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Abstr act

The glycine receptor chloride channel (GlyR), a membereoptmtameric Cys-loop ion channel
receptor family, mediates inhibitory neurotransmission in the kpamd, brainstem and retina. They
are also found pre-synaptically, where they modulate neurotraesmigase. Functional GlyRs are
formed from a total of five subunite L — a4, ). Althougha subunits efficiently form homomeric
GlyRs in recombinant expression systems, homontdric3 anda4 GlyRs are weakly expressed
in adult neurons. In contrast2 homomeric GlyRs are abundantly expressed in embryonic neurons,
although their numbers decline sharply by adulthood. Numerous litéscbiemical, biophysical,
pharmacological and genetic evidence suggest the majogty@hergic neurotransmission in
adults is mediated by heteromenit GlyRs. Immunocytochemical co-localisation experiments
suggest the presencead3, a3p anda4f3 GlyRs at synapses in the adult mouse retina.
Immunocytochemical and electrophysiological evidence also iatpka3p GlyRs as important
mediators of glycinergic inhibitory neurotransmission in hocice@@resory neuronal circuits in
peripheral laminae of the spinal cord dorsal horn. It isg/ee determined why multiple GlyR
synaptic subtypes are differentially distributed in these ansilpgpother locations. The
development of pharmacological agents that can discrimstiategly between differerf subunit-
containing GlyR isoforms will help to address this issue,thaeby provide important insights into
a variety of central nervous system functions includingaésgignal processing and spinal pain
mechanisms. Finally, agents that selectively potentiatereiifféslyR isoforms may be useful as
therapeutic lead compounds for peripheral inflammatory paimavément disorders such as

spasticity.
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I ntroduction

The glycine receptor Cthannel (GlyR) is classically known for mediating inhibitory tita
transmission between interneurons and motor neurons in oaftexts of the spinal cord. Glycine
was originally proposed as an inhibitory neurotransmitter basead analysis of its distribution in
the spinal cord (Aprison and Werman, 1965; Davidoff et al., 19&@Bsejuent experiments showed
that it activated a strychnine-sensitive inhibitory €inductance in spinal cord neurons (Curtis et
al., 1967; Werman et al., 1967). Purification of the GlyR fratrspinal cord by strychnine affinity
chromatography revealed three distinct polypeptides of molecuks 4858 and 98 kDa (Pfeiffer
etal., 1982). The 48 and 58 kDa peptides were later shownréspond to theil andf3 subunits,
respectively.

Cloning of theal GlyR subunit was reported in 1987 (Grenningloh et al., 1987) and itslbgyn
with the previously cloned nicotinic acetylcholine receptor (nAQRRYo its inclusion in the Cys-
loop family of ligand-gated ion channel receptors. Blsibunit, cloned by the Betz group in 1990
(Grenningloh et al., 1990), was found to share a 47% amin@agicence homology with tlel
subunit. The 98 kDa peptide was later identified as th@ptagmic protein, gephyrin, which is
essential for clustering GlyRs at postsynaptic densiteeslivect interactions between the GIgR
subunit and intracellular microtubules (Fritschy et al., 2008¢.a2, a3 anda4 subunits and
several splice variants were subsequently cloned by homolognsg€eynch, 2004). The
subunits share a >90% amino acid sequence homology with eachltih@mnatomical
distributions, developmental regulation, physiological roles andwawoiogical properties of all
known GIlyR isoforms will be considered below.

Functional Cys-loop receptors comprise homomeric or heteromer@anpernt oligomers with each
of the five subunits arranged symmetrically in a ring arouceindral ion-conducting pore. The

GlyR structure is yet to be determined directly. Howelg analogy with the known structures of



other Cys-loop family members (Brejc et al., 2002; Miyazawal., 2003; Hilf and Dutzler, 2008),
each GlyR subunit comprises a large extracellular amimoitai domain that harbours the ligand
binding sites and the eponymous Cys-loop. This connects to a buriole ofhelical
transmembrane domains (labelled M1 — M4) with a large inttdaetdomain between M3 and M4
and a short extracellular C-terminal tail. Each of tkie §ubunits contributes an amphipathic M2
domain to the lining of the central water-filled poreugtural analyses of other Cys-loop receptors
suggest that the channel gate is located centrally iMthdomain (Miyazawa et al., 2003; Hilf and
Dutzler, 2008).

