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.

A ltho ug h n o sign ifi ean t e han g e o f its o v e
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nfo rm at io n w a s o b s e rv e d
, the lo eal e o n fo rm at io n fl a
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Bg
s ite d iffe re d gre a ily fro m n a tiv e
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.

Th
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勿
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e
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.

A ll the s e p ro p e rt ie s e o n tri b u te to the fa s t, a b
-

5 0甲tio n of Bg A sp
.

In a dd it io n , th e o p e n s ta t e of N
一

term in u s o f B
一
eha in
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一

s ta t e ,
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,
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.

In su lin 15 o n e o f the m o st im p o rt a n t p ro te in ho
rm

o n e s tha t re g u la te s the e ellu la r u Pta k e o f glu e o s e

a n d a
ffe

e ts the n o
rm

al e ell脚
w th a n d p ro life ra tio n in : 动0

.

It 15 o b s erv ed th a t in s u lin e a n e x is t in var
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io u s a g g r e g a te s ta te in re s p o n se to d iffe re n t e n viro n m e n tal e o n d itio n
,

In m a m m al s ,

in s u lin 15 syn the -

siz e d in the e e lls o f p a n e re a s a n d s to re d a s z in e 一 e o n ta in in g he x a m eri e 鳍脚g a te s
.
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.
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1 Ma ter ia ls a n d m eth o d s

H u m a n in su lin m u tan t Bg (Se r
~ As p ) (

abbre v ia te d to Bg D H l) w a s o b ta in e d by site
一

d ire e te d

m u t昭e n e sis in N o v o R e s e arc h In s titu te in D e n m 滋〔4 ]
.

仆
e e叮s tals we re sro wn by b a teh m e tho d a t

14℃
.

Th
e

Pre lim in叼
e珊s ta llo脚phie a n a lysis p e

rfo rm
ed by a M ar R e s e

arc h Im 鳍e Pl a te sys te m re
-

v e ale d tha t they b elo n g e d to s p a e e

脚叩 PZ
zZzZ z ,
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5 2 2 n m
,

b = 4
.
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, a 二
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, u s in g
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the a d d itio n al a llo w e d re gio n
.

Th
e Po s itio n o f a to m s fi tte d the Z Fo 一

Fe ele e tro n ie d e n sity m a p v e叮 w ell

a t B g S ite (fi g
ure l)

.

么 么
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e ZFO

一
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, e o nt o ure d at 1
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2
.

2 SPe e ifi e Pa e kin g in B g D H l e珍s tal

Co m pare d to th e ZZ n in s ulin
,

the Bg D H l e叮s ta l 15 e o n s

tru
e ted by d im e r u n it

,

wh ieh 15 n o t fu r -

the r a s s e m ble d in to he x am e r by sym m e tri e o r a sym m e tr ie 3
一

fo ld ax is
.
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3 Stn lc tu re fe at u re s o f B g D H l d im e r

Co

mP are d to th e ZZ n in s u lin d im e r ,
the re are s o m e s ig n ifi e an t e han g e s in th e e o n fo rm at io n o f the

Bg D H l d im e r
.

(i) On e sig n ifi ean t re

arran
g e

me
n t 。f th e Bg D H l 15 lo e at e d o n N

一
term imi

s o f B
·e ha in

.

T he o p e n

s ra te of B
一 eha in N

一
term in u s ,

汕ieh 15 d i价re n t fro m 小e T
一 ,

R f o r R
一 s ta te 〔7

,
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ran d B I

一

B4 to e x te n d to w a r d s the third d im e r a e ro s s the v ic in ity o f th e fi rs r a n d th e s e e o n d

d im e rs
,

re su ltin g in th e r elo e a tio n o f B l Ph
e s id e 一 eha in in th e s p a e e tha t 15 s u
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u n d e d by the s id e -

eh a in o f A 17 G lu a n d B2 2 A笔 (
s e e fi g

.

3 )
.

