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研究の 概要と今後の展開

ATP 感受性 K
十

チ ャ ネル は ､ 細胞 内の A TP 濃度の 高い ときに閉 じ 低 い と きに 開

くチ ャ ネ ル である ｡
こ の 間閉によ っ て細胞膜を横切 る K

+

イオ ン の 流れ が制御さ

れ ､ 生 じる膜電位 の 変化を通 じて細胞膜の興奮性が調節される ｡ これ まで に我 々

は ､ 臆β細胞 の ATP 感受性K
+

チ ャ ネ ル が ､ A B C (A T P
- b i nd i n g c a s s et t e) 蛋 白の

仲間 で あるSUR l ( ス ル フ ォ ニ ル 尿素受容体1) と 内向き整流K
十

チ ャ ネ ル の 仲間

の Ki r 6 . 2 か ら構成される事 を示 し ､ 血 中グル コ ー

ス 濃度に応 じたイ ン ス リ ン の

分泌調節に か かわる ことを示 した ｡ また､ 心臓 .

骨格筋で は ､ S U R 2A と Ki r 6 . 2

分子 が 同様 の チ ャ ネ ル を構成 し ､ 虚血時や低酸素時の筋機能の 保護の ため に

働 い て い ると考え られて い る o さ らに 血管系で は ､ S U R 2B と Ki r6 . 1 が
､ 類似 の

チ ャ ネル を構成 し ､
エ ネル ギ ー 状態 に応 じた血管の収縮弛緩に関与する こ と が

示 唆 され て いる ｡

一 方 ､ ミ ト コ ン ドリア に も類似の AT P 感受性 K
+

チ ャ ネ ル が存在 し ､ 細胞 内の

A TP 濃度に 応 じた エ ネル ギ
ー 産生の 調節を行 っ て いると言われ て いるが ､ その分

子的実体は ､ 知 られ て い な い ｡ 我 々 は､ 今 回の 科学研究費補助金 によ り ､ T 細胞

白血病株J u rk at 細胞よリ ミ ト コ ン ドリア 内膜を調製 し ､
パ ッ チク ラ ン プ法 に よ

り ､ チ ャ ネ ル 活動 の 記録 を試 み た ｡ 同ミ ト コ ン ドリ ア に 観察されるチ ャ ネ ル の

なか に ､ 2 mM A T P によ り活性 が抑えられ K
+

イオ ン に 選択性が高く 単 一

電流 の

コ ン ダクタ ン ス が 55 pS の チ ャ ネル を見出 した(p . 5) ｡ こ の チ ャ ネ ル の キネテ

イ ク ス は ､ K i r 6 . 1 が構成するチ ャ ネル の もの に似か よ っ て おり ､ 今後こ の チ ャ

ネ ル と Ki r 6 . 1 との 関係 , また SUR に相 当する未知の 分子 に つ い て の解析 を行 い

た い ｡

また ､ K i r6 . 1 の 遺伝子欠損 マ ウス を作成す ると ､ 心臓の 障害と思われる症状

で 誕 生 前 後に 高頻度 た死 亡 す る こ とが分 か っ た ｡ し か し 心筋細胞膜で は ､

Ki r 6 . 2 と SU R 2 で 構成される ATP 感 受性 K
+

チ ャ ネル の 活動は観察されるが ､

Ki r6 , l 様チ ャ ネ ル の 活動 は観察されない . 今後の Ki r6 . 1 と ､ 心臓の 障害 ､ さら

に ミ トコ ン ドリア で の チ ャ ネ ル の 発現 に つ い て の 関係を究明 した い ｡

一

方 Ki r6 . 2 と SU R l で 構成 され るチ ャ ネル に つ い て
, その cA M P 依存性蛋白リ

ン 酸 化酵素 ( PK A) による 各サ ブ ユ ニ ッ トの リ ン 酸化 と機能調 節 に つ い ての 詳

細な解析を行 っ た ｡ その 結果 ､ K i r 6 . 2 分子とSUR l 分子 は ､ それぞれがPKA に よ

るリ ン酸化 を受 け､ 独自の 機能修飾が 行われる こと を解明 した ｡

さ らに′､ t r o gl i t a z o n e
､ pi o gl i t a z o n e

,
K A D - 1 2 2 9 な ど､ 新し い 抗糖尿病薬の ､

K i r6 . 2 と SU Rl
,
S UR 2 A

,
S U R 2 B それぞれ の 分子 で 構成されるATP 感 受性K

+

チ ャ ネ

ル へ の 作用を検討 した ｡ これ ら の 研究はともに ､
K i r 6 . 2 によ っ て 構成されるチ

ャ ネ ル の 機能 ･ 性質の 解析と して 重要 で ある ばか り で なく ､ 今後 ミ ト コ ン ドリ

ア の AT P 感受性 K
+

チ ャ ネル の 構造 と機能 の 解析を進 める上 で も ､ 大 い に有効で

ある ｡

･ 4 -
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E c r e m 七 ･s Ⅶ触u m 紬s
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A T P -

s e n siti v e p ot a s si u m ( K A T P) c h a n n el s pl a y i m p o rta n t r oユe s i n m a n y c ellul {1∫ fu n cti o n s s u c h

a s h o m o n e s e c r e ti o n a n d e x cit a biliq ( of 11ユu S Cl e s a n d n e u r o n s . C l a s si c al A T P _ s e n siti v e

l n t a S Sj u m ( K A T P) c h a n n el s a r e h e t el
-

O m ulti m e ri c m e m b r a n e p r o t ei ll S C O m P ri si n g th e p o r e -

f o r mi n g K ir6 ･ 2 s u b u nits a n d th e s ulf o n yユu r e a r e c ept o r s u b u nits (S U R l o r S U R 2) . T h e

m oJ e c ul a l
･

m e C h a mi s m by w hi ch h o r m o n e s a ･n d n e u l
･

o tr a n s mi tt e r s l rl O d L
･

1l a t e K A T P C h a n n el s vi a

p r o t ei n ld n a s e A (P 旺A) i s p o o rly u n d e r s t o o d ･ W e m u t at e d th e P E A c o n s e n s u s s e q u e n c e s o f th e

h u m a n S U R
◆

1 a n d K ir6 ･ 2 s u b u nits a n d t e st e d th e h
t

p h o sp h o lγlati o n c ap a citi e s i n X e l W P u ･S

o o c y t e h o m o g e n at e s a n d i n i nt a ct c ell s ･ W e id e n tifi e d t h e si t e s r e s p o n sible fo A
･

P 旺 A

p h o sp h o IY ) ati o n i n th e C -t e r mi n u s o f K j r 6 ･ 2 (S3 72) a n d S U R l (S 1 5 7 1) . Ki r6 .2 c a rl b e

p h o s p h o lyl at e d a t it s P K A p h o sp h o I Yl ati o n sit e i n i n t a c t c ells afte r G -

p r o t ei n ( G s) c o u pl ed

r e c e p t o r o r dir e c t P K A sti m ul ati o n ･ W hile th e p h o sph o lγ】ati o n of X il
･

6 . 2 i n c r e a s e s c h a n lユeユ

a c ti vit y , th e p h o sp h o rylati o n of S U R I c o nt ri b ut e s t o th e b a s al c h a n n el p r o p e rti e s b y d e c r e a s i n g

b u rs t d u r a ti o n , i n t e l
･

b u r st i nt e n ' al a n d o p e n p r ob ability , a n d al s o i n c r e a s l n g th e n u m b e r o f

ft )n c ti o n al c h a n n el s at th e c ell s u rf a c e ･ M o r e o v e r
･
th e eff e c t of P 旺A c o uld b e mi mi c k e d b y

i nt r o d u c l n g n e g ati v e c h a rg e s i n th e P K A p h o sp h o lγ1 ati o ll Sit e s ･ T h e s e d at a d e m o n st r ate 血
･

e c t

p h o s p h o ryl ati o n b y P K A of th e K ^ T P C h a n n e l ,
a n d m ay a )(pl ai n t h e m e c h a n is m b y w hic h G s

p r o tei n c o u pユe d r e c ep t o rs s ti m ul at e c h a n n el a cti vity ･ Ⅰm p o rt a n tly , th e y al s o d e s c ri b e a m o d el o f

h et e l
･

O m ulti m e ri c i o n ch a n n el s i n w hic h th e r e al
･

e f u n cti o n ally disti n ct r ol e s o f th e

p h o sp h o r yl ati o n o f th e diffe r e n t s u b u nit s .

-
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S lg n al s 伽 o u g h p r ot ei n p h o sp h o IY ]ati o n i s a n

i m p o rt a n t e v e n t th at c o n ･tr ol s a w id e v a rieり' of c ell ul (Tu
'

f u n c ti o n s (L e vit a n et al l

, 1 9 9 4) ･ M a ny

cl a s s e s of i o n s c h a n n els , i n cl u di ng C a
2

1 N a
+

,
a n d K

+
c h a n n els (

,

u
･

e r eg ul ate d by p r ot ei n

p h o sp h o IT lati o n (L e vita n e t al ･

, 19 9 4) I T h e m o st c o m m o n m e ch a rd s m s of p h o spb o ryl ati o n of

i o n c h a n n el s a r e m e ･di at ed b y p r otei n Ld n a s e A (P
･

K A) a nd pr ot ein ld n a s

-

e c (P K C); th e

p h o s p h o rylati o n b y P K A alld P K C o n s e ri n e a n d 山 e o ni n e r e sid u e s alt e r ch (Tu - n et p r op e rti e s b y

ln O dify i ng th e ki n etic s a n cV o r th e n u m b e l
･

O f a c ti v e ch all n el p r e s e n t at th e pl a s m a m e m b r a n e

(J o n a s a lld K a c z m a r e k
,
1 9 9 6) ･ D e spit e e x t e n si v e st u die s o

'

f th e p h o sp h o rTl atio n 血 n cti o n

r el a ti o n s hip s of i o n c h a n n el s ,
u ttl e i s l w o w n of disti n ct r ole s f o l

d

th e p h o sp h o rylatio n of th e

diff e r e n t s u b u nits i n th e m o d ul a ti o n of h ete r o m ulti m e ri c i o n ch a n n el s .

K A T P C h a n n el s c o u pl e c ell m e t ab olis m t o m e m b r a n e p o t e n ti al i n m a ny ty p e s of c ell , a n d

p a rti cip ate i n a v a ri ety of c ell ul ar f u n cti o n s i n cl u di n g h o r m o n e s e c r eti o n ,
v a s c ul a r s m o o th

m u s cl e t o n e ,
a n d e ブこCit ability i n n e u r o n s a n d m u s cl e s ( A s h c r o

'

ft , 1 9 8 8) ･ I n p a n c r e ati c β- c ells
,

th e K A T P C h a n n el is c ri ti c al f o l
･

gl u c o s e - a n d s ulf o nyl u r e a
-i n d u c e d i n s uli n s e c r eti o n (C o o k e t al l

,

1 9 8 8) . I n d e e d
,

m u t ati o n s of th e K A T P C h an n el w hi c h r e s ult i n l o s s o f its fu n c ti o n l e a d t o f a 血1i al

p e l
･

S is t e n t hy p e ri n s uli n e mi c h yp o gly c e mi a ( T h o m a s e t al l

,
1 9 95; K a n e et al ･ , 1 99 6) ･ I n

a d diti o n
,

w e h a v e r e c e n tly f o u n d th at th e r e i s al m o st n o i n s ulin s e c l
･

e tO ry r e sp o n s e t O eith er

gl u c o s e o r t h e s u l
･

f o n yl u r e a t olb ut a 血 d e ill I( A T P Ch a n n el - d efi ci e nt mi c e ( M ild et al ･ , 1 9 9 8) ･

c l a s si c al K A T P
C h a n n el s c o m p ri s e th e i n w al

･

d r e ctifl e l
･

Kj l
･

6 ･2 s
'

u b u nits 't nd s ulf o n yl u r e a

l
･

e C e P t O r S u b u nits (S U R l o l
･

S U R 2) ,
w hi c h b el o n g t o th e A T P - bi n din g c a s s ett e ( A B C)

s u p e rf a mi 1y wi th ( w o n u cl e o tid e bin di n g f old s (N B F - 1 a n d N B F - 2) (B ab e n k o e t al ･ , 1 99 8 ;

s ei n o ,
1 9 9 9) . H e t e r ol o g o u s e 叩 r e S Si o rl S t u di e s s h o w th at diff e ri n g c o m bi n ati o n s of K ir6 ･ 2 a n d

s u R l o l
･

.

S U R 2 (S U R 2 A o l
･

S U R 2 B ) l
･

e C O n Sti h t e K A T P C h a n n el s wi t h distin ct n u cl e otid e

s e n sitivitie s a n d p h a r m a c ol o gi c al p r o p e rti e s (h a g ald et al ･

,
1 99 5; 19 9 6 ; Is o m o t o et al ･

,
1 99 6) ･

T h e p a n c r e atic β
-

c ell K A T P Ch a n n el is c o m p o s e d of K il
'6

･ 2 s ub u nits a n d S U R I s ub u nit s with

4 :4 st oic hi o m e try (
1

.B ab e n k o e t al ･

, 1 99 8 ; S ei n o
,
1 999) ･ W hile th e lG l

･

6 ･ 2 s ub L mi ts f o n n th e K
+

i o n pe r m e abl e p o r e ,
a nd a re th o u ght t o c o nf e r p ri m a rily i 血 bitio n b y A T P (T u c k e r e lt al ･ ,

1 99 7) ,
t h e S U R I s ub u n .h s a r e th o ug h t t o m e di ate the s ti m u ･1 a to IY effe ct of M g A D P ,

alld a r e t
t

h e

p rl m a lY t a rg et f o r p h a n n a c ol og l C al ag e n t s s u c h a s s ulfo n ylu r e a s a n d K
+

ch a n n el o p e n e l
､

S

( h ag ald et al .

,
19 9 5 ; N ic

'

h ol s et al .

,
19 9 6

'

,
G rib ble et al ･ , 1 9 9 7) I A lth o u g h del eti o n of th e C -
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-



t e r m i n u s of K ir6 . 2 (I(i r6 .2 A C 2 6 o r △C 3 6) p r od u c e s K A T P C h a n n el c Llr r e n tS i n th e ab s e n c e of

S U R I s ub mi ts ( T u ck e r e t al .

,
19 9 7) ,

b oth 鮎r6 .2 s ub u nit s a n d S U 良1 s ub u nits a r e n o m ally

r e q ui r ed f o 1
･

f u n c ti o n al e xp r e s si o n of th e β
-

c ell K A T P C h a n n el(I n ag ald et al ･

,
19 9 5) I

~Ⅰn ad diti o n 亡o b ei n g r eg ul at ed b y v ari o u s n u cl e otid e s , K A T P C h a n n el s a r e m od ul at ed b y

h o r m o n e s a n d n e u r otr a

'

n s mi tt e r s (D e W eule et al .

,
19 89 ; W eu m a n et al .

,
1 99 8) ,

a n d

a c c u m u l ati n
t ,

c r d at a i n dic ate th at i ntr a c ell ul a r sig n al s s u c h a s
.
G p l

.

