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Effects of gadolinium and static magnetic fields on MscL channel activity
E. Petov, Z-W. Liu and B. Martinac, School of Biomedical Sciences, University of Queensland, St Lucia,
Queensland 4072 Australia.

All biological tissues are highly penetrable for static magnetic fields (SMF). There are a number of
hypotheses concerning the cellular and/or subcellular target of these @#idgossibility is that tlyetarget the
cell membrane. It was shown that applying a SMF of 80 mT affected the open probap)iléydgating of the
bacterialM echaneensitive channel ofLamge conductance (MscL) reconstituted into liposomes (Hughas,

2005). Sincephospholipid molecules possess diamagnetic anigotRpsen, 2003), the SMF effect on MscL
could originate from the reorientation of the lipid molecules perpendicularly to the direction of the magnetic
field. Taking into account that thousands of phospholipid molecules form well ordered arrays in the bilayer the
effect of SMF thus becomes amplified affecting the embedded MscL pr&eisther possible effect of SMF

could bevia membrane-bound ions, such as®CéDel Moral & Azanza, 1994).To test this hypothesis we
examined if SMF could modulate the ability of €dons (non-specific blocker of mechanosewsitihannels

(Hamill & McBride, 1996)) to inhibit MscL ating, since G# ions interact with phospholipid molecules in a
similar way as C# ions (Ermakv et al, 2001).

Single channel patch-clampxpmeriments were carried out using the MscL channels reconstituted into
liposomes and effect of Gtlon MscL activity was recorded. The results showed that',Gd a dse-
dependent mannecaused an increase in thegaive pressure required to open the MscL channé@.uM
Gd®* in the bath partially blocked the MscL channel, whereasp#GGd®* blocked the channels completely
Gd®* also prolonged the duration of the single channel openings by decreasing the frejutiecchannel
opening and reducing channel flickering.

Next we studied the effect of SMF on the MscL wityi and MscL block by G¥#. Negdive pessures of
40-50 mmHg were required to stretch liposome patches andtadiie MscL channels. Only patches were
examined which ehibited stable channel activity during the initial 5-7 minutes ofxqre@ment. Arare-earth
NdFeB magnet as positioned at a distance of 2 mm from the tip of the pipette. The estimated strength of SMF
was 400 mT. Application of the SMF had a two-fold effect on the channeViacti(1) a decrease of the open
probability NP (N, unknown number of channels in a patch) during application of the SMF 68786
(meartS.E., n=10) of the initial steady-statedebefore the application of SMF; and (2) an increase of NP
upon remea of the SMF to 119610.8% (n=10). The &fcts of the SMF were slowly ddoping over
approximately 10 minutes upon application /release of the. SME time-dependence of the SMF effect may
be explained by formation and destruction of ordered phospholipid clusters in the. bifayiability in the
extent of the observed fetts in our experiments might be due to the fact that the patch membrane is not flat
when suction is applied to the pipette (Sukhareal, 1999), so that the peripheral and central parts of a patch
are at different angles to the SMEctor In most of the gamined patches a partial blockade of the MscL
actiity by 50 pM of Gd®* increased in the presence of SMAfter remwa of SMF the channel aatity
recovered to the previous Vel and often increased furthergadless of the presence of &dons. Insome
patches the channel activity did not increase after theva@mbSMF, but had already done so in its presence.
Our results suggest that ordering of phospholipid molecules in the bilayer by SMF could cause a displacement
of G&® ions bound to phospholipid molecules due to the electrostatic repulsion between the ions, which
resulted in reduction of the MscL channel block by Gd
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Conformational changes iwolved in MscL channel gating measured using FRET spectroscopy

B. Corry!, P. Rgby? and B. Martinaé, 1Chemistry School of Biomedical, Biomolecular and Chemical Science,
2Biomedical Imaging and Analysis Facility af@chool of Medicine and Pharmacologie University of
Western Australia, Crawlg WA 6009, Australia.

Transmembrane channels facilitate theveneent of small molecules and ions across cell membranes.
Obtaining detailed structural information about such proteins has been difficult, due not only to the
complications of crystallisation, but also becausg tuwpt multiple conformational states that are not easy to
probe with static x-ray imagesWe demonstrate that fluorescence resonance energy transfer spegtroscop
(FRET) is a pwerful tool forin situ structural analysis of multimeric membrane proteins by measuring the
conformational changesviolved in gating the mechanosensition channel MscL.

MscL channels act as safetglves in bacterial cells, opening wide pores toveme cell death during
hypo-osmotic stress. The MscL protein monomers are fluorescently labelled by randomly attackakduate
488 (AF488) and AlexaFluor 568 (AF568) to a single cysteine residue introdiacgite directed mutagenesis.

As the channel protein is a pentaptbis mutation introduces fvidentical cysteine sites each equally likely to

be occupied by AF488 or AF568. The protein is reconstituted into artificial phosphatidylcholine liposomes and
imaged in a laser scanning confocal microscope. The channels are normally closed in their resting state, b
may be forced into the open conformational state with the addition of lysophosphatidylcholine (LPC) which
inserts in the outer layer of the liposome membrane bilayer promoting membraati@iand/or a change in

the transbilayer pressure profile, thus leading to channel opening.

The liposomes are imaged in both AF488 (donor) and AF568 (acceptor) emission bands before and after
bleaching of the acceptor AF568. The intensity of the AF488 donor emission increases after bleaching
indicating FRET is taking place.

The proportion of energy being transferred from the donor to the acceptor is then related to the pentamer
radius in both the closed and open channels using a Monte-Carlo ensemble analysis frbigragtounts for
each channel protein containing a random mix o flvnors and acceptors and the fact that energy transfer
could arise between fluorophores attached to different proteins.

As illustrated schematically in the figure, we find that the diameter of the fluorescently labelled MscL
channel increases by 16A upon weatbn, creating a large pore and representing one of tigesaknevn
conformational changes in membrane proteins.

closed
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C-terminal charged cluster of the mechanosensite channel MscL, RKKEE, functions as a pH
sensor

Anna Kloda and Boris Martinac, School of Biomedical Sciences, University of Queensland, Brisbane,
Queensland 4072 Australia.

A highly consered cluster of charged residues, RKKEE, located within the C-terminus of the bacterial
mechanosensite dannel MscL is essential for the channatigg. The mutated protein lacking these amino
acid residues is not functional (Haseal, 1997). Thisstructural motif is a part of a cytoplasmic helix and is
proposed to seevas a gbilizing element of the closed configuration of the MscL channel (Petado 2001).

The crystal structure of MscL was obtained av [gH showing the channel in its closed state (Chaal,

1998). In the crystal structure the charged residuesaainegf each other inside the C-terminal heliaahdie.

However an independent study of the channel closed structure (Petoaly 2001) shows that at neutral pH

these residues are outwardly oriented facing the aqueous medium. This suggests that the orientation of the C
terminal helices relate o the aqueous medium is pH dependent. Thus, it is possible that the RKKEE cluster
functions as a pH sensdn the present study we examined the effects of pH as well as of cheegeareand
substitution within the RKKEE cluster on mechanoserigitiof E. coli MscL reconstituted into liposomes

using the patch-clamp technique.

Chage reversal mutations did not affect the free energy ofvatitin or actvation pressure of the channel
(AG, = 15.8 KT, p,, = 76.3 mmHg and\G,, = 16.4 KT, p, , = 84.2 mmHg) for the RKKEE wild type and the
EEKKR mutant respeately. Protonation of E107 and E108 residues, agdeby decreasing thexperimental
pH or replacement of getive chalges by glutamine, significantly increased free energy ofaticth for the
MscL channel due to an increase in\ation pressure p, (AG, = 26.9 KT, p,, = 120.2 mmHg for wild type
MscL at pH 5.5 and\G,, = 26.1 KT, p,, = 130.3 mmHg for the RKKQQ mutant channel at pH 7.0). A similar
increase IMG,, was dosened when posite chaiges were substituted by glutamidesy = 23.8 kT, p, , = 118.6
mmHg at pH 7.0) or thewverall charge of the clusteras neutralized by increasing experimental pH of the
RKKQQ mutant AG, = 25.7 KT, p,,, = 124.0 pH 9.5). Interestingly protonation of the positely chaged
residues of the RKKQQ mutant by lowering the experimental pH to 5.5 resulted (B0 mmHg) and\G,

(13.0 kT) comparable to the wild-type MscL atyplological pH of 7.0 suggesting the importance of the
preseration of the total charge of the clust®ur data indicate that the RKKEE ched cluster acts as a pH
sensor that regulates the stability of the cytoplasmic helix. Our data further suggest that, in contraatitgthe g
model proposed by Anishkigt al. (2003) the cytoplasmic helix is not only functioning as a siadusion filter

but also substantially influences channel gating.
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The effects of eriochrome cyanine R on the mechanosengitidhannels ofE. coli

T. Nguyert?, B. Qare?, L. HooP and B. Martinaé, 'School of Medicine and Pharmacologgniversity of

Western Australia, W 6009, Australid, School of Biomedical, Biomolecular and Chemical Sciences, University
of Western Australia, 6009, Australia andSchool of Biomedical Sciences, University of Queensland, QLD
4072, Australia.

The «istence and characteristics of the mechanoseasitannel of large conductance (MscL) and small
conductance (MscS) d.coli have keen well documented andtensvely studied (Sukhareet al, 1997).
MscL and MscS ha keen found to play an important role in osmoregulation and thehtannels are capable
of compensating the absence of each other (Beetiaal, 1992; Levina et al, 1999). Thoughsimilar in
physiological function, the channels differ somewhat in structure and charactefiséd/scL gene comprises
of 136 amino acid residues amounting to a 15-kDa protein (Sukkar@., 1994) to form a homopentamer
(Changet al, 1998). WhereasMscS, is a 286-residue membrane protein with its 3D structuealireg a
homoheptamer (Bast al, 2002). MscSis gated at pressures approximately half of which MscL isaetd
and has a conductanceldfnS (Martinacet al, 1987; Sukhareet al, 1993) compared to MscL conductance of
[(BnS (Sukhareet al, 1994).

We have previously shown that parabens, which are food and cosmetic pa&gesy were able to
spontaneously aetite MscL reconstituted in liposomes and MscS in giant spheroplasts, and also increased the
mechanosensitity of MscL (Nguyenet al, 2005). Ourstudies therefore, broaden to other compounds which
would bind to the MscL gate with greater affinity than parabens. Based oim-silico data, eriochrome
cyanine R bound to the MscL channel gate with a Gibbs free energy of -47.03kdvhich is a much loer
value than that of parabens, indicating a greater affinity to the channel.

The patch-clamp studies with eriochrome cyanine R were shown to complensdiio results with
spontaneous MscL activity observed in 78% of the patches. The Boltzmann distributierotMscL in the
presence of eriochrome cyanine R was markedly shifted to the left of the cont®lasdrthe Boltzmann
parameters namely, p,, and AG, were also significantly lowereg « 0.05) in the presence of eriochrome
cyanine R compared to controhlues. Thais, the mechanosensitivity of MscL was greatly increased in the
presence of eriochrome.

Based on our studyt is possible that eriochrome cyanine R could be used as a lead compound for the
development of a neel type of antibiotic. An antibiotic which would act by gating the mechanosengiiS)
channels resulting in the leakage of essential ions and cell osmoticants out of the bacterium andgefiLiss pre
growth and survial.
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Mutations within the selectivity filter of the NMDA receptor channel influence voltage-dependent
block by extracellular 5-hydroxytryptamine

Anna Kloda and David Adams, School of Biomedical Sciences, University of Queensland, Brisbane QLD 4072,
Australia.

The NMDA receptor is a tetrameric cation channel which mediates important physiological processes
such as long-term potentiation, synaptic plasticity and negesdeatiorvia conditional C&* signalling. The
ionic influx through the open channel pore coincides with the presynaptic release of glutamate and postsynaptic
membrane depolarization, which reks wltage-dependent Mg block. Theasparagine residue on the NR2
sulunit corresponding to position 596 (N+1 site) contributes to thé*Minding site and affects channel
rectification due to block by extracellular ®fg In contrast, asparagine at position 598 (NO site) on the adjacent
NR1 subunits barely affects suchests (Wollmuth et al, 1998). Bothresidues are located near the tip of the
M2 re-entrant loop and line the selectivity filter of the channel pBecently we reportedoltage-dependent
inhibition of NMDA receptor currents by 5-hydroxytryptamine (5-HT) (Kloda & Adams, 200%e \oltage
sensitivity of the block indicated that 5-H¥milar to Mg?*, binds within the membrane electric field.

In the present studywe assessed the effects of NR1(NOS) and NR2A(N+1Q) mutations of AIMD
receptors expressed Xenopusoogytes on the block byx#éracellular 5-HT using the two-electrodeltage
clamp recording technique The mutation within the NR1 subunit of the NR1(NOS)-NR2A receptor combination,
strongly reduced the magnitude of the block by 0.3 mM 5-HT and abolishedltagevdependence of block.
The corresponding mutation within the NR2 subunit of the NR1-NR2A(N+1Q) receptor channels reduced the
block by 5-HT to a lesseixtent although the rectification of the |-V cerwas similar to that observed for the
wild type. This is opposite to the block produced ktemal Mg+ where a substitution of the NR2A(N+1) site
asparagine but not the NR1 N-site significantly reduces the blooknfWh et al, 1998). Furthermorethe
NR1 and NR2 mutant channelsfdiied in their sensitivities to the 5-HT block compared to wild type. The IC
values for 5-HT block at -120 mV were 59 uM for wild typet Iincreased to 230 uM and 1.5 mM for the NR1
and NR2A mutants, respeatly. These data indicate that the block by 5-HT is attenuated by corresponding
asparagine mutations in the NR1 and NR2usits. Theeffect of the asparagine substitution in the NR1 and
NR2 subunits on 5-HT block suggests that, in contrast to ttfé Mock, 5-HT block critically depends on the
NR1 asparagine residue and to a lesser extends on the NR2 rédhse the binding of 5-HT tody residues
in a narrev constriction of the channel pore may yide a significant barrier to ionic fluxes through the channel.

Kloda, A. & Adams, D.J. (2003ritish Journal of Pharmacology44, 323-330.
Wollmuth, L.P., KunerT., & Sakmann, B. (1998)ournal of Physiology06, 13-52.
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lon selectivity of glycine receptors with mutations of charged residues in the intracellular portals
TM. Lewid, Qugihartot, J.A. Peterd, J.J. Lambert, PH. Barry* and A.J Moorhousé, School of Medical
Sciences, The University of W&outh Wales, NSW 2052, Australia &iepartment of Pharmacology and
NeuroscienceThe University of Dunde®undee DD1 95Ynited Kingdom.

The glycine receptor (GlyR) is a member of the nicotinie-fdmily of ligand gted ion channels that are
comprised of fie aubunits, each with a similar topology of a large N-terminal extracellular domain and four
transmembrane domains (TM1 to TM4). The prototypical member of this family is the muscle endplate
nicotinic acetylcholine receptor (nNAChR). Cryo-electron microgcgpdies of hAChRs from the ofpedo
electric ray pruide the best structural information of this receptor (Unwin, 2005) and by homelagppd
template for other members of tranfily, including the GlyR. The nAChR structure shows that the intracellular
loop between TM3 and TM4 is, in part, anhelix (designated ‘MA)) and the MA helix from each suii
comes together to form anvirted ‘tee-pee’ underneath the intracellular mouth of the ion channel pore.
Chaged residues in the MA helix are hypothesized to influence the ion size agd sbkctivity of the channel
as a consequence of lining the ‘portals’ or windows that form between adjacent MA helices. In the serotonin
receptor (5-HTR), these residues influence the channel conductareiéeyket al, 2003). We investigated
homologous residues in the MA helix of thé GlyR to see if thg influenced ion selectivity or conductance.

Homology alignment of the amino acid sequence foratheGlyR subunit and thex sulunits of the
Torpedo nAChR and 5-HR was used to identify the likely charged residues in the GlyR that line the MA helix
and face the portals. Four positiy charged residues were identified:g877, Lys378, Lys 385 andy£386.

Two mutantal GlyR subunits were created: one where all four of these residues were substituted for neutral
alanine (‘4A) and another where thiavere substituted for the gaively charged glutamate (‘4E’). The cBN

for the wild-type, 4A and 4E GlyR mutants were separately transfected into 293 cells using a&/leoiyeie
reagent (jetPEI™) and glycine aafied currents were recorded using standard whole-cell patch-clamp
techniques. Current-voltage (I-V) curves were determined from a voltage-step protocol (100 ms steps)
performed during the continued application of non-desensitizing concentration of glycine. |86 oueve
initially determined in an extracellular solution containing (in mM): NaCl, 145; glucose, 10; HEPES, 10
(adjusted to pH 7.4). I-V curves were subsequently determined in solutions with 50% NacCl (75 mM) and 25%
NaCl (37.5 mM) that were osmotically balanced with sucrose. The internal (pipette) solagoinwmM):

NaCl, 145; CaCl 2; EGTA, 5; HEPES 10 (adjusted to pH 7.4). Theersal potentials (/) were determined

from the I-V curves for each NaCl dilution and corrected for liquid junction potentials. The shiffg, forV

each dilution were fitted with the Goldman-Hodgkin-Katz equation to estimate theegiatmeability for
chloride ions with respect to sodium iong, (P, ). The mean alues for the }/, obtained from the wild-type,

4A and 4E (n=7 in each case) are shown in the following table:

V., (MV)
wild-type 4A 4E
100% NaCl -0.3+0.2 -0.3+0.6  -0.8+0.3
50% NacCl 11.6+0.7 10.7+£0.5 11.5+0.7
25% NaCl 22.6x1.5 22.4+1.3 22.8+1.4

The corresponding HP, , values determined were similar in all three cases: 7.5+0.2 for the wild-type,
7.0x0.5 for 4A, and 7.6+0.3 for 4EThese results indicate that the substitution of the four charged residues in
the MA helix had no significant effect upon the ion selectivity ofaheGlyR. Preliminarydata suggest that
both the 4A and 4E mutations reduce the single channel conductance. Further studies are required to addres
the possibility that other charged residues lining the portals maydiedd in ion selectivity.

