
ISSN 02 53
一

9 756
httP

:

A Cta

/ / w W W

Ph
若旧11a c o l Sin

S lllln l
.

aC
.

Cn

中国药理 学报 2〕洲〕氏b ; 2] (2 )
:
1 11 一 123

w w w
.

ehinam fo
,

g o v
.

c
耐pe ri od ieal

R e c e n t a d v a n e e s in G A B A B r e e e Pt o r s : fr o m Ph a rm a c o lo g y t o m o le c
·

u la r b io lo g y

Je n n ifer O N G I ,

D a v id m KE R R D 印口犷。刀召nt of A na es th es ia a
nd In te ns iv o

Ca re
,

几
e

Un iv ers 妙 of A de la ide
,

A de
-

勺
, . ,

。
, ‘ , .

尸。。尸 , ,
.

、

l口乙d 召
,

合O“仇 八“5 1孑U ll口 口口口口 ,
月“S 不几之t乙a /

K E Y W OR D S G AB A ; G A BA
一

B re c e Pto rs :

G A BA B

RZ rec 叩to rs ; bacl
o fe n; G AB A a

go ni sts ; G A BA

an tag
o ni sts

ven ti o n in are as su c h as d rtlg ad d le tion
, n o c iceP tio n an d

ab sen ee se iz u re s
.

丁卜15 re view su lllm ar ize s th e re n ew ed

e flb rt s ,

an d hi ghl ig hts th e

ree
e n t ad van c e s em e rg in g in

this fi e ld
.

A B S T R AC T

B ic u eu llin e- in sen siti ve re ee Pto rs fo r th e In l们b ito ry

ne u ro tI’an
s
而 tt er y

一

。
n
ob

u ty ri c ac 记 (G A BA )
,

G A BA B

re e eP to rs
,

are
a d istin et s

ub
c las s o f re ceP to rs th at me d iate

de Pre ssio n o f syn ap ti e tra n s
而

ssio n an d eo n tri b u te to n eu -

ro n al illhibitio n
.

W lle n ac ti v a

ted
,

th ese re ceP to rs red u c e

tran
sm issio n a t ex c ita to ry 叩d in h ibito ry syn aP se s

,

as a

re su lt o f an in c re as e in K + c o n d u c ta n c e , o r a dec re as e in

vof ta
se- d叩e n de n t CaZ

十 eu

rre
n ts

.

Th
ey are al so h n ked

to G
一

pro te in s ,

or in tra c ellu lar e

ffe
c to r syst

elnS
in a v ery

eo m Ple x m ann
e r

.

Th
e

ree
e n t d ev elo Pn le n t o f hi g hl y sPe -

c ifi e an d Po te n t ag o ni sts an d an ta g o ni sts fo r th e se

reC eP
-

to r s has led to a

mu
c h b ette r u

nd
e r s

tan d in g o f th e ir Physi
-

o lo gy an d Ph
arm ac o lo g y

,

in c lud in g th eir he tero g e n eity
,

a s w ell as th eir mo
lee u lar bio lo g y

.

Ov er th e Pas t year
,

e x Pre ssio n an d e lo 垃n g stu d ies hav e eo n tri b u ted to m aj
o r

ad van ee s in ehar a c te到Zin g G A B A B

reC eP to r s
trU

c ture
,

w ith th e d is c o v ery o f th e

am in o ac id seq uen c e s o f

G AB A BR I韶R lb sPli e e v
ari an ts a n d G ABA B

RZ re c eP
-

to rs
.

Th
e se iso fo n n s

are w id e ly d istri b u ted thro u g ho u t

th e n

erv
o u s syste lll ,

an d e an b e fu n eti o nal ly ex Pressed
.

Ifn p o d a n ti y
,

G A BA B

RZ re ceP to rs c an fo n ll a he te

一
c

as s

em bly w ith G AB A BR I Pro te in s to o Pera te as a he t
-

ero d im er th at d isPlay s ro b u s t eo u Plin g to in w
ard

一

re c tify in g

K + c h
ann

e ls
, as

we ll as in hibiti o n o f fo rs ko li n 一 stim u la ted

ad e nylate
e ye las e ac ti vity

.

Fu rth er in sig hts u n d eri yin g

th e

me
eh俪

sm s o f G A BA B re eeP tor fu n eti o n s can n o w be

gai n ed
,

lead in g u lt u ll ate】y to th e th e r aPe u ti e
po te n ti al o f

d ru gs ac tin g at the
se site s

.

It 15 inc re as in g ly e le ar th at

n ew in fo rm ati
o n o n G AB A B

ree eP to r m o leeu lar s
trU

c tu re

w ill Pro
, ‘

id e a Ple th o ra o f tar g ets fo r Pha n n ac eu ti c al in ter
-

C o rre s pe
n
de

n c e to Dr Je n ni fe r O N G
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IN T R O D U C T IO N

H al f a ee n tu 习 嗯。 ,

丫
一

~
ob

u tyri e ac id (GAB A )

w as fi rst id en ti fi ed in b l,a ln e x tl,a c ts
,

in de Pe n de n tly in, tw o

lab o ra to ri e s by E u g e n e

Ro be rt s
,

an d by A wap ara an d eo l
-

le ag u e s〔l
,

2 ]
,

an d w as late
r fo u n d to b e an in hibito 卿

tran
s
mi tter at th e e ru stac e an n eu ro m u seu lar j

u n etio n (3〕

w here its ac ti o n s

are bloc ke d by th e
kn

o

wn
e o n v u lsan t Pi

-

ero to 灿
.

D esPite a c c

um
u latin g ev ide n ee th a t a Pic ro to x -

in
一s e n sitiv e a g e n t w as a s

tro
n g ean d idat e fo r an in hi b ito ry

n e u ro tl,a n s
而tte

r in th e m am m al ian c e n tral n erv o u s sys
-

tO ll ,

G AB A d id n o t bec o m e ac e ePted in th is inhi bito ry

ro le fo r s 0 In e
tw

en ty ye

ars aft er its o ri g in al dem
o n stra tio n

in the b ra hl ,

d u e to d o ub ts ab o u t th e su itab ili ty an d sPee i
-

fi eity o f Piero to x ln as a G AB A an tag
o n ist

.

In d e ed it w a s

n o t u n til the isoq
u in o li n e al kal o id bieu c u llille w as estab

-

li she d as an an ta g o ni st th at G AB A beeame
ac ee Pted as an

illhlbito ry tl,a n sm itte r in th e m

amm
al ian e e n

tral
n erv o u s

syste m
.

In te restin g ly
,

th e G AB A- an tag
o n ist ac tiv ity o f

bieu eu U in e w as
,

in fac
t

,

n r st sho

wn by K an g T so u at th e

Sha n ghai In sti tu te o f Mate ri a

Me d ic a in th e m id l% o
’
s

,

bu t thi
s w o rk w as n o t

the
n Pu bli shed

,

an d th e G AB A
一

an
-

tag
o ni st Pro Pe rt le s o f bic u eu lli n e d id n o t bec o m e w ide ly

知
o

wn
u n til th e w ork

o r Jo hn
sto n in 19 70 [月〕

.

E ve n 山e n

the re w e re re po rts th at b ie u e u llin
e w as n o t a

go
o d G A B A

an t吧o i st(5 ]
, s谊c e so m e d epre ssan t re sp o n se s to GAB A

Pers isted in its Pre se n c e
.

In re碰ty
,

th ese

were
Pro bab ly

re sPon
se s

me di a te d by wh
a t bec 田n e

kn
o

wn as b ieu e ulli n e -

in se n siti v e G A BA re eeP to rs
.

A bie u c u llin
e一 in se n sitiv e ac ti o n o f G A BA

, sho
rte

n -

in g o f th e C aZ
+ e o

哪
o ne n t o f ac ti o n p o te n ti al s in e m b卿

-

o ni e d o rs al
一

ro o t g an g li a ,

was e ar Ue r d e se
rib ed by D u n lap

an d Fise hbac h(6〕;
and

su b s叫u e n tly see n w i山 b a -

c lo ren 〔7〕
.

su c h bic u c u uin e 一

讯sen siti ve

ree
e p to rs w ere

ev e n tu al ly eh

axac
te ri zed de fi n iti v e ly by B o w恻

e t a z(8〕
,
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le ad in g to th e Pre se nt rec og ni tlo n of tw o G AB A ree eP tor
tyPe s G A BA ^ an d G AB A s ,

th e la tter bein g th e bic u -

c u lUn e- in se n siti v e re c e p to rs
,

for w hi ch bac lo fen (日
一

p
-

ehlo ro phe n y]
一

GAB A ) 15 a spee ifi e 笔o ni st
.

Ac tu al ly
,

bac lo fe n w as fi rst syn

the
sised by H

.

K e berl
e o f Cib a -

e ei留 in i卿
〔9〕

,

an d en

terto
el访ic 习 u se as an an ti印as

-

ti e ag en t so o n aft er ,

b u t its mo de o f ac ti o n re m ain ed un -

kn
o

wn un ti l th e sellllllal stu dy by B o
we ry an d hi s e o l

-

lea
罗

e s(8
·

10〕
, sho w in g 小a t bac lo fe n d

ePre
sse s

tran
s
而tter

re leas e as d o es G A BA itse lf in th e Pre se n c e o f bieu -

c u ili ne
.

Tb e bi cu cul hn e 一

in se ns iti v e G ABA rec eP tor re
-

sPo n sible fo r
面

5 ac ti o n w as de sign
a

ted th e G AB A B

rec
eP

-

to r(1 1〕
,

w hilst 山e

mo re fi u lliliar bie u e u

腼
e 一

sen si6 v e re
-

ceP to r be c a n le
kn

o

wn as th e G A BA A re ceP to r
.

H iu e t a z〔12〕 also pro v ided the

rirs
t ev ide n ee 山at

G AB A B re ce pto rs are in so me w ay re fa ted to a bro ad faJ ll-

ily of G
一

pro te in
一

co 叩led ree 叩to rs th at are ch ~
te ri ze d

by th eir se n s iti v ity to g uan in e n u c le o ti de s
.

T his
,

to ge th
-

er w ith eation
se n siti vi妙 o f 山e计 笔o n ist b认d讯g (13〕

,

e learl y m ar ks th e G AB A B re ceP to rs as be lo n g in g to an e n -

tire ly diffe re n t elas s fi℃m th a t o f th e G A BA A re eePto r
.