The ligand-binding domain is mainly comprised3egheets, connected by flexible loops. The
agonist binding site is a pocket-like structure at the subunifacts accessible from the outside of
the structure (Brejc et al., 2002). It is formed by six domaise loops from one subunit form the
principle binding site (domains A-C) and thifgsheets from the adjacent subunit form the
complementary binding site (domains D-F). As with other Cys-teopptors, agonist binding to a
single site simultaneously converts all subunits to theatetivstate (Corringer et al., 2000). Three
bound glycine molecules are sufficient to maximally actieat®momeric GlyRs (Lewis et al.,
2003; Beato et al., 2004).

Autoradiographic analysis ofHl]strychnine binding sites identified high levels of surfakpressed
GlyRs in the following regions of the rat central nervousesys spinal cord, trigeminal nuclei,
superior olive nucleus, nuclei of lateral lemniscus, vestibulatei, cuneate nucleus, gracile
nucleus, hypoglossal nucleus, dorsal motor nucleus of vagus antbsap#iculus (Zarbin et al.,
1981). Immunocytochemistry using a generisubunit monoclonal antibody also showed high
levels of GlyR expression in the spinal cord and in numerous teainmaiclei, but also in the retina,
olfactory bulb, hippocampus and cerebellum (Araki et al., 1988; vaPdeand Gorcs, 1988).
Electrophysiological studies have identified glycinergiocagses in many of these regions

(Legendre, 2001; Lynch, 2004). As these techniques do not discrimmateg GlyR subtypes, they



reveal the net distribution of functional GlyRs. Our undeuditag of the distributions of individual

subunits will be considered below.

Recombinant receptors

Expression, pentameric formation and subunit stoichiometries

All a subunits express robustly as functional homomers inXaibpus oocyte and HEK293
mammalian cell expression systems. Biochemical evidendbddormation of homomeric
pentamers following injection @fl subunit cRNA intoXenopus oocytes is presented in (Griffon et
al., 1999). Alla subunits probably co-assemble as heteromers with @tbgbunits. Evidence for
functionala subunit heteromers comes from co-expression studies of aywédr1l subunit with a
mutant (G167Lx2 subunit with strongly impaired glycine sensitivity (Kuhsalet1993). Co-
expression of cRNAs in differing ratios yielded currents éxhibited a monophasic glycine dose-
response relationship with a low Hill coefficient suggestingxdure of subunits. The control
experiment involved injectingl anda2 subunit mMRNA two days apart. This resulted in a
superposition of two widely separated dose-responses, inditiadéraxistence of distinctl and
mutanta2 homomeric GlyRs. It is not known whether differardubunits recombine in a
particular stoichiometry or (as is suspected) in a random baionanner.

Electrophysiological studies have established that the estpnesf3 subunits alone produces no
glycine-gated currents (Bormann et al., 1993) and biochemicidrece indicates th@t subunits do
not assemble as pentameric homomers (Griffon et al., 1999).udqvikere is a variety of evidence
that3 subunits form heteromers withsubunits in recombinant expression systems. First,
biochemical cross-linking experiments with GlyRs purified frotrspanal cord provided evidence

for the pentameric co-assemblyodf and subunits (Langosch et al., 1988). Co-



immunoprecipitation ofi1 subunits using B subunit-specific antibody from cells transfected with
al andp subunits provided biochemical evidence for a direct interactioil(& et al., 1992; Oertel
et al., 2007). There is also pharmacological evidence footheation ofa3 heteromers. The
original assay, and still the standard means of pharmacallygidentifying heteromeric GlyRs, is
picrotoxin sensitivity. Homomeria GlyRs are potently inhibited by picrotoxin whereas glycine-
gated currents in cells transfected watand3 cDNA exhibit a dramatically reduced picrotoxin
sensitivity (Pribilla et al., 1992). Other pharmacological téoislifferentiating homomeric from
heteromeric GlyRs are considered below. Finally, co-assenilx and3 subunits results in a
significantly reduced single channel conductance (Table 1jliffiedences in single channel kinetic
behaviour (Beato et al., 2004; Burzomato et al., 2004).

