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Analysisof a GABA ,y2 (R43Q) knock-in mouse model of familial epilepsy
S. Petrou, H. Tan,.®avies and S. Murphydoward Florey Institute The University of Melbourné/IC 3010,
Australia. (Introduced by L. Tierney)

Epilepsy is a common neurological disorder that causes paroxysmal electrical discharges in the brain.
can be difficult to treat, with up to 30% of all patients unable to aels#isfactory pharmacological control of
their seizures, and mgrothers living with a host of adverse siddeefs such as sedation and cognmiti
impairment. Genetianalysis of familial forms of epilepsy led to the diggg of ion channel gene mutations
linked to a range of epilepsy syndromes, thus pointing to changes in ion channel function as the primary
causatie gent of mag common forms of epilepsyLessons learned from the analysis of these mutations and
how they ater neurobiology and neurophysiology are vital to our gaining knowledge of the fundamental
mechanisms of seizure genesis, andipethe ley © devdoping better strategies to control epilep$ye have
begun this process with a detailedaenination of an autosomal dominant mutation of a GAR receptor
sulunit [GABRY2(R43Q)] found in a large family with GEFS+ (Generalised Epilepsy with Febrile Seizures
plus). Thestudy of mouse models harbouring human epilepsy causing mutations isprie which a more
direct link between genes and phenotypes can be made that not only permits the molecular study of mutatec
genesdn vivo, but which may also provide a direct link to phenotyp¥e therefore generated a knock-in mouse
model with the GABR2(R43Q) mutation, to irestigate thein situ functional consequences of this genetic
lesion on inhibitory synapses, and to assess the potenibfément of this mutation in the d#opment of
epilepsy.

Wild type mice ¥2R43¥R4Y and mice heterozygous for the GARRR43Q) mutation \@R43Q43 were
anaesthetised i.p. with ketamine (100 mg/kg) and xylazine (15 mg/kg), and instrumented for EEG recording.
Video and EEG analysis of recordingvesed absence seizures, with correlated 3-7 Hzesgikl wave
dischages (SWD) in the mutant animal$duman patients carrying the GABRR43Q) mutation display
absence seizures with 3 Hz SWD; recapitulation of the human phenotype in our mouse model is a vital
validation step, and suggests that underlying pathological mechanisms may be shared between mouse an
human. Théneterozygous mutant mice also showed avatdd sensitivity to challenge with the pro-gaisant
drug, pentylenetetrazol (40-120 mg/kg, s.c.).

Miniature Inhibitory Postsynaptic Currents (mIPSCs) were analysed in Layer 2/3 cortical neurons using
the whole cell patch clamp technique, in acute brain slices obtained from P14-16 mice decapitated after
anaesthesia by inhalation of isoflurane. Analysis of wild type, heterozygous and homozygous mutant
y2Q43/Q43 mice demonstrated a reduction in amplitug@R{3/R43= 67.5 + 2.91 pA, B43/Q43=58 4 + 2.22 pA,
y2Q43/Q43=40.0 + 2.62 pA), and a slower rate of decg8R{¥/R43= 4.7 + 0.15 msy2R4%Q43=59 + 0.32 ms,
y2Q43/Q43= 31 4 + 2.62 ms).The heterozygous phenotype was much more subtle than would be expected from a
simple gene dosing fetct. Interestingly the frequeng of detectable synapticvents was also drastically
reduced in the homozygous mutant animg@{¥/R43= 7.17 + 0.83 Hzy2Q43Q43= 0,85 + 0.15 Hz).We ae
currently characteristing mIPSCs in the thalamocortical relay circuit, which has been implicated in the
generation of the SWD of absence epilepsy.