O tei n s (S a n c h e z et al ･

,
19 9 8)

a n d p h o s p h atid yli n o sit ol -4
,5 p h o sp h at e (PI P 2) (S hy n g a n d N i c h ols

,
19 9 8; B a u k r o w it z et al l

,

19 9 8) m o cl ul at e K A T P
Ch '1 n n el a c ti vity . It h a s b e e n sh o w n t h at th e a c ti v iti e s of K A T P C h a n n els a r e

r e g ul at e d al s o b y p r ot ei n ld n a s e A ( 鮎b 山et et al ･ , 19 89; Q u a yl e e t al ･

, 19 94 ; W el lm a n et al l

,

1 9 9 8) . I n th e p a n c r e a ti c β-

c ell lin e s R I N m 5 F a n d H I T ,
f o r e x a m pl e

,
a;こO g e n O u Sly i ntr o d u c e d

P 虹A c atalyti c s u b u nits a cti v a t e th e K A T P Ch a n n els (R ib al et e t al ･ , 1 9 8 9) ･ I n a rt e ri al s m o o t h

m u s cl e a nd in v e n t ri c u l ar m y o c yt e s
,

th e K A T P C h a n n el s 'v e al s o a c ti v a te d b y G s - c o u pl ed

r e c ep t o r sti m ul ati o n o l
'

b y a dditi o n of e x og e n o u s p r o t ei n Ld n a s e A (Q u ayl e et al ･

, 1 9 94 ; N ots u et

al . , 1 9 9 2) . P h o s p h o ryl atio n . b y u nl m o w n ki n a s e s of th e s ulfo n yl u r e a r e c e pt o r i s al s o th o u g h t t o

m o d ul a t e th e e ff e c t o f di a z o xid e o n K A T P C h a n n el a c 丘v ity ( N iki et al . 1 9 9 2) , o r t o b e i n v o l v e d in

th e m ai n t e n a n c e o f c b a n n el a c ti v ity (Fi n dl a y a n d D u n n e
, 19 8 6) . H o w e v e r , th e m ol e c ul a r b a si s

o f P 旺A - m e di a t e d ph o sp h o l yl ati o n of K A T P Ch a n n els i s n o t k n o w n ･

D u e t o th e i m p o rt a n c e of P K A -

m e di a t e d K ÅT P Ch a n n el p h o s p h o ry l ati o n i n v a ri o u s

ti s s u e s
,

w e a tt e m pt e d t o id e n ti秒 th e P K A p h o sp h o IY ユati o n sit e s i n th e h u m a n p a n c r e ati c β- c ell

I( A T P C h a n n el ( K ir 6 . 2/S U R l) a n d h a v e i n v e stig at e d th e e ff e c ts of s u c h p h o s p h o l了I ati o n o n its

a c ti vity a n d ld n e ti c p r o p e r ti e s ･ O u l
･

bi o ch e mi c al st u di e s d e m o n str a t e di l
･

e C tly th at s e ri n e at

r e sid u e 3 7 2 of K il
1

6 ･ 2 a n d s e ri n e ht r e sid u e 1 5 7 1 of S U R l a r e b oth p h o sp h o lγl at ed b y P K A ･

W hil e t h e P K A sit e i n K ir6 ･2 c a n b e p h o s p h o ryl at e d i n int a c t c ells aft e r G -

p r o tei n (G s) c o u pl ed

r e c e pt o r o r
･ dil

･

e C t P K A sti m ul ati o n
,
S U R l is al r e a dy p h o sp h o ryl a亡e d b y P E A in th e b as al st at e ･

El e c tr o p h y si ol o gi c al a n aly s e s s h o w th at W hile t h e p h o sph o rylati o n of K ir6 ･2 i n c r e a s e s a c ti vity

of th e K A T P C h a n n el s , th e p h o sp h o ryl atio n of S U R l affe ct s c h 'T u l n el p r o p e r亡i e s b y d e c l
･

e a S l n g
･

b u r s t cl u r ati o n
, i nt e l

･

b u r st i n亡e Ⅳ al , a n d o pe n p r ob a bility ･ T h e s e eff e cts w e r e mi mi c k e d b y

int r o d u ci n g n e g ati v e ch a rg e s illt O P K A p h o sp h o ryl ati o n site s of K 止6
･2 (3 7 2 D) o r S U R l

(15 7 1 D) . T h e p h o sp h o ryl atio n of S U R l i s als o i n v ol v e d i n th e m ai nte n a n c e of fu n c tio ll al

e xp r e s si o l1 0f K A T P C h a n n el s a [ th e c ell s u rf a c 巳･

-

8
-
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E tv.e mllLilrrl C 9･ 伽 m 甜 l
'

Llhl e P)ht o 叩恥抑 叫伽 m sl
.

L虹色 伽 7P･R
.

0 1t C[m ll 伽 t% s .F; Å 荘1nl Bi
'

LLe ) 仙twL 乱m P -

c e M 拡A T l, CR M Lltll 旧偲Il ( W h最Ir応｡?～/S u m )

A n aly si s o f th e a mi n o a ci
.
d s eq u e n c e r e v e al s th e p r e s e n c e of t w o c o n s e n s u s si

.

c e s (T 2 2 4 a n d

s 3 7 2) f o r P K A p h o sp h o l
-

yl ati o n in th e c yt opla s mi c C ･ ･t e r mi n al r egi o n of h u m a n K ir6 ･ 2
,

且o d

f o u r sit e s (T 9 4 9 ,
S 1 4 46

,
S 1 5 0 0 , a n d S 1 5 7 1) i n h u m a n S U R l (Fig ･ 1) I W hil e

`

th e p utati v e site s

f o r P K A ･ p h o sp h o lγ1ati o n i n lu r6 ･2 a r e c o n s e r v e d a m o n g th e diffe r e n t s pe ci e s i de ntifie d t o d at e ,

th o s e i n S U R l a r e n o t c o n s e r v e d . S 15 7 1 is a h u m a n sp e cific site ,
w 山1 e th e oth e r sit e s a r e al s o

p r e s e n t i n r a t a n 〔l/ o r h a m st e r ･ B i o sy nth eti c l ab ellin g w ith
3 5
s l n e 血 o ni n e o f X e n 10 P u S O O C yt e S

e x p r e s si n g S U R I plu s wi ld -ty p e ( w t) K ir6 ･2 o r S U R I pl u s e a c h m u t a n t 旺il
-

6 ･2 sh o w ed th at w t

n r 6 .2 a n d all th e m u t a n ts 'Tu
･

e e x p r e s s e d a t a si mi l a r l e v el (F ig ･ 2 A
,
l a n e s 2 - 5) ･ T h e

p h o s p h o ryl a ti o n c a p a c ity b y P K A sti m ul ati o n w a s th e n t 氏st e d i n th e h o m o g e n a t e s ･ A j [ e r

i n rl m u n O P r e Cipit ati o n of K ir6 ･2
,

a n i n c r e a s e i n th e
3 2
p in c 叩 Or atio n u p o n c A M p ad diti o n w a s

d e t e c t e cl i n JY e l W P L' ･S O O C y t e S e x p r e s si n g w t Ki r6 ･2/S U R l (Fig ･ 2 B ,
c o m p al

.

e l a n e 2 w ith 4) ,

i n di c ati n g th a t m r6 ･2 b e c a m e p h o sp h o l
･

yl at e d i n r e sp o n s e to P K A sti m ul ati o n ･ A dditi o n of th e

s p e cifi c P K A i n hibit o l
･

班 -8 9 t o th e h o l n O g e n at e C O m Pl et ely ab olis h e d t h e p h o sp h o ryl ati o n (Fig ･

2 B ,
c o m p a r e l a n e 4 wi th 5) ,

c o nfi m h g th e sp e cifi city o f th e P E A - m e;di a一e d p h o s p h oiy l a ti o n ･

D e spite th e si mi l a r l e v el of e x p r e s si o 氾 O f w t K ir 6 ･ 2 ,
th e m u t a nt S 3 7 2 A

,
a n d th e d o u bl e m u ta n t

T 2 2 4j V S 3 7 2 A (Fig . 2 A) ,
th e p h o sp h o ryl ati o n o f b ot

.

h m u t a n ts w a s c o m pl e t ely ab olish e d (Fig ･

2 B ,
c o m p a r e l a n e 4 wi th 9 a n d l l) , w hil e th e T 22 4 A m u tati o n did . n ot affe ct t h e

p h o sp h o ryl ati o n of K ir6 ･2 (Fig ･ 2 B
,

c o m p a r e l a n e 4 wi th 7) ･ A b olitio n of th e P K A - tn e di at ed

p h o s p h o IY lati o n o f Ki r6 ･2 al s o w a s o bt ai n e d b y m ut ati n g th e s e ri n e 3 7 2 i n a sp a rta t e

( u n p u bli sh e d d at a) ･ T h e s e l
･

e S ult s i n cli c at e th at s e ri n e at r e si cl u e 37 2 of K i t
.

6 ･2 c a n b e dir e c tly

･

ph o sp h o ryl at e d b y P K A ･

A si 血1 a l
･

a p p r o a c h w as u s e d t o id e n ti
･

fy th e p h o sp h o lγ1ati o m sit e f o r P K A in h- ･
l rn a n a n d

r at s u R l . M e t ab olic lab elli n g wi th
3 5
s -

m ethi o ni n e sh o w ed th at th e 叩 re S Si o n l e v el s o f e a c h

s u R l m tlt a n t i n o o c yt e s w a s c o l n P a l
･

a bl e wi th th at of wi 1d -ty p e (Fig ･ 3 A , c o m p ar e l a n e 2 w ith

la n e s 3 -5) .
W ild -ty p e h u m a n S U R l b e c a m e ph o sp h o IYl ate d in r e sp o n s e l

'

･o P K A stil m ll ati o n ,

b u t w it(I - ty pe r at S U R I w a s n o t p h o sp h o ryl ated by P K A (r
l

.

ig ･ 3 B
,

c o m p a r e l Lu ･e 3 a n d 4 w ith

la n e 1 2 a nd 1 3
,

r e sp e c ti v ely) . T
'

h e ab oliti o l- 0
'

f th e S U R I p h o sp h o IYl ati o n by additi o n o
f

f th e

P K A i nhibit o r 朋 - 89 c o nfil
･

m ed P K A sp e cificity of th e p h o sp h o ryl ati o n ( 『ig ･ 3 B , c o m p a r e l a n e

ー

9
-



4 w ith 5) . B o th th e S 15 0 0 A a n d S 1 4 46 A rn u t a n ts w e re p h o s ph o ryl at ed to th e s a m e e xt e n t a s th e

w ild - ty pe ( Fig ･ 3 B
,
c o m p a r e l a n e 4 wi [h h l e 9 o r ‖) I Ill C O nt 1

-

a S t･
,
th e p h o sp h o IYl ati o n i n th e

S 15 7 1 A m uta n t i n r e sp o n s e t o P K A w a s c o m pl etely ab olis h ed (Fi g ･ 3 B
,

c o m p a L
･

e la n e 4 wi th

7) . P K A -1 Ti edi ate d p h o sph o IYl a【io n of h u m a n S U R I w a s al s o ab olish e d b y th e s ub stit uti o n of

s e ri n e 1 5 7 1 w ith a sp a rti c a cid ( u n p ublish e d d at a) ･ I n au p r ot ei n s th at a l
.

a k n o w n t o b e

p h o sp h o r)
71 at e d b y P K A , t w o p o siti v ely c h a r g e d ly si n e a n d/ o r a rg l ni n e i

-

e Sid u e s a r e p r e s e n t i n
-

2 a n d - 3 f r o m th e p h o sp h o 叫at e d s e ri n e o l
'

th
.

e o ni n e (P e a r s o n a n d 拡e m p , 19 9 1) . N eith e r r at

n o r h a m st e l
･ S U R I c o n t ai n s a P K A c o n s e n s u s ph o sp h o ryl ati o n sit e c o I T e SP O n di n g t o s e ri n e

15 7 1 i n h u m a n S U R l ･ A lth o u g h th e s e ri n e r e sid u e c o I T e SP O n di n g t o 1 5 7 1 i n h u m a n S U R l is

p r e s e n t i n b o th sp e ci e s , th e -3 fr o m 血s s e ri n e is n ot a p o siti v ely c h a l
･

g ed a mi n o a cid , b ut

gl u t a mi n e ･ A c c Q r di n gly ,
s e ri n e 15 7 1 i n h u m a n S U R l is s p e ci e s s p e cific a n d a u n iq u e Sit e f o r

P K A - m e di at e d p h o sp h o ryl ati o n ･

S i n c e p 1
-

O t ei n ld n a s e C (P K C) h a s b e e n s u g g e s t e d t o m o d ul at e K A T P Ch a n n eユ a cti v ib ′

( w ollh ei m e t al .

,
1 9 8 8) ,

w e al s o in v e s tig at e d in a si mi l
l

a r w ay t o fin d if K i r 6 . 2 o r S U R I c o uld

b e a di1
-

e Ct S ub st1
･

at e f o 1
･

P K C - m e di a t e d p h o sp h o ryl ati o n ･ A ft e r p h o rb o1 1 2 -

m y rlS t at e 1 3 - a c et at e

(P M A ) sti m u l atio n (10 0 n M ) of P K C e n d o g e n o u s ki n a s e s of X e f W P u S O O Cyt e h o m o g e n at e s
,

n eith e r K ir 6 ･2 n o r S U R I sh o w e d a rl in c r e a s e i n p h o? p h o ryl ati o n . A si mi la r r e s ult w a s al s o

o bt ai n e d in a difF e r e n t e x p r e s si o n s y st e m u si n g C O S - 1 c ell s ( u np u bl丘sb e d d at a) . T h e s e r e s ults

i n cli c a t e th a t n eith e r K ir 6 ･ 2 n o r S U R l is dir e c tly ph o sp h o ryl at e d b y P M A - s e n sitiv e P K C in a

l
･

e C O n S tit ut e d sy st e m .

P K A ･ m e d i 如 c d p h o s p h o R
l

yR a 軸 m 五m 地e h u m a ･m β･ c e m ⅨA T P C h 血m m e ‖ m 克m C a c屯 c e M s

Al[ h o u gh o L
'

u
.

d a t a i n dic at e cl e a rly th at p h o sp h o 吋1ati o n o c c u r s at s pe ci
.

fi e site s i n K A T P C h a n n el s ,

t o d et e n 血 n e if t h e s e sit e s a r e p h o s p h o l
･

yl at e d i n i nt a c t c ell s
,

w e tr a n si e ntly tr an sf e c te d C O S - l

c ells wi th eith e r h u m a n w t lG l
･

6 ･2 o l
･

rn u ta n t K i r6 ･2 S3 7 2 A C D N A t o g eth e l
･

W ith eith e r h u m a n

w t S U R l o 1
･

th e m u t a n t S U R I S 15 7 1 A C D N A , a nd te st ed th eir ability t o b e p h o sph o ryl at e d in

i nt a c t c ells aft e r P K A s ti m ul ati o n . h l L u
･

ltr a n Sfe ct e d C O S - 1 c ells
, n eith e r lG r6 . 2 n o r S U R I c o uld

b e d et e c t ed aft e r m e t ab o B c l ab elli n g w ith
3 5
s -

m e thio ni n e (Fig ･ 4 A a n d B
, l a n e 1) o r

3 2
p -

o rth o p h o sp h at e ( Fig ･ 4 C a n d D
,
1 a n e s ト3) ･ I n t√al- Sfe cted c ells

,
m et ab olic l ab elli ng w it h

3 5
s -

m e [hi o ni n e sh o w ed th at w t a n d m u t a n ts of b oth s ubしI ni[s w e王
.

e e xp r e s s e d at si 血1 a r l e v el s (Fi g .

4 A a n d B
,

c o m p a l
●

e la n e 2 w ith 3) . T h e p h o sp h o ryl ati o n o f w t l{J r6 . 2 b ut n o t th a( of 旺il
･

6 . 2

･

1 0
I



S 37 2 A w a s i n c l
･

e a S e d by sti m ul ati o n of C O S -1 c ells w ith f o r sk oli n a n d 3 -i s o bl ･lty トl -

m e亡yl 兄a nthi n e (rB M X) o r dib uty lYI cy clic ad .e r1 0 Si n e m o n op h o sp b at e (d b c A M P) (Fig .

∠l･D
,

c o m p a r e la n e 4 w ith la n e 5 o r 6 a n d al s o c o m p a r e la n e 7 w ith l a n e 8 o r 9) ･ Tlh s i n di c al二eS th at

s el
･

i n e 3 7 2 i n h u m

'

a n I(j l
･6 . 2 al s o c a n b e p h o sp h o rylat e d b y p

l

ⅨA in in t a ct c ells . I n c o n tr a s t ,
w t

S U R l i s p h o s p h o ryl ate d u n d e r th e b a s al c o n diti o ll (Fi g ･ 4 , 1a 鵬 '･I ･

) ･ W e c o uld n ot d et e c t a n y

sig nifi c a n t in c r e a s e i n w t S U R I ph o s ph o rTl ati o n ･ b y sti m ul ati o n w it h f o r sk o.li n a nd t B W 〔
'
'

o r

d b c A M P (Fi g . 4 C , c o m p al
･

e l a n e 4 w ith la n e 5 o r 6) I h ad diti o n
,

m u t ati o n of the P K A -

site

(S U R I S 1 5 7 1 A ) di d n ot re s ul亡i n a ny sig nific a n t d e c r e a s e i n p h o s p h o ryl ati o n i n t h e b a s a】. s t ate

( Fig . 4 C ,
l a n e 7) ,

a n d th e P K A inhibit o r H - 8 9 did n ot r e d u c e t his b a s al p h o s ph o [y lati o n

( u n p u blis h e d d a t a) ,
i n di c a ti n g th at b a s al p h o sp h o rylatio n is d u e t o u 血 o w n ld n a s e s r at:h e r th a n

P K A . r n c o n t r a s t t o Kir6 . 2
,

n o di r e c t P 虻A -

m e di at e d p h o sph o ryl ati o n o f h u lT l a n S U R l i ll i nta c t

c ells c o uld b e d et e ct e d .

