ir
Tau transporter protein; 2) whether continuous or repeaagiduing tetanic contractions would lead to an
increase in non-enzymaticS-induced lipid peroxidation as indicated hyisoprostane production; and 3)
whether increased muscle Tau can redugenan-enzymatic RS-induced lipid peroxidation duringtfguing
repeated tetanic contractions.

Male Sprague Dalay rats (8 wks) were supplemented with Tau in drinking water (2.5% w/v) for 2
weeks. kst twitchexensor digitorum longu$EDL) muscles were dissected out under anaesthesia (Maimb
85mg/kg) in accordance with Victoria Wersity AEEC procedures and subjected to one af thiferent
stimulation protocols: 1) 10s continuous stimulation at a frequeh&00Hz (0.2ms pulse duration); 2) 3 min
intermittent stimulation (1s stimulation at 100Hz followed by 4s verg). Fatigued muscles and their non-
fatigued contra-lateral controls were blotted, weighed, frozen in liquicid E-isoprostanes analysed by
GC/MS (Moriet al, 1999). Non-atigued control muscles were also analysed for Tau content by HPLGand T
transporter protein by western blotting.

Tau supplementation increased muscle Tau content by 395%00{0002, n=8) with no change irall
transporter proteinp(= 0.41, n=8). Ten seconds of continuous fatiguing tetanic stimulation, which reduced
tetanic force by 60-66% of initial force, did not result in a change in tleedéF,-isoprostanes in either non-
supplemented (n=8) or Tau supplemented muscles (n = 8) compared to their non-stimulated contra-lateral
controls. After 3 min of intermittent stimulation, wever, in which tetanic force was reduced by 90-92%, there
was a sgnificant main effectf=0.0003; 2-way AN®A with Bonferoni post-test) for contractions to increase
F2-isoprostane \&ls by 46.7% (1.4% 0.09vs2.16+ 0.13 pg F-isoprostanegly arachidonic acid; n = 8) and
by 13.0 % (1.85 0.13vs 2.09 £ 0.09 pg E-isoprostanegly aachidonic acid; n = 8) compared to non-
stimulated contra-lateral control muscles (n = 8). There was also a strongptre®D6) for Tau to attenuate
F,-isoprostane production than stimulated control muscles.

In conclusion, 2 wks of Tau supplementation significantly increased muscle Tau content but did not cause
a down-regulation of Tau transporter proteirxpgession. In addition, repeated tetanic contractions led to a
significant increase in non-enzymatic ROS-induced lipid peroxidation, as indicated by raisedréstane
content. There was a strong trend for Tau to attenuate lipid peroxidation.

Huxtable RJ (1992Physiolgical Reviews2, 101-163.

Mori TA, Croft KD, Pudd# 1B, Beilin LJ. (1999)Analytical Biochemistry268, 117-127.

Tappaz ML (2004 Neurochemistry Resedr, 29, 83-96.

Yildirim Z, Kilic N, Ozer C, Babul A, @ke G, BEdogan D. (2007)Annals of the N& York Academy of Science
110Q 553-561.
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Stretch-induced force enhancement in fast and sloskeletal muscle: implications for damage
and disease

K.A. Ramsg G.J. Pinniger and A.JBakker Discipline of PhysiologySchool of Biomedical, Biomolecular and
Chemical Sciences, University of Western Australia, CraMa 6009, Australia.

When an actiely contracting skeletal muscle is stretched, the forcexatt® increases throughout the
stretch due to the strain of contractile and non-contractile proteins (Edmana&8zMgble, 1978). After the
stretch this force enhancement decays torageady-state force, which is higher than the isometric force at the
corresponding length, often referred to as residual force enhancement (RFE). The mechanism of RFE is still
unknown, although préous studies suggest it may be caused by the strain eétadthon-contractile proteins,
such as titin (PinnigeRanatung & Offer, 2006). In order to waluate the possible role of titin in stretch-
induced force enhancement we compared the force enhancement characteristics in fast (EDW) (@®@L3lo
muscle, known to differ in their titin isoforms (Waagal.,1991).

EDL and SOL muscles were rewsd from the hindlimb of adult male Wistar rats under deep anesthesia
(IP sodium pentobarbitone, 40 mg/kg) and mounted iim &itro muscle test system (1200A; Aurora Scientific,
Aurora, Canada) containing mammalian Ringer solutiomisbled with 90% Q/ 5% QO, at 25 °C. V¢
examined the stretch-induced force response by applying a series of small amplitude stretches (5% optimal fibre
length, L) to the plateau of an isometric contraction at a range of constant velocities (OOJs'i)O Based on
the force-velocity profile we quantified the velocity-dependent contractile atuatity-independent non-
contractile contributions to force enhancement during stretch, and RFE after stretch in EDL and SOL muscles
(Pinniger Ranatung & Offer, 2006).

RFE was significantly higher in EDL than SO < 0.01; see figure). This supports our hypothesis that
the non-contractile contribution to force enhancement is higher in fast muscle and maybe due tq diffeorter
titin filament. W& dso eamined the non-contractile contributions to stretch-induced force enhancement in
damaged and dystrophic musclenlléwing a series of 10 damaging eccentric contractions (2gQV/REE
increased significantly (3-4 times) in both EDL and SO®EQ, p < 0.01 ), which suggests that non-contractile
proteins may be werstretched as a result of muscle damage. Furthermore, RBEsignificantly lower in
dystrophic muscles frormdxmice compared to non-dystrophic control (C57BL/10) mice in EDL (mdx £.03
0.005 P, (n = 4), control 0.06t 0.004 R (n = 4), p < 0.01) and SOL (mdxn(=4) 0.02+ 0.002 R, control 0.03
+0.003 R (n=4, p<0.01) muscles.

0.06+

0.054

0.03

0.02

RFE (normalised to P,)

0.00

EDL SOL

The results of this study are consistent with the hypothesis that titin plays a significant role in stretch-
induced force enhancementtif is ideally situated within the sarcomere to act as a sensor for mechanical strain
that may via comple interactions with other sarcomeric proteins, be crucial for th@afioti of various
signalling pathways associated with muscleettgpment and adaptation. Based on the changes observed in the
magnitude of RFE we propose that thewation of these pathways may be enhanced after muscle damage and
impaired in diseased musckeg, Duchenne muscular dystroph

Edman K., Elzing G & Noble M. (1978)Yournal of Physiology 281: 139-55.

Pinniger G, RanaturgK & Offer G. (2006)Journal of Physiologyp73:627-43.

Wang K, McCarter R, Wright J, Berly J & Ramirez-Mitchell R. (1991Proceedings of the National Academy
of Sciences USA&8: 7101-5.
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Age-related alterations in transforming growth factor-3 (TGF-p) signalling in rat skeletal
muscle: implications for sarcopenia

K.T. Murphy; J.G. Ryall, R. Koopman and G.S. Lynch, Basic and Clinical Myology Labor&epartment of
Physiology The University of Melbourn&/IC 3010, Australia.

Ageing is associated with a progressioss of muscle mass (sarcopenia) and strengfith Australias
demographic shifting t@ards an older population, and ageing already contributing significantly to our health
care costs, sarcopenia is a major public health concern. Myostatin, a member of the transfonvting gro
factorf3 (TGF{) superfamily is a regdive requlator of muscle mass and an age-related increase in myostatin
expression (Légeet al.,2008) is thought to contribute to sarcopenia. Whether the intracellular Smad signalling
pathway tranducing the myostatin signal (and other Tosligands) is altered with ageing is unkma We
tested the hypothesis that the proteiuratance of Smad3 and Smad4, intracellular mediators of (TGF-
signalling that translocate to the nucleus to suppress the transcription of mgskeorg factors such as MyoD
and myogenin, would be efaed in muscles aged; whereas protein abundance of Smad7, an inhibitory
molecule that preents the phosphorylation and nuclear translocation of Smad3/4, wouldvbe ito muscles
from aged compared with young rats.

Young (3 monthn = 5), adult (16 monthn = 5) and old (27 monthn = 5) F344 rats (Ryalkt al.,2007)
were anaesthetised deeply (60 mg/kg sodium pentobarbifefend tibialis anterior (TA) muscles excised and
analysed for the protein abundance (western blotting) of Smad3, Smad4 and Smad7.

TA muscles from adult and old rats had higher Smad3 protein abundandg3@y and [400%,
respectiely) compared with young rats (the FiguréJA muscles of old rats also had lower Smad7 protein
alundance (bylB0%), compared with young rats (the Figure). There was no difference in Smad4 protein
abundance between age groups.

Smad3 —> -
Young Adult Old Young Adult Old

<4+—Smad7

The findings raise important questions as to whether ageing is associated with alterations in the
localisation of Smad3 and Smad7, and whether theerldSmad7 protein abundance in th& Gf old rats
involves: i) reduced Smad7 acetylation; ii) increased association with histone deactyalageC1)HEsulting
in Smad7 deactylation; or iii) increased association with Smurfl, leading to Smad?7 ubiquination.

This study reealed that in rats, ageing is associated with an enhanced Smad3 pratelarade and a
corresponding reduction in proteinumnance of the inhibitory Smad7. These findings implicate increased
TGF superamily signalling in the rgative requlation of muscle mass and ultimately ege-related muscle
wasting and weakness. A better understanding of the cellular mechanisms underlying sarcopenia may lead tc
potential therapeutic strategies to attenuate sarcopenia.

Léger B, Derae W, De Bock K, Hespel PRussell AR (2008)Rejuvination Reseah, 11: 163-175B.
Ryall JG, Schertzer JD, Lynch GS. (200@)rnal of Gerontology: Biological Science62: 813-23.

Supported by research grant funding from the Australian Research CouncitddisBooject funding scheme
(DP0665071; DP077281) and Pfizer Inc. (USA).
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Twitch kinetics of adult and aged EDL muscle from aru-actinin-3 knockout mouse

S. Chart S.I. Head and K.N. Nortt? IDepartment of Physiologyniversity of Nev South Wales, NSW 2052,
Australia and?Children’s Hospital at Westmead, Nexgenetics Reseah Unit, Westmead, NSW 2145,
Australia.

The actin-binding proteina-actinin-3 is specifically »@ressed in fast glycolytic muscle fibres.
Homozygosity for a common polymorphism in the ACTN3 gene results in complete dgficienactinin-3 in
about 16% of individuals worldwide. Althougiractinin-3 deficieng does not cause disease dractinin-3
knoclout mice, recent studies suggest that the absenaeaatinin-3 is detrimental to sprint and vper
performance in elite athletesdivg et al, 2003). Recent studies also suggest that in young mice there is an
alteration in the metabolic profile of the fast muscle such that fast-twitch, glycolytic finegdwaer-twitch,
more oxidatve poperties without an alteration in theeall expression of myosin 2B.oldetermine the ééct
of a-actinin-3 deficieng on the twitch kinetics of whole skeletal muscle, we studied isolated extensor digitorum
longus (EDL) muscles fronm-actinin-3 knockout mice and wild-type littermate controsnimals were
examined in 2 age groups: “Adult” (8 weeks to 6 months) and “Aged” (20 to 22 months).

Animals were sacrificed with arverdose of halothane (ethics appalbUNSW). The EDL muscle as
dissected from the hindlimb and tied by its tendons to a force transducer at one end and a linear tissue puller &
the other It was placed in a bath continuously superfused with Krebs solution, with composition (mM): 4.75
KCI, 118 NaCl, 1.18 KHPO,, 1.18 MgSQ, 24.8 NaHCQ, 2.5 CaCl and 10 glucose, with 0.1% fetal calf
serum and continuouslyubbled with 95% Q5% CQ, to maintain pH at 7.4. The muscle was stimulated by
delivering a supramaximal current betweerotparallel platinum electrodes. At the start of the experiment, the
muscle was set to the optimum lengffthat produced maximum twitch force. All experiments were conducted
at room temperaturel2°C to 24°C). Muscles were subjected &biguing stimulation consisting of one-
second, 100-Hz stimuli gén every 2 secondswer a period of 30 seconds. Twitches were recorded both before
and immediately after thisafigue protocol, and twitch half-relaxation times were measured from these
recordings.

Before fatigue, the half-relaxation times of knockout (KO) muscles were not significantly different from
wild-types (WT) in either age group. Wever, following the ftigue protocol, the half-relaxation times of
knockouts were significantly higher than those of wild-type muscles, and tfesetife was more pronounced
in the younger (“adult”) age group. In the younger (“adult”) age group, theseav.2 ms difference (26t9.8
ms,n=13 for KO versusl4.3+ 0.6 ms,n=12 for WT, p < 0.001) while in older (“aged”) animals there was a 2.8
ms difference (17.& 0.9 ms,n=10 for KOversusl4.2+ 0.5 ms,n=11 for WT,p < 0.05).

These data suggest that in fatigued musdesactinin-3 deficieng is associated with longer half-
relaxation times and this lengthening is more pronounced in younger animals. This increase in half-relaxation
time may be related to the observation that absenceaatinin-3 is detrimental to sprinting performance in
elite athletes.

Yang, N, MacArthuy DG, Gulbin, JPHahn, AG, Beggs, AH, Easteal, S & North, K. (2003ETN3 genotype
is associated with human elite athletic performaAoeerican Journal of Human Geneti¢s,627-631
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The effects of acute exercise and creatine supplementation on Akt signalling in human skeletal
muscle

R.J Show C.R. Wright, M.JQuick, A.P Garnham, K.K. Watt and A.Russell, The Cerngrfor Physical Activity
and Nutrition Resea&h (C-PAN), School of Exercise and Nutrition Sciences, Deakin Univerkity3125,
Australia.

