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一

M F

3
一

MF
2

,

R )
一

O M F

2 ,

S )
一

O州[F

2 ,

R )
一

O M F

2 ‘S )
一

O州[F

2 ‘R )
一

O MF

2 ’

S )
一

O N [F

2 , R )
一

O 州[F

2 ,

S )
一

O N[F

卿aS)州,S)-4R,4R,45,45,4R,4R,45,45,R,R,5,5,R,R,R,R,5,5,5,5,

a

Ex pe ri me n tal a e ti v iti e s

c

砒si d u al val u e s

一

Ig E D 阴 b Pre d ie te d ac ti v i ti e s

e

xhi b itin g a

maxun
um

.

e ro s s 一v
all d a te d 产 (迁ro

s、

)
o f

0
.

6 54 at th代笼 e o m po
n e n ts

.

As th e se u s e fu l Pre d ic ti v e

re s u lts w e re d e ri v e d d iree
tly fr o n l th e e o n fo rm

a tio n al

al ign me
n t o f Fl e x iD o e k e al e u la ti o n

,

th is in d ic ate s th a t

th e C o n fo lllla tio n S fC S u lte d fr o m Fl e x泊优k a l℃ the m o s t

Po ss ible b in d in g e o llfo rm
a tio n s o f FA b in d in g to 拼 o Pi

一

o id re e e Pto r
.

Th
e re fo re

,

C o MFA re s u lt te s te d in diree t-

ly th e re as o n ab ility o f th e 3 D
一

m o de l o f 拜 o Pio id re e eP
-

to r an d th e b in d in g e o n fo rm
a tio n s o f FA

.

Ac
e o rd in g

-

ly
,

th e in te rac ti o n

mee
h俪

sm o f FA w ith 拼 o Pio id re
-

c eP to r e o u ld be e x Plai n e d e x Plie iti y w ith th e 3 D
一

m od
e ls

o f th e se li g an d
一

re c eP tor
e o m Ple x e s

.

S o lva ti on e ff e e t o f FA So lv a tio n e n e rg y fo r

b o th th e lo we st一 e n e r gy c o n fo rm
a ti o n s an d bin d in g e o n

-

fo rm
a tio n s o f FA

were
cal c ula ted

e m Plo yin g SOL V E N T

m od
u le o f Syb yl 6

.

4 an d fo n ll Llla (2 )
.

Th
e re su lt 15

liste d in T ab 4 an d g raPh ic al ly shown in Fig 2
.

FO r

b o th ki n d s o f e o n fo rm ati o n s
,

th e so lv a ti o n e n e rg ie s o f

al l an al o g s we re a t th e s
am

e le v e l
.

Fo
r th e lo w e s t e n -

e rg y e o n fo rm ati
o n s ,

th e s o lv a ti o n e n e rg y 15 ab o u t 一 3 7

kc al/ mo l
,

an d fo r th e b in d in g e o n fo rm
ati o n s

,

th e 50 1
-

v a tio n e ne rg y 15 ab o u t 一 42 kc al / mo l
.

Al l th e n u lllb e r

o f w a te r

mo lec u le s th a t d ire e tly b in d to e ac h fe n tan yl

an al o g ( th
e fi rs t shee t o f w a te r mo lee u le s s u

rm
u n d in g

th e hg 田ld ) 15 1 8 ( T
ab 4 )

.

On th e o th er han d
,

th e

e al e u la te d so lvati
o n en erg y o f b in din g e o n fo rm ati

o n 15

mo re n e g ati ve th an th a t o f th e lo w e st一e n e rg y e o n fo rm
a -

ti o n o f fe n

tan yl an al o g
.

Th is su g g es ts th a t th e so lv a
-

Fi g 2
.

S 0 1v a ti o n m o d e l o f FA wi th wa te r m o 】e e ul e s 《。川y th e 块. t e r mo le e ul e s o f th e fi rs t s hee t h a v e 饭犯n sh 口脚n

比e do t li n e s r e Pr e se nt th e h y山m ge n b o n ds )
.
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1知b 4
.

