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On the Structure of Pterobilin, the Blue Pigment  of Pieris brassicae 

F r o m  the  wings  of t he  c o m m o n  cabage  bu t t e r f ly ,  Pieris 
brassicae, a n d  of o t h e r  L ep i dop t e r a ,  WIELAND a n d  
TARTTER l i so la ted  a b lue  b i l in  w h i c h  b e h a v e d  s imi la r ly  to  
m e s o b i t i v e r d i n - I X ~  (glaucobi l in)  (In)  in  s t a b i l i t y  to  con-  
c e n t r a t e d  su lphur i c  acid a n d  in  spec t r a l  p roper t i e s ,  b u t  
p r o v e d  to  be  d i f fe ren t  f rom th i s  p i g m e n t  a n d  f rom bili-  
verdin-IXo¢ ( lb )  in  t h e  D e b y e - S c h e r r e r - d i a g r a m .  T he  pig- 
m e n t  was  cal led p t e rob i l i n  a n d  was  t h o u g h t  to  be  i somer ic  
to  lb .  HACKMAN = conc luded  f rom the  spec t ra l  p rope r t i e s  
of t h e  h e m o l y m p h  b i l in  of ca te rp i l l a r s  of P. brassicae a n d  
o t h e r  L e p i d o p t e r a  t h a t  t h i s  p i g m e n t  is iden t i ca l  w i t h  
p t e r o b i l i n  and ,  s u p p o r t i n g  a n  ear l ie r  a s s u m p t i o n  s, p r o b -  
ab ly  w i t h  l a .  The  t e g u m e n t a l  b i l in  of g reen  p u p a e  of 
P. rapae crucivora has  been  c l a imed  to  be  iden t i ca l  w i t h  
t he  p i g m e n t  of t h e  h e m o l y m p h  a and,  p r o b a b l y ,  w i t h  l a  or  
lb .  W e  w a n t  to  p r e s e n t  ev idence  here  t h a t  t he  t e g u m e n t a l  
bi le  p i g m e n t  of ca te rp i l l a r s  of P. brassicae is b i l i v e r d i n - I X 7  
(2a), a n  i somer  of l b .  

The  c h r o m o p r o t e i d  of 200 ca te rp i l l a r s  5 ha s  been  pre-  
p a r e d  s b y  excis ing t h e  an i m a l s  dorsal ly ,  r e m o v i n g  t h e  
organs ,  wash ing  a n d  t h e n  g r ind ing  t he  i n t e g u m e n t s  w i t h  
t he  m i n i m u m  a m o u n t  of wa te r ,  a n d  f i l te r ing i m m ed i a t e ly .  
T h e  r a w  c h r o m o p r o t e i d  is p r e c i p i t a t e d  f rom t h e  g reen ish  
f i l t r a t e  w i t h  solid (NH4)~SO , (100% s a t u r a t i o n )  a n d  col- 
lec ted  b y  c e n t r i f u g a t i o n  - a f t e r  r e m o v a l  of d a r k  b r o w n  
m a t e r i a l  a t  slow speed - a t  18,000 r p m ;  a f t e r  r e p i t i t i o n  of 
t h e  (NH~)=SO 4 t r e a t m e n t  i t  is lyophi l ized  a n d  s to red  u n d e r  
vacuum at 0 °C. 

The pigments are extracted from the chromoproteid 
w i t h  m e t h a n o l / 1 0 %  H~SO 4 a t  8 °C and ,  a f t e r  es te r i f ica t ion ,  
t r a n s f e r r e d  to  ch loroform.  Af te r  t h i n - l a y e r  c h r o m a t o -  
g r a p h y  (TLC: silica gel G, b e n z e n e / p e t r o l / m e t h a n o l  = 
60: 5: 3), t h e  coloured zones are  e lu ted  w i t h  ace tone  g iv ing  
t he  m e t h y l  p h e o p h o r b i d e s  (a) (4.7 rag) a n d  (b) (0.66 rag) 
a n d  p t e r o b i l i n  d i m e t h y l e s t e r  (0.09 mg)7. 