Introduction. The protein kinase Akt has recently been described as a major signallingaypathw
regulating skeletal muscle remodelling. Stimulation of the Akt signalling maththirough IGF/IRS/PI3K
activates a series of @anstream anabolic targets including Glycogen Synthase Kifag&SK-3) and the
mammalian target of rapamycin (MTOR) (Bodétel.,2001) and can also inhibit catabolic pathwaysliving
Forkhead Tanscription Factors (FOXO) and their atrggene targets, atrogin-1 and MuRF1 (Sgital.,2004).

It has recently been shown that Akt and G3Kghosphorylation is increased within avféours folloving
moderate intensity enduranceecise (Mascheet al., 2007). Havever, whether endurancexercise rgulates

other Akt targets such as mTOR or FOXO was not determined. Creatine supplementation is also associated witt
increases in IGF-1 mRAN (Louis et al., 2004) and by analogyould also increase the phosphorylation and
activation of Akt. It is therefore possible that both endurankerctse and creatine supplementation could
stimulate Akt and its denstream patheys. At present the effect of enduranceereise and creatine
supplementation on the phosphorylation of Akt and its downstream signallyjegstéwas not beenviestigated

in humans. The aim of this study was to determine the effects of acute endweanse ewith/and without
creatine supplementation, on the phosphorylation status of protgoigeith in the Akt signalling pathays;
Akt/GSK-33, Akt/mTOR, Akt/FOXO.

Methods. Sixteen health male subjects performed singleyleycling at 65% VO2 peak untilxdaustion.
Subjects were randomly assigned to a creatine or placebo group and were administered either 0.4 g/kg o
creatine monohydrate with 0.4 g/kg of glucose or 0.8 g/kg of glucose, resjyedtr five days post xercise.
Muscle biopsies were taken before thereise bout and at 3 hours, 1 day and 5 days pestise from both the
exeacising and nonseercising leys. Biopsiesvere taken for the norxercising leg to control for the potential
confounding effects of inflammation induced by multiple muscle biop€iggosolic and nuclear proteins were
separated and phosphorylationds of Akt, GSK-3, mTOR, 4EBP1, Foxol and Foxo3a were analyzed by
western blotting. IGF-1 mRAexpression was measured using quantabCR.

Results. A 3-way ANOVA revealed a strong trend(= 0.067) and a significant interactiop £ 0.023)
between treatment (creatines placebo) x rercise x time for Akt and GSHKB phosphorylation heels,
respectiely. For Akt, further analyses demonstrated a trgnd Q.076) for an interaction between treatment and
time suggesting an increase in Akt phosphorylatiorldeat days 1 and 5 in the creatine group. Along similar
lines, GSK® phosphorylation Mels were increased at days 1 and 5 in the creatine group. Therenav
interaction or main effects for mTOR, 4EBP1, Foxol and Foxo3a phosphorylatsdelGF-1 mRNA.

Conclusion. These observations suggest that creatine supplementation for 1 to 5 days may increase the
actiity of the Akt/ GSK-3 signalling pathway. Acute single lg endurance xercise does not appear tdeadt
the phosphorylation \els of Akt or its downstream signalling proteins, when measured 3 hours, 1 day and 5
days postxercise.

Bodine SC. Stitt TN, Gonzalez M, Kline @ Stover, GL, Bauerlein R, ZlotchenkE, Srimgeour A, Lavrence
JC, Glass DJ & Yancopoulos GD. (200Mature Cell Biology, 3: 1014-9.

Louis M, Van Beneden R, Dehoux M, Thissen JP & Francaux M. (BB Letters557:243-7.

Mascher H, Andersson H, Nilsson PA, Ekblom B & Blomstrand E. (28@73 Physiologica (Oxfal), 191.:
67-75.

Stitt TN, Drujan D, Clark BA, Panaro FTimofeyva Y, Kline WO, Gonzalez M, ancopoulos, GD & Glass DJ.
(2004)Molecular Cel| 14: 395-403.
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Effects of exercise training and antioxidant supplementation on endothelial cell gene expression
A. Matsumotd,L.C. Ward? PA. Wilce? S.A. Marsk, R.G. Fasseftand J.S. CoombésSchool of Human
Movement Studies, The University of Queensland, St Lucia QLD 4072, AusBeliapl of Molecular &
Microbial ScienceThe University of Queensland, St Lucia QLD 4072, Austrédapartment of Nutrition and
Exercise Metabolism, Washington State UniverBiy Box 1495 Spokane AV99210-1495, USA antRoyal
Brisbane Women’Hospital, GPO Box 48, Brisbane QLD 4001, Australia.

Introduction. There are manstudies to support that regulaxeecise is cardioprotecte. It is established
that ercise training has a beneficial effect on cardsgular risk factors hwever these impreements do not
explain all exercise-induced elements of cardioprotection. Additional molecular mechanisms by wéicisee
provides cardioprotection are poorly understood. Recent data suggestxditdeenduced alterations in
myocardial and vascular endothelial cells maywig® cardioprotection. Ras homolog gene family member A
(RhoA) is a protein shown to regulate important cell functions, such as contraction, migration, proliferation,
apoptosis and gene expression. Rho kinas€sC@s) are the first downstream effector of RhoA, and studies
have $ronn that RhoA/RCK plays a significant role in arteriosclerotic disease as well as vascular smooth
muscle cell hypercontraction. Specifically in endothelial cells, the RHOBK pathway induces endothelial
dysfunction by decreasing the synthesis of thsodilator nitric oxide. This can also effect endothelial barrier
disruption by increased permeabilignhance inflammation and atherothrombosis. These factors xpéire
the importance of this pathway in relation to cavescular disease. Little research has studied the effect of
exagcise on RhoA. The purpose of this studgswto ivestigate the effects ofxercise and/or antioxidant
supplement on myocardial and vascular endothelium gene expression, specifically Ras homolamifene f
member A.

Method. Male Wistar rats (N = 48) were wiiled into four groups: i) antioxidant; ii)xercise; iii)
antioxidant and »arcise; and iv) control. Exercise group underwent 14 weeks of endurance running on a
motorised treadmill (90min/dayldays/week, at 70% @,max). Animals in the supplement group reedi
Vitamin E (1000 IU/kg diet) and-lipoic acid (1.6g/kg diet) mixed with rat ciwo After 14 weeks, rats were
sacrificed and tissues were collected. Myocardial and coronary artery ECs were isolated from the hearts. The
27K rat genome oligo slides were used to conduct&Dfitroarray analysis on those ECs.

Results. 2-Way ANOVA revaled that gene expressiorvds on 35, 40 and 40 were altered for the
exacise, antioxidant supplementation and interactionxefogse and antioxidant supplementation respelgti
Specifically Ras homolog gene family member A (RhoAasvdevn-regulated by the effect ofxercise (P <
0.02).

Conclusion. Inhibition of the RhoA/ROCK pathway might be one of the mechanisms to explain the
positive dfect of eercise on CVD. Future research on théeef of exercise on RhoA/ROCK may pride
important information to further understand the molecular mechanism xefcise cardioprotection.
Confirmation of these results by real-tim&RCT and western blot will be conducted.
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The effect of acute exercise on skeletal muscle SIRT1
S.E. Heywood, G.D. Wagiend G.K. McConell, Exercise Physiology and Metabolism Laboraepartment
of PhysiologyThe University of Melbourné&/IC 3010, Australia.

Introduction. Previous studies ha& diown acute rercise increases peroxisome proliferadotivated
receptory coactvator-la (PGC-In) transcriptional actity, regulating contraction-induced mitochondrial
biogenesis in skeletal muscle. Fasting in rodents iandtro studies suggest SIRT1, a protein deacetylase
allosterically actiated by NAD*, may stimulate this pathway in skeletal muscle through its deacetylation and
activation of PGC-hi. Fasting, which eleates the cellular metabolic AD*:NADH ratio, increases SIR
expression and reduces PG@-Acetylation in rodent skeletal muscle implying SIRT1 to bevadt this
metabolic profile. Whilst it has been assumed acxeecise stimulates this pathway through increases in the
NAD™:NADH ratio, no study hasxamined whether this SIR/PGC-1i interaction is actiated by acute
exacise. Thisexperimental study examined the effect of acutr@se on SIH1 actvity, interaction of SIR1
with PGC-Tn, and mRM and protein expression of SIRT1 and PGe&Ctithin rat sleletal muscle. As puious
findings implicate SIRT1 to regulate skeletal muscle P@{dthways during fasting, the fed state of the rats
was controlled for.

Methods. Six-week old male Sprague-idkey rats were randomly allocated to one of six groups (n=8 per
group). Three groups weeal libitumfed, three groups werevernight fasted (16 hours). For each fed state one
group of rats was killed at rest, one group was killed immediatelywiolfp one hour of acutexercise on a
motorized treadmill (25m/min at a 5% incline), and one group was killed three hours post>accite.e
Gastrocnemius muscle was rapidly excised, frozen in liquid nitrogen and used for all analyses.

Results.No change in SIRL activity was detected following fasting oteecise, implying that fasting and
exacise did not cause edent modification of SIRT1 and that allosteric binding &N (which is lost during
the etraction) may be the primary regulator of SIRT1 activity under these circumstances. Attempts to
immunoprecipitate PGCellwere unsuccessful, therefore we were unable to examine B@Celylation (as an
indicator of SIRT1 actity in vivo). Immunoprecipitation for SIRT1 vealed PGC-itt to directly associate with
SIRT1 in sleletal muscle, althoughxercise and fasting did not appear to alter the extent of this association.
Three hours following acutexercise PGC-fi mRNA was significantly higherp(< 0.05). Fasting further
increased PGCel mMRNA expression three hours post acutereise p < 0.05), in parallel with a tendepdor
increased SIRLMRNA expression |§ = 0.07). Havever, exercise and fasting had no effect on PG&-dr
SIRT 1o protein levels.

Conclusions.This study has demonstrated that SIRT1 and P@@w&ract in skeletal muscla vivo, and
that SIRT1 mRM has a tendencto increase following acutexercise in a fasted, but not fed statastng
increases PGCelmRNA expression follaving acute rercise to a greater extent thaxeeeise in fed condition.
Further ivestigation is required to wrestigate whether the SIR/PGC-1n interaction facilitates deacetylation
during eercisein vivo.
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Exercise-training increases skeletal muscle mitochondrial biogenesis despite inhibition of
xanthine oxidase

M.A. Nicolas, G.K. McConell and G.D. Wagl®epartment of Physiology¥he University of Melbourne,
Parkville, VIC 3010, Australia.

Reactve akygen species (BS) increase in skeletal muscle duringreise and there is someigence
that such small, ptsiological increases in ROS are required for normal increases in mitochondrial biogenesis
following exercise (Gomez-Cabrerat al, 2008). Indeed, vitamin C, a non-specific antioxidant,veres
increases in mitochondrial biogenesis neaskduring eercise-training in rats (Gomez-Cabreztial, 2008).
Although seeral ROS producing sites Y& been identified in skeletal muscle during contraction, there is a lack
of knowledge rgarding the source(s) of ROS responsible for initiating pathways culminating in mitochondrial
biogenesis in skeletal muscle duringreise. A recent study has identified the enzyme xanthine oxidase (XO)
as a potential source of ROS responsible for initiatirestd muscle mitochondrial biogenesis duringreise
(Gomez-Cabrerat al, 2005). p38 MAPK is a putaté nmitochondrial biogenesis signalling molecule (Akimoto
et al, 2005) and the inhibition of the XO-mediated ROS production during agateigein vivo with the XO
inhibitor, dlopurinol, presented increases in gastrocnemius p38 MAPK phosphorylation immediately after
exacise (Gomez-Cabrert al, 2005). Havever, key mtochondrial biogenesis proteins were not analysed and
the effect of allopurinol duringxercise-training has not been examined. Therefore the aim of tlestigation
was to cetermine whether inhibiting XO-induced increases in ROS with allopurinol duregise training
attenuatesdy proteins ivolved in mitochondrial biogenesis.

Male Sprague-Daley rats aged 5 weeks were randomly assigned into four groups: [1] Sedentary
(Sedwater) (n=6); [2] Exercise-trained (Exatér) (n=6); [3] Sedentary and treated with 0.25 mg/mL of
allopurinol in drinking vater (SedAllo) (n=6); and [4] Exercise-trained and treated with 0.25 mg/mL of
allopurinol in drinking water (ExAllo) (n=6). Pilot testingvealed this treatment to inhibit phosphorylation of
p38 MAPK during acutexercise. Trained rats wereecised 5 days/week on a treadmill at a 5% incline for 6
weeks. By the end of the sixth week trained rats were required to run for 90 minutes at a treadmill speed of 30
m/min. Sedentary rats were placed on a stationary treadmill for an identical period of time as the trained rats
throughout the westigation. Rats were killediia an intraperitoneal injection of pentobarbital sodium (180
mg/kg) 48 hours after the last training bout. Gastrocnemius muscles were rapidly dissected and frozen in liquid
nitrogen. Mitochondrial biogenesis markers wetamnsined using commerciallyailable antibodies for PAR-y
co-actvator-1a (PGC-In), mitochondrial transcription factor A (Tfam) and cytochrome c.

Exercise-training for 6 weeks significantly increased P@CTfam and cytochrome c protein\els in
gastrocnemius muscle of ExWater and ExAllo raps<( 0.05). Interestingly dlopurinol did not alter the
exacise-induced increases in thesey kmtochondrial biogenesis markers. No differencaswobserved in
PGC-Tn, Tfam and cytochrome c proteinvels in SedAllo animals when compared to the SedWater controls.

The fact that inhibition of XO-induced production of ROS with allopurinol failed to attenuate the increase
in mitochondrial biogenesis markers witkecise-training suggests that XO may not be an essential source of
ROS responsible for the stimulation ofelktal muscle mitochondrial biogenesis wittereise-training. Gien
that vitamin C has been shown to attenuate the increase in mitochondrial biogenesisenisie-graining
(Gomez-Cabrerat al, 2008), further studies examining other ROS producing sites witlgletslk muscle are
required to determine which sources of ROS ar®hred with regulating skeletal muscle mitochondrial
biogenesis duringxercise-training.