501 姗ti on en
e r乡e s 《kCa 叮mo l) for th e 10 w est- en

·

e r留 co nf o n n a ti ons (△ E 瓢 ) a n d b in 创的9 c o nf o n m 旧ti o ns

(△ E豁 ) of FA
.

C 0 1llpe u nd s △ E豁 △ E豁

hyd ro ge n b o n ds to th e o xy g ell ato m o f w ate
r ,

c arbo nyl

o x yg e n hyd ro ge n
bo

n d s to tw o w a
ter m o le eu le s

,

an d

2
’一

hyd ro x y hydro ge n
bo nd

s to th e o x yg e n

ato m o f o n e

w a te r In o lec u le
.

玩te

rac ti on me
eh田吐sm Al th o ug h so m e e x

tra
-

ee ll u lar 10 o Ps o f 拼 o Pio id ree eP to r

are in v o lved in th e

d isc n m ln

ato ry bln d in g o f selec ti ve lig an ds
,

th e se lo o Ps

Play the ir ro le s eith er by e x erti n g a Po siti v e o r n eg ati
v e

eo n

tro l o n li g an d s e n
try in to the ree

ePto r bin d in g site s

o r
by th eir eo n

tain in g s

衅i6 e e o n

tac t 卯in ts (’2〕
.

仆
e

fu nc ti o n al ro le s o f so m e re sidu
e s

po
sitio n ed w ith in th e

bind in g reg io n

are
v ery in tri gu in g

.

Ex Plo ri n g th e bin d
-

in g Po eke t in th e 7 helix b u n d les has be en ex ten ded by

v
ari

o u s e x pe n llle n ta l m e th od
s su c h as site

一

d ire e

ted mu
-

tag e n e sis an d rec eP to r e h
ime

ri e te st
.

As
a s lln Plifl ed

an d id e al ised de sc ri Ptio n m eth o d u sed in th is wo rk
,

m o lec u lar n lo d e
lin g o f lig an d

一

ree eP to r in te ra c ti o n c o u ld

o fl七r u s
bo th m od e l o fFA in ter ac tin g w ith 拌 o Pio id re

-

eeP to r an d fu n d田11e n
tal ly o r m ay be re all stic al ly b in d in g

Po c k e t o f thi
s syste m

.

Fi g 3 illu s
加te s th e Pre d lcted in te ra c ti o n Pa tte rn

.

In g e n e f’a 1
,

the bin d in g Poc k et o f FA wi th 拜 op io id re
-

eeP to r 15 Pri n c iPal ly fo m led be tw een he li c e s 3
,

4
,

5
,

6
,

an d 7
.

Re
sidu

e s in e lo se Pro x im ity to th e bin d in g

Poc ke t
are lle l44

,

A sP14 7
,

Ty
rl48

,

Me tlsl
,

T rp
t

l92
,

L￡u2 田
,

ll e2 3 8
,

11e24 2
,

孤
5 29 7

,

V al 3(X)
,

Ty r3 2 6
,

an d Se r3 2 9
.

Al l o f th e se re sid u es tak e Part in in te rac
-

ti o n s be 。刀e e n

FA an d 拼 oPio id rec eP to r
.

A s sho

wn in Fi g 3
,

th e FA are bo
u n d in an e x -

te n de d c o nfo rm ati on
s , a lfo w in g th e

me th yl g ro u P to fi t

in to a sm 沮1 hydro pho bic
“

衅ke t
, ’

fo n lled by th e side

c hai n s o f ll e 144
,

T yr l48
,

M etlsl
,

an d 比u2 的
.

Th
e

4
一

N
一

phe n yl ri n g 详n e
tra te s in to a hydro pho bic

“ poc ke t”

n e
ari

n g ab o ve s n la ll hydro pho bie “

衅ke t ” fo rm ed by

th e sid e e h吻
、 o f re sid u e s o f Ty

rl48 an d T rp 19 2
,

an d

thi
s Phe n yl ri n g ru n s Paxa llel to th e tw o 田℃ m at ic ri n g s

o f Ty
r 148 an d T rp 192 w ith 7r 一二 s

tac ki n g in te rac ti o n
.