Th is o p e n sta te o f B
一 eha in N

一
te rm in u s w a s p re vio u sly

o b s e rv e d in the e叮s ta ls o f d e sp e n ta
一

in s u li。 (D H )[
9 ] an d d e she p ta

一

in s u li。 (n HH )[
‘o〕。n d 山e ir re la

-

tio n ship w ith in s u lin
’ 5 a s se m bly a n d p o te n ey ha ve n o t b e e n in terp re te d

.

D l
B l

A
一Chai n

C
一ehai n

B 3 O

Fi g
.

3
.

Th
e Ca s u p e中 o sitio n of th e d im er in B g D H l (thiek lin e

)
a n d ZZ n in 、u lin (th in line )

.

(11) Mo le e u le 1 a n d m o le e u le 2 ar e m o re sym m e tr ie th a n tha t in Z z n in s u lin
.

B o th a 一

helix o f

A l
一

AS in Bg D H l d im e r

are
sim ilar to th e e o

rre
sPo n d in g e o n fo rm

a tio n o f mo le e u le 1 in ZZ n in s u lin
.

Th
ere ar e s o m e 5 1邵ifi e a n t re a

rra
n罗m e n rs o n the d im eri se d m on o m e r- m o n o m e r in *erfa

e e
,

On e d iffe
r -

e n e e e o m e s

fro m th e sid e 一 e ha in o f B 2 5 Phe
.

In e o

mP ar is o n w ith th e Z Zn in su lin he x

am
e r ,

the e o n fo r -

m at io n o f s id e 一 eha in o f B2 5 Phe o f m o le e u le 1 d iffe
rs

fro m th a t o f m o le e u le 2
.

In the m o le e u le l
, o f

wh ie h th e B2 5 sid e 一 eha in e x te n d s in sid e the m o le e u le an d a n H
一

b o n d fo rm
e d b etw e e n B2 5 Phe N H

a n d A 19 肠
r o

,
the s id e 一 eh a in o f B2 5 Ph

e o f m o le e u le 2 e x te n d s a e ro s s the d im e r in terfa
e e m a kin g a

lo e缸 a sym m e
卿 [ 1 11

.

xn 山e e a s e o f B g D H x
,

in e o n

tra
s t

,

小e s id e 一 eha in s o f B z s 外
e o f b o th m o le e u le

1 an d m o le e u le Z ar e n e arl y sy

mm
e tri e ,

wh ieh o rie n ta te to th e C
一
term in u s o f B

一 e hain
.

Th
e e lo s e sym

-

m e t叮 o f two m o le c u le s 15 als o in d ie a te d by s o m e H
一

b o n d altera tion s
.

Th
e H

一

b o n d fo rm
e d by B2 5 NH

an d Y 19 0 in ZZ n in s u lin m o le e u le 1 15 d isru Pte d by a d is ta n e e eh a n ge 加m 0
.

3 16 n m to 0
.

3 9 3 n m
,

r e s u ltin g in a lo e al mo re sym m e tr ie e o n fo rm
a tio n

.

2
.

4 Co n fo rm
a tio n al eh a n g e a t B g a n d B 13 s ite s

, 口 .

A t B g a n d B13 Po s itio n s , e o m pare d w ith the e o rr e sPo n d in g site s o f the ZZ n n a tiv e in s u lin
,

the

lo eal e o

nfo rm
a tio n al d isPla e e m e n t w a s o b s erv e d

.

In Bg D H l d im e r ,

b o th the sPa t ial an d ele e tro s ta tie

in tera e tion s

are
altere d d u e to the s u b s ti tu tio n o f a s part at e fo r se ri n e at B g p o s itio n

.

Th
e lo n g e r sid e -

e ha in a n d n e g a tiv e eharg
e p o s s e s s e d by a s p a rt a te le a d to fo u r a e id ie e a rb o x ylie sro

u p s ,
two of wh ie h

ar e e o n trib u te d by B 13 G lu
, C o m in g to g e小e : in a s p a e e 。f a b o u t 0

.

16 n
m3

.

A t n e u tr a z pH
,

the ele e -

.口.
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tro s ta tie re Pu ls io n e a u s e d by fo u r e arb o x ylie gro
u p s o n the m o n o m e r一 m o n o m e r in terfa

e e o f the d im e r

re su lts in a e o n s id era ble lo eal e o

nfo rma
tio n a l e han g e

.