T o d et e r mi n e if th e b a s al ph o sp h o ryl ati o n c o uld m a sk t h e P K A - m e di at e d S U R I

pl w s p h o ryl a ti o n , w e p e l
'

f o 1
･

m e d a t w o < li m e n si o n al p h o sp h o p e ptid e m ap p ln g a n d

p h o sp h o a mi n o a cid a n aly sis (P A A) u si n g th e i m m u n op r e cipit a t e d w t a n d m ut a n t h u m a n S U R l

f1
･

O r n t1
･

a n Sf e c t e d C O S - I c ell s w ith o r wi th o u t f o rs k oli n pl u s ⅢきM X sti m ul a ti o n . Dig esti o ll wi th

(ry p si n o f i m rn u n o p r e cipitat e d w t a n d th e m ut a n t S U R I S 1 5 7 1 A s h o w e d si mi 1a l
･

m a p s O f th e

p h o s p h o p e p tid e s ･ rt o w e v e r
,

o n e p e ptid e b e c a m e al m o st u n d et e c tabl e a
･

fte r th e dig e sti o n o f th e

m u t a n t S U R l , i n dic ati n g th at th e S U R I P 旺A - sit e is l o c at e d in th e p ep tid e ( u n p ublish e d d at a) .

Si n c e this p h o s p h o pe p tid e w a s d e t e c t e d i n th e n o n - s ti m ul ate,d st at e a n d c o uld n o t b e f u rt h e r

i n c r e a s e d aft e r P ⅨA stil n ul a ti o n
,
th e S U R I P K A - sit e mi g ht b e al r e a d y p h o sp h o ryl a亡e d b y P E A

i n th e b a s al st a t e i n i n t a ct c ell s . O n th e o th e r h a n d
, p h o s ph o a mi n o a cid a n aly sュs id e n tifi e d th e

p h o s p h o ryl ati o n o
･

f a u n iq u e S e 1
･

i n e r e sid u e
,

a n d b e c a u s e th e m u ta n t S U R l did n ot ab olis h 山 s

s e riユ- e P h o sp h o rylati o n
,

th e b a s al p h o s ph o ryl atio n c o uld b e d u e plコm ari ly t o u n k n o w n

s e ri n e/tt v e o ni n e ld n a s e s ( u n p u blish e d d at a) ･

T o a s c e l
･

t ai n i
.

f a r el ativ ely hi gh le v el of b a s al p h o sp h o ryl ati o n d u e t o u nk rl O W n kin a s e s

a n d/o r P K A a c c o u n l1.S F o r th e f ailu r e to d .ele ct a n i n c r e a s e i n P K A - m e di ated S U R I

p h o sp h o ryl ati o n i n i n ta c t c ells
,
w e eli mi n at e d p o s sible u n k n o w n c yt o s olic ki n a s e s b y pr e p a rl nB

a c r u d e m e m b r a n e p l
-

eP 'Tu
.

ati o n fr o m C O S - 1 c ells tr a n sf e cte ⊂]･ wi th th e w t K A T P C h ･a n n el

( K ir6 . 2/S U R l) ol
･

th e m u t al
･

lt K A T P C h a n n el ( Kir6 1 2 S 3 7 2/S U R I S 15 71 A) ･ Si n c e n o

pl1 0 SP b ata s e il 山 bit o r s w e r e i n cl ud ed d u r m g th e p l
･

eP a r a亡i o n
,
this p u rifi c ati o n s te p als o all o w ed

-

ili!
-



tlS t O Ob mi n a c o m p let ely d ep h o s ph o ryl ated S U R l ･ W e th e n c a r ri ed o ut a n
-.

i n vitl
･

0
"

p h o sp h o ryl ati o n a s s a y u s lllg th e e x o g e n o u s P 旺A c at al y tic s u b u nit ･ Alth o u gh a slig h t b a s al

p h o sp h o ryl ati o n w a s s till p re s e n t
,
d e spit e th e e xp r e s si o n l e v els of th e w t a nd m u t a n t S U R l

b ei n g s 血1 ar (F ig ･ 5 A
,
i n s e t 2 a n d 3) , th e a dditi o n of P K A s u b st a n ti ally i n c r e a s e d th e

p h o sp h o ryl ati o n of w t S U R l a nd n o t th at of m ut allt S U R I S 1 5 7 1 A ( Fi g 1 5 B , c o m p a r e l a n e 3

a n d 4 with l a n e 5 a n d 6 , r e sp e c ti v ely) . T his s u g g e sts th at h u m a n S U R I c a n b e p h o s ph o ryl at ed

i n C O S - 1 c ells at s e rュn e 1 57 1 b tlt , i n c o n tr a s t t o th e c a s e i n X e l W P u S O O Cy t e h o m o g e n a t e s , s u c h

P K A - m e di at ed p h o sp h o lγ1ati o n c a n b e d ete c te d o nly w h e n th e b a s al p h o sp h o IYl ati o n of S U R l

d u e t o u nlくn O W n ki n a s e s a n d P K A is l o w .

R e c e pt o r m e 戯 a C e d p h o s p h o ryA at五o m o = h e 払u m 訊m β･ C e且且 K A T P C h a m m c且 鼻血 C O S - 1

a n d M ‡N 6 c e且丑s

l n o rd e r t o b ett e r u nd e r st a nd th e p h y si ol o gi c al r ol e of t h e P K A -

m e di at e d p h o sp h oryl a ti o n of

IG l
･

6 ･ 2
,

w e e x a mi n e d t o fin d if th e a c ti v a ti o n of diff el
･

e nt G p r o t ei n
-

c o u pl e d r e c e pt o r s c o ul d le a d

t o a c h a n g e in K ir6 ･2 p h o s p h 叩 /1 ati o n ･ F o r this p u rp o s e , C O S - l c ells w e r e tl
･

a JI Si e n tly

tr a n sf e c[ e d w ith w t o r t h e m u t a n t ( K i r 6 ･ 2 S 3 7 2/S U R I S 1 5 7 1 A) K A T P Ch a r m el t o g eth e r w ith

v al
･

i o u s G p r otei n
-

c o u pl e d r e c e pt o r s ･ M et a b oli c l ab elli n g w i th
3 5
s - m et hi o ni n e o f C O S - 1 c ells

s h o w e d th at th e w t a n d r n ut a 皿t Kir 6 ･ 2 w e r e e x p r e s s e d at a si mi l a r l e v el (Fig . 6 A , i n s e t) . W e

th e rl d e t e l mi n e d w h e th e l
'

O r n ot Sti m ul ati o n w ith epi n e p h ri n e
,

w hi c h a c ti v at e s e lld o g e n o u s β2
-

ad r e n e 1
･

g l C r e C e P t O r S
･
1 e a d s t o p h o sp h o lγ1ati o n of K i r6 ･2 a [ its P 旺A p h o sp h o ryl ati o n sit e ･

S ti r n ul a亡i o n of P 2
- a d l

'

e n e r gi c r e c ept o l
'

S wi th e pi n ep h ri n e i n c r e a s e d th e p h o s p h o r yl ati o n o f w t

K ir 6 ･ 2 , b u t n o t th at of th e m ut a n t (Fig ･ 6 B , c o rn p a r e l a n e 9 a n d l l wi th la n e 1 0 a n d 1 2 ,

r e s pe cti v ely) ･ T h e
~

eff e c t of epin e
J P h l

'

i n e c o uld b e ab olish e d b y th e β- a n t ag o ni s t al p r e n ol ol

( u n p u blis h e d d at a) ･ T h e s e d ata i n dic at e th at th e p h o sp h o rylati o n of m r 6 . 2 aft e r β2
-

a d , e n e rgic

r e c ep t o r a c ti v a ti o n i s m e di ate d b y P K A ･ T o fu l
･

th e r j n v e s tlg at e P K A 一 山e di at e d ph o sp h o ry l ati o n
,

lG r6 ･2 孔n d S U R I w e r e c o e x p L
･

e s S e d wi t h ot he r G -

p r o tei n c o u ple d l
･

e c e pt o r s s u c h a s pit u 血 y

ad e n yl ate c y cl a s e - a c ti v a ti n g p oly p ep tid e (P A C A P) re c ept o r P A C A P - 3 (Ⅱn ag =d d e[ aユ.

, 1 9 9 4) ,

g {1 S tr Oi nt e s ti n al i n hibit o r y p oly p ep ti d e ( GI P) 1
･

e c epto l
･

( Y a s u d a e t al .

, 1 99 4) ,
o r s o m a t o s t a ti n

r e c ep t o r S S T R 3 ( Y a m a d a e t al ･

･ 1 99 2) , all of w hi c h a r e k n o Ⅵ′n t o b e 叩 r e S S e d in p a n c r e a ti c β-

c ells a n d t o m o d ul ate i n s u 血 se c r e ti o n p o siti v ely o r n
･e g ati v ely ･ P A C A P a n d G IP sti m ul ati o n

,

w hich i n c l
'

e a S e th e C A M P c o n te n t i n c ells ( h ag aki et al ･ ･

, 1 9 9 4; Y a s ud a et aA .

, 1 9 9 4) , w e r e able

-

1 2
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t o p r o ).ll .O re P h o s p h o ):yl ati o n o F w t lijl
-

6 ･2 ･

(Fig ･ 6 ,
l a n e s 2 a n d 6) ･][n c o n tr a s t .

,
th e 鮎r6 .2 S 3 7 2 A

c o uld n ot u nd e 1
-

g O P A C A P -

o l
.

G 肝 -i nd ･u c ed p h o sp h o 71Yl ati o n (】Fi .g ･ 6
,
l a n e s 3 a n d 7) . Ås a

n e g ati v e c o n t r ol
,

s亡血 ul ati o n of th e s o m a t o st ati n r 巳C eP t O r S , k n o w n t o i蛾ibit ad e l
･

lylyl cy cl a s e

a c ti viLy ,
c o uld LI O t i n c r e a s e l G r6 ･2 p h o sp h o rylati o n ( Fig ･ 6 , l a n e s 13 - 1 6) ･ T h e s e r e s ull:s 血di c at 8

th at sti m ul ati o n o f r e c e pto r s c o u pled t o th e c A 加肝- d ep e nd e nt sig n allillg P ath w a y le a d s t o th e

p h o s ph o ry laLi o n of Kir6 ･2 at s a 血 e 3 7 2 ･

T o (l et e l T nin e if m r6 ･2 a n d S U R l i n n a ti v e c ells c a n b e p h o s p h o lγlated b y dir e ct P K A .

o r r e c e pt o r s ti m ul ati o n , w e e J
I
C a mi n e d th e c a p a c ity Of m r6 ･2 a n d S U R l t o b e p h o sp h o IYl at ed by

f o rs k olil " n d I B M X , db c Å M P
, o r P A C A P sti m ul ati o n i n 皿 O u S e P a n C r e a ti c β- c ell - d e ri v e d

M I N 6 c ells ,
i n w hic h b oth K ir6 .2 a n d S U R l a1

-

a e x p r e s s ed (I n ag al d e
A

L al .

, 19 9 5) . S h d a rly t o

h u l Tl a n S U R l e x p r e s s e d i n C O S - 1 c ell s
,

a b a s al 1 e v el of p h o sp h o ry丑ati o n o
'

f S U R l i n M I N 6

c ells w a s o b s e r v e d i n th e ab s e n c e o f sti m u li ,
a n d it w a s n o t i n c r e a s e d by dil

･

e C t P E A o r P A C A P

sti rn ul a
'

ti o n ( Fig . 6 C , l a n e s 1 - 4) ･ I n c o n tr a s t , Ki r6 ･ 2 p h o s p h o ryl ati o n w a s in c r e a s e d

sig nific a n tly ( 2 -3 f old) a 鮎 r f o r sk oli n a n d I 丑I m 〔sti m ul atio n (Fig ･ 6 D , c o m p a r e l a n e i w ith 2) ,

b ut al m o s t n o i n c r e a s e w a s o b s e r v e d aft e r d b c A 脚 o r P A 仁:A P sti m u l a ti o n (Fig . 6 D
,

c o rn p a l
･

e

l a n e 1 w ith l a n e 3 o r 4) , s u g g e sti n g th at d u e t o th e l o w e r a b u n d a n c e o f b o th Ki r6 . 2 a n d S U R I

p r ot ei n s i n M I N 6 c ell s a s c o m p a r e d t o t r an sf e c t e d c ells
,

o n ly a m a)1i m al sti m ul ati o n of P 旺A

p e l mi ts d et e c ti o n of Ki r6 1
2 p h o sp h o ryla ti o n i n th e s e c ell s ･ T h e s e l

l

e S tllts i l
･

1 di c a t e th at Kj r6 ･2 ･ c a n

b e di r e c tly p h o s p h o IT lat e d at S 37 2 , b o th a ft e r G p l
･

O t ei n
-

c o u pl ed sti m ul atio n i n a r e c o n s tit u t e d

s y st e m a n d aft e r di r e ct P 旺A sti m u l ati o n i n n ati v e c ells , s u gg e sti n g a
･

p h y si ol o g lC al sig n ifi c a n c e

of P K A -

m e di at e d p h o s p h o ryl ati o n of 鮎1
'

6 ･2 ･

旺肝馳 c C s o 貯 肝ⅨA ･ ･ m c ,dtl
'

I 如 色tdl 帥ひS P
･h o 町ynalt五to ,nn o 皿 n M m 別m β- C e‡l∬ 旺A T P C h 馴n m C丑

p n
･

叩 e r 血五e s

T o d et e n T 血 e if P K A - m e di at e d p h o sp h o ryl ati o n c o uld m o d ul ate th e p r o pe rtie s of th e c h a n n el
,

w e e x a mi n e d th e el e c tr o p h y si ol ogJ C al p .

l
'

0 pe rtie s i n eフ〔Ci s e d i n sid e -

o u t m e m b r 打1e P at c h

c o nfi g u r a ti o n o
'

f C O S - 1 c ells e x ･p r e s sl n g W t K A T P C h a n n el s o r th e P K A -

site m u tallt K A T P

ch a n n els . T h e P 旺A c at aly ti c S u b u nit w a s ap plie d t o t
'

h e b ath s ol utio n c o n t aini ng lO トL M A T P t o

p r e v e n t A
-

u n (t o w n of th e l{L ^ T P C h a n n el , b u t this A 甘P c o n c e n tr a ti o l = ′a S S uf
･

ficie nc fo r u s e a s a

P 臥A s u b st
l

l
-

a te (】L
nJ b alet et al . , 19 8 9) ･ A･･ p r og r e s si v e i n c r e a s e i n R二A T P C h a n n el a c ti viq / w a s

ob s e r v ed
･

fr o m 6 仁o 10 mi n afte r ap pli c ati o n of th e P K A c ataly tlC S ub u nit ･ A s sh o w n i n Fi g . 7 A

･ 1 3
-



a nd 7 B
,
i n c r e a s e i n a c ti vity w a s 2 f old f o r b oth w t 旺ir6 ･2/S U R l (2 12 % ) a .n d K ir6 .2/ S U R I

S 1 5 7 1 A (2 09 % ) . I n c o n tr a s t ,
n o sig nifi c a n亡i n c r e a s e i n a cti vi 吋 w a s O b s e r v e d i n K A T P Ch a n n els

c o m p ri si n g e 仙 e r m r6 ･2 S 3 7 2 A / Ⅵ′t S U R l o r 拓l
'

6 ･ 2 S 3 7 2 A / S U R I S 15 7 1 A ( Fig . 7 C a n d Fig .

7 D ) . T hi s i n cl
･

e a S e i n ch a n n el a cti vity w a s d u e t o n eith el
'

th e c h a n g e i n ch a n n el c o n d u c ta n c e (p S)

(7 4 . 3 ± 0 ･7 , 7 2 ･ 0 ±0 ･ 8
,
il- th e a b s e n c e of P K A a nd 7 2 ･ 1 ± 2 ･9 , 7 4 ･ 3 ± 1 ･ 8 , i n t h e p r e s e n c e of

P 虹A
,
f o r w t K ir6 .2/S U R l a n d K ir6 ･ 2 S 3 7 2 A / w t S U R l

,
r e sp e c ti v ely , n = 5 f o r e a ch) , n o l

･

th e

ch a n g e i n A T P - s e n siti vit y ( K i , LL M ) (2 7 ･ 5 ±2 ･2
,
2 6 ･ 5 士 1 ･7 , i n th e ab s e n c e of P K A a n d 2 6 .3 士

2 .8 ,
2 5 . 9 ± 2

.

. 5
,
i n th e p r e s e n c e o f P K A , f o r w t K ir6 ･2/S U R l a n d m r6 . 2 S 3 7 2 A / w t S U R l ,

r e s pe c ti v ely , n = 5 f o r e a c h) , b ut t o a n i n c h
.

e a s e i n o p e n p l
'

O b a bility o f si n gle ch a n n els a n cV o r a n

i n c r e a s e i n th e n u m b er of f u n cti o n al c h a n n el s w hic h w e r e al r e ad y p r e s e n t i n th e m e r n b l
･

an e (Fig .

