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Summary

I t  h a s  b e e n  fo u n d  t h a t  t h e  g r e e n  c o l o u r  o f  c e r t a i n  

s n a k e s  i s  c a u s e d  by  a  s t r u c t u r a l  b l u e  c o l o u r  t o g e t h e r  

w i t h  two y e l l o w  p i g m e n t s .  One o f  t h e s e  y e l l o w  p ig m e n t s  

h a s  b e e n  i d e n t i f i e d  a s  r i b o f l a v i n .  O t h e r  c o l o u r l e s s  

f l u o r e s c e n t  com pounds w ere  a l s o  i s o l a t e d .  I n  one s p e c i e s  

t h e s e  w e re  i s o x a n t h o p t e r i n  and  2 -am in o —4 - h y d r o x y p t e r i d i n e -  

6 - c a r b o x y l i c  a c i d  and i n  two o t h e r  s p e c i e s  t h e  p r e v i o u s  

two com pounds and  2 - a m i n o - 4 ~ h y d r o x y p t e r i d i n e .

A m e t a b o l i c  schem e l i n k i n g  t h e s e  s u b s t a n c e s  a n d  g i v i n g  

a  p o s s i b l e  o r i g i n  f o r  them  h a s  b e e n  s u g g e s t e d  ( s e e  f a c i n g  

p a g e ) .

F u r t h e r  e v id e n c e  h a s  b e e n  o b t a i n e d  f o r  t h i s  schem e, 

f 'h e r e  w e re  i n d i c a t i o n s  from  t h e  l i t e r a t u r e  t h a t  f o l i c  

a c i d  was o x i d i s a b l e  by x a n t h i n e  o x i d a s e .  I t  h a s  b e e n  

fo u n d  t h a t  x a n t h i n e  o x i d a s e  i s  w i t h o u t  e f f e c t  on  p t e r o y l - L -  

m o n o g lu ta m ic  a c i d  b u t  t h a t  i n  t h e  p r e s e n c e  o f  m e th y le n e  

b l u e  and x a n t h i n e  o x i d a s e  p t e r o y l - L - m o n o g l u t a m i c  a c i d  i s  

o x i d i s e d  to  2 -a m in o ~ 4 -h y d ro x y  p t e r i d i n e - 6 - c e r b o x y l i c  a c i d .  

I s o x a n t h o p t e r i n  b u t  n o t  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e - 6 -  

c a r b o x y l i e  a c i d  h a s  b e e n  i s o l a t e d  from  n o rm a l  human u r i n e .

I t  I s  now s u g g e s t e d  t h a t  f o l i c  a c i d  i s  c a t a b o l i s e d  i n

t h e  m am m alian body  t o  t h e  i n e r t  e n d - p r o d u c t  i s o x a n t h o p t e r i n .



R e c e n t  w ork  by  o t h e r  i n v e s t i g a t o r s  h a s  s u p p o r t e d  th e  

e x i s t e n c e  o f  a  c a t a b o l i c  p a th w a y  f o r  f o l i c  a c i d .

A l b e r t  h a s  s u g g e s t e d  t h a t  p t e r i d i n e s  ( e . g .  x a n t h o p t e r i n )  

w ould  b e  f o u n d  i n  h i g h e r  c o n c e n t r a t i o n  i n  t i s s u e s  u n d e r ­

g o in g  e x c e s s i v e  r a t e  o f  g ro w th  t h a n  i n  n o rm a l  o n e s .

To t e s t  t h i s  h y p o t h e s i s  n o rm a l  h a m s te r  k i d n e y s  and 

tu m o u r s  a r i s i n g  fro m  them  ( p r im a r y  and  t r a n s p l a n t e d )  w ere  

a n a ly s e d ,  f o r  t h e i r  p t e r i n  c o n t e n t .  Ro x a n t h o p t e r i n  c o u ld  

be  f o u n d .  I t  was f o u n d  t h a t  a  b l u e  f l u o r e s c e n t  s u b s t a n c e ,  

t e n t a t i v e l y  i d e n t i f i e d  a s  2~amino--4— h y d r o x y p t e r i d i n e - 6 -  

c a r f o o x y l ic  a c i d  was p r e s e n t  i n  n o rm a l  k id n e y  t i s s u e  i n  much 

h i g h e r  c o n c e n t r a t i o n  t h a n  i n  t h e  n e o p l a s t i c  i s s u e .  P r e v i o u s  

s u r v e y s  o f  n e o p l a s t i c  t i s s u e s  h a v e  shown t h a t  t h e i r  f o l i c  

a c i d  c o n t e n t  i s  t h e  same o r  h i g h e r  t h a n  n o rm a l  t i s s u e s .

The re d u c e d ,  c o n t e n t  o f  2 - a m in o - 4 - h y d r o x y  p t e r i d i n e - 6 -  

c a r b o x y l i c  a c i d  w ou ld  t h e r e f o r e  s u g g e s t  t h a t  t h e  n e o p l a s t i c  

c e l l s ;  d e g r a d e d  f o l i o  a c i d  to  a  much l e s s e r  e x t e n t  t h a n  d i d  

n o rm a l  c e l l s .  The f a i l u r e  o f  n e o p l a s t i c  c e l l s  t o  d e g ra d e  

f o l i c  a c i d  m ig h t  e x p l a i n  why n e o p la s m s  h a v e  a  g r e a t e r  

g ro w th  r a t e  t h a n  t h e i r  n o rm a l  t i s s u e  o f  o r i g i n .

I t  i s  known t h a t  i f  g o ld e n  h a m s t e r s  a r e  i n j e c t e d  w i t h  

c e r t a i n  p t e r i d i n e s  and a  v a r i e t y  o f  o t h e r  s u b s t a n c e s  t h e i r  

k i d n e y s  h y p e r t r o p h y .  When th e  h y p e r t r o p h i e d  k i d n e y s  

w e re  a n a l y s e d  f o r  p t e r i n  c o n t e n t  n e i t h e r  x a n t h o p t e r i n  n o r



2 -am in o -* 4 -h y d ro x y  p t e r i d i n e - 6 - c a r b o x y l i c  a c i d  c o u ld  be 

i s o l a t e d .  T h is  w ould  s u g g e s t  t h a t  an  i n c r e a s e d  r a t e  

o f  c e l l  d i v i s i o n  i s  a c c o m p a n ie d  by t h e  f a i l u r e  o f  t h e  

c e l l  t o  d e g r a d e  f o l i c  a c i d .

I t  i s  now s u g g e s t e d  t h a t  t h e  c a t a b o l i s m  o f  f o l i c  a c i d  

i s  a  m eans o f  c o n t r o l l i n g  c e l l  d i v i s i o n ;  n o rm a l  c e l l  

h y p e r p l a s i a  b e i n g  due to  a  l o c a l  h i g h  c o n c e n t r a t i o n  o f  

f o l i c  a c i d  c a u s e d  by  a  t e m p o r a r y  i n h i b i t i o n  o f  f o l i c  a c i d  

c a t a b o l i s m ;  n e o p l a s i a  b e i n g  a c c o m p a n ie d  by  a  p e rm a n e n t  

i n h i b i t i o n  o f  f o l i c  a c i d  c a t a b o l i s m .
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P a r t  I

The P ig m e n ts  and P t e r i n s  p r e s e n t  i n  S nake  S k in s

I d e n t i f i c a t i o n  o f  R i b o f l a v i n  a s  a  p ig m e n t  i n  P .  s e m i v a r i e g a t u s

I t  h a s  b e e n  known f o r  some t im e  t h a t  when w h o le  s n a k e s  

o r  t h e i r  s k i n s  a r e  p r e s e r v e d  by im m e rs io n  i n  40$  f o r m a l i n  

s o l u t i o n ,  a  g r e e n i s h  y e l l o w  c o l o u r  i s  i m p a r t e d  t o  th e  

s o l u t i o n .  T h is  e f f e c t  i s  p a r t i c u l a r l y  m arked  w i t h  g r e e n  

s n a k e s .  K r u k e n b e r g ,  i n  1882 ( 1 ) ,  d e s c r i b e d  th e  e x t r a c t i o n  

w i t h  a l c o h o l  o f  a y e l l o w  p ig m e n t  f ro m  sn a k e  s k i n s  b u t  

h e  d i d  n o t  i s o l a t e  i t .  No f u r t h e r  w ork on t h i s  p ig m e n t  h a s  

b e e n  d e s c r i b e d  i n  t h e  l i t e r a t u r e .

T h re e  s p e c i e s  o f  g r e e n  s n a k e s  w ere  a v a i l a b l e  l o c a l l y  

to  u s*

1 .  P h i lo th a m n u s  s e m i v a r i e g a t u s , w h ich  o c c u r s  o n l y  

a s  th e  g r e e n  c o l o u r e d  v a r i e t y .

2 .  P i s p h o l i d u s  t y p u s , w h ich  o c c u r s  l o c a l l y  o n ly  a s  

t h e  g r e e n  c o l o u r e d  v a r i e t y ,  a l t h o u g h  b l a c k ,  b ro w n , y e l l o w  

and  o l i v e  v a r i e t i e s  a r e  fo u n d  e l s e w h e r e  e .g *  S o u th  A f r i c a *

3* P e n d r o s a s p i s  v i r i d i s ,  w h ic h  o c c u r s  l o c a l l y  a s  

t h e  g r e e n  v a r i e t y  a l t h o u g h  a  b l a c k  v a r i e t y  i s  f o u n d  i n  

S o u th  A f t i c a .

P . v i r i d i s  i s  uncommon, so e x p e r i m e n t s  w e re  s t a r t e d  

on  P .  s e m i v a r i e g a t u s  and P .  t y p u s .



S p e c im e n s  o f  P . s e m i v a r i e g a t u s  w ere  k i l l e d  w i t h  

c h l o r o f o r m ,  d e c a p i t a t e d  and s k i n n e d .  The s k i n  was 

t h o r o u g h l y  c l e a n e d ,  a l l  t r a c e s  o f  s u b c u ta n e o u s  t i s s u e  b e in g -  

rem ov ed  by  t h o r o u g h  s c r u b b i n g .  The s k i n  was t h e n  c u t  

i n t o  p i e c e s  and  e x t r a c t e d  w i t h  a b s o l u t e  e t h a n o l  i n  t h e  

d a r k  i n  a  S o x h l e t  a p p a r a t u s .  A f t e r  c o o l i n g  and  f i l t e r i n g ,  

t h e  e t h a n o l i c  s o l u t i o n  w as y e l l o w  i n  c o l o u r  and h a d  a  

g r e e n  f l u o r e s c e n c e .  On e x p o s u r e  t o  s u n l i g h t  b o t h  t h e  

c o l o u r  and  t h e  f l u o r e s c e n t ,  v a n i s h e d .  The c o l o u r  and  

f l u o r e s c e n c e  a l s o  d i s a p p e a r e d  on  t h e  a d d i t i o n  o f  a c i d ,  

a l k a l i  o r  sod ium  h y d r o g e n  s u l p h i t e .  T h ese  p r o p e r t i e s  

s u g g e s t e d  t h a t  t h e  y e l l o w  p ig m e n t  was r i b o f l a v i n .  H o w ev e r ,  

a s  e a c h  s k i n  c o n t a i n e d  o n l y  a  s n a i l  q u a n t i t y  o f  th e  p ig m e n t  

and a s  i t  was d i f f i c u l t  to  o b t a i n  m ore t h a n  a  few  s n a k e s  

p e r  y e a r ,  i t  was i m p o s s i b l e  to  i d e n t i f y  t h e  p ig m e n t  b y  a  

r i g o r o u s  c h e m ic a l  m e th o d .

Two m ic ro  m e th o d s ,  h o w e v e r ,  w e re  a v a i l a b l e .  The 

f i r s t  m e th o d  u s e d  was p a p e r  c h ro m a to g r a p h y ;  t h e  se co n d  

was u l t r a v i o l e t  s p e c t r o s c o p y .  P a p e r  c h ro m a to g ra p h y  h a s  

p r o v e d  a  p o w e r f u l  t o o l  i n  th e  r e s o l u t i o n  o f  com plex  

b i o l o g i c a l  m ix tu r e s ,  and  i n  t h e  i d e n t i f i c a t i o n  o f  m in u te  

a m o u n ts  o f  s u b s t a n c e s ,  by  c o m p a r in g  t h e i r  c h r o m a to g r a p h ic  

b e h a v i o u r  w i t h  t h a t  o f  known s u b s t a n c e s  i n  s e v e r a l



d i f f e r e n t  s o l v e n t  s y s t e m s .  Q u a l i t a t i v e  u l t r a v i o l e t  

s p e c t r o s c o p y  w i l l  n o t  d e f i n i t e l y  i d e n t i f y  a  compound b u t  

a n  i n s p e c t i o n  o f  t h e  a b s o r p t i o n  c u rv e  w i l l ,  i n  many 

c a s e s ,  i n d i c a t e  t h e  t y p e  and  p r o b a b l e  I d e n t i t y  o f  t h e  

compound u n d e r  i n v e s t i g a t i o n .

A s a t i s f a c t o r y  c o m b in a t io n  o f  t h e s e  two t e c h n i q u e s  i s ,  

f i r s t l y ,  to  s e p a r a t e  th e  m ix t u r e  by  p a p e r  c h ro m a to g ra p h y  

and  d e t e r m i n e  t h e  u l t r a v i o l e t  a b s o r p t i o n  o f  e a c h  s u b s t a n c e ;  

a n d ,  s e c o n d l y ,  h a v in g  d e te r m in e d  th e  ty p e  and  p r o b a b l e  

i d e n t i t y  o f  e a c h  s u b s t a n c e ,  to  c o n f i r m  i t s  i d e n t i t y  by  i t s  

s i m i l a r  c h r o m a to g r a p h ic  b e h a v i o u r  w i th  a  known s u b s t a n c e  

i n  s e v e r a l  d i f f e r e n t  s o l v e n t  s y s t e m s .

A f t e r  th e  m i x t u r e  h a s  b e e n  s e p a r a t e d  by  p a p e r  

c h ro m a to g r a p h y  t h e  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m  o f  t h e  

com pounds may be d e t e r m i n e d  i n  two w ays. I n  t h e  f i r s t  

m e th o d ,  w h ich  i s  t h e  m ore a c c u r a t e ,  th e  s u b s t a n c e  i s  

e l u t e d  f ro m  t h e  p a p e r  by  a  s u i t a b l e  s o l v e n t  ( 2 ) ,  e . g .  w a t e r ,  

j q  ammonium h y d r o x i d e  s o l u t i o n .  T h is  m e th o d ,  h o w e v e r ,  

r e q u i r e s  r e l a t i v e l y  l a r g e  am oun ts  o f  s u b s t a n c e ;  i t  i s  

a lw a y s  n e c e s s a r y  t o  p r e p a r e  t h e  b l a n k  s o l u t i o n  b y  e l u t i n g  

a  s i m i l a r  p i e c e  o f  c h r o m a to g r a p h ic  p a p e r  ( d e v e l o p e d  w i t h  

t h e  same s o l v e n t )  w i t h  t h e  same e l u t i n g  s o l v e n t ,  ( 3 ) ,  and  

i t  i s  o f t e n  d i f f i c u l t  t o  e l u t e  f ro m  th e  p a p e r  ( 4 ) .  I n  

t h e  s e c o n d  m ethod  th e  s p e c t ru m  i s  d e t e r m i n e d  d i r e c t l y  on  

t h e  p a p e r  ( 4 ) ,  a  p i e c e  o f  c h ro m a to g ra m  p a p e r  t r e a t e d



4

s i m i l a r l y  b e i n g  u s e d  a s  a  b l a n k .  T h is  m eth o d  a l l o w s  t h e  

d e t e r m i n a t i o n  o f  t h e  s p e c t r u m  on t h e  minimum am ount o f  

m a t e r i a l  b u t  a s  t h e  a b s o r p t i o n  o f  t h e  b l a n k  i s  h i g h ,  m ax im a, 

e s p e c i a l l y  b r o a d  o n e s ,  c a n n o t  b e  d e t e r m i n e d  a c c u r a t e l y  and  

p e a k s  can  o n ly  be p l a c e d  w i t h i n  5 mu to  10 mu. S p e c t r a  

o b t a i n e d  by  t h i s  m e th o d  a r e  n o t  s t r i c t l y  c o m p a ra b le  w i t h  

s p e c t r a  o b t a i n e d  i n  s o l u t i o n ,  b u t  o n ly  w i th  s p e c t r a  o b t a i n e d  

i n  a  s i m i l a r  way on  p a p e r .  The a c c u r a c y  o f  t h i s  m ethod  

m ig h t  be  im p ro v e d  b y  s o a k in g  th e  p a p e r  s t r i p s  u s e d  i n  one  

o f  t h e  o i l s  now c o m m e r c ia l ly  a v a i l a b l e  f o r  p h o t o m e t r i c  

d e n s i t o m e t e r s .

