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Abstract. We report here the tissue-specific expressionintroduction

and gabapentin-binding properties of calcium channel . . . e
a2d sguburf:ts. Northernngot Iia)malysis demonstrated thapabapentm [1-(aminomethyl) cyclohexaneacetic acid] is
humana2s-1, -2, and -3 mRNA all had high levels of 2" anticonvulsant with initial application for treating sei-
expression ir; brélin, heart and skeletal muscle. However-Yr€S refractory to conventional dr.ug therapies (Taylor et
the highest expression of humar2-2 MRNA was al., 1998). Even though gabapentin was synthesized as a
mimetic of the inhibitory neurotransmittef-amino bu-

found in lung. Humam25-1, -2, and -3 mRNAs were . ; ) . :
detected in all portions of brain tested. Western blottin tyrlc acid (GABA), it readily penetrates blood-brain bar-
rier through the system L transport system (Su et al.,

revealed thata25-2 protein was predominantly ex- ; g
pressed in cerebellar cortex (brain) and undetectable i 99.5)' Recent _stud|es have shov_vn that gabapentin is ef-
ective in treating many other diseases such as neuro-

lung. The dissociation between mRNA and protein levels ~~ " . : -
of humana25-2 in lung suggests possible post-transcrip-PatNic pain (Harden, 1999), anxiety (Singh et al., 1996),

tional regulation. Although mouse23-1 proteins exhib- and psychiatric and behavior_al disorders (Schaffer &
ited a similar tissue distribution profile as that of human,SChaffer’ 199_7’ Cora-Locatelli et al., 1998; Ryback &
tissue distribution of mousa2s-2 and -3 mRNA re- Ryba_ck, 1.995' Herrmann, Lanco_t& Myszak, 2000). I?e—
vealed a different profile. Mouse25-3 MRNA was spite its wide scope of therapeutic utility, the mechanism
restricted to brain and mouses-2 MRNA was not de- ©f 9abapentin action remains poorly understood (Taylor
tectable in lung. Gel electrophoresis under a reduced tal., 1998). RefeP::]y’ ggllaapebnztla r:as (kj)_een refpgrteB('JlAto
condition resulted in a mobility shift of bott25-1 and actas an agonist atthe gb-a-g eterodimer of GABA
a28-2 proteins, suggesting tha? ands of a25-2 pro- receptor, suggesting a GABA mecha”.'s”.‘ of gabapentin
tein are linked by disulfide bond as at and$ of action (Ng et al., 2001). Ong of ‘h‘? Intriguing fga_tures of
«25-1. Scatchard plots revealed a single population 01.gabapentln is that gabapentin exhibits high-affinity bind-

gabapentin binding sites for humar2s-2 with the K ing activity to thea2d subunit of the calcium channel
D H .

value twofold higher than that of porcine2s-1 (156 + (C|-t|1|”' hsum?n'lcqggg?q_h& lWoo:{Iug,V\}di& ﬁsulng;'gg

25 v vs. 72 £ 9 m). Inhibition of gabapentin binding to auhan et al., ; thuriow, Hi ooaruft, '

: ; - t al., 1996; Dissanayake et al., 1997; Brown et al.
a23-2 by selected amino acids and gabapentin analog eefa ’ ' ) ' ' '
produced a binding profile similar, but not identical to 998,.Wang et'al., 1999; Taylor & Bonhau;, 2000).
that of a25-1. Since the firsta28 subunit was cloned, it had been

thought for a long time that there existed only ax2d
gene. Recently, two additionals isoforms,a25-2 and
«23-3, have been cloned from human and mouse tissue
(Klugbauer et al., 1999; Gao et al., 2000). Two previous
studies have reported tissue-specific expression and
functional properties of23-2 anda25-3 (Klugbauer et
Department of Molecular Sciences, Pfizer Global Research and Devel-al" 1999; qu et al., 2000)' Since th@S-Z. protein
opment, Ann Arbor, MI 48105, USA shows very high sequence homologyoi®s-1, it would

be interesting to know ix25-2 is also a gabapentin-
Correspondence taT.-Z. Su; email: tizhi.su@pfizer.com binding protein. All previous gabapentin-binding studies
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were in fact based on mixed isoforms@®d from brain ~ GCAAACA-3’ (fragmentF); 5'-CCATCCGCATCAACACACAG-
tissue (Hill et al., 1993; Suman-Chauhan et al., 1993CGAAT-3" and S-GTAAGTCCTCATTGTTAACCTCGC-3 (fragment