Tb e ear b o n yl ox yge n a to m in te陇
ts w ith the in lidaz o le

rin g o f 珑52 9 7 Ulro u gh e lec tro
s

tati
e in te

rac
tio n

.

Th
e

hydro ge n a to m c o rm ee tin g to th e n itro ge n

ato m o f th e

pi详ri d in e
rin g hy dro g en

加
n由 to 小e

oa
, an d 沪

ato ms
o f A sP14 7 o n

on
e han d

,

an d thi
s Pro 如nat ed n itro ge n

(be 硕
n g + 1 n e t a to 而

e eh乏ir g e
) in te rac

ts w ith A sp 14 7

(be 硕
n g 一 1 n e t

ato 而
e eh哩

e
) thro u g h e lee tro

sta tic in
-

te rac
tio n o n th e o th e r han d

.

2
’一

hydro
x yl o f FA hydro

-

ge n
bo

n ds to th e sid e c hai n s o f Ser3 2 9
,

an d l
一

日
一

Phe nyl

rin g in te rac
ts wi th th e

aro m ati c ri n g o f Ty r3 2 6 al s o

119100姗姗298俐051嘶972419012423350妈姚414242444542钓414141妃一一一一一一一一一一一一一757即4665314D4566529644552728722200蝴37373536373739363635353637一一一一一一一一一一一一一8888888CO888881
11111111
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2.、了矛、沪口、/‘
、Z胜、r

‘
、了.、矛矛.、了‘、了.‘、了、
矛‘、

并

Th e n u lllbe r
of w ate

r (姚0 ) m o lee u le s th at di rec u y bin d to FA
.

ti o n e 月笼c t o f th e b ind in g c o n fo rm ati o n s o f FA 15

s
tro

n g e r th an th a t o f th e lo w e s t一e n e rgy e o n fo rm ati o n s
.

丁h e re fo re
,

in th e e n v
而nme

n t o f Phys io lo g ie al li q u id
,

it 15 mo
st po

s sible fo r

FA to ex ist in th e s ta te o f b in d illg

c o n fo r n lati o n s
,

T w o fe atu re s e o n tri b u te th e b in d in g Pro e e ss o f a

lig an d to a

ree
e Pto r : th e fi rs t o n e 15 th a t th e c o n fo rm

a -

tio n e han g e o f th e lig an d ftD m its lo w e s t一 e n e rg y e o n fo r -

m a tio n ( L
l
owe

s .

) to 山 e b in d in g c o n fo rm ati o n ( Lb
in d
) ;

an d th e sec o n d 15 th a t th e lig an d b in ds to th e

rec eP tor in

th e fo n n o f bin d in g e o

nfo rm
a ti o n ( Eq

u ati o n 3 )
.

En
e r -

g e ti e al ly
,

w e can
,

th ere fo re
, c o n sid er th e o v e fal l 批

e

e n e rg y o f b in d in g to hav e tw o e o m po n en ts : th e l⋯i’e e e n -

e 嗯y e o s t △ G . owe
s .

(△ G :
owe

s . > o )
, o f fi x in g th e n e x i

-

ble lig an d in th e b in d in g e o n fo rm
a ti o n

,

an d th e fi ℃ e e n -

ers y
,

△ G b in d , o f rec eP to r b in d ing fiD m th e b in d in g

c o n fo rm ati
o n

.

Ac
e o rd in g ly

, so lvati
o n e月七e t m ak e s it

九v o rable for FA to e劝s t in aq u co u s so lu tio n in th e s ta te

of b in d in g e o n fo rm ati o n s
.

丁卜15 me an s th at FA s
ho

u ld

n o t o v e re o

me th e e n e rg y bam
e r

( △ G 、
e s,

) be fo re

th e y b in d to 拼 op io id rec eP to r ,

w hi c h 15 b e n e fi e ial fo r

the ir b in di n g
.