Unwin, N. (2005)Journal of Molecular Biologyd46, 967-989.
Kelley S.P., Dunlop J.I, Kirkness E.F., Lambert J.J. & Peters J.A. (2088)re424, 321-324.
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A molecular determinant of tropisetron inhibition of the glycine receptor CI' channel
Z. YangA.D. Ng/ and J.WLynch, School of Biomedical Sciences, University of QLD, Brisbane QLD 4072,
Australia.

Tropisetron, an antagonist of the 5-HT3 receptor cation channel, is used clinically as an anti-emetic drug.
It also has potent effects on the structurally related glycine receptoch@hnel (GlyR). At lav (sub-
micromolar) concentrations, tropisetron potentiates the GlyR and at higher concentrations it produces inhibition
(Supplisson & Chesnoy-Marchais, 2000). Since prostaglandins increase the transmission of pain impulses to the
brain via downreyulation of spinal glycinergic neurotransmission, the GlyR has emerged asl danget for
therapies directed at neuropathic pain (legret al, 2004). Asa potentiating agent, tropisetron is a lead
compound for the delopment of neel analgesic therapeutics directed at the Gh\HRwever, the locations of
the inhibitory and potentiating tropisetron binding sites on the GlyR are unknown. This study sought to identify
the tropisetron inhibitory binding site on homomeritand heteromerict1p GlyRs.

HEK293 cells were transfected with WT and mutant GlyR ADbDsing the calcium phosphate
precipitation protocol. When co-transfecting and [ sukunits, their respeate dNAs were combined in a
ratio of 1:10. The transfection solution was remtbater 24h and glycine-gated currents were recorded using
whole-cell patch clamp techniqueseo the following 24-72 h.Heteromeric GlyRs were identified by GFP
fluorescence coupled tB sulunit expression and by their reduced sevigjtiof heteromeric GlyRs to
picrotoxin.

We first confirmed that sub-micromolar concentrations of tropisetron elicited potentiation and that
concentrations alve 100 uM inhibited the WTal GlyR (Figure, left panel). \Wthen used 500 uM tropisetron
to screen a large number of mutant GlyRs in whiahious known ligand binding sites were abolish¥de
investigated the principal ligand-binding domain g mutations 193A, A101H/C, N102A/C/D/Q), domain B
(F159A, Y161C) and domain C (K200A, H201A, Y20RR203A). We dso serially eliminated the zinc binding
sites (H107N, H109N) and the alcohol binding site (S2670)e four N102 mutations were the only tested
mutations that abolished inhibition and in each case thssaghieed without affecting tropisetron potentiation
(Figure, right panel). When the N102Q mutedtsubunit was co-expressed with the VBTsuhunit, tropisetron
inhibition returned to near normal potgnd125 in thep sulunit residue corresponds to N102 in thé
sukunit. Whenthe N102Q mutanétl subunit was co-expressed with the N125D mutasukunit, tropisetron
inhibition was also normal.

WT N102A
0.1 500 uM . 0.1 100 500 puM
tropisetron: = m tropisetron: = = =
4 nA 1nA
5s 5s

We mnclude that N102 in thel subunit is a specific determinant of tropisetron inhibition. Its location in
the agonist binding poek implies that it may be a tropisetron binding site. Our results indicatp shddunits
also contain tropisetron inhibitory siteslowever, the location of thgd sukunit site does not correspond to its
location in thea1l subunit.

Supplisson, S. & Chesnoy-Marchais, D. (200M®lecular Pharmacologys8, 763-777.

Harwey, R.J., DepnerU.B., Wassle, H., Ahmadi, S., Heindl, C., Reinold, H., Smart, T.G.,dyak., Schutz,
B., Abo-Salem, O.M., ZimmerA., Poisbeau, P., Welzl, H., &Ner, D.P, Betz, H., ZeilhoferH.U. &
Muller, U. (2004)Science304, 884-887.
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Subunit-specific inhibition of recombinantly expressed glycine receptors by ginkgolides and
bilobalide

R.L. Hawthorne and J.Mlynch, School of Biomedical Sciences, University of Queensland, Brisbane QLD 4072,
Australia.

Extracts from the ginkgo biloba treeviealeen used in traditional Chinese medicine for centuries. Major
actve cmmponents of these extracts include the ginkgolides A, B and C (GA, GB, GC) and bilobalide (BB). GA,
GB and GC are terpene trilactones whicHedionly in the number and placement of their hydroxyl groups.
They share some structural similarity with BB and with the known glycine receptorci@nnel (GlyR)
inhibitor, picrotoxin. The ginkgo compounds Ve recently been shown to ¥v& potent inhibitory effects on
GlyRs endogenously expressed in cultured central neurarsl(&tskayaet al, 2001; lvic et al, 2003). Their
use- and eltage-dependence suggestytineay be pore-blockers @hdratskayaet al, 2001; lvic et al, 2003).

The aim of the present study was teestigate the specificity of these compounds for recombinarpyessed
al, 02, alp anda2B GlyRs. Their use-dependence, voltage-dependence and agonist concentration dependence
of inhibition were also examined.

HEK?293 cells were transfected with GlyR cDNAs by the calcium phosphate precipitation protoonl. The
andf3 subunits were co-epressed in a 1:10 ratio. The transfection solution wasvedrgter 24 h and glycine-
gated currents were recorded by whole-cell recording the following 24-72 h. Heteromeric GlyRs were
identified by GFP fluorescence and by their reduced sensitivity to picrotoxin inhibition.

In homomerica2 GlyRs, inhibition by GA, GB and GC as more pronounced at pogitivoltages whilst
BB showed no significant voltage-dependencewdro concentrations of glycine markedly increased the
inhibitory potenyg of BB, whereas glycine concentration changes had no significant effect on the degree of
inhibition by GA, GB and GC. All four extracts showed use- dependence with no inhibition observed in the
absence of glycine. As with picrotoxin, the poten€BB inhibition was drastically reduced upon og@eession
of the3 sukunit with either thex1 or a2 subunits. On the contrayygo-expression of th@ sulunit with either the
ol or a2 subunits caused a significantly increased serigitito GB and GC. The sensitivity to GAas
significantly increased in the2p relative  the a2 GlyR, but was not significantly changed in th#3 relative
to theal GlyR. Theal subunit mutation T8 aolished inhibition by all compounds.

The use-dependence, voltage-dependence and the sensitivity to the pore-liRingitééion, all suggest
that the 4 tested ginkgo biloba extracts bind at a site in the GlyR pore. The reagter lindicate a dierent
mechanism of inhibition by BB compared to that of GA, GB and GC. BB inhibition of the GlyR appears to
mimic the effects of picrotoxin, despite these compounds sharing little structural simildmitysuloinit-
specificity of these compounds may be of use in defining thengutomposition of nate reuronal GlyRs.
Further ivestigations are required toxamine the molecular basis of the observed differences in their
mechanisms and subunit-specificity of action.

Kondratskaya, E.L., Lishko,. Y2, Chatterjee S.S. & Krishtal, O.A. (200R)eurotiemistry InternationakO,
647-653.

Ivic L., Sands, TT., Fishkin, N., Nakanishi, K., Krigstein, A.R. & Stromgaard, K. (2003yurnal of Biolagical
Chemistry278, 49279-49285.
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Crosslinking of a131 GABA , receptor subunitsvia cysteines introduced into the transmembrane
domain

T.. Webb, Z. Yang and J.Wynch, School of Biomedical Sciences, University of QLD, Brisbane QLD 4027,
Australia.

GABA, receptors belong to the ligand gated ion channel supéyf Activation of these channels is
thought to irolve novement of the pore lining M2 domaimA model fora1B1 GABA , receptor actiation has
been proposed on the basis of disulphide bond trapping experiments at an M2 residleedlegl near the
activation gate (Horensteirt al, 2001). Thisresidue was mutated in both subunits to produ€é'C and
BT6'C subunits. Western analysis of GAB, receptors expressed in HEK293 cells plus elecysiplogy of
the same receptors Xenopusoogytes suggested that disulphide bonds between adjBcgutunits lock the
channels in the open state. The authors conclude thagtietiis mediated by an asymmetric rotation of
adjacent3 sulunits. Datafrom our laboratory presented previously (Slearal, 2002) and here question this
model.

To facilitate Western analysis, aliT6'C subunits were tagged with a FIQ\ epitope and allBT6'C
sulunits were tagged with a myc epitopdEK293 cells were transfected with different combinations of wild
type a, wild type 3, aT6'C and BT6'C subunits and imestigated by whole-cell electrophysiological recording.
The oxidising agent, copper phenanthroline (Cu:phea$, wged to promote formation of disulphide bonds and
the reducing agent, dithiothreitol (DTT),a®& used to break them. Crude membrane preparations of the same
transfected subunit combinations were used festéfn analyses. Surface expression of functional receptors
was oonfirmed by immunocytochemistry.

Disulphide bond formation betwe@T6'C subunits was observed in the closed stdtecells epressing
channels containin@T6'C subunits, GABA-gated currents decreased waesibly upon Cu:phen treatment. As
this effect was neersed only upon DTT application, we conclude that the disulphide bonds lock the channel
closed. Thesédonds also formed spontaneously at a muclvesiaate. Western analysis provided direct
evidence that formation of disulphide bonds in the closed state occurs bediveednits. Theinclusion of
DTT at sweral stages of channel protein preparatioasvsufficient to reduce the irtsuhunit disulphides.
Similarly, when Cu:phen was applied in combination with GABA, cells expressing channels condifiGg
sulunits again drastically reduced GARurrent magnitude. Since the channels could only be reopened upon a
subsequent application of DTive @wnclude that disulphide bonds lock the channel in a closed conformation.
Since channels containiffJ 6'C subunits desensitize rapidly retedi o wild type channels, the conclusion that
the BT6'C subunits are crosslirdd in the open state (simply because @GAB present) should be treated with
caution. Dueto the \ery short lifetime of the open state, we suggest that disulphide bond formation occurs
predominantly in the desensitized staiéestern analysis again prided direct evidence that formation of
disulphide bonds in the desensitized state occurs bet@esmunits. No intersutunit disulphides were
obsened with channels containing oryT6'C subunits and3 wild type sulinits. IndeedpT6'C subunits were
obsered to form DT¥sensitve intramolecular disulphidesHowever, a weak band corresponding to a small
population of mixed disulphides was obsatvwith channels containing bothhT6'C subunits andpT6'C
subunits.

Because we find novelence for a state-dependent disulphide trapping 6€ Tésidues, our results are
inconsistent with the model for LGIC agdiion proposed by Horenstegt al. (2001).

Horenstein, J., Wagndb.A., Czajlowski, C. & Akabas, M.H. (2001)lature Neurosciencged, 477-485.
Shan, Q., Haddrill, J.L. & Lynch, J.M2002)Journal of Biological Chemistry277, 44845-44853.
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Etomidate alters the single-channel properties of GABA receptors in newbon rat hippocampal
neurons

VA.L. SeymouPW Gage and M.L. Tierng, The John Curtin School of Medical ResgaiThe Australian
National UniversityCanberra, ACT 2601, Australia.

The GABA , receptor is a GAR activated chloride channel that belongs to the swgpeityy of ¢ysteine-
loop ligand-gated ion channels. The receptor is largely responsiblasbirihibitory neural transmission in the
mammalian brain and is the target of magrugs including barbiturates, benzodiazepines and general
anaesthetics such as etomidate. Etomidate is a carboxylated imidazole general anaksthetied as an
induction agent in rapid sequence intubation in the gemgy department because of its fast eatibn and
hemodynamic stability (Bergen & Smith, 1997; Snattal, 2000).

Whole cell data has shown that etomidate modulates theAGA&eptor in a number ofays; at clinical
concentrations (1-1M) etomidate potentiates the GAR receptors response to GARB; at higher
concentrations (10-100®1) etomidate can directly agtte and desensitize the receptor; andvah éigher
concentrations (>10QM) it produces an inhibitory affect (Zhamg al, 2002).

To investigate hov etomidate affects the properties of single G¥Breceptors single-channel currents
actvated by GABA and etomidate are being recorded from hippocampal pyramidal neurons. Neurons are
cultured from newborn Wistar rats (<24hours old) and experiments performed fremdags after culture.

Preliminary results indicate that at clinical concentrations (IM)Oetomidate potentiates the GAB
induced current by increasing channel open time, open probability and channel conductance.

The ability of the general anaesthetic etomidate to increase the maximum channel conductance to >40pS
adds to our gming list of drugs that are capable of affecting the conductance ofAGA&ceptors. dgether
with diazepam, pentobarbitone, propofol andvraomidate, which may all increase the maximum conductance
of GABA, channels, our data suggest that such drugs are acting through a common molecular mechanism
inherent in GABA, receptors.

Bergen, J.M. & Smith, D.C. (1993purnal of Emegency Medicinel5,221-230.

Smith, D.C., Bergen, J.M., Smithline, H. & KirschniRt (2000)Journal of Emegency Medicinel8,13-16.
Zhang, Z.X., Lu, H., Dong, X.P., Liu, J. & Xu, T.L. (2002)ain Researh 953,93-100.
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GABA , af3 receptors open spontaneously when the consed M2 leucine 9 residue is mutated
to a threonine

T.L. Luu, M.L. Tierng and P.W Gage, Dvision of Molecular Bioscien¢g&he John Curtin School of Medical
Researh, The Australian National UniversitpCT 2601, Australia.

Inhibitory neurotransmission in the central nervous system of the brain is largely mediated by the
y-aminohutyric acid type A (GABR\,) receptor This pentameric receptor is selgely permeable to chloride
ions when actiated by agonist. The simplest functional GARBreceptor is composed of and 3 subunits.

Each subunit has 4 transmembramelices, of which the second transmembrane helix (M2) from all 5
sutlunits forms the pore. At the€ @osition of the M2 is a leucine residue that is conserved in aldigyated
ion channels.

A single-channel study was performed to examine the effect of substituting the eohs=ugine 9
residue (L9 to a hreonine in the M2 domain in GAB, ap receptors. Site-directethutagenesis as
performed on the humaml and 31 subunit cDNAs. L929mouse fibroblasts were transfected with either wild
type or mutant GAB, a and  sulunits and green fluorescent protein (GFP) plasmifiaccessfully
transfected cells sined bright green fluorescence and were targeted for single-channel outside-out patch-clamp
recordings.

Wild type GABA, af receptors showed single-channel dgtiwhen actated by agonist. By contrast,
of receptors that contained the'TSubstitution in either thet, 3 or both subunits had spontaneous channel
activity. The single-channel activity recorded from wild typ@ receptors in the presence ofuM GABA
consisted predominantly of brief open timeags with a main single-channel conductance of 15 $iagle-
channel activity was recorded from mutar{t.9'T)B and a(L9'T) receptors in the absence of agoniShe
spontaneous single-channel activity from these tmtant combinations had significantly longer open time
events compared to wild type channels, and there was no change in the single-channel conductance.
Application of GABA to the mutanta(L9'T)B and a(L9'T) receptors led to an increase in single-channel
activity. In contrast to the behaviour @f(L9'T)B and aB(L9'T) receptors, outside-out recordings from the
mutanta(L9'T)B(L9'T) receptor showed only a spontaneous leak current with no single-channel cldhees.
application of penicillin to this spontaneous leak induced very brief closures.

The data suggest that in wild typ@ receptors the functional role of the'L'@sidue is to stabilise the
closed state of the chann&Vhen mutated to a threonine the equilibrium of the receptor is pushedisothe
open state asvealed by the ability of mutant receptors toangpen spontaneously.
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GABARAP influences the conductance of recombinant GABA channels
A.B. Everitt, M.L. Tierngand P.W Gage, e John Curtin School of Medical ResgmiAustralian National
University Canberra, ACTAustralia.

‘Native’ GABA , receptors display distinct electrgiological properties not\abys seen in recombinant
receptors irrespee d subunit composition. Native dannels can k@& cnductanceswar 40pS (Gray &
Johnson, 1985; Smitat al, 1989: Curmiet al, 1993). Moreover, the conductance of some channels can be
increased by modulating drugs such as diazepam, pentobarbitone and propofol @gbd®97; Guyonet
al., 1999; Eghbaliet al, 2003). Bycontrast, conductances of recombinant channeis neva exceeded 35pS
and, although their open probability can be increased by modulating drugs, channel conduatamcs w
enhanced by drugs.