7 ,
ri gh t) ･ T h e s e cl ata s u g g e s t stl

-

O n gly th at th e K A T P C h a n n el c a n b e a c ti v at e d b y di1
･

e C t P K A -

m e di at e d p h o sp h o ryl a ti o n o f S 3 7 2 i n lG r 6 ･ 2 , a n d th a t P 旺 A ph o sp h o r yl ati o n of S U R l i s n o t

r e q ui r e d ･

T o d ete r m i n e if P 旺A - m e diat e d p h o sp h o ryl atio n o f S U R l mi gh t h a v e A l n Cti o n al

s ig nific a n c e
,

w e a n aly s e d K A T P C h a n n el ld n eti c s fl
･

O m P atc h e s w hi c h h a d o nl y a si n gl e c h a n n el ･

I n t e r e s ti n gly , a s sh o w n i n Fig ･8 , th e r e i s a n ap p a r e n t di ff e 1
.

e n C e i n th e c h a n n el ld n eti c s b et w e e n

th e K A T P C h a n n el s c o m p rl S l rl g W t S U R l a n d t h o s e c o m p 1
･

1 S l n g th e m u t a n t S U R I S 1 5 7 1 A . K 人T P

c h a n n el s h a v e a c o m pl e JT( 1d n eti c s , o n e o pe n s t at e (て
｡) a n d th r e e cl o s e d st a t e s ( て

c l , で
c 2 ,

r

r
c ))

(A l e k s e e v et al l , 19 9 7) ･ T h e m e a n o p e n a n d cl o s e d ti m e s d mi n g b u r st s a l
･

e d e fi n e d b y て
o

a n d

･

T
c l , r e S P e Cti v ely ･ I n t e r b u r s t kin eti c s i s d e

'

fi n e d p rin cip ally b y l o n g e r cl o s e d ti m e s て
c 2 a n d て

c 3 ( ℃
c3

>
r

c
c 2) ･ A s s h o w n i n Fig ･8 a n d T abl e I ,

t h e m e a n b u r s t d Llr ati o n a n d th e lo n g cl o s e d ti m e ( て
c3) o f

K A T P
C h a n n el s c o m p ri si n g th e m u ta n t S U R I S 1 5 7 1 A w e r e sig mi fic a n tly (2 -3 f old) a n d

d r a m a ti c ally (6
- 9 f old) p r ol o n g e cl , r e s pe cti v ely , a s c o m p a r e d t o tll O S e Of K A T P C h a n n el s

c o m p l
-

1S
･

I n g W t S U R l ･ T h e cl u st e r d u r ati o n i n
･

K A T P C h a n n el s c o m p l
･

1 S l n g m u t a n t S U R I S 15 7 1 A

al s o w a s g r e a tly p r ol o n g e cl (Fig ･ 8
,

c o m p a r e A o r C w it h B o l
･

D , T abl e I) a nd , a s a

c o n s e q u e n c e
,
th e o pe n p l

'

O b ability w a s i n c r e a s e d (T able I) ･ O n th e o th e r h a n d
,

n o sig nific a n t

c h a n g e w a s o b s e r v ed f o r t h e oth e l
･

ld n etic p a r a m e te r s
,
て

. , て
c l a n d て

c 2 ･ 甘h e s e fi n di n g s t o g eth e r

s u g g e st t h a ‖h e P K A ph o sp h o l
･

yl ati o n sit e i n S U R l of K A T P Ch a n n el s pl ay s a n i m p o rt a n t l
･

Ol e i n

b a s al ch a n n el ld n etic s .

S i n c e dis r up ti o n of th e S U R l 炉K A ph o s ph o lγ1 ati o n site al o n e w a s s uffici e n t t o af
.

fe c t

b u r s t a n d illt e rb u l
.

S t ld n etic s a n d o p e n p l
･

O b ability , w e t h o u g ht th at th e 炉K A sil
･

･e ih s u R l mi g h [

ー

1 4
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alr e a d y b e ･ i n th e ph o sp b o ryl at e d fo m l i n
･

th e b a s al slate in irlt a C t C ells ･ T o e v al u a v[ e t h e s e

p o s si biliti e s ･
w e p e rf o l

･

m e d a d ep h o sp h o ll
/1 ati o l 川 又p eri m e n t ir 川 Ihi ch th e 批 al in e p h o sp h at a s e

w a s ap pli ed to th e b ath s ol uti o n ･ T r e a t m e n t w ith au {･ali n e p h o sp h at a s e sh o w s (I b o t h P K A -

d ep e n d ･e n t a n d -i n d e p e n 〔l 叫 p r O C e S S e S‥ a P 旺A -d ep e n d e n t p r o c e s s c

'

h a R
･

a Ct e ri z ed by a 山:a l
･

1Sie nt

i ll C r e a S e i n c h a n ll el a c ti vity (1 .7 f old) of th e K A T P
C h a n n el s c o m p ris in g w t S U R l (Fig ･ 8 A a n d

a ) t h at is ab olis h e d i n th e K ^ T P
C h a n n els c o m p ri sin g m u ta n t S U R I S 15 7 1 A (Fig ･ 8 C a n d D)

a n d a 『K A -i nd e p e n d e n t p r o c e s s o b s e r v e d a s a d e c r e a s e i n c h a n n el a c ti vity o f
l

b o th w t a nd

m ut a n t K ^ T P
C h a n n e一s aft e r l o n g e)こP O S ui

-

e to alk ali n e p h o sph ata s e (Fig ･ 8
,

rig ht) I T l
-

e a t m e n t

w ith alk ali n e p h o s ph a ta s e al s o p r ol o n g ed sig I M ic a n tly b u r s t a n d cl u s t e r d u r a ti o n , a n d t o s o m e

e ブ⊂te n t th e l o l一.g Cl o s e d ti m e (て
c3) o f th e K A T P

C h a n ll
･ el s c o m p ri si n g w t S U R l (Fig ･ 8 A a n d B ,

T a bl e II) ,
w hile n o sig 山丘c a nt c h a n g e ＼対aS Ob s e rv e d in th e K A T P C h a n n el s c o m p ri si n g m u t a n t

S U R I S 1 5 7 1 A ( Fig . 8 C a n d D ,
T a bl e II) ･ T h e s e l

･

e S ults i n di c a te th a t h u m a n S U R l is i rld e e d

al r e a d y p r e s e n t i n it s P K A -

p h o s p h o r yl at e d fo l m i n in t a ct c ells a n d c a n b e d ep h o sp h o xy l at e d b y

th e a d diti o n of alk al in e p h o sp h a t a s e ･ A s sh o w n i n Fig ･ 4 , S U R l i s al s o p h o sp h o ryl at e d ･ i n th e

b a s al st a te b y u n k n o w n ld n as e s ･ Al th o u g b a 比alin e p h o sp h a [ a s e cl e a v e s a n y o f th e p h o sp h at e

g r o u p s w hi c h al
･

e P h o sp h o ryl a t e d b y P K A a n d u nl m o w n ki n a s e s
7

th e i n s e n siti vity of m u t a n t

S U R I S 1 5 7 1 A t o al k ali n e p h o sp h at a s e aft e r sh o l
･

t e xp o s u r e i n di c a t e s th at th e b u l
･

S t a n d･ c l u s t e r

d u r a ti o n
,
i n t e rb u l

･

S t i n t e r v al
,

a n d o p e n p r ob a bility e u e ct s a r e d u e t o th e P K A r ath e r th a ll

u n k n o w rl ld ll a S e P h o s p h o ryl ati o n ･ I n c o n tr a s t ,
th e p r og l

.

e S Si v早d e cr e a s e i n o p e n p r ob ability a f t e l
･

l o ng e r e x p o s u r e t O al k ali n e p h o sp h a t a s e , w ti c h m ay b e a s s o ci at e d w ith
"

ru n - d o w n
..

, mi g h t b e

d u e t o d e p h o sp h o L
･

yl a ti o n of th e sit e s p h o sp h o l
･

yl at e d b y u n k n o w n ld n a s e s ･

T o c o nfi m l th at n e g ati v e c h a rg es i n th e Ki r 6 ･2 a n d S U R I P K A p h o sp h o ryl ati o n sit e s

play s a r ol e i n th e m o d ul atio n of c h a n n el a c ti vity ,
w e i n tr o d u c e d c o n stit uti v ely n eg ati v e c h a rg e s

b y l
･

e Pl a c l n g b otll P h o sp h o ryl ati o n site s w ith th e a cidic a mi n o a cid a sp 打tic a ci d ･
T his

s u b stit uti o n w a s sll O W n t O mi mi c th e a c [i oh of ld n a s e s ( Li et al . , 1 9 9 3) . I n p at ch e s w hic h h a d

o nly a s l n gle Ki r6 ･2 S 3 7 2 D / w t S U R I c h a n n el , a 2 - 4 f o ul i n c r e a s e i n op e n p l
･

O b abilit y w a s

o b s e r v e d , c o m p a r pJ d t o th e w t Ki r6 ･ 2/S U R I ch a ru el (0 ･ 1 2 ± 0 ･0 6 a n d O ･3 7 ± 0 ･1 0 , f o r w t

IG l
･

6 . 2/S U R l a n d lG l
･

6 .2 S 3 7 2 D / w t S U R l ,
r e sp e c ti v ely ,

n = Jト7) . h l C O n t r a St
,

n O Sig nific a n t

c h a n g e w a s o b s e r v e d i 凸 O P e n P r Ob abi 叫 (0 ･1 2 ± 0 ･0 6 a n d O ･ 09 ± 0 ･0 3 , f o r w t Ki r6 ･2 /S U R l

a nd w t K ir6 .2/S U R I S 1 57 1 D , r e sp e c tiv ely ,
n = 4 -7) o r ch 弧 n el k 血eti c s (u np ubli sh ed d at a) f o r

th e S U R I S 15 7 1 D m u t a!
･

.1t
,

a S W O uld b e eブ(p e Ct PJd if S U ]R l is ah
･

e a dy p h o sp h o IYl ate ct u n d e r

･

1 5
-



b as al c o n diti o n s . T h e s e r e s ults i ndic ate th at th e p r e s e n c e of n eg ati v e ch a rg e s (i . a .

,
P E A

p h o s p h o ryl a亡i o n) in 鮎1
･

6 ･ 2 a nd S U R l is s u
'

frl Ci e nt t o a c ti v at e th e K Ai p cll a n n el 'T uld t o d et e r mi n e

th e b a s al p r op e rtie s
,
in cl u di n g th e d e c r e a s e, i n o p e n p r o b ability ,

1
･

e SP e C ti v ely ･

1 n te r e s tl n gly ,
r u bidi u m e m u x fr o m th e K A T P C h a n n el s c o m p r lS l n g S U R I S 1 5 7 1 A

e x p r e s s ed i n C O S - 1 c ells d e c r e a s e d b y 6 8 ± 12 % (n = 3) ,
c o m p a r e d t o th at fr o m w t K A T P

ch a t- n el s ･ Si n c e t his re s ult c o n亡ra s亡s t o th e i n c r e a s e i n o p e n p r ob ability o b s e r v ed b y p at c h cl am p

a n aly si s (T abl e I) ,
w e a亡t e m pt e d t o d et e 血 n e th e l e v el o

'

f fu n cti o n al e xp r e s si o n at th e c ell

s u l
･f a c e b y m e a s u ri n g ch a n ll el d e n sit y ･ T h e f u n c ti o n al c h an n el d e n s l ty i s d ete l mi n ed pr l n C IP all y

b y th e cl e t e ct abl e r ate of c h an n el s a n d th e n u m b e l
･

O f c h a n n el s i n a p a t c h ･ B o th th e c h a n n el

d et e ct a bl e r at e a n d th e n u m b e l
.

O f c h a r m els i n a p atch w e l
･

e m ar k e dly r e d u c e d i n c ells tl
･

a n Sf e c t e d

w ith m u ta n t S U R I S 1 5 7 1 A (T a bl e I) I I n th e s e e x p e ri m e n t s , si mi l a r e 叩 r e S Si o n l e v el s o
･

f th e

wi ld -ty p e a n d m u t a nt S U R I w e l
･

e Cl e t e c [e d , a s a s s e s s e d b y
3 5

s - m e thi o n h e m et ab oli c l a b e ui n g

(u n p u b li sh ed d at a) I U si n g c h a n n el d e n sity a n d o p e n p r o b a bility p a r a m e t e r s , th e c h a n n el a cti vity

of K A T P C h a n n el c o rn p r l S l n
L,

C r S U R I S 1 5 7 1 A c a n b e e s ti m at e d t o 3 0 - 4 0 % o f w t K A T P C h a n n e l s .

T h e s e r e s u lt s s u g g e st th at a r e d u cti o n i n b o th th e c h a n n el d e t e ct a bl e r at e a n d th e n u m b e r of

c h a n n el s wi thi n a p a t c h a c c o Ll n tS f o r t h e d e cl
･

e a S e i n ru bidi u m fl u x , a n d th at dis r u p ti o n of th e

P 艮A p h o s p h o IY l a ti o n si t e i n S U R l i m p ai rs ch a n n el a c tivi q , b y d e c re a si n g fu n c ti o n al

e x p 1
･

e S Si o n of th e K A T P C h a n n el s a t th e c ell s u l
'

f a c e ･

D i s c u s s壷o 皿

W e h a v e s h o w n th at th e h u m a n K ^ T P C h a n n el c o m p rl S l n g S U R l a n d K jr 6 ･ 2 s u b u nits is dir e c tly

p h o s p h o IYl at e d b y P K A o r G s
-

p r ot ei n c o u ple d r e c ep t o l
･

S ti m ul ati o n w h e n r e c o n stit u t e d h

X e l W P u S O O Cyt e h o r n o g e
.

rl a t e S O r i n i nt a c t c ells ･ W e id e nti
･

fi e d S 3 7 2 a n d S 1 5 7 1 i n K ir6 ･ 2 a n d

S U R l
,
r e s p e cti v ely , a s u n lq u e t a rg e ts f o r P K A - m edi at e d p h o s p h o ryl ati o n in e a c h s u b u n it . T h e

p h o s p h o l
･

yl ati o n d et e c t e d i n M 刑6 c ells a n d th e i n c r e a s e i n c h a n n el a c ti v l亡y i n i n sid e -

o u t p at c h

c o n fig u r a ti o n afte l
･

柑 A c at alytic s u b u nit ap plic ati o n s u g g e st th a〔K A T P C h a n n els {T u
l

e P O Siti v ely

c o n tr oll e d b y a P K A - m e diate d p r o c e s s ･ T h e ab olitio n of t his i n c r e a s e i n a cti vity afte r dis n lP ti o n

of s e ri n e i n K jl
･

6 ･
2 i n dic ate s cl e a rly th at lqil

･

6 ･ 2 is tl- e m aj o r Site of P K A p h o sph o ryl ati o n
,

a n d

th at c h a n n el
■

a cti v ity l S d h e ctly m o d ul ate d b y s u ch P K A -

m edi ate d p r o tei n p h o sp h o IY l ati o n ･

N a ti v e K A T P C h a n n el s i n th e p a n c r e a ti c β- c ell d e ri v e d c ell li n e s R 王N m 5 F a n d I
-II T sh o w ed a

si mi la r i n c r e a s e in c h a n n el a m plittld e (2
-3 fold) aft e r db c A M P sti m ul ati o n (Rjb al占t et al . 1 9 89 ) .

-
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Ⅰn a ddi ti. o rl
,
i n a )( .cis p

,也i n si (le -

o u t p atch c o nfig u r ati o n , K ÅTP
Ch a m n e,ls in R 肝寸m 5『 a n d H I T

a)1hi biL a Si n d al
･

i n c r e a s e i n op e n p r o b ability afte ): Pl( A c a 叫′tic s u 加 nit ap plic ati o n ( R ib alet et

al .

,
1 9 8 9) . R o d e n t p a n c r e a ･ti c β- c ell K A T P C h a n n els(1u r6 ･2/S U R l) re c o n s tit ute d i n C O S - 1 c ells

al s o r e q u i r e P h o sp h o ryl ated s e ri n e at r e sid L
･

Le 3 7 2 in K ir6 ･ 2 t o sl tg nifi c a n tly i n c r e a s e th e c h a n n el

a cti vity b y P K A sti m ul al:i o n ( N a g a shi m a e t al ･

,
i n p r ep a r a ti o n) ･ Si n c e p h o sp h o ryl ati o n o

'

f th e

K j r6 .2 s u b u nit is n e c e s s a ry f o r m .o d ul atirlg b oth h u m a n a n d r o d e nt K ir 6
.