The subunit stoichiometry afl3 GlyRs has recently been investigated by Gruzdinska and
colleagues (Grudzinska et al., 2005). On the basis of the tyevemutations to corresponding
glycine binding sites i1 andp subunits, these authors reasoned ffhatbunits predominated in
alp GlyRs. This hypothesis was confirmed by demonstrating thaf.a3 concatemer produced
functional heteromers when co-expressed Witomomers but not when expressed alone or with
al subunits (Grudzinska et al., 2005). However, this result is ¢ensisith either 2a:33 or a
1la:4p3 stoichiometry. Quantitation of radio-labelled methioninels in affinity purified
recombinantil andal1p GlyRs was consistent with2ax:3[3 stoichiometry. Together, these results
imply a subunit arrangement Bfa—3-a—f. However, since previous more indirect approaches all
suggested 8a:2[3 stoichiometry (Becker et al., 1988; Kuhse et al., 1993; Buatomt al., 2003),

confirmation of the putativ2a:3( stoichiometry by other techniques is warranted.

Biophysical and pharmacological properties



GlyRs display several single channel conductance statesmparison of these states in
recombinant GlyRs is provided in Table 1. In general, homan@&yiRs exhibit five states with the
open probabilities favouring the highest conducting states. Co-sigmax¥a subunits with3
subunits eliminates the highest conductance levels leaving& 4tate as the most frequently
visited level. As cell-attached recordings do not generapprt the lowest conducting levels (e.g.,
compare (Burzomato et al., 2004) with (Bormann et al., 1993@eiins that the probability of
receptors entering sub-conductance states is increased byramenpatch excision.

There is no evidence to date for subunit-specific GlyR agomdthomomeric and heteromeric
GlyR subtypes exhibit broadly similar sensitivities to glydiRabilla et al., 1992; Yang et al.,
2007). The rank order potency of amino acid agonistd &iomomeric andi1p heteromeric GlyRs
is glycine >B-alanine > taurine (Barker and Ransom, 1978; Schmieden £988; Lynch et al.,
1997). Although this potency sequence has not been systematicdlgovierall GlyR isoforms, it
seems unlikely that the amino acid agonist potency sequehdmwiseful for defining particular
GlyR subtypes. The only non-amino acid agonist identified isaviermectin, has a similar
sensitivity atnl anda 1 GlyRs (Shan et al., 2001) and it also potently activaBeanda 3
homomeric GlyRs (T. Lynagh and J. Lynch, unpublished data). Honavemotable difference
among GlyRa subunit types is activation rate: the recombinant homora@r&lyR has been
shown to activate at a much lower rate thdf GlyRs (Mangin et al., 2003). The macroscopic or
single channel kinetic properties of all GlyR isoforms haoeyet been investigated in detail.

The molecular pharmacological properties of recombinant GlyR/pebthave recently been
reviewed (Webb and Lynch, 2007). Table 2 presents a sunohan}y those pharmacological
agents known to differ in potency or mode of action from one GiyRRype to the next. Although
many compounds exhibit modest subunit-specific differences, tolsatedre few substances with
sufficient discriminatory capacity to identify the prese ofal, a2 anda3 subunits in either

homomeric or heteromeric GlyRs. However, several probes fécgotoxin) are available that can



distinguish strongly betweemhomomeric andi(3 heteromeric GlyRs. Unfortunately, most of these
agents also have potent effects on other receptor typed) livhits their utility as probes for
establishing the physiological role of different GlyR subtypéré is thus abundant scope for the

development of novel GlyR subunit-specific pharmacological probes.