Thurlow et al., 1996; Gee et al., 1996; Dissanayake et alD); 5~ CTCAGAAGTTCAAGGTGCTAGCCA-3 and 5-GATGTG-

i ATTTGGGTGCCAAACACC-3 (fragmentC). The resulting frag-
1997; Brown et al., 1998) or based on cloredd-1 (Gee ments were cut at internal unique restriction enzyme sites at nt 791

et al., 1996; Wang et al., 1999). On the other handpfy 1), 1395 (xba 1), and 2628 (Hpa I), and assembled into the
studies of tissue-specific expression @25-2 MRNA  pcDNA3.1 vector at Hind 11I/Xho | sites. Thea®5-2 clone was con-
have produced inconsistent results (Klugbauer et al.frmed by alignment with the previously reported sequence.

1999; Gao et al., 2000). One report shows that expression

of humana23-2 mRNA is ubiquitous (Klugbauer et al.,
1999), while another report suggests that the safte?

gene is highly expressed in lung and barely detectable imultiple Tissue Northern Blots (Clontech) were hybridized and washed
skeletal muscle, as opposedd@d-1 (Gao et al., 2000). according to the manufacturer's recommendation. Digoxigenin-labeled
Since tissue-specific expression of different subtypes angrobes specific for25 subtypes were generated by PCR and hybrid-
splice variants of28 proteins could be functionally rel- ized at 50°C overnight in 10 ml EasyHyb buffer (Roche). The primer

: . pairs employed to generate the probes for hua2in-1, -2 and -3 were
evant (Angelotti & Hofmann, 1996), we thus determined  GACGCGGTOAATAATATCACAGCC-3 and B-ACAA.

to further investigate the tissue-specific expression OfrcareTTTCACTCCCTTG-3(nt 958 to 2165; GenBank accession
«2d subunits by a combination of Northern blotting and number M76559); 5CTGAGAAGTTCAAGGTGCTAGCCA-3 and 5-
Western blotting approaches. In this study, we demoneATGTGATTTGGGTGCCAAACACC-3 (nt 2534 to 3643; GenBank
strated differential tissue expression of thig2d sub-  accession number AF042792); and-GGTGTCCTTGGCAGAT-
types at both mRNA and protein levels and gabapentifPAATGGTC-3 and 3-CATCTCAGTCAGTGTCACCTTGAG-3 (nt
binding properties. We showed that gabapentin bound t§%%° © f3272? Ge”ZBaanlk a‘;cesj'og ”“’Eber Ajiﬁé?éﬁgiﬂe'y' The
both a25-1 and«25-2 with different affinity but not to LS T C o T e G Ce 3 and 9. ACCOATCOAGAAGCTO-
a28-3. The data reported here have been preV'OUS|y Pre€sATAATATCG-3' for mousen2s-1 (nt 504 to 901; GenBank accession
sented as a poster (Gong et al., 2000). number U73483); SATTGACGGTGTGATGCGGATTTTTG-3 and
5-GACATCGTACAGGTCAATCTTCTTG-3 for mousen2s-2 (nt 693
to 1280; GenBank accession number AF247139535GGGGAGATA-
Materials and Methods AAATCCATCGCTG-3 and 3-GCTCTTTAACTGGGACATCT-
GTGC-3 for mousea2’-3 (nt 149 to 1525; GenBank accession number
NM_009785). The blots were washed twice, first in 2xSSC and 0.1%
MATERIALS SDS at room temperature for 5 min, then in 0.1xSSC and 0.1% SDS at

68°C for 15 min. Detection of expression was in accordance with the
Porcinea2s-1 (pa23-1) and mousex25-3 (Ma25-3) CDNA were gen-  manufacturer’s instructions (Roche).