Akimoto T, Pohnert SC, Li PZhang M, Gumbs C, RosenePB, Williams RS, ¥n Z. (2005) Journal of
Biological Chemistr280 19587-19593.

Gomez-Cabrera MC, Borras C, Pallardg Bastre J, Ji LL, Vifia J(2005)Journal of Physiolgy 567: 113-120.

Gomez-Cabrera MC, Domenech E, Romagnoli M, Arduini A, Borrasa@lardo FV Sastre J, Vifia J(2008)
American Journal of Clinical NutritioB7: 142-149.
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No effect of statins or ezetimibe on fat metabolism during aerobic exercise in dyslipidaemic
individuals

M.A. Matuszekand R. Grant;? 'School of Medical Sciences, University ofW@uth Wales, NSW 2052,
Australia and?Australasian Reseah Institute Sydney Adventist Hospital, Wahroonga, NSW 2076, Australia.

Hypercholesterolaemic individuals are encouraged by health professionals to supplemenwdipid;lo
medication with rgular eercise. Havever, gudies in health normolipidaemic subjects fia found that some
lipid-lowering agents inhibit fat metabolism during prolonged aeroticise, which may lead to an increased
reliance on carbohydrate stores and earlier fatigue (Eaglals 1996; Headet al, 1993). The current study
investigated the effect of statins or ezetimibe on fat metabolism in dyslipidaemic individuals.

Method. All subjects recefed written appreal from their doctor to participate in the studytotal of 21
subjects, consisting of 16 males and females taking a statin, and 5 females taking ezetimibe, were recruited
Subjects made a total of three visits to the laborafdhsubjects ceased lipid-lowering medication for 3 weeks
prior to visit 1, at which theperformed a submaximakercise test on a treadmill to predict maximal oxygen
uptale (VO,max). Visit 2 continued in the absence of lipidAming medication whereas visit 3 occurred after
subjects had resumed medication for a minimum of 3 weeks. The protocol for visits 2 and 3 were identical
whereby subjects came to the laboratory afterv@nn@ht fast, a forearmem was cannulated, and subjects
were gven a low fat 1 MJ carbohydrate meal. After 75 minutes, subjeetkad on the treadmill at an intensity
of 50% of their calculated ®,max, corresponding to a ‘brisk walk’, for a period of 45 min. Blood (6 nal§ w
collected into etflenediaminetetraacetic acid (EDTA) vacutainers immediately before the meal, immediately
before eercise, and at time 15, 30, and 45 min xéreise. Q uptale and CQ, expiration were measured using
the RarvoMedic metabolic cart to determine the proportion of caybidte and fat metabolism. Data are
reported as meah SEM and were analysed with SPSS using the paired sample t-test and repeated measures
ANOVA.

Results. Subjects were moderately hegltivith the following profile: age: 5% 2 yr, SBP: 124+ 2
mmHg, DBP: 80+ 2 mmHg, body mass inde(kg/m?): 28 + 1, body &t: 30+ 2% and \O,max 32+ 2
ml.kg.mirtL. Lipid-lowering medication resulted in a significant reduction in total cholesterok (8.3 \ersus
4.1+ 0.1 mmol/l (without and with statin)), 0.2 versus 5.& 0.2 mmol/l (without and with ezetimibe); and
low density lipoprotein (LDL) (3.7% 0.2 versus 2.2 0.1 mmol/I (without and with statin)); #0.14 versus 3.7
+ 0.2 (without and with ezetimibep & 0.05). Whilst there s a significantwerall increase in the proportion of
fat metabolism and decrease in the proportion of casth@tie (CHO) metabolism and respiratorcleange
ratio (RER) during thex@rcise session, % fat and CHO contribution and RER at time 15, 30, and 45 min did
not differ in the presence compared to in the absence of either drug tested (see Table).

time + statin - gtatin p + ezetimibe - ezetimibe p

15 min 19+ 2 19+ 3 .950 22+ 4 23+ 5 .396

% FAT 30 min 31t 2 28+ 3 .315 31+5 29+ 5 425
45 min 38+ 2 37+ 3 .850 335 34+5 496

15 min 82+ 3 82+ 3 .982 78t 4 77+5 418

% CHO 30 min 70+ 2 74+ 3 .182 70+ 5 72+5 411
45 min 62+ 2 63+ 3 .835 67+ 5 66+ 5 .489

15 min .93t .01 .93+ .01 1.000 92 .01 .92+ .01 .587

RER 30 min .90+ .01 91+ .01 .180 .9G .01 .91+ .01 513
45 min .88+ .01 .88+ .01 751 .87 .01 .89+ .01 .606

Conclusion. These data indicate that neither statins nor ezetimibe decetamailfbility during exercise and
do not appear to place increased demands on carbohydrate to resicice ¢olerance.

Eagles CJ, Kendall MJ, Maxwell S. (19®&jtish Journal of Clinical Pharmacologgl: 381-7.
Head A, Jakeman PM, Kendall MJ, Cramb R, Maxwell S. (1888igraduate Medical Journd9: 197-203.
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Hyperaemic responses to forearm exercise
T. \an der Touw and M. Cook, School of Science and Techntagersity of Nev England, ArmidaleNSW
2351, Austalia. (Introduced by Dr Gudrun Dieberg)

The hyperaemic response teeeise commences within seconds of the onsekefcese, and reaches a
steady-state el after several minutes of constantavkload. Although a variety of mechanisms appear to be
involved, the interplay between these mechanisms is caraptenot fully understood.

Eight seated healhadult male subjects (21.% 0.9 years of age) performed single 1 s forearm
contractions, as well as 2 minutes of rhythmiereise consisting of forty 1 s forearm contractions with each
contraction folleved by a 2 s period of rest. Contractions were made by the dominant forearm at 20 and 40% of
the maximum strength. Forearm blood velocity was measured with a transcutaneous ultrasound Doppler blood
velocity probe placed \er the distal brachial artery in the antecubital fossa. Doppler forearm bi&lodity
signals were \&raged oer entire cardiac cycles and expressed as changes dbseline lgels. The blood
velocity response from a single 1 s contractioaswadded to itselfvery 3 s ower 2 minutes to obtain a
theoretical forearm blood velocity response tgthimic forearm contractions. This response was compared with
the blood velocity response measured during 2 minutesyttiriic forearm rercise at equident levels of
contraction force.

The typeraemic response to single 1 s forearm contractions lasted2608and 7.4t 2.5 s respectely
for 20 and 40% maximum contractions. The peak change in forearm k@it measured during 2 minutes
of rhythmic forearm contractions corresponded closely to theoretit@ s calculated from single 1 s forearm
contractions (11.2 5.3 and 11.% 6.7 cm/s respectely at 20% maximum contractions, 1A7.1.5 and 17.&

7.1 cm/s respectily at 40% maximum contractions; bgwh> 0.95 with paired Studentgests). Forearm blood
velocity during rhythmic gercise did not alays reach a steady-state plateau during the 2 minuteytbimic

exacise, and reached 80% of the steady-state theoretical plateau more slowly than predicted from the
hyperaemic response to a single contraction (528.1 and 9.& 8.3 s at 20% maximum contractions, 29.2

16.0 and 8.5 3.2 s at 40% maximum contractions; bptk 0.005 with paired Studentgests).

The results suggest that a rapidly actiggdraemic response is initially sufficiently potent to fully match
increased metabolic demand during rhythmic foreaxencese. Havever, precise matching between bloodvilo
and metabolic demand by the rapidly actirygpdraemic response theoretically occurs sooner than is actually
obsenred during rhythmiceercise. W eculate that the rapid hyperaemic response diminishes in patéhc
repeated forearm contractions and that slower onset autoregulatory mechanisms are then brought into play t
precisely match increased metabolic demand.
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The response of isolated tunica dartos muscle to acute and prolonged cold stimulation and
noradrenaline

I. Nanayakkara, S.K. Malogeand A.J Bakker Discipline of PhysiologySchool of Biomedical, Biomolecular
and Chemical Sciences, University of Western Australlag®@9, Australia.

Human infertility is a problem &dcting 10-15% of couples, with approximately equal contribution from
both partners (DeKretser and Bakl999). Spermatogenesis is a temperature semgitcess that is gulated
by the lypothalamo-pituitary gonadal axis of hormones. In most mammals testicular temperature is maintained
2-6°C belav the core body temperature (Malgn& M itchell, 1996). The tunica dartos muscle lining the scrotal
skin plays an important role in the regulation of testicular temperature and therefore, male @atititsiction
of the dartos reduces the surface area of the scrotum and the blodtal the scrotal skin, prkenting heat loss.

Dartos relaxation causes excess heat to bevem@hafik, 1973). Dartos contraction can be induced by
sympathetic stimulation, and cold-induced contraction wagqusly thought to be mediated solely through a
spinal refle invdving the sympathetic nerves and noradrenalinewdder, cooling of the isolated dartos
produces a contractile response indicating that other mechanisms also induce contraction in the dartgs (Malone
et al, 2005). Therefore, we fa sudied the contractile physiology of the isolated dartos muscle vg#ndréo

cold stimulation and noradrenaline.

Isolated dartos muscle strips (2-3 mm wide) were obtained from the glabrous part of the scrotum of
Wistar rats and were connected using 3/@isat silk to a force transducer system in agaorbath. The tissue
suspended gen chamber contained Krebs-Ringer solution (NaCl 121 mM, KCI 5.4 mM, Mg&Q0 1.2
mM, NaHCQ, 25 mM, HEPES 5 mM, glucose 11.5 mM, Ca@lLO 2.5 mM) with a pH of 7.35. The bathas
aerated with carbogen (5% G@nd 95% Q) and its temperature was controlled via a recirculating water bath at
33°C.

The isolated dartos muscle contracted in response to electrical field stimulation, noradrepabuece
and cooling to 15°CThe cooling response was greater with therlging skin present, compared to the isolated
muscle (115t 6.1% compared to 3% 7.3% of EFS responsp,= 3.03 x 10, n = 8). The dose response carv
to noradrenaline &s sigmoidal with an EG of 10° M (n = 6). Prolonged cooling caused the tension to
gradually decrease to baseline after approximately 3 hourgjiradldhe noradrenaline response at 15°C to be
determined in the absence of cooling induced force. The contractile response to noradrenaline @&s15°C w
153% of that measured at 33°C. The contractile reactivity to noradrenaline was decreased at higher
temperatures, as previously shown by another method (Gibson et al., 2002). Repeated coolingafafiegye
led to a markd reduction in the contractile response to further cooliffigc@®ling peak tension 28:511.7%
of 15t peak,n = 6). No such reduction in response was obs@érwith repeated electrical field stimulation or
noradrenaline.

This study shows that the cooling response in the tunica dartos is enhanced by the presence of the skin
and the cooling response may be in part due to greater wéngiti basal noradrenaline release awdo
temperatures.

DeKretser DM & Baker HW(1999)Journal of Clinical Endocrinology and Metabolisi®¥: 3443-50.

Gibson A, Akinrinsola A, Patel, TRay A, Tucker J & McFadzean IBritish Journal of Pharmacolgy, 136:
1194-200.

Maloney SK & Mitchell D. (1996)Journal of Physiology496: 421-30.

Maloney SK, Shepherd KL & Bakker AJ. (200Rfliges Archives - European Journal of Physiglg 451.:
489-97.

Shafik A. (1973)nvestigative Urologyl1: 98-100.
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Uterine spontaneous contractions in the estrous cycle and the effect of mitochondrial inhibitors
F.S. Gravina: K.P. Kerr,! S. Sandow,R.B. de Oliveird, H.C. Parkingtor? M.S. Imtiaz and D.F van Helden!
1School of Biomedical Sciences, University of Newgds8®V 2308, Australi€Department of Pharmacology,
University of Nev South Wales, NSW 2052, Australia aiizepartment of Physiologionash UniversityVIC
3800, Australia.

Uterine smooth muscle plays an essential role in parturition. During labour the smooth muscle of the
uterus contracts forcefully and rhythmically in order tovaelthe newborn. In non-pregnant animals the uterus
also contracts, possibly in response to the menstrual period or esydes Respite its importance, the
mechanism of uterine contractions is not well understood. The role %f SBaes in this process is still
controversial. A recent study in the guinea piallpladder has shown that mitochondriaPCplays an essential
role in tone and motility of this tissue (Balemdtaal.,2008). Preliminary studies othe uterus hae siown that
mitochondria may indeed play a role in uterine pacemaking (Graviala 2007).

The aim of the present study is: i) to determine thecebf the estrous cycle (estrusmetestrus) on the
spontaneous contractions; and ii) to compare the effects of mitochondrial inhibitors on the spontaneous
contractions during different stages of the estroyslec Swiss mice (6-10 weeks) were euthanized by
overexposure to the inhalation anaesthetic isoflurane (5-10% in air), a procedureeddprdne Animal Care
and Ethics Committee at the Waisity of Nevcastle. dginal smears were performed with NaCl 0.9% in order
to determine the phase of the estroysle (Marcondest al., 2002). Uteri were dissected out and each one
provided 4 pieces of uterine horn. These preparations were set up in @mbaths containing Krebs solution,
bubbled with carbogen at 37°C, under 0.5 g wt tension to record the foreepi by the longitudinally-
arranged layerTissues were allowed to equilibrate for 20 minutes. The force of contractasmsesorded
isometrically from a Grass FT.03 tension transducer connected to a MacLab4e system. Log concentration-
response curves were constructed using 3 different mitochondrial inhibitors: \darloganide
3-chlorophenyliidrazone (Cccp a mtochondrial uncoupler),
7-chloro-5-(2-chlorophenyl)-1,5-dyro-4,1-benzothiazepin-2(3H)-one (CGP37157, a mitochondrfdl\at*
exchange blocker) and oligomycin (an ATP synthase inhibitor). Spontaneous contractions during estrus were
significantly different from metestrus (0.200.02 g wt/mg,n = 5vs0.29+ 0.02 g wt/mg,n = 10; p < 0.05).
Spontaneous contractions were inhibited by CCCP (pIC50 =#5.&80,n = 5-10) and CGP37157 (pIC50 =
4.29 £ 0.10, n = 4-9). In contrast, oligomycin did not affect contractioms=4). CCCP did not hae a
significantly different g&ct in estrus (pIC50 = 6.17; 95% CI 5.61-6.7i3; 3) when compared with metestrus
(pIC50 = 5.66; 95% CI 5.46-5.8i,= 3). However, the effect of CGP37157asg significantly different (P<0.05)
between estrus (pIC50 = 3.65; 95% CI 3.21-409,3) and metestrus (pIC50 = 4.38; 95% Cl 4.14-4162,3).