Native receptors

Homomeric a2 GlyRs

Analysis of MRNA and protein expression levels revediat GlyRs in the fetal rat are
predominantlya2 homomers (Becker et al., 1988; Malosio et al., 1991b; Watarabékagi,

1995). Howeverg?2 expression declines sharply between birth and postnataltiwessk while
expression ofi1 andp subunits increases over the same period. Thus, in the raglagiaental
switch froma2 homomeric GlyRs to13 heteromeric GlyRs takes place between birth and the third
postnatal week. Aa2 is the most abundantly expressedubunit in prenatal rats, it would therefore
be reasonable to assume that large conductance (100 pS) glstiva¢ed channels on embryonic
neuronal membranes would provide evidence for the expression of hoima@&lyRs. Indeed,
such evidence has been provided by several laboratoriesef &ing., 1998; Mangin et al., 2002;
Takahashi et al., 1992). The existence®homomers in immature central neurons is also implied
by the relatively high picrotoxin sensitivity of glycine-gatedreuats recorded from these neurons
(Kungel and Friauf, 1997; Mangin et al., 2002; Wang et al., 2008@nGhata2 mRNA and

protein are strongly expressed in embryonic neurons, and thdaattracellular chloride
concentrations are high in these neurons (Rivera et al., 19%9prabable that homome

GlyRs mediate the depolarising glycine-gated chloride flukgtiaulates the calcium influx (Flint
et al., 1998) necessary for the development of numerous neupecalsations, including

glycinergic synapses (Kneussel and Betz, 2000). Surprisinglygveywknockout of the2 subunit



had no obvious effect on neuronal development, although it does redugeatoreceptor numbers

and eliminate a tonic glycine-gated chloride conductance bmygmic cortical neurons (Table 3).

Homomeric aZand a3GlyRs

Non-synaptic GlyRs are widely distributed throughout the adulioosrgystem. If homomeracl or
a3 GlyRs existin vivo then they are most likely to be extrasynaptic (as tiaeyot bind gephyrin)
Thus, they should be identifiable as large (80-100 pS) unitargragrin single channel recordings
from neuronal membrane patches, or as picrotoxin-sensitiveeveedliglycine currents. However,
single channels gated by glycine in the somatic memburnagenile or adult spinal or brainstem
neurons generally exhibit maximal unitary conductances near 4Dag8hashi et al., 1992; Singer
et al., 1998; Ali et al., 2000; Beato and Sivilotti, 2007) cdasiswith ana3 stoichiometry (Table

1). Larger (80-100 pS) conductance channels consistent with homaerhenc3 GlyRs, have
seldom been observed, strongly suggesting that homoateaca3 GlyRs are not expressed to any
significant degree in the somatic regions of adult neurons. Bisraloes not seem to be a strong
case for the existence of picrotoxin-sensitive glycine-getiegbnts in somatic electrophysiological
recordings from adult neurons.

There is, however, sporadic evidence that homomeric GlyRs enpselent in non-somatic
locations on central neurons. In particular, several studiesihdicated that GlyRs are present on
presynaptic nerve terminals of central neurons wherertfagybe involved in controlling the release
of glutamate (Turecek and Trussell, 2001, 2002), glycine (Jealg 2003) or GABA (Ye et al.,
2004). Single channel recordings from a limited number of presynagtie terminals of adult
auditory brainstem neurons revealed the presence of glycied-glaannels with an unitary
conductance of 92 pS (Turecek and Trussell, 2002), suggestiraj thast some presynaptic GlyRs
may be homomeric. Another study, performed on neurons of thepaioptic nucleus, presented

both immunohistochemical and pharmacological evidence for a diff@rdistribution of
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heteromeric GlyRs and homomeric GlyRs. The former werallistd exclusively on the soma and
dendrites whereas the later were found exclusively on distedal regions (Deleuze et al., 2005).
However, further studies are required to substantiate tleefoathe segregated distribution of

homomeric and heteromeric GlyRs at these or other locatiadult neurons.