A GABA , receptorassociated protein, GAERAP, is an ntracellular protein that can interact with the
GABA , Y2 subunit. Whenco-expressed with GARB , sutunits, GABARAP caused clustering of the receptors
and changes in whole-cell current kinetics in QT6 fibroblas@an(&t al, 1999). Recenbbsenrations hae
shavn that wer-expression of GABARAP inXenopusoog/tes and in neurons increases theellef GABA
receptors detected at the plasma membrane, indicating thaARABis involved in the trafficking of GAB ,
receptors (Cheat al, 2005; Leilet al, 2004).

It has been suggested that high channel conductances may represent cceampenaitigs of clustered
channels resulting in an apparent high single channel conductancs & aage, 1997).We tested this
hypothesis in an»pression system by co-expressing G¥BAP, known to cluster GAB\, receptors, with
GABA , receptor subunits in L929 mouse fibroblasts.

Immunofluorescent studiesvemled that co-expression of GARAP with GABA , sulunits, showed a
punctate pattern of staining of surface receptors compared to a diffuse pattern in control cells.

We recorded single channel currents in the cell-attached (c/a) configuration 24-72 hours post transfection.
Control patches expressing GAB a1, B1 and y2s subinits alone had a mean conductance of 22132 pS
(n=15). In16 out of 25 patches recorded from cells co-transfected withAGARL, B1 and y2s subunits and
GABARAP, single channel conductances wereabhdipS = 60.7 + 4.3pS, n=16). These ‘high’ conductance
channels were wer seen in control patches. In the remaining 9 patches, the mean conductance wa$.29.1
pS. Bothhigh and lev conductance channel activities were blocked byuM®icuculline. The currentaltage
relationship of high conductance channelswskah outward rectification of the current, similar to that seen in
native receptors.

Diazepam and pentobarbital ieabeen shown to increase both open probability and conductance of
GABA , channels. In patches from cells co-expressing SAB1, B1 and y2s subunits and GAERAP, both of
these effects were seen irrespeetif initial channel conductancdn control patches where GABARAPaw
not expressed, application of diazepam or pentobarbital increased the channel open probability with no effect on
single channel conductance.

Our results shw that co-expression with GAERAP has changed the properties of recombinant SAB
channels. It is possible that clustered receptors may be able to couple and open vapgsratrtue of their
close physical proximity.

Curmi, J.P., Premkumgdkt.S., Birni, B. & Gage, P.W(1993),Journal of Membrane Biology,36, 273-280.

Eghbali, M., Curmi, J.P., BirniB. & Gage, P.W(1997),Nature 388, 71-75.

Eghbali, M., Gage, P& Birnir, B. (2003),European Journal of Pharmacolog§68 (2): 75-82.

Gray R., Johnston, D. (198%)purnal of Neurophysiologyp4: 134-142.

Guyon, A., Laurent, S.,dpardin-Titsch, D., Rossier). & Eugen, D. (1999), Journal of Physiolgy, 516,
719-737.

Smith, S.M., Zorec, R. & McBuryeR.N. (1989)Journal of Membrane Biology,08, 45-52.

Wang, H., Bedford, F.K., Brandon, N.J., Moss, S.J. & Olsen,. R2#99),Nature 397, 69-72.

Chen, Z., Chang-Sheung, S., Leil, T.A., Olcese, R. & Olsen, R2005), Molecular Pharmacolgy, 68(1),
152-159.

Leil, T.A., Chen, Z., Chang-Sheung, S. & Olsen, R2W¥04),Journal of Neuroscien¢e4(50): 11429-11438.

Laver, D.R.. & Gage, P.\\{1997),Prog. Biophsy Mol. Biol, 67: 99-140.
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C-Terminal peptide of M protein from dengue virus (DVM-C) forms ion channels
A. PremkumarC.R. Horan and P.WGage, Ovision of Molecular Biosciences, John Curtin School of Medical
Reseath, Australian National UniversityPO Box 334, Canbega City, ACT 2601, Australia.

The dengue virus belongs to thamfily of Flaviviidae and causes an infectious disease carried by
mosquitoes - denguevie. There is no specific treatment for denguesfeand most people reger completely
within 2 weeks.

Like the alphaviruses and influenza viruses, the dengue virus enters cells in an endasitddc The
M, or membrane protein, of the dengue virus mayetadmilar function to that of the M2 protein of Influenza
A and assist in the entry of the virus by functioning as an ion channel. The M protein is one of the structural
proteins of the virus and is 75 amino acids in lengthe C-terminal end of the protein from amino acids 48 to
70 contains a predicted transmembrane region, thought to anchor the protein in the lipid buayest (&,

2002). Thefunction of the M protein is still unkmm. To test the hypothesis that the M protein of dengue
functions in a similar manner to the M2 protein of influenza A we tested the C-terminal end of the M protein
containing the putate ransmembrane region for channel activity.

The C-terminus of the M protein of the Dengue virus type 1 strain Singapore S27¥8BQPDwas
chemically synthesised and tested for channel forming properties in artificial lipid bilayers.

We have found that the BM-C peptide from Dengue virus forms ion channels in lipid bilayer
membranes. Thehannels were selegti for monwalent cations wer monovalent anions but were relady
impermeable to calcium ions. Amantadine (1®) and 100uM Hexametlylene amiloride (HMA) block
channels formed by EM-C. The dengue virus M protein can be added to an increasing list of virus proteins
that hare been shown to form ion channels in artificial lipid bilayers.

Kuhn, R.J., Zhang, W., Rossmann, M.G., PletisV., Coner, J., Lenches, E., Jones, C.T., Mukhopgaih S.,
Chipman, P.R., Strauss, E.G., Bake§., Strauss & J.H. 2002ell 108 717-25.
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The role of the M1-P1 loop in acid sensite two-pore domain potassium (TASK) channel
regulation

Catherine E. Clarke? Alistair Mathie® and Jamie |. Vandenbékg, 1St Vincens Hospital Clinical School,
University of Nev South Wales, Victoria Road, Darlinghurst NSW 2010, Austraiectrophysiology and
Biophysics Unit, Victor Chang Cardiac Resgainstitute 384 Victoria Street, Darlinghurst, NSW 2010,
Australia and®Department of Biological Sciences, Imperial Cgéidondon, Exhibition Road, London SW7
2AZ, UK.

Background potassium channels control the resting membrane potentialyotetlarand rgulate their
excitability. Two-pore-domain potassium (2PK) channelséhdeen shwn to underlie a number of such
background currents. Although often classed as “leak” channels, currents through 2PK channels are tightly
regulated. For example, the acid sensittlPK (TASK) channels are inhibited by extracellular acidification with
pKa's for TASK-1, TASK-2 and TASK-3 ranging from 6.5 to 8. FASK channels sho relatively high
homology in their transmembrane domains, karyJittle homology in extracellular domains, most notably in
the (B0 residue linkr between the first transmembrane domain and the first pore domain (the M1P1 loop). The
M1P1 loop has preously been shown to beviolved in the differential sensitivity of TASK channels to block
by zinc (Clarle et al, 2004). Theaim of the present studyas to test the hypothesis that the M1P1 loop
contributes to the differential pH sensitivity of TASK channels. Chimaeric TASK channels were constructed by
swapping M1P1 loops between family members and expressed in Chinese Harasyecdlls. Channels were
characterised using standard whole cell patch clamp techniques. The chimaera formedfSike With the
TASK-1 M1-P1 loop (T3/T1-M1P1) had a pHKor inhibition that vas much more similar to that oASK-1
than TASK-3 (T1/T3 M1P1: pK= 7.0 £ 0.05, TASK-1: pK = 7.1 + 0.04; TASK-3, pK = 6.7 + 0.07). This
indicates that the M1P1 loop contributes to the differential pH sensitivity of TASK-1A8K-B8 channels. All
other chimaeras, mever, were non-functional. This further suggests that the M1P1 loops are important for
function and/or structure. k@ver, further work needs to be done to assess whether these non-functional
chimaeras are reaching the membrane and whether function can be restored through re-addition of furthel
regions of the channel, such as the P-loop.

Clarke, C.E., Veale, E.L., Green, P.J., Meadows, H.J. & Mathie, A. (Jo0#)al of Physiologyp60, 51-62.
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Structural studies of chloride intracellular ion channel proteins

AV Mynott, D.R. Littlet, PM.G. Curmt, L.J. Browr? and S.N. Bre#t 1School of Physics, University of New
South Wales, NSW 2052, Austrafidepartment of Chemistry and Biomolecular Sciences, Macquarie
University NSW 2109, Australia antSt Vincent Hospital, Sydng NSW 2010, Australia.

The chloride intracellular channel (CLIC) family of proteins belong to & dass of chloride ion
channels. Theare generally localised on the nuclear membrane, but are also found in the cytoplasm and on the
cell membrane. Thehavethe unique feature of existing in both soluble and membrane associated forms.

The structural conformation of these proteins may be affectedriug biological mechanisms including
pH, redox and interactions with binding partners. For example, suggestions of CLIC translocation to the nucleus
under stress has led to speculation of a direct interaction of CLIC with components of the nuclear import
machinery Furthermore, the location of the conservedteine residues in the 3-dimensional structure of the
CLIC proteins may also pve aucial to the understanding of the structure-function relationship.

In this study members of the CLIC family va keen examined using various biophysical techniques,
including circular dichroism spectrosgopo reveal possible structural conformational changes that may occur
under variations in environmental conditions. The conditiom@nined include binding partner interactions,
oxidation and mutagenesis of the conserved cysteine residues. Results suggest that changes in these conditiol
particularly mutation of Cys178 in CLIC1, lead to conformational instability and structural differences.
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Photochemical behaviour and N& K *-ATPase sensitivity of voltage-sensite syrylpyridinium
fluorescent membrane probes

S. Amorosy V.V. Agort, T. Sarke-Peterkvict, M.D. McLeod, H.-J. Apell?, P. Ssbbarf and R.J Clarke?,
1School of Chemistryniversity of Sydne NSW 2006, AustraligFaculty of Biology University of Constance,
D-78434 Constangeermany andLaboratory of Physical ChemistridMR 8000, University of Paris XI,
Orsay 91405, Fance.

Styrylpyridinium dyes are widely used probes of electric field strength changes in biological membrane
systems. Thecan be used as optical probes in the imaging of electricaitadti nene and muscle cells, and
for the irvestigation of the mechanisms of electrogenic ion pumps. A limit to their applicationnsydrotheir
photochemical stabilityProbes with improed gability and voltage sensitivity are required in order xterd
their areas of application.

Exposure of the altage-sensitie membrane probe RH421 to continuous illumination with 577 nm light
from an Hg lamp leads to an increase in its steady-state fluorescasi@ehlen bound to lipid membrane$he
increase occurs on the second time-scale at typical light intensitiesaarfdund to be due to a single-photon
excited-state isomerisatiorin order to suppress this undesirable reaction, modifications to the dye structure are,
therefore, necessaryhe related probe ANNINE 5, which has a rigid polycyclic structure, shows no abkerv
photochemical reaction when bound to DMPC vesicles on irradiation with 436 nmTigltvoltage sensiity
of ANNINE 5 was tested using N&*-ATPase membrane fragments. As long as ANNINE 5 is excited on the
far red edge of its visible absorption band, it whoa similar sensitivity to RH421 in detecting cer
translocating reactions triggered by ATP phosphorylatitmfortunately the wavdengths necessary for
ANNINE 5 excitation are in a region where the Hg lamps routinely used in stoppedyloaratus hze ro
significant lines wailable for excitation.
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Applications of styrylpyridinium dyes in elucidating ion-transport mechanisms in plant cells
S. Amorosy RJ. Clarke?, A. Larkum' and R. Quinnel, 1School of Biological Sciences, University of Sygne
NSW 2006, Australia ari&chool of Chemistryniversity of Sydng NSW 2006, Australia.

Styrylpyridinium dyes hee bkeen used in a range of biological applications, including quawdtati
electroplysiology and qualitatie mcroscoyy for the detection of the membrane electric field strength changes.
Examples of these dyes include RH421 and di-4-ASPB® aims of our project are to extend the applications
of styrylpyridinium dyes and to elucidate ion-transporting mechanisms tlegtitede within algal systemsThe
dyes RH421, di-4-ASPBS, Annine, \RH414, RH795 and RH237 ¥ keen tested on a freshter
photosynthetic systenGhara corallina and preliminary measurementsvhahown that all of these dyes are
successfully taken up by the membrane<héra cells. Thepotential of these molecules to detediPase
actwity is under @amination. Inaddition, we are examining the ability of these molecules to detectfdutsef
of membrane transport inhibitors and protonopho&s far, we haveconcluded that the styrylpyridinium dye,
di-4-ASPBS is the most useful dye for resolving these processes in adteslatg cell. Thesepreliminary
results are encouraging, as these particular dyasroa previously been applied in photosynthetic systems.
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The crystal structure o Pichia pastorislysyl oxidase at 1.23A evaals a lysine-lysine cealent
cross-link, dehydrolysinonorleucine

A.P. Duffl, AE. CoheR, PJ. Ellis?, D.B. Langley, D.M. Dooley, H.C. Freemart and J.M. Gus’s 'School of
MMB, University of Sydiye NSW 2006, AustraligStanfod Synchrotron Radiation Laboratoy{CA, USA and
3Chemistry and Biochemistriylontana State UniversitBozeman MTUSA.

We haverefined the structure dPichia pastorislysyl oxidase (PPLO) in a mecrystal form at 1.23A
resolution with R = 0.112 and Rfree = 0.14BPLO is a copper amine oxidase (CuAO) containing a
trihydroxyphenlalanine quinone (TPQ) caftor PPLO is unusual in being able to oxidise the side chain of
lysine residues in a polypeptidé this respect, it is functionally related to another class of CuAOs of unrelated
sequence, which contain the related quinoneatof lysine tyrosylquinone (LQ). The asymmetric unit
comprises residues 43 to 779 of the polypeptide, 7 cpdoate residues, the aaisite Cu atom, an imidazole
molecule bound in the substrate-binding site, 2 burigd ©as, 5 surface M ions, 5 surface Clons, and
1045 water molecules. The eator TPQ, and some other aatiste residues are poorly ordered, in contrast to
the high dgree of order of their other neighbours.covalent cross-link between bnlysine residues, Lys 778
and Lys 66, is obseed. Thecross-link, dehydrolysinonorleucine, is formed by the oxidation of Lys 778,
followed by spontaneous reaction with Lys 66.
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Molecular dynamics study of conformational changes in human serum albumin by binding of
fatty acids

S. Fujiwaa and T. Amisaki, Department of Biological Regulation, Faculty of Medicio&ori University 86
Nishi-machi, Yonago, 683-8503, Japan.

Human serum almin (HSA) is a major protein component of blood plasma. Binding of drugs to HSA is
one of the most important factors determining pharmacokinetics of drugs (Kragh-Harsde2002). When
measuring binding affinity of a drug to HIA vitro, defatted HSA is usually usedOn the other hand, under
normal plysiological conditions, HSA binds with fatty acid. S, there is little information on conformational
changes of HSA upon binding of fatty acids. The present study was aimed to elucidate the conformational
changes as well as the structure and dynamics of HSA, based on the molecular dynamics (MD) simulations with
explicit water molecules.

Materials and methods. The initial coordinates of unlamded HSA and HSA-myristate (HSA-MYR)
complex were obtained from Protein Data Bank (unliganded HSA: PDB ent@61AISA-MYR: PDB entry
1BJ5). A series of MD calculations were carried out using AMBER7 package €Cals2002). Arectangular-
shaped box of water was constructédas MD calculations were carried out for both the unliganded HSA and
HSA-MYR complex models under periodic boundary conditiohhe long-range electrostatic interactions were
handled by the particle mesh Ewald algorithm (Dareeal, 1993). Theresultant model systems contained
87223 (unliganded HSA) and 99126 (HSA-MYR complex) atoms, respigcti

Results and discussion.The root mean square deviation (RMSD) from the X-ray structuee the
course of a MD simulation reached plateau at about 2 ns. The RMIBBswvere as small as about 3.0 A,
which were roughly comparable to the X-ray resolution. Hence, we concluded that significant structural drift
from the X-ray structure did not occur during the MD simulations.

Binding of MYR to HSA increased the radius of gyration (Rg) of HSA in the MD simulatibhsough
the structural comparison of theesage structures, the dramatic extent of the redatiotions of domains | and
lll, especially those of subdomains IA and 1lIB, were obsdrvThus,ncrease in Rg by binding of MYR
molecules should be observed for HSA, as a result of the motions of domains | and IlII.

Local protein mobility was analyzed by calculating the timeraged root mean square fluctuation
(RMSF) for each residue, using the trajectory in an equilibrium siRkSF values at drug binding sites |
(subdomain [IA) and Il (subdomain 11l1A) were increased by binding of MYRis result implies that binding
affinity of drugs at these primary binding sites can be changed by MYR binding.

To analyze internal motions of the whole HSA molecule and each domain, principal component analysis
for collective mordinates from MD simulations was carried olihe primary internal motions, characterized by
the first and the second principal components, PC1 and PC2, wereedbsamwly at domains | and 1lIThe
directional motion projected on PC1 of urligled HSA was similar with that projected on PC2 of HSA-MYR
comple, indicating that the first principal directional motion in uahged HSA is conserved as the second
principal directional motion in HSA-MYR compte Onthe other hand, the second principal directional motion
in unliganded HSA partially turned into the first principal directional motion in HSA-MYR complex.

Conclusion. The present study unrded possible conformational changes in aqueous solution caused by
binding of MYR molecules to HSA, based on the results of the MD simulations.