Two o t h e r  m ic ro  m e th o d s  c o u ld  h a v e  b e en  u s e d ,  b u t  w e re

n o t  a v a i l a b l e .  I t  i s  p o s s i b l e  to  d e t e r m i n e  i n f r a  r e d

s p e c t r a  d i r e c t l y  on  p a p e r  (5 )  o r  on e l u a t e s  f ro m  p a p e r  ( 6 ) .  

The f i r s t  m e th o d  d o e s  n o t  g iv e  a  f u l l  i n f r a  r e d  a b s o r p t i o n  

s p e c t r u m  b e c a u s e  o f  t h e  s t r o n g  -OH b a n d  a b s o r p t i o n  o f  

t h e  c e l l u l o s e .  The s e c o n d  m ethod  g i v e s  a  c o m p le te  c u rv e

b u t  r e q u i r e s  f u r t h e r  s t u d y .

P a p e r  e l e c t r o p h o r e s i s  i s  u s e d  to  s e p a r a t e  co m plex  

m i x t u r e s  and  to  i d e n t i f y  i n d i v i d u a l  c o m p o n e n ts ,  a n d  h a s  

b e e n  u s e d  t o  s e p a r a t e  m i x t u r e s  o f  f l a v i n e  and  r e l a t e d  

com pounds ( 7 ) .

I t  was fo u n d  p o s s i b l e  to  e x t r a c t  th e  y e l l o w  p ig m e n t  

from  t h e  s k i n  o f  P .  s e m i v a r i e g a t u s  u s i n g  0 . 5  N ammonium
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h y d r o x i d e  s o l u t i o n ,  Q O fe a q u e o u s  e t h a n o l  and p y r i d i n e — 

p r o p a n o l - w a t e r  ( 3 : 1 : 1  v / v ) .  P a p e r  c h r o m a to g r a p h ic  

a n a l y s i s  o f  t h e s e  s o l u t i o n s  showed t h a t  th e y  a l l  c o n t a i n e d  

s u b s t a n c e s  w h ic h  f l u o r e s c e d  s t r o n g l y  i n  u l t r a v i o l e t  l i g h t .

One f l u o r e s c e d  y e l l o w  and c o u ld  be  d e t e c t e d  i n  l a r g e  

q u a n t i t i e s  a s  a  y e l l o w  s p o t  i n  d a y l i g h t ;  one f l u o r e s c e d  

p u r p l e  and  t h e  o t h e r  b r i g h t  b l u e .

A f t e r  p a p e r  c h ro m a to g ra p h y  o f  a  p y r i d i n e - p r o p a n o l -  

w a t e r  ( 3 : 1 : 1  v / v )  e x t r a c t  o f  P . s e m i v a r i e g a t u s  i n  t h e  

same s o l v e n t  t h e  u l t r a v i o l e t  a b s o r p t i o n  s p e c t ru m  o f  t h e  

y e l l o w  f l u o r e s c i n g  s p o t  was d e t e r m i n e d  u s i n g  t h e  m ethod  

o f  B r a d f i e l d  and  P lo o d  ( 4 ) .  T h is  gave  two p e a k s ,  260mu 

and  370 mu. The s p e c t r u m  o f  r i b o f l a v i n  d e t e r m i n e d  

u n d e r  t h e  same c o n d i t i o n s  h ad  two p e a k s ,  260 mu and  360 mu.

The i d e n t i t y  o f  t h e  y e l l o w  f l u o r e s c e n t  s u b s t a n c e  a s  r i b o f l a v i n  

was c o n f i r m e d  by i t s  i d e n t i c a l  c h r o m a to g r a p h ic  b e h a v i o u r  

w i t h  a  known sam p le  i n  t h r e e  d i f f e r e n t  s o l v e n t  s y s te m s :  

p y r i d i n e - p r o p a n o l  w a t e r  ( 3 : 1 : 1  v / v )  ( 8 ) ,  b u t a n o l —a c e t i c  

a v i d - w a t e r  ( 4 : 1 : 5  v / v )  ( 9 ) ,  ( 1 0 ) ,  a n d  t e r t . - b u t a n o l -  

p y r i d i n e - w a t e r  ( 5 0 :1 5 ) 3 5  v / v )  ( 8 ) .

I d e n t i t y  o f  P t e r i n s  i n  P . S e m i v a r i e g a t u s

The two o t h e r  f l u o r e s c e n t  s u b s t a n c e s  w ere  c l a s s i f i e d  a s  

p t e r i d i n e s  by  t h e i r  s o l u b i l i t y  i n  ammonium h y d r o x i d e ,  

t h e i r  s t r o n g  f l u o r e s c e n c e  i n  u l t r a v i o l e t  l i g h t  a n d  t h e i r  

a b s o r p t i o n  s p e c t r a .
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The s p e c t r a  w ere  d e t e r m i n e d  by t h e  m eth od  o f  B r a d f i e l d  

and F lo o d  (4 )  and show ed t h e  t y p i c a l  p t e r i n  p a t t e r n  o f  

two maxim a b e tw e e n  200 mu an d  400 mu w i t h  one p e a k  b e tw e e n  

200 mu and  300 mu. The p u r p l e  f l u o r e s c i n g  s u b s t a n c e  h ad

two p e a k s ,  a t  255 mu and 335 mu and  t h e  b r i g h t  b l u e  

f l u o r e s c i n g  s u b s t a n c e  h a d  two p e a k s  a t  250 mu and  355 mu.

T h e i r  s p e c t r a ,  c h a r a c t e r i s t i c  f l u o r e s c e n c e  and R^, v a l u e s  i n  

a q u e o u s  ammonium c h l o r i d e  (1 1 )  s u g g e s t e d  t h a t  t h e s e  

s u b s t a n c e s  w e re  i s o x a n t h o p t e r i n  and 2 - a m in o - 4 - h y d r o x y  

p t e r i d i n e - 6 - c a r b o x y l i c  a c i d .  As p t e r i n s  a r e  i n f u s i b l e ,  

d i f f i c u l t l y  c r y s t a l l i s a b l e  s u b s t a n c e s ,  p a p e r  c h ro m a to g ra p h y  

i s  a  c o n v e n i e n t  m eth o d  o f  i d e n t i f i c a t i o n  (1 2 )  and  i d e n t i t y  

i s  c o n s i d e r e d  e s t a b l i s h e d  i f  an unknown s u b s t a n c e  show s 

i d e n t i c a l  c h r o m a to g r a p h ic  b e h a v i o u r  w i th  a  known s u b s t a n c e  

i n  t h r e e  d i f f e r e n t  s o l v e n t  s y s te m s  ( 1 2 ) .

The p u r p l e  f l u o r e s c i n g  s u b s t a n c e  was i d e n t i f i e d  a s  

i s o x a n t h o p t e r i n  by i t s  i d e n t i c a l  c h r o m a to g r a p h ic  b e h a v i o u r  

w i t h  a  known sam p le  i n  s i x  d i f f e r e n t  s o l v e n t  s y s te m s  v i z :

3$ a q u e o u s  ammonium c h l o r i d e  (13 )  5fo  a q u e o u s  a c e t i c  a c i d  (1 4 )  > 

b u t a n o l - a c e t i c  a c i d - w a t e r  ( 4 : 1 : 5  v / v )  ( 9) > ( 1 0 ) ,  (1 5 )>  

p y r i d i n e - p r o p a n o l - w a t e r  ( 3 : 1 : 1  v / v )  ( 8 ) ,  t e r t i a r y  b u t a n o l -  

p y r i d i n e - w a t e r  ( 5 0 : 1 5 :3 5  v / v )  ( 8 ) ,  t e r t i a r y  b u t a n o l - p y r i d i n e -  

w a t e r  ( 6 0 : 1 5 : 2 5  v / v )  ( 8 ) .  The b r i g h t  b l u e  f l u o r e s c i n g  

s u b s t a n c e  was s i m i l a r l y  i d e n t i f i e d  a s  2 - a m i n o - 4 - h y d r o x y -  

p t e r i d i n e - 6 - c a r b o x y l i c  a c i d  by  i t s  i d e n t i c a l  c h r o m a to g r a p h ic  

b e h a v i o u r  w i t h  a  known sam p le  i n  t h e  same s i x  s o l v e n t
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s y s te m s  and  i n  p r o p a n o l - 5 $  a q u e o u s  a c e t i c  a c i d  ( 2 : 1  v / v )

(1 4 )  and  i n  d i m e t h y l - f o r m a m i d e - f o r m ic  a c i d - w a t e r  ( 8 : 1 : 1  v / v ) . 

I d e n t i t y  o f  y e l l o w  p ig m e n ts  and P t e r i n s  i n  P .  ty p u s

When t h e  sk im  o f  D. t y p u s  was e x t r a c t e d  w i t h  p y r i d i n e -  

p r o p a n o l - w a t e r  ( 3 : 1 : 1  v / v ) ,  0 .5  N ammonium h y d r o x i d e ,  a b s o l u t e  

e t h a n o l  o r  80$  a q u e o u s  e t h a n o l  t h e  s o l u t i o n  was c o l o u r e d  

y e l l o w  b u t  h a d  o n ly  a  weak g r e e n  f l u o r e s c e n c e .  P a p e r  

c h r o m a to g r a p h ic  a n a l y s i s  a s  f o r  t h e  e x t r a c t s  o f  P .  s e m i-  

$ a r i e g a t u s  show ed th e  p r e s e n c e  o f  r i b o f l a v i n ,  i s o x a n t h o p t e r i n -  

2 - a m i n o - 4 - h y d r o x y - p t e r i d i n e - 6 - c a r b o x y l i c  a c i d  and  a n o t h e r  

y e l l o w ,  n o n - f l u o r e s c e n t  s u b s t a n c e .  As ju d g e d  v i s u a l l y  by  

t h e  s p o t  s i z e  and i n t e n s i t y  o f  f l u o r e s c e n c e ,  t h e  am ount o f  

r i b o f l a v i n  p r e s e n t  i n  t h e  s k i n  o f  P .  t y p u s  was l e s s  t h a n  t h a t  

i n  t h e  s k i n  o f  P .  s e m i v a r i e g a t u s .  A t t e m p t s  t o  c l a s s i f y  

t h e  s e c o n d  y e l l o w  p ig m e n t  f a i l e d .  N e i t h e r  t h e  u s e  o f  

s u i t a b l e  s p o t  t e s t s  n o r  i t s  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m  

i n d i c a t e d  i t s  p o s s i b l e  s t r u c t u r e .  I t  may b e lo n g  t o  t h e  

i l l - d e f i n e d  and  l i t t l e - k n o w n  c l a s s  o f  o m m a tin e s  ( 1 6 ) .

When t h e  e t h a n o l i c  e x t r a c t s  o f  P .  t y p u s  w ere  e v a p o r a t e d  

t o  d r y n e s s  and t h e  r e s i d u e  t a k e n  up i n  a  s m a l l  am ount o f  

0 . 5  I  ammonium h y d r o x i d e ,  c h r o m a to g r a p h ic  a n a l y s i s  show ed 

two m ore b l u e  f l u o r e s c e n t  s u b s t a n c e s .  One o f  t h e s e  h a s  

b e e n  i d e n t i f i e d  a s  2 - a m i n o - 4 - h y d r o x y - p t e r i d i n e  by  i t s  

i d e n t i c a l  b e h a v i o u r  w i th  an a u t h e n t i c  sa m p le  i n  t h e  e i g h t
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d i f f e r e n t  s o l v e n t  s y s te m s  g iv e n  b e f o r e .  The o t h e r  b l u e  

f l u o r e s c e n t  s u b s t a n c e  h a s  n o t  b e e n  i d e n t i f i e d .

When t h e  com bin ed  e t h a n o l i c  e x t r a c t s  o f  P .  s e m i v a r i e g a t u s  

w ere  s i m i l a r l y  t r e a t e d ,  t h e  s e c o n d  b l u e  f l u o r e s c e n t  

s u b s t a n c e  w as d e t e c t e d  b u t  n o t  2 - a m i n o - 4 - h y d r o x y - p t e r i d i n e .  

F a i l u r e  t o  i d e n t i f y  2 - a m i n o - 4 - h y d r o x y - p t e r i d i n e  i n  t h i s  

e x t r a c t  e l i m i n a t e d  t h e  p o s s i b i l i t y  t h a t  i t  § ,ro se  i n  t h e  

D. t y p u s  e x t r a c t  by  d e c a r b o x y l a t i o n  o f  2 - a m in o - 4 - b y d r o x y -  

p t e r i d i n e - 6 - c a r b o x y l i c  a c i d  d u r i n g  t h e  w o rk in g - u p  p r o c e s s .

T h i s  c o n c e n t r a t e d  e x t r a c t  o f  P .  s e m i v a r i e g a t u s  a l s o  

r e v e a l e d ,  on c h r o m a to g r a p h ic  a n a l y s i s ,  t r a c e s  o f  th e  

u n i d e n t i f i e d ,  y e l l o w ,  n o n - f l u o r e s c e n t  s u b s t a n c e .

I d e n t i t y  o f  y e l l o w  p ig m e n t s  and P t e r i n e  i n  D. v i r i d i s

A f t e r  t h i s  i n v e s t i g a t i o n  h a d  b e e n  c o m p le te d  a  s i n g l e  

sp e c im e n  o f  t h e  g r e e n  mamba, D e n d r o a s p i s  v i r i d i s ,  becam e 

a v a i l a b l e  to  u s .  The a n t e r i o r  an d  m id d le  p o r t i o n s  o f  t h e  

body  w e re  l e a f  g r e e n ,  t h e  p o s t e r i o r  p o r t i o n  was d i r t y  

y e l l o w .  The s k i n  was c u t  i n t o  t h e  g r e e n  and  y e l l o w  

p o r t i o n s  and  e a c h  s e p a r a t e l y  e x t r a c t e d  w i t h  8 0 $  a q u e o u s  

e t h a n o l .

The e x t r a c t  f ro m  t h e  y e l l o w  s k i n  was e v a p o r a t e d  t o  

d r y n e s s  and t h e  r e s i d u e  t a k e n  up  i n  a  s m a l l  am ount o f  0 . 5  K 

ammonium h y d r o x i d e  s o l u t i o n .  R i b o f l a v i n  and  i s o x a n t h o p t e r i n  

w e re  d e t e c t e d  i n  b o t h  e x t r a c t s .  2 - A m i n o - 4 - b y d r o x y - p t e r i d i n e -  

6 - c a r b o x y l i c  a c i d  and  2 - a m in o - 4 - b y d r o x y  p t e r i d i n e  w ere
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d e t e c t e d  i n  t h e  e x t r a c t  o f  t h e  y e l l o w  s k i n .  No 

a t t e m p t  was made t o  f i n d  them  i n  t h e  e t h a n o l i c  e x t r a c t .

A y e l l o w  n o n - f l u o r e s c e n t  p ig m e n t  was p r e s e n t  i n  b o t h  

e x t r a c t s .

When com pared  w i t h  t h e  s p e c im e n s  o f  P .  s e m i v a r i e g a t u s  

and  P .  t y p u s  e x a m in e d ,  P .  v i r i d i s  h a d  much l e s s  r i b o f l a v i n  

t h a n  e i t h e r ,  m ore y e l l o w  n o n - f l u o r e s c e n t  p ig m e n t  and 

m ore  2 - a m i n o - 4 - h y d r o x y - p t e r i d i n e .  I n  n o n e  o f  t h e  

s p e c im e n s  e x am in ed  was i t  p o s s i b l e  to  d e t e c t  any  f l a v i n -  

a d e n i n e - m o n o - n u c l e o t i d e  n o r  f l a v i n  a d e n i n e - d i n u c l e o t i d e .  