In conclusion, this study reinforces our yaoms finding that mitochondria may play a role in uterine
pacemaking, not only as an ATP producer (as oligomycin, an ATP synthase inhilmitanot inhibit
contractions, showing that the effects of the other drugs were not due to laglpfMorewer, this study
shows different sensitivities to at least one of these inhibitors depending on the estrous cycle.

Balemba OB, Bartoo AC, Nelson MWawe GM. (2008)American Journal of Physiolog294: G467-76.

Gravina FS, Ryan K, Imtiaz M, SandoS, Snith R, Parkington H, van Helden D. (20(Hjoceedings of the
Australian Physiological Societ38: 119P.

Marcondes FK, Bianchi FJ. Tanno AP002)Brazilian Journal of Biology62: 609-14.
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The pacemaker and patten generator underlying colonic migrating motor complexes does not
requir e release of serotonin from the mucosa

D.J. Keating and N.JSencerDepartment of Human Physiolgdihool of MedicineFlinders University SA
5001, Australia.

Introduction. Colonic migrating motor comptes (CMMCs) are gclical contractions of the colonic
smooth muscle layers which ocdarvivo andin vitro and propagatever lamge distances along the largento,
facilitating the propulsion of colonic contents. The location of the pacenthlt generates CMMC ythmicity
is unknown, but must lie within the colon itself, since CMMCs occur in an isolated whole colon. Data obtained
from a number of laboratories strongly suggests that theitgati the CMMC pacemaker wolves release of
serotonin (5-HT) from the intestinal epithelium, since antagonists of the S¢tEptor sl the CMMC
pacemakr and prolong intestinal transit, making these drufgctfe in relieving the symptoms of diarrhea-
predominant irritable bowel syndrome (D-IBS). What is not cisdiow o where the release of 5-HT from EC
cells acts to control the CMMC pacemgkor whether EC cells themselvesea form part of the CMMC
pacemakr mechanism. Since 5-HT is kmio to be released specifically from EC cells, weehanrrelated, in
real time, the release of serotonin from EC cells, whilst recording CMMCs in isolated whole preparations of
mouse colon.

Aim. To determine the role of endogenous serotonin release from EC cells in the generation and
propagation of CMMCs.

Methods. Carbon fibre electrodes were used to record the dynamic release of 5-HT from a population of
ECs in the mid colon, whilst at the same time, recordings were made of spontaneously occurring CMMCs
propagting from the proximal to distal colon using isometric mechanical recording techniques. The whole
colon was isolated from male C57BL/6 mice and a longitudinal incision made along the whole lemgth. T
types of preparation were used: one type where the entire ca®intact and measurements of 5-HT release
were made from EC cells, and a second type of preparation where the mucosa, submucosa and submucos
plexus were remeed from the whole colon, and measurements of 5-HT release were made from the circular
muscle.

Results.It was found that each CMMC contraction was commonly found to temporally correlate with a
simultaneous release of 5-HT from the mid coloo.tdst whether the CMMC pacemaker required release of
5-HT from EC cells, we dissected tfie mucosa, submucosa and submucosaupl&#om the entire full length
of colon. Remwa of these structures abolished all cyclical rises in 5-HT release from the mucosa, but did not
prevent the cyclical generation of CMMCs. Specificaltywas found that remwal of the mucosa, submucosa
and submucosal plexus caused a slighit,itsignificant decrease in CMMC rhythmicity (control interval: 4.5
0.27min;c.f. after mucosal remal: 2.0 £ 0.3min; n =4: p = 0.26), but no significant differences in CMMC
amplitudes (control: 38.& 11.1mN,c.f. without mucosa: 44.2 7.6mN; n = 4:p = 0.66), or half durations
(control: 14.7+ 4.3 c.f. without mucosa: 18.3 2.9s; n = 4;p = 0.52). All CMMC activity that persisted in
preparations consisting of only myenterianglia and smooth muscle were abolished byahmthonium
20QuM; n = 3.

Conclusions.The pacemaker and pattern generator underlyingyitieeal generation and propagation of
CMMCs is located within the myenteric gles, and does not require release of serotonin, nprotrer
endogenous substances from the colonic epithelium. Also, no evidesdeund to suggest that intrinsic neural
inputs from the submucosal plexus were required for CMMC generation or propagation.
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Spatial relationships influence stimulus-secretion coupling in secretory epithelial cells
J. Low and PThorn, School of Biomedical Scientiversity of Queensland, QLD 4072, Australia.

Introduction. Stimulus secretion coupling inxe@table cells primarily utilizes the influx of calcium
through cell-surface calcium channels as the trigger kmcytosis. Work has characterized the spatial
relationships between the calcium channels and the site®oftie release. May secretory cells, hwever, do
not use influx of calcium as the trigger fowoeytosis and instead use calcium release from intracellular calcium
stores. In these cells, and a good example is the pancreatic acinar cells, there is little informatiow &seto ho
calcium release sites are spatially related to the sitesoftesis. W know in these cells thatxecytosis occurs
exclusively along the lumen and that reladiy high calcium concentrations are required to triggercgtosis
(Ito et al.,1997). W dso knaw that calcium release is focused at the lumen and this has led us to speculate that
the calcium release apparatus may be closely apposed to the sitesytdses (Thornet al., 1993). Here we
test this hypothesis.

Methods. Male CD-1 mice were killed according to the apmbethical procedures of The Urrsity of
Queensland. The pancreas wasiged and collagenase-digested to produce fragments of pancreatic tissue (see
Thornet al., 2004 for details). The tissue fragments were bathed in fluorescent dye, sulforhodamine B (SRB)
and imaged Vlie with 2-photon microscop Cell exocytic responses were typically stimulated with
cholesystokinin (CCK, 15 pM). Uporxecytosis the extracellular fluorescent dye enters and labels the granules.
Cells were loaded with Fura-2 (AM) and the fluorescence recorded to determine the calcium response. Finally in
some experiments we loaded the cells with NP-£E@Jaged calcium) and used a UV light source, with flash
duration controlled electronicall{o uncaged calcium within the cells.

Results. The first question we asll was, whether under conditions of uniform calciunvatien we
could obserg dustering in the sites ofxecytic release. @ characterize thexecytotic response we uncaged
calcium from NP-EGTA. Varying the UV photolyisis flash duration (from 5 to 200 ms) released calcium in a
graded manner (as recorded with Fura-2). At the shorter flash durations we observed limiteddoytio e
activity. With the longest durations of 100 ms large calcium responses triggeredranaesijtic responses
(measured asvents per lumen length per minute 1.6%&ms/nm/minutet 0.35) with short latencies (9.45%s
0.525). In these experiments the calcium signal rises uniformly across the cell. Spatial analysizanytiee e
response rgaled a modal value for granule-to-granule distance apartiof @ith evidence to suggest that this
distance is not due to yaspatial localization of release sites but rather due to the limited lengths of the lumens
in each cell. Further analysis sted that the laterycof response was similar along the lumen length,
reinforcing the idea of uniformity of exocytic release sites along the lumen.

We ten asked the question as to whetieresponse to CCK, where there is a clear structure to the
calcium response, that this signal structure affected the spag@alzation of eocytic responses. CCK-induced
oscillations start at a specific locus within the apical region of the cell and thehatsaa waveto all other
regions of the cell. Past work suggests that these focal hot-spots of calcium release are duoagfe
particularly actre inositol trisphosphate receptors. Here we determined the focal hot-spot by a fuativeeri
analysis of the calcium responses and recordedxibaytec responses, studying the latgrio respond and the
location of &ocytosis. Measuring the distance between the focal hot-spot of release and the triggeytd e
responses wealed[b0% of granules are released withipm of the calcium release site. Surprisinglgry few
exocytic responses were seen <urh from the calcium release hot-spot possibly suggesting steric exclusion of
granular exocytosis.

Conclusions.We here describe for the first time the spatial relationship between the calcium signal and
the &ocytic response in cells primarily reliant on release of calcium from intracellular stores. Our data sho
that the gocytic release sites ha ro preferential clustering along the lumen. But wewghioat the structure of
the agonist-eoked calcium response does influence the spatial extent of exocytic release.

Ito K, Miyashita Y & Kasai H. (1997EMBO Journall6: 242-51.

Thorn R Lawrie AM, Smith PM, Gallacher 0 & Petersen OH. (1993ell Calciuml14: 746-57.
Thorn R Fogarty KE & Parker I. (2004proceedings of the National Academy of Sciences WEA6774-9
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EGF and neurotensin mediated proliferation in HT-29 colon cancer cells; defining a role for the
scaffold protein NHERF-1

WA. Kruger! Y. hng! G.R. Monteith and P Poronnik? 1School of Biomedical Sciendéniversity of
Queensland, St Lucia, Qld 2072, Australia &8dhool of Pharmacgyniversity of Queensland, St Lucia, Qld
4072, Australia.

Cancer of the Mer intestine or colorectal cancer is the most common cancer in Australia, with
approximately 1 in 20 Australians being diagnosed with some form of colorectal cancer eacfugreat
treatment relies on surgery combined with chemotlye@pradiotherag. A deeper understanding of the
molecular basis for cellular dysfunction in colorectal cancer is essential to identifiamyets for therapeutic
intervention. Epidermal growthattor (EGF) and neurotensin (NT) are important pro-prolifezatactors
implicated in colorectal cancer cell proliferation. Our research focuses on the roles of'tHé &kahanger
regulatory factor 1 (NHERF-1) as a PSD-95/Dlg/Zo-1 (PDZ) fetadfin mediating cell signalling in epithelial
cells. This protein plays a major role in golfing macromolecular comptes invdved in signal transduction.
Importantly NHERF-1 has been shown to interact with the EGF receptor to cluster the receptor at the cell
surface (Lazaret al, 2004). This study was undertaken towestigate the role of NHERF-1 in EGF and
neurotensin (NT) mediated proliferation of colorectal cancer cells. The HT-29 cell éisedened from a
primary human adenocarcinoma of the rectosigmoid colon and is widely used as a model for colorectal cancer
The basic strategy was to use lentiviruses toveleBiRNA aganst NHERF-1 and to study thefedts of
silencing NHERF-1 on EGF and NWaked Ca’* signalling and cellular proliferation using biochemical and
spectrophotometric techniques. Cells were infected with the virus for 2 days, serum starved for 2 days and
treated with EGF or NT for 24 hourso nvestigate the binding of NHERF-1 to a putegiFDZ binding domain
in the C-terminal tail of the type 1 neurotensin receptor (NTR-1) co-immunoprecipita®osed.Treatment
of the cells with either EGF or NT increased the rate of proliferation #28QEGF) and 1#5% (NT) (n=4).

When the cells werexposed to EGF and NT together no synergism was observed, suggesting thai the tw
mitogens may actia similar signalling endpoints. Infection of HT-29 cells with the lentivirus expressing/siRN
against NHERF-1 reduced endogenougele of the protein by 86% (n=3) as determined bya@stern blot.
MTT-assays demonstrated that silencing of NHERF-1 also reduced cell proliferation of cgfisirgreerum
containing medium by 572% (n=5). In addition, in cells silenced for NHERF-1, neither EGF nor NT had an
proliferative dfect. NTR-1 is a G-protein coupled receptor that sigmasncreases in intracellular €a In

cells silenced for NHERF-1, the peak increase if*Geas reduced by 785% (n=5) of the control, as
determined using the €asensitve dye Fluo-3. Hwever, co-immunoprecipitation of a GFP-tagged fusion
protein expressing the C-terminus of NTR-1 showed no detectable interaction to NHERF-1 in HT-29 cells.

These data demonstrate eykole for NHERF-1 as a posig requlator of HT-29 cells in response to
serum, EGF and NTThe exact molecular basis for this effect remains to be determined but suggests a role for
macromolecular signalling compies caffolded by PDZ proteins. Inhibition of NHERF-1 may be aéarfor
the design of more specific anticancer therapies.

Lazar C.S., Cresson, C.M., Laeihburger D.A. & Gill, G.N. (2004) Molecular Biology of the Cell15,
5470-5480.
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Megalin binds to NHERF1 and NHERF2 scaffold proteins

K.A. Jenkir; C. Slattery? P. Foronniké and D.H. Hryciwt 'School of Biomedical and Health Sciences, St
Albans, Victoria UniversityvIC 8001, Australia and School of Biomedical Sciences, The University of
Queensland, St Lucia, QLD 4069, Australia.

Albumin endocytosis in the renal proximal tubule is regulated by tivergger receptor ngglin, as well
as a number of transmembrane and accessory proteinguBhe we hae demonstrated an essential role for
the scaffold proteins NHERF1 and NHERF2 in albumin uptake. NHERF1 and NHERF2 are PDZ domain
containing proteins that interact with specific sequences that form a PDZ binding domai®)81TtKe C-
terminus of transmembrane proteiriaterestingly megdin contains a functional PDZ binding domain (@D
however an interaction between meaglin and the scaffold proteins NHERF1 and NHERF2 has not been
investigated.