Case, D.A., Pearlman, D.A., Caldwell, J.W., Cheatham, T.E. 3rd, Wang, J., Ross, W.S., Simmerling, C.L.,
Darden, T.A., Merz, K.M., Stanton, R,\Cheng, A.L., Vincent, J.J., Gatey, M., Tsui, V., Gohlke, H.,
Radmer R.J., Duan, Y., Petera, J., Masgapl., Seibel, G.L., Singh, U.C., &lher PK., Kollman, PA.

(2002) AMBERY7. San Francisco: Wersity of California.
Darden, T., York, D., Pedersen, L. (1998)irnal of Chemical Physic83, 10089-10092.
Kragh-Hansen, U., Chuang, V.T.G., Otagiri, M. (20B®)logical and Pharmaceutical Bullet®b, 695-704.
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NMR probes of red cell deformation
P.W. Kuchel, B.E. Chapman, D.Philp and W.A. Bubb, School of Molecular and Microbial Biosciences,
University of Sydng NSW 2006, Australia.

The mean circulation time of a red blood cell (RBC) in an adult humah minute. Thus each RBC in
passing through the peripheral and the pulmonary capillary bedggoedateformation, from its biconeadisc
shape to an elongated bullet shape, and theeses @ery 30 seconds.

23Na and!3%Cs nuclei hae gin >1/2 and thus a nuclear electric quadrupole. This renders their NMR
resonance frequepcensitive o the presence of electric field gradients at binding surfaces. Such gragisnhts e
in anisotropic media.

Gelatine, which sets at temperatures Wel®80°C, was cast inside a silicone rubber tube that in tume w
placed inside a glass tube. Thus the gelatine could be stretched by a factor df2upntdhe process the
gelatine deeloped structural anisotrgpThis anisotrop was eident as a splitting into three of théNa* NMR
resonance, whereas th&Cs" NMR resonance was split into a septet. In both cases the residual quadrupolar
coupling constant was a linear function of the extent of stretching.

RBCs set in the gelatine vealed separate resonances #fCs" inside and outside the cells. And,
stretching the gelatine also stretched the RBCsassapparent from the emergence of quadrupolar splitting of
the intracellulat3*Cs" resonance.

Finally, the metabolic activity of the RBCs was measured usfigNMR, with D-[U-13C]glucose as
substrate, when the cells were in the stretched or unstretched states.

These findings alle comment on the energy cost of the return of an RBC to its equilibrium shape, after
distortion.
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Current-voltage analysis of response to salt stress by salt-tolerant and salt-sengttharophyte
cells

Mary J Beilby and Virginia A. Shepherd, Biophysics, School of Physics, University oiNSSW2052,
Australia.

The electrophysiological responses of salt-tolerant chgtepbaprothamnium succinctunand salt-
sensitve dharophyteChara corallina to NaCl increase in the medium are compared. The modelling of the
current-wltage (I/V) curves all us to resole the response of various transporter populations from the total
clamp current. The protonT&ase I/V profile is fitted by the HGSS (Hansen, Gradmann, Slayman and Sanders)
model of the proton pump (Beilb$984). The background current is fitted by an empirical model. Tharchw
K™ rectifier in Lamprothamniunmis modelled by the GHK (Goldman, Hodgkin, Katz) model supplemented by
the Boltzmann distribution (Beilby & Walket996).

In both charopites there is a greater background conductance ‘asddaentration in the medium rises.
Lamprothamniumris able to maintain the gdive resting PD (potential difference) by increasing the rate of
proton pumping. The HGSS pump model rate constaﬁhtkglr\and K,; all increase wer about 120 min of the
salt stress (+ 72 mM NacCl). The inward rectifieratés at more posie FDs.

Chara cells, faced with hypertonic medium of 50 mM NaCl and 0.5 mM*CGalded to the APW
(artificial pond water), exhibit moreavied responses: (i) pump rate was unchanged%(iikgfincreased but not
Ko (1) ki%, kgi andk ; all increased wer 80 min. However, the pumping increase @harais not enough to
keep the membrane from depolarizing. Furttlee proton pump becomes very semsitb both depolarization
and lyperpolarization imposed on the membrane. Pump inhibition follows and theemed® very slav. This
instability of the pump impedes reamy of the ngaive resting PD after voltage clamp to a bipolar staircase
command or a spontaneous action potential. It is also impossibidtages clamp the membrane tofsuéntly
negaive FD levds to investigate the effect of high salt on the inward rectifier.

Charoplytes are eolutionarily most closely allied to the green algal line thateyise to higher plants
(Graham & Gray 2001; Kardadt al, 2001) and therefore makgpod models for them. The significance of the
differences in one type of transporter rendering the plant cell salt-tolerant can be considered in the light of
evdutionary adaptations.

Beilby M.J. (1984)ournal of Membrane Biolog§1l, 113-125.

Beilby M.J. & Walker N.A. (1996Journal of Membrane Biolog¥49 89-101.

Graham, L.E. & Gray J. (2001) In: Gensel;P& D. Edwards (eds), Plantsvhale the Land.Evolutionary and
Environmental Perspegtis. Columbia Uniersity Press, N& York: 140-159.

Karol, K.G., McCourt R.M., Cimino M.T& Delwiche C.FF(2001)Science294, 2351-2353.
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Oxygen eolution in chimeric spinach photosystem Il with cyanobacteria manganese stabilising
protein

Adele Williamson, WarwlicHillier, Reza Razeghifarand Tom Wydrzynski, Photobioegeics Group, Reseah
School of Biological Sciences, The Australian National UniveiGagberra, ACT 0200, Australia.

Photosystem 1l (PSII) is the first multiprotein compie the photosynthetic electron transfer chain and
catalyses the light-drén oxidation of water and reduction of plastoquinone. The PSII protein contains a sub
domain termed oxygenvelving comple (OEC), where ater is split during photosynthesis, and oxygen
released as a by product. The OEC is made up of lgignseof the core membrane spanning subunits, a cluster
of Mn4Ca ions which are the site ofater oxidation, and three extrinsic proteins which are bound
electrostatically to the core proteins. Of these extrinsic proteins, only the 33kDamasegtabilising protein
(MSP) is common to higher plants, algae and cyanobacteria. The MSP is essential for stabilising Mn binding
and provides optimal Qevdution. Hawvever the MSP does not appear to providg &gands to ay of these
ions and its function @as proposed to facilitate,@roduction by forming a channel which controls entry of the
substrate \ater to the acte ste or release of the QOand proton products (De Lasvas & Barber 2004;
Ferreiraet al, 2004; Wydrzynsket al, 1996).

In this presentation we @ aeated chimeric PSIl comples by emoving all three extrinsic proteins
from the PSII complbeof spinach, and replacing the naiMSP with recombinant MSP from the thermophilic
cyanobacteriunThermosyndwcoccus elongatud.he recombinant protein is either fused with thioredoxin or
truncated by 39 amino acids at the C-terminus resulting in a deletion of the ednseiter channel residues.

Here we present the @vdution and tyrosine radical decay kinetics of these chimeric proteins. The results
shaw the importance of these conserved residues to catalytic function and suggest that substrate accessibility i
important for this enzyme.

De Las Rvas, J. & Barberd. 2004)Photosynthesis Resehr81, 329-343.

Ferreira, K.N., Iverson, T.M., Maghlaoui, K., Barpek, & Iwata, S. (2004)Science303 1831-1838.
Wydrzynski, T., Hillier W., & MessingerJ. (1996)Physiologia Plantarun®6, 342-350.
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The role of an oil droplet lens in vision enhancement

L. Fischet, M. \brobye¥, A. Zvyagint and T Plakhotnik, 'Department of Physics, University of Queensland,
QLD 4072, Australia andVision Tout and Hearing Reseah Centre, University of Queensland, QLD 4072,
Australia.

The cone photoreceptors of all birds and some reptiles, amphibians, mammals and fish contain both
coloured and transparent oil droplets (Walls, 1942). The light incident on the photesemsgjtin of such
receptors is preconditioned by this oil droplet lens. Coloured oil droplets (which form the majority of the oil
droplet population) act as long-pass filters and are thus responsible for spectral tuning. valbaceref
transparent oil droplets throughout thertebrate classes, such as the T-type oil droplets found in theitléta
or Violet-Sensitve (UVS/VS) photoreceptors of birds, suggests an auxiliary dioptric function operating outside
of colour filtering (Young & Martin, 1984). It is hypothesized that an oil droplet lens enhances light collection
efficieny and - perhaps more importantly - detection directionalijpe outstanding features of an idealised
photoreceptor can be modelled in the framodk of the electromagnetic theoryrhe table indicates the set of
characteristic parameters that are used in the construction of this model.

Model Parameter Value (um)
Oil Droplet 2.5
Outer Segment (OS) Length 10.0
OS Base Diameter 15
OS Tip Diameter 1.0
Region Refractive Index
Cone Outer Segment 1.387 - 0.0D11
Extracellular Matrix 1.340
Transparent Oil Droplet 1.480

The geometric optics approximation cannot be applied to this problem sincawdength of light and
the dimensions of the system are of a comparable order of magnitbdalioptric function of oil droplets has
previously been considered in the context of the Mie scattering thetigh provides an analytic solution to
Maxwell's equations of electromagnetics for spherical particleeg(\Normann & Barbel983). Dueto the
compleity of ary realistic photoreceptor structure, a complete analytic solution is not possthalber,
numerical methods within electromagnetic theory must be emglo TheFinite-Difference Tme-Domain
technique (FDTD) appears to be an attiactiiternatve o investigate the light coupling &€iency of the
photosensitie regon in the presence of an oil dropleEDTD provides a full field solution of Maxwedl’
equations for some specific dielectric structure. Numerical data setsbhan obtained for theevtebrate
photoreceptor structures of rods, cones and cones containing transparent oil droplets under broad-band plan
wave exitation. Preliminaryesults she that in the presence of an oil droplet, conegeha increased light
coupling efficieng whilst in the retinal mosaic.

‘I / ]l \\)o{/ I The normalised plane ave coupling eficiengy of a cone
650 S 15

| photoreceptor containing an oil droplet is shown in figerre. Itis

a function of both the awvdength and the angle of incidence of the
plane vave Maximal coupling at normal incidence is significantly

| blue-shifted when preconditioned by an oil droplet lens. Since the
photopigment found in UVS/VS photoreceptors characteristically
| have @sorption maxima between 360 and 430 nm, such peak
+ | shifting is indicatve d spectral tuning. Both the geometry and
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dielectric properties of photoreceptors are expected to change

\during in vitro analysis. Thus, numericahvestigation of the
- model parameters that determine the degree of peak shifting is

currently being conducted.

Ives, J.T., Normann, R.A. & Barbd®W. (1983)Journal of the Optical Society of Ameri¢&(12), 1725-1731.
Walls, G.L. ed. (1942)he vertebrate eye and its adaptialiation. Bloomfield Hills, Cranbrook Institute of

Science.

Young, S.R. & Martin, G.R. (1984jision Reseah 24(2), 129-137.
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Circular dichroic spectra of the N-terminal region of cardiac myosin binding protein — C
C.E. Oakley, L.J. Browr? and B.D. Hambl¥; 'Department of Pathologyniversity of Sydne NSW 2006,
Australia and’Department of Chemistry and Biomolecular Sciences, Macquarie Uniy&iSity 21009,
Australia.

Myosin binding protein — C (MyBPC) is a multi-domain protein whose role in the sarcomere isxomple
and not yet fully understood. Three isoforms of human MyBR@ been identified; fast gtetal, slov skeletal
and cardiac. The cardiac isoform has been of particular interest because of its link to the heartdiidse f
hypertrophic cardiomyopagh(FHC). FHC is caused by the expression of abnormal contractile proteins in the
heart muscle including numerous mutations in MyBPC. The core structure of cardiac MyBPC consists of eight
immunoglobulin (Igl) and three fibronectin (Fnlll) domains, numbered 0 — 10 from the N-terminus.

MyBPC is phosphorylated up to 3 times near the N-terminus and this is associated with increased
contractile force. The binding of MyBPC to myosin S2 in a phosphorylatable-dependent manner is well
established, although the role of theéeamt of phosphorylation is unknown. The location of phosphorylation is a
linker of about 100 amino acids between Igl domains 1 and 2. The focus of this work is the effect of
phosphorylation and FHC mutations on the structure of the linker or the Igl domains that flank it.

The N-terminal Igl motifs, C1C2, ka keen cloned, expressed, purified and circular dichroic (CD)
spectra for (i) the wild type, (ii) the “permanently” phosphorylated mutants (Ser to Asp) and (iii) 9 FHC mutants
collected. The spectra indicate that a proportion of the protein is alpha-helix. Modelling of the C1C2 construct
also suggested an alpha-helical content and indicated that it is likely to be part of the phosphorylation link
region. Changesn the CD spectra of the FHC mutants indicate a change in secondary structure and may
explain the pathogenesis of these mutatioBsnilarly, a change in spectra due to pseudo-phosphorylation may
provide an insight into the functional role of MyBPC in the sarcomere.

Proceedings of the Australian Physiological Society http://www.aups.ag.au/Proceedings/36/59P



Changes in mechanical properties ofvie ell wall during turgor regulation monitored by atomic
force microscopy

E.M. Mahomudally, M.J. Beilby?, V. Sepherd and A.R. Mooh Department of Applied Physics, University of
Technology Sydney, NSW 2007, Australia antBiophysics Department, School of Physics, University of New
South Wales, Kensington, NSW 2052, Alistr (Introduced by M.JBeilby)

Plant cells display mechanosensitivity (Shepletrdl, 2001). Monitoringthese mechanical signal&a
changes in the cell wall is important in the study of control pumpatioti during hypotonic turgor grilation
(Bisson & Beilby 2002).

The atomic force microscope (AFM) has become a useful tool in the study of surface mechanical
properties (Burnham & Colton, 1989)n the study of biological samples its great advantage is allowing real-
time study of samples in their nadi sate (Radmached997). We haveused the AFM to monitor changes in
mechanical properties of the cell wall as the cell is subject to osmotic stress.

We report on g&periments conducted on smalldi cells (2-3mm) ofVentricaria ventricosa (®lonia), a
well characterised, large single-celled alga. Measurements were taken on the resting cell in artifiatied sea
(ASW 990 mOsmol«kd) prior to initiating turgor rgulation. Hypotonicstress of 200 mOsmoleKgwas then
imposed on the cell. After stabilisation, measurements were collected on the cell surface for approximately 2
hours. The procedure was repeated for an additional hypotonic shock of 590 mOsmolekg
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The figure shows the time response of the cefhstis. Thecell appears to respond to hypotonic shock
by rapidly altering its wll. Soonafter the onset of hypotonic shock, wall strengthening is observed, then a
period of large oscillations betweeralvstrengthening and weakening is seen followed by a period of smaller
oscillations. Aweak wall compared to the resting celas obsered after the oscillation period. The cells
examined surwied the two levds of hypotonic shock.

o

Bisson, M.A. & Beilby M.J. (2002)The Journal of Membrane Biolod®0,43-56.

Burnham, N.A. & Colton, R.J. (1983purnal of Vacuum Science and Technologg; 2906-2913.
RadmacherM. (1997)IEEE Engineering in Medicine and Biolod®, 47-57.

Shepherd, V.A., Shimmen, & Beilby, M.J. (2001 )Australian Journal of Plant Physiolog38, 551-566.

Proceedings of the Australian Physiological Society http://www.aups.ag.au/Proceedings/36/60P



Effect of temperature on gretch-induced cardiac action potential shortening in the rat heart:
involvement of TREK-1

D.R. Kelly L. Mackenzie and D.A. Saint, Discipline of Physiolp§ghool of Molecular and Biomedical Science,
University of AdelaideSA 05, Australia.

The importance of stretch aaied ion channels in the modulation of cardiac electrophysiology is
becoming increasingly apparent. Of the stretchvaetii channels known, both temperature sefmsitREK-1
and non-selecte ation channelsxast in the rat heart. The present study aimedvétuate the contribution of
these stretch-aetited channels to changes in the rat cardiac action potential duration during stretch by taking
advantage of the temperature dependent nature of the TREK-1 channel.

6 male Sprague Dmley rats 450-490g were killed by cervical dislocation, their hearts excised and
retrogradely perfused on a Langendorf systemllowing stabilization, hearts were subjected to three
consecutie dastolic pressures (control: 0-5mmHg, moderate: 20-25mmHg xnehee: 50-55mmHg) at v
randomised perfusion temperatures (32°C or 37°C). During manipulation oétdftoular diastolic pressure,
endocardial and epicardial monophasic action potentials (MAP) were recorded, and the action potential duration
at 80% repolarisation (ARJ) calculated. Undecontrol conditions of 0-5mmHg pre-load, the endocardial
APDg, was 40.3+4.2ms, while the epicardial ARpPwas 45.4+4.4ms at 37°C. Decreasing cardiac temperature
to 32°C increased both endocardial and epicardial ARD46.9+3.9ms and 61.%2.7ms respeately. The
addition of moderate cardiac pre-load (left ventricular diastolic pressure of 20-25mmHg), did not significantly
alter epicardial APR), at either temperature. By contrast, endocardial jf&duced by 12.23.2% and 11.6
+3.7% from control values at 37°C and 32°C respelgti

Extreme left ventricular stretch (50-55mmHg) significantly reduced the A\RDboth epicardial and
endocardial recordings at 37°C and 32°C. Epicardial P&duced by 5.22.5% and 11.53.9% relatve ©
control conditions at 37°C and 32°C respegyi. Smilarly, endocardial APL), decreased by 1843.5% and
19.3+3.2% at 37°C and 32°C respeely. The reductions in action potential duration observed wiatig
extreme stretch at 32°C were not significantly different than those observed at 37°C.