To determine whether the altered characteristics of the inhibitory currents were due to a pre- or post-
synaptic pertubation, immunohistochemical analysis was performed in brain slices obtained from P12-P16 mice
killed after pentobarbitone anaesthesia (100 mg/kg, lip)homozygous mutant mice, punctate staining of
glutamic acid decarboxylase (GAD), the marker of @&Rjic synaptic inputs, was unaltered compared to wild
type controls.However, in contrast, immunoreadtity for GABA , al andy2 subunits was virtually absent from
most brain regions, including the cortex, thalamus and cerebellum. The distributigh sobunits was
investigated further in cortical neurons, maintained in primary cultures for 14-16 &aggnant female mice
were killed by cervical dislocation, and cortices dissected from decapitated E15-E16 enibrgermine the
location of GABA, receptor subunits in cultured neuronstracts of total cellular proteins and cell s
proteins were prepared: the cell surface proteins were biotinylatedhig ¢iultures, and subsequentktracted
on an immobilised avidin columnln heterozygous and homozygous mutant animals, y@esubunit was
detected in extracts of total cellular protein, but Xgression was reduced in cell surface proteinaets. Our
studies suggest that a reduction in cell surface expression y# thbunit, along with a reduction in amplitude
and altered deaetition kinetics of mIPSCs, are theknolecular deficits responsible for absence epilepsy in
this model.
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The receptor-associated protein, rapsyn, and regulation of postsynaptic acetylcholine receptor
packing density and turnover at the neuromuscular synapse

WD. Phillips and O.L. Gervasio, Department of Physioldggtitute for Biomedical Resedw;, University of
Sydng, NSW 2006, Australia.

Rapsyn is a membrane-associated protein that bindsytbgotic M3-M4 loop domain of the nicotinic
acetylcholine receptor (AChR). During embryogenesis, neural agrin (a proteoglycan secreted byethe nerv
terminal) is thought to coordinate the spatially-appropriateatictn of Muscle Specific Kinase (MuSK). This
initiates dvergent intracellular pathways that result in 1) formation of &hR cluster (a process that depends
upon rapsyn) and 2) possibly also the transcriptionalaticin of synaptic genes. The precise signaling
pathways for these &fcts remain ambiguous (Bezak & Ruegg, 2003). VB have been studying the role of
rapsyn in the homeostasis of the established synapse. Raasyagged by fusing enhanced green fluorescent
protein (EGFP) to its C-terminus (Gervasio & Phillips, 2005). Rapsyn-EGFP functiorathtitodified rapsyn
since it assembled intoGkR clusters when cultured myotubes were treated with neural agriudy its role
in vivowe anaesthetized 4-week old female FVB mice wjthicpl.P. of a nmixture of ketamine (10mg/ml) and
xylazine (10mg/ml). The tibialis anterior muscle was exposed and electroporated with expression plasmid for
rapsyn-EGFPfollowed by subcutaneous injection of 30 of buprenorphine (30@g/ml). Rapsyn-EGFP
targeted to the dispersed Golgi elements in the muscle fibre where it may normally assemble witllythe ne
synthesized AChR. Rapsyn-EGFP also targeted directly to the postsynaptic AChR cluster where it increased the
stoichiometry of rapsyn to AChR. Thisaw associated with a slowing in the metabolic tuenof synaptic
AChR (Gervasio & Phillips, 2005). Rapsyn-AChR stoichiometry can also be increased by neural agrin
treatment, suggesting a possibleygiblogical mechanism that might regulate retention of AChRs within the
postsynaptic AChR cluster.

What do we mean when we speak of a postsynaptic receptor cluster? These are often defined in paper
merely as bright spots or puncta of anti-receptor antibody staining. Intracellular receptors are often located
immediately beneath the postsynaptic membrane. These may be confused with functicad;esypdsed
receptors in routine immunostaining. In the case of the neuromuscular synapse, pma#lGtiR clusters are
found at the lips of the post-junctional membrane infoldings. HeGhRS are packed tightly together
(10,000im?; Salpeter & Harris, 1983) and mediate the postsynaptic current. Clusters interdigitate with post-
junctional membrane in-foldings in which a reseof AChRs are present, but at 10-fold lower densfifile
exposed to the extracellular fluid, these ‘unclustered’ AChRs are unlikely to contribute greatly to the normal
postsynaptic current. Unclustered AChRs seem to be in continual interchange with the neighboring, clustered
AChRs. Alterations in the fifiengy of rapsyn-mediated @hR clustering might change the fraction of
‘synaptic’ AChRs that are engaged in the postsynapfhR cluster and thereby the amplitude of the
postsynaptic current. ol gauge the diciency of postsynaptic AChR clustering we Jea devdoped a
Fluorescence Resonance Energy Transfer (FRET) technique. FRET is aesemsitdd for detecting situations
where tvwo fluorescently labeled proteins come within 10nm of each.od@hRs are labeled with a mixture of
TRITC-a-bungarotoxin (FRET donor) and Atafluor647e-bungarotoxin (acceptor). These are atkd to bind
randomly to the AChR. The twhinding sites on each AChR channel are separated by about 8nm and yield only
weakintramolecularFRET. FRET eficiency increases 5-fold due intermolecularFRET when AChRs come
together in a clusteFRET eficiency was lav at synapses in newborn mice but increased approximatedy tw
fold during postnatal delopment, coincident with a similar increase in the raps@iA stoichiometry at the
synapse. This suggests that thiiciefngy with which AChRs are partitioned within postsynaptic AChR clusters
may be regulated by rapsyn-AChR stoichiometry.