In this study we will inestigate if there is an interaction betweengalim and NHERF1 and NHERF2,
and then characterize the specific domains required for this interaction. Initraliyunoprecipitation
experiments were performed using antigda, anti-NHERF1 and anti-NHERF2 antibodies that were
incubated with rat kidnelysate. Theammunoprecipitates were analysed by Western blot analysis using the
anti-NHERF1 and anti-NHERF2 and anti-gaén antibodies, respeetly. These studies clearly indicated that
megdin bound to NHERF1 and NHERFH& vivo. To determine which domains in NHERF1 and NHERF2 were
required for this interaction, GST fusion proteins were generated as descritiedgbye(Hryciw et al., 2006;

Lee et al., 2007). Thesdusion proteins included the full length NHERF proteins as well as their 2 PDZ
domains (PDZ1 and PDZ2) and C-terminal ezrin binding doméisubation with rat kidne lysate and
analysis by Western blot analysis indicated thagaive bound to PDZ2 of NHERF1 and PDZ2 and the C-
terminal ezrin binding domain of NHERF2. lyBin binds to NHE3, an exchanger that that is also essential for
albumin endogtosis. InterestinglyNHE3 also binds to in NHERF1 and NHERF2 using the same PDZ binding
domains.

We dso investigated the distribution of ngalin and NHERF1 and NHERF2 in the opossum kid(f@K)
proximal tubule cell line. OK cells are a well characterized model of albumin wiedtcthat contains a lze
number of essential endogenous proteins includingaine NHE3, NHERF1 and NHERF2. Confocal analysis
of OK cells demonstrated that the distribution ofgai@ was predominantly apical with sometasolic
localization. ImportantlyNHERF1 had a strong apical localization whiclertapped with mgdin. Further as
previously described (Hrycivet al.,2006) NHERF2 was predominantly cytosolic, and this protein co-localized
with megdin in this region. Thereforewe hare described for the first time an interaction betweegaire and
the scaffold proteins NHERF1 and NHERF2. As the NHERF proteins been shan to be required for the
formation of macromolecular compks in aher cell systems, furthervestigation should determine if thie
play a role for the compteformation required for the gelation of mgdin medicated albumin endocytosis in
proximal tubule cells.

Hryciw DH, Ekbeg J, Ferguson C, Lee A, \8hg D, Parton RG, Pollock CA, Yun CC, Poronnik(ZD06)

Journal of Biological Chemistry281: 16068-77.
Lee A, Rayfield A, Hryciw DH, Ma TA, Wang D, RoD, Broer S, Yun C, Poronnik F2007)Glia, 55: 119-29.
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Identification of glutamate transporter glast splice variants in hypoxic neonatal pig brain

A. Leet S. O’Driscoll? D. Powf and P Poronnik}! School of Biomedical Sciendéniversity of Queensland,
Brisbane QId 4072, Australia andCentee for Clinical Reseath, University of Queensland, Royal Brisbane and
Womens Hospital, Qld 4029, Australia.

Glutamate homeostasis is critical to normal brain function and deficiencies in regulatidracéleilar
glutamate are thought to be a major determinant of damaggaxik brains. Extracellular Vels of glutamate
are regulated mainly by plasma membrane glutamate transporters. In thifRktadyom hypoxic neonatal pig
brains were analysed for isoforms of the glutamate transporter GLAST usargerdranscription PCR and
cDNA cloning/sequencing methods. As reported previously in the hunallejf/lllarramendiet al, 2005), a
splice variant lacking exon 9 (GLASMskip) was also detected in hypoxic pig brain. Sequence alignment
revealed that GLAS&Oskip shared®0% sequence similarity (at the nucleotide and amino aed) leith the
human orthologue EARLex9skip. W& dso isolated a nal splice variant which lacks bothxens 5 and 6
(GLASTex5+6skip) resulting in the loss of 112 amino acid&-HTR analysis indicated that both these splice
variants are expressed in the hypoxic brain, ati¢eranging between 10% and 20% of theglef full length
pig GLAST Immunohistochemical analysisvealed that GLAS&X9skip was expressed in the plasma
membrane of neurons following mild hypoxic insult. Ugtadudies using hypoxic brain slices demonstrated
accumulation of a glutamate analogue (D-Glu) into neurons. ThiseuptaR-glu is unlikely to be due to
EAAC1 (EAAT3), the only other candidate neuronal transporter of glutamate in the socde D-Glu is not a
substrate for EAR1. Furthermore, we observed no accumulation of D-Glu into neurons in brain slices from
control animals that did not express GLASIskip. Our data support a model in which GLA®Iskip is a
glutamate transporter in hypoxic neuron® jbpose that the utilization of GLA®Xskip rather than a multi-
step transport process (glutamate-glutamine cycle) with multiple energy demands may be an adaptation of the
brain to reduce energwiden while maintaining glutamate homeostasis, at least under conditiomsenieimy
awailability. Furtherin vitro transport studies are underway using cloned Glek83kip and GLAS&x5+6skip
to characterise the glutamate transporting capacity of these GLAST isoforms.

Vallejo-lllarramendi A, Domercqg M, Matute C. (200urnal of Neurochemistrg5: 341-348.
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Protons released as a by-product of exocytosis affect the intracellular calcium response
N. Behrendoffand P Thorn, School of Biomedical Sciences, University of Queensland, St Lucia, QLD 4072,
Australia.

Introduction. Most, if not all, secretory granules maintain an acidic pH. Inynygmes of granules this is
used to due ®condary-actie ptake of contents into the granuled. neurotransmitter uptake). In peptiger
granules the acid lumen is thought to act as agehsereen between the proteins enabling a tighter packing of
granule contents. With granule fusion durin@@ytosis, protons are lost through the open fusion pore prior to
the loss of othetheavier granule content. The loss of the acid gradient is one of theviarsiseof exocytosis.

Given the high mobility of the protons, release from a small granule int@a &xtracellular volume would be
expected not to change the extracellular pH significakilyere the extracellular environment is restricted, this
might not be the case. Within hoNoorgans, it is conceiable that &ocytotic release of protons from granules
might contribute to the intra-gan pH ewironment. In ogans with a restricted extracellular volumeguéated

pH changes ha been shown to occur as a result of the transport of acid into the extraceNatanerent (Chu

& Montrose, 1995). Here we report our results on whetkmytosis can lead to pH changes in the lumen of
the exocrine pancreas.

Methods. Male CD-1 mice were killed according to the apjibethical procedures of The Urmrsity of
Queensland. The pancreas wasiged and collagenase-digested to produce fragments of pancreatic tissue (see
Thorn & Rarker 2005). The tissue fragments were bathed in extracellular fluorescent dyes and ineagét i
2-photon microscop Cell exocytic responses were stimulated with cholecystokinin (20 or 100 pM). Upon
exocytosis the extracellular fluorescent dye enters and therefore labels the grarellesedMvo different
extracellular dyes; sulforhodamine B (SRB, an inert dye), 8-Hydroxypyrene-1,3,6-trisulfonic acid (HPTS, a pH
sensitve dye, see Schwiening & Mbughby, 2002) and 8-Methoxypyrene-1,3,6-trisulfonic acid (MPTS used as
an inert control for HPTS). Wdso used an intracellular calcium sendéuo-4 AM. We alibrated the pH
sensitvity of HPTS in the 2-photon microscope with 950 nxcition light. Our estimated Kd, deed from
the calibration was 6.79.

Results. Initial experiments were performed in the presence of extracellular 7 mM HEPES. Here we
obsenred single rocytic events in response to 20 pM CCK. Theserdgs were seen as a sudden increase in SRB
and HPTS fluorescence in the granule. lriaws of interest in the lumens, immediately adjacent toxbeyéic
events, we obsemrd little change in the SRB signal (in some cases a small increase due to dye binding to
released proteinaceous content — see Thorna&dp 2005). In contrast, we consistently observed small,
transient decreases in HPTS fluorescence ind&atipossible acidification. Applying our HPTS calibration to
this data gveus an estimated mean decrease from 7.4 to # @03 f = 68). To assess the uniffered pH
changes we remved HEPES from the extracellular solution. Again the luminal SRB changes were small or
showved a slight increase. MOHPTS recorded greater pH changes (from 7.4 to a mean ot DB N = 52).

These luminal changes preceded the influx of SRB into the granule suggesting release of protons from the
granule through an initial fusion pore too small towal®RB entry Control experiments with MPTS showed no
changes. Experiments stimulating the cells with high CCK (100 pM) showed dramatic luminal acidifications. T
determine if thesexéracellular pH changes affected cell responses we measured cytosolic calcium responses to
CCK (with Fluo-4 AM) +/- extracellular HEPES. The responses were very different. For example the frigquenc

of calcium oscillations in HEPES was 0.420.03 Hz ( = 43) compared to 0.6% 0.06 Hz 6 = 38) in the

absence of HEPESp (< 0.001), supporting the idea that extracellular pH changes de hanctional
consequences for the cell.

Conclusions.What we shw here is that proton release from secretory granules significantly acidifies the
primary secretory output with pH drops of up to 0.4 pH units. Thisrakefold increase in protons is an
unprecedented change for amtracellular ion and we sho this pH change is capable of modulating
intracellular calcium teels. We mnclude that the acid content of secretory granules has the potential for
significant effects when released.

Chu S & Montrose M. (1998 roceedings of the National Academy of Sciences BIBA303-7.

Schwiening C & Willoughby D. (2002Journal of Physiology38: 371-82.
Thorn P & Parker |. (2005)ournal of Physiologyp63: 433-42.
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Epithelial Sodium channels ae regulated by the tyrosine kinase, c-Abl
S.H. Songl.H. Lee A. Dinudom and D.l. Cook, Discipline of Physiolo&ghool of Medical Sciencd-aculty of
Medicine University of Sydng Sydng, New Suth Wales 2006, Australia..

Epithelial N& channels (ENaC) mediate Nabsorption in kidng lung and colon epithelia. The function
of ENaC is important in the maintenance offldad fluid homeostasis, and the regulation of plasma volume and
blood pressure. Activity of ENaC is controlled by hormones, such as aldosterone and insulin, and paracrine
signalling molecules, such as tumor necrosis factor (TNF) and transforming gaataH3f(TGF{3). Mary of
these regulators of ENaC activityeet their effects via protein kinases. Abelson kinase, c-Abl, is a 150-KDa
non-receptor tyrosine kinase that is stimulated by tegulators of ENaC, TNF and TGE- c-Abl contains
multiple interactte domains, including Src homology (SH) 3 domain and SH2 domain, a tyrosine kinase
catalytic domain, proline-rich motifs, DNA-binding domains and actin-binding domains, whictv allo
transduction of aariety of cellular signals. Although c-Abl is wildly expressed in epithelial cells, the role of
this kinase in regulating ENacC is currently unknown.

Using RI-PCR and Western blot analysis, we confirmed endogenous expression of c-Abl kinase in mouse
kidney collecting duct (M1) cells, human lung epithelial (H441) cells, and in Fisher rat thyroid (FRT) cells. W
found that expression of a constigty active mutant of c-Abl strongly inhibited the activity of ENaC in both
M1 cells, which endogenouslxgress ENaC and HRcells which express exogenous ENaC. Interestjngly
Abl cannot davnregulate activity of a mutated ENaC in which the c-terminal ofseltunit of the channel has
been truncated, or a mutated ENaC in which a consensus phospholylation site for 3Eblag Y618, is
mutated to alanine. The amino acid Y618 RENaC is part of the PY motif that interacts with the ubigitin
protein ligase, Nedd4-2, a known regulator of ENaC which mediates ubiquitin-dependardgdidation of the
channel. c-Abl, haever, downregulated actiity of ENaC in cells in which Nedd4-2 expression was kedek
down by expression of sifNdirected against Nedd4-2.

We @nclude that c-Abl kinase mediates its inhibitorfeef on the activity of ENaC activity via the PY
motif of the B-subunit of ENaC in a Nedd4-2 independent manner.

Proceedings of the Australian Physiological Society http://www.aups.ay.au/Proceedings/39/106P



Regulation of the rat glutamine transporter SNAT 3
S. Balkrishna, A. BréeA. Kingsland and S. Brogg&chool of Biochemistry and Molecular Biolgghhe
Australian National UniversityCanberra, ACT 0200, Australia.

Glutamine is the most abhdant amino acid in the blood plasma and cerebrospinal fluid. It plays an
essential role in neurotransmitter yeling in the brain, ammonia detoxification in theveli and the
compensation of metabolic acidosis in the kid@ldackenzie & Erickson, 2004). In thesegans, the uptai
and release of glutamine is primarily carried out by the Sodium Neutral Amino Aaigsgorter 3 (SAT 3)
(Chaudhryet al, 1999). Due to this potal role played by SAT3, an understanding of its regulation has high
physiological releance. Glutamindransport by SNT3 is knovn to be accompanied by the co-transport of a
sodium ion and the antiport of a proton Xenopus lags oocytes (Broeret al, 2002). In this studythe
regulation of the rat SAT 3 transporter by Protein Kinase C (PKC) wagestigated. Actvation of PKC by the
treatment of oocytes expressing v with the phorbol ester PMA resulted in the rapidvdaegulation of
rSNAT 3 activity. Mutational analysis of putat FKC phosphorylation sites stved that this dwn-regulation
was ot due to the phosphorylation of r8N3 at IKC specific sites. In order tovestigate the cause of the
down-reyulation of rSMT 3 activity, confocal microscop on oocytes expressing eGFP-r8N3 was performed.
These studies vealed that the PMA-mediatedg@ation of the transporter was due to the re#tief the fusion
protein from the oocyte plasma membrane. Preliminary data indicate that thisareigeurs through a
dynamin-independent pathway.