T hese  n u c l e o t i d e s  m ig h t  h a v e  b e e n  d e s t r o y e d  d u r i n g  th e  

e x t r a c t i o n  p r o c e d u r e s  b u t  l a t e r  e x p e r i e n c e  u s i n g  s i m i l a r  

m e th o d s  o f  a n a l y s i s  on  l i v e r  and k id n e y  h a s  shown t h a t  i t  

i s  p o s s i b l e  t o  i d e n t i f y  f l a v i n - a d e n i n e - d i n u c l e o t i d e  and  

f l a v i n - a d e n i n e  m o n o n u c le o t id e  by  t h i s  m e th o d .

The B lu e  C o l o u r a t i o n  o f  t h e  S n a k e s  P .  S e m i v a r i e g a t u s ,  P .  

t y p u s  and  P .  v i r i d i s

When t h e  s k i n s  o f  P .  s e m i v a r i e g a t u s ,  P .  t y p u s  and 

P .  v i r i d i s  w ere  e x t r a c t e d  w i t h  80 fo  a q u e o u s  e t h a n o l  u n t i l  

t h e  e x t r a c t s  w ere  c o l o u r l e s s ,  t h e  r e s i d u a l  s k i n  was c o l o u r e d  

b l u e .  I t  i s  commonly fo u n d  t h a t  a n im a l s  w i t h  g r e e n  s k i n  

c o l o u r a t i o n  o b t a i n  t h i s  e f f e c t  by s u p e r im p o s in g  a  y e l l o w  

p ig m e n t  on  a  s t r u c t u r a l  b l u e  (1 6 )  and i t  seem ed d e s i r a b l e  

t o  f i n d  w h e th e r  t h i s  b l u e  c o l o u r  was a  s t r u c t u r a l  one  o r  

due t o  a  p ig m e n t .



R e f l u x i n g  t h e  s k i n s  o f  P .  s e m i v a r i e g a t u s  and  D. 

t y p u s  w i t h  p e t r o l e u m  e t h e r ,  b e n z e n e ,  c h l o r o f o r m ,  e t h e r  

and  e t h y l  a c e t a t e ,  f a i l e d  to  rem ove any  c o l o u r i n g  m a t t e r .

When t h e  b l u e  s k i n s  w ere  warmed w i t h  d i l u t e  a c i d s  o r  

a l k a l i s  t h e  s k i n  becam e b l a c k  and t h e  s o l v e n t s  y e l l o w .

The e x t r a c t  o b t a i n e d  from  t h e  b l u e  s k i n s  by  w arm ing  

w i t h  0 .5  F  ammonium h y d r o x i d e  was e x am in e d  by p a p e r  

c h ro m a to g ra p h y  and was shown to  c o n t a i n  o n ly  t h e  y e l l o w ,  

n o n - f l u o r e s c e n t  p ig m e n t ,  i s o x a n t h o p t e r i n  and 2 - a m i n o - 4 -  

h y d r o x y - p t e r i d i n e - 6 - c a r b o x y l i c  a c i d .

When t h e  s k i n  was im m ersed  i n  s a t u r a t e d  b ro m in e  w a t e r  

f o r  30 m i n u t e s  i t  was b l e a c h e d .

T h ese  o b s e r v a t i o n s  s u g g e s t e d  t h a t  t h e  b l u e  c o l o u r  w as 

a  s t r u c t u r a l  o n e .  A t t e m p t s  to  c o n f i r m  t h i s  by t h e  u s u a l  

m etho d  o f  b l e a c h i n g  t h e  m e la n in  an d  r e s t o r i n g  t h e  b l u e  

c o l o u r  by  r e p l a c i n g  t h e  m e l a n i n  by  an  a r t i f i c i a l  b l a c k  

b a c k g ro u n d  (1 6 )  su c h  a s  c a rb o n  i n k ,  f a i l e d ,  h o w e v e r .  T h i s  

f a i l u r e  w as a t t r i b u t e d  t o  t h e  d e s t r u c t i o n  o f  t h e  c o l l o i d  

sy s te m  r e s p o n s i b l e  f o r  t h e  l i g h t  s c a t t e r i n g ,  by t h e  

a c i d i t y  o f  t h e  b ro m in e  s o l u t i o n .  The b l u e  s k i n s  f a i l e d  t o  

b l e a c h  when l e f t  i n  e x t e n s i v e  c o n t a c t  w i t h  30$  h y d r o g e n  p e r o x *  

i d e .  As a l l  o t h e r  a v a i l a b l e  b l e a c h i n g  a g e n t s  w e re  a c i d  

i n  r e a c t i o n  and w ould  h a v e  c a u s e d  d e s t r u c t i o n  o f  t h e  

c o l l o i d  s y s te m  no f u r t h e r  a t t e m p t s  w ere  made to  b l e a c h  t h e  

s k i n s .
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The p r e s e n c e  o f  a  s y s te m  c a p a b le  o f  g i v i n g  a  

s t r u c t u r a l  b l u e  was f i n a l l y  e l u c i d a t e d  by  an  h i s t o l o g i c a l  

t e c h n i q u e .

P o r t i o n s  o f  t h e  s k i n s  w ere  f i x e d  i n  10$  n e u t r a l  

f o rm a ld e h y d e  and t r a n s v e r s e  and  h o r i z o n t a l  s e c t i o n s  ta k e n *  

T hese  w e re  e x a m in e d ,  u n s t a i n e d ,  on  s l i d e s  on  w h ic h  h a l f  t h e  

f i e l d  w as b l a c k e n e d  w i t h  c a r b o n  b l a c k .  E x a m in a t io n  w i t h  

t r a n s m i t t e d  l i g h t  showed t h e  c l e a r  p a r t  o f  t h e  s e c t i o n  

y e l l o w .  When e x am in e d  w i t h  r e f l e c t e d  l i g h t  t h e  p o r t i o n  

o f  t h e  s e c t i o n  l y i n g  o v e r  th e  b l a c k e n e d  h a l f  o f  t h e  s l i d e  

a p p e a r e d  b l u e .

S i m i l a r  t e c h n i q u e  a p p l i e d  to  t h e  b l u e  s k i n  from  

P e n d r o a s p i s  v i r i d i s  show ed t h a t  i t  t o o  was a  s t r u c t u r a l  

b l u e .

I t  t h u s  a p p e a r s  t h a t  t h e  g r e e n  c o l o u r  o f  t h e  s k i n s  

o f  P .  s e m i v a r i e g a t u s ,  P .  t y p u s  and P .  v i r i d i s  i s  due  to  

t h e  p r e s e n c e  o f  a  T y n d a l l  b l u e  i n  a s s o c i a t i o n  w i t h  two 

y e l l o w  p i g m e n t s ,  one o f  w h ic h  i s  r i b o f l a v i n .

I n  P .  s e m i v a r i e g a t u s ,  r i b o f l a v i n  i s  p r e s e n t  i n  much 

g r e a t e r  am ount tha r t  t h e  y e l lo w  n o n - f l u o r e s c e n t  p&gment 

w h i l e  i n  P .  v i r i d i s  t h e  unknown p ig m e n t  i s  p r e s e n t  i n  

g r e a t e r  am oun t t h a n  r i b o f l a v i n .  P .  t y p u s  o c c u p i e s  an  

i n t e r m e d i a t e  p o s i t i o n .  The s k i n s  o f  a l l  t h r e e  s p e c i e s  

a l s o  c o n t a i n  i s o x a n t h o p t e r i n  and 2 - a m i n o - 4 - h y d r o x y - p t e r i d i n e  

6 - c a r b o x y l i c  a c i d .  P .  t y p u s  and  P .  v i r i d i s  a l s o  c o n t a i n
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2 - a m i n o - 4 - h y d r o x y - p t e r i d i n e  w h i l e  E . t y p u s  and P .  

s e m i v a r i e g a t u s  c o n t a i n  a n o t h e r  u n i d e n t i f i e d  b l u e  f l u o r e s c e n t  

s u b s t a n c e .  T h i s  s u b s t a n c e  was n o t  l o o k e d  f o r  i n  t h e  D. 

v i r i d i s  e x t r a c t .

I t  may be  n o t e d  t h a t  a s  t h e  r i b o f l a v i n  c o n t e n t  

d e c r e a s e s ,  t h a t  o f  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e  i n c r e a s e s .  

C o r r e l a t i o n s  b e tw e e n  r i b o f l a v i n  c o n t e n t  and  p t e r i n  c o n t e n t  

o f  t i s s u e s  h a v e  b e e n  n o t e d  by p r e v i o u s  w o r k e r s .  K o s c h a r a  

and  Haug (1 7 )  f o u n d  a  p a r a l l e l  r e l a t i o n s h i p  b e tw e e n  t h e  

r i b o f l a v i n  and  x a n t h o p t e r i n  c o n t e n t s  o f  a n im a l  t i s s u e s .  I n  

t h e  l a t e r  s t a g e s  o f  d e v e lo p m e n t  o f  th e  g r a s s h o p p e r  e g g  t h e  

p t e r i n  c o n t e n t  i n c r e a s e s  a s  t h e  r i b o f l a v i n  c o n t e n t  d e c r e a s e s  

(1 8 )  (19)'* Prom g e n e t i c  s t u d i e s  i t  a p p e a r s  t h e r e  i s  a  

c l o s e  r e l a t i o n s h i p  b e tw e e n  r i b o f l a v i n ,  u r i c  a c i d  and  

p t e r i d i n e s  ( 2 0 ) ,  ( 2 1 ) .  I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e r e  

i s  a  common i n t e r m e d i a t e  b e tw e e n  r i b o f l a v i n ,  f o l i c  a c i d  

and  b i o p t e r i n  ( 2 2 ) .
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P a r t  I I

M e ta b o l is m  o f  F o l i c  A c id

S u g g e s t e d  C a t a b o l i c  Scheme

f h e s e  t h r e e  p t e r i n s  ( i s o x a n t h o p t e r i n ,  2 - a m i n o - 4 -

h y d r o x y p t e r i d i n e - 6 - c a r b o x y l i c  a c i d ,  and  2 - a m in o - 4 -

h y d r o x y p t e r i d i n e )  and r i b o f l a v i n  a r e  w id e ly  d i s t r i b u t e d .
23F o r r e s t ,  Yan B a a le n  and  M yers  fo u n d  2 - a m in o - 4 -

h y d r o x y p t e r i d i n e  and  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e - 6 - c a r b o x y l i c

a c i d  i n  t h e  b l u e - g r e e n  a l g a ,  A n a c y s t i s  n i d u l a n s ,  a f t e r

c e s s a t i o n  o f  p h o t o s y n t h e s i s .  X a n t h o p t e r i n ,  i s o x a n t h o p t e r i n

and  i c y t h o p t e r i n  h a v e  b e e n  i s o l a t e d  from  th e  s c a l e s  o f
24I n d o n e s i a n  f r e s h - w a t e r  f i s h e s  . X a n t h o p t e r i n ,  x s o -

x a n t h o p t e r i n  and u n i d e n t i f i e d  f l u o r e s c e n t  com pounds h a v e
25b e e n  fo u n d  i n  t h e  e y e s  o f  L e p i d o p t e r a  . V i s c o n t i n i  e t  a l  

26 27
9 h a v e  r e p o r t e d  t h e  p r e s e n c e  o f  r i b o f l a v i n ,  b i o p t e r i n ,  

i s o x a n t h o p t e r i n ,  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e - 6 - c a r b o x y l i c  

a c i d  and  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e  i n  D r o s o p h i l a  

m e l a n o g a s t e r .
PR 2 QF o r r e s t  a n d  M i t c h e l l  ’ h a v e  d e s c r i b e d  b i o p t e r i n ,  

i s o x a n t h o p t e r i n ,  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e - 6 - c a r b o x y l i c  

a c i d ,  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e  and  a  y e l l o w  f l u o r e s c e n t  

compound f o r m u l a t e d  a s  2 - a m i n o - 4 - h y d r o x y - 7 : 8 - d i h y d r o - 8 -  

l a c t y l p t e r i d i n e - 6 - c a r b o x y l i c  a c i d  i n  th e  D r o s o p h i l a  

m u ta n t  s e p i a .  The f o r m u l a t i o n  o f  t h e  l a s t  compound
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30h a s  b e e n  c h a l l e n g e d ^  . V i s c o n t i n i  e t  a l  h a v e  fo u n d

i s o x a n t h o p t e r i n ,  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e  and  b i o p t e r i n
31i n  A s t a c u s  f l u v i a t i l i s  and  r i b o f l a v i n ,  x a n t h o p t e r i n ,

i s o x a n t h o p t e r i n ,  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e  and b i o p t e r i n
32i n  E p h e s t i a  k i l h n i e l l a  .

I s o x a n t h o p t e r i n  h a s  been  d e t e c t e d  i n  th e  e l t r y a  o f

l a d y  b e e t l e  s ^ ,  b u t t e r f l y  w in g s ^ ^ ,  t h e  s k i n  o f  R ana
35 35 36n i g r o m a c u l a t a  , t h e  l a r v a e  o f  Bombyx m o r i  * J  ,

37 37D r o s o p h i l a  m e l a n o g a s t e r  and t h e  s i lk w o rm  .

I t  h a s  a l s o  b e e n  i d e n t i f i e d  w i t h  m e s o p te r in ^ ®  and

r e c o g n i s e d  a s  a  com ponen t o f  f l u o r e s c y a n i n  . 2 -A m ino-

4 - h y d r o x y p t e r i d i n e - 6 - c a r b o x y l i c  a c i d  h a s  b e e n  fo u n d  i n
39 37 37f r o g  s k i n s  , s i lk w o rm s  and  D r o s o p h i l a  .

G-under h a s  r e p o r t e d  t h e  p r e s e n c e  o f  r i b o f l a v i n  i n

r e p t i l e  s k i n s ^ .  She  a l s o  fo u n d  o t h e r  f l u o r e s c i n g

s u b s t a n c e s ,  one o f  w h ic h  was i d e n t i f i e d  a s  2 - a m in o - 4 -

h y d r o x y p t e r i d i n e - 6 - c a r b o x y l i c  a c i d ^ .

I n  d e s c r i b i n g  t h e  p r o p e r t i e s  o f  t h e  a l l e g e d  2 -a m in o -

4 - h y d r o x y - 7 : 8 - d i h y d r o - 8 - l a c t y l p t e r i d i n e , F o r r e s t  and

M i t c h e l l  s a i d  t h a t  i t  c l o s e l y  r e s e m b l e d  r i b o f l a v i n  i n

c o l o u r ,  f l u o r e s c e n c e  and c h r o m a to g r a p h ic  b e h a v i o u r  b u t

t h a t  i t  c o u ld  be d i s t i n g u i s h e d  from  r i b o f l a v i n  by  i t s

b e h a v i o u r  i n  p a p e r  c h ro m a to g ra p h y  u s i n g  b u t a n o l - a c e t i c

^ c i d - w a t e r  ( 4 : 1 : 5  v / v )  a s  d e v e l o p i n g  s o l v e n t ,  and  i n  i t s
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u l t r a v i o l e t  s p e c t r a ,  w hich  d i d  n o t  h a v e  a  m axim a i n  t h e  

r e g i o n  3 0 0 -4 0 0  m u ^ .

D a n n e e l  a n d  E s c h r i c h ^  jia v e  r e c e n t l y  r e p o r t e d  t h a t  t h e

e y e s  o f  D r o s o p h i l a  m e l a n o g a s t e r  c o n t a i n  a  y e l l o w  f l u o r e s c e n t

p ig m e n t  w h ich  h a s  a  s p e c t ru m  s i m i l a r  to  t h a t  o f  r i b o f l a v i n

and  show s s i m i l a r  c h r o m a to g r a p h ic  b e h a v i o u r  to  r i b o f l a v i n .

They fo u n d  t h a t  t h i s  y e l l o w  p ig m e n t  was c o n f i n e d  to  t h e

e y e s  a n d  t h a t  t h e  y e l l o w  p ig m e n t  fo u n d  i n  t h e  M a lp ig h i a n

t u b u l e s  o f  th e  same i n s e c t  was r i b o f l a v i n .  Goodwin an d

S r i s u k h ^  a l s o  h a v e  d e s c r i b e d  th e  o c c u r r e n c e  o f  a  y e l l o w

f l u o r e s c e n t  p ig m e n t  ( n o t  r i b o f l a v i n )  i n  l o c u s t  e y e s .