･ 2/S U R I ch a n n el

a c ti vity ,
a nd

,
il- ad (liti o l- ,

th e Kir6 ･2 s ub u nit c o uple s w ith eith e r S U R l , S U R 2 A , o r S U R 2 B

s u b u nit (I n ag ald et al . , 19 9 5; 1 99 6 ; Is o m o t o e t al l , 19 9 6) , P E A -

m e diat e d p h o sp h o ryl ati o n of

th e K i r 6 .2 s u b u nit r ath e r th a ll th e S U R I s u b L mi t s e e m s t o play th e m o r e g e n e r al r ol e i n

m o d ul ati n g K A T P C h a n n el a c ti vity ･ A
t;
l o w e v e r

,
th e si m pl e r e pl a c e m e n t of th e P K A

pl- o s p h o ryl ati o l- Site at s e ri n e - 15 7 1 w ith al a ni n e i n h u m a n S U R I p l
･

Ol o n g e d th e b u r s t a n d

cl u s t e r d u l
-

a ti o n
,
i n t e rb u rs t i nt e r v al ( て

c3) a nd i n c r e a s ed th e op e n p r ob ability . T h e K A T P
C h a n n el s

al s o u n d er w e n t a r e d u cti o n of a cti vi ty b y 6 0 - 70 % i n i n t a ct c ells
,

w hic h mi gh t b e e)(pl ai n e d by

i m p ai r e d f u n c ti o n al 叩 r e S Si o n of K A T P C h a - el s at th e c eu s u rf a c e ･ M o r e o v e l
･

, a 比 a u n e

p h d s p h a t a s e t r e a t m e n t cl e a rly d e m o n st r at e th at S U R l is al r e a dy p h o s p h o l
･

yl at e d by P K A i n th e

b a s al s t a t e i n i n t a ct c ell s . A c c o r di n gly ,
l n C O n tr a S t t O th e c a s e i n r o d e n t s , P E A p h o sp h o lyl a ti o n

o f h u m a ll S U R l is r e s p o n sibl e i n p a 爪 fo r th e m ai n t e n a n c e of fu n c ti o n al e )t p r e s si o n o f th e

c h a n n e l s at th e c ell s u rf a c e , a n d s e e m s t o b e a r n ai n f a c t o 1
'

i n d e t e r mi n m g th e ld n eti c p l
'

O P e rti e s

O b s e r v e d i n n a L
･

i v e h u m a n K A T P
C h a n n el s . C o n si s t e n tly w ith o u r d a t a , B ab e n k o et al , (1 9 9 8) et

al , f o u n d th at r e m o v al o
･

f o nly th e 1 5 r e sid u e s of S U R l i n w hi ch th e; 炉旺A p h o sph o ryl a ti o n site

i s l o c at e d eli mi n at e s al m o s t all of th e ch 打I n el a c ti vity ,
a s a s s e s s e d b y n lbidiu m e ffl u x

m e a s u l
･

e m e n tS u s i n g a S e ri e s of s m all t n l n C a ti o n s fr o m th e C -t e r mi n al e n d of S U R l ･

H o w th e P K A p h o sp h o ryl atio n site of S U R l is C o ni c ally p h o spl1 0 1Ylate d w lhl e th at of

Ki r6 . 2 i s n o t l
･

e m ai n s u n cl e a r . T h e r e m ig ht b e a n u nid e ntifi e d m ol e c ul e th at m od ul at e s th e

p h o s p h o l
･

y】ati o n b y in te r a c tl n g W ith th e S U R l o r lh
･

6 ･ 2 s u b u nit ･ A 地r n ati v ely , th e a
･

ffi nitie s of

th e P K A p h o s p h o IYl ati o n sit e s of th e t w o s u b u nits mi gh t b e diff e r e n t ･ F o r e x a m pl e , A -1 血 a s e
-

a ll C h o ri n g p r o t ei n s ( A K A P s) w hi cl - re k n o w n to a n c h o r P K A cl o s e t o p r ef e lV e d s u b str at e s

( R u bi n et al .

,
1 9 9 4) , c o uld b e l o c a te d i n p r oコ(i mi ty w ith S U 剛 b ut l

'

･
h O t wi [h Kil

L

6 ･ 2 t o e )iPl ai n

th e o b s e r v e d diffe r e n c e o f P K A ph o sph o lγ1 ati o n i n th e b a s al st ate ･ A jl Oth e r i nte r e s tll
･

1g
･

f e a t u r e

o
.

I th e P K A p h o sp h o ryl ati o n sit e s i n th e diff er e n t s u b u nits is th at th ey c o l 血b tlte t O OP e n

p l
･

O b ability l n th e K A T P C h a n n el s il- a n OP P O Site w ay : S U jR l a n d Kil
1

6 ･ 2 ]PII J 生p h o sph 叩 1 ati o n

I
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d e c r e a s i n g a nd i n c r e a s i n g th e ch a n n el o p e n p r o b ability ,
l

･

e SP e C ti v ely ･ A c c o rdi n gly - b ot h o f th e

c -t e mi ni p r ob ably pl a y a n i m p o rta n t r ol e i n g atin g th e K A T P
Ch a n去el p o r e b y m o diq ,i n 雷 th e

c o n f o L
･

m a ti o n o
lf th e r e g L O n ･ Si n c e th e P K A a cti o n of e a ch s u b u nit c at- b e mi mi c k ed b y th e

Kir6 . 2 (S 3 7 2 D) o r S U R l ( S1 5 71 D ) m uta n t , th e n e g ati v e c h a rg e s c a r rie d b y b oth s u b u nit s s e e m

t o b e g o o d c a n did at e s f o l
･

t hi s st ru c t u r al c h a n g e ･ P r e vi o u s st u di e s h a v e al s o sh o w n th at th e C -

t e r mi n u s of lG r6 , 2 pl a y s a cI T ICi al r ol e i n t h e r e g ul ati o n of th e K A T P C h an n el (S h y n g a n d

N i c h ols
,
19 9 8; B a u k∫o w it z e t al . , 19 9 8; T u c k e r e t al ･ , 19 9 8) I T h e C -t e r mi n u s ap pe a r s t o b e

i n v ol v e d i n th e bin din g of A T P a n d P I P 2 (S h y n g a n d N i ch ol s
, 1 9 9 8 ; B a u h

.

o wi tz et al l

,
19 9 8;

T u c k e r e t al .

,
1 9 9 8) , t o p 打ti cip ate i n th e g ati n g of th e c h a n n el ( D r ai n e t al ･

,
1 9 9 8) ,

a n d t o b e

i n v ol v占d in th e i ntr a c ell ula r tr affi cl{j n g (Z e ･l
･

a n
o
q e et al l , 19 9 9) I O n e of th e p o s sible st n l C t u r al

m o difi c ati o n s b y P K A p h o sp h o ryl ati o n c o ul d b e i nt e r a c ti o n w it h c y t o s k el et al el e m e n t s , a s i s

k n o w n o f th e C - t e 1 mi n al r eg l O n O f K ir2 ･3 , i n w hi c h a s s o ci ati o n o r dis s o ci ati o n w ith

c y[ o s k el e t al el e m e n ts i s u n d e r r e g ul a ti o n b y P K A - m e di ate d p h o sp h o [Tl atio n ( C o h e n et al ･

,

1 9 9 6) . H o w e v e r
,
th e C - t e r mi n al r e gi o n o f K 止6 ･2 d o e s n o t c o n t a in k n o w n m otifs w lli c h c o uld

ii n te r a c t w ith c yt o s k el et al el e m e n ts ･

T h e P K A p h o sp h o ryl ati o n i n S U R l ap p e a r s t o b e m o r e c o m pl e x th a n i n Ki r6 ･ 2 ･ O n o n e

h a n d
,

th e p r e s e n c e o f th e p h o sp h a t e g r o u p in h u m a n S U R l r e d u c e s o pe n p r o b a bilit y , w 山 c h

t h e n b e c o m e s si mi l a r t o r o d e ･ n t K ÅT P C h a n n el s (Ⅷrap p et al ･

, 1 9 9 8) ,
s u g g e s ti n g th at th e c h a n n el s

i n t h e b a s al stat e n a t u r al ly t e n d t o b e i n th e l o w P o m o d e o
･

f g atl n g ･ O n t h e o th e l
･

h a n d
,

si n c e

f u n c ti o 11 al e x p l
･

e S Si o n o
･

f th e c h a n n e ls a t th e c ell s u rf a c e i s r e d u c e d i n S U R I S 15 7 1 A , t h e P K A

p h o sp h o r yl a ti o n i n S U R l mi gh t als o b e i n v ol v ed i n th e tr a ffi cld n g fr o m th e i n tr a c ellul a r

v e si cl e s t o th e pl a s m a m e m b r a rl e二a s h a s b e e n d e s c rib e d of w at e l
-

C h a n n el a q u a p o ri n
- 2 (『u s hi mi

et al .

,
1 9 9 7) , o r p a rti cip ate i n th e a cti v a ti o n of c h a n n el s al r e ad y p r e s e n t o n th e pl a s rn a

m e m b r a n e
. T h e C -t e r mi n u s of S U R l

,
th e r ef o r e

,
s e e m s t o play a c ritic al r ol e i n th e r e g ul ati o n of

K A T P C h a n n el a c ti vity ･

K A T P
C h a n n el s c a n b e a c ti v a te d ･b y G s

-

c o u ple d re c e pt o l
･

S ti m ul atio n ･ F o r e x a m pl e ･

sti m ul ati o n of c alcit o ni n g e n e
-

1
･

el at ed pe ptid e r e c ept o r ( W ell m a n e t al .

,
1 9 9 8

･

, Q u ayl e e t al ･ ,

19 9 4) , A 7
-

I
:

e C e PL o r ( m ep pis c h a n d N els o n , 19 95) ,
a n d β.

- a d r e n o r e c ep t o r ( N a ri shig e et al ･

-

19 9 4) a cti v ate K A T P
C h a n n els vi a a n ad e n ylyl c y cl a s e/ P K A p ath w ay i n a rte ri al s m o o th n

-

1 u S Cl e s
,

a rt e l
.

i al m y o c yt e s ,
a --d c o l

･

O n a ry a rt e ry ,
r 巳SP e Cti v eユy , l e adi ng t o a n i n c r e J a S e i n v a s odil at a ti o n i n

th e s e ti s s u e s ･ S i n c e th e lj r e s e n t d at a i n dic ate a dir e ct p h o sp h o l
･

yl ati o n of Ki r6 ･ 2 b y stil n ul ati o n

･
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of G s
-

c o u pled r e c ep t o rs i n int a c t c ells
,

a n d o u r p r e]j ･ mi n (～.y e 叩e r 血 e nt sh o w s th at b oth r at

S U 旺2 A a n 亡l S U R 2 B d 10 n O亡se e m t o b e dir e c t s ub s Lr atpJ S f o r lP K A L

- m e di at e d p h o sp h o ryl ati o n

( u n p u blish e d (1at a) , th e m e ch a ld s m b y w hi ch G s - c o し]･Ple d p r o tei n r e c e pto r s ti) n ul ati o n a c ti v ate s

K A T P C h a n n el s i n th e s e ti s s u e s ap p e a l
･

S t O b e d u e to a dh
･

e ct p h o s ph o ly7 ･a ti o n of s e ri n e 3 7 2 山

K ir6 . 2 b y P K A . h c o n tr a s t
,
th e ph y si olo gi c al sig nific a n c e of P K ん m e di at e d p h o sp h o ryl ati o n

of th e K ^ T P C h a n n el s i n p a n c r e a ti c β- c ells i s l e s s c e rt ai n . A cti v a ti o m of th e K A
･

r
･

P C h a n n el s

th e o r e ti c ally i n hibits i n s uli n s e c r e ti o n
, w hil e a c ti v ati o n of th e c A M 野付K A p ath w ay n o n Tl ally

sti m ul at e s i n s uli n s e c r eti o n ( A sh c r oft ,
19 9 4; J o n e s a nd P e r s a u d

,
1 99 8) . Si n c e th e b a s al

i ntr a c ell ula r C A M P a n d P K A a cti vity in p a n c r e ati c i sl ets a r e hig h e r th a n i n p u rifi ed β- c e lls
,

a n d

b o th a r e r e q u i r e d t o m ai n t ai n s e c r et o ry a c ti vity (Pip el e e r s et al l , 1 9 8 5) ,
th e K A T P C h a n n el c o uld

b e m a xi m ally p h o s p h o r yl a t e d i ll th e b a s al st a te s o th at n o m o l
･

e i n c r e a s e i n c h a n n el a cti vity

c o uld o c c u r a ft e r th e P K A s ti m ul a ti o n . h th a t c a s e
, th e 正

'
K A -

m e dia t ed . p h o sp h o 吋I ati o n of th e

K A T P C h a n n el mi g h t n o t p a rt l C IP at e i n th e sti r n ul ati o rl P r o c e s s O f i n s uli n s e c r eti o n ･ Tld s

hy p o th e sis of t o ni c P K A p h o sph o IY la ･r･i o n o f K A T P C h a n n el s i s s u p p o r te d b y a p h o s p h o I Yl ati o n

st u d y o
･

f th e gl u c o s e tr a n sp o l
.

t e r G L U T 2 w hic h s h o w s th at G L U T 2 is m a xi m a山y

ph o sp h o ryl a t e d b y P E A i n th e b a s al s t at e i n p a n c r e ati c i sl e ts b ut n ot in p mi fi e d P - c ell s ( T h o l
'

e n S

e t al . , 1 9 9 6) . A n o th e r p o s sibl e r ol e of P K A - m e di at e d p h o sp h o IT lati o n of K A T P C h a n n e l s i n β-

c ells c o u ld b e it s p a rt lC IP a ti o n i n th e o s cill a ti o n p r o c e s s c o m p rl S " g d e p ol a ri 21 ati o ll a n d

h y pe 叩 01a ri z ati o n (U lユri c h et al ･

,
1 9 96) ･

I n s u m m a ry ,
o u r d ata i n di c a t e th a t w 山1 e th e W ･ir6 ･ 2 s u b u ni ts ･a p p e LT u

･

t O b e

p h o sp h o I Yl at e d b y P K A i n all s pe ci e s id e ntifi e d to d ate
,
th e ph o sp h o ryl ati o n o f th e S U R I

s u b u nits i s sp e ci e s sp e cifi c ･ I n a d diti o n ,
th e r ol e of tl- e p h o spl- oryla ti o n of e a c h s u b u ni t i s

di sti n ct: t h e P K A p h o sp h o ryl atio n i n K ir6 ･ 2 i s r e sp o n sibl e f o r i n c r e a s i ng Ch a n n el a c ti vity of th e
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hl伯東1 蜘五o, m o ,

･

n A 耶p -

.s ･c m SiiCi v c 旺
'

c払a
･

.
.
.1tll nl C丑a c 舶 晦7 Ⅵ 仙

■

触ⅦgRBd
･

, 鈍Z O, m e
?
敬川 m n Oせ w 立地 押 監蜘訊 帥 m 鑑:

Sd: M Cn
'

l C S 0, m 仙 c rL
h

C C , O m S増加刊皿紬戚 K A 甘F
･ C 臥a ml m CRs

･

･

,

艦長『応.2
'

,/S U 汲】L 別11戚 艦長『6 ｡2/S U 取丑A

A L 払sd: 柑 C:It

w e c o w l) a r e (I, Lh (; eff e c t s of th e t w o thi a 之01idi n e d ･i o n e d e li v ati v e s
,
亡71

･

O glit a z o n e a l-d ･ pi o glit a z o n e ,

o n A T P -

s e n siti v e K
小

( K A T P) cll a n n el a c ti v i ti e s . P a n c r e a ti c β-

c ell ty p e a n d c a rdi a c ty p e K A T P

c h a n n el s w e r e r e c o n s tit u t e 亡I i n C O S - 1 c ells (S V 4 0 -t r a n sf o r m e d A fri c a n g r e e n m o n k e y kid n e y

( A G M l( .) c ells) b y h et e r ol o g o u sly e
J
Y

.P r e s si n g s ulf o n yl u r e a l
･

e C e P t O r 1 (S U R l) p h l S K h
'

6 ･2 a n d

s Lllf o n yl u r e a l
t

･

e C e P l o l
･

2 A (S U 択･2 A) pl u s K il
･

6 ･ 2 , r e st) e C ti v ely ･

T r o glit a z o n e i n hi bit e d [
8 6

R b
+

] e
.

m u x i n b o th K A T P C h a n n el typ e s i n th e p l
･

e S e n C e O
･

f m e t a b o li c

i n hibit: o r s , w hi c h w a s c o n fi '
･

m e d b y e l e c t r o p h y si o l o gi c al t e c h niq u e s ･ T h e [
8 6

R b
+

】e fflu x

i n c l
･

e a S e d b y th e c h a ll n el o p e
･

m e rs di a z o フ亡id e a n d pi n a cidil w a s a b o li s h e d b y t l
･

O glit a z o n e ･ I n

c o n tr a st , p l O glit a z o n e did n o 虹a ff e c t th e s e c h a n n el a ct
･

i v iti e s i n eith e r ty p e K A T P Ch a n 】- eL ･ 甘h e s e

r e s u lt:s S tlg g e S t th a t t r o glit a ヱO n e m o d ul at e s th e v a ri o u s c e且It-l a r f Lt n C ti o n s i n cl u di n g i n s u li n

s e c r eti o n b y i n hibiti l- g th e K A T P C h a n n el s ,
w hil e pi o glit a z o n e h a s n o eff e c t o n K A T P C h a n n el

a c ti vity .