erous gifts from J. Brown (Brown et al., 1998) and F. Hofmann (An-

gelotti & Hofmann, 1996), respectively. Monoclonal antibody against

«28-1 was purchased from Affinity Bioreagents (Golden, CO), poly- CELL CULTURE AND TRANSFECTION

clonal antibodies agains2d-2 anda23-3 were from S. Duffy (Pfizer,

Cambridge UK). The peptide sequences to generate antibodies weit@0S-7 and HEK293 cells were cultured in DMEM and RPMI 1640

HRWQDNIKEEDI for «28-2, VSEDYTQTGDFFGE fora23-3. The media, respectively. The media were supplemented with 100 units/ml

anti-«28-2 and -3 antibodies do not show cross-reaction amdgl, penicillin, 100g/ml streptomycin, and 10% heat-inactivated fetal bo-

-2 and -3, but they cross-react with human and mouse orthologs. Huvine serum (FBS), in a humidified incubator with 95% air and 5%,CO

man multiple tissue blots and cDNA were purchased from Clontech.at 37°C. For transient transfection into COS-7 cellsu20of plasmid

Human Western blots were purchased from Research Genetics, PCBNA (vector or the same vector with25 insert) was incubated with 30

reagents were from Invitrogen and Tag DNA polymerase was frompl of lipofectamine. The mixture was overlaid onto the cells in 15 ml

Life Technologies. ECL Western blot kit was from Amersham. Lipo- serum-free medium and incubated for 5 hr. Then FBS was added to the

fectamine, growth media, restriction enzymes were from Life Tech-dishes to bring the final concentration to 10%. The medium was

nologies. HEK293 and COS-7 cell lines were from ATCC. All other changed next morning. Forty-eight hours after the transfection, the cells

chemicals were from Sigma (St. Louis, MD). were harvested for membrane preparation. For stable transfection of
pa28-1 and w25-2 into HEK 293 cells, the same procedure was ap-
plied as for transient transfection except that §0§fml G418 was

CLONING OF THE HUMAN a23-2 SUBUNIT added to the cells 48 hr after the transfection. Two clones, GKS02 and

- GKSO07, showed highest expression af2p-1 and fw23-2, respec-
Humana2s-2 (ha2s-2) cDNA was amplified by PCR from a human  tjvely, and were selected for further binding studies.

brain cDNA library. Four overlapped DNA fragments, which covered

the whole open reading frame o&B5-2 cDNA (GenBank accession

number AF042792) from nt —-14 to 994 (fragmer}, 845 to 1816 MEMBRANE PREPARATION

(fragmentF), 1517 to 2791 (fragmerid), and 2681 to 3790 (fragment

C), were generated by PCR and then cloned into the expression vedviembranes were prepared from tissues or cultured cells. The cells were
tor pcDNA3.1 by the TA cloning kit. The PCR primer pairs were washed twice with cold PBS, then scraped off with cold buffer con-
5'-TCTTGAATGGAAACATGGCGGTGC-3 and 83-TATACCAGG- taining (in mv) 5 Tris (pH 7.4), 5 EDTA, 0.1 PMSF, 0.02 leupeptin,
GTCTCCTTCGGACAT-3 (fragmentH); 5-ATGTGTTCATG- and 0.02 pepstatin. The cells were incubated on ice for 30 min, fol-
GAAAACCGCAGAC-3" and 5-AGCCGTTCAGGTCAATG- lowed by sonication for 30-40 sec. For membrane preparations from