Th
e latt e r a re n o w de si,

ated as
‘

io n o tro p ic
’ ,

b ein g

lin k e d to in te gr a l C I一 eh田In c ls
,

wh ere as th e G A BA B re
-

eeP to 邝 are re c o g ni sed as m etab o
tro Pic an d eo uPled to

G T P七in d in g Pro te in s w hi eh m ed iat旦 their ac ti o n s
.

G A BA 一, re c eP to rs e an b e fu rth
e r su b d ivided in to Pre syn aP

-

ti e ,

in e lu d in g a uto re e eP to r s ,

an d po
sts yn aP tic re ceP to rs ,

w hic h are lillk ed to e ithe
r CaZ

十 o r K
+ eh

ann
els (Fi g i )

.

It was 仆
:

伽ann
〔14

,

1 5〕 wh
o o 五g inan y sh ow ed that

C A BA 一, re eeP to r-
me d iat ed n eur o Physio lo gic al re s

po
n ses in

th e c e n tr a } n e口o u s syste n l

are
se n siti v e to Pe

rtU
ssis

一

to x in

an d G T即S
,

in d ie ati
v e o f GI Pro te in in vo lv e n l e n t

.

Th ere hav e b ee n fe w fo n n al stu d ie s of G
一

p ro te in inv
o lv e -

m e n t in G AB A B re eeP to r fu n c tion
,

b u t

~
lo ri d e

mo d u la
-

ti o n o f bac lo fe n ac ti o n s in the n eo c o lte x has b ee n d e -

se ri b叨(16 〕
, :达 ha s th e

因te n tiat io n o f bac lo 免n ac ti vati o n

by G
一

Pro te in s w ith al u lllln ium fl u o ri de
,

an d th eir irre
-

v

ers 沁le blo c ka de by N
一 e小ylm ale俪由 [ 17〕; 幻1 of w 城e h

are in d ieati ve o f al lo ste州e

mo di fi e atio n o f G ABAB rec eP
-

tor
一 assoc iat以I G

一

Pro te in s w hi c h are
c o
uP led to K +

an d

CaZ
+ eh

ann
els

.

Pr e sy n a Ptie

Fi g 1
.

S eh e l
na ti e r e Pre se n ta ti o n o f G A B A 日

re e eP to r

s
ub 诊Pe s , sh o w in g p r e匀周Ia p ti c ,

po
s ts”份p ti c a n d au

·

加r e c eP to rs re g ul a

tin g ti ”n sn 五tte
r re l

eas
e ,

an d th e ir

co u p lin g to Caz
十 。r K

+ c九汀m e ls
.

The 证uro
ti 习n , ul t

-

te 玲 加v o l亏e d in c lu de G A B A its e 廿
,

N E 《no re
·

p in e p hr in e )
, a n d D A 《d 0 P田加访e )

.

G AB A B R E C E PTO R LIG AN D S

A t fi rst
,

the m aj o r d iffi c ulty in e s

tab li shin g th e fu n e -

ti o n al sign ifi ean e e o f th ese n e w G A BA B

rec eP to rs w as th e

ab se n ee o f an y suitab le an tag
o ni st

.

O rig in al ly
,

枷hy ad d in e t 。 z〔‘8〕iden ti fi比 小e G AB A h o m ol o
即

e s
-

~
0 一v al eri

c ac kl (D A V A ) as a G AB A B re c eP to r an tag
-

o ni st
,

al b e it w e ak
, a t Pre syn aP ti e G AB A rec eP to rs o n th e

m o to r

nerv
e of th e

rat an o e o ecy g eu s

mu
scl e w hi eh la c ks

G A B戈 rec eP to rs
,

an d w e co n fi n lled its G AB A B

rec eP tor
an 吨

o ni st ac ti o n in th e g u in ea 一 p ig ile tun
〔19〕

,

as d id Lu
z z i

e t a l〔20〕
.

晚
v e lthe le ss ,

D A V A
,

加 th e p re se n c e o f

bie u e u llin
e to blo ek G AB AA rec eP to r 一m ed iate d ac tio n s ,

w as su c eessfu ll y u sed in 19 8 5 to de mo
n str ate GA B A B re

-

ceP to rs in th e hi PP oc 田n Pu s w here it an ta g o n ised th e de
-

pre ssio n o f CAI fi e ld po te n ti d s by bac to fe n 〔2 1〕
.

而
s

w as th e fi rs t d e

mo
n strat」o n of a G A BAB rec eP to r- n led iated

ac ti o n in th e c e n tra l n e rv o u s syste m
,

in d u eed by an ag o -

ni st an d ab oll
shed by an an tag

o ni st
.

Th
e Pro b」em o f

fin d in g a selec ti v e G A BAB re ceP tor an tag
o n ist de v o id o f

an y ac ti o n s a t G A BA A

rec eP to rs rem a ! ned fo r a n u n lbe r o f

ye
明

,

inc ludin g th e su g g esti o n th at th e G A BA an al o
gu

e

ho m o

tau 血
e

(3
一

aJnin 叩ro pan esu lPho ni e ac id ; 3
一

AP S )
w as a m o re pote ni an tag

o垃st 小an D AV A〔22 〕; u n fo rt u -

n a te ly 3
一

AP S
was

al so a very Po te n t G A BA ^

rec eP to r ag
-

oni
st

.

B ac lo fe n re m ai n s th e Pro to ty Pic al G ABA B

ree
eP

-

to r ag o ni s t
,

al th o u g h th e s u lPhin ic
.

ac id an al o g u e

(
sic lo 丘n ; R g Z ) 15 沮5 0 ac ti ve (23 ) as is the 面

e
叮1 an a -

10罗 e 4
一

amin
o 一

3
一

(5
一c hlo ro th jen

一

2
一

yl)
一

加tan oi c ac id [24 〕
.
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Th
e c he ln leal s

trU
etu re s o f so llle o f th ese e o m Po

un d s

are
illu s

tra te d in Fi g 2
.

C ! CI

吼
。。。。

吼
暴

·

HZ N I H ZN z

HZN 、/
户、、尹 p o (o H )2 HZN

、、洲沪八、 / s o Zo H

e一 3 4

吼
。。《。。)2

汉
s 。, 。

H ZN 6

?H ‘尸
~

、

、洲产、
沪

so
, N H - t 大

“o ,

F ig 2
.

C h巴ul cal
str t lc tt 理e s of li 李In ds ac ti v e at G A丑A B

re c
eP to r si te s

.

T h e c o ln P0 u n ds are b a c to fe n (1 )
,

s ie lo fe n (2 )
,

3
·

田址n o p r o pylp h o s p h o ni e a e id 《3 )
,

3
·

a “u n o pr 0 Pylsul p h o ni e ac id (4 )
,

p ha
c lo fe n (5 )

,

2
·

场
·

由。舒sa d o fe n (6) a n d 3- 扫ur 匡n o
·

2- hy dr o xy
·

N
·

(4- ni tr o
.

p h e n yl)
·

p ro 详m e sul p h o

旧正de 《A”田N s) (7)
.

Ba
·

c fo fe n a n d si d o fe n

are
a g o m s ts

,

w h e rea s 3- a “u n 0 Pr 0 Py
.

IPh o sPh o ni e ac id is a 拌犷ti ai a g o ni st
,

w hU st A妇[P N S 15

re la ti v e ly ir la c tlv e at G A B A B a u to r e c e p to rs b ut ac tiv
e at

he te ro re ce P to rs
.

T h e Pr o to 勺p ie a n ta g o ni sts Pha
e lo fe n

a n d Z
·

场由
。习sa d o fe n a r e

de
r iv a ti v e s of b a c lo fe n

.

It w as a lre ad y kn
o

wn th a t th e
Ph

o s
Ph

o n o an al o gn
e o f

C AB A
,

3
一

arnm
o

nro pylpho sphoni e ac id (Fi g Z )
,

w as ac
-

ti v e in bin d in g an d fu nc ti o n al stu d ie s o n Pe
riP he ral

G A BA o

ree
e ptor

s(, 5
,

26 〕
whi

lst th e high er h

omo
lo g u e 4

-

a lll ln
ob

u tylPh
o sP ho ni e ac id 15 al so a u sefu l G A B凡 ree eP

-

to r an tag
o ni st dev o id o f ac ti vity at G AB AA ree eP to r

site s〔27
,

28 〕一孔
e pho sp加i e an al o

即
e o f bac lo fe n as a

Po ssible G A BA B

ree eP to r an ta g o n ist hed a lre ady oc c u n ℃d

to u s ,

fo llo w in g th e su ee e ss o f th e 下
一

Pho
sPho no an alo gu

e

o f g一u ta lllic ac id as a g lutam
at e an t嗯。垃st(四〕

.

syn由e sis

o f Ph ac lo fe n ,

thi
s pho印ho山c an al o

即
e o f bac lo fen (Fi g

2 )
,

w as ac hi e ve d by o u r

卿
p in l呢7〔30

,

3 ‘〕
,

an d its u -

ti li ty as a sPe c ifi c G A B AB ree eP tor an tag o ni st w as soo
n

e st汕li shed (
see re v iew s [32 一共) )

.

凡ll

owin
g 面

5 su e -

c e 路
,

we in v e sti g a te d th e c o n ℃sP o n d in g su lPho n ic an a -

lo gn e s o f G A BA an d bac lo fe n
.

In Part ie ul ar
,

3
一
田1l ln o -

2
一

hyd ro x y
一

Pro Pylsu lPh o ni c ac id w as mo re Po te nt
,

an d

wi th less e o n fo un di n g G AB A A

rec eP to r ac ti o n s th an th e

lead e o

mP
o u n d 3

一

AP S
.

Th
e e o

rre
sPo n di n g su lPho ni c

an a10 g u es o f bac lofe n W ere th en Pre Pa red
,

Pro vid in g

sac lo fe n an d Z
一

hy咖
x y

一 sac lo fe n
(Fig Z ) w ith a 10 fo ld

川IPro

veme
n t in an ta go ni st po te n cy re lative to th e o ri g in al

p助
s
Ph

o ni 。 an t吧。以sts〔器 一 3 , 〕
.