F o r r e s t  e t  a l  h a v e  r e p o r t e d  th e  o c c u r r e n c e  o f  a  y e l lo w
23 45f l u o r e s c e n t  p ig m e n t  i n  a l g a e  ’ .

The t h r e e  p t e r i n s ,  i s o x a n t h o p t e r i n ,  2 - a m in o - 4 -  

h y d r o x y p t e r i d i n e - 6 - c a r b o x y l i c  a c i d  and 2 - a m i n o - 4 - h y d r o x y -  

p t e r i d i n e  a r e  o f  w id e s p r e a d  o c c u r r e n c e  and i t  seem s p o s s i b l e  

t h e y  r e p r e s e n t  t h e  p a thw ay  w h e reb y  f o l i c  a c i d  i s  c a t a b o l i s e d  

i n  t h e  a n im a l  b o d y .  A s u g g e s t e d  c a t a b o l i c  schem e i s  g i v e n  

on  t h e  f a c i n g  p a g e .

The f l a v o p r o t e i n  enzyme x a n t h i n e  o x i d a s e ,  i s  a l r e a d y  

known t o  o x i d i s e  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e  t o  i s o x a n t h o p t e r i n  

4 7 ,  48^ s i n c e  x a n t h i n e  o x i d a s e  c o n t a i n s  r i b o f l a v i n  i t  i s  

p l a u s i b l e  t o  assum e t h a t  t h e  r i b o f l a v i n  c o n t e n t  o f  a  t i s s u e  

i s  a  c r u d e  i n d i c a t i o n  o f  i t s  c o n t e n t  o f  x a n t h i n e  o x i d a s e ,  

and  i t  i s  s u g g e s t i v e  t h a t  t h e  amount o f  2 - a m i n o - 4 - h y d r o x y -
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p t e r i d i n e  i n  t h e  sn a k e  s k i n s  i n c r e a s e s  a s  t h e  am ount 

o f  r i b o f l a v i n  d e c r e a s e s • F o r r e s t ,  G la ssm an n  and

M i t c h e l l ^  show ed t h a t  e x t r a c t s  o f  D r o s o p h i l a  m e l a n o g a s t e r  

o x i d i s e d  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e  to  i s o x a n t h o p t e r i n .

As t h i s  e x t r a c t  a l s o  o x i d i s e d  x a n t h o p t e r i n  to  l e u c o p t e r i n  

and  x a n t h i n e  to  u r i c  a c i d  t h e y  assum ed  t h a t  t h e  a c t i v e  

e n t i t y  was x a n t h i n e  o x i d a s e .

F o l i c  a c i d  i s  known to  be r e a d i l y  o x i d i s e d  by o xygen

i n  a l k a l i n e  s o l u t i o n  t o  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e - 6 -
50c a r b o x y l i c  a c i d ^  and by  s u l p h u r o u s  a c i d  and l i g h t  t o

51 52 53d i h y d r o - 2 - a m i n o - 4 - h y d r o x y p t e r i d i n e - 6 - a l d e h y d e  * '  9 ^ . 

T he l a t t e r  compound can  be r e a d i l y  o x i d i s e d  t o  2 - a m in o -
494—h y d r o x y p t e r i d i n e - 6 - a ld e h y d e  by i o d i n e  i n  sod ium  i o d i d e  .

The a ld e h y d e  c an  t h e n  b e  o x i d i s e d  to  t h e  c o r r e s p o n d i n g
54a c i d  by  h y d r o g e n  p e r o x i d e  o r  e n z y m a t i c a l l y  by  x a n t h i n e  

o x i d a s e ^ ’ o r  l i v e r  a ld e h y d e  o x i d a s e * ^ .  2 -A m in o -4 -  

h y d r o x y p t e r i d i n e - 6 - c a r b o x y l i c  a c i d  may b e  d e c a r b o x y l a t e d  

b y  h e a t ^  o r  by  u l t r a - v i o l e t  ^ i g h t ^ 8 ’ ^ ^ .  On i r r a d i a t i n g  

f o l i c  a c i d  i n  s o l u t i o n  w i t h  u l t r a - v i o l e t  l i g h t  i t  i s  

c o n v e r t e d  i n t o  a  m i x t u r e  o f  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e - 6 -  

a ld e h y d e  and t h e  c o r r e s p o n d i n g  a c i d - ^ .

Some t im e  a f t e r  t h e  p u b l i c a t i o n  o f  t h i s  schem e*^  a  

s i m i l a r  schem e w as s u g g e s t e d ^ .  F o r r e s t  and  M i t c h e l l ^  

s u g g e s t e d  t h a t  t h e  D r o s o p h i l a  p t e r i n s  and  u r i c  a c i d  w ere  

l i n k e d  t o g e t h e r  i n  t h e  f o l l o w i n g  way.
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U r i c  a c i d  -------->  i s o x a n t h o p t e r i n  -------- > f l u o r e s c y a n i n e

 > 2 - a m i n o - 4 - h y d r o x y p t e r i d i n e - 6 - c a r b o x y l i c  a c i d

 > 2 - a m i n o - 4 - h y d r o : x y p t e r i d i n e . The i n t e r c o n v e r s i o n

u r i c  a c i d  — — ^  i s o x a n t h o p t e r i n  was b a s e d  on t h e  known

c o n v e r s i o n  o f  some p u r i n e s  t o  p t e r i d i n e s ^  j n  a
Aftl a t e r  p a p e r  , h o w e v e r ,  t h e y  showed t h a t  an  e x t r a c t  o f

D r o s o p h i l a  m e l a n o g a s t e r  o x i d i s e d  2 - a m in o - * 4 - h y d r o x y p te r id in e

t o  i s o x a n t h o p t e r i n  and c o n c lu d e d  t h a t  t h i s  was t h e  o r i g i n

o f  i s o x a n t h o p t e r i n  i n  D r o s o p h i l a .  T h i s  e x t r a c t  a l s o

o x i d i s e d  x a n t h i n e  to  u r i c  a c i d  and  t h i s  common e n z y m a t i c

o r i g i n  e x p l a i n s  t h e  p a r a l l e l  o c c u r r e n c e  o f  i s o x a n t h o p t e r i n
21and  u r i c  a c i d  m  D r o s o p h i l a  -m u ta n ts

A c t i o n  o f  X a n th in e  o x i d a s e  on P t e r o y l  L g l u t a m ic  a c i d

A s u r v e y  o f  t h e  p u b l i s h e d  l i t e r a t u r e  on x a n t h i n e

o x i d a s e  showed t h r e e  r e p o r t s  c l a i m i n g  t h a t  x a n t h i n e  o x i d a s e

c o u ld  o x i d i s e  p t e r o y l  g l u t a m i c  a c i d .  W i l l i a m s  and  E lv e h je m  
6*5

s u g g e s t e d  t h a t  x a n t h i n e  o x i d a s e  c o u ld  o x i d i s e  p t e r o y l
fid .g l u t a m i c  a c i d .  J a c o b s o n  and  Good c la im e d  t h a t  on 

i n c u b a t i n g  x a n t h i n e  o x i d a s e  and  2 :6  d i c h l o r o p h e n o l i n d o p h e n o l  

w i t h  p t e r o y l  g l u t a m i c  a c i d  u n d e r  a n a e r o b i c  c o n d i t i o n s ,  t h e  

c o l o u r  o f  t h e  d y e s t u f f  was d i s c h a r g e d  w i t h i n  16 m i n u t e s .

The end p r o d u c t  o f  t h i s  r e a c t i o n  h a d  i n c r e a s e d  h a e m o p o i e t i c  

p r o p e r t i e s  co m pared  w i th  t h e  o r i g i n a l  p t e r o y l  g l u t a m i c  a c i d .  

H o r r i s  and M a j n a r i c h ^  i n c u b a t e d  x a n t h i n e  o x i d a s e  w i t h
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p t e r o y l  g l u t a m i c  a c i d  f o r  18 h o u r s  and o b t a i n e d  a

p r o d u c t  h a v in g  s i m i l a r  p r o p e r t i e s  to  t h a t  o f  J a c o b s o n

and  Good. h o n e  o f  t h e s e  w o rk e r s  i d e n t i f i e d  t h e  end

p r o d u c t  o f  th e  e n z y m a t ic  o x i d a t i o n .

U n l ik e  m o s t  e n z y m e s x a n th in e  o x i d a s e  i s  n o t  s p e c i f i c

i n  i t s  r e a c t i o n s .  I t  c a t a l y s e s  t h e  r e - o x i d a t i o n  o f

r e d u c e d  d i p h o s p h o p y r i d i n e  n u c l e o t i d e ,  a l l  a l d e h y d e s ,

x a n t h o p t e r i n ,  2 - a m i n o - 4 - h y d r o x y - p t e r i d i n e , x a n t h i n e  and

h y p o x a n t h i n e . As t h e r e  i s  l i t t l e  r e s e m b la n c e  b e tw e e n

p t e r o y l  g l u t a m i c  a c i d  and any  o f  t h e s e  known s u b s t r a t e s

i t  seem ed u n l i k e l y  t h a t  x a n t h i n e  o x i d a s e  c o u ld  o x i d i s e  i t .
56 66 67S u p p o r t  f o r  t h i s  v ie w  was f o u n d  by K a l c k a r  e t  a l  9 9

who c o u ld  n o t  d e t e c t  any ch an g e  i n  t h e  g ro w th  p r o m o t in g

p r o p e r t i e s  o f  p t e r o y l  g l u t a m i c  a c i d  b e f o r e  and  a f t e r
68i n c u b a t i o n  w i t h  x a n t h i n e  o x i d a s e .  S l a v i k  f a i l e d  t o

o b s e r v e  any  a c t i o n  o f  x a n t h i n e  o x i d a s e  on  p t e r o y l - L - m o n o -

g l u t a m i c  a c i d .  R auen  e t  a l ^ * ^ 0 and Y a m a m o ta ^  fo u n d

t h a t  when p i g  l i v e r  h o m o g en a te  was i n c u b a t e d  w i t h  p t e r o y l

g l u t a m i c  a c i d  a  b r i g h t ,  p a l e  b l u e  f l u o r e s c e n t  compound was
71o b t a i n e d .  R a u e n ' l a t e r  i d e n t i f i e d  i t  a s  1 0 - f o r m y l  

p t e r o y l - L - m o n o g l u t a m i c  a c i d .

As l i v e r  i s  r i c h  i n  x a n t h i n e  o x i d a s e  i t  seem ed w o r th  

w h i l e  to  r e p e a t  t h e s e  e x p e r i m e n t s  on  t h e  o x i d a t i o n  o f  

p t e r o y l - L - m o n o g l u t a m i c  a c i d  u s i n g  m i l k  x a n t h i n e  o x i d a s e
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a t  s t a g e  M5 a s  p r e p a r e d  by A v i s ,  B e r g e l  a n d  B ra y 7 2 . A t 

o u r  r e q u e s t  P r o f e s s o r  Haddow k i n d l y  s e n t  a  s o l u t i o n  o f

x a n t h i n e  o x i d a s e  a t  s t a g e  M5.

The p t e r o y l - L - m o n o g l u t a m i c  a c i d  w h ic h  was u s e d  i n  

t h e s e  e x p e r i m e n t s  c o n t a i n e d  a  s m a l l  q u a n t i t y  o f  2 - a m i n o - 4 -  

h y d r o x y - p t e r i d i n e - 6 - a l d e h y d e  and  a  t r a c e  o f  2 - a m i n o - 4 -  

hydroxyP'fce z * i d i n e - 6 - c a r b o x y l i c  a c i d .  A t t e m p t s  to  rem o v e  t h e  

f o r m e r  i m p u r i t y  f a i l e d ,  so i t  was d e c i d e d  t o  e s t i m a t e  i t  

q u a n t i t a t i v e l y  and  to  a l l o w  f o r  i t s  p r e s e n c e  i n  a l l  

e x p e r i m e n t s .  The a ld e h y d e  was e s t i m a t e d  by  p a p e r  

c h ro m a to g ra p h y  u s i n g  b u t a n o l - a c e t i c  a c i d - w a t e r  ( 4 : 1 : 5  v / v )
rj a

a s  d e v e l o p i n g  s o l v e n t ,  and  th e  s p o t  a r e a  t e c h n i q u e  ’ .

The am ount o f  a ld e h y d e  was e s t i m a t e d  to  be  a b o u t  3$  o f  t h e  

w e i g h t  o f  p t e r o y l  g l u t a m i c  a c i d .

M ilk  x a n t h i n e  o x i d a s e  c a n  be d i r e c t l y  o x i d i s e d  by 

ox y g e n  w i t h o u t  t h e  i n t e r v e n t i o n  o f  a  h y d r o g e n  c a r r i e r ,  so 

i n  t h e  e a r l i e r  e x p e r i m e n t s  x a n t h i n e  o x i d a s e  was i n c u b a t e d  

a l o n e  w i t h  p t e r o y l  g l u t a m i c  a c i d  i n  a  p h o s p h a te  b u f f e r  a t  

a  pH n e a r  n e u t r a l i t y  and a t  37°C . A s m a l l  am ount o f  

2 - a m i n o ^ 4 - h y d r o x y p t e r i d i n e - 6 - c a r b o x y l i c  a c i d  was fo rm e d  

i n  t h e s e  e x p e r i m e n t s  b u t  t h i s  r e p r e s e n t e d  a  y i e l d  o f  l e s s  

t h a n  10 fo  f ro m  th e  p t e r o y l  g l u t a m i c  a c i d  a n d  d i d  n o t  i n c r e a s e  

a f t e r  t h e  f i r s t  h o u r  o f  i n c u b a t i o n .  I t  was t h e r e f o r e  

c o n c lu d e d  t h a t  t h i s  s m a l l  am ount o f  2 -a m in o —4 - h y d r o x y -  

p t e r i d i n e - 6 —c a r b o x y l i c  a c i d  was fo rm e d  by  t h e  o x i d a t i o n
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o f  t h e  s m a l l  am ount o f  2—am ino—4—h y d r o x y - p t e r i d i n e —6—a ld e h y d e  
p r e s e n t ^ *  and t h a t  x a n t h i n e  o x i d a s e  d o e s  n o t  o x i d i s e  p t e r ­

o y l  g l u t a m i c  a c i d .

f o  e x c lu d e  any  p o s s i b i l i t y  t h a t  a  h y d ro g e n  c a r r i e r  

m ig h t  p l a y  a  p a r t  i n  t h e  o x i d a t i o n  o f  p t e r o y l  g l u t a m i c  a c i d  

by  x a n t h i n e  o x i d a s e ,  a  m i x t u r e  o f  x a n t h i n e  o x i d a s e ,  p t e r o y l  

g l u t a m i c  a c i d  and  m e th y le n e  b l u e  w ere  i n c u b a t e d  i n  a  

p h o s p h a t e  b u f f e r  a t  a  pH n e a r  n e u t r a l i t y  a t  37 °C . A f t e r  

e i g h t e e n  h o u r s  i n c u b a t i o n  t h e  i n c u b a t e d  s o l u t i o n  was e x a m in e d  

by  p a p e r  c h ro m a to g ra p h y  i n  b u t a n o l - a c e t i c  a c i d - w a t e r  

( 4 : 1 :  5 v / v ) . A l a n g e  b r i g h t  b l u e  s p o t  w i t h  c l o s e  

t o  t h a t  o f  2 - a m i n o - 4 - h y d r o x y - p t e r i d i n e - 6 - c a r b o x y l i c  a c i d  

was s e e n .  When t h e  i n c u b a t e d  s o l u t i o n  was e x am in e d  by  

p a p e r  c h ro m a to g r a p h y  i n  o t h e r  s o l v e n t  s y s te m s  t h e  R^ v a l u e  

o f  t h e  b r i g h t  b l u e  s p o t  was q u i t e  d i f f e r e n t  f ro m  t h a t  o f  