Th
e s id e 一 eha in o f D 1 3 G lu tu rn s b a ek to th e

m o le e u lar b o dy
,

wh ieh is H
一

b o n d e d b y B 10 H is N D I
.

In ZZn in s u lin
,

th ere e x is ts a n H
一

b o n d fo rm
ed

by a to m OE Z o f B 13 a n d th e e o rr e s p o n d in g a to m o f D 13 in the o th e r

mo
n o

me
r
(th

e d is ta n e e 15 0
.

2 59

n m )
,

wh ie h lin ks

two m o n o m e rs to g e th e r
.

In th e e a s e of Bg D H l
,

be e a u s e o f e ha笔e re p ulsio n ,

th e

s id e 一 eha in o f D 1 3 Gl u shift s a
wa y fro m the m o n o m e r- m o n o m e r in te rfa

e e ,

p拍tru d in g in to th e s o lve n t to

r e d u e e th e e
ffe

e t o f e ha笔e re p u ls io n
.

Co

rre
svo n d in g ly

,

th e H
一

b o
nd b e twe

e n

two ato ms 0 E2 Of ghi ta
-

m at e

s u lin

15 d isrn p te d
,

m a kin g a n e w d is ta n e e o f 0
.

5 9 9 n m (fi g
.

4 )
.

In e o n tra s t to th e d im e r o f ZZ n in
·

the d im e r o f B g D H l 15 m o re u n s table
, e sPe e ia lly u n d e r n e u tra l o r b a s ie e o n d itio n

.

E 1 3 D

Sg B

D g B

(a) (b)

Fig
.

4 M o n o m e r- m o n o m e : in t e‘“ :e in th e d im e r of Bg D Hl (
a
) an d Zz n in s ulin (b)

3 D ISeU ssio n

Th
e m u ta tio n

fro m n e u tra l re s id u e to a e id ie re s id u e o n the m o n o m e r一 m o n o m e r in te rfa
e e w ill re s u lt

in the fa s t ab s o rp tio n d u e to r叩id d is so e iat io n
.

Bu t a e e o rd in g to th e s

trU
etu re Of Bg D H l

,

it ean be

e o n elu d e d tha t th e fa s t ab so 甲tio n o f this in s ulin a n a lo gu e e a n o n ly b e a eh ie ve d u n d e r the n e u
tra l o r

b a s ie e o n d itio n
.

In the a e id ie s o lu tio n ,
the e arb o x ylie 脚

u p w ill b e p ro to n a te d an d lo se th e eha r g e re
-

p u ls io n
.

As a re s u lt
,

th e s tab le d im e r e a n b e a s se

mb led in to e巧stal
.

In a d d itio n ,

th e th o m b o he d ra l

e巧s tal e a n

脚
w u p in the p re s e n e e o f z in e io n s a n d p he n o l a t pH 8

.

5
.

It s u g g e s ts tha t the

mo
n o

me
r

o f Bg D H l sho u ld o n
ly

e x is t in the n e u tr al or bas ie so lu tio n

wh ieh la ek s z in e io n s a n d 户
e n o lie d e ri va -

tiv e s
.

o u r e x p e rim e n ts ha v e p ro v e d tha t the he x a m e r e a n b e a s s e m ble d in the p re s e n e e o f z in e io n s a n d

phe n o l a t bas ie p H
,

w ith the c o n e e n tr at io n e lo s e t。 p harm
a e e u tie a lnre para

tio n
(
一 0

.

6 m m o l/ L )
.

N a tu ra lly
, a e e o rd in g to th e a n alys is m a d e ab o v e ,

the he x a m e r s e e m s to b e lo o s e a n d u n s tab le
.

In

s p ite o f
v a r io u s a tte m p ts

,
the e o lle e tin n o f d iffr a e tio n d at a o f th e he x

ame
r e巧s tal fa ile d o w in g to th e

fr a g ility a n d w e ak d iff ra e tio n ab ility o f th is e叮s ta l
.