NORTHERN BLOT ANALYSIS
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tissues, the tissues were sliced into small pieces and sonicated at in-  Northern blotting of mouse multiple tissue panels
tervals of 10 sec four times. The resulting homogenates from tissues a§howed that mouse29-1 (mx28-1) mMRNA was ex-
cultured cells were centrifuged for 10 min at 750-1000 x g, then thepressed in brain, heart, and skeletal muscle (Fig. 2). Ex-
supernatants were centrifuged at 5@00g for 30 min. The resulting . ’ ’ e
pellets were resuspended in the same buffer as described above. P'€SSION of m_ouse2_8-2 (Ma25-2) MRNA was predomi-
nantly found in brain, to much less extent in heart, and
barely detectable in skeletal muscle. In contrast2m3
WESTERN BLOT ANALYSIS MRNA was restricted to the brain. The brain-specific
expression of m23-3 was consistent with a previous
The cell membranes (0.5g for GKSO07 cells, 5ug for GKS02 cells,  report (Klugbauer et al., 1999).
5 or 10pg for transiently transfected cells or tissues) were resolved by
4-20% SDS-PAGE and transferred to nitrocellulose membranes using
a semi-dry transferring unit. The membranes were incubated with eithed ISSUE DISTRIBUTION OF a2d PROTEINS
mouse antix23-1 or rabbit antie23-2 and -3 antibodies for 1 hr at
room temperature, followed by washing Wit x PBS. The blots were  Although the protein expression level is a function of the
incubated with anti-rabbit IgG for 1 hr and developed with ECL reac- steady-state level of mRNA, the relative abundance of
tion according to the procedure recommended by manufacturer. mRNA and protein of a Specific gene is not always pro-
portional, which may reflect post-transcriptional regula-
BINDING ASSAYS tion (Jackson et al., 1997). To examine the relative levels
of humana2d subunits across tissues, we used antibodies
The radioligand-binding assay was done using membrane proteins if2ised against specific subtypesods protein for West-
cubated in the presence of 20 nNH| gabapentin. The membrane €rn analysis. Equal amounts of proteins were loaded on
proteins (10Qug for transient transfected cells, @ for GKS02 cells ~ SDS polyacrylamide gels. Western blotting showed that
and 10pg for GKS07 cells) were incubated in 10vmHepes (pH 7.4) ha28-1 protein was W|de|y distributed among various
for 40-50 min at room temperature, then filtered onto pre-wetted GF’Ctissues except |ung and jejunurmza‘)-s protein was

membranes and quickly washed five times with 3 ml of icecold 50 m . . . .
Tris buffer (pH7.4). The filters were dried and counted in a liquid Only detected in brain, not in Iung, testis, aorta, spleen,

scintillation counter. To determine nonspecific binding, the bindingjejunum* ventricular muscle and kidney (Fig. 3). In con-
assays were performed in the presence qi@(S+)-3-isobutylGABA  trast to high expression oh23-2 transcript in lung gee
(pregabalin; Gee et al., 1996). The specific binding was obtained byFig. 1), hx28-2 protein was undetectable in lung and
subtracting nonspecific binding from the total binding. Unless speci-predominantly found in brain (Fig. 3), In addition to
fied, all experiments were carried out in triplicate and values werehrain, low levels of k23-2 protein were also found in
expressed as meanse. aorta, testis and ventricular muscle. There seemed to be
two immunoreactive bands in testis with one equivalent
to the predicted molecular weight o&B5-2 (175 kDa)
and the other having slightly lower molecular weight.
This low-molecular weight protein was similar in size to
TISSUE DISTRIBUTION OF o285 TRANSCRIPTS the predominant band in ventricular muscle. This lower
band might represent the2 subunit (1140 kDa) disso-

Northern blots demonstrated that all three huno@? ciated from thex25-2 protein, an isoform 0&23-2, or a _
fferent level of glycosylation (Brown et al., 1998;

genes were expressed in brain, heart and skeletal mus ? ang et al., 1999). Like d25-1, mu25-1 protein was

(Fig. 1). The highest expression of hu -1 (ho2s- also expressed ubiquitously in almost every tissue tested
1) was detected in skeletal muscle, while the most abun; P 9 y y

dant lw25-2 transcript was found in lung. In the present (Fig. 3). Mousex25-2 was highly expressed in brain and

study we also detected a small amount o281 and to less extent in heart,.pituitary, and kidney. Ir_] a(_jdition,
ha25-3 MRNASs in kidney much weaker expression ofafi3-2 was found in liver,