I
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礼. I m 如
･

o (R u c鹿畳o m

A T P -

s e n siti v e K
+

c h a n n el s ( K ^ T P C h a n n el s) a r e c h a r a c t el
･

i z e d b y a n i n hibiti o n o f c h a n n el

o p e ni n g w h e n th e A T P/ A D P r ati o at th e c yt o pl a s m ic c ell s u rf a c e i s i n c l
･

e a S e d ( N o m a , 1 9 8 3) I

K A T P C h a n n el s pla y a n i m p o rt a n t l
･

Ol e i n v a ri o u s c e11 ul a l
･

r e sp o n s e s S u c h a s s e c r e ti o n a n d m u s cl e

c o n tl
･

a C [i o n
,
b y li n ki n g th e m et a b oli c st a t u s of th e c ell t o it s m e m b l

･

a n e P Ot e n ti al ( A sh c r oft ･

1 9 8 8);t h e y h a v e b e e n f o u n d ih v a ri o u s ti s s u e s i n cl u di n g p a n c r e ati c β-

c ells
,
s k el et al m u s cl e ,

b mi n , a n d v a s c ul a r a n d n o n v a s c ul a l
･

S m o o th m u s cl e ( A shf o rd e t al l , 1 9 8 8; C o ok a n d H al e s ,

1 9 8 4; S p r u c e et al .

,
1 9 85 ; S t a n d e n e t al 一 , 1 9 8 9) ･ Si n c e th e dis c o v e r y o f K A T P C h a n n el s i n

p a n c r e a ti c b - c ell s
,
t h e s u lfo n yl u r e a s , i n s uli n s e c r et a g o g u e s w id ely tlS e d a s o r al 1- yp o gly c e

･

lT li c

a g e n ts i n th e t r e a t m e n t of cti ab e t e s m ellit u s ･ h a v e b e e n s h o w n t o i n hibit t h e a c ti vit y of th e s e K A T P

c h a n n el s (S t u r g e s s e t al . , 19 8 5 ; T ru b e e t al ･

,
1 9 8 6) ･ M o l e c u l a r cl o n i n g o f th e hig h affi nity

s u lf o n yl u r e a r e c e pt o r (S U R) r e v e al e d it t o b e a m e m b e r of th e A T P - bi n di n g c a s s e tt e ( A B C)

s u p e rf a mi 1y ( A g u il a r B r y a n et al l

,
1 9 9 5) ･ ‡t h a s b e e n s h o w n th at cl a s si c a l K A T P C h a rl n el s a r e

c o m pl e x e s of t w o s u b L m its ,
Ki r 6 ･ 2 s u b mi t s , w hi ch f o n Tl th e K

+
- s el e c ti v e i o n c h a n n el p o r e

,
a n d

s u 且 s u b t mi t s , 1
1

e C e P t O l
･

S f o r s u lf o n yl u r e a s (S ei n o , 1 9 9 9); p a n c r e ati c β-

c ell ty p e a n d c a rd i a c t yp e

K A T P C h a n n e l s c o m p ri s e Ki r6 . 2 a n d S U R I s u b u ni ts (I n a g a ki et al ･

,
19 9 5 ; S a k t u

l

a e t al ･ , 1 9 9 5)

a n d K ir6 .l an d S U R 2 A (I n ag a ki et al .

, 1 9 9 6) stlb u nit s , r e sp e c ti v ely . T h e thia z oli di n e di o n e

d e ri v ati v e s t r o glit a z o n e a n d pi o glit a z o n e a r e l
･

e C e n tly d e v el o pe d o i
･

a u y a c ti v e h y p o g ly c e m i c

c o m p o u n ⊂ls th a t i m p r o v e i rlS u li n r e si st a n c e i n dia b etic r o d e n ts a l-d i n p ati e n ts w it h di a b et e s

m ellit u s (C i a ral di et al .

, 19 90; F uji w a r a e t al .

,
19 88; F uji w a l

･

a e t al .

, 19 9 1; H of m a n n e t al .

,
19 9 2:

K e m ni亡z e t

;

al .

, 19 9 4 ; K o b ay a s hi et al l , 19 8 2) ･ W e h a v e p r e vi o u sly sh o w n th at tr o glit a z o n e i s

c ap a ble of dir e c tly sti m ul ati n g i n s uli n s e c r e ti o n fl
'

O m P a n C r e a ti c β-

c ells , alth o u gh it i s n o t a p p a r e n t

u n til aft e t
･

a f e w mi n u t e s ( M a s u d a e t al ･ , 19 9 5) I I n thi s st u cLy ,
w e c o m p a l

･

e th e e ff e cts of

t l
･

O gli a ti z o n e a n 〔l pi o gli a ta z o n e o n r e c o n stittlte (i p a n c l
･

e a ti c β-

c ell ty p e a n (i c a rdi a c t y p e K A T P

-

4 .2 ～



c h a n n el s ,
a n d fi n d th at w hile l

･

rr o glit a z o m e h a s a l- effe ct , 1)1 0 glit a z o n e h a s n o n e
, s u g g e s ti n g th e

diff e r e n t effe cts of th e s e t w o a n ti ィIi ab etic a g e n ts .

I
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2 . M aC e 8
･

違a性s 盈m d
'

M 如h o 此s

2 .1 . C ell c ult u r e a n d t r a n sf e ctio n

c o s -1 c ells (S V 4 0 -tr a n sf o m l e d A fri c a n g r e e n m o n k e y kid n ey ( A G M K ) c ells) w e r e pl ate d at a

d e n sity o f 2 x 1 0
5

c e u s p e r dish (3 5 m m i n di a m e t e r) f o r si n gl e c h a n n el a n al y sis o r 3 x 10
5
p e r

w ell(3 0 m r n 6 -

w e ll dish) f o r 【
86

R b
+

】effl u x m e a s u r e m e n ts , a n d c u ltLlr ed i n D ulb e c c o
t

s m o difi e d

E a gl e s m e di u m ( D M E M , 4 5 0 0 m g 凡 gl u c o s e) s u p pl e m e nt e d w ith 1 0 % f ec al c alf s e r u m ･ F o l
.

s i n gl e c h a n n e l a n aly s ュs
,

C yt O m e g al o v i r u s
-

p r o m o t e r
- d ri v e n h a m s t e r S U R l -

e x p r e s si o n pl a s m id
,

p c M V h a S U R l (1 . 5 トLg) , O r r at SIU R 2 A - e x p r e s si o n pl a s m id , p C M V r S U R 2 A (1 ･5 LLg) a n d m o u s e

K ir6 . 2 - e x p l
･

e S S i o n pl a s mi d
, p C M V m K i r 6 . 2 (1 ･5 p ,g) , w ith th e e x p r e s si o n pla s mi d f o r g r e e n

fl u o r e s c e n c e p r o t ei n (p S R αG F P , 0 . 0 5 トLg) o r p S 6 5 T - C l ( Cl o nt e c h
,
C A ) a s a r e p o rt e r g e n e

( M a rsh al l e t al . , 1 9 95) , w el
･

e tl
･

a n S f e ct e d i n t o C O S - 1 c ell s wi th Lip o f e c t o a mi n e a n d O P TI - M E M I

r e a g e n t s ( Li f e T e c h n o l o gi e s , I n c .) a n d p A d V a n t a g e (0 ･5 L Lg ,
P l

.

O m e g a) , a c c o rdi n g t o th e

i n s t ru cti o n s of t h e m a n u f a cttl r e r .
F o r [

8 6
R b

十
】effl u x m e a s t u

･

e m e n t s , p C M V h a S U R l (1 . 0 LLg) o r

p c M V r S U R 2 A ( 1 . 0 m g) a n d p C M V m K i r 6 ･ 2 (1 ･ 0 トLg) w e r e t r a n s f e c t e d i n t o C O S - l c e lls w ith

Lip of e c t o a mi n e a n d O P T I - M E M I r e a g e n ts ･

2 .2 . [
8 6

R b
'

] en 7 LLX m e a S u r e ′乃e n t S

T w o d ay s aft e r t r a n sf e c [i o n , [
8 6

R b] Cl ( 1 rn Ci/ m l , A n l e r Sh a m P h a r m a ci a B i o t e c h , U K ) w a s

a d d e d i n f r e s h D M E M c o n t a l n l n g 1 0 % f et al c alf s e r u m a n d in c u b at e d f o r 1 2 - 2 4 h . T h e c ells

w e r e f u r th e r i n c u b ate d f o l
･

3 0 mi n at 3 7
o
C i n K r e b s - R i n g e r s ol uti o n (1 18 m M N a C l ,

5 . 0 m M

N a FI C O 3 ,
4 .7 m M K Cl ,

2 .5 m M C a Cl2 , 1 . 2 m M K I
-

I2 P O 4 , 1 . 2 m M M g S O 4 , 2 0 m M H E P E S
,

p rT
- 7 ･4) c o n tai ni n g 1 m C i/ m l [

86
R b] Cl wi th o r w ith o tlt 2 ･5 m g/ mi of olig o m y ci n a n d 1 m M o f 2 -

d e o x y
- D -

gl tl C O S e ･ A fte r w a shi n g th e c ells o n c e i n [
86
R b

+

] -fr e e K r e b s - R i n g e r s ol u tio n
,

w ith o r

w ith o ut a d d e d m e t a b olic i n hibit o r s a n d thi a z oli di n e cli o n e (l e l
･

i v a ti v e s , [
8 6

R b
+

] e
･

frl u x w a s

-

4 4
-



m e 匂.S u l
･

e d a t 3 7
o

C a s p r e vi o u sly (le s c rib e d (I n a g a ki et al ･ , 19 9 5 ): b ri efly ,
th e m e di u m w a s

r e m o v e d at e a c h li m e I) Oi l-t a n d r e pl a c e d w il
･

･h f r e s h m e di u m c o n t ai n i n g
■th e i n d ic at e d

c o n c e n tr a ti o n s of tr o glita z o l- e O r Pi oglit a z o n e , w ith o r w ith o ut m e t ab olic i nl 1ibiL
･

o r s ･ T h e r n e cLi u m

a t e a c h ti m e p oi n t w a s c o u n t ed
,
a n d th e v al u e s w e l

･

e S Lll ¶ m e d t o d et e r mi n e fl u
･

x ･ T h e d at a a r e

p r e s e n te d ･ a s th e p e r c e n ta g e o f t ot al c ell u l a r[
8 6

R b
+

] ･ j u l of th e c u rv e s a r e th e a v e l
･

a g?
Of l

･

･h r e e o l
･
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甘地e e
･

EF c c 触 甜 旺Å跡 - 且229
,
訊

●

m c w 創m 舶- 批 胸腔加 齢礼帽,
0 班.

A 甘P - s e m s 紬瓦v c 旺
+

cR
･

A a m m e且s c o 叩 m 馴 喝 旺 舶 巾2/ 効m 成
● O

S 町取乱, S U 取2 A 抑 S U R 2 B

A II_w dllr ald:d
･

.

K A D J1 2 29
,
a n e w a n ti - di ab eLic d r u g , is th o u g ht t o s tir n ul ate i n s u･li n s e c r e ti o n b y cl o s l n g

th e A T P - s e上-Siti v e K
l ･

(I( A T P) c h a n l- el s i n p a n c r e a ti c β-

c ells . I
-I o w e v e r , il

l

.s s el e c ti vi

l

t y f o l
･

t
･

h e v a ri o u s K A T P
C h a n n el s i s n o t h - o w n ･ I n this st ud y ,

th e efft cts of 1(A D - 1 2 2 9 o n t h e

v a ri o u s cl o n e d K
A TP

C h a n n el s ( m r6 ･2/S U R l , n i l
-

6 ･2/S U R 2 A ,
,

a n d Xj r 6 ･ 2/ S U R 2 B )

r e c o n s tit u t e d i
･

n C O S - 1 c ell s w e r e a )〔a mi n e d . S i n gl e ch a n n el a n a一y sis s h o w e d th a t

拡A D - 1 2 2 9 i n hibi t s K ir6 . 2/S U R I c h a n n el c u lT e n t S i n a d o s e - (1年p e n d e Jl t m a n n e r (I C
'

50
=

7 . 1 n M ) ,
b ut d o e s n o t i n hibit sig nifi c a n tly ei th e r th e Ki l

'

6 ･2/S U R 2 A o r Ⅸj r 6 ･2/S U R 2 B

c h a n n el c u r r e n t s e v e n a t hig h d o s e s ( m o r e th a n ] ･O LL M ) I Bi n di n g e 叩 e ri m e n t s o f

s u R l e x p r e s s e d i n C O S - 1 c ell s r e v e al e d th at 旺A D - 1 2 29 i n hibit s th e bi n di n g o f

[
3
H] glib e n cl a mi d e t o S U R l (IC 5. V al u e , 2 8 0 n M ) ,

s u gg e s亡i n g th at K A D - 12 2 9 sh a r e s a

bi n di n g si t e w ith glib e n cl a mi d e ･ I n s u li n r e sp o n s e s t o gl u c o s e
, K ÅD - 1 2 2 9 , t o lb u t a m id e

,

a n d glib e n cl a mi d e i n M ⅠN 6 c ells aft e r c h r o ni c K A D - 1 22 9 t r e a t m e nt w e r e si mi 1 a 1
･

t O

t h o s e aft e r t olb ut a mi d e tr e at m e n t . T h e s e l
･

e S u lt s i n dic at e th at
, si mi l a rly t o t olb u t a m id e

,

旺A D - 1 2 2 9 is hi ghly sp e cific t o th e Kir6 ･2/S U R I c o m ple x , i ･ 巳 ･ , th e p a n c r e ati c β-

c ell

K A T P
C h a t- n et , a n d s u g g e st th at K A D - 1 2 29 is a cli ni c ally u s ef ul a n ti - di ab eti c d ru g .

K e y W o l
･

d s
･

. K ^ T ｡
C h a n n el; s ulf o nyl u r e a r e c ep t o r (S U R); K A D -1 2 2 9

-

, i n s u

'

li n s e c r e ti o n ;

s e c o n d a ry f ail u r e ; d e s e n siti z ati o ll

I 6 3 I



丑. I m h
･

o d u c正志o m

A T P -

s e n siti v e K
l

'

( K ^ T P) c h a n n eユs o c c u r i n m a n y ti s s u e s ･

}
il- Cl u di n g p a n c r e a ti c β- c ell s

( c o ol " n d H al e s , 19 8 4) ,
h e a l

-

i ( N o m a
,
19 8 3) , v a s c Lll a r s m o o th m u ･s cl e c ell s (S t a n d e l " i

al .

,
19 8 9) , 弧 d ot h e r ti s s u e s ( A sh fo l

-

d et al ･

, 19 8 8 ; S p ru c e e t al l

, 19 8 5) . K A T P
C h a n n el s

pl ay a n i m p o rta n t l
･

01 e i n v ari o u s c ell ul a r r e sp o n s e s s u c h a s s e c r e ti o n a n d m u s cl e

c o n l
･

r a c ti o n b y li nl d n g
r c ell m e t a b olis m t o m e m b r a n e p ot e n ti al (A s h c r o f t

, 1 9 8 8) ･

Cl a s si c al R A T ,
C h a n n el s a r e n o w k n o w n t o c o m p r i s e t w o S u b u nit m ol e c u l e s : t h e l

r
J r 6 ･ 2

s u b u n its th at f o r m th e K
'

-

s el e c ti v e i o n c h a n n el p o l
.

e
,

a n d th e S U R (S U R l o r S U R 2)

s u b t mi ts
,

th e r e c e p t o r of s u lf o n yl u r e a s ( A g uil a r - B IY a n e t al ･

,
1 9 9 8; A s h c r o f t a n d

G ri b b l e , 1 9 9 8; S ei n o
,

19 9 9) . C o - e x p l
･

e S Si o n o f Ki r 6 ･2 a n d S U R l i n h et e r ol o g o u s

e ブ【p 1
･

e S Si o n sy s t e m s f o n n s K
^ T,

C h a n n el s wi th p r o p e r ti e s si mi 1 ar t o th o s e i n n a ti v e

p a n c r e a ti c P - c ell s (I n a g a ki et al ･

, 1 9 9 5 ; S al c u r a et al l , 1 9 95) I V ar i o u s f o m s o f S U R 2

h a v e b e e n id e n tifi e d ( C h u tk o w e t al .