Broer A, Albers A, Setiaan |, Edwards RH, Chaudhry FA, Lang Wagner CA, & Broer S. (2002ournal of
Physiology 539: 3-14.

Chaudhry FA, Reimer RJ, Krizaj D, Barber D, Storm-Mathisen J, Copenhagen DR &dsdRH. (1999Lell,
99: 769-80.

Mackenzie B & Erickson JD. (200#¥ligess Archive European Journal of Physiologi47: 784-95.
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Distribution of the amino acid transporters B°AT 1, B’AT2 and ASCT2 in kidney and intestine

N. Tietze} JM. Vanslambrouck,J.E.J Raskd and S. Broet, 1School of Biochemistry and Molecular Biology,
The Australian National Universitganberra, ACT 0200, Australia arfene and Stem Cell Therapy
Program, Centenary Institute of Cancer Medicine and Cell Biglbopwersity of Sydng NSW 2050, Australia.

Dietary protein is almost completely absorbed in the intestine with the aid of proteases, peptidases, amino
acid and peptide transporters. Plasma amino acids are filtered in the dndngubsequently reabsorbed in the
proximal tubule of the kidne Neutral amino acids are transported in these tissues mainly by an amino acid
transports actity referred to as System®BThree different amino acid transporterséddieen suggested to be
member of this transport adgty, namely BAT1 (SLC6A19), BAT2 (SLC6A15) and ASCT2 (SLC1A5).
BPAT1 is a Na* dependent, Clindependent and pH senséi ransporter mediating transport of all neutral
amino acids with I affinity (Broeret al.,2004). Further studiesvealed a cotransport stoichiometry of 1'Na
together with a substrate (Bohmetr al., 2005). ASCT2 mediates transport of neutral amino acids with the
exception of aromatic amino acids with higliisify. It is a Na* dependent, electroneutral antiporteekikidaet
al., 1996; Broeret al., 2000; Avissaret al., 2001). BAT2 has been characterized as a Mapendent neutral
amino acid transporter preferring branched-chain amino acids and proline with high affinity via the same
mechanism as BT 1 (Takanagaet al., 2005; Broeret al.,2006). In early studies®BT 2 was only detected in
the brain but was subsequently also reported in kiBseret al.,2006). Havever, its specific localisation in
the kidng <till needs to be elucidated and coulgggionclusion about function and possible compensation for
other transporter malfunction. Whilewoaffinity transporters for neutral amino acids are found in the early
(S1-S2) segments of the kidnehigh affinity transporters W& been reported in the later (S3)gseents.
Localisation of the BAT2 transporter would thus contribute to the understanding of amino acid reabsorption in
the kidng.

In this study the distritution of the neutral amino acid transportef®ABL, B°AT2 and ASCT2 were
investigated in kidng and intestine. Specific antibodiesa@gst these amino acid transporters were analysed in
Western Blots, showing specific bands for brush border membesieles and oocyte membrane preparations
expressing the transporters. Immunofluorescence studies localf®ddl Bn the apical membrane of the
intestine and the proximal tubule of the kigneB°AT2 was found to be localised in a different part of the
proximal tubule than 8\T1. ASCT2 appears to be located in the distal tubule or in parts of the proximial tub
of the kidng.

Avissar NE, Ryan CK, Ganapatl, Sax HC. (2001)American Jounal of Physiolog81: C963-71.
Bohmer C, Brer A, Munzinger M, dévdczuk S, Rask JE, Lang FBroer S. (2005)Biochemical durnal, 389:

745-51.

Broer A, Klingel K, Kowdczuk S, Rask JE, Cavanaugh J, Broer S. (2004Journal Biological Chemistry279:
24467-76.

Broer A, Tietze N, Kwdczuk S, Chubb S, Munzinger M, Bak LK, Broer S. (200B)ochemical durnal, 393:
421-30.

Broer A, Wagner C, Lang, Broer S. (2000)Biochemical Journal346: 705-10.

Kekuda R, Prasad PD, Fei YJ, Torres-Zamoran8ivha S, ¥ing-Feng TL, Leibach FH, Ganapatt (1996).
Journal Biological Chemistry271:18657-61.

Takanaga H, Mackenzie B, Peng JB, Hediger MA. (2005Biochemical and Biophysical Reseér
Communications337: 892-900.
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Human sarcopenia eveals an increase in SOCS-3 and myostatin and a reduced efficiency of Akt
phosphorylation

B. Léger W. Derave? K. De Bock P. Hespet and A.PRussell? linstitut de rechezhe en gadaptation-
réinsertion, Avenue de Grandchampsec 90, Sion 1951, SwitzéRewbach Centre for Exercise and Health,
Faculty of Kinesiology and Rehabilitation Sciences, K.U.Leuven, B-3001, Beffiepartment of Movement
and Sport Sciences, Ghent Universi@gient, Belgium anfiThe Cente for Physical Activity and Nutrition
Reseach (C-PAN), School of Exercise and Nutrition Sciences, Deakin Univerkity3125, Australia.

Introduction. Sarcopenia is the general term for a reduction in muscle quality and function due to aging.
This can be seen by an increase in muscle atragiten in type Il fibres, which is related to the reduction of
maximal oluntary strength. Sarcopenia has an important socio-economic consequence as falls are a major
source of morbidity and mortality in the increasing population of the eldérigings in the literature ke
prompted us to ypothesise that human sarcopenia may be linked to increastzidéin TNFx and SOCSS;
the latter causing perturbations in GH signalling and increasing myostatin. Consedhisntpuld result in a
reduced phosphorylation and aetion of Akt signalling and therefore inhibit and aete respectiely, muscle
hypertroply and atroply signalling cascades. The aims of the present study were to determine if age-related
sarcopenia in humans was linked with perturbations in d,NBOCS3, GH, SAT5 and IGF levels as well
decreases in the Akt/GSK/mTOR and increases in the Akt/FKHR/atrogene signalling pathways.

Methods. This study inestigated the regulation of geral genes and proteinsvitlved in the actiation of
key signaling pathways promoting musclggertroply including GH/SATS5, IGF-1/Akt/GSK-$/4E-BP1 and
muscle atrophincluding TNR/SOCS3 and Akt/FKHR/atrogene, in muscle biopsies from 13 young (2P
years) and 16 older (age, ¥®.3 years) males.

Results. In the oldey when compared with the young subjects, muscle fibre cross sectional asea w
reduced by 40-45% in the type Il muscle fibres. GiN&hd SOCS-3 were increased by 2.8 and 1.5 fold
respectiely. Growth hormone receptor protein (GHR) and IGF-1 mMRMere decreased by 45%. Total Aktit b
not phosphorylated Akt, & increased by 2.5 fold. This corresponded to a 30% reduction irfithenef of
Akt phosphorylation in the older subjects. Phosphorylated and total @$¥as3increased by 1.5 and 1.8-fold
respectrely, while 4E-BP1 lgels were not changed. Nuclear FKHR and FKHRL1 were decreased by 73 and
50%, with no changes in their atrgptarget genes, atrogin-1 and MuRF1. Myostatin nARad protein lgels
were significantly eleeted by 2 and 1.4 fold.

Conclusion.This is the first study to compare the regulation vése key sgnalling pathways, known to
control skeletal muscle ypertroply, including GH/SAT5, IGF-1/Akt/GSK/4E-BP1, and skeletal muscle
atropty, including TNFEi/SOCS3 and Akt/FKHR/atrogene, in muscle biopsies from young and old men. It
appears that human sarcopenia is associated with an increase anafiNFSOCS-3 which may result in a
reduction of GHR Ieels or sensitiity. The significant increase in total Akt protein contentt bot in Akt
phosphorylation, in muscle from the older subjects, suggests diciarad/ in Akt actvation and by analogy
reduced protein synthesis. The observed increase in myostatir mfNprotein Igels in the older subjects,
combined with recent observations in cardiac and rodents cells (refs), suggest that myostatin is a prime
candidate inhibiting Akt phosphorylation in the eldeggtablishing if this is the case should be a priority for
future investigations aimed at reducing human sarcopenia.

Deschenes MR. (2004%ports Medicing 34: 809-24.

Greiwe JS, Cheng B, Rubin DC, Yarasheski KE & Seroeick CF. (2001) Faseb Journagl15: 475-82.

Liu W, Thomas SG, Asa SL, Gonzalez-CédaN, Bhasin S & Ezzat S. (2003Yournal of Clinical
Endocrinolgy Metabolism 88: 5490-6.

Mahong J, Sager M, Dunham NC & Johnson J. (199d)irnal of American Geriatric Societyl2: 269-74.

Morissette MR, Cook SA, Foo S, Mol G, Ashida N, Neikov M, ScherrerCrosbie M, Li L, Matsui T
Brooks G & Rosenzweig A. (200®irculation Researh, 99: 15-24.
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Contribution of Nitric Oxide to vagal nerve function in the dystrophin deficient heart
M. Watson, E. Lee and A. Ho&entre for Systems BiologyJniversity of Southern Queensland, Toowoomba,
QLD 4350, Australia.

Duchenne muscular dystropl{DMD) causes alterations in structure and function leading to cardiac
failure. The lack of neuronal nitric oxide (NO) in the myocardium has been implicated in some of the cardiac
pathologies seen in DMD. Neuronal NO has also been implicated in the control of the vaguspmEyng the
myocardium. The aim of the current study was t@stigate thein vivofunction of the vagus negvin reducing
heart rate (HR) imdxmice and if alterations in NO signaling can modulate vagalerfanction.

Mice were anaesthetized witletamine (100mg/kg) and xylazine (5 mg/kg) and the right vagus nerv
exposed and stimulated at 1, 2and 5V at 1, 2, 5, 10 and 20 Hz. Electrocardiogram (ECG), heart rate (HR), hear
rate variability (HRV) and cGMP \els were examined using an ELISA assay.

Young (12 week) and old (12 montmdxmice had significantly eleted basal HR, while olchdxmice
had prolonged QTc interval, a significant reduction in SDNN (standard deviation of N-Naigteamd in the
high frequeng (HF) domain. Young and olchdxmice had a significant reduction in the HR responseag@alv
nene gimulation (VNS). 5% L-Arginine (w/v drinking water) and 25% isosorbide dinitrate (ISDN, 25% wi/v
water food) for four days had no effect on basal ECG parameters but significantlyechpiiRV. Furthermore,
the response to HR reduction following VNS was significantly iwgatdhroughout the stimulation gemes.

This was associated with an increase in thel lef cGMP levels in the treatment groups. These results suggest
that mdx mice hae tactycardia and an impaired autonomic function while administration of compounds that
elevate NO imprae vagal nere function.

Proceedings of the Australian Physiological Society http://www.aups.ay.au/Proceedings/39/110P



Phase resolved retardation measurements of isolated cardiomyocytes
N.M. Dragomir,! C.L. Curl? A. Robert$and L.M.D. Delbridge? 'School of Physics, University of Melbourne,
Vic 3010, Australia andDepartment of Physiologyniversity of Melbourngvic 3010, Australia.

Quantification of the physical and optical properties of the fine structural information of transparent or
translucent unstained anisotropic viable cellular specimens is challenging. The isolated cardiomyocyte is a
particularly good xample of such an anisotropic specimen, where the optical properties are different according
to direction of measurement. Phase and retardation measurementoaoptital quantities that pwide
information rgading structural properties. The phase contains information about cell thickness andseefracti
index. The retardation contains information about the cell thickness and the birefringence, which is a result of
more than one indeof refraction. Birefringence is highly dependent on biologicalyspilogical and
ervironmental conditions and is responsible of the orderly local arrangement of the thick (myosin) and thin
(actin) filaments in the myofibrils of the cardiomyocyte. Phase measurement, performed using @eantitati
Phase Microscop (QPM), was used in conjunction with retardation measurement, performed using Brace-
Kohler (BK) compensator.

Freshly isolated ventricular cardiac mytes were obtained from male Spraguesdy rats by a
standard enzymatic digestion procedure. Myocytes were suspendedl different luffer solutions (pH 7.4):
one containing 2,3-butanedione monoxime (BDM), and the other containing 1/1M Ca

Cells of appropriate dimensions28 x 125um) and shapexéibiting clear cross striations were analysed
within 1.5hrs post isolation. Phase images were computed from a set of through-focus bright field images
obtained using arOlympus BX51polarised microscope (400.70 R «/0.17 Uplan FL objecte). Phase
calculations were performed using QPm software (JPW2.1 IATIA, Ltd.). Retardation was determined
using BK method by observing the cells oriented att45° under linearly crossed polarisers mode while
guantifying the azimuth orientation of a specialized compensatoeplate of known retardation.
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A positive orrelation was observed between the retardation and the phase of the cardiomyocytes as
illustrated by the linear regression cesvfitted for cells placed in BDM (solid line) and control (dash line)
buffers (see Figure). Moreer, cells placed in BDM ‘relaxing’ solution exhibited higher retardation magnitude
than cells in control, 1ImM G4 solution, despite the lower phase values. Thus myocyte birefringence as
evduated by retardation is fatted by a pharmacologic treatment which alters the interaction between
cytoskeletal elements. By contrast, phase is le$sctfd by this treatment. For cells in eitherffér, the
retardation magnitude increased proportionally with increasing the thickness (i.e. phase) as expected.
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An optimized RNA extraction protocol for stored human myocardial tissue biopsies

WTK. Ip,! C.E. Hugging S. Pepgand L.M.D. Delbridg,! ‘Cardiac Phenomics Laborataripepartment of
Physiology University of MelbourngParkville, VIC 3010, Australia?School of Exercise & Nutrition Sciences,
Deakin UniversityBurwood, VIC 3125, Australia antMurdodh Children’s Reseach Institute Department of
Cardiology Royal Childrens Hospital, Parkville VIC 3010, Australia.