2 - a m i n o - 4 ~ h y d r o x y - p t e r i d i n e - 6 - c a r b o x y l i c  a c i d .  f h e  

p o s s i b i l i t y  t h a t  t h i s  d i f f e r e n c e  w as due t o  p r o t e i n  p r e s e n t  

i n  th e  e x t r a c t  was c h e c k e d  by a d d in g  2 - a m in o - 4 - h y d r o x y -  

p t e r i d i n e - 6 - c a r b o x y l i c  a c i d  to  t h e  e x t r a c t  and o b s e r v i n g  

i t s  b e h a v i o u r  i n  p a p e r  c h ro m a to g r a p h y .  I n  e a c h  c a s e  t h e  

2 - a m i n o - 4 - h y d r o x y - p t e r i d i n e - 6 - c a r b o x y l i c  a c i d  a d d e d  to  t h e  

e x t r a c t  showed t h e  same b e h a v i o u r  a s  t h a t  o f  t h e  b r i g h t  

b l u e  f l u o r e s c e n t  s u b s t a n c e .

f h e  b r i g h t  b l u e  f l u o r e s c e n t  s u b s t a n c e  w as  p u r i f i e d  by  

c h ro m a to g r a p h y  on a  co lum n o f  Whatman s t a n d a r d  g r a d e  ( l w
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d ia m . and  1 4 i fl h i g h )  w i th  5$ by v o l .  a q u e o u s  a c e t i c  a c id *

The e l u a t e  c o n t a i n i n g  t h e  b r i g h t  b l u e  f l u o r e s c e n t  s u b s t a n c e

was e v a p o ra te d i  t o  d r y n e s s  and  th e  r e s i d u e  t a k e n  up i n  0*5 N

ammonium h y d r o x i d e .  D e t e r m i n a t i o n  o f  t h e  u l t r a v i o l e t

s p e c t r u m  o f  t h i s  s u b s t a n c e  i n  0 .1  N sod ium  h y d r o x i d e

show ed two m axim a, a t  261 mu and  361 mu. F u r t h e r

p u r i f i c a t i o n  o f  t h i s  s u b s t a n c e  by c h r o m a to g r a p h in g  p a r t

o f  t h e  a m m o n iaca l  e x t r a c t  on  a  Do. 1 p a p e r  u s i n g  b u t a n o l -

a c e t i c  a c i d  w a t e r  (4 : 1 : 5 v / v )  and  e l u t i n g  t h e  b r i g h t

b l u e  f l u o r e s c e n t  band  w i t h  0 .1  N sod ium  h y d r o x i d e  g a v e

a n  u l t r a v i o l e t  s p e c t ru m  w i th  two m axim a, a t  262 mu and

363 mu. 2 - A m i n o - 4 - h y d r o x y - p t e r i d i n e - 6 - c a r b o x y l i c  a c i d
49h a s  two maxim a a t  262 mu and  365 mu . The i d e n t i t y  o f  

t h e  b r i g h t  b l u e  f l u o r e s c e n t  s u b s t a n c e  a s  2 - a m in o - 4 - h y d r o x y -  

p t e r i d i n e - 6 - c a r b o x y l i c  a c i d  was c o n f i r m e d  by c o m p a r is o n  

o f  i t s  c h r o m a to g r a p h ic  b e h a v i o u r  w i t h  t h a t  o f  an  a u t h e n t i c  

sam p le  o f  t h e  a c i d  i n  s i x  d i f f e r e n t  s o l v e n t  s y s te m s .

( T a b le  I ) .

The lip v a l u e  o f  t h e  b r i g h t  b lu e  s p o t  i n  t h e  d n c u b a te d i  

e x t r a c t  was s u f f i c i e n t l y  c l o s e  to  t h a t  o f  2 - a m in o - 4 -  

h y d r o x y - p t e r i d i n e - 6 - c a r b o x y l i c  a c i d  t o  a l l o w  a  s e m i-
73 74q u a n t i t a t i v e  d e t e r m i n a t i o n  by  t h e  s p o t  a r e a  t e c h n i q u e  

As t h u s  d e t e r m i n e d ,  th e  y i e l d  o f  2 - a m i n o - 4 - h y d r o x y - p t e r i d i n e -  

6—c a r b o x y l i c  a c i d  was a b o u t  60$ o f  t h e  t h e o r e t i c a l  y i e l d



22

f ro m  p t e r o y l  g l u t a m i c  a c i d .  T h e re  i s  t h u s  no d o u b t  

t h a t  i n  t h e  p r e s e n c e  o f  x a n t h i n e  o x i d a s e  an d  m e th y le n e  

b l u e  p t e r o y l - L - m o n o g l u t a m i c  a c i d  i s  o x i d i s e d .

T h is  o x i d a t i o n  c o u ld  h av e  b e e n  b r o u g h t  a b o u t  i n  two 

w a y s .  E i t h e r  t h e  o x i d a t i o n  o f  p t e r o y l  g l u t a m i c  a c i d  by  

x a n t h i n e  o x i d a s e  t o o k  p l a c e  a t  an  a c t i v e  c e n t r e  o f  t h e  

enzyme w h ic h  was n o t  a u t o - o x i d i s a b l e  o r  t h e  m e th y le n e  

b l u e  d e h y d r o g e n a t e d  t h e  p t e r o y l  g l u t a m i c  a c i d  to  t h e  

c o r r e s p o n d i n g  a n i l ,  w h ic h  th e n  h y d r o l y s e d  to  t h e  am ine  and 

a l d e h y d e .

The l a t t e r  r e a c t i o n  p a t h  seem ed p o s s i b l e  a s  p t e r o y l  

g l u t a m i c  a c i d  r e a d i l y  t r a n s f e r s  two h y d ro g e n  s te m s  to  fo rm  

t h e  c o r r e s p o n d i n g  a n i l ;  and t h i s  a n i l ,  and  m ode l compounds
/■ft

r e l a t e d  t o  i t  ( e . g .  I )  a r e  r e a d i l y  h y d r o l y s e d  by  w a te r®  .

P t e r o y l  g l u t a m i c  a c i d  may t r a n s f e r  i t s  two h y d ro g e n  

a to m s to  o x y g e n  o r  a n  i n o r g a n i c  o x i d i s i n g  a g e n t ,  o r  t o  

t h e  p y r a z i n e  r i n g  o f  t h e  p t e r i d i n e  n u c l e u s .

When a  m ix t u r e  o f  m e th y le n e  b l u e  and  p t e r o y l  g l u t a m ic  

a c i d  w as i n c u b a t e d  i n  a  p h o s p h a te  b u f f e r  n e a r  n e u t r a l i t y  

a t  3 7 ° 0 .  f o r  e i g h t e e n  h o u r s ,  and  t h e  r e s u l t i n g  s o l u t i o n  

a n a l y s e d  by p a p e r  c h ro m a to g ra p h y  i n  b u t a n o l - a c e t i c  a c i d - w a t e r  

( 4 : 1 : 5  v / v )  a  l a r g e  b l u e  f l u o r e s c e n t  s p o t  w as s e e n ,  w hose 

P-p v a l u e  c o r r e s p o n d e d  to  t h a t  o f  2 - a m i n o - 4 - h y d r o x y - p t e r i d i n e -  

6 - a l d e h y d e .  T h ere  was o n ly  a  s m a l l  s p o t  c o r r e s p o n d i n g



OH

R-CO­ NK-CH
trahsf«v to

■ , . *ne.rtw^£^c bti^ c .

ft,C*\CA- IS O,

R-co
o ~ =

OH

R-CO NR OHC

NR
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t o  t h a t  o f  2—am ino—4—h y d ro x y —p t e r i d i n e —6—c a r b o x y l i c  a c id *

The m a jo r  b l u e  f l u o r e s c e n t  s p o t  was i d e n t i f i e d  a s  

2 - a m i n o - 4 - h y d r o x y - p t e r i d i n e - 6 - a l d e h y d e  by  i t s  i d e n t i c a l  

c h r o m a to g r a p h ic  b e h a v i o u r  i n  s e v e n  d i f f e r e n t  s o l v e n t  s y s te m s  

w i t h  a  known s p e c im e n  o f  t h e  a ld e h y d e  ( T a b le  I ) ,  The 

am ount o f  a ld e h y d e  i n  t h e  d i g e s t  was q u a n t i t a t i v e l y  

e s t i m a t e d  a s  b e f o r e .  The y i e l d  o f  a ld e h y d e  was a b o u t  65$ 

o f  t h e  t h e o r e t i c a l  y i e l d  fro m  p t e r o y l  g l u t a m i c  a c i d .

A r e a c t i o n  schem e f o r  t h e  o x i d a t i o n  o f  p t e r o y l  g l u t a m i c  

a c i d  b y  m e th y le n e  b lu e  and  x a n t h i n e  o x i d a s e  i s  g i v e n  on  

t h e  f a c i n g  p a g e .

I n  t h i s  schem e x a n t h i n e  o x i d a s e  may b e  r e p l a c e d  b y  

l i v e r  a l d e h y d e  o x i d a s e .

I s o l a t i o n  o f  i s o x a n t h o p t e r i n  f ro m  Human U r in e

The p t e r i n s  x a n t h o p t e r i n ^  and  b i o p t e r i n ^  h a v e  b e e n  

p r e v i o u s l y  i s o l a t e d  fro m  human u r i n e .  As a  m ethod  o f  

t e s t i n g  t h e  v a l i d i t y  o f  o u r  h y p o t h e s e s  on  t h e  c a t a b o l i s m  

o f  p t e r o y l - L - g l u t a m i c  a c i d ,  we ex am in ed  n o rm a l  a d u l t  m a le  

u r i n e  f o r  t h e  p r e s e n c e  o f  t h e  p t e r i n s  i s o x a n t h o p t e r i n ,  

2 - a m i n o - 4 - h y d r o x y p t e r i d i n e  and  2 - a m i n o - 4 ~ h y d r o x y p t e r i d i n e - 6 -  

c a r b o x y l i c  a c i d .  A n a l y s i s  o f  u r i n e  a s  d e s c r i b e d  i n  t h e  

e x p e r i m e n t a l  s e c t i o n  r e s u l t e d  i n  t h e  i s o l a t i o n  o f  a  s m a l l  

q u a n t i t y  o f  p u r p l e  f l u o r e s c e n t  s u b s t a n c e .  On f u r t h e r  

p u r i f i c a t i o n  t h i s  s u b s t a n c e  was shown to  be  i s o x a n t h o p t e r i n
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by  i t s  s i m i l a r  b e h a v i o u r  to  an  a u t h e n t i c  sam p le  i n  s i x  

s o l v e n t  s y s t e m s .

Ho 2 - a m i n o - 4 - h y d r o x y p t e r i d i n e - 6 - c a r b o x y l i c  a c i d  

c o u ld  be i s o l a t e d  fro m  f r e s h l y  v o i d e d  human u r i n e .

I f  h o w e v e r ,  s a m p le s  w e re  a l l o w e d  t o  s t a n d ,  o r  i f  t h e  

a n a l y s i s  was u n d u ly  p r o t r a c t e d  a  s e c o n d  b r i g h t  b l u e  

f l u o r e s c e n t  s u b s t a n c e  c o u ld  be  i s o l a t e d .  As t h i s  

s u b s t a n c e  a p p e a r e d  to  be a n  a r t e f a c t  no a t t e m p t s  w e re  

made to  p u r i f y  i t  f u r t h e r .  I t  was n o t  s e p a r a b l e  f ro m  

ad d ed  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e - 6 - c a r b o x y l i c  a c i d  i n  

f i v e  d i f f e r e n t  s o l v e n t  s y s t e m s .  B i o p t e r i n  i n  a q u e o u s  

s o l u t i o n ,  i n  l i g h t ,  r e a d i l y  d e co m p o se s  to  g i v e  t h i s  a c i d .

I t  was t h e r e f o r e  a ssu m e d  t h a t  i t  O r i g i n a t e d  fro m  t h e
76b i o p t e r i n  p r e s e n t  i n  t h e  u r i n e  . The i n i t i a l

c h ro m a to g ra m s  u s e d  to  s e p a r a t e  t h e  p t e r i n s  w ere  v e r y

b a d l y  s t r e a k e d  a f t e r  t h e  b a n d  due to  r i b o f l a v i n  and  t h i s

made i t  i m p o s s i b l e  to  u s e  t h i s  m e th o d  f o r  t h e  i s o l a t i o n

o f  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e . I t  h a s  b e e n  s u g g e s t e d
77  78by  some a u t h o r s  * t h a t  f o l i c  a c i d  i s  c a t a b o l i z e d  i n  

t h e  m am m alian  b o d y  by  some y e t  unknown r o u t e .  I t  i s  now 

s u g g e s t e d  t h a t  t h e  c a t a b o l i s m  o f  f o l i c  a c i d  p r o c e e d s  by  

t h e  r o u t e  show n. Such  a  m e t a b o l i c  schem e i s  i n  ha rm ony  

w i t h  t h e  known f a c t s  and i s  s u p p o r t e d  by  t h e  i s o l a t i o n  

o f  i s o x a n t h o p t e r i n .
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80
S l a v i k  e t  a l  f e d  r a t s  w i t h  t e t r a h y d r o f o l i c  a c i d

and  i s o l a t e d  a  b l u e  f l u o r e s c e n t  p t e r i d i n e  m e t a b o l i t e

fro m  t h e i r  u r i n e .  T h i s  was n o t  i d e n t i f i e d  b u t  i t  w as

n o t  i d e n t i c a l  w i t h  i s o x a n t h o p t e r i n ,  x a n t h o p t e r i n ,  b i o p t e r i n ,

u r o t h i o n e ;  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e - 6 - c a r b o x y l i c  a c i d ,

2 - a m i n o - 4 - h y d r o x y p t e r i d i n e - 6 - a l d e h y d e  2 - a m in o - 4 - h y d r o x y - 6 -

m e th y l  p t e r i d i n e ,  x a n t h o p t e r i n  c a r b o x y l i c  a c i d ,  i s o x a n t h o p -
81

t e r i n  c a r b o x y l i c  a c i d  o r  1 0 - f o r m y l - f o l i c  a c i d

We s u g g e s t e d  t o  S l a v i k  t h a t  t h i s  compound m ig h t  be  

2—a m i n o - 4 - h y d r o x y p t e r i d i n e .  An a u t h e n t i c  sam p le  w as  s e n t

f o r  c o m p a r is o n  b u t  t h e  r e s u l t s  o f  t h i s  a r e  n o t  y e t  known. 

O th e r  w o r k e r s  h a v e  s u p p l i e d  e v id e n c e  f o r  t h e
82c a t a b o l i s m  o f  p t e r o y l - L - m o n o g l u t a m i c  a c i d .  R auen  h a s  

shown t h a t  2 - a m in o - 4 - h y d r o x y  p t e r i d i n e - 6 - a l d e h y d e  i s  

p r o d u c e d  when f o l i c  a c i d  i s  i n c u b a t e d  w i t h  l i v e r  m i t o c h o n d r i a .  

H i s  s u g g e s t e d  r e a c t i o n  schem e i s  h o w e v e r  v e r y  e l a b o r a t e .
0-2 Oyj opr

B r a g a n c a  and  h e r  c o w o rk e r s  * 9 h a v e  d e m o n s t r a t e d  t h e

p r e s e n c e  o f  an  enzyme s y s te m  i n  l i v e r  and b lo o d  c e l l s  

c a p a b l e  o f  d e g r a d i n g  f o l i c  a c i d  t o  2 - a m in o - 4 - h y d r o x y  

p t e r i d i n e - 6 - a l d e h y d e .