,
1 9 9 6

,
19 9 9; I n a g al d e t al . , 1 9 9 6; Is o m o t o e t al .

,

1 9 9 6) . It i s g e n e r ally a c c e pt e d th a t lG r 6 ･ 2/S U R 2 A c h a n n els f o r m c a rdi a c a n d

p r e s u m a bly sk el et al m u s cl e K A T P C h a n n el s ( A g uila l
-

- B ry a n et al l

, 1 9 9 8; A s h c l
'

O ft a n d

G ri b bl e
,

I 1 9 9 8; S ei n o , 19 9 9) . A lth o u gh it w a s i niti ally p r o p o s e d -t h at K ir6 .2/S U R 2 B

c h a n n el s f o m s m o o th m u s cl e K ^ T P C h a n n el s (Is o m o t o et al ･ , 1 9 9 6) , S U R 2 B c o u pl e d t o

I G r6 .1 ,
w e r e l at e r s tlg g e St e d t o b e th e c o n s亡it u e n t s of th e v a s c ul a l

'

S m O O th m u s cl e K A TP

ch a n n el ( Y a m a d a et a] . , 19 9 7) ･

T h e K
A T ｡

C h a n n el s i n p a n c l
･

e a ti c β- c ells a r e c 山ic al in th e r e g ul ati o n of b otll gl u c o s e
-

-
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i n d u c ed a n d s ulf o n yl u r e a -in 亡lu c e d i n s uli n s e c t
-

etj. o n s (M iki eL al ･ ･

,
19 9 8) ･ T h e bi n (li n g

of s u]f o n yl u r e a s t o S U R l l m b a bl y i n hibit:s 亡h e c o o p e r a ti vity of th e n u c】e o 〔i d e bidi n g

f old s (N B F 卜1 a n d - 2 of S U R l
,

w hic h i n d u c e s t h e cl o s e d st at e of th e K A T P
C h a n n e] ･s

( V ed a et al . , 1 9 9 9) I R e c e n tly ,
th e n o n

- s u lf o nyl u r e a i ll S uli n otr o pic ag e n t m e tigli nid e

al s o h a s b e e ll Sh o w n t o i n hibit th e β-

c ell K
Å TP

C h a n n eユb y bin di n g t o S U R l ( G rib bユe el:

al .

,
1 9 98) . K A D :1 2 2 9 ( mi tigli nid e) ,

a n e w a ll ti - di a b eti c d ru g wi tb a c h e n lj c al st r u c t u r e

diff e r e nt fr o m s u lf o n yl u'1
･

e a S h a s b e e ;n d e v e王o p e d i n th e U nit e d S t at e s , E u r o p e
,
a n d J a p a n ･

p r e cli ni c al s t u di e s h a v e sh o w n th e d r u g t o h a v e a s h o r ト1 a s tl n g a n d i m m e di a t e e ff e c t o n

h y p o gly c e mi c a c ti o n a l- d t o i n cr e a s e i n s u li n r el e a s e f r o m b o th p a ll C r e a ti c β-

c ells a n d

H I T -T 1 5 c ells ( O h n o d a et al l

,
19 9 4 , 1 99 5) ･ 旺A D - 1 2 2 9 h a s b e e n s h o w n t o di s pl a c e th e

b o u nd 【
3
H ]glib e n cl a mi d e il- th e m o u s e i n s u li n

-

s e c r eti n g c e一l li n e M I N 6 an d t o i n hibit

th e K
A T P C h a n n el c u l T e n t S i n th e s e c ell s ( M o g a m i et al l

, 1 9 9 4) , s u g g e sti n g th a t it

s ti m ul a t e s i n s uli n s e c r e ti o n b y cl o s i n g th e K
A T P

C h a n n el s by bi n di llg t O S U R .

E v al u a ti o n of th e ti s s u 巳 S el e cti vity of t h e a n ti - di a b e ti c d r u ,g s th a t a c t th r o u g h S U R is

c r u ci al i n p r e di cti n g Sid e eff e cts si n c e S U R s a r e dist rib ut e d i n m a n y tis s u e s I W hil e

tis s u e sp e cifi city h a s b e e n r e p o ll e d f oュ
.

S O m e S ulfo n yl u r e a s ( G ribbl e et al ･

,
1 9 9 8) ,

th at

f o r 拡A D - 1 2 29 h a s n o t p r e vi o u sly b e e n e x a m i n e d ･ I n th e p r e s e n t st u d y ,
w e e v al u at e d

t h e s el e c ti vity o f 拡A D - 1 2 29 t o v aユ
･

i o u s K
A T P

C h a n n el s , u s 川 g C O S - ユ c ells c o - e x p r e s s i n g

cl o n ed l G r6 .2 a n d S U R l , S U R 2 A
, o r S U R 2 B . B e c a u s e iしis k n o w n th at c h r o ni c

tr e a t m e n し w ith s ulf o n ･yl u l
･

e a S S O m e ti m e s 一e a d s to i m p air m e l-i Of s uユfo11yl u r e a
-i n (l u c °(!r

･ 6 5
I



i n s ul血 se c l
･

e ti o n i n l'il, 0 a nd i n vit7
･

0 ( K a r a m e t al .

, 1 9 86 ; D a v alli et al .

,
19 9 2 ; R a b u a z z o

e t al .

, 1 99 2) ,
w e h a v e al s o i n v e s tig at e d th e e ff e ct of c hr o ni c K A D - 1 2 2 9 tr e a t m e n t o n

i n s uli l一S e C r e ti o rl .

-

6 6 -



I
?
u . M 加e m

'

I盈Its 訊mdL n 伽仙 o 舶

2 . 1 . M a l
･

e 7
･

i a ./ s

T h e K A D - 1 2 2 9 w a s o btai n e d
.

f r o m lli s s ei P h a r m a c e u ti c al C o . L td ･ ( N a g a n o
,
J a p a n) ･

G lib e n cl a mi d e a n d t olb u ta m id e w e r e p u l
･

C h a s e d fr o m R B I (N ati c k ･
,
M A , U S A ) a n d

N a c al ai T e sq u e ( K y o t o ,
J a p a n) ,

r e sp e c ti v ely . 【
3
I

-

I] -l ab el e d glib e n cl a m id e w a s f r o m N E N

Lif e S ci e n c e P r o d u c ts ( B o s t o n , M A , U S A) .

2 . 2 . C ell c ult u r e a .n d T r a ･n sf e c ti o n

c o s - 1 c ell s w e r e pl at e d a t a d e n si ty o f 2)く1 0
6

c ells p e r dish (1 0 c m i n di a m et e r) f o r

displ a c e m e n t a s s a y o f [
3
H]glib e n cl a m 主d e bi n d i n g a n d a t 2 ×1 0

5
c ells p e r di s h (3 ･ 5 c m i n

di a m e t e r) f o l
･

p a t c h cl a m p c h a n n el r e} c o rdi n g s ･ T h e " ell s w e r e c ul t u r e d i n D u lb e c c o
'

s

m o di
･

fi e d E agl e
'

s m e di u m ( D M E M ) s u p pl e m e n t e d wi th l O % f a t al b o vi n e s e ru m ･ T h e

f ull -l e n g th c D N A s e n c o di n g tG r6 .2 (h u m a l- O r m o u s e) a n d a S U R is o f o l
.

m (h u m a n

S U R l
,
h a m s te r S U R l

,
r at S U R 2 A o r r a亡S U R 2 B ) w e r e s u b cl o n e d i nt o a m a m m ali a n

e x p r e s si o n v e c t o r
, p C M V 6 b o r 6 c ･ T h e h u m a n o r m o u s e lG r6 ･2 e フ〔P r e SSi o n v e c t o r a n d

h u r n a n = S U R l , h a m s te r S U R l
,
r a t S U R 2 A

,
o 1

-

r a t S U R 2 B e xp r es si o n v e c t o r w er e c o -

tr a n sf e c te d w ith P E G F P ( Cl o nt e c h , P al o A 比o ,
U S A) ,

a tr a n sf e c亡i o n m a rk e r
,
i n t o C O S - 1

c ells ,
u sin g li p o

･

f pJ C ta m i n e a n〔1 0 pti
- M E M I r e ag e n ts (Lif e T e c h n ol o gi e s , R o cln 'ill e

, M D ,

U S A ) .

F o r ch r o ni c 亡re atl n e n t Of M I N 6 c elユs wi th th e i n s ulin oLl
-

O pュc ag e n ts
,
th e c ells w e l

●

e

-

6 7
I



pl at ed at a cl e n sity of 1)(1 0
5

c ell s pe r dish ( 1 0 c m i n di a m e t e r) a n d c ult u l
･

e d i n D M E M

c o nt ai n ∫n g 25 m M gl u c o s e , 1 0 % f ec al b o vi n e s e n l m
,

a n d 6 3 トL M 2 - m e r c a p t o e th a rl Ol ･

O n e 亡1 ay a ft e r pl ati n g ,
監A D - 1 2 2 9 (1 0 0 n M ) o r t olb u t a m id e ( 10 0 トLM ) w a s a d d e d t o t h e

c ultu r e m e di u m ･ T h e c ell s w e l
･

e c ultu r e d w ith th e m a d .i u m c o n t a in 1 n g O n e O f th e s e

d r u g s f o r 1 4 d ay s , a n d w e r e th e n pl a t e d o n t o a 4 8 - w ell pl at e a t a d e n sity o f l >(1 0
5
[ o

m e a s u l
.

e i n s uli n s e c r eti o n i ll r e sp o n s e t O V a ri o u s s ti m uli .

2 . 3 . E l e c t r o p h y si o l o g i c al a n a ly si s of K
A T P C h a 7 m el s

T h e t r a n sf e ct e d C O S - 1 c ell s w e t
-

a C u lt u r e d f o r 4 8 - 9 2 h r b e f o r e l
･

e C O r di n g s a n d w e r e

s el e c t e d b y g r e e n fl u o r e s c e n c e u n d e 1
-

a m i c r o s c o p e (I n a g ald e t al ･ , 1 9 9 6) . R e c o r di n g s

w e r e m a d e i n th e e x ci s e d i n sid e
-

o u t p at c h cl a m p m o d e
,

a s p l
･

e vi o u sly d e s c ri b e d (I n a g a ld

et al .

,
1 9 9 5) . T h e i n t r a c ell ul a r s o l u ti o n c o n tai n e d 1 4 0 m M K C l , 2 m M E G T A

,
2 r i m

M g C1 2 , a n d 10 r n M H E P E S (p H = 7 ･3) ･ T h e pi pe tt e s ol u ti o n c o n t ai n e d 1 4 0 m M K C l , 1

m M C a C1 2 , 1 m M M g C 1
2 ,

a n d 10 I II M H E P E S (p Ⅲ= 7 . 4) . R e c o l
･

di n g s w e r e m ad e a t 2 0 1

2 2
o

C .

2 . 4 . 1 Il hibiti o rl Of [
5
Il]glib e n cl a m id e bl 7u li n ･g t o l u u 7- a n S U R l by v a 7

･

i o u s a n ti - di ab e ti c

d r u g s

C O S - 1 c ells tr a n sf e ct e d wi [h h u m a n S U R I w e r e w a sh e〔l t w i c e w ith 旺R H b u ff e r

c o n t ai n i n g 119 m M N a C l
, 4 ･7 m M K C l , 2 ･5 m M C a C l ,

_
,
1 ･2 m M K f Tt

2
P O . , 1 .2 m M

･

6 8
･



M g S O 4 .

,
5 1T 朋 N a H C O , a n d 20 m M H E P E S (p I

-T = 7 ･ 4) , a n d th e l = e S u S P
e n d e (I i n th e

s a m e b u ff e r . C ells at a d e n sity of 5 )く1 0
5
/t u b e w e r e i n c u b a亡e d ･ w ith 2 n M [

3

町 坤 el巴d ･

glib e n cl a mi d e in th e ab s e n c e o r p r e s e n c e of v a ri o u s c o n c e n tr ati o n s of u nl a b･el e d K A D -

1 2 2 9
, glib e n cl a m id e

,
o l

･

t Olb uta mi d p
J a t l

･

0 0 m t e m P e l
･

a t u l
･

e f o r 2 h ･ T h e i n c u b ati o n w a s

t e r mi n ate d b y l
･

a Pid filt r a ti o n th r o u gh G F/ C filt e r s ( W h a t m a n I nt e rn a ti o n al ,
M aid st o n e

,

u .1I . .) . T h e
･

filt e r s w e r e･ w a s h e d t wi c e w ith i c e - c o ld l m H b u ff e r a n d r a ･di o a c ti viti e s

w e r e m e a S u i
･

e d u si n g a liq u id s ci ntill ati o n c o u n t e r ･ [
3
H]glib e n cユa m id e bi n di n g is

e '[p l
･

e S S e d a s pe r c e n t a g e o
･

f th e bi n di n g o f [
3
H]glib e n cl a mi d e w i th o u t n o nl a b el e d

c o m p o u n d s ･

2 . 5 . M e a ･s u r e m e n .t s of i n s uli n s e c r e ti o n

T h e c ell s w e r e p r e
-i n c u b a t e d f o r 3 0 mi n i n K R 丑 b uff e r c o n t ai ni n g 15 4 m M N a C l

,
6 ･ 2

m M K Cl
,
3 ･3 m M C a C1 2 ,

1 ･5 m M K H 2P O 小 1 ･ 6 m M M g S O . , 12 1 4 m M N a H C O , , 2 0 m M

H E P E S (p H = 7 . 4) , a n d 0 .2 % b o vi n e s e n l m alb u mi n (B S A -1 n B ) c o n t ai n i n g 3 m M

gl u c o s e ･

.

T h e c ell s w e r e th e n s ti m ul at e d b y a d di n g 5 00 トLl ･
of B S A -1 m b u ff e r

c o n tai n l n g 2 5 m M glu c o s e o r 10 0 n M K A D - 12 2 9 , 10 0 トL M tolb u t a m i (l e
,

o r 1 0 0 n M

glib e ll Cl a mi d e i n th e p l
･

e S e n C e Of 3 m M gl u c o s e ･ I n s uli n s e c r e t e d i nt o th e m e 亡li u m w a s

m e a s u r e d b y l
･

a (1i oi m m u n o a s s a y ( Eik e n C h e mi c al
,

T o k y o , J ap a n) ,
a s p r e vi o u sly

d e s c rib ed ( K a w a ki et al
,
19 9 9) .

-
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3 . 汲e 飢‡舶s

R e p r e s e n t ati v e r e c o r (ti n g s o b tai n ed fr o m e x ci s e〔1 i n sid e - o u t p atc h e s i n C O S - l c ell s

e x p r e s s i n g K ^ T P
C h a n n el s a r e sh o w n i n Fig u r e l ･ A T P al m o st c o m pl e t ely i n hib it e d th e

th r e e ty p e s o f K A T P C h a n n el c u lT e n tS a t a C O n C e n tr a ti o n o f 1 m M (Fig ･ 1 A - C ) ･ 旺A D -

1 2 2 9 at a c o n c e n t r ati o n o f 1 00 n M i rlhibit e d t h e K i r 6 . 2/S U R I c h a n n el c u rl
'

e n t S (Fig ･

1 A ) . I n c o n t r a s t
,

n o si g nifi c a n t i n hibitio l - f th e Ki r6 12/S U R 2 A c h a n n el c u rl
'

e n tS W ith

拡A D - 1 22 9 w a s ob s 巳 rv e d 占v e n at th e hi gh e st c o n c e n t r a ti o n t e st e d (1 0 0 トL M ) (Fi g ･ 1 B) ･

T h e K i r 6 .2/S U R 2 B c h a n n el c u r r e n t s al s o w e r e n o t aff e ct e d b y K A D - 1 2 2 9 (F ig ･ 1 C) ･

T h e d o s e
- d e p e n d e n t eff e c ts of 拡A D - 1 2 2 9 o n K

A T P C h a n n el c u lT e n tS a r e S h o w n i n Fi g ･ 2 ･

K A D - 1 2 2 9 i n hibit e d b oth h u m a n Ⅸi r6 .2/h u m a n S U R I K
A T P

C h a n n el c u rr e n ts a n d m o u s e

lG r 6 .
2/h a m s t e r S U R I K A Y ,

C h a n n el c u r r e n ts i n a d o s e
- d e p e n d e n t m a n n e r (I C 5 0 V al u e :

1 0 0 n M f o r h u m a n l G r 6 .?_ 仇u m a n S U R I c h a n n el; 22 n M f o r m o u s e K i r 6 ･2/ h a m s te r

S U R I c h a n n el) . I n c o n tr a st , K A D - 1 2 29 e v e n a t hig h c o n c e n t r a ti o n s (1 トL M o r m o r e)

sh o w e d n o s i g nifi c a n t i n hibit o ry e
･

ff e c t o n eith e l
･

m O u S e Ki 1
･

6 ･ 2/ r a t S U R 2 A o r m o u s e

K i r6 . 2/r at S U R 2 B c h a n n els . T h e i n hibit o ry effe ct o f K A D - 1 2 2 9 (10 n M ) o n th e

lG r6 .2/S U R I c h a n n e一is r e v e r sibl e ( Fig .1 A ) . T h e c u rr e n t a m plit u d e r e c o v e r e d t o 5 0 %

.I th e v al u; o b t ain e cl b e
.

f o l
･

e a p pli c ati o n of th e cl ru g in l e s s th a n 2 mi n ( 11 5 -

J = 1 8
.

s) aft e r

st a rtl n g W a S h o u t ･ I n c o n tr a s t ,
th e e

･

f
･

f e c t of glib e n cl a m id e w a s ill: e V e r Sible
,

a n d t h e

c u l
･

r e n t Clicl n ot l
･

e C O V e r S ig nific a n tly e v e n afte l
･

C O n ti n u o u s w a s hi n g f o l
･

m O l
･

e th a n lh

-
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( n = 5) (Fig . 1 D) I

sp e cific bi n di n g of [
･l

町1a b el e d glib e n cl a m id e 亡o h u lTl a n S U R l e xp r e s s e d i n C O S - 1

c ell s w a s i n hibite d by u nl ab el e d glib e n cl a m id e
,

K A D - 1 2 29
,

a n d t olb u ta m i d e i n a

c o n c e n tr a ti o n
- d e p e n d e n t m a n n e r (Fig ･ 3) ･ T h e I C 5 .

