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Abstract  - Bombyxins have been i s o l a t e d  from t h e  heads silkworm, Bombyx a, and s t i m u l a t e  the  a d u l t  formation of t h e  debrained pupae of 
Cynthia r i c i n i .  
bombyxins a r e  t h e  f i r s t  i n su l in - r e l a t ed  pep t ides  i s o l a t e d  from the  
i n v e r t e b r a t e  animal. 

The amino a c i d  sequence of bombyxins has  suggested t h a t  

INTRODUCTION 

I n  1917, Kopec f i r s t  descr ibed the  endoc r ino log ica l  func t ion  of i n s e c t  b r a i n  i n  the  metamor- 
prhosis. U n t i l  e a r ly - l950 ' s ,  t h e  r o l e  of a b r a i n  hormone, p ro tho rac i co t rop ic  hormone 
(PTTH), i n  the  i n s e c t  metamorphosis had been e s t ab l i shed .  In 1958, Kobayashi and 
Kirimura reported t h a t  t h e  a d u l t  formation of 
by i n j e c t i n g  the  b r a i n  e x t r a c t  of Bombyx pupae. Soon a f t e r  t h a t ,  Ichikawa and I s h i z a k i  
showed t h a t  t he  e x t r a c t  of Bombyx pupal b r a i n s  provoked t h e  a d u l t  formation of t h e  b r a i n l e s s  
dormant pupae of 
I n  ea r ly - l970 ' s ,  we have s t a r t e d  co labora t ing  t o  i s o l a t e  PTTH a c t i v e  t o  t h e  b r a i n l e s s  - 
pupae ( r e f .  1). 
S t a r t i n g  with l a r g e  amounts of t h e  silkworm heads,  we have succeeded i n  i s o l a t i n g  PTTH 
a c t i v e  t o  pupae i n  1982 ( r e f .  2 ) .  I n  the  course of p u r i f i c a t i o n  of PTTH, we have 
confirmed t h a t  t h e  e x t r a c t  of Bombyx heads con ta ins  two spec ie s - spec i f i c  PTTHs, one 
( temporar i ly  termed 22k-PTTH) is  a c t i v e  t o  t h e  b r a i n l e s s  Bombyx pupae and o t h e r  ( r ecen t ly  
termed bombyxin) a c t i v e  t o  t h e  debrained pupae ( r e f .  3 ) .  Recently,  we have 
i s o l a t e d  t h r e e  molecular spec ie s  of bombyxins, bombyxin-I, -11 and -111, and determined t h e  
whole amino ac id  sequence of bombyxin-11, which is  suggested t o  be t h e  f i r s t  i n s u l i n - r e l a t e d  
pept ide i s o l a t e d  from the  i n v e r t e b r a t e  animal ( r e f .  4 and 5 ) .  

b r a i n l e s s  pupae of Bombyx mori was occured 

Cynthia r i c i n i  and t h a t  t he  a c t i v e  p r i n c i p l e  should be p r o t e i n i c .  