It was concluded that a change in cardiac temperature did not affect the magnitude of reduction in action
potential duration (as measured by ARollowing moderate (20-25mmHg) or extreme stretch (50-55mmHg)
for either endocardial or epicardial recordings when compared to their control. Since TREK-1 channels are
temperature sensi® (nactivating at lover temperatures), these results suggest that non-geletrgtch-
sensitve ation channels may be more important in modifying action potential duration during stretch than
TREK-1 in rat heart.
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Immunohistochemical identification of stretch-sensitre two-pore-potassium (TREK) channels in
the human heart

S.Y Wan, H.Pzhu and D. Saint, Department of Physiolpgshool of Molecular & Biomedical Science,
University of AdelaideAdelaide SA ®05, Australia.

Rhythmic contraction and relaxation of cardiac muscle are determined by a regular cycle of depolarisation
and repolarization of cardiac myges. Outvard maement of potassium ions across the membrane is
important for the repolarization and maintenance of resting membrane potential. Potassium chavatets acti
by membrane stretch may contrib to maintenance of normal electrical activity of cardiac yitgsc
However, s0 far there is no evidence for the existence of these channels in human cardigtesnybtthis
study we examined the existence and location of stretch seagititassium (TREK-1 and TREK-2) channels in
different regions of human heart using immunohistochemical method. Eight pieed® (62 mm? for each
piece) of human tissue, four fresh atrial appendages and four freaithes taken from patients with coronary
bypass surgery and heart transplantation, were processed for immunohistochemistry after fixationfand paraf
section. V¢ found that both TREK-1 and TREK-2 immunohistochemical reactivities were eblsasvbright
punctate granules in most atrial and ventricle cardiac ygec Thesare distributed mainly in theytoplasm
and rarely in the center of the nucleagiom. BothTREK-1 and TREK-2 immunoreagé ganules were found
along the sudce of cardiac myocyte membranes and the membrandudfil€s in the cytoplasm (n=4No
connectve issue was labelled. No immunoreactivity was found igatiee control preparations after omission
of primary antibody This study demonstrated that TREK-1 and TREK-2 channels are present in human cardiac
myog/tes. Thg may play an important role in regulation of human heart electrical behaviour under
physiological and diseased conditions.
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Mor e than one type of stretch actiated channel contributes to the action potential duration in
guinea pig

L. Makenzie D.R. Kelly and D.A. Saint, Department of Physiol@&pnool of Molecular and Biomedical
ScienceThe University of AdelaidesA 00, Australia.

Previously we provided evidence of the dérential irvolvement of stretch aetited channels in the
shaping of the action potential through the lefhtvicular wall of the rat heart. &\fostulated a role for these
channels in the control of dispersion of repolarisation. In this study we aimed to establish if this phenomenon
holds for a different species, the guinea pig and also to dissect the utonskof non-seleate ation channels
(SACs) and the family of stretch adied, 2 pore 4 transmembrane domain, potassium channels (TREK).

We wed Langendorfperfused guinea pig heart preparations (N=6) and recorded monophasic action
potentials (MAP) simultaneously from the epicardium and the endocardium of the left ventriculaaliree w
under left ventricular end diastolic pressures of 0-5 mmHg (no stretch), 20-25 mmHg (moderate stretch) and
50-55 mmHg (eleated stretch). Hearts were perfused with Hepdfebed Tyrodes solution (pH 7.35-7.37) at
37°C bubbled with oxygen and paced at 4 Hz. This was repeated in the presence of the refodehSA
blocker streptomycin (80uM). Action potential durations (APDs) at 20, 50 and 80% repolarisation were
measured and analysed using general linear modeMANGIlowed post hoc by Ukey's pairwise comparisons.

APDs were unchanged compared to control following both moderate aatkdlstretch in both the epi-
and endocardial layers when measured at 20 and 50% repolarisation. 4t thBfe was a slight increase in
duration although this was not statistically significanildwing blockade of SACs by streptomycin there was a
decrease in APDs for 20, 50 and 80% of repolarisation which was significant foruetgtofestretch at AP[)

These results suggest that both SACs and the family of strete&tediti2 pore 4 transmembrane domain,
potassium channels which we interpret to be TREK contribute to the shaping of the action potential in the
guinea pig. W further suggest that the guinea pig may be more susceptible to stretch than the rat as the decreas
attributed to TREK was already maximal at 20-25mmHg (moderate stretch).
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Fatty acid composition of red blood cell membranes as a marker of human heart membrane
phospholipid fatty acids

Mandy L Theis’s Salvatore Repe® and Peter L. McLennan'Smart Foods Cergr Department of Biomedical
ScienceUniversity of WollongongAbllongong NSW 2522, Australia antCardiac Surgical Reseeln Lab,
Alfred Hospital & Baker Medical Resedr Institute Prahran, VIC 3181, Australia.

Background. Regular intakes of fish or fish oil are associated with éardiosascular disease morbidity
and mortality A major effect is in reducing sudden cardiac d€itarchioli et al, 2002. Studies using animals,
suggest that the long-chain ogae3 fatty acids, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA),
have antiarrhythmic and other cardiac effects which are dependent on their incorporation into myocardial
membranes (Pepe & McLennan, 1996). The red blood cell (RB&}ERA content correlates wersely with
adwerse cardigascular outcomes and is proposed asva cardiovascular disease risk factor (Og#3 Inde)
(Harris & von Schack 2004) on the premise that it reflects the composition of cardiac cells. Animal studies
indicate large differences in membrane fatty acid compositions of different tissues.

Objective. To characterise the membrane phospholipid fatty acid composition of human RBC in relation
to heart.

Design. Membrane phospholipid fatty acids wengtracted from atrial biopsy samples and red blood
cells, obtained from cardiac gary patients (n=10). Mixed venous blood samples were obtained pre-
operatvely. Biopsy samples were taken from an atrial appendage during open clhiesy $#nospholipid &atty
acids were determined by gas chromatogyaggfainst known standards.

Outcomes. Polyunsaturated fatty acid (PUFA) content of atrial cell membraraess higher (51.13 +
0.75%, \alues are means $E) than RBC (34.88 $.39%), with PUR replacing saturated fatty acids. The
levels of om@ga6 PUFRA linoleic acid (LA, 18:2 n-6) 18.89+1.01% and arachidonic acid (AA, 20:4 n-6)
21.32+0.61% were higher in atria than RBC (LA, 6.79£0.34% and AA, 13.96+0.640bpth atria and RBC,
DHA was the major onga3 fatty acid. Both total onga3 PUFA and DHA in the atria was highly correlated
with RBC EPA+DHA (9.60 +1.14% (range 4.71-11.45%)). Some patients were supplemented with fish oil prior
to surgery and had correspondingly higher gaf content in both RBC and atria.

Conclusion. The long-chain onge3 fatty acids ER and DHA, found in high amounts in fish aill,
represent a marker of human atrial g®8 fatty acid composition and the Ogae3 Inde< in red blood cells
may be a valid marker for human heart composition.

Marchioli, R., Barzi, F., Bomba, E., Chief C., Di Gregorio, D., Di Mascio, R., Franzosi, M.G., Geraci, E.,
Levantesi, G., Maggioni, A.P., Mantini, L., Marfisi, R.M., Mastrogiuseppe, G., Mininni, N., Nicolosi,
G.L., Santini, M., Schweige€., Tavazzi, L., Tognoni, G., Tucci, C. &alagussa, .H2002) Circulation,

105 1897-1903.
Pepe, S. & McLennan, P.L. (199&urnal of Nutrition 126, 34-42.
Harris, W.S. & von Schagk C. (2004)Prewentative Medicing39, 212-220.
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Confocal C&* imaging of mouse sinoatrial node
YK. Jut, D.G. Allert and M.B. Cannefl 1School of Medical Sciences, University of SydNSW 20086,
Australia and®The Faculty of medical and Health Sciences, University of Auckland, Aucklan@eisiand.

Recent studies ke cemonstrated that intracellular €zlays an important role in cardiac pacemaking
(Ju & Allen, 2001). However, the mammalian sinoatrial node (SAN) is a heterogeneous structure and studies on
the centre leading pacenaakregion suggest that central pacemaker cells do not require the sarcoplasmic
reticulum (SR) calcium release for spontaneous activity (Lancestal, 2004). Inorder to study the Ga
dependent pacemek mechanisms in different regions of mammalian preparation, weoded a ne
technique to image €& from intact mouse sino-atrial preparations. Mice (7 -10 weeks) were deeply
anaesthetized. The right atrium was opened under a dissecting microscope to expose the crista terminalis, th
intercaval area and the interatrial septum as described drpéijcket al. (2001). Thepreparation was pinned
into a sylgard block with a 8 5mm open winde that allaved microscopic imaging. The SAN preparaticasw
loaded with the fluorescent &adndicator Fluo-4 AM (10 pM) by incubation in Tyrode solution at 4°C for 5 h.
The SAN area as recognized by its anatomic landmarks. 10 mM 2,3-butanedione monoxime (BDM) was used
to reduce the motion ardit. The loading of dye into the central region normally was weaker than for peripheral
regions for reasons that are uncldaiis known that Nd channels are required for peripheral but not for the
central pacemaker acily. Therefore 100 uM lidocaine was added to the perfusate to blggbagamakr type
activity from the periphery of the SAN. Spontaneoug'Gagnals from the central SAN were imaged using a
confocal microscope (LSM410) in XY and XT modese Wund that the SAN G4 signal was modulated by
the SR C#' release channel modulator caffeine and B A hese results shothat it is possible to record €a
signals from the centre of leading pacemaker region in mouse heart.

Ju, Y.K. & Allen D.G. (2001)Clinical and Experimental Pharmacology and Physiol@gy703-8.

LancasterM.K., Jones, S.A., Harrison, S.M. & Boyett, M.R. (200d)rnal of Physiologyp56, 481-494.

Verheijck, E.E., van Kempen, M.J.A.,e¥reschild, M., Lurvink, J., Jongsma, H.J. & Bouman, L(R001)
Cardiovascular Reseah 52, 40-50.
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Reactive axygen species generated from the mitochondria and not NAD(P)H-oxidase regulate L-
type C&* channel function during acute hypoxia in ventricular myocytes

L.C. Hool, H.M. Viola, C.A. Di Maria and P.G. Arthuchool of Biomedical, Biomolecular and Chemical
Sciences, The University of Western Australia, 8009, Australia.

Hypoxia and the thiol-reducing agent dithiothreitol increase the sétysitif the L-type C&" channel
(Ica) to B-adrenegic receptor stimulation.We eamined whether NAD(P)H-oxidase regulates cellular
production of reacte axygen species @S) and the function of ] , during typoxia. \éentricular myogtes
were isolated from hearts@sed from anaesthetised guinea-pigs as apgrby the Animal Ethics Committee
of The Unversity of Western Australia and in accordance with the Australian Code of Practice for the Care and
Use of Animals for Scientific Purposes (NHMRCJhe cells were patch-clamped and current was recorded
during exposure to the classicAN(P)H-oxidase inhibitors apocynin or diphenyleneiodonium (DPI) and
increasing concentrations of isoproterenol (ISDRI caused an increase in the sensitivity of the channel to Iso
similar to that of fipoxia, but apocynin did not. In contrast, the K0.5 fornvatibn of the channel by Iso in the
presence of Angll, a potent agonist AAD(P)H-oxidase during hypoxia was 1.7+0.4 nM which was similar to
the KO0.5 determined during hypoxia alone (1.6£1.1 nM; N&g neasured cellular production of superoxide
anion (Q") using the fluorescent indicator gtiroethidium. Hypoxiawas sssociated with a 41.2+5.2 %
decrease in @ (n=21; P<0.05). Inaddition, DPI caused a 21.3+4.7 % decrease jn (@=16; P<0.05).
However, O, did not increase when cells wengpesed to Angll during hypoxia (n=24) or in room oxygen
(n=6). Whenmitochondria were partially uncoupled with FC@fere was a 31.3+4.5% decrease iji 0=23;
P<0.05) and a significant increase in the sensitof |, to Iso similar to that of hypoxia (n=7Accounting
for the efect of DPI on |, 10uM DPI caused a 67.2+7.3% decrease in oxygen consumption Rr68)1)
and 28.8+2.1% decrease in, On isolated mitochondria (n=4?<0.05) indicating that DPI is not a specific
inhibitor of NAD(P)H-oxidase function. Hypoxia decreaseg 0y 69.3+0.8% in isolated mitochondria (n=4;
P<0.01). W mnclude that a decrease in ROS generated from the mitochondria andD(R)N-oxidase
regulates channel function during hypoxia.

Proceedings of the Australian Physiological Society http://www.aups.ag.au/Proceedings/36/66P



Eccentric damage is accentuated in aged dystrophin-deficient EDL muscles from dystrophic
mice (MDX)
S. Chan and S.I. Head&chool of Medical Sciences, UNSWSW 2052, Australia.

Duchenne Muscular Dystroph(DMD) is second most commorathl inherited condition of humans
affecting 1 in 3500 iie male births. Due to the large size and high mutation rate of the dystrophin gene, 1/3 of
all cases of DMD are the result of awngpontaneous mutation. DMD is characterized by aergeand
progressie loss of skeletal muscle and madkCNS and cognite defects. Deathusually occurs in the late
teens or early twenties due to the failure of respiratory muscles or cardiac complications. The most commonly
used animal model of DMD is thedx mouse in which the long M-isoform of dystrophin is absent from the
skeletal musculature. In thedx mouse the proximal limb muscles ungiera process of degeneration which
affects 100% of the gtetal muscle fibres in some musclear@beet al, 1986), the fibres then undergo a
process of regeneration and repdiuring this period there is a striking change in the morphology of the
regeneratetnhdxEDL fibres; up until 15 weeks there normal cylindrical shaped with no splits or deformities,
by 17 weeks 30% of fibres V& smple splits and relately mild deformities, while by 40 weeks in excess of
90% of the EDL fibres ha nultiple splits and quite striking gross abnormalities (Hekdl, 1992). We ae
hypothesizing that these split, morphologically abnormal fibres areeveaki more susceptible to damage by
lengthening contractions of a moderate strain than age matched morphologically hormalWibresed male
mdx and male littermate controls from ourwnéine of mdx mice (N1F1mdx mice). Thisprovides us with
dystrophin-positie ontrols on an identical genetic background to the dystrophin-deficient aniiiaiks.is
important because the majority of studiesnoixmice use a separate wild type colas a ontrol and it has
been shown that there is a remarkablgrele of genetic variation between recentlyejent mouse strains
(Adamset al, 2005). Animalswere killed by an werdose of Halothane (ethics appabgranted by UNSW).

The EDL muscles were attached at one end to a force transducer and to@rseolled linear tissue puller at

the other end. The muscles were then placed ingam dath, superfused with oxygenated Krebs axtdraally
stimulatedvia two platinum plates attached to a current amplifievariby an AM-systems stimulator The
muscles were set to optimal length LThe muscles were tetanically stimulated at 100hz, and once the force
reached its maximal plateau the lengthening contraction (12, 15 or 20%_pluad gven as a amp, hold and
release. Theamp speed was 1mm/sec and the total duration of stimulation was 5 seconds. This pastocol w
repeated twice at 5 minute intervals toaliecovery from fatigue. Thdsometric force was recorded after a 20
minute recgery. The muscles were then rewed, weighed and single fibres enzymatically (collagenase 1)
isolated and viwed on a confocal microscope in order to count the number of split fibres. In aged (45-52
weeks)mdxanimals, 100% of fibres were split and there was anenmsible 35%z* 9.8 (n=6) drop in isometric
force as a result of our lengthening contraction protobolcontrast, there were no split or deformed fibres in
age matched controls, and isometric force wagelgrunaffected (force drop 3.8%4.8% n=5) by this relately

mild eccentric contraction protocol. Numerousvioes studies (e.g.eunget al, 2003) hae cemonstrated that
dystrophin-deficient fast-twitch muscles are damaged by eccentric contractiongpatieelsise that thextent

of the eccentric damage is significantly increased by the presence of deformed fibres.

Adams, D.J., Dermitzakis, E.T., Cox, T., Smith, J., Davies, R., Banerjee, R., Bonfield, J., Mullikin, J.C., Chung,
Y.J., Rogers, J. & BradjeA. (2005)Nature Genetics37, 532-6.

Head, S.I., Williams, D.A. & Stephenson, D.G. (19%2bceedings of the Royal Society (London?4B,
163-169.

Tanabe, V., Esaki, K. & Numura, 11986)Acta Neuropathologic&9, 91-95.

Yeung, E., Head, S.I. & Allen, D.G. (2003yurnal of Physiology (Londor§52(2), 449-458.
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Phosphorylation of CSQ affects C&" binding and interactions with anchoring protein junctin
N.A. Beard, S. Cheund, L. Weit, M. Varsany? and A.F Dulhunty!, *John Curtin School of Medical Resehy
ANU, Canberra, ACT 0200, Australia arfthstitut fiir Physiologische Chemiguhr Universitat, Bochum,
Germany.

