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Diabetes and ACEZ2; light on the dark side of the renin angiotensin system
M.C. Thomas, Baker IDI Heart and Diabetes Institi® Box 6492, St Kilda Rd Central, MelbourndC
8008, Austalia. (Introduced by Stefan Brder)

Activation of the renin-angiotensin system (RAS) playsw ble in the deelopment and progression of
diabetic complicationsHistorically, these actions la keen linked to reduced signalling through angiotensin I
(Ang Il)-dependent pathays, as drugs that inhibit Angiotensin @ening Enzyme (ACE) or block the
activation of the type 1 angiotensin (AT1) receptor afeaive in atenuating the impact of diabetes.wiwer,
some the systemic effects of RAS blockade may be mediated by Ang 1-7, a pstelitatoy with actions that
antagonize or compensate those of Ang Il. In the kidwart and vasculature, Ang 1-7 is largely ketifrom
the degradation of Ang Il by the zinc-dependent carboxypeptid&de2 AConsequenthACE2 KO mice hare
increased tissuevels of Ang Il and reduced Vels of Ang 1-7. ACE2 expression is also significantly modified
in both experimental and clinical diabetes, potentially coumtirily to local actiation of the RAS as well as
some of the haemodynamic manifestations of diabetes, including hyperfiltration and albuminuria. In addition,
ACE?2 appears to be important in thevelepment and progression of diabetes associated cardiac. iffeyge
studies point to £E2 asa omple, and site-specific modulator of diabetic complications, and shed light on the
usually dark side of the RAS.
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A GFP-based complementation screen for protein:protein interactionsfor the angiotensin type 1
receptor

WG. Thomas, School of Biomedical Sciences, The University of Queensland, St Lucia, BlkbDad@72,
Australia.

Angiotensin Il (Angll) is a peptide hormone with important cavasgular endocrine and metabolic
actions, including — vasoconstriction, water and salt homeostasis, neuromodulation, thirst, salt appetite, and
stimulation of central sympathetic outflolt promotes growth of vascular smooth muscle cells, cardioygsc
and renal cells, and contributes to thgdrtroply of blood vessels, heart and kignthat is associated with
cardiovascular disease. These actions are mediated by the type 1 angiotérisimrgéeptor (AT1R), which
couples to Gg/11 (protein kinase C and calcium) as well as modulatiimgs ion channels andahangers,
activating soluble and receptor tyrosine kinases, and stimulating mitogeratedtiprotein kinases. These
responses shoa dstinct temporal arrangement, reflectingyaisite control mechanisms necessary to separate
early events (vasoconstriction) from longer-term aites (cell growth). Bllowing stimulation, AT1Rs are
rapidly phosphorylated, desensitised and internalised in an arrestin-dependent manner via clathrin-coated pit:
and vesicles.

A major goal of my laboratory is to delineate the signalling agdlagory complges formed at the A1R
to provide greater understanding of the temporal and spatiate underlying its signalling.orthis end, we
have devdoped an assay termed the Protein Complementation Assay (PCA) to screen for protein-protein
associations in living cells. This fluorescence-based assay relies on the concept thateiw fragmentsd.g,
the N- and C-terminal halves of yelldluorescent protein (YFP), known as YFP1 and YFP2) wilixsho
functional activity {.e., fluorescence) when expressed as separate entitiggevetpwhen the fragments are
fused to two sparate proteins that are able to interacty the brought into close proximity such that
appropriate re-folding can occur and a fluorescence signal is generated. This can be detected or quantified eithe
by confocal microscop FACS or by plate reader-based methods. The pioneer of this ,aRsHgssor Stephen
Michnick (Université de Montreal, Canada), has provided the expression plasmids encoding YFP1 and YFP2
and has assisted us with establishing the assay.