V al u e s f o r glib e n cl a mi d e
,

m A D -

1 2 29 ,
a n d t olb u t a mi d e w e r e 7 ･ 1 n M

,
2 8 0 n M

,
a n d 1 4 0 LL M , r e sp e c ti v ely ･

.A c u t e i n s uli n s e c r et o ry r e sp o n s e s to v a ri o u s s ti m u li i n M I N 6 c ells tr e a t e d c h r o n i c ally

w i th 監A D -1 2 2 9 o r t olb u ta m id e a1
･

e S h o w n i n Fig ･ 4 (A
- C) ･ A s c? n tl

.

01 ･

J
th e c ell s tr e a t e d

w i th v e hi cl e al o n e w e r e u s e d . B a s al i n s u li n s e c r e ti o n i n th e p r e s e n c e o f 3 m M gl u c o s e

w a s sig nifi c a ntly l o w e r i n M ⅠN 6 c ells t r e a t e d w ith K A D - 1 2 2 9 a n d t o lb u t a 血d e f o r 1 4

d a y s th an i n c o n tr ol ･ F oll o w i n g C h r o ni c e x p o s u l
･

e t O K A D - 1 2 2 9 at a c o n c e n tl
･

a ti o n o f

l o o n M , b a s al s e c r e ti o n a n d s e c r e ti o n i n d u c e d b y t h e v a ri o u s s ti m uli w e r e d e c l
･

e a S e d ･

c o r n p a r e d t o c o n tl
-

Ol ･ T h e i n hibit oIγ ef
･

f e c L s o f c h r o n i c 監A D - 1 22 9 tr e at m e n t o n i n s u li n

s e c r e ti o n w e r e si mi 1 (v t o th o s e wi th tolb u t a mi d e tr e a t m e n t ･ T h e l
･

e W a s n O S i g nifi c a n t

dif
･

f e r e n c e i n i n s u li n c o n t e n t i n M I N 6 c ells t r e a t e d wi th K A D - 12 2 9 o r t olb ut a mi d e

(Fi g .4 D ) .

I

7 1
-



乱 D長s c M S S竜oI11

w e h a v e s h o w n th at K A D -1 2 29 i n hibits i
'J l

･

6 .2/S U R l (p a n c r e atic β- c ell t y pe ) K ^ T ｡

c h a n n els i n a d o s e d e p e n d e n トm a n n e r b Llt h a s n o s ig nifi c a n t i n hibit o ry eff e c t o n
■

eith e r

粘r6 . 2/S U R 2 A (c a r di a c ty pe ) K
^ T P

C h a n n el s o r lG r6 ･ 2/S U R 2 B K A T P C h a n n e ls e v e n a t

hig h c o n c e n tr ati o n s (1 0 0 トL M a n d m o r e) I I n r a di oli g a n d bi n di n g a s s ay ,
拡A D - 1 2 2 9

i n hibit e d r .h e bi n di n g of [
3
Il]glib e n c l a m id e t o S U R l e xp r e s s e d i n C O S - 1 c ells ･ T h e

affi riity o f h u m a n S U R l f o r 旺A D - 1 2 2 9 w a s a b o u t 5 0 0 f old t h at f o r t olb u t a m id e , b u t 4 0

f o ld l o w e r th a n th a t f o r glib e n cl a m id e ･ T h e I C 50 f o r th e e ff e ct o f 旺A D - 1 2 2 9 o n

lG r6 .2/S U R I c h an n el c u r r e n t w a s c o n si s t e n t w i th th at b y th e [
3
rI]glib e n c l a mi d e

dis pl a c e m e n t a s s a y of K A D - 1 2 2 9 t o h u m a n S U R l ･ T h e s e 1
･

e S ul t s d e m o n s t r a t e th at

K A D - 12 2 9 i n hibit s h u m a n p a n c r e a亡ic ･β- c e ll ty p e K
A T P

C h a n n el s b y bi n di n g t o S U R l .

T h e ti s s u e s el e cti vi ty o f s o m e a mi - di ab e ti c d r u g s h a s b e e n d e m o n s tr at e d b y G ･

rib bl e

et al . (1 9 9 8): (i) t olb u t am id e i11 hibits Ki r6 ･ 2/S U R I c h a n n el s b u t n o t Ki r 6 ･ 2/S U R 2 A

c h a n n el s
, (ii) glib e n cl a r n id e bl o c k s b oth Ki r6 ･2/S U R l (tG I 4 n M ) a n d Ki r 6 ･2/S U R 2 B

( Ki = 2 7 n M ) ch a n n el s; a n d (iii) m e gliti n id e
,

a n o n - s u lf o n yl u r e a h y p o gl y c e mi c a g e n t

wi th a .b e n z a mi d e m oi ety ,
i n hi bit e cl l h

･

6 .2/S U R l a n d Kjr6 ･2/S U R 2 A c h a n n el s a t si m il a r

c o n c e n tr a ti o n s ( Ki = 0 .3 a n d 0 . 5 トL M
,

l
･

eS P e C ti v ely) ･ T h e y pl
.

O P O S e d th at S U R I

p o s s e s s e s t w o d l
･

u g
- bi n 〔li ng sit e s ( a s ulf o n yl u r e a

- bi n di n g site a n d a b e n z a mi d e -bi n di n g

site) ,
w hile S U R 2 A h a s o nly a b e n z a mi cle

-bi n di n g site ･ T h e y al s o s u g g e st e d th at

t ol b u t a mi d e b in d s t o th e s ulf o n yl u r e a - bi n di n g site a n d glib e n cl a mi d e bi n d s t o b o th site s ,

- 7 2 ･



w h e l
･

e a S m e gliti nid e bi n d s o nly 【o th e b e n z a mi d e - b i n (li ng site ,
a n (1

,
th e r ef o l

･

巳
,

th aL

gユib e n cl a mi d e a n d lTl e glitinid e b o th bi n d t o S U R l a nd S U R 2
,

w hil e tol ･b u t a mi d e b i n d s

o nly to S U R l . I n th e p r e s e n t st u d y , w e d e m o n s h
･

at e th at K A ･D - 1 2 29 h a s a hi g h

s el e c ti
･

vity i n it s i n hibiti o n f o r cl o n e d lG r6 ･2/S U R I c h a n n el s , i ･ e .

,
th e p a n c r e a ti c P - c ell

ty p e K
^ TP

C h a n n el s ･ A hig h tis s u e s el e c ti vity of 虹A D - 1 2 2 9 h a s al s o b e e n f o u n d i n

n a ti v e K
A T P

C h a n n els (I D 5 .
i n M I N 6 c ells i s 2 0 n M ) ( M o g a mi e t al l

,
1 9 94) ･ 旺A D - 1 2 2 9 ,

th e r e f o r e , r e s e m bl e s t olb u t a mi d e i n t e r m s o f its ti s s u e s ei e c ti vity ･ I n a d diti o n , 旺 A D -

1 2 2 9 i n hibit s th e bi n di n g o f [
3
H]glib e n cl a m id e t o h u m a n S U R l ･ T h e s e l

'

e S u l ts s u g g e s t

th a t th e 虻A D - 1 2 2 9 bi n d s t o th e s u lf o n yl u l
･

e a - bi n di n g sit e i n S U R l b u t d o e s n o t bi n d t o

th e b e n z a mi d e -bi n di n g si t e S U R 2 A ･

E l e c t r o p hy si ol o gi c al s t u d y al s o s h o w s th a t 旺 A D - 1 2 29 h a s n o s lg n ifi c a n t i n hib it o ry

eff e c t ｡ n ｡id l e l
･

1
r
J r6 . 2/S U R 2 A ( c a r di a c ty p e K A T P C h a n n el) o r 臥 r6 ･2/S U R 2 B c h a n n el

c u n
･

e n t s . T h e K
A T P C h a n n el s i n h e a rt pl a y a n i m p o l

-

t a nt r ol e i n p r o t e c t l n g a g a l n S t

m y o c a r di al d a m a g e d u ri n g is c h a e mi a a n d l
･

e pe rf u si o n ( C ol e s et al l , 1 9 9 1) a n d r e c o v e ry

o f c a r di a c c o n tr a c tility a ft e r i s c h a e m i a a n d r e p e 血 si o n i s k n o w n 亡o b e m o r e d e te ri o r a t e d

i n t h e p r e s e n c e of glib e n cl a m i (l e th a n i n it s ab s e n c e ( S hig e m a亡s u eL al ･ , 1 9 9 5) ･

s ulfo n yl u r e a s h a v e b e e n u s e d i n th e tr e a t m e n t of ty p e 2 di a b et e s m ellitu s f o r a m a n y

y e a r
-

S
,

b u t s e v e r al r ep o lt S h a v e s h o w n 仙 c h r o nic s ulfo n ylu r e a t r e a t m e n t c a u s e s

u n r e sp o n si v e n e s s to s tlb s eq u e n ･t s ti m ul ati o n b oth i n .}itf
･

O a n d i ll 1'L

'

l' 0 ( K a r a m e t al ･

,

19 8 6 ; D a v alli et al l

, 19 9 2; R a b u a z z o e t al l,
19 9 2) ･ I n th e p r e s e n しst u (1y , w e f o u n ⊂l th at
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i n s uli n s e c r e ti o n i n r e sp o n s e 亡o v a ri o u s s 山m uli, i n cl u di ng K A D - 1 2 29 a n d t olb u [ a mi d e ,

afLe l
･

Ch r o ni c e x p o s Ll r e i n M ⅠN 6 c ells is i m p air e d
,
b ut is r e亡ai n e d t o s o m e e x te n t . I n a

p r e vi o u s st u d y , w e f o u n d th a亡iflS uli n s e c r e 亡i o n in a c u t e r e s p o n s e t o glib e n cl a mi d e i n

M I N 6 c ells w a s s e v e r ely i m p air ed aft e r c h r o ni c e )cp o s u r e t o glib e n cl a mi d e ( K a w a ki e亡

al 一 , 19 9 9) . T h e s e fi n din g s i n di c at e th at t h e c h l
'

O ni c e ff e c t o f K A D - 1 2 2 9 o n p a n c r e a ti c

β-

c ells is si mi 1 (Tr t O t h at of t olb u t a mi d e , b u t diff er e n t fl
･

O m th a t o f glib e n cl a m id e .

I n c o n cl u si o n , w e p r o vid e di l
･

e C t e v id e n c e th at K A D -1 2 2 9 bi n d s t o h u m a n S U R l a n d

e x hibit s a hi g h d e g r e e o f th e sp e c ifi city t o th e p a n c r e a ti c β-

c ell K
A T P C h a n n el . B e c a u s e

th e eff e ct s o f 旺A D - 1 2 2 9 o n th e p a n c r e ati c β- c ell ty p e K
A T P C h a n n el a r e r e v e r sibl e a n d

th e i n s uli n s e c r et o ry r e s p o n s e s t o v a ri o tlS S ti m uli af t e r c h r o n i c e x p o s u r e t o th e d ru g a r e

si mi l a r t o (h o s e o f t o lb ut a m id e , 監A D - 12 2 9 w o u ld b e a cli n i c ally u s e f u l a n ti - di a b e ti c

d ru g i n 亡r e a t m e n t o f 亡y p e 2 di a b
l

e t e S ･
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A g uila r - B IY a n .

,
L .

,
Cl e ln e n [

,
J P .i . , G o n z al e z ,

G ･

,
K u njil w a r

,
K ･ , B ab e n k o

,
A ･

,
B ry a n J リ

1 9 9 8 . T o w a l
･

d Ll n d e r s亡a n di n g Lh e a s s e r n bly a n d st ru c t u r e of K
^ T , C h a n n el s ･

P h y si oI R e v 78
,
2 ･2 7 - 24 5 ･

A s h c r oft
,
F . M . , 1 9 8 8 . A d e n o si n e 5

-
-trip h o s ph a 払 s e n siti v e p ot a s si u m c h a n n el s ･ A n n u

R e v N e u l
･

O S Ci ll , 9 7
- 11 8 .

A s h c r oft
,
F . M .

,
G l

･

ibbl e , F ･ M ･ ,
1 9 98 ･ C o r r el a t "1 g S [ ru C t u l

･

e a n d f u n cti o n i n A T P -

s e n sitiv e

K
l

.

c h a n n el s . T r e n d s N e u r o s ci 2 1 ,
2 8 8 - 29 4 .

A shf o r d , M ･ L ･

, S t u r g e s s
,

N ･ C ･ , T r o u t
,
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,
G a rd n er , N ･J ･

,
H al e s

,
C ･ N ･ , 1 9 8 8 ･

A d e n o si n e - 5
･

- trip h o sp h a t e
-

s e n si ti v e i o n c h a n n el s i n n e o n a t al r a t c ul t u r e d
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･

n u g e rs A r c h 4 1 2 ,
29 7 -3 04 ･

c h u tk o w , W . A . , M a ki el sld
,
J ･ C ･

,
N el s o n , D ･J ･

,
B u r a n t , C ･F ･ , F a n

･
Z ･

,
19 9 9 ･ A lt e rn ati v e

spli ci n g o f S U R 2 翫 o n 1 7 r e g ul a t e s n u cl e o tid e s e n si ti vity o f th e A T P - s e n si ti v e

p o ta s si u m c h a n n el ･ J Bi oI C h e m ?
- 7 4

, 13 65 6 - 13 6 65 ･

c h u [k o w , W . A . , Si m o n
,
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,
L e B e a u

,
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,
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,
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'
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th e p ut ati v e d r u g
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,
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,
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･

K
^ T P

C h a n n el s ･ D i a b et e s 4 5 ,

1 4 39 - 14 4 5 .

c ol e
,
W . a . , M cP h e l

･

S O n
,
C . D ･

,
S o n ta g , D . , 19 9 1 ･ A T P -

r e g ul a[ e〔l K
+

c h a n n el s p l
･

O L e c しt h e
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･
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,
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,
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,
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･
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S ･

,
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,
V ･

,

p o z z a , G .

,
19 9 2 . H u m a n i sl et s c h r o ni c al ly e x p o s e〔l i n vitr o t o diffe r e n t sti m uli
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7 4 , 7 9 0
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,

F . M . , T u c k e r , S ユ , S ei n o
,

S ･

,
A s h c r o ft , F ･ M ･ , 1 9 9 8 ･ Tis s u e sp e cifi city of
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,
N ･ , G o n oi ,
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,
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,
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,
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,
B l

･

y a n , J ･ , S ei n o ,

s .

, -19 9 6 . A f a mi ly o f s u lf o n yl u r e a r e c e pt o r s d e t e r mi n e s th e p h a∫ m a c ol o gi c al

p r o p e rti e s of A T P - s e n siti v e K
十

c h a n n el s ･ N e u r o n 1 6
,
1 0 1 ト10 1 7 ･

I n a g al d
,
N ･ , G o n oi ,

T ･

,
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