Depolarisation of the sarcolemma trigger$ Qalease through ryanodine receptor (RyR) calcium release
channels in the sarcoplasmic reticulum (SR) of skeletal muscle. Calsequestrin (CSQ) is the #hajodDg
protein found within the SR, and binds?Cavith a high capacity and moderatdirify. Recent studies ke
shavn that CSQ also grilates RyRs. The best studied mechanism of CSQ-RyR interaction is indirect, thought
to be mediated by anchoring proteins triadin and junctin and results in RyR inhibitiaredBzial, 1999;
Beardet al, 2002). Therelatve importance of triadin and junctin in facilitating the interaction with the RyR is
not cleay nor is the roldan vivo of CSQ phosphorylation on the interaction between triadin, junctin and the RyR.
Given that CSQ is isolated in both a phosphorylated and dephosphorylated form, it ivadadbiat a CSQ
phosphorylation/dephosphorylatioyote is important in regulating the RyR. Our hypothesis is that as the site of
CSQ phosphorylation is belied to be ¢ose to the putate C2* binding site, and triadin and junctin binding
sites, that changes in phosphorylation may modif§f Gading capacity and the ability of CSQ to interact with
triadin and/or junctin.

We haveinvestigated the décts of CSQ phosphorylation on CSQs role as & 6mding protein and
regulator of the natie RyR. Rabbit skeletal CSQ cDNwas subcloned into a p&&X-1 vector (containing a
glutathioneStransferase tag), transformed and expresse#sicheridia coli BL21(DE3) cells. CSQ w@as
phosphorylated and dephosphorylated according to established methods (Cala & Jones, 1991).

We found that the C4 binding capacity \as significantly reduced in dephosphorylated CSQ (deP-CSQ),
compared with phosphorylated CSQ (P-CS@r @ range of [C&'] from 100 nm — 5 mM. This was most
evident at the physiological free [€% (1 mM) and at 5 mM C& (a concentration shown to dissociate CSQ
from the natre RyR). Despitethese changes in binding capacigth P-CSQ and deP-CSQ caused similar
significant inhibition of the nate RyR (at 1 mM luminal C#; Beardet al, 2005). Asthe putatve major C&*
binding region and site of CSQs interaction with triadin and junctin are presumed identical (residues 354-367),
we investigated what effects P-CSQ/deP-CSQ had on its interactions with triadin and junctin. Using CSQ-GST
fusion protein affinity chromatographwe found that under close to physiological conditions (150 mM NacCl, 1
mM C&*), both P-CSQ and deP-CSQ bound triadin and junctin. Not surprisimglgr conditions known to
completely dissociate CSQ from the matRyR (5 mM C&%), neither P-CSQ nor deP-CSQ interacted with a
significant amount of triadin or junctin. Curiousbt low luminal C&* (100 nM), CSQ binding to these dw
anchoring proteins as phosphorylation-dependent. P-CSQ bound significant amounts of both triadin and
junctin, whilst deP-CSQ was found only to interact with triadin, it with junctin. In experiments where 100
nM luminal C&* was used to depolymerise P-CSQ and deP-CSQ from a solubilized SR sample, a significant
proportion of both forms of CSQ remained tethered close to the RyR/triadin/junctin complex. The combination
of these results suggests that an interaction with junctin is not required to tether CSQ close ietRgRhati

These results shofirstly, that CSQ dephosphorylation reduces the ability of CSQ to biAtl Skhough
this does not affectverall CSQ regulation of the RyR, subtldegits of altering CSQs phosphorylation status on
channel gating, or CSQs ability to act as a luminadlG@ansor remain to bevestigated. Second|ythese results
illustrate that triadin, but not junctin, is essential for association of CSQ with thee iatR. Further
investigation on whether the alteration in junctin binding results in altered regulatory effects on vheRpRti
may elucidate a specific role of junctin and the potential P-CSQ/deP-CSQ cycle oR*$&d2ae. Thirdlythe
results she that conformational changes that alte?Qinding capacity do not necessarily alter CSQ binding
to triadin and junctin and therefore the specific residues which comprise both the nfajbin@iag site and
triadin/junctin binding sites are not identical.

Beard, N.A., Casarotto, M.G., &V L., Varsani, M., Laver, D.R. & Dulhunty A.F. (2005)Biophysical durnal
88, 3444-3454.

Beard, N.A., Sawska, M.M., DulhuntyA.F. & Lave, D.R. (2002)Biophysical Journa82, 310-320.

Cala, S.E. & Jones, L.R. (19919urnal of Biological Chemistr266, 391-398.

Szegedi, C., Sarkozi, S., Herzog, A., Jona, |. & Varsanyi, M. (1B@@hemical JournaB37, 19-22.
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A calsequestrin polymer is necessary for the G4 binding protein to regulate RyR channels
L. Wei, N.A. Bealand A.F Dulhunty John Curtin School of Medical ResehrAustralian National University,
Canberra, ACT 0200, Australia.

Calsequestrin (CSQ) forms a complwith the C&* release channel ryanodine receptor (RyR) and
anchoring proteins, triadin (Tri), and junctin (Jun) in the lumen of the sarcoplasmic reticulum (SRletsl sk
and cardiac muscles. CSQ acts to both regulate the RyRu#iadthe [Cé*]freeinside the SR at 1 mM (Beard
et al, 2004). CSQ requires a compact structural conformation toachigh capacity C& binding (Heet al,

1993). CSQ is thought to undergo a self-polymerisation as locat][C&reases, and is beli to form a
polymer at the physiological [E§ (1 mM) in the SR. Our aim was to determine whether the CSQ polymer and
its regulatory interaction within the complgvould be disrupted and whether CSQ would be dissociated from
the quaternary complex, when the intraluminal JCdalls to a lev levd at which CSQ is thought to be
depolymerised. @ achieve tis, we examined the effects ofdduminal C&* on CSQs ability to regulate the
RyR and correlated these effects with knowR*@rependent changes in CSQ structure.

New Zealand male white rabbit were euthanized by a wapilt and back and tg muscle used to
prepare heavy SResicles. Heavy SR vesicles were reconstituted into artificial planar lipid bilayers, which
separate te chambers,cis (cytoplasmic) andtrans (luminal). Trans [Ca®*] was kept at 1 mM during
incorporation and then lowered to 100 nM by the additionAPBA\ or EGTA. Channel activity \as recorded
at positve and neaive potentials. © determine the effect of [ on CSQ association with the RyRifun
comple, SR vesicles were solubilised in 0.5% triton X-100, feéd by an ultracentrifugation and resuspended
in a solution containing 1 mM €& The suspension waswvitied to three fractions and incubated at 4°C for 1 h
in 1 mM, 1uM and 100 nM C#&" after adjustment of [G4] by BAPTA, prior to a second centrifagjon.
Resultant pellets and supernatants were subjected to AG5-#d immunoblot analysis.

In single channel studies, a sudden delayed increase vityaetas observed after the nati RyR was
exposed to la luminal C&* (100 nM) for (3 min. Returningtrans [Ca®*] to 1 mM dd not fully reverse the
increase in activity to control V¥els, but addition of 16 pg/ml of exogenous CSQ to titzas chamber
completely restored control channel aityi. These changes were similar to those seen with dissociation of
CSQ from the RyR/Tri/Jun, with high luminal ionic strength of‘GBeardet al, 2004), but a longergosure
time was required before the sudden increase in activity was observedv@leofeCSQ in the membrane
pellet of solubilised junctionabte membrane (containing the RyR/Tri/Jun/CSQ complex) exposedeielif
[C&?*], were compared with ¥els found in the original membrane fractions, to determineCBQ was
dissociated from the membrane. Increasing amounts of CSQ were dissociated from the membrane pellet a
[C&*] fell, with 8.6%, 35.8% and 63% of the total CSQ dissociated by 1 mM, 1uM and 100 #iM Ca
respectiely. This is in contrast ta1100% dissociation with high ionic strength or high¥CaAdditional single
channel experiments showed that the response of RyRs associated with depolymerised CSQ to changes i
luminal C&* between 100 nM to 1 mMas typical of that seen in channels in which CSQ was fully dissociated.

Since CSQ is depolymerised withWldCa*] but retains its ability to bind to triadin and junctin (Skin
al., 2000), we suggest that the CSQ remaining associated with the juncaeeaimiembrane was bound to
triadin and junctin and that the dissociated CSQ was depolymerised and dissociated from the residual bounc
CSQ. Channel data suggests that the delayed RyRtamtireflects depolymerisation and dissociation of CSQ
not bound to triadin and junctin. The longer delay before the sudden increase in chavibeb#teti xposure
to low Ca?* suggest a different physical process to the dissociation from triadin and junctin seen with high ionic
strength and high G4 The results further suggest that the residual CSQ remaining associated with the
RyR/Tri/Jun comple after depolymerisation was unable to regulate RyRviggtin the normal manner until it
formed a polymer with the excess exogenous CHlgerefore we concluded that a CSQ polymer is required for
the calcium binding protein to regulate the RyR via triadin and junctin.

Beard, N.A., Laer D.R. & Dulhunty A.F. (2004)Progress in Biophysics and Molecular Biolo$5,33-69.

He, Z., Dunler, A.K., Wesson C.R. & Trumble, W.R. (1993)ournal of Biological Chemistry268,
24635-24641.

Shin, D.W., Ma, J. & Kim D.H. (2000JEBS Letter<l86,178-182.
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Digoxin and exercise effects on NaK *-pump activity, content, isoform gene and protein
expression in human skeletal muscle

X. Gong, A. Retersen, S. Sstarict, C. Goodman, D. Cameron-Smith R. $iow?, K. Murphy!, K. Carey?, J.
AW, H. Krum?® and M. McKenn} 1School of Human Movement, Recreation and Performa@ergre for
Ageing Rehabilitation, Exercise and Sport, Victoria UniversMelbourne VIC 8001, Australia?School of
Exercise Science and Nutrition, Deakin Universifglbourne VIC 3125, Australia andDepartment of
Epidemiology and Rnentive MedicineMonash UniversityAlfred Hospital, MelbourngVIC, Australia.

Digoxin is a specific inhibitor of the N&K*-pump and is used to treat patients withese heart &ilure.

In these patients, digoxin binds and blo€k8% of N&,K*-pumps in skeletal muscle and exacerbates muscle
K* loss during grercise. Furthermordén heart filure patients there is no compensatory upregulation of
Na“,K*-pump with chronic digitalisation. @/haveshavn that &ercise impairs NgK*-pump actiity, whilst in
isolated rat muscles, N&*-pump inhibition leads to early musclatifjue (Clausen, 2003). Hence,
Na",K*-pump function is likely to be important for skeletal muscle performanceveldn the effects of
digoxin on N4&,K*-pump content, aatity, protein abundance or isoform expression in skeletal muscle of
healtty individuals are unknown and werevéstigated here.

Ten active, but not well-trained healthvolunteers (9 M, 1 F)ayewritten informed consent. Excise
tests were performed after taking digoxin (DIG, 0.25 mpat a dacebo (CON) for 14 d, in a randomised,
counterbalanced, crossa, double blind design, with trials separated by 4 weeks. Subjects performed
incremental cycle ergometexeecise to measure@’zpeakand to determine 33, 67 and 90%)/, work rates.

On d 14 subjects completed 10 min cycling at each of 33% and 672%%61\( then to fatigue at 90%®’zpealk
Muscle biopsies taken at rest, after 67%, 9@pYyeak and 3 h revery were analysed for N&K*-pump
content $H-ouabain binding site), maximal activity 3-methyfluorescein phosphatase BMFPase), isoform
protein abundance and mRNexpression. The Na K*-pump isoform ¢ -a,, B,-B,) protein contents were
measured on muscle extracts, using specific antibodies and western blotting, with isofoAnerpiRe¢sion
determined with real-time T RPCR analysis.

Serum digoxin was 0£0.2 nM at d 13 and 04#8.2 nM at d 14 (MeatSD). Despite this, muscle maximal
Na*,K*-pump activity vas unchanged by digoxin. ever, Na",K*-pump activity was decreased aftgeeise,
by 13% and 11% at fatigue and 3 h pos#eise, compared to rest, respeely (P<0.05). Furthermore, there
was no dange in the NaK*-pump content with either digoxin oxexcise (Rest Digoxin 37®5, Rest Placebo
36875 pmol.g wet weight). No significant change occurred with digoxin for mRbkpression of ay of the
a,, O, O By, or B, isoforms. Havever, digoxin increased the mRNexpression of the total mRNA (sum of
a,, 0, 05 and the totalp mRNA (sum of 3, and 3,) at rest by 1.9- and 1.8-fold, respeety (P<0.05),
suggesting an ffct of digoxin on NaK*-pump gene xpression. Anexecise effect was observed
mMRNA expression, being 2.1-and 2.4-fold higher at 3 h prateése than duringy@rcise at 67% D,peak and
fatigue, respectely (P<0.05). Similarly 3, mRNA expression at 3 h poskercise was increased by 1.8-, 1.4-
and 1.6-fold, compared to rest, 67%)peak aercise and fatigue, respeatly (P<0.05). Digoxin did not alter
the protein abundance ofyarsoform in resting muscle. Maver, a 3 h post-ercise, the protein almdance
was greater with digoxin than in placebo for bath and, (P<0.05). Thef3, protein expression was increased
at 3 h postxercise by 2.2-and 1.5-fold compared to durixgreise at 67% O,peak and fatigue, respecty
(P<0.05). Similarly B, protein expression was increased at 67&péak and 3 h postercise compared to
rest, by 1.5-and 1.6-fold, respeety (P<0.05).

In summarydigoxin treatment had only minimal effects on musclé,N&pumps in healthindividuals.
Whilst Na",K*-pump content, activity or isoform protein expression at rest were unchanged, the subunit total
MRNA expression was increased with digoxin and a greater pestige protein abundance was found with
digoxin fora, andf,. The lack of reduction in pumps with digitalisation in healtiuscles suggests either that
pumps were upregulated and/or that digoxin dissociation was increased.

Clausen, T(2003)Physiolgical Review83, 1269-324.
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Reduced long-term depression is reaered in aging mdx cerebellar Purkinje cells
JL. Anderson, S.I. Head
and J.WMorley, Shool of Medical Sciences, UNSWSW 2052, Australia.

Duchenne muscular dystropfDMD) is characterized primarily by a loss ofesétal muscle and maeK
CNS and cognitie defects (Andersort al, 2002). Itis known that DMD is due to the mutation of a gene
which produces the protein dystrophin, of which there avensilentified isoforms, expressed in a range of
tissues including brain. In the cerebellum an isoform of dystrophin is foushgs&ely in Purkinje neurons and
is selectiely localised in post-synaptic regions of GA&gic synapses.We have previously demonstrated
(Andersoret al, 2004) a deficit in long-term depression (LTD) in cerebellar Purkinje cells imtixenouse (an
animal model of DMD) compared to controls at 3 months of agdx mice. --> In the present study we
investigated [TD and short-term plasticity at the parallel fibre to Purkinje cell synapse in cerebellar brain slices
from ageing (6-12 months) control amddx mice. Mice were anaesthetised with halothane, decapitated,
cerebellum remved, bisected, placed in ice-cold aCSF and sagittal slicequf260ut. Individual Purkinje
cells were visualised using a>¢mmersion lens and IR-DIC optics. Intracellular electrodé2QMQ) filled
with potassium acetate were used and a stimulating electrasigphaced in the molecular layer of the slice
(<25QuM from the cell under study)We found that the deficit inTD which we reported (Andersaet al,
2004) inmdxmice at 3 months of ageas no longer evident in agimgdxmice, and that these cells showed a
long lasting and ralst LTD. In addition, there were no differences in short-term plasticity between the ageing
control andndxmice.

Anderson, J.L., Head, S.I., Rae, C. & MgrléW. (2002) Brain 125, 4-13.
Anderson, J.L., Head. S.I. & MosleJW. (2004) Brain Researth 1019 289-92.
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Differential action of w-conotoxins CVID and CVIB on voltage-gated calcium channels in rat
sensory neurons

L.M. Motin, R.JLewis and D.J Adams, School of Biomedical Sciences, University of Queensland, Brisbane,
QLD 4072, Australia.