After validating the assay on a known interaction between thERAand arrestin (following Angll
stimulation, beta-arrestin2-YFP2 was recruited to thevaieti AT1IR-YFP1, refolding of YFP occurred and
fluorescence was observed), wedareened for neel AT1R interacting partners from a YFP2-cBMbrary
(subcloned by us from a human kiginlébrary). After several rounds of screening (inlving transfection of
library pools and AT1R-YFP1,ACS to identified putatie interactors and extraction of plasmid DNA, re-
expression of candidates and finally BNequencing), we ha identified some unique candidates, including
proteins iwolved in: vesicular acidification, tfadking and endocytosis; post-translational modification and
stability; and signalling. One of these, SUMO-1 (an ubiquitie-ljxotein involved in post-translational
modification, location, and stability of proteins) has been confirmed byxpression and co-
immunoprecipitation as a bona fide component of the Angll-stimulaiddRAarrestin comple SUMO-1is
recruited to the receptor complby modifying arrestin on a consensus m@iKXE (where® is a lydrophobic
amino acid, K is the lysine to be modified, X iy @mino acid, and E is glutamic acid) which is conserved in all
arrestins identified to date.

These results sho the power of unbiased screening twesd the intricate netarks that underlie
intracellular communication and receptor/arrestin fetdihg and function. Such information is vital to the
process of identifying appropriate targets to modify and control biology — particularly for AT1 receptors that
contribute significantly to human health and disease.
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Extracellular pH shiftsand their consequencesfor secretory epithelial cells
P. Thorn and N. BehrenddifShool of Biomedical Scieng@niversity of Queensland, QLD 4072, Australia.

Introduction. Most, if not all, secretory granules maintain an acidic pH. which irnymares of granules
this is used to dve condary-actie ptake of mntents into the granules.g. neurotransmitter uptake). In
peptidegic granules the acid lumen is thought to act as agehsecreen on between the proteins enabling a
tighter packing of granule contents. Upon granule fusion, dusingy®sis, protons are lost through the open
fusion pore prior to the loss of othéeavier granule content. In thisay, the loss of the acid gradient is one of
the first @ents of &xocytosis. Gven the high mobility of the protons, release from a small granule intaga lar
extracellular volume would be expected not to change the extracellular pH significaathgl. Where the
extracellular environment is restricted, this might not be the case. There wesehaonary extracellular
ervironments where this might not be the case, particularly where the extracellular volume is restiibted. W
hollow organs, it is conceiable that &ocytotic release of protons from granules might contehto the intra-
organ pH environment. In ogans with a restricted extracellular volume, regulated pH changeslhan shan
to occur as a result of the transport of acid into the extracellular environment (Chu & Montrose, 1995). Indeed in
organs lined with mucous, pH changes within the restricted mucous volunmeebhan shown and may well
arise as part of thexecytic actiity. We here test the hypothesis that whetharsagtosis can lead to pH changes
in the lumen of the exocrine pancreas.

Methods. Male CD-1 mice were killed according to the apmbethical procedures of The Urrsity of
Queensland. The pancreas was excised and collagenase-digested to produce fragments of pancreatic tissue (¢
Thorn & Parker 2005 for details). The tissue fragments were bathedxiraeellular fluorescent dyes and
imaged lve with 2-photon microscop Cell exocytic responses were stimulated with cholecystokinin (15, 20 or
100 pM). Upon rocytosis the extracellular fluorescent dye enters and therefore labels the grarulesedw
two different extracellular dyes; sulforhodamine B (SRB, an inert dye), 8-Hydroxypyrene-1,3,6-trisulfonic acid
(HPTS, a pH sensite dye, see Schwiening & bughby, 2002) and 8-Methoxypyrene-1,3,6-trisulfonic acid
(MPTS used as an inert control for HPTS)e Wso used an intracellular calcium senséuo-4 AM. We
calibrated the pH sensitivity of HPTS in the 2-photon microscope with 950 nm excitation light. Our estimated
Kd, derved from the calibration was 6.79.