ISOLATION AND CHARACTERIZATION 

For p u r i f i c a t i o n  of bombyxins, t h e  bioassay was made by using t h e  b r a i n l e s s  dormant pupae of 
- S. Cynthia r i c i n i  and t h e  t i ters  of bombyxins were q u a n t i f i e d  by -un i t ;  one u n i t  
was def ined as t h e  minimal dose of bombyxins necessary t o  cause t h e  a d u l t  formation i n  an 
assay pupa ( r e f .  1). The s t a r t i n g  m a t e r i a l s  f o r  e x t r a c t i n g  bombyxins were t h e  a d u l t  
heads of g .  a, which were e a s i l y  c o l l e c t e d  i n  l a r g e  amounts by a simple ope ra t ion  c u t t i n g  
the  heads with a r azo r  blade.  
The p u r i f i c a t i o n  procedure i s  summerized i n  Fig.  1 ( r e f .  6) .  The f i r s t  8 s t e p s  cons i s t ed  
of simple p r e c i p i t a t i o n s ,  by which we could overcome the  disadvantage of using t h e  whole 
heads of Bombyx a d u l t s  a s  s t a r t i n g  m a t e r i a l s  i n  s t e a d  of t he  b r a i n s ,  and from s t e p  9 t o  1 4  
t he  conventional chromatographieere used. The f i n a l  s t e p  was a reversed phase high 
performance l i q u i d  chromatography (HPLC) using P a r t i s i l  ODs-3 column t o  a f f o r d  the  i s o l a t i o n  
of bombyxin-I. 
Develosi l  ODs-5 column. The y i e l d s  of bombyxin-I, -11 and -111 were 50, 36 and 63 ug, 
r e spec t ive ly  , from about 650,000 Bombyx a d u l t  heads and each bombyxin was a c t i v e  t o  a 
b r a i n l e s s  pupa a t  a dose of 0 .1  t o  0.4 ng (0.1 t o  0.4 ng/S& u n i t ) .  Then, t he  
o v e r a l l  p u r i f i c a t i o n  was about 1 . 7  x l o 6  f o l d .  
100 ul of the  c u l t u r e  medium of a p ro tho rac i c  gland taken out  f r e s h l y  ecdysed pupa, 
t h e  ecdyson r e l e a s e  from the  p ro tho rac i c  gland was markedly increased,  t h ree  t imes a s  much 
as t h a t  of con t ro l .  
Bombyxins were suggested t o  be heterodimeric  pep t ides  connected by d i s u l f i d e  bonds wi th  
molecular weight of 4 t o  5 kDa. 
were determined by a gas phase p r o t e i n  sequencer and cys t e in  r e s idues  were confirmed through 
sequencing t h e  S-carboxamide methyl d e r i v a t i v e s ,  i n d i c a t i n g  t h e  homology i n  these  bombyxins. 

Bombyxtn-I1 and -111 were a l s o  i s o l a t e d  by a reversed phase HPLC using 

When 5 t o  500 pg of bombyxin was added t o  

The amino t e rmina l  amino ac id  sequences of bombyxins 
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The replacement  of amino a c i d  r e s i d u e s  i n  these bombyxins o c c u r e s  in s u c h  a way t h a t  the 
h y d r o p h y l i c  and  hydrophobic  n a t u r e  of amino a c i d  r e s i d u e s  i s  r e t a i n e d  a t  t h e i r  r e s p e c t i v e  
p o s i t i o n s  and  t h e  b i o l o g i c a l  f u n c t i o n  of bombyxins can  t o l e r a t e  t h e s e  amino a c i d  s u b s t i t u -  
t i o n ,  because  t h r e e  bombyxins show a l m o s t  same l e v e l  of  b i o l o g i c a l  a c t i v i t y  ( r e f .  4 ) .  
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F i g .  1 

64f,OOO Male a d u l t  Bombyx heads (fw. 4 . 8 6  k g )  
Ace tone powder 
Washing w i t h  8 0 %  e t h a n o l  
E x t r a c t i o n  w i t h  2 %  s a l i n e  
Heat t r e a t m e n t  
P p t .  w i t h  8 0 %  s a t d .  ammonium s u l f a t e  
Pp;. w i t h  50-75% ace tone  
p p ~ .  w i t h  9 0 %  s a t d .  p i c r i c  a c i d  
Pp;. w i t h  8 0 %  a c e t o n e  
Sephade G-50 ( f i n e )  
DEAE - Sepharose CL- 6B (s  t epwise )  
SP-Sephadex C-25 ( s t e p w i s e )  
Sephadex G-50 ( s u p e r f i n e )  
DEAE - Se pha r 0 s  e CL - 6 B ( g r a d i e n t  ) 
Sephadex G-50 ( s u p e r f i n e )  
Reversed phase HPLC ( g r a d i e n t )  
Bombyxin-I ( S O  ug) 
Bombyxin-I1 (36 up) 

Bombyxin- I I I (6 3 ug) 
P u r i f i c a t i o n p r o c e d u r e  of bombyxin-I, -11 and -111 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

Fig .  