Th is 而g ht be o n e o f th e re as o n s th at

w hy a lo t o f FA hav e 址g h affi n iti e s to 拜 op io id re e eP to r

an d th u s hav e Po te n t an al g e s ie ac tiv itie s
.

△ Gl ~
:

△ G bi 闻

L lo we
s. + R

一
L b in d + R

一
LR ( 3 )

In aq u e o u s so lu ti on
,

hyd ro g e n bo n ds are fo n lle d

be tw ee n

FA an d w ate
r m of oc u le s ( Fig Z )

: th e hydro g e n

a to n l e o rm ee tin g to th e 币tro g e n a to m o f Pipe n d in e rin g
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Fig 3
.

Stt ”e t u资a 】re p re se ni of FA e o m p le灿9 wi th 卜 o p io id re c e ptor
·

a) p u ta ti ve b in dj 的g po
c k e t of 卜叩io id re c

eP tor
,

山e ri b bo n s re p r ese ni t lle s tt ”c h lr e s of 7 ti 习n , ”e m b r a n e
he li ce s ,

a n d th e Pri h c

iPl
e a“u n o ac id re si d u e s 廿口t c o m P0 se th e b in 由ng 训

c k e t

are 】abe le d
.

b ) T h e in te份c
tio

n m o d e l b e M沈ee n FA a n d 卜 。p io id re c
eP to r ,

山 e d o t li n e s re Pr e s ent th e hy山旧g e ll
bo

n ds
,

an d th e

do ub le
·a I T O 、v li n e re p re s e n ts th e ele c tr o sta ti c in tem cti on

.

山r o u
gh

二 一二 s
tac ki n g in te rac

tio n
.

T his

m od
e l 15 e o n sistan

t w ith th e Ph
axm ac op h

ore
ri v ed fro m th eo re ti eal eal cu lati o n s an d QSA R

in te r a c tio n

O f FA de
-

an al ysis
.

B e side s th e
·

in te rac ti o n s de se ribe d ab o ve ,

hy
-

d ro Pho bie in terac
tio n s e o u ld al so tak e Plac

e be
tw ee n

fol lo w in g Pair’S
: 3

一

m eth yl g ro u P an d sid e c hai n o f
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M e t]5 1 ; Phe nyl rin g in 4
一

Phen ylPr0 Pan anu de an d sid e

e hai n s o f lle2 3 8 an d ll e2 4 2 ; an d PIPeri dylri n g an d sid e

c hai n o f V al 300
.

Re
sid u es su c h as ll el44

,

Ty
r l48

,

an d Me t15 1 h a ve th e fu n c ti o n n o t o n ly to fo rm
a hy

-

d r0 Pho bic po
e ke t in w hi eh th e

me th yl gr o u Pj
u st ean be

fi tted
,

b u t al so to sta bilize th e t找Ln s ro t田旧er fo r th e sid e

ehai n o f As P14 7
,

w hi c h 15 in ag re eln en t w ith th e

m o lee u lar
mod

e
lin g re sul te d fi’O 印 枷

s比笔
, s

脚
u p(1 3〕

.

It 15 in tere sti n g th at th e len g th o f th e m aj
o r ax is o f bin d

-

in g p o c k e t o f 拌叩io id rec
e pto : 15 的o ut 17 入

,

w 址eh 15

j
u st lo n罗r th an th e di s

tan
ee be tw ee n

two
“ e n d s” o f队

(16 人) (R g 3 )
.

而
5 Sho w s 山a t

队
c o u ld nro Pe rl y

fi t in to th e Po cke t
.

Ou ts id e th e bin d in g Po c ke t
,
。刀。

Pai r hyd ro g en bo
nd

s

are fo rn l ed re spe c tiv ely 妙
sid e

ehai n s o f T七r lls a n d Tb r l53
,

an d by
side c hai n s o f

T rp 293 an d Ty r3 3 6
.

Tb ese Pairs o f hyd ro g e n
bo

n d s

Play an 而Po rt a n t ro le in th e fo rm ati o n o f bin din g po
ek

-

e t
.