X a n t h o p t e r i n  was t h e  f i r s t  p t e r i n  to  be fo u n d  i n  

human u r i n e  and  i t  h a s  b e e n  a ssum ed  by some w o r k e r s  to  be 

an  e n d - p r o d u c t  o f  f o l i c  a c i d  c a t a b o l i s m .  K a l c k e r  e t  a l 8 6 , 8 7

fo u n d  t h a t  x a n t h o p t e r i n  was n o t  p r e s e n t  i n  f r e s h l y  v o i d e d
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u r i n e ,  b u t  t h a t  a  c o l o u r l e s s  n o n - f l u o r e s c e n t  s u b s t a n c e  

was p r e s e n t ,  w h ic h  was c o n v e r t e d  to  x a n t h o p t e r i n  by a i r

o x i d a t i o n ,  F u t t e r m a n  and  S i l v e r m a n 8 ® fo u n d  a  l a b i l e

s u b s t a n c e  i n  human u r i n e  t h e  p r o p e r t i e s  o f  w h ic h  r e s e m b l e d

an  u n f o r m y l a t e d  r e d u c e d  f o l i c  a c i d  and B la l s l e y 8 ^ h a s

d e m o n s t r a t e d  t h a t  d i -  and  t e t r a - h y d r o f o l i c  a c i d s  a r e

v e r y  r e a d i l y  o x i d i s e d  by  m o l e c u l a r  o x ygen  a t  room t e m p e r a t u r e

t o  x a n t h o p t e r i n .
on

S l a v i k  e t  a l  fo u n d  x a n t h o p t e r i n  i n  t h e  u r i n e  o f  r a t s

f e d  t e t r a h y d r o f o l i c  a c i d  b u t  show ed t h a t  t h e  x a n t h o p t e r i n
y

w as fo rm e d  d u r i n g  t h e  p r o c e s s  o f  i s o l a t i o n  b y  t h e  n o n -e n ^ m ic

o x i d a t i o n  o f  t e t r a h y d r o f o l i c  a c i d .

I f ,  h o w e v e r ,  any  x a n t h o p t e r i n  was fo rm ed  w i t h i n  t h e

body  by  an  e n zy m ic  r e a c t i o n ,  i t  m ig h t  be e x p e c t e d  t h a t  i t
90 91w ould  be  o x i d i s e d  by x a n t h i n e  o x i d a s e  t o  l e u c o p t e r i n  * .

T h is  e x p e c t a t i o n  i s  c o n f i r m e d  by th e  o c c u r r e n c e  o f

l e u c o p t e r i n  i n  t h e  k id n e y  t u b u l e s  o f  g o ld e n  h a m s t e r s  g iv e n
92i n f e c t i o n s  o f  x a n t h o p t e r i n  . No l e u c o p t e r i n  c o u ld  b e  

i s o l a t e d  f ro m  human u r i n e .  I t  t h u s  a p p e a r s  t h a t

x a n t h o p t e r i n  h a s  no  r o l e  i n  m am m alian m e ta b o l i s m .

I t  h a s  b e e n  s u g g e s t e d  by  A l b e r t  t h a t  x a n t h o p t e r i n  c o u ld  

be  made i n  v i v o  ifrojcm g u a n i n e ,  b u t  a p a r t  f rom  t h e  c o n v e r s i o n  

o f  g u a n in e  t o  x a n t h o p t e r i n  i n  v i t r o  i n  v e r y  s m a l l  y i e l d 6 l » 6 2 ^
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no o t h e r  e v id e n c e  h a s  y e t  b e e n  g i v e n .  The o n l y  known

i n  v iv o  c o n v e r s i o n  o f  p u r i n e s  to  p t e r i d i n e s  i s  th e

c o n v e r s i o n  o f  a d e n in e  to  r i b o f l a v i n ^  and  a l s o  t o  an

unknown p t e r i d i n e ^  ( a p p a r e n t l y  w i t h  u n u s u a l  2 5 4 -

d ih y d r o x y  p t e r i d i n e  s t r u c t u r e ^ ) .
22N a t h a n ,  H u tn e r  and  L e v i n  d e m o n s t r a t e d  t h a t  

p t e r o y l - L - m o n o g l u t a m i c  a c i d  c a n  b e  c o n v e r t e d  i n t o  b i o p t e r i n  

and  s u g g e s t e d  t h a t  t h e  c o n v e r s i o n  p r o c e e d e d  v i a  a  s i m p le  

s u b s t i t u t e d  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e .
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‘ A n a l y s i s  o f  Tumours and  H y p e r t r o p h i e d  K id n e y s

I t  h a s  r e c e n t l y  b e e n  o b s e r v e d  t h a t  when g o l d e n  h a m s t e r s  

a r e  i n j e c t e d  w i t h  x a n t h o p t e r i n  and c e r t a i n  o t h e r  com pounds 

t h e i r  k i d n e y s  h y p e r t r o p h y ^ 6 . T h is  e f f e c t  i s  due  t o  an  

i n c r e a s e  i n  t h e  r a t e  o f  c e l l  d i v i s i o n ,  N o rm a l ly  when 

a d u l t  k i d n e y  s e c t i o n s  a r e  ex am in ed  m i c r o s c o p i c a l l y  i t  i s  

d i f f i c u l t  t o  f i n d  a  c e l l  i n  d i v i s i o n ,  b u t  when s e c t i o n s  o f  

a  k id n e y  w h ic h  h a d  h y p e r t r o p i e d  u n d e r  t h e  i n f l u e n c e  o f  

p t e r i d i n e s  i s  e x a m in e d ,  many c e l l s  a r e  s e e n  u n d e r g o i n g  

d i v i s i o n .  I t  h a s  b e e n  s u g g e s t e d  by Haddow t h a t  t h i s  h y p e r ­

t r o p h y  i s  due  t o  t h e  i n h i b i t i o n  o f  th e  o x i d a t i o n  o f  x a n t h i n e ,
96 97by t h e  enzym e, x a n t h i n e  o x i d a s e ,  to  u r i c  a c i d  9 

F a i l u r e  t o  o x i d i s e  t h i s  p u r i n e  w ould  p r e s u m a b ly  l e a d  t o  an  

e x c e s s i v e  c e l l u l a r  c o n c e n t r a t i o n  w h ic h  w ould  c a u s e  an  

e x c e s s i v e  r a t e  o f  c e l l  d i v i s i o n .

S u p p o r t  f o r  t h i s  t h e o r y  h a s  b e e n  o b t a i n e d  by  

c o m p a r in g  t h e  h y p e r t r o p h i n g  a c t i o n  o f  p t e r i d i n e s  and  o t h e r  

compounds w i t h  t h e i r  i n h i b i t i n g  e f f e c t  on th e  o x i d a t i o n  o f  

x a n t h i n e  by  x a n t h i n e  o x i d a s e .  An a p p r o x im a te  p a r a l l e l i s m  

h a s  b e e n  o b t a i n e d ^ .  I t  was a l s o  t h o u g h t  p o s s i b l e  t h a t  

x a n t h i n e  o x i d a s e  i n h i b i t i o n ,  o r  a  r e d u c e d  l e v e l  o f  a c t i v i t y , 

w as a  c h a r a c t e r i s t i c  f e a t u r e  o f  n e o p l a s t i c  c e l l s  a s  

com pared  w i t h  n o rm a l  c e l l s .  T h i s  e f f e c t  h a s  b e e n



d e m o n s t r a t e d  w i t h  m ouse b r e a s t  tu m o u r s ^ 8 . R i c h e r t ,

Bloom and  W e s t e r f e l d t ^  h a v e  shown t h a t  t h e  x a n t h i n e  

o x i d a s e  c o n t e n t  o f  r a t  l i v e r  i s  v e r y  much g r e a t e r  

t h a n  t h a t  r e q u i r e d  f o r  t h e  m a in t e n a n c e  o f  t h e  p a th w ay

x a n t h i n e   u r i c  a c i d  and  so t h e  s i g n i f i c a n c e  o f

a l t e r e d  l e v e l s  o f  t i s s u e  x a n t h i n e  o x i d a s e  i s  d i f f i c u l t  

t o  a s s e s s .  I f  t h i s  i n h i b i t i o n  o f  x a n t h i n e  o x i d a s e  a c t i v i t y  

w as a  c h a r a c t e r i s t i c  f e a t u r e  o f  n e o p l a s t i c  c e l l s  and th e  

p r o p o s e d  c a t a b o l i s m  o f  f o l i c  a c i d  d i d  t a k e  p l a c e ,  t h e n  

i t  m ig h t  be  e x p e c t e d  t h a t  tu m o u r  c e l l s  w ould  d i f f e r  i n  

t h e i r  p t e r i n  c o n t e n t  f ro m  n o rm a l  o n e s .

The m e th o d s  o f  p a p e r  c h ro m a to g ra p h y  w h ic h  h a d  b e e n  

d e v e lo p e d  f o r  t h e  s tu d y  o f  t h e  sn a k e  s k i n  p t e r i n s  c o u ld  

be  u s e d  to  d e t e c t  p t e r i n s  su c h  a s  x a n t h o p t e r i n  and  

i s o x a n t h o p t e r i n  i n  q u a n t i t i e s  a s  s m a l l  a s  0 . 1  u g . , so  

i t  seem ed p o s s i b l e  t o  a p p l y  t h e s e  m e th o d s  o f  a n a l y s i s  

t o  a  n e o p l a s t i c  g ro w th  and  i t s  n o rm a l  c o u n t e r p a r t ,  t o  s e e ,  

f i r s t l y ,  i f  t h e r e  was a  q u a l i t a t i v e  d i f f e r e n c e  b e tw e e n  

t h e  p t e r i n s  p r e s e n t  i n  n o rm a l  and  m a l i g n a n t  c e l l s  a n d ,  

s e c o n d l y ,  i f  t h e r e  w as a  q u a n t i t a t i v e  d i f f e r e n c e .

W ith  t h i s  end  i n  v ie w  we a p p r o a c h e d  p r o f e s s o r  

Haddow, F . R . S . ,  f o r  h i s  a d v i c e  and c o o p e r a t i o n .  He 

v e r y  k i n d l y  s u p p l i e d  u s  w i t h  n o rm a l  g o l d e n  h a m s t e r s  and
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g o ld e n  h a m s t e r s  w i t h  i n d u c e d  k i d n e y  tu m o u r s .  T h ese  

tu m o u rs  w ere  i n d u c e d  by i m p l a n t i n g  a  p e l l e t  o f  s t i l b o e s t r o l  

u n d e r  th e  s k i n  o f  a  y o u n g  m a le  h a m s t e r .  A f t e r  an  

i n d u c t i o n  p e r i o d  o f  n i n e  m o n th s  t h e  t r e a t e d  a n im a l s  

d e v e lo p  l a r g e  n o d u l a r  tu m o u rs  on  t h e  k i d n e y s  and s h o r t l y  

a f t e r w a r d s  d i e  f ro m  r e n a l  f a i l u r e ’* ' ^ .  T h ese  tu m o u rs  

a r i s e  f rom  t h e  k id n e y  c o r t e x  and show a l l  t h e  c h a r a c t e r i s t i c s  

o f  m a l ig n a n c y .  They a r e  a d m i r a b ly  s u i t e d  f o r  c h e m ic a l  

a n a l y s i s  a s  t h e y  a r e  h o m o g en e o u s ,  do n o t  v a r y  i n  t y p e  o f  

n e o p la s m ,  a r e  f r e e  f ro m  c e l l  d e b r i s ,  c l e a r l y  s e p a r a t e d  

f ro m  n o rm a l  t i s s u e  and  a r e  e a s i l y  d i s s e c t e d  o u t ^ ^ ^ .

A f t e r  c o n d u c t i n g  p r e l i m i n a r y  e x p e r i m e n t s  on t h e s e
102tu m o u rs  we u s e d  f l a n k  t r a n s p l a n t s  o f  t h e s e  tu m o u rs .

T h ese  c a n  be p r o d u c e d  m ore q u i c k l y  and p o s s e s s  t h e  same 

c h a r a c t e r i s t i c s  o f  e a s y  d i s s e c t i o n  a s  t h e  p r im a r y  g r o w th s .

I n  t h e  a n a l y s i s  o f  t h e  k i d n e y s  o f  th e  n o rm a l  m a le  h a m s t e r s  

t h e  a n im a l s  w e re  k i l l e d  w i t h  c h l o r o f o r m ,  th e  k i d n e y s  

d i s s e c t e d  o u t  and g ro u n d  w i t h  q u a r t s  s a n d .  The h o m o g en a te  

was e x t r a c t e d  f i r s t  w i t h  e t h e r  and t h e n  w i t h  0 .5  N ammonium 

h y d r o x i d e .  The am m o n iaca l  e x t r a c t  w as  s a t u r a t e d  w i t h  

ammonium s u l p h a t e  t o  rem ove p r o t e i n ,  t h e  p r o t e i n  c e n t r i f u g e d  

o f f  and  any  p t e r i n - l i k e  s u b s t a n c e s  e x t r a c t e d  w i t h  p h e n o l .

The p h e n o l  was w ashed  s e v e r a l  t im e s  w i t h  w a t e r  o r  d i l u t e  

a c i d  and t h e n  t h e  p t e r i n - l i k e  s u b s t a n c e s  w ere  t r a n s f e r r e d
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t o  s o l u t i o n  i n  w a t e r  b y  s h a k i n g  t h e  p h e n o l  s o l u t i o n  

w i t h  w a t e r  a n d  a  l a r g e  e x c e s s  o f  e t h e r ^ .  The w a t e r  

s o l u t i o n  w as e v a p o r a t e d  t o  d r y n e s s  and  t h e  r e s i d u e  t a k e n  up 

i n  a  s m a l l  v o lum e o f  0 . 5  N ammonium h y d r o x i d e .  T h is  

s o l u t i o n  was. e x am in e d  by p a p e r  c h ro m a to g ra p h y  u s i n g  

p r o p a n o l - 5 ^  a q .  a c e t i c  a c i d  (2  s 1 v / v )  a s  d e v e l o p i n g  

s o l v e n t .

The a n a l y s i s  o f  n o rm a l  k id n e y  ( c .  l g .  w e t  w e i g h t )  

n o r m a l l y  g av e  m oving  o u tw a r d s  f rom  t h e  o r i g i n  (1 )  a  b r i g h t  

y e l l o w  f l u o r e s c e n t  ( i n  U .Y .)  s p o t ,  so m e t im e s  v i s i b l e  a s  

a  y e l l o w  s p o t  i n  d e y l i g h t  and  i d e n t i f i e d  a s  f l a v i n e  

m o n o n u c le o t id e  (2 )  a  f a i n t  b l u e  f l u o r e s c e n t  s p o t ,  

p r o v i s i o n a l l y  i d e n t i f i e d  a s  2 - a m i n o - 4 - h y d r o x y i i t e r i d i n e - 6 -  

c a r b o x y l i c  a c i d  (3 )  a  y e l l o w  f l u o r e s c e n t  s p o t ,  i d e n t i f i e d  

a s  r i b o f l a v i n  (4 )  a n  u n i d e n t i f i e d  b lu e  f l u o r e s c e n t  s p o t  

and  (5 )  a  f a i n t  f l u o r e s c e n t  s p o t .

The f l a v i n e m o n o n u c l e o t i d e  and r i b o f l a v i n  w ere  p r o b a b l y  

fo rm e d  by  th e  d e c o m p o s i t i o n  o f  f l a v i n e  a d e n in e  d i n u c l e o t i d e  

p r e s e n t  i n  t h e  t i s s u e .  O c c a s i o n a l l y  a  s m a l l  y e l l o w  

f l u o r e s c e n t  s p o t  whose p o s i t i o n  c o r r e s p o n d e d  t o  f l a v i n e  

a d e n in e  d i n u c l e o t i d e  was fo u n d  on t h e  c h ro m a to g ra m .

The s p o t  i d e n t i f i e d  a s  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e - 6 -  

c a r b o x y l i c  a c i d  w as g e n e r a l l y  p r e s e n t  o n l y  i n  s m a l l  a m o u n ts  

( ju d g e d  fro m  f l u o r e s c e n c e  i n t e n s i t y  c a .  0 .0 1  u g . )  and  i t
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so f a r  l ia s  p ro v e d  i m p o s s i b l e  t o  o b t a i n  m ore t h a n  one 

c h r o m a to g r a p h ic  r u n  f o r  i d e n t i f i c a t i o n .  The s o l v e n t  

u s e d  f o r  t h i s  p u r p o s e  was b u t a n o l - a c e t i c  a c i d - w a t e r  

( 4 : 1 : 5  v / v  u p p e r  p h a s e ) ,  a  s o l v e n t  w h ic h  c l e a r l y  

s e p a r a t e s  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e - 6 - c a r b o x y l i c  a c i d  

f ro m  a l l  o t h e r  common p t e r i n s .

When t h e s e  a n a l y s e s  w ere  p e r f o r m e d  on n e o p l a s t i c  

t i s s u e s  a  s i m i l a r  c h r o m a to g r a p h ic  p a t t e r n  was o b t a i n e d  

w i t h  t h e  e x c e p t i o n  t h a t  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e - 6 -  

c a r b o x y l i c  a c i d  c o u ld  n o t  be  d e t e c t e d  i n  a m o u n ts  o f  

n e o p l a s t i c  t i s s u e  h e s s  t h a n  8 g ram s ( i . e .  a b o u t  8 t i m e s  

t h e  w e i g h t  o f  n o rm a l  t i s s u e s ) .