Heteromeric a1 GlyRs

In-situ hybridisation in the adult rat reve@lsubunit mRNA to be widely distributed throughout the
spinal cord, retina and brain aod mRNA to be restricted primarily to the spinal cordubset of
retinal neurons and a host of brainstem nuclei (Malosio €t%81b; Sato et al., 1991; Greferath et
al., 1994). It is thus feasible that heteromerl GlyRs may exist in all central nervous system
areas wherel GlyRs are expressed. Indeed, as noted above, subunit-crogskmd co-
immunoprecipitation experiments of GlyR protein purified fromsgahal cord demonstrated a
physical interaction betweerl and3 subunits in vivo (Langosch et al., 1988; Pribilla et al., 1992;
Oertel et al., 2007). As gephyrin is essential for GlyR ehirsg) at synapses (Fritschy et al., 2008),
and it does so only by binding only to GI{fsubunits (Meyer et al., 1995; Bedet et al., 2006; Kim
et al., 2006), synaptic GlyRs must by inferenceipdneteromers. Furthermore, becaodds the
most abundantly expressed of @lsubunits in adult rat (Becker et al., 1988; Malosio etl&91b),

it is generally assumed that most glycinergic synapstneiadult rat are mediated bff3 GlyRs. In
support of this, the decay kinetics of spontaneous glycinergiitimty postsynaptic currents
(IPSCs) in rat spinal motor neurons is well accounted for tiyadion mechanisms that describe
single-channel behaviour aflfy heteromers rather thari homomers (Burzomato et al., 2004).
Furthermore, as discussed above, single channel conductance eédence a preponderance of
heteromeric rather than homomeric GlyRs on neuronal membuafazes. However, there is as yet
very little direct immunocytochemical or pharmacological enggethat most synaptic currents are

mediated by 13 to the exclusion of other GlyR isoforms.
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Given thatn 13 GlyRs most likely mediate the bulk of glycinergic inhibitdrgnsmission in adult
spinal cord brainstem and retina, it is reasonable to hypothkatdanockdown or knockout of
either gene would have severe and similar neurologicakgoesices. As summarised in Table 3,
this is indeed the case. The effect of reducing the esipresf either subunit is to produce a
hyperekplexia phenotype, characterised by an exaggerated tafidx sponse to unexpected
stimuli, which is often accompanied by temporary but completecoiar rigidity. This indicates an
impairment of inhibitory neurotransmission in reflex circuitshe spinal cord where synaptic
GlyRs are well known to exist. Thus, genetic data provide gethimg case for the widespread

synaptic distribution ofi13 GlyRs.

Heteromeric a28 GlyRs

As a2 subunit mRNA and protein expression levels undergo a sharp posiecliae (Becker et al.,
1988; Malosio et al., 1991b; Watanabe and Akagi, 1995), synapsesoanted3 GlyRs are likely
to be sparse in the adult. However, a substantial proportiogy@hgigic synapses in the inner
plexiform layer of the adult mouse retina show co-localisaifammunoreactivity folx2 subunits
and gephyrin (Haverkamp et al., 2004), suggesiihgubunits are synaptically localised. Indeed,
functional evidence has recently been presenteddmediated synapses on wide-field amacrine
cells in the adult rat retina (Veruki et al., 2007). Theralso evidence that2-containing synaptic
GlyRs predominate transiently in central neurons around the fitmdloin the rat (Takahashi et al.,
1992; Singer et al., 1998; Ali et al., 2000); (Okabe et al., 2004 hglthe developmental switch
from a2 homomeric tax1f3 heteromeric GlyRs. However, the lack of obvious neurolbgicd

visual deficits ora2 knockout mice suggests that the properties2stontaining GlyRs are not

indispensable for normal central nervous system function (Table 3).