Humana2s-1, -2 and -3 transcripts were detected in lung, stomach, and pancreas. Differing from2a-1 and

every portion of brain tissue tested, including cerebeI-;jlze’tezzf,z‘ezds'i:f'1 Errgtiﬁm’ like its mRNA (Fig. 2), was only
lum, cerebral cortex, medulla, occipital pole, frontal '

lobe, temporal lobe, and putamen. The level aRé2

transcript in cerebellum was higher than that of cerebraDisuLFIDE LINKAGE OF a2 AND & PROTEINS

cortex, while the reverse was true fax2d-3. For hn23-

1, its mRNA was approximately equally expressed inlt has been shown that the andd subunits oix25-1 are
these two brain regions. These results were in accordandimked by disulfide (Wang et al., 1999). Since the amino
with previous in situ hybridization results (Klugbauer et acid sequence in th&region is less conserved between
al., 1999; Hobom et al., 2000). In addition, all three a25-1 anda28-2, it is of interest to know ix25-2 pro-
subtypes of humam2d mRNA were found in spinal tein is also post-translationally cleaved into two subunits.
cord, but at a lower level than in the brain. To examine such a possibility, cell membranes from

Results
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Fig. 1. Northern blot analysis of humaw23 tissue distribution. Northern blotting was carried out as described in Materials and Methods. Human
multiple tissue blots (Clontech) were hybridized with Digoxigenin-labeled cDNA synthesized from nucleotide 958 to @4%3)H2534 to 3643
(ha28-2) and 1920 to 3272 (23-3). The positions of marker RNA are indicated to the left.

HEK 293 cell lines overproducingo®s-1 (GKS02) and  [*H] GABAPENTIN BINDING

ha28-2 (GKSO07) proteins were treated or not treated

with 100 mv DTT before gel electrophoresis. In the pres- To determine the gabapentin binding properties of the
ence of DTT, both §28-1 and lu23-2 proteins shifted to cloned 25-2, membranes were isolated from COS-7
a position predicted foa2 ((1140 kDa), suggesting that cells that were transiently transfected witlx3s-1,
ha25-2 also consists of two subunits that are linked byha25-2, mx23-3, and vector pcDNA3.1. Expression of
disulfide bonds (Fig. 4). the corresponding28 proteins was examined by West-
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in the cells transfected with pcDNAS3.1 vector alone, sta-
tistic analysis did not show that this smaller change was
significant.

Gabapentin-bindind{y and the binding properties
of pa28-1 and fx23-2 were further determined in cell
lines GSKO2 (@25-1) and GKS07 (h25-2). In HEK293
cells stably expressingy2s-1, [*H] gabapentin bound to
a single population of sites, as demonstrated in a previ-
ous report (Gee et al., 1996), withkg, value of 72 £ 9
nm (Fig. 6A). Similarly, a single population of binding
sites was also observed inPs-2-containing membranes
(Fig. 6B), but the Ky value was higher than that of
pa2d-1 (156 + 25 m). We previously observed that
gabapentin contained two binding sites @83-2, but
because of the big variation in that experiment, we could
not confirm the high-affinity (25 m) binding site (Gong
et al., 2000). To determine pharmacological properties of
ha28-2, several compounds were selected for competi-
tion with [*H] gabapentin binding. A similar, but not
identical profile of competition was seen in the two sub-
types of a23 protein (Table). For instance, binding to
both subtypes otx26 was stereo-selective because
leucine was markedly more potent thandtenantiomer.
The affinities of BCH, a model substrate of system L
transport (Su et al., 1995), and phenylalanine were weak
for both subtype proteins. On the other hand, gabapentin
was more selective far2d-1 (72 +8 mvs. 190 + 10 w;

P < 0.001), and pregabalin was slightly more potent for
a28-2 (70 £ 0.5 m vs. 106 £ 4 m; P < 0.001).