X a n t h o p t e r i n  c o u ld  n o t  be d e t e c t e d  i n  e i t h e r  n o rm a l  

t i s s u e  o r  n e o p l a s t i c  t i s s u e .  The s m a l l e s t  am ount o f  

x a n t h o p t e r i n  w h ic h  c o u ld  be  d e t e c t e d  by  t h e  p a p e r  c h ro m a to ­

g r a p h i c  t e c h n i q u e  u s e d  was 0 . 1  u g .

S u r v e y s  o f  t h e  f o l i c  a c i d  c o n t e n t  o f  n o rm a l  a n d  

n e o p l a s t i c  t i s s u e s ^ ^ ’^ ^  h a s  shown t h a t  t h e  f o l i c  a c i d  

c o n t e n t  o f  n e o p l a s t i c  t i s s u e s  i s  t h e  same a s ,  o r  h i g h e r  

t h a n ,  t h a t  o f  n o rm a l  t i s s u e .  The r e d u c e d  c o n t e n t  o f  

2 - a m i n o - 4 - h y d r o x y p t e r i d i n e - 6 - c a r b o x y l i c  a c i d  i n  t h e  

n e o p l a s t i c  t i s s u e s  e x a m in e d  w ould  t h e r e f o r e  s u g g e s t  t h a t  

t h e s e  n e o p l a s t i c  t i s s u e s  d e g ra d e d  f o l i c  a c i d  t o  a  l e s s e r  

am ount t h a n  d i d  t h e  c o r r e s p o n d i n g  n o rm a l  t i s s u e s .
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To t e s t  a  h y p o t h e s i s  t h a t  th e  i n c r e a s e d  r a t e  o f  

c e l l  g ro w th s  was due to  a  r e d u c e d  d e g r a d a t i o n  o f  f o l i c  

a c i d ,  an  i d e n t i c a l  a n a l y s i s  was c a r r i e d  o u t  w i t h  4 g .  o f  

h a m s t e r  k i d n e y s  w h ich  h ad  lq y p e r t ro p h ie d  a f t e r  a n  i n j e c t i o n  

o f  2 , 4 , 5 - t r i a m i n o - 6 - s t y r y l  p y r i m i d i n e .  The a n a l y s i s  

show ed t h e  p r e s e n c e  o f  f l a v i n e  a d e n in e  d i n u c l e o t i d e ,  

r i b o f l a v i n  and s e v e r a l  o t h e r  u n i d e n t i f i e d  s p o t s .

No x a n t h o p t e r i n  o r  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e - 6 - c a r b o x y l i c  

a c i d  was f o u n d .  Prom t h i s  p r e l i m i n a r y  work i t  w ou ld  

t h u s  a p p e a r  t h a t  a n  i n c r e a s e d  r a t e  o f  c e l l  d i v i s i o n  i s  

a c c o m p a n ie d  by  a  d e c r e a s e d  f o l i c  a c i d  c a t a b o l i s m .
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M e ta b o l is m  o f  P t e r o y l - h - g l u t a m i c  a c i d

P t e r o y l - L - g l u t a m i c  a c i d  i s  an i m p o r t a n t  b i o l o g i c a l  

compound. I t  h a s  b e e n  shown to  h a v e  a  c u r a t i v e  e f f e c t  

on v a r i o u s  fo rm s  o f  a n a e mi a 1 0 ^ M a m m a l i a n  l i v e r  

c o n v e r t s  i t  by  r e d u c t i o n  and  f o r m y l a t i o n  t o  5 - f o r m y l -  

5 , 6 , 7 , 8 - t e t r a h y d r o p t e r o y l - L - g l u t a m i c  a c i d 10 ^ ( i . e .  

c i t r o v o r u m  f a c t o r  o r  l e u c o v o r i n ) .  C i t r o v o r u m  f a c t o r  

i s  e s s e n t i a l  f o r  c e l l  d i v i s i o n " ^ ® > 1 0 9 ,1 1 0 .  p t e r o y l  

g l u t a m i c  a c i d  i s  a l s o  c o n v e r t e d  to  c o -e n z y m e s  w h ich  

f u n c t i o n  i n  t h e  i n t e r c o n v e r s i o n  o f  s e r i n e  and g l y c i n e  

1 1 1 ,1 1 2 ,1 1 3 ,1 1 4 ,1 1 5  i n  - b i o s y n t h e s i s  and  i n t e r -

^ . ^ 1 . 1 6 , 1 1 7 , 1 1 8  c o n v e r s i o n  o f  p u r i n e s  J 9 •

D e s p i t e  th e  i m p o r t a n t  b i o l o g i c a l  s t a t u s  o f  p t e r o y l

g l u t a m i c  a c i d ,  l i t t l e  w ork  h a s  b e e n  done  on t h e  m e t a b o l i c

f a t e  o f  t h e  p t e r o y l  g l u t a m i c  a c i d  w h ic h  i s  n o t  u s e d  i n

t h e s e  a c t i v i t i e s .

Of t h e  n o rm a l  human i n t a k e  o f  0 . 5 - 1  mg. p e r  d a y ,  o n ly

a b o u t  I f o  i s  e x c r e t e d  i n  t h e  u r i n e .  C o n s i d e r a b l y

q u a n t i t i e s  a r e  e x c r e t e d  i n  t h e  f a e c e s  b u t  t h i s  i s  due  to

s y n t h e s i s  by  t h e  i n t e s t i n a l  f l o r a  and  f a u n a .  When r a t s

a r e  i n j e c t e d  w i t h  m a s s iv e  d o s e s  o f  p t e r o y l  g l u t a m i c  a c i d
119o n l y  a  s m a l l  p e r c e n t a g e  i s  r e c o v e r e d  i n  t h e  u r i n e

I f ,  h o w e v e r ,  l a r g e  d o s e s  o f  a s c o r b i c  a c i d  a r e  f e d  a s  

w e l l ,  t h e n  t h e  amount o f  p t e r o y l  g l u t a m i c  a c i d  r e c o v e r e d
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r i s e s  t o  90$ o f  t h e  t o t a l  i n j e c t e d '* ' ' ^ .  The a u t h o r s

s u g g e s t e d  t h a t  t h i s  e f f e c t  was c a u s e d  by  a s c o r b i c  a c i d

p r e v e n t i n g  th e  o x i d a t i o n  o f  p t e r o y l  g l u t a m i c  a c i d .  I t

h a s  a l s o  b e e n  r e p o r t e d  t h a t  a s c o r b i c  a c i d  i n c r e a s e s  t h e

am ount o f  c i t r o v o r u m  f a c t o r  s y n t h e s i s e d  by  l i v e r  s l i c e s ® ^ ’ 
107 120 . As a  s i m i l a r  e f f e c t  c an  be o b t a i n e d  b y  u s i n g  

o t h e r  p o w e r f u l  r e d u c i n g  a g e n ts® ^  A 2 1 ,1 2 2 ,1 2 3

e f f e c t  a p p e a r s  t o  be  due  to  th e  r e d u c i n g  pow er o f

a s c o r b i c  a c i d .

The r e d u c t i v e  c o n d e n s a t i o n  o f  a m in e s  and  a ld e h y d e s

t o  g i v e  s e c o n d a r y  a m in e s  i s  a  w e l l  e s t a b l i s h e d  c h e m ic a l  
124-r e a c t i o n  • and i t  w ou ld  seem t h a t  s t e p s  A and B c o u ld  be

r e a d i l y  r e v e r s e d .  The a n i l  h a s  b e e n  shown t o  b e  e a s i l y

r e d u c e d  by  a n h y d ro u s  f o r m i c  a c i d  t o  K - 1 0 - f o r m y l p t e r o y l - L -  
125g l u t a m i c  a c i d  .

The r e d u c t i v e  c o n d e n s a t i o n  o f  I  and I I  to  y i e l d

p t e r o y l  g l u t a m i c  a c i d  i n  p o o r  y i e l d  by  c a t a l y t i c  h y d r o g e n -
126a t i o n  h a s  b e e n  d e s c r i b e d  by  Weygand . The lo w  y i e l d  

was due to  a c c o m p a n y in g  h y d r o g e n a t i o n  o f  t h e  p y r a z i n e  r i n g .  

C o n d e n s a t i o n  o f  p - a m i n o - b e n z o y l - L - g l u t a m i c  a c i d  and
p

IT - a c e t y l - 2 - a m i n o - 4 - h y d r o x y - p t e r i d i n e - 6 - a l d e h y d e  w i t h  

t h i o c r e s o l  o r  f o r m ic  a c i d  a t  70°C a s  th e  r e d u c i n g  a g e n t s ,  

h a s  b e e n  d e s c r i b e d ^ ^  We t r i e d  * e a c t i n g  I I I  w i t h  IV 

d i r e c t l y  i n  t h e  p r e s e n c e  o f  t h i o c r e s o l ,  b u t  f a i l e d .  We 

h a v e  t r i e d  to  c o n d e n s e  I I I  and IY i n  a q u e o u s  s o l u t i o n
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i n  t h e  p r e s e n c e  o f  a s c o r b i c  a c i d  h u t  f a i l e d  due  e i t h e r  to  

t h e  h i g h  i n s o l u b i l i t y  o f  I I I  o r  to  th e  i n h i b i t i o n  o f  th e  

c o n d e n s a t i o n  o f  I I I  and IT  by  w a t e r .

S in c e  s t e p s  A and  B a r e  c h e m i c a l l y ,  and p r o b a b l y  

b i o l o g i c a l l y ,  r e v e r s i b l e ,  s t e p  0 i . e .  t h e  e n zy m ic  

o x i d a t i o n  o f  th e  a l d e h y d e ,  i s  t h e  s t e p  w h ich  d e t e r m i n e s  

t h e  r a t e  a t  w h ic h  p t e r o y l  g l u t a m i c  a c i d  i s  rem o v e d .

D i r e c t  e v id e n c e  f o r  t h i s  m e t a b o l i c  c y c l e  i s  a s  y e t  

l i m i t e d  t o  t h e  d e m o n s t r a t i o n  o f  t h e  o x i d a t i o n  o f  p t e r o y l  

g l u t a m i c  a c i d  by  x a n t h i n e  o x i d a s e  and  m e th y le n e  b lu e  t o  

2 - a m i n o - 4 - h y d r o x y - p t e r i d i n e - 6- c a r b o x y l i c  a c i d ;  t h e  

i s o l a t i o n  o f  w h a t  p r o b a b l y  i s  t h i s  a c i d  i n  s m a l l  q u a n t i t i e s  

f rom  h a m s t e r  k i d n e y s ;  i t s  o c c u r r e n c e  i n  o t h e r  a n im a l  

t i s s u e s  an d  t h e  i s o l a t i o n  o f  i s o x a n t h o p t e r i n  f ro m  human 

u r i n e .  B u t  t o  assum e t h i s  m e t a b o l i c  c y c l e ,  a l l o w s  an  

e x p l a n a t i o n  o f  a  n um ber o f  p r e v i o u s l y  u n r e l a t e d  f a c t s .

2 - A m i n o - 4 - h y d r o x y - p t e r i d i n e - 6 - a i d e h y d e  i s  a  m o s t  

p o w e r f u l  i n h i b i t o r  o f  t h e  o x i d a t i o n  o f  x a n t h i n e  by  

x a n t h i n e  o x i d a s e ;  y e t  r e p e a t e d  e x p e r i m e n t s  t o  show 

d e p r e s s i o n  o f  l i v e r  x a n t h i n e  o x i d a s e  a c t i v i t y  by  i n j e c t i n g  

t e s t  a n i m a l s  w i th  m a s s iv e  d o s e s  o f  2 - a m in o - 4 - h y d r o  x y -  

p t e r i d i n e - 6 - a l d e h y d e  h a v e  a lw a y s  f a i l e d ^ 2® >^*29 >130 ,131  >132^

Haddow f a i l e d  t o  p r o d u c e  k id n e y  h y p e r t r o p h y  i n  h a m s t e r s
96u s i n g  2 - a m i n o - 4 - h y d r o x y - p t e r i d i n e - 6 - a l d e h y d e  d e s p i t e
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t h e  s u c c e s s f u l  u s e  o f  o t h e r  r e l a t e d  p t e r i d i n e s .

On t h i s  a ssu m ed  m e t a b o l i c  c y c l e  2 - a m in o - 4 - h y d r o x y -  

p t e r i d i n e - 6 - a l d e h y d e  c o u ld  be  t r a n s f o r m e d  i n t o  p t e r o y l  

g l u t a m i c  a c i d ,  p r o v i d e d  a d e q u a te  a m o u n ts  o f  p -a m in o — 

b e n z o y l - L - g l u t a m i c  a c i d  and r e d u c i n g  a g e n t s  w e re  a v a i l a b l e ;  

and  i t  n e e d  n o t  n e c e s s a r i l y  be e f f e c t e d  by  x a n t h i n e  

o x i d a s e .

A n a l y s e s  o f  r a t  l i v e r  show t h a t  o h ly  6$ o f  t h e  

f o l i c  a c i d  and i t s  d e r i v a t i v e s  i s  p r e s e n t  a s  f o l i c  a c i d ,  

and t h a t  t h e  r e m a in i n g  a p p r o x im a te  94$  o c c u r s  a s  th e  

c i t r o v o r u m  f a c t o r .  I t  w ou ld  t h u s  a p p e a r  l i k e l y  t h a t  

l i t t l e  o r  no d e g r a d a t i o n  o f  p t e r o y l  g l u t a m i c  a c i d ,  by any  

r o u t e ,  t a k e s  p l a c e  i n  t h e  l i v e r .  I n j e c t e d  2 - a m in o - 4 -  

h y d r o x y - p t e r i d i n e - 6 - a l d e h y d e  w ould  t h e r e f o r e  b e  q u i c k l y  

t r a n s f o r m e d  i n t o  p t e r o y l  g l u t a m i c  a c i d .  I t  may a l s o  be 

rem em bered  t h a t  l i v e r  a ld e h y d e  o x i d a s e  can  c a r r y  o u t  t h e  

r e q u i r e d  o x i d a t i o n .

The p r o t e c t i v e  a c t i o n  o f  a s c o r b i c  a c i d  on  i n j e c t e d  

p t e r o y l  g l u t a m i c  a c i d  can r e a d i l y  be a cco m m o d a ted , a s  i t  

c o u ld  p r o v i d e  h y d r o g e n  a to m s  f o r  t h e  r e d u c t i o n  o f  t h e  a n i l  

t o  p t e r o y l  g l u t a m i c  a c i d .

X a n th in e  o x i d a s e  h a s  two a c t i v e  c e n t r e s ,  one  u s e d  

f o r  t h e  o x i d a t i o n  o f  r e d u c e d  d i p h o s p h o p y r i d i n e  n u c l e o t i d e  

and t h e  o t h e r  u s e d  f o r  t h e  o x i d a t i o n  o f  a l d e h y d e s  and
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x a n t h i n e .  I t  h a s  b e e n  known f o r  some t im e  t h a t  

x a n t h o p t e r i n  and  o t h e r  p t e r i d i n e s  w i l l  c o m p e t i t i v e l y  

i n h i b i t  t h e  o x i d a t i o n  o f  x a n t h i n e  by x a n t h i n e  o x i d a s e ^ .

As t h e  same a c t i v e  c e n t r e ^ - ^  i s  u s e d  f o r  t h e  o x i d a t i o n  o f  

a l d e h y d e s  and x a n t h i n e , i n h i b i t o r s  o f  t h e  o x i d a t i o n  o f  

x a n t h i n e  w i l l  a l s o  i n h i b i t  t h e  o x i d a t i o n  o f  2 - a m in o - 4 -  

h y d r o x y - p t e r i d i n e - 6 - a l d e h y d e .

The i n j e c t i o n  o f  x a n t h o p t e r i n  and o t h e r  p t e r i d i n e s  

i n t o  t e s t  a n i m a l s  s h o u ld  t h u s  p r e v e n t  t h e  d e g r a d a t i o n  o f  

p t e r o y l  g l u t a m i c  a c i d  and i n c r e a s e  i t s  c e l l u l a r  c o n c e n t r a t i o n .  