A r o m ati c in terac ti o n 田旧 o n g re sidu e s in th e 7 he
ljx

b u n cll es 15 an o th er fe atu re o f th ese lig an d
一

re c ePtor
sys

-

t
em

s
.

Th is k in d o f in te rac ti o n e x ists m ai n ly b etw een

fo llo w in g P姗
o f re sid u e s o f am m a tie side ehain

s :

Ty
r ] 48 an d Ph

e 15 2
,

T rp l92 an d Phe 15 2
,

Ph
e l52 an d

Ph
e l56

,

Trp
l92 an d Ph e2 4 1

,

Ph
e28 9 an d T rp 2 93

,

T rp 2 93 an d T yr3 36
,

an d Ph e2 89 an d Ty r3 36
.

Man y

e x p面m en t沮 phen o

me
n a〔14

,

15〕 can b e e x pl咖ed by

a
bo

v e re su lts
.

B esid es th e c o n se rv ed re sid u e A sP14 7

has a
ire

ady bee n te s

ted as th e m ain in te
rac ti o n

po in t

w ith a w ild v
ari

e妙 o f lig an d s 认c lu d加g 队〔14〕
,

th e

孤
52 9 7 has al so bee n v eri fi ed as an o th e r an eho r Poi n t

for m an y tim es in e x Pe rlm en ts su c h as site
一

d irec ted mu
-

叱
en e sis o r

mo lee ular m od
e l访g (‘3 一 ‘5 ]

.

Ty 沼2 6 w as

th o u
gh t as an u币ve rs习 in te rac

tio n p o in t〔‘4〕
.

拟l 山ese

fac
ts in di c

ate th at th e 3 D
一

m 浏 el o f lig a lld
一

re e ePto r e

om
-

Ple x es fo r

FA w ith “ o Pio id an d bin d in g Poc ke t de d u eed

fro m n lo d elin g res
u lts in thi

s PaP e r

are pe rfe c tly re as o n -

ab le an d hav e im po rt 田It sign ifi can ee in Prac ti c e
.

C o

rre lati on b e幻胃e e n a cti vi ti e s an d b in 创吮g

e
ne rg ie s T a b 5 15 e o

mP ile d w ith th e bin d in g e n e rg y

d ata of fe n

tan yl an al og
一

rec eP to r co m Pl ex es
.

Sati sfl ed

th a t th e 3 D
一 s
加

e tu re s o f lig an d
一

rec eP to r eo

mP ]e x es w ere
in de ed re as o n ab le

,

w e th en Pe ri b rm
ed a e las sie al QSA R

to e x Plo re w he th er th e an al g e sie ac ti v ities o f th ese

an al o g s eo u ld be eo
rre la te d w ith th e e n e rg e ti e in fo rm

a -

ti o n
.

E lllPloyin g p叭ial leas t sq u

are
s
(PLS ) me th o d o f

Sybyl 6
.

4 / QS A R
,

we
c al c u lated re g re ssio n eq u atio n

fo r th e an al g e sie ac tiv iti es
(一 19 E D , 〕

)
, u sin g 山e to tal

bin d in g en

erg ies 氏 ind as th e so le d ese riPto r v
ari ab le

.

A pe rfe
e t eo

能la tio n w as fo u n d be tw ee n th e an alge sic

ac ti vities an d bin d in g e n e嗯ies
(Eq

u ati o n 4 )
,

an d th is

re lati o n shiP 15 sho

wn gr a Phi ea lly in Fig 4
.

丁七15 re la
-

tio n shi P s u gg e ste d th at th o se
po te n tial an al g esie ag en ts

w hic h w o u ld e x 】l ibit stro
n g er bin d in g e n

erg ies u sin g th is

Par ad lgfn
w o u ld th e re fo re b e e x Pe c te d to hav e

gre
ate r

e ffi c ac y to w ard an alg esie ac tio n
.

一 19 石1〕印 = 一 0
.

708 一 0
.

09 4 E bi nd

尸二 O
,

898
,

F 二 96
.

3 74
, : = 0 月0 3 (4 )

Ta b 5
.

Ca 】c ll】a te d e
ne rgi es of FA (k G习/ mo l)

.