Discussion

Voltage-gated calcium channels (VGCCs) play a pivotal
role in intracellular C&"-dependent processes (for re-
view, see Moreno, 1999; Randall & Benham, 1999;
Varadi et al., 1999). VGCCs are formed by heteromul-
timeric complexes consisting of a pore-forming protein
al (170-240 kDa) and 2 or 3 auxiliary proteins including
B (52 kDa) andx28 (175 kDa), and sometimes a trans-
membrane proteiry (95 kDa). Molecular cloning has
revealed that there are at leastdD 43, 4y and 3a25

Fig. 2. Northern blot analysis of mouse2s tissue distribution. North- . .
ern blotting was carried out as described in Materials and MethodsI€NES 1N mammalian cells (Randall & Benham’ 19_99)'
Mouse multiple tissue blots (Clontech) were hybridized with Digoxi- Many of these genes also encode multiple splice variants.
genin-labeled cDNA synthesized from nucleotide 504 to 90dZa1),  These multiple isoforms and their splice variants exhibit
693 to 1280 (m28-2) and 149 to 1525 (m25-3). The positions of  tissue-, subcellular location- and development-dependent
marker RNA are indicated to the left. expression, and by combination form markedly diversi-
fied calcium channels. It is generally thought that the
primary biophysical properties of VGCCs are deter-
ern blots. As shown in Fig. 5, transfection of the cells mined by thex1 subunit, and all other subunits are pro-
with pa23-1 resulted in a prominent increase in gabap-miscuously associated with thel subunit, fine-tuning
entin binding. Similarly, the cells expressing2s-2 ex-  the channel function (Walker & De Waard, 1998). When
hibited an about fourfold increase in gabapentin-bindingn25-1, «25-2 or «25-3 subunits are coexpressed with
activity. In contrast to §28-1 and 25-2, we did not «l1C/32a andnl1E/R3, all threea2d subunits increase the
observe gabapentin binding activity witha25-3. Al- current density and shift the steady-state inactivation to
though a slightly increased binding activity was observedmore negative potentials (Hobom et al., 2000). However,
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Fig. 3. Western blot analysis of humaA)and
mouse B) a23 tissue distribution. Membrane
proteins from different human (&) and mouse
(10 pg) tissues were loaded on 4-20%
SDS-PAGE (NOVEX) and subjected to Western
blot analysis $eeMaterials and Methods). The
blots were probed with anti23-1 monoclonal
antibody or polyclonal antibodies againg?d-2
and a23-3.

poc28—1 ho25-2 kDa specific expression a£25-2 and -3 proteins, expression
ey — 200 of a28-1 appeared to be ubiquitous. Humai25-1
MRNA was expressed about equally well in cerebellum
and cerebral cortex,d23-2 mRNA in cerebellum was
— 97 much higher than cerebral cortex, and the reverse was
true for u23-3. In contrast to the relative abundance of
DTT —  + -+ ha23-2 mRNA in lung, we found that the level otd23-2
protein in lung was barely detectable. The highest
Fig. T Disrupttiofn of dizulfide-linlt(a_ge ?etweettrilandﬁlslybunitsgn amount of m235-2 protein was found in brain, although
equal amount of membrane proteins from stable cell lines |Wg. »or H H H H H
GqKSOZ-pxza-l and 5pg for F()BKSOY-hnLZB-Z) was incubateggin the N companson Wlth.lqng th_edQ&-Z MRNA in brain was .
presence or absence of 10unDTT for 10 min and resolved on a much less. The striking differences between th_e relative
nonreducing SDS-PAGE and transferred to a PVDF membrane. Th@bundance of mRNA and the amount of protein of the
blots were probed with either an ants-1 antibody [eft) or an anti- ~ Same gene in a given tissue have been reported for other
a28-2 antibody (ight). The positions of marker proteins are indicated genes (Jackson et al., 1997), suggesting possible post-
to the right. transcriptional regulation. The tissue-specific expression
pattern of :25-2 mMRNA was consistent with a recent
study (Gao et al., 2000), but differed from an earlier
only a23-2 anda23-3 shift the voltage dependence of report (Klugbauer et al., 1999). The high level of4-2
activation ofalE/33, suggesting that the neuronalE =~ MRNA expression in lung was further supported by RT-
calcium channel is differentially modulated by thes2d ~ PCR analysis of &425-2 tissue distribution and by se-
subunits. guencing analysis of the corresponding PCR clone from
In this study we demonstrated tha25-1, -2 and -3  lung (data not showh The failure to detect highest ex-
subunits were differentially expressed among tissues. Fgpression of k25-2 mRNA in lung in the latter report
example, k25-1, -2, -3 and m23-1 and -2 mRNAs could be due to the primers being less specific for the
were detected in brain, heart and skeletal musclegene (Gao et al., 2000).
whereas m23-3 mMRNA was only found in brain. The In addition to the tissue-specific expressia2p ex-
undetectable expression of25-3 mMRNA by Northern  pression may vary depending on species. Despite the
blots in peripheral tissues agrees well with one previousibiquitous expression of both human and mowg8&-1,
report (Klugbauer et al., 1999). We further demonstratedhe tissue distribution patterns @23-2 and -3 mRNA in
that mx23-3 mMRNA and nx23-3 protein were detected mouse differ from human. Mouse23-3 is restricted in
merely in brain. In contrast to the relatively tissue- brain at both mRNA and protein levels, whereas human