Results. Initial experiments were performed in the presencextrfaeellular 7 mM HEPES. Here we
obsered single rocytic events in response to 15 pM CCK. Theserdgs were seen as a sudden increase in SRB
and HPTS fluorescence in the granule. friows of interest in the lumens, immediately adjacent toxbeyéc
events, we obsemrd little change in the SRB signal (in some cases a small increase due to dye binding to
released proteinaceous content, Thorn aker 2005). In contrast, we consistently observed small, transient
decreases in HPTS fluorescence indieatf possible acidification. Applying our HPTS calibration to this data
gave s an stimated mean decrease from 7.4 to 24103 f = 68). To assess the unifered pH changes we
removed HEPES from the extracellular solution. Again the luminal SRB changes were small or showed a slight
increase. No HPTS recorded greater pH changes (from 7.4 to a mean ot Q@B n = 52). These luminal
changes preceded the influx of SRB into the granule suggesting release of protons from the granule through al
initial fusion pore too small to al® SRB entry Control experiments with MPTS showed no changes.
Experiments stimulating the cells with high CCK (100 pM) showed very large luminal acidifications. T
determine if these extracellular pH changes affected cell responses we megims@d calcium responses to
CCK (with Fluo-4 AM) +/- extracellular HEPES. The responses were very differ@néxample the frequenc
of calcium oscillations in HEPESag 0.42+ 0.03 Hz ( = 43) compared to 0.6% 0.06 Hz ( = 38) in the
absence of HEPESp(< 0.001), supporting the idea thakteacellular pH changes do V& functional
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. This 10 fold increase in protons is an
unprecedented change for an extracellular ion and we shis pH change is capable of modulating
intracellular calcium leels. We mnclude that the acid content of secretory granules has the potential for
significant effects when released. In the pancreas wealr@a nwel negdive feedback mechanism in the
integrative wntrol of ogan function.
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Purinergic regulation of epithelial Na* channels
A. Dinudom, L.M. O’'MullangC.R. Campbell and D.l. Cook, Discipline of Physiology and Bdsstitute,
Faculty of MedicineUniversity of Sydng NSW 2006, Australia.

The epithelial Na channels (ENaC) expressed in*Ndbsorbing tissues, such as the kideellecting
duct, distal colon and the respiratory epithelium, play an important role TnaNd fluid homeostasis,
controlling blood pressure and regulating thesllef alveolar fluid. Aberrations of ENaC function may lead to
hypertension, hypotension, pulmonary edema and reduction of mucociliary clearance of the airways. The
epithelia lining the lung, kidneand gut release nucleotides in response to physiological stimwliatandi P2Y
purinegic receptors in either an autocrine or paracrine manner to regulate an arraysuflogical
mechanisms, including ion transport by these tissues. In the aldosteroneesemgitient of the kidng
activation of purinegic receptors at the apical or basolateral membranes significantly inhibits amiloride-
sensitve Na* absorption mediated by the epithelial™dannels (Vallon, 2008). Similarlinhibition of ENaC
during purinergic receptor acétion has been reported in epithelia lining the lung and gubhzElmanret al.,
2001; Matoset al.,2007). The absence ofyanegdive dfect of nucleotides on the activity of ENaC in B2Y
knock-out mice (Matost al.,2007) suggests that P2Yeceptors may be responsible for purgieregulation
of ENaC. In the past decade, the B2¥ceptor-actiated signaling mechanisms that regulate activity of ENaC
have been atensiely investigated. It has been reported that nucleotides may mediate their effect on ENaC via
pertussis toxin-sensig G-proteins (Kinzelmanret al.,2002). Our recent studies, which used gene interference
and gene expression techniques, suggest that fgedi®ers, released from pertussis-sewsitG-proteins
during P2Y, receptor actiation, may mediate the purirgic regulation of ENaC aefity. The signaling
mechanism iwolved requires activity of PL@4, but appears to be independent of the traditional signaling
effector molecules downstream of PLC, such a§tﬁ:a PKC or MAP kinase. W oconclude that depletion of
membrane phophatydylinositol 4,5-biphosphate {PIfhduced by activity of PLC aetited during P2Y
receptor stimulation, may play an important role in mediatingndegulation of ENaC actity during P2Y,
receptor actiation.

Kunzelmann K, Schreiber R, Boucherot A. (20Bigney International 60: 455-61.
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An insight into epithelial cellsthrough raredisorders
S. Broer Shool of Biochemistry & Molecular BiologZollege d Medicine Biology and Environment,
Australian National UniversityCanberra, ACT 0200, Australia.