H o
we

ve r ,
the o b se rv a tio n o f the fo rm

a tio n o f Bg D

H l he x a m e r 15 in s p ir in g fo r th e Po te n tia l p h a
rm

a e e u tie a l a PPlie a tio n o f Bg D H l
、

It 15 we ll kno w n that
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the

mo
n o m e r an d d im e r a re u n s tab le in th e

ran
e u tie a l p re p ara tio n ,

wh ile he x a m e r ean yie ld b o th s u it
-

ab le ehe m ie a l a n d phys ie a l s tab ility
.

Th
e r efo re

,

th e e即ab ility o f a g g r eg a tio n o f B g D H l to h e x a m e r in

th e Pre s e n e e of z in e io n s a n d Phe n o lie d e ri v a tiv e s eon ra in e d in th e th e ra Pe u tieal Pre Pa rat io n 15 e s s e n -

tial fo r th e ap Plie at io n o f B g D H l in e lin ie
.

Aft e r a s u b e u ta n e o u s injec tio n ,
the u n b o u n d 户

e n o lie

Pre s erv a tiv e s are r aPidly
ab so th e d in to th e su

rro
u n d in g tis s u e , shift in g th e Phe n o l

一

bin d in g e q u ilibri u m

to the d ir e e tio n o f phe n o l d e rivat iv e s u n bin d in g
.

Th
e 10 5 5 o f p he n o l

,

in a e e o r d a n e e w ith the s tru etu r al

e han g e a t B
一 eh ain N

一
term in u s ,

m ak e s th e u n s tab le h e x a m e r d is so e iat e in to th e

mo re u n s tab le d ime
r ,

re s u lti嗯 in the yield o f mo
n o m e r w ith in a sho rt tim e

.

H e n e e ,

th e fa s t a e tio n o f the p re p ar a tio n 15

a ehie ve d
.

xn in s u lin he x

am
e r ,

the str an d B I
一

Bs 。a n 。o n fo rm T
一 。: R

一 。: Rf
一 、tat e ,

油ie h C o rr e s p o n d t。 th e

e x te n d e d s tra n d o r a 一

helix o r a fr ay ed a 一

he lix o f lo e al e o n fo rm at io n
.

N e v e

rth
ele s s ,

th e B l
一

B S 15 re ar
-

ran ge d in Bg D H l
.

U n lik e th e T
一 o r R

一 s ta te
,

it ex te n d s o u t fro m re st o f the m o le e u le a n d tak e s u P a

e o

nfo rm
a tio n n e a rl y p e rp e n d ie u la r to the A S

一

A 12
,

th e m id d le re g io n of A
一 eha in

.

Th is n e w e o n fo r xx〕a -

tio n o f N
一
te rm in u s o f B

一 e ha in
,

d is tin即ishe d fro m T- o r R
一 s ta te re p o rt e d b efo re

,

15 n

am
e d o

一 s ta te

(
o p e n s ta te )

.

A se rie s o f in s u lin an al o邵 e s ,

in s p ite o f d iffe re n t m u ta tio n ty p e s ,

ha v e be e n e巧sta l
-

11: e d an d an a
ly

z e d in o u r lab o r at o叮
.

Th
e s e e叮s tal s ,

wh ieh are
all gro

w n u p a t a eid ie pH w ith v ar io u s

p re e
iPita n ts

,

belo n g to the s

ame
o rt ho th o

mb ie s p a e e

sro
u p w ith an o p e n s ta te o f B l

一

BS
.

Th
ere fo r e ,

it

15 p r o p o s ed th a t th e a e id ie pH pl盯5 th e k ey ro le in o b ta in in g the s e s e r ie s of e巧stal s
.

Th
e O

· s ta te

c o n fo rm
a tio n 15 als o

ob
s e

rve d in the e叮s tals of d e sp e n ta
一

in s u lin (D PI ) an d d e shep ta
一

in s u lin (D H p l)
.

Th
ere fo re

,
the o

一 s ta te 15 s u p p o s e d to be a n ew e o n fo rm
a tio n of N

一
term in u s of B

一 eha in in the m o n o m e r

o r d im e r o f in su lin
.

、
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