e
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[ 5§ ey b 25
2000 “’“’ ¥ & Fig. 5. Binding of [°H] Gabapentin to membranes
o I from COS-7 cells transfected wii28 cDNA.
% T 1500 COS-7 cells were transfected with 2@ of
£9 pcDNA3.1 (pcDNA3.1), pcDNA3.1/porcine2s-1
-g g construct (p25-1), pcDNA3.1/mousex25-3
=0 —+ (ma25-3), and pcDNA3.1/human25-2 construct
g o 1000 (ha25-2). The membranes were prepared ][
z E T gabapentin binding assaysegMaterials and
(‘; E_ T Methods). Data are an average of three independent
e 500l l _L assays with triplet in each determination. The same
Q. = membranes (1f.g) were subjected to Western blot
analysis with corresponding antibodies as described
0 in Materials and Methods.
po25-1 ho26-2 mo25-3 pcDNA3.1 COS-7
3.5 -
3 -
S 25 T
E g
A £ g
= 1.5 - H
&
m 1 = g . ) ) ) )
05 = 0 0S5 Bl(pmtzm;) 25 3
0 1 1 1 1 1 | I 1
0 50 100 150 200 250 300 350 400
[GBP] (nM)
Fig. 6. Scatchard analysis offfi] gabapentin
14 (GBP) binding to membranes from HEK293 cells
12 »/é_//’“"‘*# overproducing porcine2s-1 (A) and human
«23-2 (B). The cell membranes were prepared
10 ! from GKS02, a stable cell line for porcing2s-1,
B g 8 S oo and GKSO07, a stable cell line for humais-2.
3 g’ 0.06 The specific fH] Gabapentin binding was carried
£ 6 | 2 o out as described in Materials and Methods. The
2 > binding activity was expressed as pmole of
w4 @ oo gabapentin bound per mg of protein. Each binding
2 T T T e reacti_on contained 2ig of GKS02 membran_e
B (pmolimg) proteins or 10ug of GKSO7 membrane proteins.
0 I | ! Data were averages of three assays.
1000 1500 2000
[GBP] (nM)

a23-3 mRNA is also expressed in heart, skeletal muscle  The data presented here demonstrated dt2at1

and kidney. The highest expressiona##3-2 mRNA in  and -2, but not -3 bind anticonvulsant gabapentin. Auto-
lung can only be found in humans, not in mouse. It isradiographical study of gabapentin binding in rat brain
unclear whether the highk2d mRNA levels found in  has shown that the highest level of binding sites is lo-
tissues other than brain in humans reflects the speciesated in the outer layers of the cerebral cortex (Hill et al.,
differences in post-transcriptional regulation @28 1993). Based on our present study, it is likely that the
genes. Further studies of the species-dependent exprdsighest binding activity previously observed in cerebral
sion of a26 may facilitate better understanding of the cortex is contributed by at least two subtypesodd

functional role ofa2d across species. subunit, a23-1 and -2. The link between gabapentin
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Table. Inhibition of [*H] gabapentin binding by selected amino acids betweeno2d-1 and a2d-2 predict the possibility to de-
to the membranes from porcing2s-1 (GKS02)- and humam2s-2  yelop isoform-specific ligands. Given that gabapentin
(GKS07)-overproducing cell lines binding to certain isoforms af28 in a subpopulation of
calcium channels at a specific cellular location is phar-
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