Selectve antagonists of eltage-gited calcium channels (VGCCs) are of considerable interest both as
research tools and potential therapeutic agents. The gitjeofi VGCC antagonists is essential for dissecting
the \arious C&* channel types underlying the whole-celPCaurrent whereas poteyiand reversibility play an
important role in the use of a VGCC antagonist as a pharmaceutical @geohotoxins GVIA, MVIIA and
MVIIC have been used routinely as seleetidockers of N- and P/Q-types of VGCCs in excitable cells.
However, the newly disceered w-conotoxins fromConus catusCVID has been shown to ¥a the highest
selectvity for N-type aver P/IQ-type VGCCs among the other N-type selecWGCC antagonists (lveis et al,
2000). The present studyastigated the seleatity, poteng and reversibility of action ofw-conotoxins CVID
and CVIB in isolated sensory neurons dissociated from rat dorsal root ganglia (DRG) and on recombinant
VGCCs apressed inXenopusoogytes. Bathapplication of either CVID or CVIB inhibited depolarization-
activated whole cell B& currents in DRG neurons with pggivalues of -8.12+ 0.05 and -7.64+ 0.08,
respectiely. The block of B&* currents in DRG neurons by CVID appeared to bevérsible after >30 min
washout whereas B4 currents exhibited rapid reeery from block by CVIB (>80% within 3 min).
w-Conotoxin CVIB inhibited more of the whole-cell Bacurrent in DRG neurons than CVID and the
recoverable component of the Blacurrent inhibited by CVIB was mediated by the N-type VGCC. The pgptenc
of CVID and CVIB block of N- and P/Q-type VGCCs was compared withwdgsenotoxins, GVIA, MVIIA and
MVIIC. w-Conotoxins GVIA and MVIIA inhibited B& currents in DRG neurons to a similar degree as CVID.
The residual current amplitude obtained in the presence of maximddgtief cncentrations of the
w-conotoxins was: GVIA,54 £ 0.2%; MVIIA, 41 £ 0.04% and CVID, 34t 1%. The residual current after
block by CVIB was 3+ 5% of control leel reflecting non-seleste N- and P/Q- action of the toxin.
w-Conotoxin CVIB reersibly inhibited B&* currents mediated by N- ((&2) and P/Q- (GR.1) type \GCCs
expressed inXenopusoogytes. Thea,d, auxiliary subunit coexpressed with @& and Cg.1 reduced the
poteny of CVIB as reported prgously for CVID at recombinant N-type VGCCs (Mould et al., 2004). The
present study demonstrates thatonotoxins CVID and CVIB can be successfully used for pharmacological
isolation of N- and P/Q- components of the?Ceaonductance in rat DRG neuron€VID selectvely and
irreversibly blocked the N-type component of the whole celP*Beurrent in DRG neuronsub blocked
reversibly the recombinant N-type ((za2) VGCC. In contrast, CVIB blockedvesibly the N-type component
and blocked irrgersibly P/Q- component of the whole cellBaurrent in DRG neuronso-Conotoxins CVID
and CVIB may be useful as antagonists of N- and P/Q-type VGCCs in sensory nevobesiim processing
primary nociceptie information.

Lewis, R.J., Nielsen, K.J., Craik, D.J., Loughnan, M.L., Adams, D.A., Sharpe, I.A., Luchian T., Adams, D.J.,
Bond, T, Thomas, L., Jones, A., Matheson, J-L., Driakey R., Andrews, P.R. & Aleood, PF. (2000)
Journal of Biological Chemistr275, 35335-35344.
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Evidence from collision experiments that onset chopper neurons in the guinea pig cochlear
nucleus receve ecitatory input from centrifugal collaterals

D. Robertson and W.H.A.M. Mulders, The Auditory Laboraiscipline of Physiologyschool of Biomedical
Biomolecular and Chemical Sciences, The University of Western Australia, ¢ristern Australia 6009,
Australia.

In mammals, centrifugal patlays from the superior etiry comple to the cochlea, send collateral
projections to the first brainstem nucleus, the cochlear nuclhesaction of these collateral pathways needs to
be taken into account in am@ttempt to understand the role of the centréfluglivocochlear system in auditory
processing. @ date havever there is only incomplete understanding of the neuronal targets of the collaterals
and of their synaptic tdcts (Benson & Brown, 1990; Muldeet al, 2003; Mulderset al, 2002). We have
obsered in guinea pigs that electrical stimulation at the floor of the IVth ventricle (the site of passage of the
centrifugal axons as theascend from the superior eiry complex), gies rise to short-latencaction potentials
in well-characterized onset chopper neurofiBe nature of these electricallyaeed spikes havever, is unclear,
since thg show an aility to follow quite high rates of electrical stimulation, perhaps consistent not with an
excitatory synaptic dvie from centrifugal collaterals, but rathentidromic spikes initiated in the dorsally-
ascending axons of the onset chopper neurds.st out to distinguish between these possibilities by using
classical collision techniques to distinguish antidromic from synapticallgrdrection potentials. The
experiments were performed in guinea pigs anaesthetized with intraperitoneal sodium pentobarbitone (30mg/kg)
and 0.15ml intramuscular Hypnorm (fluanisone, 10mg/ml and fe@intétrate, 0.315mg/ml). During electrical
stimulation, the animals were paralyzed by intramuscular administratiomrafuP®nium. Heartate vwas
continuusly monitored and galar supplementary doses of both anaesthetics ween d¢iiroughout the
experiment. Datafrom a small number of well-characterized onset chopper neurons, showed that action
potential collision only occurred at delays that were either the same as, or shorter than the delay between shock
and shock-eked soikes in the same neuron3his result is inconsistent with the electricallyoked spikes
being antidromic and strongly suggests that the axon collateralsvotamhlear neuronsxert excitatory
synaptic effects on onset chopper neurons. Furthermore, the robust nature of the spiking to high rates of shock
suggests that the synaptic connection isvegpful one, giving rise to strong and compasyi secure gcitation
of this class of cochlear nucleus neurons.

Benson, T.E. & Brown M.C. (199Q@purnal of Comparative Neurolog®95: 52-70.

Mulders, W.H., Paolini, A.G., Needham, K. & Robertson, D. (20603ring Reseah 176: 113-121.
Mulders, W.H., Winter .M. & Robertson, D. (2008garing Reseah 174: 264-280.
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P2Y receptor activation inhibits the formation and proliferation of primary mouse sub-

ventricular-deri ved neurospheres

M.R. Stafford, P.RBartlett and D.J Adams, School of Biomedical Sciences and The Queensland Brain Institute,
University of Queensland, Brisbane QLD 4072 Australia.

Purinegic receptors mediate a variety of biological effects in response to extracellular nuclelotithes.
brain, astrogtes andneurw/ascular endothelial cells release nucleotides such as ATP and neyebalatory
roles in the stem cell micro-gnonment. ExtracellulaATP dso mediates G4 wave popagation between
astrogtes. Further a orrelation between CG& wave intensity and cortical neuronal production in the
ventricular zone of the embryo suggests a potential role ftnaeellular ATP and G4 waves in erly
neurogenesis. lthe present study we skidhat (i) sub-ventricular zone (SVZ) stem cells express pwiner
receptors, (i) ATP okes intracellular C&" transients in SVZ-dered neurospheres, and (i) purirgc
agonists can &ct primary neurosphere formation and proliferatist8A°PNA° stem cells were purified from
the SVZ of adult mice using flocytometry The stem cell populatiorkpressed mRN for P2Y1, 2, 6, 12 and
14 receptor subtypes. In primary neurospheres loaded with Fura-2ARySAL-30 uM) and ADRBS (1-30
1M) evoked Ce?* transients in the presence and absencetefreal C&*. Transients were wersibly attenuated
by PRADS (20 uM) and completely abolished by the P2Y1 antagonist MRS217uk8)) suggesting the
presence of functional metabotropic P2Y1 receptdis.gudy purinergic effects on sphere formation, single
cell suspensions dedd from primary SVZ tissue were treated with purgieragonists/antagonists and \@ro
under sphere forming condition®ATPyS and ADP3S (10-30 uM) but not UTR UDP, UDP-glucose o3
methylene ATP (10QuM) reduced both the size and frequgn€ primary neurospheres. This inhibitoryfexdt
was partially antagonized by MRS2179 (3M1) and completely neersed by the P2Y12 antagonist MRS2395
(10 pM). Taken togetherthese data demonstrate that ATP and ADéke P2Y1 mediated CH transients in
SVZ-derived neurospheres and that the inhibitorjeet of adenine nucleotides on neurosphere formation and
proliferation irvolves P2Y1 and P2Y12 receptor aation. Modulationof either stem cell proliferation or
differentiation by purinergic receptor mediated G-protein signalling @Eathwnay therefore represent a
potential modulatory mechanism within the stem cell niche.

Proceedings of the Australian Physiological Society http://www.aups.ag.au/Proceedings/36/74P



Protein kinase A inhibits cell growth induced by overexpression of IK channels
C.J Fowler, K. Ngui, B. HunneD. Poole J.B. Furness and C.B. Neylon, Department of Anatomy and Cell
Biology, The University of Melbourn&/IC 3010, Australia.

Intermediate-conductance (IK) potassium channele baen shwn to play a ky mle in the proliferation
of different cell types. Bloakrs of IK channels are fettive in inhibiting the growth of lymphagdes,
proliferatve snooth muscle cells and various cancer cells. Mve shavn previously that the IK channel is
regulated by cAMP-dependent protein kinase (PKA). As the PKA mathe generally thought to be gvth
inhibitory, we wished to ®amine whether PKA can modulate the influence of IK channel activity on cell
growth.

An [K-expressing stable cell line was generated in HEK293 cells. The V5 antibody epitspe w
engineered into the rat IK cDNA, whichaw transfected into HEK293 cells and cultured in the presence of
G418. Western blotting of cellxgracts reealed an anti-V5 immunoreaeti band at 43kDa which was not
present in untransfected HEK293 cells. This band corresponds to the recombinant IK chammél Rub
proliferation assays, cells were seeded at 50,000 cells per 35mm diameter dish and cultured up to 5 days i
DMEM containing 10% foetal bovine serum. Cells were counted in duplicate using a haemocytometer.

The IK-expressing stable cell line proliferated at a significaatdyefr rate compared to the untransfected
control HEK293 cells. This enhanced cell growth was completely inhibited by the IK channel antagonist,
clotrimazole (10uM). @ determine the effect of PKA, cells wergpesed to the adenylate cyclase \attir
forskolin (10puM) during the rapid growth phaseorslolin prevented the enhanced gvth of IK channel-
overexpressing cells but had no effect on proliferation of untransfected HEK293 cells.

Serine 332 on the IK channel is a strong PKA consensus siggo(iNa al, 2004). 1o determine whether
the inhibition of cell growth by PKA was due to direct phosphorylation of S332, we generated a stable cell line
overexpressing IK channels containing the S332A mutation. Ce#sgpressing the S332A mutant grat a
similar rate to thosewverexpressing wild type IK channels. Wever, the inhibition of cell proliferation by
forskolin was attenuated. dfskolin produced only 30% inhibition of the enhanced growth of cells
overexpressing S332A-1K channels, compared to 100% for wild type IK channels.

We mnclude that PKA can pvent the influence of IK channels on cell growth, and tHisctis mediated
partially through direct phosphorylation of S332 on the IK channel.

Neylon, C.B., D'Souza, T., & Reinhart, P.H. (20@)iges Archiv 448 613-620.
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Post-transcriptional regulation of CFTR protein expression by Suntranslated region encoded
regulatory elements

S-J Conroy, WL Davies and A.E.O.r@zise Shool of Biomedical Sciengc&he University of Queensland, QLD
4072, Australia.

Cystic fibrosis is a common, fatal genetic disease caused by mutations ioydtie fibosis
transmemhbaine conductanceegulator gene (CFTR). CFTR encodes for a cAMP regulated chloride channel
present in epithelial, cardiac and neuronal tissues, the loss of which impairs electrolyte transport across
epithelial cells resulting in cystic fibrosis (CF) disease. CFiRassion is tightly controlled by a combination
of transcriptional, post-transcriptional, translational and post-translatiapahtery mechanisms, resulting in
complex gpatial, temporal, and pathological expression patterdswever, the regulatory mechanisms
controlling CFTR expression vivoare not well understood.

Despite the importance of the transcriptiongulation of CFTR, we hea recently shown that CFTR is
subject to post-transcriptional regulation through the action of upstream open reading frames (UORFs) encodec
within the CFTR &untranslated region 8TR) (Davieset al, 2004). We haveinvestigated a highly conseed
UORF present in the'BTR of the predominant epithelial of CFTR mRNsoform. Evidence for uORF
involvement in post- transcriptional regulation has been found iy me@ryotic genes, and has been atiieil
to disruption of ribosome scanning during translation, thereby modulating translation initiation at the main
coding region.

We investigated the functional importance and mechanism of action of H&R5in CFTR post-
transcriptional regulation. ¥/generated a series of expression constructs linking wildtype and mutant rabbit
CFTR BUTR sequences to the firefly luciferase reporter geokowing transfection of HT29 and CHO cells,
measurement of luciferase activity indicated the effect of CFTURI® encoded regulatory elements on
translation of the main coding regiororFeach construct, triplicate independent transfections were performed
and co-transfection with renilla luciferase controlled for minor differences in transfection efficienc

It was found that the wildtype CFTRWTR (UORF present) supported translation of the main coding
region at just 50% of the Vel produced by the positt mntrol (beta-globin) TR, suggesting the presence of
negative requlatory elements. Mutations that increase translation of the uORF result in a further 50-70%
decrease in translation of the main codingion. In contrast, the elimination of the uORF translation, by
truncation of the TR or direct mutation of the uORPproduces a 50% increase in translation of the main
coding region compared to the wildtype CFTRIBR. Overall the déct of each BJTR construct was ary
similar in both CFTR xpressing (HT29) and non-expressing (CHO) cell linétowever, some small
differences are indicat o tissue-specifictransacting modulatory dctors. These results identify awne
mechanism of CFTR gallation, confirming the importance oflA'R regulatory elements in modulation of
CFTR expression.

Davies, W.L., \andenbay, J.l., Sayeed, R.A. & Trezise, A.E. (20®lipchemical and Biophysical Resehr
Communication819, 410-418.
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Nedd4-2, CIC-5 and albumin endocytosis in the proximal tubule: a role for SGK-1?

D.H. Hryciwt, J. Ekberd}, A. Leé, I.L. Lensink, S. Kumar, WB. Gugging, D.l. CooK, C.A. Pollock and P.
Poronnik!, School of Biomedical Sciences, University of QLD, Brish@® 4072, Australia?Hanson
Institute IMVS, AdelaideSA D00, AustraliaDepartment of Physiolog$ichool of Medicine Johns Hopkins
University Baltimore, MD 21205, USA?Department of Physiologyniversity of Sydne NSW 2006 Australia,
and®Kolling Institute, RNSH, University of SydgeNSW 2065, Australia.

Retrieval of urinary allumin by the proximal tubule is ackisl by receptormediated endocytosis that
involves a macromolecular complehat includes mgdin/cubulin receptor the CI channel CIC-5, Na-H
exchanger isoform 3 (NHE3) and VviHATPase. Defects in this uptakpathway result in increased altmin
excretion, albuminuria andventually nephropath Genetic defects in CIC-5 in patients with Dents disease lead
to persistent proteinuria. CIC-5 knockout mice alseehaoteinuria, demonstrating &% role for CIC-5 in this
process. CIC-5 is expressed at the apical cell membrane of the proximal tubule amve Weehdvestigating
the molecular basis for the role of CIC-5 inwaitin uptake. CIC-5 has a large intracellular C-terminus that can
potentially act with numerous galatory proteins. Previously it has been demonstrated that the celtesurf
expression of CIC-5 can be regulated by an ubiquitiasgg WWP2. In the current study we showed that
Nedd4-2 interacts with CIC-5 and that this interaction is an essential component of cemstiiuthin uptale
(Hryciw et al, 2004). Weé dso investigated whether serum- and glucocorticoid-inducible kinase (SGK-1) plays
a role in this endocytic process.

We first used Glutathione S transferase (GST) fusion pulldowns o ttad C-terminus of CIC-5 bound
both Nedd4 and Nedd4-Z'he Xenopus oocyte expression was then used to gtad Nedd4-2 but not Nedd4
reduced CIC-5 currents in a manner that was dependent on an intact proline rich motif containing a tyrosine
(PY) in CIC-5. Using luminescence detection of an influenza hemagglutinin-HA-epitope-tagged CIC-5, the
decrease in CIC-5 currents was confirmed to be due to a reduction in cell swégefeCIC-5. Acute
exposure of opossum kidp€OK) cells to albumin resulted in a rapid increase in the prote@slef both CIC5
and Nedd4-2 and an increase in proteasomgitgctCorversely, inhibition of the proteasome or silencing of
endogenous Nedd4-2 in OK cells caused significant decreases in albumin endocytosis. These data indicate th:
constitutve dbumin uptale invdves the upregulation of the ubiquitin/proteasome system

In the cortical collecting duct, it is hypothesized that SGK inhibits the action of Nedd4-2 on EMaC. W
therefore imestigated the role of SGK-1 on altmin uptale in OK lls. Owerexpression of wildtype SGK-1
resulted in a significant increase albumin endocytosis 114 + 3.5%; n = 4; P Our data clearly demonstrate that
similar to the reabsorption of Ny the cortical collecting duct, that the constitatiptake of dbumin involves
ubiquitin ligases, the proteasome and SGK-1wHer, it appears that the effects of SGK-1 do notolke
either Nedd4-2 or CIC-5 in OK cells. These data highlight the commature of the endocytic process that
mediates the retnel of albumin from the glomerular filtrate.

Hryciw DH, Ekbeg J, Lee A, et al. (2004) Journal of Biological Chemis#¥9:54996-5007.
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Na* H* exchanger regulatory factor 2 (NHERF-2) is a scaffold for the plasma membrane &a

AT Pase (PMCA)

WA. Kruget, G.R. MonteitR, L. Tongpad and P Poronnik, *School of Biomedical Sciences, The University of
Queensland, St Lucia, QLD 4072, Australia &8dhool of Pharmagyhe University of Queensland, St Lucia,
QLD 4072, Australia.