Human cardiac tissue samples are valuable gathhility is limited. Tissue acquisition for batch assay
can be protracted and long periods (months to years) can elapse between sample collectiperiarehtl
analyses. This is a particular concern for gene expression studies wiegrded tissue storage may result in
RNA degadation, making the tissue unsuitable for PCR analysi® Bé&fradation may also occur due to
sample exposure to RNases during theARMtraction process. In order to ensure that real-time PCR results
generated from these valuable human samples are reflettbiological difference and not a result of sub-
optimal sample preparation method, werddnvestigated the effects of extended tissue storage and RN
preparation methods on RNjuality and downstream real-time PCR gene amplificatiorex@mine the décts
of extended tissue storage on sample qualit atrial appendages (free from right heart disease) collected
from patients undergoing coronary artery bypasgesyrand stored at -80 for 5 years (‘arclvied’) and for up
to 1 year (‘recent’) were compared. RNxtraction was performed using the Qiagen RNeasy® Fibraasid
Midi kit. RNA quality was assessed based on the 28S:18S ratio, and thérflgrity Number (RIN) - a score
ranging from 1 (most dpaded) to 10 (most intact). The effects of RNuality on downstream PCR
amplification (real-time PCR) of rRNand mRNA genes were westigated. RM recovery was not diferent
between the arched and recent samples (6.201.87vs6.93+ 1.99 mg total RK, p > 0.05). No diferences
were found in the RN integrity measurements including the 28S:18S ratio (24817vs 2.50+ 0.17,p >
0.05), and RIN (9.33 0.42vs 9.22+ 0.25,p > 0.05), suggesting that the areédl samples were similarly intact
compared to the recent samples. This was supported by real-time PCR data where it andhiecent
samples were found tocleibit similar amplification of 18S and GAPDH (18S amplificatioficefngy: 1.48+
0.10vs 1.48+ 0.06,p > 0.05; GAPDH amplification efficiency: 1.860.01vs 1.86+ 0.00,p > 0.05).

The second aim of this study was twestigate the effects of RA extraction method on RA integrity
and real-time PCR gene amplification. Frozen human atrial appendages were pulverized using mortar and pestl
and divided into tw 100 mg portions to all parallel comparison of the RNpreparation obtained using: 1) a
‘multi-step’ protocol - where RN was extracted using phenol/chloroform (TRIzol® Reagentitrbgen),
followed by DNase treatment (Deoxyribonuclease | - amplification gradeéfrotyen) and purification
(MinElute® Cleanup kit, Qiagen); or 2) a ‘single-step’ protocol — wheréA RiNis extracted using silica
membrane based F\extraction kits (RNeasy® Fibroussbue Midi kit, Qiagen), wolving on-column DNase
treatment and sample purification as part of the protocol. ComparisonfopRidarations extracted using the
two methods reealed that the single-step preparations exhibited highex Rikgrity (28S:18S ratio = 1.38
0.12vs 2.50+ 0.17,p < 0.05; RIN = 7.06+ 0.70vs 9.22+ 0.25,p < 0.05). Consistent with the differences in
RNA quality, multi-step samples were found to exhibit compromised GAPDH (mRNA) amplification, while
18S was unchanged. In summame havedemonstrated that human atrial tissue samples thatlegn stored
at -80°C for up to 5 years are suitable for PCR gene expressionlstadgition, we hae established that the
single-step RM extraction method (using silica membrane based\RMtraction kits) is more suitable for
human cardiac tissues. These findings suggest that the choiceAobx@iEction method is critical and can
markedly affect RK quality and compromise downstream real-time PCR outcomes.
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Concentration dependent modulation of the cardiac ryanodine receptor by Homerl
P. Pouliquin, S.M. Pace and A.Bulhunty Division of Molecular BiosciencgdCSMR, ANUCanberra, ACT
2601, Australia.

Calcium signalling controls a wideaniety of physiological processes and depends on the activity of
protein signalling comples dustered in specialised cellular sites. Ryanodine receptor (RyR) calcium release
channels form the hub of the calcium signalling compleat is vital in muscle contraction. Homer proteins
allow both clustering and functional modulation of a plethora of proteins frofarelift calcium signalling
complees; interactions between the ryanodine receptors and Homer emergenaaspa of regulation of the
crucial calcium signal in muscle. Homerl modulates theele&l{ ryanodine receptor (RyR1) activity in a
concentration dependent manner (Fehgl, 2008), acwating the receptor a 200nM, but strongly inhibiting
its activity at concentrations > 200nM. Only one publication has specifically examinedettteoéHomerl1 on
the cardiac ryanodine receptor (RyR2, the main ryanodine receptor isoform in the heart and in the brain),
concluding that Homerl inhibits channel gityi, regadless of its concentration @thoffet al, 2003). Here
we re-examine the modulation of the RyR2\agtiby Homerl and test the hypothesis that modulation of RyR1
and RyR2 by Homerl are fundamentally different.

Skeletal and cardiac muscle sarcoplasmic reticulum vesicles were isolated froeldkand rabbits or
sheep heart, respealy. Human recombinant Homerlb (a long isoform able to multinerise) and short Homer
(an isoform unable to multimerise) were purified by affinity chromatograpl determined the activity of the
RyRs by tw dfferent means: specificH]-ryanodine binding, which is proportional to the wityi of a
population of RyRs; and single channel techniqueh We later we measure the ionic current flowing through
a dngle channel molecule incorporated in an artificial lipid bilayer where the solutions bathing each sides of the
channel can be manipulated and the intrinsic gating properties of individual channels measured.

Homerlb increased RyR1 and RyR2 wtti at all cytosolic [C&'] without altering the
[Ca?*]-dependence. At resting and aeting oytosolic [C&*], Homerlb actiated RyR2 in a dose dependent
mannerIn the presence ofyM cytosolic C&*, 50nM Homer1b increased RyR2 open probability (from 0809
0.003 to 0.13% 0.053) and mean open time (from 055@.09ms to 1.8% 0.46ms) without a significant change
in mean closed time. Maximum agty was reached withih0-100nM Homerlb, and activity fell dramatically
with Homerlb > 200nM. When RyR2 was maximally atéd by 10QM cytosolic C&*, RyR2 actvation by
Homerlb was reduced, while inhibition & 200nM Homerlb ws sustained. Short Homerl similarly
modulated RyR2 activity in a biphasic manrikough with lower affinity than Homer1b.

We monclude that Homerl modulatesetal RyR1 and cardiac RyR2 in an intrinsically similar manner
RyR2 modulation by Homerlb is likely to beysiplogically releant in the heart and in neurons, where high
levels of the tvo proteins are expressed.

Feng W Tu J, Puliquin B Cabrales E, Shen X, Dulhunty A,ofley PF, Allen PD, Pessah IN(2008) Cell

Calcium,43: 307-14.
Westhof JH, Hwang SYDuncan RS, Ozea F, Volpe R Inokuchi K, Koulen P(2003)Cell Calcium,34: 261-9.
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F157A and Y160A substitutions in the helix 6 Region of GSTM2-2 C terminus reduces the
inhibitory action of helix 6 on RyR2 channels

R. Hewawasam, D. Liu, M.G. Casarotto, P.G. Bbard A.F Dulhunty Division of Molecular Bioscien¢dhe
John Curtin School of Medical Resehby Australian National UniversityACT 2601, Australia.

The ryanodine receptor (RyR) €aelease channel, located in the membrane of the internal sarcoplasmic
reticulum C&" store, is central to Gasignalling and contraction in skeletal and cardiac muscle (Abdebatif
al., 2007). Some glutathione transferases (GSTs) and structurally related proteins are potent modulators of
ryanodine receptor (RyR) €arelease channels. Recently insvdiscoered that muscle specific GSTM2-2
inhibits cardiac muscle ryanodine receptors (RyR2), but nelett muscle ryanodine receptors (RyR1)
(Dulhunty et al, 2001). The seleate inhibition of RyR2 by GSTM2-2 has significant clinical potential in the
treatment of chronic heart failure. Data obtained thus far suggests that the main inhibitory effect of GSTM2-2 on
RyR2 is associated withi-helix 6. Since the flability and exposure ofu-helix 6 may be important for
membrane entry and for the modulation of RyR2 by GSTM2-2, specific residues in the C terminal domain,
within a-helix 6 were mutated. Effects of these modifications on SR' @dease and single channel
experiments with lipid bilayers werevguated.

Recombinant GST M2-2 C terminus and its mutants, F157A and Y160A were expressed and purified
using the ector pHUE. Cardiac SR vesicles were prepared from sheep heart following euthanasia by
barbiturate verdose. Leels of extravesicular C&* were monitered with antipyrylazo Ill, a €aindicatot at
710 nm using a Cary 3 spectrophotomeRyanodine receptor channel activityasv measured using single
channel lipid bilayer technique. Thegiee of helicity of the secondary structure of the wild type and the
mutants were determined using Circular Dichroism spectrgscop

Effects of the GSTM2-2 C terminus and its mutants, F157A and Y160A on cardiac SRelease
revealed that, compared to the control, all three molecules reduced tfeneafiduced CH release
significantly ¢ < 0.001). But the inhibition produced by the mutantswgignificantly lessp(< 0.05) than that
produced by the wild type protein. Open probability at +40 na¢ significantly reduceg « 0.05) when the
mutant F157A was added to tbis bath solution when single channel lipid bilaygperiments were conducted
with cardiac SR vesicles. This mutant didhave ary voltage dependent effect on RyR2, since it showed a
similar reduction in the open probability of 17.5% at -40. five mutant, Y160A, when added to ttie bath
solution produced a voltage dependent inhibition of the RyR2 with a significant open probability decrease (30%,
p < 0.05) at +40 mV only Smilar to the results obtained for the Z3arelease assayhe relatve qen
probability at +40 mV produced a significantly< 0.05) less inhibition with the mutants, F157A and Y160A,
compared to the wild type GSTM2-2 C terminus. Inhibition produced by the wild tysenet wltage
dependent. CD spectrunvealed that the secondary structure of all three molecules has a high content of alpha
helical content. In conclusion, F157A and Y160A, mutants of the GSTM2 C terminal doraienhahibitory
effect on cardiac ryanodine receptor activity but this differs from tleetedf the wild type protein in magnitude
(F157A and Y160A) andoltage dependence (Y160A). These differences are consistent witlymathésis
that helix 6 is important in inhibition of RyR2 and suggest that destabilizing the interaction between helix 6 and
C terminal domain reduces the inhibitory action of helix 6. Since destabilization of helix 6 interactions should
facilitate membrane entryhe results suggest that membrane entry is not essential for RyR2 inhibition.

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

Dulhunty A, Gage PCurtis S, Chelanayagm G & Board P(2001) Journal of Biological Chemistry276:
3319-23.
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Biophysical investigations of the cyclised skeletal muscle dihydropyridine receptor IlI-11l loop
H-S. TagP.G. Board, M.G. Casarotto and A. Bulhunty Division of Molecular Biosciengdhe John Curtin
School of Medical Resedr, The Australian National UniversitpCT 2601, Australia.

An association between the diropyridine receptor (DHPR) and the skeletal muscle ryanodine receptor
(RyR1)is essential during skeletal muscle excitation-contraction coupling (ECC)ytdplasmic loop
connecting the ® and 39 transmembrane domains (II-11l loop) of the DHRRs subunit has been shown to be
essential for ECC @nabeet al.,1990). A conserved RyR1-domain known as SPRY2 has been shown to bind to
the DHPR II-1ll loop (Cuiet al.,2008; Leong & Maclennan, 1998)o Tate,in vitro studies on the DHPR II-1lI
loop hare keen performed using the linear form of the loop (Dulhwattyal., 1999). Havever this does not
reflect the IlI-1ll loops actual physiological state where its ends are anchored to the BRHPRsulbinit
transmembrane domains in the t-tubule membrane.

Our aim was therefore, to mimic tha vivo geometry of the loop using intein-mediated protein
cyclisation and examine the effects. The IlI-1ll loop cyclisation was aethitarough the self-catalysed &gon
of the termini of theSynebocystis spPCC6803 DnaB split inteins. The results pelsation were determined
using segeral techniques: i) functional-effects on watiRyR1 channel activity using single channel lipid bilayer
technique; i) binding affinity to the their SPRY2 domain using fluorofluorescence spectrophotometry; and iii)
secondary structural determination conducted using circular dichroism. The results of Xpesments
revealed that the cyclised loop produced a more pronoundedt @n RyR1 channel agiiy, a 2fold increase
in the open probabilitywhich was mostly due to an increase in the channelwelagan open time from 25
0.03 ms to 8.% 0.04 ms. In addition, SPRY2 domain binds to the cyclised loop 4-fold more tightly compared
than to the linear loop. Circular dichroism spectrogcmgested that theyclised loop is considerably moee
helically-structured than its intrinsically unstructured linear counterpart. This structural change could be
responsible for the observed stronger effects of the cyclised loop.

In conclusion, tethering the ends of the DHPR II-Ill loop; to mimiitgivo condition geometry resulted
in: (i) a greater aotetor of RyR1; (i) a tighter binding to the SPRY2 domain; and (iii) a more structured
protein. This study suggests that the structure imposed on the loop by its tethering to the DHPR-transmembran
domains of could be essential in its ability to interact with RyR1 dimingro ECC.

Cui Y, Tae H-S, Norris NC, Karunasekara Rouliquin B Board PG, Dulhunty AF & Casarotto MG. (2008)
International Journal of Biochemistry and Cell Biologyy Press

Dulhunty AF Lave DR, Gallant EM, Casarotto MG, Pace SM & Curtis S. 1Bi@physical durnal, 77:
189-203.

Leong P& Maclennan DH. (1998)ournal of Biological Chemistry273:7791-4.