助m 加en t

amo
n g th 。 祀

-

van c e s m ad e in G ABA B n e

uro Physio lo gy / Ph

arlnac
o lo g y

u sin g the
se c o lllPo u n d s has bee n th e d e

mo
n stra tio n th a t

th e d elayed hyP
erp o l丽

z atlo n s ,
seen fo llo w in g ac ti v ati o n

o f G A BA e rg ie Pa th 、va ys in m an y b而
n

are as
,

are in fa e r

C AB AB re ceP to r-
me d iated

a n d d u e to oPe

咖9 o f in w ard
-

re c tifi e r K 十

ch ann
els

,

wh ere as G AB A B

ree
e Pto r ~

m ed lated
pre syn叩ti e inh ib iti o n 15 du

e to red
u c ed inn

u x o f CaZ
‘ a t

山e te

rmin
al s

(see ree
e nt re v iew

s〔38
,

”9〕)
.

仆
e latter ac

-

ti on has rec en tly b een fo u n d in th e c m yfi sh op en er m u s -

ele (钓〕
,

iuu stra tin g the Phy
lo g e n e ti e an ti q ui妙 o f G AB A B

re ceP to rs ; in dee d
,

GA BA B re eeP to r g e n e s hav e be e n de
-

s
cri be d in th e n

em ato de w o
rm e北n o由的d ius eleg an s

(
4 ‘〕

Ou
r de ve lo Pme

n t o f Phac lo fe n , sac lo fe n a n d Z
一

hydro x y
-

sac lo fe n th u s Pro v ide d su itab le G A BA B

ree eP to r an tag
o -

ni sts th at hav e been
u sed in a

gre at v
ari

e ty o f stu di es o n

the
se re e即to rs th ro u g ho

u t th e l侧灭〕
’ s ,

an d m ar k ed th e

be g in n in g o f a

mo de rn e ra in n e uro Pha n llac o lo g ic al an d

n e u r0 Pllysio lo g ie al stu di es o n G A BA B

ree eP to rs in th is la st

d CCad e
.

W ith al l th e earl ie r Pho sPho ni e an d su lPho n ic an a -

lo gu
es o f G A B A an d bac lo fe n ,

th e ir u ti li ty as G A BA B re
-

c eP tor an tag 蒯
sts w as h lnj ted by fo w po ten cy an d p o or

P
ene

tr atio n in to th e b r

ain
.

In a stu dy o f Ph
o sPho ni e an a -

lo gu
es o f G A B A

,

in elu d in g 3
一

anun
o Pr0 PylPho sPho n ie

ac id〔25 〕(R g Z )
,

it w as p o 加ted o u t 小at p ho sp俪
e ac id s

w o ukl ac tu al ly b e elo se r bio iso ste re s o f car bo x ylate
s th an

Pho sP ho ni e an d su lPho ni e an al ogU
es

.

Tb is id ea w as o -

d g in沮一y ex plo耐 by n in gw 沮1 e r a l〔42 〕w ho de ve lo p ed

u n Pro v ed syn th eti e

me th od
s fo r th e GA B A an al o gn e 3

-

田刀jn o

nro pylpho sphin ic ac id (Fi g 3 ) an d re la喇
e

om
-

Po u
nd

s
.

A sa m Ple o f thi
s an al o g u e w as P

reP
a red fo r u s

by G HO fe r
(Th

e u ni ve rs ity o f Sydn
e y)

,

w hi eh nro
ved to

b e a

mo re po te n t ag o 血st at G AB A B

rec
ePto rs th an b a -

elo fe n o r G AB A itsel f in th e g uin ea 一

Pig iletun
,

as w el l as

ra t hi pp
o c a lllPal eu ltu red n e uro n s , u sin g m ateri al fro m

H沮l〔铭〕
.

枷w e ve r ,

讯 山e ra t n e o eo
rte

x ,

而
5 eo m p o u n d

d isPlay ed a low er a ffi nity fo r G AB A s

ree
e Pto rs th an ba

-

elo fe n its el杯“〕
,

b u t 面
5 w as late

r fo un d to b e d u e to 叩
-

tak e〔肠〕
.

E v en tu al ly
,

a prec
u rs o r o f th e pho sphi ni e ac id

CGP 3 5 348 (3
一

arru
n o p ro pyl

一

p
一

di e

tho
x y ln e

thy lPho sPh in ic

ac id : Fi g 3 ) w as fo u n d to be a

mo re p o te n t GAB A B re
-

e即to r an ta g o i st th an th e pho spho 位e an 沮o g u es〔奶〕
,

as

we ll as CG
p 异16 26 (Fi g 3 ) w hi eh 15 mo re p o te n t th an

月NN
.渺卜

�HH-



is SN 0 2 53
一

97 肠 A e ta Ph
;”11 1笼K 。! Sin

E
一

m ail aP s@ se rve
「

.

sh cn c
.

ac
.

cn

中国药理学报 2《XK! Feb ; 21 (2 )
114 Ph

n / Fax 肠
一

2 1
一

64 74
一

2 6 29

C G P 3 5 348
.

W ith in fi v e y e
ars

,

thi
s gr ou P fr o lll C ib a -

Ge ig y (
n o w 吻

v

洒
s
)

, u n由r
w 助

es tl an d sJ 随cte l
,

e stab lished th e gr o u n d
一

w o rk for th e

mo d em G AB A B re
-

ceP to r an tag on is ts
,

in d u

din g v

ery hi gh
a ffi n ity h g an ds

d ev elo Pe d fo r th e d e te e tio n o f G A BA B

rec
ePto r ge n e e x -

p ression eloni
n g

.

Th
ey al so fo u n d th at in elu sion of th e

2
一

hydro
x
即ron yl m o iety (as in o ur Z

一

hydro
x ysac lo fe n

)

im Pro ved th e an tag o n ist Po te nc y
.

M o re 1 1llPo rt an tly
,

th e y es
tab lished th at a 一M已

一

benz yl
,

w ith v
ari

o u s su b
-

sti tu en ts o n th e ri n g o f a be nzy l g ro u P a t th e 下
一 a lll月10

九n eti o n al ity
,

w ou ld Pro vide ant ag oni st s of n an o ln 0 1ar Po -

ten ey
amo

n g 由e se pho sp 城ni e ac id s(月7〕
.

仆15 w o改 c
on

-

stitu tes o n e o f th e

mo
st ele g an t s

加
c tu re

一

ac ti o n stu d ie s in

re ee n t
me di eli、a l c he

而stry (
so

me
o f th ese s

tru
etu re s

are
re pre sen

喇 泊 Fi g 3 )
.

O

H , N 、

/
沪

、
,

2
尸
一 H

5 O H

O

H ZN 、
/ 户、甲 r

0 一 /

代
, o H

一/

刀
。O二P·O

。
··
·

一
?HN

溉 O H

不N

H

犷
“。。“

尸
1 1 t ‘产

N

H

、
.

八{
‘

尸户

丫岛
夕 0 ‘、、

.

尸

12

N o v洲15
,

p r o v idin g u s w ith a n

ew
s
eri

e s of G AB A B re
-

c epto r an t峪。垃sts (印〕
.

T七ere has bee n so

me in te re st in th e q u esti o n o f he t
-

e ro ge n eity at G AB A B re ceP to rs
,

in P田t ieu lar th e q u esti o n

o f a uto re ceP to rs v
ers

u s hete ro rec
ePto rs

.

Th
ere 15 littl e

ev ide n e e fo r an tag
o n ists o r ag o n ists e0 IllPo tm ds th a t w ill

dise

rim in ate b etw e e n th ese

rec eP t
ors

,

bas ed o n th e lar ge

s
eri

e s o f P- su b sti tu te d Pho sPhin ic ac id an al o gu e s o f G A
-

BA a v缸lable〔slj
.

A m o n g th e 吧o nssts
,

山e pho sphini e

ac id an al o g u es o f b a elo fe n

are P田飞劲d o 劝eal ly le ss
po ten t

th an thi
s lead its el f In Prac ti ee , o ul y th e th ien yl an a -

log
u e s o f bac lo fe n in an y w ay aPPro ac h th e Po te n e y o f R

-

(
一

)
一

bac lo fe n ,

th e ac ti v e stere o iso

mer
o f the

se e hi ral
c o m

-

Po u n d s w here th e
俘

e

arb
o n o f th e G AB A bac kbo n e 15 e hi

-

ra l
.

Th
e s田n e ehjr allty al so aPPlies fo r Phac lo fe n ,

sac lo fe n an d Z
一

hydr o xy sac 1Ofe
n ,

as it do
e s fo r

p
一

Ph
e nyl

-

G A BA
,

th e d es一e hloro an al o g u e o f bac lo fe n
.

Ho w e ve r ,

th ere are an tag o ni sts th at w ill di sa 山11inate b etw e en Pe -

riP hera l an d ee n tr a ! G AB A B re ceP to rs
.

T his 15 in te re st
-

in g
, sin c e G A B A B

reC eP to r- rn ed ia ted de Pre ssio n o f e x eita
-

tory tr a n s而
ssio n in the ent eri

e n

erv ou
s syst

em w as
amo

n g

th e

firs t G AB A B

rec eP to r ac ti o n s e stab li shed
.

Th
e se

eo m p o u n ds hav e bee n s

umm
丽

z叨 else w here (32 一 34 〕
.

M o st
rec

e n tly
,

w e hav e fo u n d a se ri es o f sulPh o n

am ide

an alo g u e s o f G ABA an d bac lo fe n th at w ill d iseri mi
n a te

b e tw e e n G A BA B a u to
一

an d he te ro re ceP t
ors

.

A m o n g

th e se 3
一

axnm
o 一

2
一

hydro
x y

一

N
一

( 4
一

ni tro phen yl )
一

pro pan e -

su
lPho n

~
d e

(A H pN S ; Fi g Z ) 15 suffi c ien tiy Po te n t to

be u sed fo r
thi

s p u甲o se in th e een

tnil
n erv o u s syst

em 〔52 〕
.

F ig 3
.

Ph o sPhi ni e ac id an d m o印h o】11 1 0
·

ac e ti e ac id a lla
·

10 g u e s of G A B A
,

初th a g o m st a n d a n ta g o ni s t a e ti vi ti e s

a t G A B A B
re c ePto rs

.

T h e G A B A B re c eP to r a g o 山 st 15 3
·

田1 111 1叩r o p ylpho
sp】lilllc ac id (8 )

,

w hi ls t th e an ta g o ni s ts

are C G P 3 534 8 (9 )
,

C G P 546 2 6 (10 )
,

Sch 509 1 1 (11 )
a n d CG P 7 198 0 (12 )

.

C G P 35 34 8 15 th e P加to tyP ical
p h o sPhi 元 e 歇id an ta g o ni s t

,

but wi th lo w po te n cy
,

w hi 】s t be th C G P 54 6 26 a n d C G P 719 80 a re an ta go ni s ts

o f hi gh po te n ele s
.