Com po u n d s E }
ef a

百坛
b

E co 呷lex
“ E b ind d

100828037001584肠咖39339273957911131213101410n131312Fe n
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g ies
,

E b in d 、 ,

an d an al g e sie ac ti v itie s ,

lg E D 印 s , o f FA
(Eq

u
ati o n 4 an d Fi g 4 ) 15 an in d ire c t pro o f fo r 山e re a -

so n ab ility o f th e 3 D
一 s
tI’U

etu re s o f lig an d
一

ree eP to r c o m
-

Ple x es Pre d ic ted by o u r m o de lin g me th o d s
.

In su

n-un ary
,

m o lec u lar m o de ls in th is stu d y are
sati s

fac
to ry in e x Plai n in g th e in te rac

tio n m ec han ism o f

FA w ith 拜 op io id re c ePto r
.

Th is ki n d o f stu dy is Pro b
-

ab ly he 1Pfu l fo r d esig n in g n o ve l an al ge sie eo m Po u n d s
.

劫
·

10任u妙
·
、o。a目

E b i. , ;一
/ k ea l

.

m o l
一

I

R g 4
.

C o

rre h ti on be 幻胃e e n b in 山的9 e n e r gi e s (E b耐 )
a n d al la lge sie ac ti vlti e s (一 19 E D so )

.

R E F E R E N C E S

)

In sPee tio n o f th e s
tr’U

c tu re s o f th e 13 FA in aq u e -

o u s so lu ti o n an d in 拼 o Pio id rec eP to r bin d in g site八h缪y

alln o st ha v e th e sa n l e ro ta tio n al sin g le b o n d s an d hav e

sin l ilar hyd ro g en
bo

n d site s w ith b o th w a te r m o lee ule s

an d re eePto r ,

the re fo re
, ‘

th ey sh o u ld ha ve th e sa m e ro
-

tati
o nal an d tra llsitio n al e n

加Py 10 5 5 an d en 加Py gai n

d u e to n ew v lb r ati o n al n 10 d es as so eiate d w ith th e

lig an d
一

re eeP to r n o n eo n v al en t in terac
tio n , 一

as w e ll as

hav e th e sa m e in ere as e in e n

tro Py d ue to re leas e o f

b o u n d w a
ter mo le eu les

wh
e n li g an d s bin d w ith re c ePto r

fro m the Physio lo g ie al liq u id
.

5 0 th e o v e
ral l en tro Py

10 5 5 fo r all th e se FA 15 at th e sa llle lev el
.

Ac
c o rd in g to

th e

rm
o
dy

n

anu
e Pri n eiPle

,

th e bin d in g fi -e e en erg ies

(△ G b in d
)

o f th e se an al o g s sho uld eo
rre lat e w i小 the ir

bin d in g en th al Pies △ H
.

In a dd itio n ,

△ H = △△ U + △(尸V ) 二 △△ U + △ n R T

= (E b in d 一 △ E
s 。 ,

) + △ n 尺T (5 )

w here E bin d 15 th e b in d in g e n erg y o f lig an d w ith re c eP
-

to r ,

△ E , 。一 15 th e so lv a tio n en erg y o f th e llg an d
,

an d

△ n 15 th e r n o lar u n ite d iffe re n c e o f a fter an d b efo re

lig an d bin d in g to re ee Pto r
.

B e cau se al l th e FA b in d

w ith th e s

am
e n u m be r o f w ate

r

mo
lec ule s b efo re th ey

bin d to th e re c eP to r
(

n = 18
,

T ab 4 )
,

th ey sho u ld hav e

th e s田n e △ n
.

O n th e o th er han d
,

as me
n ti o n ed

ab o v e ,

th e so lv ati o n e n erg ies fo r al l FA are at th e sa n le

le ve l (T
ab 4 )

.

Th ere by w e c an de d u c e th at th e bin d in g fre
e en er

-

g ies
(E bin d

) of th ese an al o g s to 拼 re e叩to r sho u ld c o rre
-

lati n g w ith th e ir bin d in g a伟 ni tie s
.