Bezalova, G. & Ruegg, M.A. (200lature reMews of Cell and Molecular Biologd; 295-308.

Gervasio, O.L. & Phillips, W.D. (2005)purnal of Physiology62.3, 673-685.
SalpeterM.M. & Harris, R. (1983)ournal of Cell Biology96, 1781-1785.
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Functional consequences of clustering GABA , receptors
M.L. Tierng, T. Luu, A.E. Everitt, PWGage, Membrane Physiology & Biophysics Group, The John Curtin
School of Medical Resedr, The Australian National Universitganbera 0200, Australia.

Inhibitory signals in mammalian brains are mediated primarily-Byninolutyric acid type A receptors
(GABA,R). Different subtypes of these receptors, distinguished by their subunit composition, are either
concentrated at postsynaptic sites wherg thediate phasic inhibition or found at non-synaptitr@synaptic)
sites where the mediate tonic inhibition. Neurons, therefore, require discrete trafficking mechanisms to
regulate the subcellular distribution of GARR subtypes. Althouglits precise rolén vivois yet to be clearly
defined, the GAB , receptorassociated protein GAERAP has been shown to participate in trafficking and
membrane fusionvents that underlie genisational processes at GABrgic synapses (Kittleet al, 2001;
Kneussel, 2002)Co-expression of GABARAP has been shoto cluster recombinant GAS, receptors (Chen
et al, 2000; E\ritt et al, 2004) and, as a consequence of this ordered packing arrangement, the recombinant
GABA , receptors function diérently At the single-channel Vel we haveshavn that GABA, receptors co-
expressed with recombinant GABARAP in L929 cells may display high conductances (>40 p&i} €E\al,

2004) which is in stark contrast to the conductancafyfreceptors expressed without GABARAP (<40 pS)
(Luu et al, 2005). Single-channedmplitude distrilation histograms and open probabilities were analysed to
examine the effects of drugs such as @A&hd diazepam.The presence of the soluble intracellular protein
GABARAP influences recombinant GA& channels such that thenay open to multiple discrete states and
the maximum single-channel conductance is dependent on fdativef GABA concentration. Itremains a
fundamental issue as to what these multiple conductance states reptesemt.single channel or multiple
channels opening in concert? An important conclusion is that recombinaptlyssediBy receptors beha
more like mative receptors when cotransfected with GABARAP.

Chen, L., Wang, H.B., Vicini, S. & Olsen, R.\2000)Proceedings of the National Academy of Sciences of the
United States of Americ87, 11557-11562.
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The charge of the P-loop glutamate controls cation-anion selectivity in CNG channels

W. Qut, A.J. Moorhousé, M. Chandrd, K.D. Piercé, T.M. Lewig and P.H. Barry!, 'Dept of Physiology and
PharmacologySchool of Medical Sciences, The University ofAN®uth Wales, NSW 2052, Australia and
°Neurobiology Reseah Program, The Garvan Institute of Medical ResgaB84 Victoria Street, Darlinghurst,
NSW 2010, Australia.