Sch 5 09 11 15 a t n 五q ue an ta g o ni s t
,

be in g in a fo e ke d c o nf o rl na ti o n
.

MOLE CU IA R CHA R A C T E RI ZA T ION OF G A B A B

R E C E P r0 R S

A 加rth
e r m aj o r ad v an e e in s

tr’U
e tu re

一

ac ti o n stu d ies

o n an tag
o n ist lig an ds for G AB A B

ree
e Pto rs ea n le fro m D

B lyth in o f Se he rin g
一

Plo u gh
.

By in e o rp o ra tiJlg th e
日
一

hy
-

d ro x y an d 了
一

姗
n o o f th e Pr0 Pyl sk eleto n in to a m o rp ho li

-

n o rin g
,

the
se w o rk e邝 fo u

nd th a t ( + )
一

(S )
一

5
,

5
-

d而
e th yllllo甲ho lin yl

一

2
一

ac eti e ac id (S
eh s的1 1 ; Fig 3 ) 15

a re lati ve ly Po to n t G AB A s

rec eP to r an tag o ni st th at is ac
-

d v e in vivo
,

an d re ad ily re v e rs ible〔48
,

49 〕
.

喃re p o

ten
t

Pho sPhini e an al og
u es o f th e se

mo rp ho
l-in

一

ac e tic ac id s su eh

as Ce P 7 19 8 0 (Fig 3 ) were
s
比

s四u e n tly 由 ve lo p e d b y

Un ti l rec
e n tly

,

d esPite in te n sive e

ffo r’tS
,

th e

mo
le c u -

lar id e n tity o f G A B AB ree eP to rs has re m ain ed elu sive
.

FO
r th e Pas t 10 ye

ars
,

th e se re eeP t
ors hav e bee n th e tiirg

e t

of

~
us c lo n in g an d Pu ri fic ati on atte m nts[ 队54, 刘

.

E v e n tu ally
, e x Pre ssio n elo ni n g o f G A BA B re c eP to rs w as

m ade po
ssible w ith th e av ai lab ili ty o f hi g h a角 ni ty

G A BA B

ree 印to r an tag
o ni st lig an d s ,

CG P 64 2 13 an d CG p

7 18 72 (Fi g 4 )
,

th a t al lo w ed th e id en ti fi eati o n o f eD NA s

en e o d in g tw o G AB A B

rec eP tor Pro te ins
,

G A B A BR la an d

G AB A B R i b o f i3 o K an d loo K
,

re spee 桩ve ly(汤〕
,

illu s -

。刁 te d in Fi g 5
.

Th
e G AB A BR I ge n e has bee n m a Ppe d

to hu m an ehro lllo s o

me 6P2 1
.

3
,

in th e v icha ty o f a su s -

eeP tibili ty lo c u s fo r idio Pa
thi

c ge n e m liz ed eP ileP sie s ,

mu lti Pl e s eze ro sis an d s

面zo p阮山a〔57
,

澎〕
,

叩
ei n g 。e w
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Pllll/ F欧 肠
一

2 1
一

吞备刊
一

2 62 9 1 15

CO O H

氛
。
炎(

_
。

三 O H

1 3

CO O H

I

户
N’

O H

占
。

:
。
;

,

‘

、
尸从、z N 、

、 洲沪户

、洲 r
、、
训

声内、、尸八、/ N

孟 o H 14

Fi g 4
.

Cher ni cal
s tt u c tt lr e s of G A B A B re c

eP to r
an ta g o .

ul sts o f low
n a n o 们口0 】ar po te n c ie s ,

fo r us e in th e c10 川的g

o f G AB A . re e eP to r s

Pll
e e v a d a n ts Rl

a a n d R l b
.

C G P

718 72 (13 ) 15 a p h o t“止肋苗ty 】a be l
,

use d as a ra di o li
-

乡m d
,

io d让Ia te d 诚th 1 25 1
.

CGP 6 42 13 (14 )was
al so 10

·

d汪以te d 诚th 1 25 1
, a n d us e d fo r a u to ra di o gl 旧p hy to 加改

uP G A B A 日 rec
e Pto r c 10 n e s fr o m a eD N A h b ra r y a a e r

廿田lsfe c ti o n in CO S
·

1 沈11 5
.

G AB A

R la

}}} {{{}自 ///
11111

一一

}}} }}} 111 } 【 {{{

CO O H

Fig 5
.

ing
a lld

山e

Mo le c ul ar s tt ” c ti lr e of G A B A B re ce Pto rS sh o w

sP li ce var ian ts G A B A B

Rl
a (94 4 a “n n o a d ds

G A B A B

Rl b (81 5 a n u n o ac ids )
,

wi th th e N- te rr ni 血al

‘

v e n us n y
一

廿Z p
’

d o功画恤 a n d Car bo 粉
·

te rl llilla l ta il
.

PerS Pec ti v es

确 in v esti g a
tin g g e n eti c as so c iati

o n s b e -

tw e e n m 田尘e rs lo e
ate d in the H LA re gio n a n d Pati

e nt s
af-

feC te d by th e se di sord e rs
.

CL ON [I N G OF G A B A B R la A N D G A B A B R lb 15 0
·

F O R MS

B o th spliee v
如an ts (G AB A B R I盯G AB A B R lb )

hav e e ssen tiall y ide n
tic al Pha n们ac olo g ieal Pr0 Pert ies ,

w ith

s

俪lar li gan d
一

bin di n g affi n iti es ,

an d b o th are
e
却re ssed

thr o u g ho
u t th e b ra ln ,

w here th eir tra n sc riPt di stri b utio n

q u
ali tat iv ely Par a l】els th a t o f rad io lig an d

一

bin d in g

site s〔历
,

出 一印〕
.

stru
c tu rau y

,

山e

two
splie e v

如an ts ha ve

a larg
e ex tl,a c ellu lar

amin
o ten llln u s w hi c h d iffe rs o n ly by

th e Pre sen c e o f e x
tra re sid u es at th e N

一

te n 刀 In a l Poni o n in

G A BA B R la ,

b u t o th
erw

ise hav e ide n ti eal li gan d
一

bin d in g
,

efl七c tor dom ain
s ,

an d in tra
ee llu lar e

arb
o x yl te llllin u s

.

Th ey al s o share ex te n ded seq u e n c e sim il而ty w ith

me tab
o
tro p ie glutam ate ree 叩to rs

,

th e CaZ
十 一 se n sin g re

-

c ePtor
, a 仙11ily o f v o n le r o nas al Phero m o n e

ree
ePto rs

,

an d Pe riPlas 而
c bac te r ial aj n lllo ac id bin d in g Pro te in s

,

in

hav in g a
.

larg
e e x trac e ll u lar N

一

te n 刀in al do m ain
, se v en

tran s ln e m b触
e seg llle n ts

,

an d a la rg e eyto Plas 而
e ear

-

加
x yl

一

ternu
n al tai l(汤

,

61〕
.

物w ev er ,

小e in trac
ellu lar

lo op
s of th e G AB A B re eeP to r

are
n o t as w e ll e o n se rv e d as

in th e o

the
r G

一

pro te in
一 eo u pl司 rec

e p to rs 〔62 〕
.

On
e o f hal加

a rk fe ato l℃5 o f th e

rec eP to r Pro tein s 15

th at the N
~
te n 刀1l lal e x tr ac ellu lar do m ai n o f G A BA B R ]

.

b 15

l而jted to th e re gio n w ith s
tI’U

etu ral
siln il短ty to th e bac

-

t面al leu ein e 一 b访d泊9 pro tein
s
(比P)〔汤〕

.

玩概
d

,

bas 比

o n th e
kn

o

wn
s
加

c tu re o f th e L BP
, a th re e一d 】m e n sio n al

mo
d el o f th e

LB P
一

lik e do m am
o f th e G A BA B

ree
ePto r ha s

be e n e o n s
trU

eted
.

Site 刁irec ted mu
tag e n esis o f th e

re sidu
es 加 山e e x

trac
e llu lar dom ain

su pp o rt a ‘

Ve
n u s一 fl y

-

汀a p
,

me
e hani

sm fo r lig an d b in d in g
, su g g es

tin g th at th e

i垃tial ste P in ag o n ist ac ti vati o n o f th e re ceP to r re su lts

nD m th e e lo su re o f th e tw o lo be s o f th e

LB P七k e bin di n g

d o ln a in up o n bin din g o f此 吧o n ist[放〕
.

仆15
,

in tu rn
,

lead s to a c han g e in e o nfo rm ati o n th at 15 tl,a n sd u eed to th e

廿田l sm em br a n e

reg io n to ac tiv
a te th e as soc ia ted G

一

pro
-

te in
·

Cy
ste in e re sid峥e s o f th e

LB p
-

泳
e d o m ain are

n o t

p re se n t in th e G AB A B

rec 即to r ,

b u t o n e re sid u e
(S

er-

246 )
e ln e rg e s as l疏ly to b e in vo lved in th e bin d in g of

G AB凡 re ceP to r hg a n d s
.

V 刃len co m pare d to th e cl as sic

G
-

pro te in
一 c o u Ple d re ceP to rs su eh as a dre n o eeP to rs o r o Pi

-

o id rec eP to rs
,

th e G AB A BR I盯b Prd te in s
are

c o n sid er ably

larg
e r ,

b u t
are

sim ilar in siz e to th e

me tab
o
trO Pic g luta

-

m ate rec eP to r s

ran g in g fi ’o 111
87 2 to 12 03 aJ lljn 。一

ac 记

re sid ue s
.

玩te re stin g ly
,

al 小o u gh th ere 15 so

me (妈 -

48 ) % bo mo
lo g y in re la ted re sid u es ,

th e G AB A o R l re
-

eePtor
,

ho w e ve r ,

d o es n o t sho w an y seq u en ee s
而11硕 ty

to me tab
o tro Pie g lu佃刀ate rec

e Pto rs in th e re g io n of th e

see o n d in
trac

ell ular loop w hi c h de te

nTu
n e s G

一

Pro tein e o u -

Pl in g (. 〕
, S u g g e stin g 山at G A BA B

ree
e pto rs p o sse ss d

瀚
-

e n t sign al tra n sd u e tio n Path w ay s
.