Heteromeric a36 GlyRs
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Although expression of the Gly&3 subunit increases with age, it is weakly expressed at all
developmental stages relative to tilesubunit (Malosio et al., 1991a). One report presented
functional and immunohistochemical evidence for their expressisem@ral central nervous system
regions including the hippocampus (Meier et al., 2005), althoughabendance relative tol

GlyRs was not quantitated. The distribution of dt3subunit has been mapped in most detail in the
retina (Haverkamp et al., 2003) and in nociceptive neurons ianfiaae | and Il of the spinal cord
dorsal horn (Harvey et al., 2004). Light microscopy suggested &aibunit-specific
immunofluorescence was present in around half the glycingngapsic puncta in the inner
plexiform layer of the retina, where they were associatedagpiiy with neurons of the cone
pathways (Haverkamp et al., 2003; Haverkamp et al., 2004). Imiytachemical evidence was
also presented for the co-localisatiora@fsubunits and gephyrin at individual synaptic puncta in
laminae | and Il of the mouse spinal cord dorsal horn (Haevay,, 2004). It had earlier been shown
that glycinergic IPSCs on these neurons were inhibited biptlaenmatory mediator, prostaglandin
type B (PGE), via ER receptor-mediated activation of PKA-dependent phosphorylation (Ahmad
et al., 2002). Consistent with this, recombinaBtGlyRs were inhibited by PGEia PKA-

dependent phosphorylation wheredsGlyRs (which do not have PKA phosphorylation sites) were
not (Harvey et al., 2004). A GlyR3 knockout mouse was generated to test whether3tsibunit
was the in vivo target of the inflammatory stimuli. TheB2@ependent decrease of lamina Il
glycinergic IPSCs was duly found to be abolished in thdr@I$ -/- mice (Harvey et al., 2004).
Behaviourally, normal and knockout mice responded similarly topaomful tactile stimuli and

acute inflammatory pain stimuli and no visual defects weperted. However, chronic peripheral
inflammation produced pain sensitisation in normal animals buhrbe knockouts (Table 3).

Thus, these results show thed3 GlyRs do exist and are specifically inhibited during chronic
inflammation. This result has established the GlyR asenpat therapeutic target for peripheral

chronic inflammatory pain.
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Homomeric a4 and heteromeric a4 GlyRs

The GlyRa4 gene is a pseudo-gene in humans (Simon et al., 2004) and tltteeasidence for its
functional expression in rats (Piechotta et al., 2001). How#\vsistrongly expressed in the spinal
cord, dorsal root ganglia, sympathetic ganglia and male geitge of the chick (Harvey et al.,
2000). Immunocytochemistry reveals a substantial co-localisatiad and gephyrin

immunofluorescence in synaptic puncta of inner plexiform neurotieahouse retina (Heinze et

al., 2007).

Conclusion

Although alla subunits assemble efficiently into homomeric GlyRs in rdioant expression
systems, there is scant evidence to date for the exestéimomomerial, a3 anda4 GlyRs in
adult vertebratem vivo. However, it is likely that excitatory non-synaptic GlyRembryonic
neurons are of the2 subtype. A wide variety of evidence implicates heteromwel3 GlyRs in
mediating the majority glycinergic neurotransmission in aditeaunocytochemical co-
localisation experiments suggest the presenc®f a3p anda4p GlyRs at synapses in the adult
mouse retina. Immunocytochemical and electrophysiological msgdalso implicates3p GlyRs as
important mediators of glycinergic inhibitory neurotransmissionaciceptive sensory neurons in
peripheral laminae of the spinal cord dorsal horn. It idg/be determined why multiple GlyR
synaptic subtypes are present in these and possibly otheotacathe development of
pharmacological agents that can discriminate strongly batdifferent3 subunit-containing GlyR
isoforms will help to address this issue, and thereby promgertant insights into retinal signal
processing and spinal pain mechanisms. Unfortunately, howeverntyiavailable subunit-

specific pharmacological probes are not sufficiently seledtivdiscriminating among differeifit
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subunit containing isoforms. Finally, experiments to date suduaisagents that selectively
potentiate different GlyR isoforms may be useful as therapleaticcompounds for peripheral

inflammatory pain and movement disorders such as spasticity.
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Table 1