A cco rd in g to abo v e

arg
um e n t

,

we
e an see th at th e

bin d in g en erg ies o f FA
w ith 拼 op io id re ceP to r eo

rre late
w ith th e ir bin d in g a ffi n itie s 15 a n a tura l m at te r

.

In

fac t
,

w e hav e
kn

o

wn th at th e b in d in g a ffi ni tie s o f FA

eo
rre lat e w ith the ir an al g e sie ac tiv itie s

.
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Th
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,

th e

g o o d eo
rre la tio n be tw e en o u r e al c u late d bin d in g e n er-

B lak e AD
,

B o t G
,

Fre e nla n JC
,

Re isin e T
.

D iffe re n tial
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of the fi rs t an d 面川 e x tr a ce llu lar

loo Ps of the 拌 op io id re ee Ptor in the fo m lation of the lig an d

bi n di n g site : a stu dy us in g e hime ri e 拜 o Pio id/ an gi o t
ens in re

-

ce pto rs
.

J Ne
u roc he m l性心8 ; 70
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,

助而ze AL
,
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OP io id rec
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山化c
.
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-

tio n s w ith hyd ro g e n bo
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.
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M a nso ur A
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,

Fi n e JL
,

Th o m Pson R C
,

Ho
v

ers
te n

MT
,

M o sbe rg HI
, e t a l

.

Ke y re s id u es d e fi ni n g th e 拜 op i
-

o id rec
e Pto r bin di n g lx 又ke t : a site- di rec ted m u ta g ene s is

stu dy
.

J Ne
u roc hem 199 7 : 闭

: ;列月一 53
.

X u H
,

L u YF
,

Pa rt illa JS
,

Zh e n g QX
,

W an g JB
,

B ri n e

G A
, e r a l

.

OP io id pe Pti de 代汇e Ptor stu die s
.

1 1
.

In
-

v o lve me
n t of T yrl铭

,

T叫 18 an d 场心19 of th e m t拜 op io id

代℃c Pto r in b ind in g of 片se lec tiv e li gan ds
.

Syn ap se l少尹〕;

3 2 : 2 3 一 8
.

曹 阳 (苏州大学化学系 2 100 56
,

中国)

关键词 芬太尼 ; 分子模型 ;

构效关系

; 结合 口袋 ;

芬太尼类似物溶剂化效应和与 卜阿片受体

作用机制的分子模拟
1

黄小琴
,

蒋华良
,

罗小 民
,

戎锁 宝2 ,

顾建德
,

谭小健
,

朱友成
,

陈凯先 3
,

祛汝运

(中国科学院上海药物研究所
,

上海 2以刃3 1
,

中国 )

目的
:
研究芬太尼类配体 (FA )的溶剂化效应 以及

和 拜阿片受体的相互作用机制
.

方法
:
将芬太尼

类配体进行溶剂化
,

柔性对接到 拼
oR 的七个

。
螺

旋束之 内
,

计算结合能并进行 c 0 MFA 和 QS限 研

究
.

结果 :
(l) 得到 队 的溶剂化模型

.

(2 )得到

队 与 拜
oR 相互作用 的模型

,

FA 通过静 电作用
、

氢键和疏水作用与 拼
oR 结合

.

(3 )描述了 拜
oR 中

适合于 FA 的结合口 袋
,

主要位于 “
oR 的第 3

,

4
,

5
,

6
,

7 跨 膜螺 旋 中
,

形 成 口 袋 的主 要 残 基 为

Ile l“
,

As P14 7
,

Ty
rl铭

,

Me tls l
,

T rp l92
,

此u2 00
,

ll e2 3 8
,

Ile2 42
,

珑52 9 7
,

V al 3的
,

Ty r3 26
,

Se r3 2 9
.

(4 )队平oR 的结合能与 FA 的镇痛活性之 间有很

好的相关性
.

结论 :
该研究 有助于全面 了解 FA

与 拜
oR 的相互作用机理和设计新的镇痛化合物

.

(责任编辑 李 颖 )