R e g io n 2 in

C AB AB R i盯lb 15 ri eh in bas ie re sid u e s , a n d 15 ex p e c ted

to b e 谊vo lv时 讯 e
一

nro te in 讯te rac ti o n 〔砧〕
.

sin ee 山e in
-

tra c el lu lar do m a in s

are ide
n ti eal in b o th G A BA B R la an d
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lb
,

th ey are
e
XP

e ete d to b e c o u Pled th ro u
gh G

一

Pro te in s to

the
san le e到笼eto r sy ste m s

, suc h as ad e nylyl cy d as e ac tiv
-

to r su btype s has n o t bee n sub s

tan ti a ted by K a u Pm ann
e t

a
l[刘

,

de sP ite th e iden tific atio
n of tw o

rec eP tor iso fo rm
s

.

ity o r CaZ
十
/ K

+ eh
ann

e一5
.

PH A R MA COL O G ICA工 A N D F tJN C T IONA工

S T U D IE S

In lig an d bin d in g stu dies ,

th e ran k ord e r o f ago ll lst

an d an ta g o ni s t bin d in g a ffi n iti es 15 ide n ti c al for
e x Pre ssed

G AB A B R I an d n ati v e

rec eP to rs
,

ev en tho
u g h th e a ffi ni

-

ti e s fo r ag o n ists at th e

rec
o lllbin an t

rec eP to rs w e re v ery

m u eh lo w er th an th a t o f n ati v e

rec eP to rs
,

by a

fac to r o f

]
.

00 (G朋A o R la
) to 1 50 (G AB A B R ib ) 允ld〔防〕

.

伽
s

d ise

reP an e y in ag o n lst bin d in g affi n ity I’eq
u
ire s fu rt her e x -

田11i lla ti o n ,

b ut po
ssibly e o u ld b e

du
e to th e Pre sen ee o f

m u ltiPle G A BA B

ree eP to r su btyP es
, o ri g in all y Pr0 P0 sed in

n e uro e h
emi

c al re le as e stu d ie s(64
,

苗
,

肠〕
,

as we ll as 毗m
-

eie n t G
一

Pro te in e o u Plin g o r in tr ac ellu lar e fl七c to rs in the
he te ro log

o u s ex Pre ssio n syste ln
,

al l o f w hi eh c o u ld in fl u -

e n ee ag o n ist affi ni ty
.

U ll l派 m an y G- Pro te in
一eo u Pled

re c ePto rs
,

G A B A BR I盯 lb do no t de sen si ti ze aft e r pho
s -

户
ory lati o

可deP h o sPho ry lati on in hete ro log ou s e x Pre ssio n

syste ms 〔58 〕
.

Ac tivati
o n of e

ffe
e tor ion ch ann

els by rec
o m bin ant

G AB A B

ree eP to rs has Pro ved d iffi eu lt
.

M ore o v er ,

it has

be e n Pre v io u sly sho

wn th at th e bin d in g o f ag o ni st
,

b u t

n o t an tag
o ni st

,

to G A B A B re ee Ptt 〕r s 15 deP e n den t o n

the
s
tat

u s o f G
一

Pro te in c o u Plin g
,

P田tlc ularl y sin ee G T P or its

s

tab le an al o即
e

GP p (N E )p red
u ee s th e 吧om

st a ffi n ity o f

n ati v e G AB A B re ceP to rs by u n eo u Plin g th e

ree 印to rs fi’o m

山e正 e
一

pro痴
s〔12〕

.

玩 HE K2 9 3 ee lls
, e x

Pre
ssed

G AB A BR la an d G AB A B R lb n eg ati v ely eo u Ple to ad e ny
-

lyl eye las e , a s d es c ri bed fo r n
ati

v e G AB A B

rec
ep
tors

(汤〕
.

In th e bio ch eml
e al as say

, a m ax 加um
e o n ee n

tra ti o n o f

bac lo fe n

we al d y inh ibits fo rs ko hn ~ stiln u late d e ye ll c A M P

ac e tll刀 ulati o n by so
me 3 0 %

, sen siti v e to th e an tag
o ni st

e宁 异拓2 6A
,

an d to p e
rtu

ssis
一

to x in 〔肠〕
.

川
50 ,

G A BA BR la 15 th o u g ht to co u Ple to G i Pro te ln s , sln c e

Go
Pro tein s

are ab se n t in H EK2 93 ee lls
.

Ye t
,

in c u ltu re d

d o rs al ro o t g a ng li o n n eu ro n es ,

G A BAB re e eP to rs

are
c o u -

Pled to v ol tag
e一 sen siti v e eaZ

十

比ann
e ls via G a o pro tem s

an d n o t G a i
,

as G a o an tibo d ies an d an ti sen se o li go n u -

e le o tide s e

om Ple lllen t田下 to n 1R NA seq u e n e es
for G a o

,

re spee ti v ely
,

re d u c司 bac lo fen
-

in hibiti o n o r e aZ
十 c u r-

ren
ts 〔67

,

闭〕
.

认七e th e r s u c h d i月飞re n ees are
sm l ply du

e to

d iffe re n t ti ssu e Pre Para
tio n s , o r to

rec eP tor
su btyP

e s re
-

m ain to be e x Plore d
,

b u t th e

而
s

ten
e e o f m u ltiPle rec eP

-

G A B A B R le AN D G A B A B R ld SPLICE V A R IAN T S

Ad d iti o n al ly
,

tw o n o v e l sPli e e v
ari an ts

,

G AB A B R le

an d G AB AB R ld hav e be en ide n ti fi ed reC
e n tiy

,

w hen

s c l℃ en lllg a ra t c e

reb ell um
c D NA llb

r田洲
,

an d ti ssu e dis
-

tri b u ti o n s o f the ir n 1R N A S w ere ex姗
n ed u sin g re vers e

咖
seri p tio n p o l

卿ras
e eh咖 re a ed o n an al ysis(印〕

.

月
-

th o u g h th ey share
so

me
田刃 In o aeid seq u en c e ho m o lo gy

wi th th e G AB A B R la an d G AB A sR lb isQfo
rms

,

th e y

hav e s
tI’U

c tu ral
v
而ati

o n s in th e e x tra c ell u lar
,
仃a n sln e m

-

b ra lle an d e

alb
o x yl

~
ten n 川 al e n d

,

w ith G ABA BR le an d

G AB A BR ld hav in g ad diti o n al sPli c e s in th e tr a llsn le l刀
-

b撇
e an d 3

‘一

匕叨 slated re g io n s o f G AB A B R lb
,

re sPec
-

tive ly
.

G A B A B R le 15 u biq u ito u sly e x Pre ssed thr o u g ho u t

the
n

erv
o u s syte m

,

an d G AB A BR ld e x Pre ssed m am ly in

fo re bram
, e ere b ellurn

, eye ,

ki dn
e y an d 丽

n

呷 blad de r
.

H o w e ver
,

G ABAB rec eP to rs in th e e n teri
c n

erv
o us syste m

de s

柳
e 1110 re atte n ti o n , sin e e th eir Ph

arm ac o lo gy sho w s a

di ffe re n t Pro fi le fi D m tho
se in the b ra ln , u sin g a se rie

s o f
n o v el lig an ds 〔33

,

34 〕
.

COU甲LIN G OF G A B A B R E CE PT O R S TO K
十

C IU 小乃田L S

R e c en t elee tro Pbysio to g ie al stu di es sho w th a t b a -

elofe n 15 n o t ab le to in d u ee an y e

~
n t alte ra tjo n s in th e

瓜
刀
印

u s o o eyte e
xP res sio n system w hen an y o n e o f

G AB A BR lb
,

Ic o r l d 15 eo
一e
xP re ssed w ith 幻启

.

1 an d

郁
.

2 (印 ]
.

而
5 su g罗sts th a t e i山e r o山er c las ses o f

G A BA B re c e Pto r su btyP
e s

而
st th at can ac ti v a te K

十 e han
-

n els
, o r th a t ac ee sso ry Pro tei

n s w hi eh are
e x Pre ssed en -

do g e n o u sl y in HE K2 9 3 c
ell

s but no t in Ooc
yte S m ay be

化q u

闹 fo r G AB与 re e叩to r fij n e ti o n s(印〕
.

协
e n o 小e r

G
-

pro te in
一e o uPled rec eP to rs are

c o
一 e x Pre ssed w ith 幻 r3

.

0

ch ann el s in X已n op
u s o o cyte s ,

th e ag o ni sts for
eac h o f

th e se

reC eP to rs d o ac tiv ate K
十 e u

能
n ts

.

5俪larl y
,

in

oo
c yte s c o

一

inj eC ted w ith ra t eere be llar po ly (A ) + R N A

an d e R N A s
for 丸r3

.

1 an d Kj r3
.

2
,

K
十 c u n ℃n ts w ere

e
lic ited by G AB A B

ree eP tor ag o n ists su ch as bac lo fen an d

3
一

anun 叩ron ylpho sphi n jc ac id (70 ]
.

仆
e G ABAB ree 叩

-

to rs in th e
rat

c ereb ell
um

e an th u s be fu n e ti o n al ly e x -

Pre ssed in oo
eyte s ,

an d ac ti va te th e elo n e d G
一

p ro te in
一

g a t
-

ed in w ard ly rec
t询in g K 十 c h

ann
els (G琅丑治)

c o n lp n sin g

G IRKI an d G IR KZ as het ere
ln u lti刀le rs

.

In fa et
,

b a -
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c lo fe n e li c its
,

川w a rd K
+ c urr e n ts in > 6 5 % o f the

o o eyte s ,

in c o m Pari
so n to o th er stu di e s w here bac lo fe n

eli eited
eith e r

ou tw ard
K + c

urren
ts

, o r CaZ
十 一

ac ti va ted

C I
一 c u

rren
ts in < 1 0 % o f o o cyte s ex

ami
n ed (71

,

72 〕
.

Sev e
ral

stu di es in di cat e th at n at iv e G AB AB re eeP to rs

m ed iate 山eir ac ti o n s tlll℃u
gh K ir3 in w ard ly rec ti fy in g K 十

ehan n els ; fo r in s

tan
ee in the hiPPo c田刀Pu s o f 儿r3

.

2
一

d efl
-

eien t而
c e ,

G AB A B re eeP tor
一

me d ia ted K
十 ~

d e Pe n d e n t in
-

hiti iti o n 15 51加五e an uy 卿aire
d〔73

,

74 〕
.

玩 an i。 、ivo

study
,

in tra c e l℃bro ven tric u lar inj
e etio n o f an an tisen se

o li g o n u eleo tid e in ac ti v

ate s th e

Kv l
.

1 ge n e th at eo d es fo r

a m e m b er o f th e Shak er- 1正e K +

ch ann
els w ith de lay ed

rec ti fi e r Pro Pe rt ie s
.