Tanabe TBeam KG, Adams BA, Niidome. B Numa S. (1990Nature 346:567-9.
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Store independent actvation and properties of Orai3/STIM1 mediated current
N.R. Scrimgeour and G.Rychloy, Department of Physiologniversity of AdelaideAdelaide 5005,
Australia.

Recently disceered members of Orai family of proteins, Orail, Orai2 and Orai3, form store-operated
Ce&* channels when expressed with stromal interaction molecule 1 (STIM1¥®i@ding protein that plays
the role of C&" sensor in the endoplasmic reticulum. The functional properties of Oraél hean well
described usingwerexpression studies, but less is known about the properties of Orai2 and Orai3. The aim of
these experimentsag to characterise the functional properties of Orai3/STIM1 mediated current in KH@tIE li
cells using whole cell patch clamping.

Overepression of Orai3 and STIM1 generated a large store-operatéad@eent (koo In HAIIE cells
which was actiated by depletion of intracellular €astore by 2QM IP; included in the patch pipette. In
general, Orai3/STIM1 mediatedJ. had properties similar to that of Orail/STIM1. Similarly to Orail/STIM1,
Orai3/STIM1 mediatedd|,. shaved high selectivity for C4 over monovalent cations and fast €adependent
inactivation at ngaive potentials. Havever, there was a significant difference between Orail and Orai3 in
regard to the effects of 2-aminoethoxydiphenyl borate (2-APB), a known blocker of store-operétentBain
a variety of cell types.

External application of 50-1p®1 2-APB first briefly potentiates and then completely blocks
Orail/STIM1 mediated inward &acurrent in H4IIE cells. In contrast, we found that in cells expressing Orai3
and STIM1 5@M 2-APB caused strong rapid potentiation of the inward current, which was closely followed by
rapid deelopment of a large outward current. Thieef was completely wersed by washing out of 2-APB
from the bath. Analysis showed that therasva direct correlation between maximum Orai3 current amplitude
and maximum 2-APB-induced inward current, indicating that 2-APB did not directeteciinother type of
channel. Actyation of the outvard current by 2-APB suggested a significant change in Orai3 g#jecthis
was confirmed by cation substitutions in the external solution.

Folowing 2-APB application, laye Orai3-mediated current existedkr after remaval of Ca?* from the
external solution, indicating that a significant part of the current was carried hyONa3 actvated by store
depletion was impermeable to Gwen in the absence of dilent cations. Havever, in the presence of 2-APB
Orai3 did not discriminate between Nand C$, as eplacing N& with Cs" in the external solution did not
affect the amplitude of the current. Oddlye found that large cations such as NMD@ Tris*, at 10mM
concentration completely blocked both inward and outward Orai3-mediated curreateddby 2-APB, while
they had no effect on Orai3-mediated current\atéd by store depletion. Voltage independence of this block
suggested a more complenechanism than a simple binding inside the poreinVestigate whether 2-APB
effects on Orai3 require presence of STIM1 or depletion of the stores, we applied 2-APB to cells not transfected
with STIM1 and/or without IR in the patch pipette. Even without depletion offCstores, no xogenous
STIM1, and no deslopment of L, gpplication of 5M 2-APB to H4IIE cells expressing Orai3 alone still
activated large inward and oudxd currents with properties identical to those observed in cedtexpressing
both Orai3 and STIM1. Therefore it appears that 2-APB/aes current through Orai3 independently ofCa
stores and STIML1.

These data suggest that 2-APB increases the size of the pore formed by Orai3 polypeptides, possibly by
affecting their assembly in the channel. The exact mechanismyéroveains to be westigated.
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Selectve and voltage dependent inhibition of N-type calcium channels by mel w-Conotoxins
CVIE and CVIF

G. Bereckit? L. Motin}? A. Haythornthwaité,N.L. Daly? P. Bansal? S. Vink? R. Drinkwatef! R.J Lewis 3*
PF. Alewood and D.J Adams!? fThe Queensland Brain Instityt€he University of Queensland, QLD 4072,
Australia, 2The School of Biomedical Sciences, The University of Queensland, QLD 4072, Adstnalia,
Institute for Molecular Biosciences, The University of Queensland, QLD 4072, AustraftXemoime Ltd,
Indooroopilly QLD 4069, Australia.

N-type C&* channel seleate w-conotoxins hee recently emerged as potentialwnelrugs for the
treatment of seere chronic pain. In this studywo new w-conotoxins, CVIE and CVIFRwere discgered and
synthesized following a PCR screen ofCanus catuscDNA library. All animal experimentations were
performed in accordance to guidelines of thevesity of Queensland Animal Ethics Committee. Both
w-conotoxins potently displaced-GVIA binding to adult rat brain membranén Xenopusoogytes, CVIE
and CVIF inhibited B4 currents through recombinant N-type ¢, 0,0,, and B;) channels with I1G, values of
2.6+ 0.5nM (= 14) and 19.9 3.2 nM f = 16), respectiely. Consistent with our previous study (Mougd
al., 2004), both peptides exhibited increased affinity for N-typ& €aannels in the absence of auxiliaryd,
sulunit. Neither CVIE nor CVIF had gneffect on P/Q-, R- or L-type calcium channels. Tlatage
dependence and the time course of CVIE and CVIF block were analyzed and the curvergdezmmpletely
from block at -125 mV it only partially at -80 myindicating that CVIE and CVIF ka a hgher affinity to
C&* channels in the inastited state. The analogues [R10K]CVIE and [R10K]CVIF did not significantly alter
the consered w-conopeptide backbone conformationt mcreased the rates of onset and offseb-abnotoxin
action and impreed recovery from block at -80 mycompared to the nat peptides. In DRG sensory neurons
isolated from neonatal rats, CVIE and CVIF potently and sedbgtinhibited N-type C&' channels and the
reversibility of block was wltage dependent. The R10K substitution altered the kinetics of block and w
associated with an increased rate andvagofrom block at -80 mycompared to the nat peptide. In rat
spinal cord slices, CVIE and CVIF inhibitedveesibly excitatory monosynaptic transmission between primary
afferents and dorsal horn superficial lamina neurons. This result suggests the presence ofvatoinacti
resistant N-type Ca channel population in the presynaptic reeterminals. These N-type channel specific
w-conotoxins are potentially useful neurgplological tools and inhibitors of nocicepgi sgnaling with
therapeutic implications.

Mould J, Yasuda ,TSchroeder Cl, Beedle AM, Doering CJ, Zamponi GW Adams DJ, Lewis RJ. (260rhal
of Biological Chemistry279: 34705-14.
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Influence of mitochondria in the interspike interval pacemaking currents of miceLocus
Coeruleus neurons

R.B. de Oliveira, M. Howlett, FS. Gravina, M.S. Imtiaz, Rallister, A.M. Brichta and D.Fvan Helden,
School of Biomedical Sciences, University of Newcad8&/ 2308, Australia.

ThelLocus Coeruleud_C) is a nucleus located within in the dorsorostral Pons structure of the brain stem.
It comprises of noradrergic neurons that project throughout most of the central nervous system, is the brains
major source of noradrenaline and has a fundamental role iy mgortant processes such as arousal,
attention, mood and controlling beft@ur. One of the features that alloLC neurons to perform their
physiological functions is their synchronisedyttimical firing, providing regulated release of noradrenaline
throughout the brain. Mitochondria argtremely important for neuronal function, not only for ATP production
but also as an acte mwmponent in calcium signalling and in the production of free radicals. Reamuhpnal
mitochondria loss was linked with the promotion of some pathologies suchrkiasens dseases (6rno,
1996; Baloyannis, 2006). Surprisinglhe death/lost of LC neurons has also been linked wattkifson’s
diseases: LC neurons loose their ability to fire actions potentials and die before the classical symptoms of the
diseases appear (Getial.,2000; Balyanniset al.,2006). As such mitochondria could be playing a role in the
generation of actions potentials in LC neuroiifus we aimed to westigate the role for mitochondria in the
generation of interspéintenal pacemaker currents in mouse LC neurons. Experiments were conducted using
in vitro brain-stem slice preparations at 37°C and whole-cell patch-clamp recordings. All procedures used were
approed by the Animal Care and Ethics Committee at theviensity of Newcastle. @ assess mitochondria
participation we used three drugs, namely the protonophore CBERMitochondrial NHC&* exchange
inhibitor CGP-37157 and theTRase mitochondrial inhibitor oligomycin. CCCP completely abolished the
spontaneous generation of action potentials by the induction of an outward current during theantéesypst.
CGP-37157 had minimum effect on the pacemaking process, slightly increasing the firing rate. Oligomycin had
no effect indicating ATP depletion was notaatbr Taken togetherthese results indicate that mitochondriaeha
a role in the pacemaking process. This action is seemingly mediated via HYaicactf an as yet unidentified
outward current but does not directlywaive Ca* buffering or A'P production. More studies are needed to
elucidate the mitochondrial participation in the pacemaking process of mice LC neurons, and whiaelgspathw
are irvolved.

Baloyannis SJ. (2006)American Journal of AlzheimarDisease9: 119-26.

Baloyannis SJ, Costa Baloyannis IS. (2006)lournal of the Neurological Science248: 35-41.

Forno LS. (1996)Journal of Neuropathology and Experimental Neuroldsfy. 259-72.

Gesi M, Soldani PGiorgi FS, Santinami A, Bonaccorsi | &Fnai F (2000) Neumoscience and Biobehavalr
Reviews24: 655-68.
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Adiponectin causes insulin secretion with increased cytoplasmic calcium and inhibition of AMP
Kinase in MING cells

JR. Ract?H.C. Parkingtor? D.J. Keating' and C. Chert;? PPrince Henrys Institute of Medical Resea,
Clayton, VIC 3168, Australia arfdDepartment of Physiologionash UniversityVIC 3800, Australia.

Type 2 diabetes is a grming concern and, according to World Healthg@isation (WHO) figures, is
poised to increase by 114% in the next 20 years. It is characterised by an initial reduction in gluceds uptak
skeletal muscle and adipose tissue due to insulin resistance. This is compounded, later in the disease, by
reduction in insulin secretion by pancrediicells in response to increasing blood glucose. Type 2 diabetes is
tightly linked to obesityan ncrease in adipose tissue. Adipose tissue is ameagtdocrine ogan, secreting
mary adipokines with important pfsiological actions. Adiponectin is a recently disged adipokine whose
levels, paradoxicallyare decreased in obesity despite the increase in adipocyte mass (R Scherer2003).
Adiponectin suppresses triglyceride accumulation, increasés dcid oxidation and awvdtes AMP kinase
(AMPK) in skeletal muscle, impxing insulin signalling. Adiponectin also suppresses glucose production and
actvates AMPK in liver. Hence, adiponectin is an insulin sensitizer in skeletal musclay @eal, 2001;
Yamauchiet al, 2003). Adiponectin receptors Y&been reported in pancreaficcells (Kharroubiet al, 2003).
AMPK indicates cellular energy status and has been implicated in the process of insulin secregfsoh. Ele
studies in clonaPB cell lines and primary islets demonstrate that increasing glucose concentration inhibits
AMPK activity, accompanied by enhanced insulin secretion (daaSibsier et al, 2003).

We hypothesised that adiponectin modifies insulin secretion and AMPKitactia its receptors on
pancreatid3 cells. We investigated the effects of adiponectin on pancrefiaell function by assaying insulin
secretion using ELISA, quantifying AMPK phosphorylation using western blotting and imaging intracellular
free calcium concentration ([é*e}].,), using the C# sensitve flurophore, Fluo-3, using MING cells, a murine
pancreati@d-cell line. W investigated the déct of adiponectin on AMPK and insulin secretion using AICAR, a
known AMPK actvator, and KN-62 an inhibitor of this enzyme.

Adiponectin (ug/ml) suppressed AMPK activity and caused an increase in insulin secretion. Acute
(30min) application of adiponectin caused a prompt increase ﬁT][(I:Eigure). The increases in [6”?;;I and
insulin production were pvented by nifedipine, a blocker of L-type €ahannels, and did not occur ina
free solution. The suppression of AMPK aitti and increases in insulin and [@}} induced by adiponectin
were comparable to thoseoked by a physiological high glucose stimulation (Table). Théeef of adiponectin
on insulin secretion was potentiated in the presence of AICAR and KN-62.

800 800 s min
% 600 600 -
g 400 Glucose 400 AdipoQ
,_.—8_ 200 200
0 0
PAMPK/AAPMK Insulin [Ca™].
Adiponectin (3mM glucose) 480% (=0.01) 30351% (p=0.001) 14214% (=0.03)
25mM glucose 686% (=0.01) 17312% (©=0.001) 16%11% (p=0.01)

In conclusion, we shw that the fat hormone adiponectin is capable of increasing pandsezlt C&*,
giving rise to insulin secretion. Adiponectin also suppresses phosphorylation of AMPK to augment insulin
production. The decrease in adiponectin in obesity likely impairs this system. These reeallttheepotential
of adiponectin as a mel therapeutic target against obesity-linked type 2 diabetes.

Berg AH, Combs TPDu X, Brownlee M, Scherer PE. (200ature Medicine 7, 947-53.
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312 1118-22.

Pgvani UB, SchererPE 003)Current Diabetes Report8, 207-13.

Yamauchi T Kamon J, Ito YTsuchida A, ¥komizo T, Kita S, Sugiyama,Miyagishi M, Hara K, Tsunoda M,
Murakami K, Ohteki TUchida S, &@kekava S Waki H, Tsuno NH, Shibata, Yrerauchi Y Froguel P
Tobe K, Koyasu S, Taira K, Kitamura, Bhimizu T, Nagai R, Kadwaki T. (2003)Nature 423 762-9.

Proceedings of the Australian Physiological Society http://www.aups.ay.au/Proceedings/39/119P