Single Channel Conductance of Recombinant GlyRs

Conductance states (pS)

GlyR | Il Il v V VI References
al 75- 59-68 | 43-49 | 25-30 | 15-18 (Takahashi et al.,
88* 1992; Bormann et al.,
1993; Rajendra et al.,
1995; Beato et al.,
2002)
o2 111* | 88- 66- 42-48 | 24-36 (Takahashi et al.,
91* 72* 1992; Bormann et al.,
1993)
o3 105* | 85 62 42 30 20 (Bormann et al., 1993)
alp 39- 29 20 (Bormann et al., 1993;
44* Burzomato et al.,
2004)
a2B 112 80 54* 36 (Bormann et al., 1993)
a3pB 48* 34 23 (Bormann et al., 1993)

* the most frequently occurring conductance states
Note that patch excision tends the increase the probability of observing sub-
conductance states
All studies were conducted at room temperature (20 — 24 °C) in symmetrical 100 —
150 mM CI concentrations. Other recording conditions were as follows (listed as:
expression system, pipette potential, patch-clamp configuration)

(Bormann et al., 1993): HEK293 cells, -70 mV, outside-out
(Rajendra et al., 1995): HEK 293 cells; -55 mV, outside-out
(Takahashi et al., 1992): Xenopus oocytes, -80 mV, outside-out
(Beato et al., 2002): HEK293 cells; -100 mV, outside-out
(Burzomato et al., 2004): HEK293 cells; +100 mV; cell-attached
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Table 2

Subunit-specific Pharmacological Agents at Recombinant GlyRs

Agent P%ten Effect Subunit specificity References
cy
alkylbenzene sulfonate ok inhibition a2>al (Machu et al., 1998)
atropine, * inhibition a2>0l (Maksay et al., 1999)
bicuculline * inhibition a2B >a2>alp >al (Li and Slaughter,
2007)
bilobalide o inhibition a2>al>a2B >alP (Hawthorne et al.,
2006)
n-butyl-B-carboline-3- *x inhibition a2>a2B (Mangin et al., 2005)
carboxylate
colchicine *x inhibition a2>al (Machu, 1998)
cyanotriphenylborate * inhibition al>a2 (Rundstrom et al.,
1994)
dehydroepiandrosterone * inhibition al, a2>alf a2, a4 (Maksay et al., 2001)
5’7_(’j-dichlorokynurenic * inhibition a2>al (Han et al., 2004)
acl
a-ethyl a-methyl-y- * mixed potentiates al, alf, a3p | (Steinbach et al., 2000)
thiobutyrolactone inhibits a3
ginkgolide A o inhibition a2 > alp (Hawthorne et al.,
2006)
ginkgolide B ok inhibition alB, a2B >al, a2 (Kondratskaya et al.,
2005; Hawthorne et al.,
2006)
ginkgolide C ok inhibition alB, a2 >al, a2 (Hawthorne et al.,
2006)
ginkgolide J * inhibition alf>al (Heads et al., 2008)
NV-31 ok potentiation al>>02, a3 (Lynch and Chen,
2008)
picrotoxinin * inhibition a2, a3>al>>alP, alB, (Pribilla et al., 1992)
a3p (Yang et al., 2007)
pregnenolone *x potentiation al>>02, alp (Maksay et al., 2001)
progesterone * inhibition a2>al, alp (Maksay et al., 2001)
SR95531 * inhibition a2B > a2, alp >al (Li and Slaughter,
2007)
tropisetron *** | potentiation alp, a2B >al>> a2 (Supplisson and
Chesnoy-Marchais,
2000)
zinc *** | potentiation al, alB > a2, a2B (Miller et al., 2005b)
zinc b inhibition al, a2 >>alpB, a2B (Miller et al., 2005a)

A single ‘>’ sign indicates that a potency difference is statistically significant. A double ‘>>’ sign
denotes either a potency difference of greater than an order of magnitude or the presence relative
to the absence of an effect.
*Potency ranking according to half-maximal effective concentration (M): *** < 108, ** 10° — 10, *

>10*
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Table 3.