T h e latt
er in du

e ed a d o s e 一 deP e n de n t

in hi bitio n o f bac lo fe n an d
mo rp h in e an tin oc ie e Ptio n in

而
c e (75 〕

.

伽
5 15 加位即加9 sin c e 山e

mo 甲hin
e 一 in d u eed

,

b u t n o t b ac lo fe n 一

in du
eed

,

an tin
o c iceP ti o n 15 mo d ifi ed by

blo e耽rs o f K AT P c u
rre

n t〔’6〕
.

顶 o n e o f 山e e

汕
est stu d

-

ie s , e lllPlo yin g an ti se n se o lig o
nu

c lco ti d e
tee hn

o lo gy
,

Ho loP ~
。 an d W oj

c
淤

7 7〕sh ow ed th at G AB A 。 re c eP to rs

b elo n g to th e su pe rf ai n ily o f re ceP to rs hav in g se v en 一
仕a n s -

m e m bran
e sPann in g re g io n s

.

A 1 5
一

mer an ti sen se

o ligo d eo
xy

n u e le o tide
,

th at bin d s to 1llR N A en eo din g the
am in o ac id seq u e n ee fo r th e sev e n 一

仕a n sm e lllb
ran

e
do

-

m ai n ,

nre
ve n ted G A BA B

reC 叩tor
一

me di a

ted inh ibiti o n
.

o f

eyelie AMP fo rm ati o n
.

G AB A B R E C E p T O R S A N D CaZ
+

CH A NN E L S

So
far

,

th e cou plin g of G A B A B

ree 叩tor Pro te in s to

elo n e d CaZ
+ eh

ann
els has b e en u n su ee essfu l

.

N ev ert h e -

le ss
,

喻币
5 e t a l〔78 ) rec

ent ly e o n s
tfu

c

阁 an an ti sen se 由
-

o x yn u c

lco ti d e k n o e
kd

o

wn Pro b e

for G AB A BR la 田ld lb

sPllc e v
ari an ts th at 15 e o m Plem en tary to 1 8 bP fro m th e

Po in t at w hic h th e tw o seq u en ee s fi rs t b ec o r n e ho

mo
lo

-

g o u s
.

In th e

me lan o
trO Pe ee lls o f th e Pitu lt乏叮 in te lllled i

-

ate lo be
, ehro ni e eo 一

in c u bat io n w ith bac lo fe n an d th e an
-

ti se n se n u elco tide eo m Plete ly el而jn a te d th e in llibiti o n o f

eaZ
十 eh

ann el s by bac lo fen al on
e , su g ge s

tin g the
eo u plin g

o f R I盯R ib to inh ibitio n o f hi g h v o ltag
e 一ac tiv ate d CaZ

十

Ch阴n els in th e se CC llS
.

D IS T R 刃BU T ION OF G A B A B R la A N D G A B A B R l b

T R A N SCR IPT S

In g en e
ral

,

th e o ve ra】1 d istr ib u ti o n o f G AB A BR la

an d G AB A B R lb tra n sc ri Pts in th e b ra ln Par al】els th at o f

Pre v iou
sly id e n ti fi ed G AB A B ra d in li g an d b in d in g site s ,

w ith ab u n dan t ex Pre ssio n in th e c e n tra】 n e rv o u s sys -

te m [历
,

59
,

印
,

79 〕
.

仆
u s

,

g ive n its w id e s

Pre ad loc 曲Zati
o n ,

it 15 surp ri sin g th at 面
5 re ceP tor

c D N A has e luded 5 0

m an y elo n in g at te m Pts o v er th e years
.

Th
e tw o G A BA 。

p r o te in s
are

,

ho
we ver

,

d iffe re n ti al ly e x

Pre
ssed in th e n e r-

v
ou

s sys

tem
,

w he re th e loo K (R lb ) pro te in pred om i
-

n
ate

s o v er th e 13 oK (R la
) nro te in in th e

·

c e reb ellu m
,

wh ere as in th e sPin al eo ul
,

the 13 OK Pro te in is mo re

nrev
al en t〔防〕

.

玩 situ hybri d iza ti o n stu d ie s an d radi
o li

-

g a n d bin ding d ata hi 爪 th at G A BA BR la an d G AB A o R ] b

al o n e m ay Pro v ide th e di s
tin

c ti o n be tw een Pre
一

an d Po st
-

synaP tic
site s

.

Fo
r e x

am Ple
,

in th e c e re b e ll um
,

G A B A BR l a in R N A e x Pre ssio n w as fo LIn d to Pred
o
而

n a te

in th e g ra n u le c ell lay e r ,

w hi lst G AB A B R lb e leme
n ts

w ere p
red omin

an ti y e x

nre
ssed in th e

而
1,ki l

lj
e e eus[ , )

,

G AB A BR lb 15 th o u g ht to be as so e iate d w ith Po sts yn叩ti c

K ir 3 eh
ann

els [58 )
.

仆
e 址g h e x pre ssio n lev e ls o f

G AB A BR l a tr a n sc ri Pts in th e gr a n ule ee lls in di e ate th e

Pre sen c e o f R la Pro tein s in th e P田么11el fibe r te

rnun
al s

w hic h are
e x c ita to ry to Pu

rk inj
e ee ll de n

dri tes in th e

mo
le eu lar lay er

.

On th e o th e r han d
,

G A BA BR lb 15

hk ely to be e x Pre ssed o n
Pu rki nj

e ee lls d en
dri te s th at

are
Po sts yn aP ti c to G AB As rg ic ste llate an d bas ke ts ee lls in

the mo
le e u lar l叮e r〔阳〕

.

U sin g an ti sera ag ai n st th e t件Ln seri Pts
, su b eellu lar

G AB A B

rec eP to rs are al so fo c
all

z ed l们。m u n o hi s

toc he -

而
call y in rat re tin

a ,

w here Pre syn ap ti e ,

in elud in g au to re
-

eeP to rs
,
田 ld po

stsyn aP ti e re eePto rs m ay Play a Pa r ac
rin

e

允nc ti o n [ 81〕; G ABAB R i rec 即tors are thu
s pre sen t at a

v
硕

e ty o f 11山ib i由汀 an d ex e itato 理 syn叩se s
·

Ho we
v er ,

d ise re Pan c ie s e劝st in o th e r b r a ln

are as wh
ere th e G A BA 。

re eeP tor m R N A lev els are
eith er v ery lo w o r ab sen t

,

Par
-

ti e u larl y in nu e le i th at e o n tain m ain ly G A BAs rg ic n eu -

ro ne s〔79 )
.

It 15 卯
ssible 山at 山e au to rec

e pto rs are
o f a

d l月七re n t s
ub tyPe , u nde te e

tab le by in situ hybri d iz at io n

hi sto ehe
而

s
仰

u sin g th e
kn

o

wn
o li g o n u ele o tid e Pro b es

.

玩 山e re血
a ,

劝an g e t a z〔咫〕rec
e n dy d e lllo n s

tra 朗 山e

Pre senc e o f G A BA BR l a tr a n sc riPts in th e in n er n u c le ar

an d g an gli o n e ell lay ers
,

w here as G A BA B R lb tra刀seri Pts

we re de tec te d in th e g an glio n e ell lay e r o ul y
,

ag ain
su g

-

ge stillg a Prefe re n ti al tar g e
tin g of th e re c eP tor

v
ari an ts to

p re 一

an d Po sts yn aP ti c site s
,

w ith G AB A B R la an d
一

R lb

loc all
z ed to ax o n al an d de n

面ti c c o m P田由m e n ts
,

re sP ee
-

tiVel y
.

In d o rsal ro o t gan g li a ,

th e d e n sity of

G AB A B R la Pro te in s 15 hi gh
a n d eo n fi n ed to th e n eu ro n al

cel l b o d ies〔61〕
.

仆
e 址g hest ex pre ssio n s o f th e

G A B A B R I ree eP to r Pro te in s

are fo u n d to b e at e
arl y Po st

-

n a ta l s

tag
es ,

b u t th e al七n ity of li g an d s 15 10 fo ld lo we
r
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th an in ed ult b枷 an d g ra 〔lu沮ly 加ere as e s w ith
卿

g (83 〕
.

In a v ery re c en t stu dy
,

G A BA BR I In刀n u n o re ac ti vity 15

d eteeted o n

mo re th an (80 一 90 ) % o f n eu ro n es c o n ta in
-

in g Parv al b u

nun an d eho lin e ac e ty l
腼

sfe 找巧e ,

an d ni tri e

o x i由 syn 山as e in th e n eo s饭atu m [跳〕
.

G A BA冰i 。lo n es

iso la ted fro m a hurn an e e化 bell um li b r

ary are
v ery siln ilar

to ra t G AB A o R I
,

w ith th e

rec eP to rs shann g 98
.

6 % se -

qu en e e 记en ti妙[邵〕
.

Here
, n o

rth
e rn blo伽9 show

s 山a t

G A BA B R I m R N A 15 wi d ely e x Pre ssed in mo
st re g io n s o f

th e b ra ln
,

b u t n o n e w as d ete e

ted in th e sP in al c o rd
.

m E N T IF ICA T IO N OF A G AB A B R Z R E CE PTO R

PR O T E IN

Fo ll o w in g th e elo n in g o f th e 。刀0
ori g in al G AB A B

sPliee v
ari

a n 认
,

iden ti fi c atio n o f a sec o n d rec eP to r Pro
-

te in
,

G A BA s
RZ

,

w as in d e Pen de n tly re Po rt ed by fo u r

sePara te gro
uPs w ho iso lated th e eD N A tllro u g h ho

mo lo g y

sc re en in g o f e
却re ssed s叫 u e n e e

tag d a

助as es〔肠 一的〕
.

Fro m thi
s ,

it 15 k n o

wn th a t G AB A B

rec eP to rs o Pera te as a

het ero dlin er
,

w ith G AB A B

RZ fo

~
9 a

.

he te ro

~
c as

-

se m bly w ith G A BA B R I th ro u gh an in te rac tio n a t th eir in
-

仕ac ellular e

arb
o x y

一

te n n jn al 面15
,

po
ssibly th ro u

gh
a eo n -

serv ed eo il司
一 eo il d o m ai n 〔即〕

.

仆
e G AB A B

咫 nro te 讯

e o n tai n s a larg
e 田旧In o 一

te刚
n al ex 尔Ic

ell
u lar d o m ain an d

Co
rre

sPon d s in size to th e G A BA BR I ree eP tor
,

di sPlay in g

a seq u enc e ho

mo lo gy
o f ab o u t 3 5 %

.