1 1 0  2 0  
Bombyxin- I G V V D E C C F R P C T L D V L L S Y C  
Bombyxin-I1 G I V D E C C L R P C S V D V L L S Y C 
Bombyxin-I11 G V V D E C C L Q P C T ? D V V A T Y C 

2 Amino terminal amino a c i d  sequences  of bombyxin-I, -11 and -111 

A M I N O  ACID SEQUENCE OF BOMBYXIN- I I  

Bombyxin-I1 was r e d u c t i v e l y  a l k y l a t e d  t o  y i e l d  t h e  carboxamide m e t h y l  d e r i v a t i v e ,  which 
was s e p a r a t e d  i n t o  two p e p t i d e s ,  A and B c h a i n  p e p t i d e s ,  by HPLC, i n d i c a t i n g  t h a t  
bombyxin-I1 was a h e t e r o d i m e r i c  p e p t i d e ,  i n  whichA and B c h a i n s  were connected  w i t h  d i s u l f i d e  
bonds. 
combination o f  enzymat ic  d i g e s t i o n  w i t h  t r y p s i n ,  a-chymotrypsin and p y r o g l u t a m i n a s e ,  and  
sequencing  t h e  r e s u l t e d  f r a g m e n t a l  p e p t i d e s  ( r e f .  5 ) .  The c a r b o x y l  t e r m i n a l  amino a c i d  
sequences  of b o t h  p e p t i d e s  were conf i rmed by t h e  r e s u l t s  of c a r b o x y p e p t i d a s e  A d i g e s t i o n .  

The amino a c i d  sequences  of A and B c h a i n  p e p t i d e s  were de termined  by t h e  

A c h a i n  
Human i n s u l i n  
Bombyxin-I1 

10 B c h a i n  
Human i n s u l i n  
Bombyxin-I1 

KY X :  py rog lu tamic  a c i d  

F i g .  3 Amino a c i d  sequences  of  bombyxin-I1 and human i n s u l i n  
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To de termine  the  mode of d i s u l f i d e  bonds,  bombyxin-I1 was d i g e s t e d  wi th  thermolys in  t o  
g i v e  f i v e  f ragments ,  Thl - 5. Since  Th4 and 5 con ta ined  only  one d i s u l f i d e  bond, t h e  
d i s u l f i d e  bond, .Azo-  B 2 2 ,  was unequivoca l ly  e s t a b l i s h e d .  Because Th3 con ta ined  two 
d i s u l f i d e  bonds,  t h e r e  were t h r e e  p o s s i b l e  s t r u c t u r e s ,  ( a ) ,  (b) and ( c ) ,  f o r  Th3. All 
of these  t h r e e  u e u t i d e s  were syn thes i zed  and compared w i t h  Th3 by HPLC, i n d i c a t i n g  t h a t  
Th3 was coe lu t ed  u i t h  p e p t i d e  (b ) .  
be As  - A l l  and A ,  - B l o  and t h e  whole amino a c i d  sequence of bombyxin-I1 was de termined  
a long  wi th  t h e  mode of t h r e e  d i s u l f i d e  bonds,  which was e x a c t l y  t h e  same as t h a t  of i n s u l i n  
( r e f .  7 ) .  

Thus t h e  d i s u l f i d e  bonds were e s t a b i l i s h e d  t o  

F ig .  4 Themolys in  d i g e s t i o n  of bombyxin-I1 and p o s s i b l e  s t r u c t u r e s  f o r  
t h e  f r agmen ta l  p e p t i d e ,  Th3 