Disorders of amino acid transportveaeen very influential in the elucidation of amino acid absorption in
the kidng and intestine. Molecular identification of the transport systems mutated in these disorders highlights
the compleity of amino acid transport and demonstrates its links to more cerpathologies such as blood
pressure regulation and epithelial cellfeliéntiation. Hartnupdisorder is an autosomal recessidsorder.
Analysis in 17 families up to moconfirms that SLC6A19 is the only gene&dtved in the disordeA variety of
alleles hae been identified, of which only one (R240Q) did not abolish transport. This allele could be clarified
after the disceery that SLC6A19 requires one of thedaveuxiliary proteins collectrin or ACE2 for sate
expression. Collectrin is predominantly found in the kignehereas ACE2 is found predominantly in the
intestine. The association of SLC6A19 withotdifferent proteins in kidneand intestine ders an gplanation
for Hartnup disorder ariants that affect only renal or only intestinal amino acid transport. Coexpression of
SLC6A19(R240Q) with ACE2 or collectrin shows reduced transportigctthereby explaining the onset of
Hartnup disorder in individuals with this allele. Iminoglycinuria (IGasafirst described fifty years ago as an
autosomal recess &normality of renal transport of glycine and of the imino acids, proline and
hydroxyproline. Hyperglycinuria (HG) has been attributed to heterozygosity of avputkfectve dycine,
proline and hydroxyproline transporteddnconfirmed associations Ve been reported with ypertension,
glycosuria, nephrolithiasis, andarious neurological diseases. A candidate gene sequencing apprasach w
applied in seen families first identified through newborn screening programs. Electrophysiological studies and
a nolecular splicing assay were used to demonstrate aberrant transporter function in affetdled. f
Mislocalization of mutant aminoacid transporters and their normgiglogical distribution was defined by
immunofluorescence. 8dentified a common proline and glycine transporter as the major responsible gene and
demonstrate consistent inheritance and functional studies. In some of the pedigrees tee ansg@tions of
this transporter retained residual transportvégti In those cases the urinary phenotypes were modified by
additional mutations in additional proline and glycine transporters. The model consistent with thedobserv
pattern of inheritance is classical semi-dominant inheritance in wh@wmtwerited non-functional alleles of the
major gene conferred the complete IG phenotype whereas one non-functional adlaefficient to confer the
HG phenotype. Despite the apparently simple urinary phenotypes of IG and HG, this studyehlzsl re
unexpected multigenic complexity as an explanation for the obdemyduced penetrance. The contributions of
mutations in multiple transporters in these discrete phenotypes provide a model for dissecting the molecular
etiology of a major gene modified by genes with related functionalities.
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Insightsinto renal albumin handling
P. Poronnik, School of Biomedical Sciences, The University of Queensland, St Lucia, QLD 4072, Australia.

The appearance of albumin in the urine (microalbuminuria) is an important marker of renal impairment.
The clinical importance of albuminuria as a majodependent risk factor for cardascular disease is no
becoming widely appreciated and underscores the importance of understanding the mechanismsafialb
The traditional viev of abumin handling is that the glomerulus presents agehand size selegé karrier that
prevents substantial amounts of albumin entering the tubules. The small amount of albumin that is filtered is
rapidly reabsorbed by recepimediated endocytosis, broken down in the lysosomes and resultant amino acids
returned to the blood. In disease, the glomerular filtration barrier is compromised, excess albumin leaks into the
tubules which in turn disrupts the endocytic mechanism leading to miarnaibria. This disruption of tular
endogtosis also implicates impaired lysosomal function in thgeldpment of microalbminuria. This
corventional paradigm is currently under challenge oo bnoad fronts. The first is the charge selectivity of the
glomerular filtration barrier and the amount of albumin that crosses the baneesecond is the nature of the
mechanisms for the tular uptale of dbumin. Recent studies in transgenic animakeldaonn that remwa of
most of the ngaive chalge from the glomerular capillary wall does not induce heavy albuminuria as predicted
by the theory of glomerular charge seleityi Real timein vivo imaging of albumin filtration in the normal
kidney has challenged our weof glomerular permeabilityThese data suggest thatwattin is highly permeable
across the glomerular filtration barrier and that albumin is vettientact by an as yet uncharactersied high
capacity retrieal pathway Key  the understanding of these proposed patfsais the ability to distinguish
between intact and deaded albumin as it is taken up by the proximal tubule.h&erecently deeloped a
method using a conjugate of athin that only fluoresces when it is degraded to track the alburgradigion
pathway in the nephron. Our data are consistent with significaalslef allumin being rapidly taken up and
degraded by the proximal tubule and suggest that theentional model of renal albmin handling may require
re-examination.
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