Co
一 e x Pres

sio n o f

th e 卜刀o re ceP to r Pro te in s In ay Pro n 10 te e x Pre ssio n o f

G A BA B R I at th e eell su r fa c e ,

an d aP pe ars to b e a Pre req
-

u isite fo r m atu ra tio n an d tn 川spo rt o f G A BA BR I to th e

Plas m a rn e m bran
e ,

re sultin g in hi g h
- a伟 n ity G A BA bin d

-

in g an d G
一

pro te谊 ac d v ati o n 〔即〕
.

M田 tin e t a z〔如〕

dem on s
tla ted th at trie FLAG

一

tag g ed G AB A B
RZ 15 loc al

-

ized to th e P]as m a

me m b n u le in tr 田ls

fee te d CO S c e lls
.

玩dee d
,

e o u v e e t a z(9 1〕re een tly ren
o rt ed th a t

ree
o

毗i
-

nan t G AB A BR la

rec
e Pto rs are re ta lned in th e en

do Plas 而
e

re ti eu lum an d fa il to 沈ac h th e e ell su ri油ee w hen in tro
-

d u ced in to CO S c e lls an d HE K2 9 3 eell s :

Pe th ap s ,

C AB A BR I req
u
ire

s a t份ffi eki n g fac to r o r bin d in g Part n e r

to 化砚h th e Ce ll Su ri五Ce
.

efl七e to r syste ms
,

d isP lay inhibitio n o f fo rs ko lin
一
stilllu lat

-

ed a de nylate
cyc las e ac ti vity

,

an d rob
u st c o uPI吨 to in

-

城回
~

政tifyin g K + c han n els〔‘
一田

,

, 〕
.

仆
。 physie时 in

terac
-

ti on be tw ee n G AB A B R I an d G A BA B

RZ
a PPeaI’s to be es

-

sen tial fo r

the co uP 如9 of G A BA B

rec eP to rs to K 十

ch an
-

n els
,

g iv e n th at G AB A BR l a ,

G AB A B R lb an d

G AB A B
RZ alo ne do

n o t ac tiv ate K ir3 e hann
e ls e ffi eien t

-

fy
,

b u t e o 一 e x Pre ssio n o f th ese

rec eP to rs yield a ro b u st

eo uPli n g to th e K
+ ehan n els

.

In eo n tr as t
,

ho wev er
,

G AB A B

RZ by its e if 15 su ffi eien t to dee re as e fo rs ko lin
-

st

imu
lated

e ye li c A NIP Pro d u c tio n , sinc e
bo th G A BA B R I

an d G AB AB RZ in d u c e th e re sPo n se to th e s

am
e ex ten t as

G A BA B

RZ al o n e ,

in d ic a
tin g th a t th e hete ro me ri c as s

em
-

bly 15 n o t 代润u
ire d fo r in hibitio n o f ade ny lyle yc las e ac tiv

-

i妙〔印〕
.

仆
e hu

man
G A B与咫 g e n e ,

d istin
e t

from
th e

G AB A BR I ge n e ,

an d loc a

ted
o n ehro mo

s

om
e 9 q2 2

.

1
,

c fo se to th e g e n eti e d iso rd er he

red it甲万 se n so ry n euro p a thy

ge n e
(9 q 22

.

1 一 9 q2 2
.

3 )
,

has rec
en tly

bee
n i由n ti

-

fi曰(卯〕
.

It d i价rs 加m 山e G ABA B R I 谊 hav in g an ad
-

d itio,n al 80 alnm
o ac id s in th e c

atb
o x y

一

te
rrm

n al tai l
,

an d

it n e g ati v ely eo uPles to ad en ylyl eyelas e in re sP o n se to

ag o ni sts su eh as G A BA
,

bac lo fe n an d 3
一

amin
0 Pr0

Py l

(me th yl ) Ph
o sphin ic ac id in C H O ee lls la c k in g

G AB A BR I
·

认币ilst thi
s 15 5

俪lar to th e fi n ding
s of

勘
n er e t a z(田 ] wh

o 时5 0

ren
o

耐 th at G AB A a

咫 al o n e

ne g at iv ely eo uPles to ad en ylyl cyc las e in tran s
feC te d ee lls

,

认币ite e t a z〔的〕
, o n 山 e o th er han d

,

re port 比 th at

G A BA B

RZ do
es n o t e o u Ple to ad en ylyl

,

eyc las e
.

On
e

Po ssible e x Plan a ti o n fo r
thi

s d isere Pan ey 15 th a t d i月贻re n e es

in th e lev els o f G Pro te in e x Pre ssio n b etw e e n di fl七re n t eell

llne s eo u ld re su lt in d lfl七re n ee s in efl七eto r eo u Plin g
.

LOCAL IZA T IO N OF G AB A B R I AN D G A B A B R Z

P R O T E I] NS

G AB A B R I A N D G A B A B

RZ FU N CTI ON A S H E T
·

E R O D 取竹E R S

G A BA BR I a lld G AB A B

RZ he tero d川lers co 叩le to

In the
stri atu山

,

G AB A B R I b u t n o t G AB A B

RZ
n 1 R

-

N A tr a n sc ri p ts
are de tee ted

,

w hi lst th ey are bo th co
:

ex
-

Pre ssed in v
硕o u s b rai n re g io n s su e h as th e

Pu rki nj
e c ell

lay e r o f th e c ere be lltnn
,

w here as n o sign al 15 de tec ted in

小e 印认al e

orct 〔卯〕
.

几巾即s
此 latte

r 15 n o t 50 u n ex pec t
-

ed sin ee a bac lo fe n 一

in se n siti v e an to roc eP to r has be en

ro un d in 山。 s
Pi

n al 。

orct 〔65 ]
.

怂
s

unun
g 山at 。ei山er

G A BAB R I n o r G AB凡RZ 15 而
5

rec eP to r ,

it 15 po
ssib le

th at o th er G A BA BR gen es hav e yet to b e di seo v e 代月
.

It

has bee n sho

wn th at G AB AB R I m R N A ex Pre ssio n 15

m o re w ide sPre ad th an th at o f G ABA B

RZ in so m e

are as o f
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the br ain
,

an d has an e
arl ie r o n set : su ch a de lay ed de v e l

-

叩m en tal e x Pre ssio n of G A B与RZ m ay e
on tri bu te to a

m atu rati o n o r G A B凡 re e印tor
s(88 〕

.

玩由e d
,

山ere are
so

me re g io n s , su eh a s can date / Pu ta ln e n ,

w he re

GA BA BR I 1llR N A 15 ab u n dan t a n d G A BAB RZ m R N A 15

u nde te c tab le
,

b u t in are as e x PI℃ssin g G A B戈R2
,

G A BA声1 15 e
xP re ssed in a m ajori ty o f the

s

ame
neu

-

ro n s
, su g g estin g th at n

ati
v e

rec eP to rs

are he te l, o d lln ers in

th ese e e lls〔哭〕
.

玩 th e re tinal gan gh on
eell l叮er

,

w here

G A BA B

RZ
1ll R N A 15 loc ali ze d侧

,

the lat ter may reP re
-

se n t o n e o f th e tw o tyPes o f G AB A B re eeP to rs th at hav e

b ee n e a rlie : d e te c

teti 〔93 〕
.

们le ele v a te d lev e ls o f G A BA B

re ceP to r n 1R NA in the
n u e le u s o f the

so li t田y tra c t o f hy
-

Pert
e n siv e

皿
5 Po in t to an u Pre gu la tio n o f G A B凡 rec eP

-

to r fu n c ti o n w hieh c o uld lead to al te ra tio n s in e ard io v as
-

eu lar 允n c ti o n in e

hro ni c h yp
erte

n s沁n (叭〕
.

玩 山e e ac
-

n
M

,h

mou
se

mo d el w hic h n

rov ide s i“云iohts m to mo
le c u lar

In ec n
am rm

s u n a e rlyln g aD sen c e :selz u re s ,

m e 匕八”枷 re
-

ceP tor 1llR N A e x PI℃ssio n 15 sig ni fi e an tly in c re as ed in n eu -

ro n al Po Pu lati o n s o f 8 w e e k
一 o ld 而

e e ,

rai
sin g th e Po ssi

-

bility th a t
the

se

rec eP to rs m ay Play a Piv o tal ro le in th e

g ene rati
o n o f ab se n c e seiz u re s 谊 thi s s

俪
n 〔95〕

.

G A B A B R E CE PT O R H E T E R OG E N E ITY

T lle iso lati o n an d fu n c lio n al e harac te ri z ati on Of

G A BA B

RZ m ay in di e
ate

, a t leas t in
‘

Part
,

mu ltiPle

G A BAB re ceP to rs o f d isti n et Ph
ann ac o lo g ic al se n sitiv iti e s

.

Th
e s

tru
etu ral fe atu re s ,

Pa tte n l o f e
xP re ssio n 出ld Plas m a

m eln bran
e t

arg
eti n g o f G A BAB RZ d isti n

gn ish it fro m

G A BA BR I
,

ag ai n su g ge sti ng the Po ssibili ty o f G A BAB
re c eP to r su b tyPe s ,

an d e
on

sisten
t w ith a

mo del in wh ic h

eith er ho m o m eri
e o r he tero lllell c GA B A B re eeP to rs m ay

e o u
Pl

e to d iffe ren
t c el lu lar sig n al tr a ll s

du
c ti o n syste I’nS

山m u gh d i月七re n t c ellu lar e
吮

c to rs
.

De fi n in g G A B凡 re
-

c e Pto r sub tyPe s 15 a m ajor ste P to w ard s a b ettel, u llde l, -

stan din g o f th e Physio lo g ieal ro le o f G A BA B

ree eP to 招 in

n o
rm al an d Pa tllo !o g ic al sta te s

.

M tlltiPle G AB A B

reC
eP

-

tor
su btyP

e s in v
硕

o u s b ra ill syn aP se s hav e bee n su g g est
-

ed (64
,

% 一 10 1〕
,

w ith a s
tro

n g roc
u s o n d ifl七re n ees b

etwee
n

pre
一

an d p o stsyn叩tie rec eP to rs 〔卯
,

100
,

1能
,

l胎〕
.