Biological effects of reducing GlyR gene expression or function

Species Mutation and | Mechanism | Effect on GlyR | Phenotype Referenc
and subunit of function es
disorder knockdown
Human, al, ~20 Usually reduced Exaggerated startle (Bakker et
hereditary different naturally magnitude of a1l reflex to unexpected al., 2006)
hyperekplexia | mutations in 70 | occurring single | GlyR-mediated stimuli, often
different nucleotide currents, via accompanied by
pedigrees polymorphisms, | reduced temporary but complete
leading to membrane muscular rigidity. Severe
dominant expression, open muscular rigidity
negative probability, glycine | (hypertonia) in
disruption of sensitivity or neonates. Successfully
receptor unitary treated with
function or conductance, with | clonazepam.
premature stop | some completely
codon eliminating a1l
GlyR expression
or function.
Human, B, G229D/loss | Naturally Decreased glycine | As above (Rees et
hereditary of exon 5 occurring sensitivity al., 2002)
hyperekplexia mutations,
compound
heterozygous
effect
Mouse, al, A52S Naturally Decreased glycine | As for human (Ryan et
Spasmodic occurring, sensitivity hyperekplexia al., 1994;
autosomal Saul et al.,
recessive 1994)
Mouse, al, 7-bp Naturally Reduced receptor | Mice appear normal until | (Buckwalter
Oscillator deletion occurring, expression the 2™ postnatal week etal., 1994;
leading to autosomal whereupon they develop | Kling et al.,
frameshift and | recessive progressively worsening | 1997)
premature stop muscular rigidity and
codon tremor, spastic gait,
exaggerated startle
responses and die
within 10 days.
Mouse, al, duplication | Naturally Reduced receptor | As for human (Holland et
Cincinatti of exon 5, occurring splice | expression hyperekplexia al., 2006)
resultingina | varant,
frameshift autosomal
and recessive
premature
protein
truncation.
Cow, al, nonsense Naturally Reduced receptor | As for human (Pierce et
Myoclonus mutation occurring, expression hyperekplexia al., 2001)
(Y24X) leading | autosomal
to a premature | recessive
stop codon
Mouse a2 knockout gene targeting Reduced receptor | No overt behavioural (Young-
in embryonic expression phenotype or Pearse et
stem cells neuroanatomical al., 2006)

changes. Cortical
neurons were no longer
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responsive to applied
glycine.

Mouse a2 knockdown | SIRNA Reduced receptor | Decreased number of (Young and
expression photoreceptors while Cepko,
increasing the number 2004)
of other retinal cell
types. (Enhanced a2
expression increased
rod photoreceptor
numbers.)
Zebrafish o2 knockdown | SiRNA Reduced receptor | No overt behavioural (McDearmi
expression phenotype, although a detal.,
decrease in the number | 2006)
of spinal interneurons
was observed
Mouse a3 knockout gene targeting Reduced No overt behavioural (Harvey et
in embryonic receptor phenotype. Normal al., 2004)
stem cells expression responses to tactile and
acute inflammatory pain
stimuli. Reduction in
chronic pain
sensitisation induced by
spinal PGE; injection or
peripheral inflammation.
Mouse, B, 7.1 kb line- | Naturally Reduced receptor | As for human (Kingsmore
Spastic 1 insert occurring splice | expression via hyperekplexia etal., 1994;
variant, aberrant splicing Mulhardt et
autosomal al., 1994;
recessive Hartenstein
et al., 1996)
Zebrafish, B, missense or | Naturally Reduced GlyR Aberrant trunk muscle (Hirata et
Bandoneon nonsense occurring clustering contractions in response | al., 2005)
mutations to tactile stimuli
D78X, L255R
or R275H
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