P t e r o b i l i n  d i m e t h y l e s t e r  y ie lds  t h e  imides  3 a n d  4 o n  
ch romic  acid o x i d a t i o n  (1% CrO 3 in 2n  H=SO4) 8, t h u s  
p r o v i n g  t h e  p resence  of v iny l  side cha ins  a n d  exc lud ing  
e t h y l  side c h a i n s  (to be  expec t ed  if i t  were a meso t y p e  
bilin),  On c h r o m a t e  o x i d a t i o n  (1% K,CroO~/I% KHSO4)  s, 
i t  y ie lds  t h e  py r ro l e  d i a l d e h y d e  5. Th i s  m e a n s  t h a t  t h e  
v i n y l  g roup ings  b o t h  m u s t  be  loca ted  a t  t h e  i n n e r  r ings,  
because  pyr ro le  d i a ldehydes  c a n n o t  be  fo rmed  f rom o x y g e n  
s u b s t i t u t e d  ou t e r  r ings  of bil ins.  

I f  p t e rob i l in  is de r ived  f rom p r o t o p o r p h y r i n - I X ,  t he  
on ly  n a t u r a l l y  occur r ing  i somer  of t he  p r o t o p o r p h y r i n  
series, i t  m u s t  be  b i l i v e r d i n - I X  7 (2a). T h e  i d e n t i t y  is 
p r o v e d  b y  c o m p a r i s o n  of t h e  es ter i f ied  p i g m e n t  w i t h  
a u t h e n t i c  2b i so la ted  f rom t h e  m i x t u r e  of i somer ic  bili- 
ve rd in s  o b t a i n e d  b y  coupled  o x i d a t i o n  of p y r i d i n e  p ro to -  
h a e m o c h r o m e - I X  a n d  ascorbic  acid 9. T h e  p i g m e n t s  of b o t h  
sources  a re  i n sepa rab l e  f rom each  o t h e r  in T L C  - e.g. 
RI  0.36 in b e n z e n e / d i o x a n e / a c e t i c  acid = 12 : 2 : 1 - b u t  are  
s e p a r a t e d  f rom t h e  d i m e t h y l e s t e r  of b i l iverdin-IX0¢ 
(Rf  0.22). T h e  a b s o r p t i o n  s pec t r a  (Table)  f u r t h e r  s u p p o r t  
t h e  i d e n t i t y  of p t e rob i l i n  a n d  b i l i v e r d i n - I X y ;  t h e  s p e c t r u m  
of b i l i v e r d i n - I X a  is s l igh t ly  b u t  s ign i f i can t ly  d i f ferent .  

Absorption maxima (nm) of biliverdin dimethylesters 

Pigment Methanol]5% Methanol/5 % Methanol/5% 
NHz HC1 Zn(OAe)~ 

Pterobflin 266;372;660 260; - 357; 700 266; 381; 700 
Biliverdin-IX7 266; 372;637 261; - 360; 700 266; 382; 705 
Biliverdin-IXot 261; 376; 653 261; 308; 376; 700 261; 390; 715 

F u r t h e r  e x p e r i m e n t s  will show w h e t h e r  p t e r o b i l i n  is 
fo rmed  b y  o x i d a t i v e  r ing  f ission of a p r o t o p o r p h y r i n - I X  
c o m p o u n d  a t  t h e  y - m e t h i n e  b r idge  or  w h e t h e r  i t  ar ises  in 
a n  i n d e p e n d e n t  way.  
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Zusammen/assung. Aus  d e m  T e g u m e n t  yon  R a u p e n  des  
Kohlweiss l ings  (Pieris brassicae) wird  das  be re i t s  f r i h e r  
b e s c h r i e b e n e  P t e r o b i l i n  isot iert ,  d a s  a u f  G r u n d  se iner  Ab-  
b a u p r o d u k t e  u n d  de r  c h r o m a t o g r a p h i s c h e n  u n d  s p e k t r a l e n  
E i g e n s c h a f t e n  als B i l i v e r d i n - I X y  iden t i f i z ie r t  wird.  
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