Cyclic-nucleotide-gted (CNG) channels play a critical role in olfactory and visual transdudfiertave
used site-directed mutagenesis and inside-out patch-clamp recordinggestigate ion permeation and
selectvity in two mutant homomeric rat olfactory CNGA2 channels expressed in HEK 293 védishowed
that a single point mutation of the gaively-chaged pore-loop (P-loop) glutamate to either a pasiti
chaged lysine or ayinine did produce functional channels, which consistently responded to either cGMP or
CAMP, dthough the currents were extremely smallle found that the concentration-response eun¥ the
lysine mutant channel ag very similar to that of wild-type (WT) channels, suggesting no major structural
alteration to the mutant channeReversal potential measurements, duriygoplasmic NacCl dilutions, sheed
that both the lysine and the arginine mutations switched the selectivity of the channel from cafiBgs <P
0.07 [WT]) to anions (R/P,,= 15 [Lys] or 10 [Ag]). Inaddition, we showed that these mutant channels seem
to hare a1 extremely small single-channel conductance, measured using noise analysis to be about 1 pS,
compared to a WTalue of about 25 pS. Our results indicated that it is predominantly the charge of the E342
residue in the P-loop, rather than the pore helix dipoles, which controls the cation-anion selectivity of this
channel. Hwever, the outward rectification displayed by both mutant channels in symmetrical NaCl solutions
suggests that the gaive ends of the pore helix dipoles probably play a role in reducing theaoditmaement
of CI" ions through these anion-selgetichannels. Sucla postulated mechanism is also suppartidf the
mutations only causing local effects within the selectivity filter region of the chaihebke results may &
general implications for the determinants of anion-cation seigctn the large family of P-loop containing
channels.

We dso showed from measurements ofareal potentials, with diérent halide ion substitutions, that the
relative permeability of the halide ions increases with ionic radius in these E342K and E342R mutant CNG
channels. Sincwnic radius is imersely related to hydrated ion size, this result indicates that it i&ldstion of
these ions, as thigoass through the selectivity region of the mutant channel, that is the major factor determining
their relatve permeability as is #so observed in anion-selecti GABA , and glycine receptor channelsa{fna-

Shad & Barry1993).

Faima-Shad, K. & BarryPH. (1993)Proceedings of the Royal Society (London248, 69-75.
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Structure and dynamics of the periplasmic loop of the MscL mechanosensitive channel studied
by electron paramagnetic resonance spectr oscopy

G. Meyet?3 E. Rerozd and B. Martinaé3, 'School of Medicine and Pharmacolpggniversity of Western
Australia, Crawle/, WA 6009, Australia andDepartment of Molecular Physiology and Biological Physics,
University of Virginia, CharlottesvillevA 2906, USA3(Present address: School of Biomedical Sciences,
University of Queensland, Brisbar@L.D 4072, Australia).

The periplasmic loop of the bacterial mechanosemsitiannel of large conductance (MscL) is one of the
five gructural domains of the channel, which has been suggested to play a significant role in gating of the
channel by mechanical force (Ajoet al, 2000; Maurer & Dougherty2003). Thestructure of the loop has
however, not been fully characterisedhfter the structural details of the MscL transmembrane helices, TM1 and
TM2, were determined by crystallograpand electron paramagnetic resonance (EPR) spectiyp$Changet
al., 1998; Perozo et al., 2001), a model of the complete structure of MdeLooli was proposed (Sukhaveet
al., 2001). Themodel provided basis for characterisation of the MscL gating by molecular dynamics (MD)
simulations (Gullingsrucet al, 2001). RecentMD simulations (Mger et al, 2004) suggested further an
important role for the periplasmic loop in the MscL channel gating.

Using the methods ofysteine scanning mutagenesis, spin labelling and EPR spectyoscoidscL
reconstituted into liposomes, we carried out an initial studsrts characterisation of the structural dynamics
of the loop. The EPR spectra recorded from the channel in its closed configuration and in the open state induced
by lysophosphatidylcholine (LPC) (Perogbal.,2002), indicated that significant structural rearrangements in
the loop region occurred during channel openi@ur results thus appear consistent with the findings of the
MD simulation studies of the structural dynamics of the channel. Future experiments are aiming to provide a
complete structure of the periplasmic loop in the open and closed states of the MscL channel, which should
allow obtaining a more accurate model of the gating mechanism of this channel.
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