Resting cytosolic G4 levels are maintained at nanomolavés by the sequestration of €ainto
intracellular stores or thexeusion of C&* across the plasma membrane by the PMCA. Despite the ubiquitous
distribution of PMCA and its miotal role in C&* signalling, little is knan about hev PMCA activity is
regulated during G protein coupled receptor signalling. There are 4 isoforms of PMCA (1-4) andpfitan
variants of all isoforms ha bkeen identified and all PMCA-b splice variantsvdhaa ©nsensus class 1
PSD-95/Dlg/Zo-1 (PDZ) binding motif (Strehlet al, 2001). Protein-protein interactions mediated by PDZ
modules are n@ recognized as playing @&k role in spatially constraining mginon channels and transporters
into signalling complees in membrane microdomains gRsonet al, 1997). Preiously, PMCA 2b has been
reported to interact with NHERF-2 in a heterologous expression system (Dedtaatp2003). This study
investigated whether PMCA interacts with NHERF-2 in a vetigithelial cell and the plsiological
significance of this interaction in terms of G-protein mediated §lgnalling via the muscarinic M3 receptor.

This study used the polarised epithelial HT29 cell line which expresses only the M3 isoform of the
muscarinic receptorRT-PCR and Western blotting were used to confirm the presence of both PMCA and
NHERF-2 in these cells. Cell sade biotinylations were performed tovéstigate the changes invds of
PMCA at the plasma membrane following waation of M3 receptor by acetylcholine Gh). NHERF-2
contains 3 binding domains, PDZ-1, PDZ-2 and the C-terminesss@&tl GSTfusions of these domains as well
as full length NHERF-2 to characterise the interaction between NHERF-2 and PMCA. These interactions were
validatedin vivo using co-immunoprecipitation with a polyclonal NHERF-2 antibody and subsequesteny
blotting with a pan-PMCA antibodylo examine the functional role of NHERF-2, endogenous proteis w
knocked down by transfecting sifNplasmids. Changes in intracellular Cavere measured using FURA-2 in
a microplate assay.

RT-PCR and Western blots confirmed that HT29 cetilsressed both NHERF-2 and PMCA isoform 1
and 4 (n = 3). Importantlyve found that the lels of PMCA at the plasma membrane increased by 62 + 12% (n
= 3) within 1 min of exposure to 8h and returned to controMes within 3 min. GSpulldown experiments in
HT29 cell lysates clearly shed that PMCA interacted with the second PDZ module of NHERF-2 (rG4).
immunoprecipitation xperiments using HT29 cell lysates confirmed the interaction between NHERF-2 and
PMCA occurred undem vivo conditions (n=3). Silencing of NHERF-2 reduced thede of endogenous
NHERF-2 by a 68 + 10% (n = 3). When we examined th& @sponse to ACh in the cells where NHERF-2
had been silenced we obseuthat the rate of regery from the peak C4 transient was 50 + 10% (n = 3; P <
0.05) faster than in control cells.

These data keal for the first time that the increase in intracellula?*da response to M3 receptor
activation is accompanied by a rapid increase in PMCA at the plasma membrane, presumably due to
translocation from subplasmalemmal stores. The functional interaction between NHERF-2 and PMCA may
underlie the changes in re@py rate of C4" following exposure to ACh. Further studies will providevne
insights into ha scaffold proteins may confer specificity in terms of G-protein mediatétisignalling.

Demarco, S., Chicka, M. & Streh|dt. (2003) Journal of Biological Chemistrg77, 10506-11.

Pawson, T & Scott, J. (1997Bcience278 2075-80.
Strehler E. & Zacharias, D. (2001}hysiological Reviewdl, 21-50.
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NHERF1 - a novel scaffold protein for the astroglial glutamate transporter GLAST

A. Rayfield, A. Le¢", D. Pow?, D. Hryciw?!, TA. Ma, S. Boer®, C. ur* and P Poronnik!, *School of Biomedical
Sciences, University of Queensland, BrishapieD 4072, Australig Department of Anatominiversity of
NewcastleNSW 2308, Australid Division of Biochemistry and Molecular Biolgdsaculty of Science,
Australian National UniversityCanberra, ACT 0200, Australia arﬁ‘ﬂ)epartment of Medicind&mory

University Atlanta, Georgia 30322, USA.

The N&/H* exchanger regulatory factor (NHERF) proteins, NHERF1 and NHERF2 are renal epithelial
PSD95/DIg/Z0O-1 (PDZ) domain containing proteinsefivnanet al, 1995; Yun et al, 1997). NHERF proteins
contain two tandem PDZ domains (PDZ1 and PDZ2), which associate with specific C-terminal motifgebf tar
peptides. NHERF proteins also contain a C-termingiore able to interact with the Ezrin-Radixin-Moesin
(ERM) proteins which provides a link to the actin cytoskeleton.

While NHERF proteins hee keen atensively characterised in kidiyeand other tissues, very little is
known regarding NHERF expression in the central rars system (CNS) and its possible-binding partners in
the CNS. Tissues used for immunohistochemical and biochemical analyses were isolated from euthanised adul
Wistar rats, following procedures apped by the Uniersity of Queensland Animal Ethics Committee. In this
study we performed immunohistochemical characterisation of the cellular distib of NHERF1 and
NHERF2 in the adult rat brain. Immunohistochemistrgswperformed on adult rat brain sections using
polyclonal antibodies specific for NHERF1 and NHERF2. Expression of NHERF1 was shown to be widespread
in brain, most prominently in hippocampus, thalamus, choroklpland cerebellum. In these differergioms
of the brain, NHERF1 was primarily restricted to asites. NHERF2 expression was primarily restricted to
endothelial cells of blood vessels and capillaries. The distribution in adult rat brain was similar to that of
GLAST, an atroglial glutamate transporter that also contains a potential PDZ binding consensus sequence
(ETKM) in its COOH-terminus (Lehreet al, 1995). Double immunofluorescence labelling studies were
performed using antibodies specific for GLAST and NHERF1 and imaged by confocal migrosmop
localisation of GLAST and NHERF1as detected in astroglial cells. Using solubilised adult rat brain lysate, co-
immunoprecipitation experiments demonstrated that GLASHTERF1 and ezrin co-associaite vivo. To
determine which domains of NHERF1 and GLAST interact we performed puii-dgsays using solubilised
adult rat brain lysate and GST-fusion proteins of the GLAST COOH-terminus, full-length NHERFarans v
domains of NHERF1 (PDZ1, PDZ2 and ERM domain). Theper®ments reealed that the GLASNHERF1
interaction requires the COOH-terminal ETKM sequence of GLAST and utilises the PDZ1 domain of NHERFL1.

Therefore we hae demonstrated that NHERF1 links GLAST to the actoskeleton through ezrin,
leading to the formation of a multi-protein compléinkage of GLAST to NHERF1 may senas anmportant
mechanism for localising the GLAST transporter to specialised membrane sites igtestoodor rgulating
transport activity.

Lehre, K P., Ley, L.M., Ottersen, O.PStorm-Mathisen, J. & Danbolt, C.N. (199murnal of Neuosciencel5,
1835-1853.

Weinman, E.J., Steplock, D., Wang, & ShenolikarS. (1995)Journal of Clinical Investigation95, 2143-2149.

Yun, C.H., Oh, S., Zizak, M., Steplock, D., Tsao, S., Tse, C.Meinkvan, E.J. & Donowitz, M. (1997)
Proceedings of the National Academy of Sciences of the United States of A#e30D-3015.
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Molecular cloning and characterisation of the mouse ‘system IMINO’ transporter

S. Kowalczuk A. Bréert, M. Munzinget, N. Tietzé, K. Klingel? and S. Broet, *School of Biochemistry &
Molecular Biology Australian National UniversityCanberra, ACT 0200, Australia arfepartment of
Molecular PathologyUniversity of Tlbingen, 72076 Tubingen, Germany.

The SLC6 &mily consists of transporters for amino acids, neurotransmitters and osmolytes. These
transporters play an important role in the rgah@f neurotransmitters in brain tissue and in amino acid
transport in epithelial cells. The SLC&nfily also contains a number of orphan transporters. Recently we
identified a n& member of the SLC6 family @T1 or S.C6A19), which is closely related to the orphan
transporters and transports neutral amino acidshyfyothesized that other orphan transporters may be amino
acid transporters as well.

To test this hypothesis we studied the mouse slc6a20 gene. The mouseohasmimiogues that
correspond to single the human SLC6A20 gene, which are known as XT3 and XT3BCRRanalysis
revealed expression of XT3s1 in the brain, kidnemall intestine, thymus, spleen and lung, while expression of
XT3 was restricted to kidyeand lung. Subsequentlyve isolated full-length cDM clones of XT3s1 and XT3
from brain and kidng respectiely. In stu hybridisation showed strong expression of XT3/XT3sl in the
proximal tubules of kidnecortex, in intestinal villi and in the brain.

Expression of mouse XT3slutnot XT3, in Xenopus laevis oocytes induced Nand Cf-dependent
transport of proline, ydroxyproline, glycinebetaine, MeAIB and pipecolic acid. #aion analysis suggests a
1Na’/1Cl/proline cotransport, which would be electroneutralwel@r, uptake experiments under oltage-
clamp conditions suggest translocation of 1 charge per proline molecule. This apparent disaapdre
explained by the very high fifiity of the chloride binding site - chloride transport is likely to occur by way of an
exchange process and thus will not affect the electrogenicity of the transporter.

The substrate specificity and mechanism of transport by XT3sl1 fits well with the properties of the
classical ‘system IMINO’, one of the major proline resorption systems of the intestine ang (Stiwens &
Wright, 1985). Dgethey the expression pattern and functional characteristics of SLC6A20 suggest a possible
involvement in the inherited aminoaciduria iminoglycinuria.

Stevens, B.R. & Wright, E.M. (1985Journal of Membrane Biolog87, 27-34.
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Increased acetaminophen hepatotoxicity in the NaS1 sulphate transporter null mouse
S. LeePA. Dawson and D. Matdkich, School of Biomedical Sciences, University of Queensland, Brisbane,
QLD 4072, Australia.

Sulphate (Sg?') plays an important role in the detoxification of numerous xenobiotics, including the
widely used analgesic drug, acetaminophen (APAP) (Cole &V&ki02000). The NéSOf‘ cotransporter,
NaS1 is expressed in the kignahere it maintains blood sulphatedts (Markovich, 2001). NaSL knock-out
(Nas1”) mice exhibit hyposulphataemia and hypersulphaturiavédaet al 2003). Thisproject assessed the
molecular biochemical and physiological consequences of APAP challehgge Nas1”’* and Nast mice
aged 1-4 monthan€ 5-7 mice), were injected with 125-, 250- or 500-mg/kg oARH.p. The animals were
sacrificed at various times (0, 2, 4, 5, 6 and 12 hours) after APAP administration. Serum alanine
aminotransferase (ALT) Vels in NasT’* andNasT" mice were measured as an indicator oARRnduced Wer
injury. ALT levds were 3-fold higher ilNas1”- mice when compared fdas1”’* mice at 12 hours after AP
treatment (250-mg/kg). This supports our histological findings of increased cellular dam¥agtinmice.
Extensve haemorrhaging was observed in lobular areapas1’- mice (500-mg/kg ARP, t=5 hours post-
injection) but not inNasI’* mice. Hepaticglutathione (GSH) depletion was greaterNast~ mice (87%
reduction), compared thasI’* mice (63% reduction) at 250-mg/kg dosage regime (t=2 hours post-injection)
whereas repletion of GSH showed no significarfetihces between amdbas1”* andNasT mice. TheGSTpi
mRNA levds were significantly induced (2-fold) iNas1- mice, when compared tblasT’* mice. The
induction of GSTpi mRN levds in APAP-treatedNas1’ mice, could be a compensatory response to the GSH
depletion. ThanRNA levds of CYP3AL11, which are responsible for the production of neactetabolite,N-
acetylp-benzoquinone imine (NAPQI) (Zhareg al, 2002), were significantly increased (1.5-fold)Nias1”
mice when compared thlasI”* mice (250-mg/kg ARP, t=2 hours post-injection). In summanye have
identified increased A®P-induced hepatotoxicity and more rapid GSH depletion in gposulphataemic
NasI” mice and this may be due tondlood sulphate ks, which limits APAP sulphonation. This study
suggests the potential role of NaS1 in the modulation of APAP-induced hepatotoxicity.

Cole, D.E. & Evrovski, J. (200@ritical Reviews in Clinical Laboratory Sciencgg 299-344.

Dawson, P.A., Beck, L. & Marhvich, D. (2003) Proceedings of the National Academy of Scien& AJ100
13704-13709.

Markovich, D (2001)Physiological Review81, 1499-1534.

Zhang, J., Huang, W., Chua, S.S., Wei& R oore, D.D. (20025cience298 422-424.
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The influence of dietary fish oil and exercise upon oxidate gatus biomarkers in a rat model
R. Henry AJ. Owen and P.L. McLennan, Smart Foods Cenepartment of Biomedical Sciendgniversity of
Wdlongong NSW 2522, Australia.

Introduction. Oxidative dress is implicated in cardiescular and manother diseases, as well as in
normal aging. Highly unsaturated ogae3 fatty acids are very susceptible to oxidation and the generation of
reactive axygen species while intensgeecise promotes an environment for increased oxidatiarad@xically,
both chronic dietary fish oil consumption and chroniereése are associated with reduced caraioular
disease morbidity and mortality.

Objective. This study aimed to determine the effect of dietary fish oil aectise training on membrane
fatty acid composition and biomarkers of oxigatigress in tissues representatid different levels of
oxidation.

Methods. Male Wistar rats, fed either saturated fat (SF) or fish oil (FO) diets for 6 weeks xgarise
trained (weighted swimming, 1h/d, 5d/w with 2% body weight on tail) or remained sed&attzyested for 2
days and fastedvernight were anaesthetised (pentobarbitone sodium 60mg/kg i.p) and killed by rapid
exsanguination. bhier and skeletal muscles (diaphragm, abdominal sheath and wditeisvlateralis) were
analysed for membraneatty acids, lipid peroxidation products and endogenous antioxidants: glutathione
peroxidase and superoxide dismuatse.

Outcomes. In all tissues FO feeding increased EPA, DHA, total n-3Adkd the unsaturation inge
and decreased arachidonic acid, total n-6 #WhRd n-6/n-3 ratio (p<0.05). Exercise training increased
membrane arachidonic acid (p=0.023) in the R libut decreased DHA(p=0.002) and total n-3 RUF
(p=0.017) compared to FO sedentariie liver compared to muscle tissue and diaphragm compared to other
muscles had higher membrane arachidonic acid (AA) amdrl®HA content. Lipid hydroperoxidatioraxied
according to tissue phospholipid unsaturation but there was no addititea! &f fish oil consumption or
exeacise training. Activities of glutathione peroxidase and superoxide dismugaissl \according to tissue
metabolic activity (Ver >> muscle (diaphragm > abdominal muscle)) with no additional effect of fish oil
consumption orxercise training.

Conclusion. Faty acid composition and antioxidant enzyme \aigtimay be related to the oxichei
functions of different tissues. Despite incorporation of n-3 R uUto cell membranes, fish oil feeding did not
increase tissue oxida# dress measured at rest an@reise training vas not associated with altered oxidati
stress biomarkers at rest.
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Simulation of visual processing in retinal ganglion cells

M. Watson: G. Holmest T. Byrné? and S. Cornford, 'Department of Biological & Physical Sciences, Faculty of
Sciences’Faculty of Engineering and Surveyirigniversity of Southern Queensland, Toowoomba, QLD 4350,
Australia.

The retina contains photoreceptors for light detection as well as bipolazontal, amacrine and
ganglion cells. These form a neural network where synaptigecgence, diergence and ingration tale gdace.

It serves as a simple neivk to simulate and thus can be used as a learning tool to demonstrate neural
processing, desensitization, experimental design and protddw. simulation is designed for students to
facilitate inquiry based learning.

A given retinal ganglion cell responds to light directed to a specific area of the réhisarea is called
the ‘receptie field’. Ganglioncell receptie fields hae a tentre’ and an antagonistic ‘surround’ and can be
classified as ‘On Centre’ or ‘O€entre’. OnCentre are aatated by light in the centre of the recegtifield and
inhibited by light in the surrounding recemifield. Of Centre are inhibited by light in the centre of the
receptve field and actiated by light in the surrounding recegifield.

The model simulates the recepatifields of four gnglion cells. The four recept fields are arranged into
4 arays with each array containing 64 Light Dependent Resistors (LDR’s; EGR@&4). Thessimulate the
photoreceptors contained within each receptield. TheLDR’s ae connectedia the Multiplexor (Bmic) and
through the programming of a HC12 microprocessor (Motorolla) simulate the ‘On Centre’ drCeltfe’
receptve fields.

Students shine a variable point of light onto one of the four areag will see either an increase or
decrease in the clock rate output of the HC12. This represents a change in the discharge of the ganglion cell
The clock rate output of the HC12 is visualised by means of an oscilloscope. The clock rate outguy will v
depending on whether thare actvating ‘On’ or ‘Off’ L DR’s. Prolongedtimulation of the LDRS reduces the
clock rate output to pre- stimulusvéés to simulate desensitization.

Students are required to design an experimental protocol that determines an optimal standard stimulus, &
systematic protocol for testing the different reocapfields and a protocol for gathering and analysing the data.
The simulation challenges students to determine: (i) the optimum size, strength and duration of a stimulus that is
sufficient to stimulate the recepd field; (ii) the receptie field characteristics of retinal ganglion cells; (iiimho
such recepte fields can be formed on the basis of the cell types and connections found in the retina.
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