A nu mb
e r o f Ph~ ac o lo g ic al ly d istinc t G A BA B re

-

c叩tor
s , e ac h inhi biti n g a d lfl笼re n t tran smi tte

r has b ee n

d e ln o n stl,a ted in syn aP to s

om al PreP
a r atlo n s ,

as w ell as

m u ltiPle re ceP to rs e
on tro llin g ad en ylyl e ye lase

adt iv ity
,

bas ed o n d iffe ren
ti al sen sitiv ie s to ag o ni s ts an d an tag

o -

nis 澎97, 删
一

105 〕
.

5

~
G A BA B re ceP tor

a llta g on ists di f--

企re n ti all y a fl七ct G AB A re le as e at an to l℃ceP to rs an d 珍
-

le ase of oth er neu ro tran
s
而tte rs at he te ro

一

re ceP to rs[ sl, 闹
,

w hilst o th ers di sP]ay a d i月七re n t ra n k o rd er o f re la tiv e Po
-

te n eies o n bac lo fe n 一

in d u c ed in hibiti o n o f fo r sko lin
一 sllln LI-

late d c ye lie A MP Pro d u e
tio

n in rat
eo rti e al slie es

,

w hen
e o lllPa re〔1 to th eir reP

o
rte d bin d in g a ffi n ite s at G A BA B re

-

c ep to r site s(97
,

1肠〕
.

玩 山e d o rs al ho m o r the ra t sso late d

sPin al c o rd
, a

Ph
o sPhin ic ac id an tag

o ni st C G P 5 6望刃A

blo eks bac lo fe n 一

in du
eed in hibiti o n of G AB A an d su b

-

s

tan
c e p re leas e ,

wi th o u t

affe
eti n g g lutam

a te re le as e (107 〕
.

Ex te n sive re v iew s o n G AB A B re c叩to r hete ro g e n e ity 撰
av ail abl

e

els
e

wh ere 呱践38, 刘
.

U sin g e le c tr0 Physio lo g ieal tec腼qu e s in th e n e oc o r-

tex
,

Pre s
yn ap ti e G AB A B

reC
e Pto rs m o d u lati n g P姗d

Pu lse de Pre ssion are di stin gu ished fi .o m Po sts yn叩tic re
-

e叩tors by the ir an ta go ni st se n sitiv i妙(1呢〕
.

月 5 0 ,
th l℃ e

or 1110 1℃
Ph ~ ac of og ic all y di s

tin ct G A BA B re ce p to rs are
fo u

nd wt th in th e d o rso late ra l seP tal
n u c leu s ,

w here th e re

m ay b e at leas t o n e Pre synap ti c site o n a g lu t
am

a terg ie

te

tTmn
al v ers u s tw o p o sts yn叩ti e

rec 叩to rs ([0 1〕
.

仆
ese

are di s
tin gu ished by th e ir Ph axm ac o lo g ical se n sitiv ity to

G A BA B

ree eP to r ag o ni st s an d an tag
o ni st s

.

Fu rth ~ ore
,

th e
po

sts yn aP ti c re c eP to rs w ithill 而
5 n u e le u s

are
sho w n to

b e e o uPled to di s
tin

c t K + eo
nd

u e

tan
c es ,

in a g l-e en l en t

w ith a pre vio u s stu dy w here 外am
e t a z(l咫] ren

o

耐
山at

s
yn ap ti e an d e x tn 巧yn aP ti e G A BA B re e ePto rs m ay be c o u -

Ple d to di ffe ren
t K

+ chann
els

.

Th
e latter ex Pe

rune
n ts in

-

di e
ate th at syn aP ti eal ly re le as ed G AB A o n ly ac ti v

ate s bar
-

iu lll~ se n sitiv e K + eo n d u c ta n c es ,

in eo n trast to e x o g e n o u s

GA BA w hic h c an ac ti v ate bo th bar itlln
~ sen siti v e an d in

-

sen siti v e K
十 c h

ann
e ls

.

Th is le ad s to th e Pro Po sal th at

G A BA B re c ePto rs o n sub syn aP tic sites

are
eo u Pled to bari

-

u
m-

sen siti ve K + eo n d u c ta n c es ,

wh ilst G AB A B re c e Pto rs

o n e x tras yn ap ti e site s

are
c o u Pled to bari

um
一

in sen siti v e

K 十 eh
ann

els
.

T w o d l月七re n t tyPe s o f G AB A B

reC eP to rs

w i由 hi gh an d low
affi n iti es fo r bac lo 允n m 诫

a te e aZ
十

eu

rre
n t 加肺itio n in 小al am oc o丙eal n eu ro n s〔l田〕

,

b u t

wh
eth er

面
5 re fle

c ts tru
e re eeP to r hete ro g en eity 15 ye t to

b e de te rm in e d
.

FU T U卫五 PR O SPEC T S

A ttelllPts hav e bee n 1llad e to d eve lo P hi g hly Po te n t

e o ln P0 u n d s ac ti v e at G ABA B

rec eP to r site s w hi e h w ill

op
e n u P n

ew av e n u es o f Physio lo g ic al an d th e

raP
eu ti e tar

-

g e ts fo r
thi

s e la ss o f ree eP to rs
.

Al th o u g h bac lo fe n 15

u sed to tre at sPa stieity
,

w ith sed ati on an d to le l,a llc e as

】in litin g side
一 e到七c ts

,

it has n o t ac hi eved c o n v e n ti o n al u se

as an an al g esic 吧 e n t in el涌
e吐 prac d ee (1 1 0〕

.

Re
c e n uy

,
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a Po ten t G AB A B re e eP tor ag o ni st ,

CG P 44 5 3 2
,

ha s bee n

sho

wn to b e 盖飞 s u bs tan ti al ly mo re e
ffe

c ti v e an al g e si e ag en t

th an bac lo fe n itse if in a chro ni c pain mo d e l ( fo rm ah
n

h in dP aw inj
e e ti o n )

,

in bloc kin g n e u r o ki nin
一

1 rec
e pto r

g en e ex Pre s sio n w hich me di a te s n o e ic eP ti ve s e n so ry in ft 〕r
-

m a tio n in 此
sp认沮 c o记 ( 11‘〕

.

伽
s ,

G AB弋 ree
e p to r

ag o ni s ts w ith e
nh anc

e d an al g e si e ac ti v ity an d n lin jlllal

se d at iv e an d to le r a llc e e月七c ts e o u ld b e e lha e al ly u se fu l in

ch ro ni e Pai n m an ag e

men
t

.

O the
r P

romi
s

ing Ph arln
a -

e o th e

raP ie s an d stm te g ie s m ay b e e x te lld e d to e o e

ain
e ad

-

d ie ti on (10 1
,

112 一 1 1 4〕
, e o

脚ti o n

娜aum en t〔1 1 5〕an d 的s

enc
e

s e i
zure

s ( 1 ]6〕
.

In th e Pas t ,

G AB凡 re e e Ptor e lo ll in g has Pro v ed to

b e e xc e Ptio n al ly di ffi e u lt an d slow du e to a lac k o f su it
-

ab le li g an d s ,

b u t s in e e th e seq u e n e e w as rec en tly re
-

ve al ed
,

th ere has b e en in e s cap ab le in te re st in G A BA B re
-

c eP to r he te n X lu刀 e r s as me di at ors of si gn al tra n s
du cti on

m e c han isms
.

Th
e re 15 110 w re as o n able ev ide n e e to su P

-

卯找 th e v ie w th a t
mu ltiPle G ABA B re e eP to rs re le van t to

c o n
tfD lli n g the re le as e o f di ffe re n t n e

uro
tr al ls
而tter tyPe s

e x is t
,

b u t w h e th er the
s e s u b tyPe s be ar a re lati o n shi P to

G AB A BR I o r G A BAB RZ is o fo rm
s l℃ In ai n s to b e de ter

-

n lln e d
.

Su b s

tan
tial in sig hts 而g h t be gain ed fro m g e n e

targ
e tin g in kn

o e
ko

u t e
xP

e r任n e n ts u sin g G ABAB re e eP tor-
de fi e i e n t an in lal m o d e ls th at al lo w e l硕 fi e at io n o f s o llle

as Pe e ts o f G ABAB re c eP to r h e te ro g e n e ity at th e

mo le e u lar

le ve l
.

It 15 s ti ll n o t c le ar Wh
a t G A BA B R I 田ld

G A B A B
RZ re Pre

se n t in re lati
o n to th e ir Phys io log ie a l v er

-

s u s Path
o lo g ie al fu n e ti o n s ,

or if di ffe re n t iso fo rTns
c au sed

by al tern
ati ve sPli c in g o r re g t lla te ( 1 by Po s t

~ tra 们s e ri Pt io n al

Pro c e ss ing
c o u kl e o n tri b u te to d l月七re n e e s in th e ir Ph

arm
a -

c o lo g i e al an d fu n e ti o n al e h田旧c te risti e s
.

T hls re ln a ln s an
e n tir e ly op en 五e ld o f in v e sti g ati

o n
.

NO
n e th e le s s

, e x e it
-

in g an d c hal le ng in g ad van e e s hav e a dd ed n e w 11llPe tu s to

G AB A B re c eP to r re s e

are h
,

p r o v o k illg m u ch 川te re st in th e

c o n ti nu in g d eve lop me
n t o f se lec ti ve age n ts as n e w t田名e ts

fo r sPe c ifi c the ra Pi e s s u e h as dru g ad d i e ti o n , n o e ic eP ti o n

朋 d ab se n Ce s e i z u re s
.

A CKN O俩工E D G EM IE N T S T o th e A u s tr ahan R e -

se

are h Co
un

c il ( A R C ) fo r
fm an e ial s u ppo rt

.

Je lln ifer
O N G 15 an A R C Se ni o r

Re
s e

arc h Fe llo w
.

W e

are g ra te -

fu l to D r 5 B e劝 5 fo r th e illu s tm tio n s
.

m a ti o n fr o lll gl u t山 1llc ac id
.

J B io l Che m 1950 ; 18 7 : 5 5 一

63
.

3 Ot su ka
M

,

Iv e rs en LL , H al l ZW
, K ravit z E A

.

R e le as e of 笋

am in o bLl

tyri
e ac id fr 0 I I刁 Inhi blto ry n erv e s of lob ste r

.

Proc N ad

Ac ad S e i U S A I性廷石 : 历
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.

4 C u rt is D R , D u g g a ll AW
,

Fe lix A ,
」。】1 llsto n G AR

.

G A B A
,

bi e u e u伍ne 田ld c e lltr a l lnhi b i ti on
.

N at u l℃ 1 9 7 0 ; 2 2 6 : 12 2 2 一

4
.
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