- 
G I V D E C C L R P C S V D V L L S Y C  

I / 
X Q P Q A V H T Y C G R H L A R T L A D L C W E A G V D  

x: pyroglu tamic  a c i d  

F ig .  5 The whole amino a c i d  sequence of bombyxin-I1 

The s y n t h e s i s  of bombyxin-I1 was a t tempted  t o  conf i rm i t s  amino a c i d  sequence. The 
p r o t e c t e d  A and B cha in  p e p t i d e s  were syn thes i zed  by a p e p t i d e  s y n t h e s i z e r  of Applied 
Biosystems. A f t e r  deblocking ,  t h e  f r e e  A and B cha in  p e p t i d e s  were combined, reduced 
wi th  d i t h i o t h r e i t o l  and reoxidazed  w i t h  a i r  t o  a f f o r d  bombyxin-I1 i n  a y i e l d  of 4%. 
p e p t i d e  maps of t h e  thermolys in  d i g e s t s  of t h e  n a t u r a l  and s y n t h e t i c  bombyxin-I1 were 
completely i d e n t i c a l .  F u r t h e r  t h e  s y n t h e t i c  bombyxin-I1 showed a lmost  t h e  same a c t i v i t y  
t o  t h e  a s say  pupae as t h e  n a t u r a l  one. 
s y n t h e t i c a l l y  confirmed ( r e f .  7 ) .  

The 

Thus t h e  amino a c i d  sequence of bombyxin-I1 was 

BOMBYXINS BELONG TO INSULIN FAMILY PEPTIDES 

The most s t r i k i n g  f e a t u r e  of bombyxins i s  t h e  homology w i t h  i n s u l i n ;  t h e  homology i n  A cha in  
i s  approximate ly  50% and t h a t  of B chain  about  40%. In  a d d i t i o n ,  t h e  mode of t h r e e  
d i s u l f i d e  bonds are comple te ly  i d e n t i c a l  w i th  each  o t h e r  and t h e  hydrophobic co re  r e s i d u e s  
i n  bombyxin-11, A2 ( I l e ) ,  A l s  (Leu),  B14 (Leu) and B l a  (Leu),  are a l s o  i d e n t i c a l  w i th  those  
of i n s u l i n .  The g l y c i n e  r e s i d u e s ,  which may c o n t r i b u t e  t o  t h e  f o l d  of p e p t i d e  c h a i n s ,  
a t  A, ,  B l l  and B Z 6  i n  bombyxin-I1 i s  homologous wi th  those  of i n s u l i n .  Based upon t h e s e  
f a c t s ,  a t h r e e  d imens iona l  model of bombyxin-I1 has  been cons t ruc t ed  us ing  computer g r a p h i c s ,  
showing t h a t  bombyxin-I1 can assume an i n s u l i n - l i k e  t e r t i a r y  s t r u c t u r e  ( r e f .  8 ) .  
Recently t h e  gene coding a bombyxin has  been c loned  us ing  & Bombyx gene l i b r a r y  and s y n t h e t i c  
DNA probe and t h e  DNA sequence of t h e  bombyxin gene i n d i c a t e s  t h a t  bombyxin are bio- 
syn thes i zed  i n  t h e  form of p rep ropep t ide  fo l lowed by p o s t - t r a n s l a t i o n a l  p rocess ing  ( r e f .  9 ) .  
Thus bombyxins can be cons idered  t o  be  a member of t h e  i n s u l i n  f ami ly  pep t ides .  In  s p i t e  
of cons ide rab le  homology, i n s u l i n  was i n a c t i v e  t q  t h e  a d u l t  format ion  of b r a i n l e s s  Sarnia 
pupa even a t  a dose of 1 ug, l o 4  times as much a s  t h e  minimal a c t i v e  dose  of b o m m s ,  
and bombyxins f a i l e d  t o  r e a c t  w i t h  guinea  p i g  an t ibody of po rc ine  i n s u l i n .  
Bombyxins and i n s u l i n  fami ly  p e p t i d e s  might have a r i s e n  from a common a n c e s t r a l  gene, which 
must be cons ide rab ly  conserved du r ing  t h e  e v o l u t i o n  t o  i n s e c t s  and mammals w i t h  d i f f e r e n t  
f u n c t i o n s .  From t h i s  view p o i n t ,  i t  i s  worthy of n o t e  t h a t  t h e  presence  of t h e  gene 
coding an i n s u l i n - r e l a t e d  p e p t i d e  i n  Mollascan, termed mol lascan  i n s u l i n - r e l a t e d  p e p t i d e  
(MIP) has r e c e n t l y  been r epor t ed  i r r e s p e c t i v e  o f  t h e  b i o l o g i c a l  f u n c t i o n s  (ref. 10). 
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