T h i s  i n h i b i t i o n  o f  t h e  c a t a b o l i s m  o f  p t e r o y l  g l u t a m ic  a c i d  

t h u s  e x p l a i n s  t h e  a n t i - a n a e m i c  e f f e c t  o f  x a n t h o p t e r i n  when 

g i v e n  to  an ae m ic  t e s t  a n i m a l s ^ ^  > ^ 5  >136 ,137  ,138^

X a n t h o p t e r i n ,  h o w e v e r ,  i s  i n e f f e c t i v e  i n  human p e r n i c i o u s
j  « v, • i 1 3 9 ,1 4 0 ,1 0 6  a n a e m ia  an d  m  c h i c k s  ’ ^ 9 .

P t e r i d i n e s  h a v e  a l s o  b e e n  shown to  h a v e  a  b e n e f i c i a l  

e f f e c t  on  t h e  g ro w th  o f  c h i c k s  f e d  s u b - o p t i m a l  a m o u n ts  o f  

f o l i c  a c i d 1 ^ .

I t  h a s  b e e n  s u g g e s t e d ^ ^  t h a t  t h e  k id n e y  h y p e r t r o p h y  

o f  h a m s t e r s ,  when i n j e c t e d  w i t h  p t e r i d i n e s ,  was due  to  

t h e  i n h i b i t i o n  o f  t h e  o x i d a t i o n  o f  p t e r o y l  g l u t a m i c  a c i d  

b y  x a n t h i n e  o x i d a s e .  T h is  w ould  seem l i k e l y  a s  t h e  

a p p r o x im a te  p a r a l l e l i s m  o b s e r v e d  b e tw e e n  t h e  k id n e y  

h y p e r t r o p h y  and t h e  i n h i b i t i o n  o f  x a n t h i n e  o x i d a s e
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o x i d a t i o n  o f  x a n t h i n e  would a l s o  h o l d  f o r  t h e  i n h i b i t i o n  

o f  p t e r o y l  g l u t a m i c  a c i d  c a t a b o l i s m .

I n h i b i t i o n  o f  x a n t h i n e  o x i d a s e  w ould  t h u s  n o t  o n l y  

g i v e  a n  i n c r e a s e d  c o n c e n t r a t i o n  o f  x a n t h i n e  due  t o  f a i l u r e  

t o  o x i d i s e  i t ,  b u t  a n  i n c r e a s e d  c o n c e n t r a t i o n  o f  c i t r o v o r u m  

f a c t o r ,  an  i n c r e a s e d  r a t e  o f  s y n t h e s i s  o f  p u r i n e s  f ro m  

4 - a m i n o - 5- i m i d a z o l e - c a r b o x y a m i d e  r i b o t i d e ,  and  a n  i n c r e a s e d  

r a t e  o f  s y n t h e s i s  o f  s e r i n e  and  o t h e r  amino a c i d s  f rom  

g l y c i n e .

f h u s ,  i n h i b i t i o n  o f  t h e  o x i d a t i v e  f u n c t i o n s  o f  

x a n t h i n e  o x i d a s e  w ou ld  g i v e  r i s e  t o  a  s e r i e s  o f  a n a b o l i c

r e a c t i o n s  c o n d u c i v e  to  t i s s u e  h y p e r t r o p h y .
142  1415M i l l e r  9 *  h a s  shown t h a t  a  v a r i e t y  o f  r a p i d l y

g r o w i n g  t i s s u e s  ( e . g .  e m b r y o n ic  t i s s u e s ,  t r a n s p l a n t a b l e  

m a l i g n a n t  t u m o u r s )  u t i l i s e  4- a m i n o - 5- i m i d a z o l e  c a r b o x a m id e  

a t  a  much h i g h e r  r a t e  t h a n  do t h e  c o r r e s p o n d i n g  n o r m a l  

t i s s u e s .  As a  f o l i c  a c i d  coenzyme i s  n e c e s s a r y  t o  s u p p l y  

t h e  one  c a r b o n  f r a g m e n t  to  c o n v e r t  4- a m i n o - 5- i m i d a z o l e  

c a r b o x a m i d e  t o  p u r i n e  t h e s e  r e s u l t s  would  i m p l y  a n  

e n h a n c e d  u t i l i s a t i o n  o f  f o l i c  a c i d .
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E x p e r i m e n t a l

P a r t  I

S i b o f l a v i n  a s  a  p i g m e n t  o f  P h i l o t h a m n u s  s e m l v a r i e g a t t t s  and

D i s p h o l i d u s  t y p u s

Hie o r g a n - f r e e  s k i n  o f  a  s p e c im e n  o f  P .  s e m i v a r i e g a t u s  

was e x t r a c t e d  i n  t h e  d a r k ,  w i t h  a b s o l u t e  e t h a n o l  i n  a  

s o x h l e t  e x t r a c t o r ;  t h e  s o l u t i o n  was t h e n  c o o l e d  and  f i l t e r e d  

f ro m  i n s o l u b l e  m a t t e r .  A l t h o u g h  no p ig m e n t  c o u ld  be 

i s o l a t e d  f r o m  t h i s  s o l u t i o n ,  i t s  y e l l o w  c o l o u r ,  s t r o n g ,  

g r e e n  f l u o r e s c e n c e  i n  d a y l i g h t  and t h e  r e a d y  l o s s  o f  b o t h  

c o l o u r  and f l u o r e s c e n c e  on  i r r a d i a t i o n  i n  s u n l i g h t  o r  on 

a d d i t i o n  o f  d i l u t e  a c i d ,  d i l u t e  a l k a l i  o r  EaHSO^ s u g g e s t e d  

t h a t  t h e  p i g m e n t  p r e s e n t  was r i b o f l a v i n .

The o r g a n - f r e e  s k i n  o f  a  s p e c im e n  o f  P .  s e m i v a r i e g a t u s  

was e x t r a c t e d  i n  t h e  d a r k  w i t h  a  m i x t u r e  o f  w a t e r :  p y r i d i n e :

n - p r o p a n o l  ( 1 : 3 : 1  v / v  t h r o u g h o u t )  (50  m l . )  on  a  

s t e a m - b a t h  (45  m i n . ) ,  c o o l e d ,  and  f i l t e r e d  f ro m  i n s o l u b l e  

m a t e r i a l .  The s o l u t i o n  was y e l l o w  w i t h  a  g r e e n  f l u o r e s c e n c e  

i n  d a y l i g h t .

S i m i l a r  e x t r a c t i o n  o f  t h e  s k i n  o f  a  s p e c i m e n  o f  3). 

t y p u s  g a v e  a  y e l l o w  s o l u t i o n  w i t h  o n l y  a  f a i n t  g r e e n  

f l u o r e s c e n c e  i n  d a y l i g h t .  P a p e r  c h r o m a t o g r a p h y  o f  t h e s e  

e x t r a c t s  and o f  a  s a t u r a t e d  s o l u t i o n  o f  r i b o f l a v i n  i n  t h e
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w a t e r - p y r i d i n e - n - p r o p a n o l  s o l v e n t  on d e s c e n d i n g  

c h ro m a to g r a m s  o f  Whatman Ho. 1 p a p e r  i r r i g a t e d  w i t h  

t h i s  s o l v e n t  showed t h a t  e a c h  e x t r a c t  gave  a  num ber  o f  

c o l o u r l e s s  s p o t s  w h i c h  f l u o r e s c e d  i n  u l t r a v i o l e t  l i g h t ,  

and  a  y e l l o w  s p o t  w h i c h  t r a v e l l e d  a t  t h e  same s p e e d  a s  t h e  

r i b o f l a v i n  s p o t .

To show t h a t  none  o f  t h e  o t h e r  s u b s t a n c e s  f o u n d  i n  t h e  

s n a k e - s k i n  e x t r a c t s  was a  d e c o m p o s i t i o n  p r o d u c t  o f  

r i b o f l a v i n  due  t o  i r r a d i a t i o n  o r  c h e m i c a l  t r e a t m e n t  o f  

t h e  e x t r a c t ,  s o l u t i o n s  o f  a u t h e n t i c  r i b o f l a v i n  s o l u t i o n s  

w e re  t r e a t e d  a s  f o l l o w s :

A s a t u r a t e d  s o l u t i o n  o f  r i b o f l a v i n  i n  w a t e r :  

p y r i d i n e :  n ^ p r o p a n o l  was i r r a d i a t e d  i n  t r o p i c a l  s u n l i g h t  

( 4 . 5  h o u r s ) .  H a l f  o f  t h i s  s o l u t i o n  y^as r e t a i n e d  

( s o l u t i o n  1 ) ;  t h e  r e m a i n d e r  was warmed on  a  s t e a m  b a t h  i n  

t h e  d a r k  (45  m i n . )  ( s o l u t i o n  2 ) .  A s a t u r a t e d  s o l u t i o n  o f  

r i b o f l a v i n  i n  d i s t i l l e d  w a t e r  was i r r a d i a t e d  i n  t r o p i c a l  

s u n l i g h t  ( 4 . 5  h o u r s ) .  P y r i d i n e  (6  m l . )  and  n - p r o p a n o l  

(2 m l . )  w e re  a d d e d  t o  t h i s  s o l u t i o n  (2 m l . ) .  H a l f  o f  

i t  was  k e p t  ( s o l u t i o n  7 ) ;  t h e  r e m a i n d e r  was warmed on a 

s t e a m  b a t h  i n  t h e  d a r k  (45  m i n . )  ( s o l u t i o n  6 ) .

P a p e r  c h r o m a t o g r a p h y  o f  t h e s e  f o u r  s o l u t i o n s ,  t h e  

two s n a k e - s k i n  e x t r a c t s ,  and a  s a t u r a t e d  s o l u t i o n  o f  

r i b o f l a v i n  i n  w a t e r  : p y r i d i n e  : n - p r o p a n o l  ( 0 . 0 2  m l .



o f  e a c h  s o l u t i o n )  by  t h e  d e s c e n d i n g  m e th o d  on  Whatman 

Ho. 1 p a p e r  g av e  a  c h ro m a to g ra m  w h ic h  showed t h a t  n on e  o f  

t h e  s u b s t a n c e s  o b t a i n e d  f ro m  t h e  s n a k e - s k i n  e x t r a c t s  was 

d e r i v e d  f ro m  r i b o f l a v i n  by  d e c o m p o s i t i o n ,  and t h a t  b o t h  s 

s n a k e - s k i n  e x t r a c t s  c o n t a i n e d  a  s u b s t a n c e ,  t h e  b e h a v i o u r  

o f  w h i c h  i n  t h e  s o l v e n t  s y s t e m ,  was i d e n t i c a l  w i t h  t h a t  

o f  r i b o f l a v i n .

I t  was n o t i c e d  t h a t  t h e  y e l l o w  s p o t  i n  t h e  e x t r a c t  

o f  D. t y p u s  d i d  n o t  l o s e  i t s  c o l o u r  on e x p o s u r e  t o  l i g h t ,  

a s  d i d  t h e  r i b o f l a v i n  s p o t .  Use o f  o t h e r  s o l v e n t  s y s t e m s  

showed t h a t  t h i s  s p o t  c o u ld  be r e s o l v e d  i n t o  r i b o f l a v i n  and 

a  s e c o n d ,  n o n - f l u o r e s c e n t , y e l l o w  p i g m e n t .

P a p e r  c h r o m a t o g r a p h y  o f  t h e  s n a k e - s k i n  e x t r a c t s  and a  

s a t u r a t e d  s o l u t i o n  o f  r i b o f l a v i n  i n  w a t e r  : p y r i d i n e  : n -  

p r o p a n o l  ( 0 . 0 2  m l .  o f  e a c h  s o l u t i o n  s p o t t e d  on p a p e r  and 

a i r - d r i e d )  by  t h e  d e s c e n d i n g  m e th o d  on  Whatman Ho. 1 p a p e r  

u s i n g  n - b u t a n o l  : a c e t i c  a c i d  : w a t e r  (50  : 15 : 35 v / v )  

a s  d e v e l o p i n g  s o l v e n t s  g ave  c h ro m a to g r a m s  w h ic h  showed t h a t  

t h e  e x t r a c t  o f  P .  s e m i v a r i e g a t u s  c o n t a i n e d  o n l y  one  y e l l o w  

p i g m e n t  w h ic h  was i d e n t i c a l  w i t h  r i b o f l a v i n ,  a n d  t h a t  t h e  

e x t r a c t  o f  D. t y p u s  c o n t a i n e d  two y e l l o w  p i g m e n t s ,  one o f  

w h ic h  was i d e n t i c a l  w i t h  r i b o f l a v i n .

A p a p e r  c h ro m a to g ra m  o f  t h e  e x t r a c t  o f  P .  s e m i v a r i e g a t u s  

and  a  s a t u r a t e d  s o l u t i o n  o f  r i b o f l a v i n  i n  w a t e r  : p y r i d i n e  : 

n - p r o p a n o l  was d e v e l o p e d  w i t h  t h i s  s o l v e n t  and  t h e  p a p e r  was
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a i r - d r i e d  ( 1  m . )  and t h e n  d r i e d  a t  100°C  (45  m i n * ) .  The 

r i b o f l a v i n  and  y e l l o w - p i g m e n t  s p o t s  w e re  c u t  o f f  t h e  

p a p e r  and t h e i r  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  w e re  

d e t e r m i n e d  on t h e  p a p e r  by  t h e  m e th o d  o f  B r a d f i e l d  and 

T lo o d .  The a b s o r p t i o n  maxima w ere  f o r  t h e  y e l l o w  p ig m e n t  

260 an d  370 mu ; and  f o r  r i b o f l a v i n  260 and 360  mu.

P t e r i n s  i n  P h i l o t h a m n u s  s e m i v a r i e g a t u s  and D i s p h o l i d u s  t y p u s

I m m e d i a t e l y  a f t e r  k i l l i n g  e a c h  s p e c i m e n ,  i t  was s k i n n e d  

an d  t h e  s k i n  f r e e d  f rom  any s u b c u t a n e o u s  t i s s u e .  The whole  

s k i n  was t h e n  e x t r a c t e d  on  a  s t e a m  b a t h  w i t h  s u c c e s s i v e  

50 ml* p o r t i o n s  o f  80 fo  a q u e o u s  e t h a n o l  u n t i l  a  c o l o u r l e s s  

e x t r a c t  was o b t a i n e d  (8  t o  10 p o r t i o n s ) .  The e t h a n o l i c  

e x t r a c t s  w ere  c o m b in e d .  What r e m a i n e d  o f  t h e  t i s s u e  was 

warmed w i t h  50 m l .  0 . 5  N ammonium h y d r o x i d e  f o r  30 m i n u t e s .

The e t h a n o l i c  e x t r a c t s  and t h e  am m o n iaca l  e x t r a c t s  w ere  

u s e d  w i t h o u t  any  f u r t h e r  p r e p a r a t i o n  f o r  t h e  p a p e r  c h r o m a to ­

grams*

Whatman No. 1 f i l t e r  p a p e r  was u s e d ,  a l l  s o l v e n t s  w e re  

r e d i s t i l l e d  and  s o l v e n t  s y s t e m s  w e re  a l l o w e d  t o  s t a n d  f o r  

t h r e e  d a y s  a t  room t e m p e r a t u r e  ( 2 5 - 2 8 ° C (  b e f o r e  u s e .  S p o t s  

o f  5 u l *  s i z e  w e re  u s e d .

C h ro m ato g ram s  w e re  d e v e l o p e d  a t  room t e m p e r a t u r e  u s i n g  

t h e  a s c e n d i n g  t e c h n i q u e .  The c r i t e r i a  o f  i d e n t i t y  w ere
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(I ) t h e  p a r a l l e l  b e h a v i o u r  o f  a  known s u b s t a n c e  and 

t h e  s u b s t a n c e  i n  t h e  e x t r a c t ,  and

( I I )  t h e  f a i l u r e  o f  t h e  known s u b s t a n c e  t o  s e p a r a t e  

f ro m  a  m ix e d  c h ro m a to g ra m  o f  t h e  known and  e x t r a c t  s u b s t a n c e .

A l l  e x p e r i m e n t a l  p r o c e d u r e s  w ere  u n d e r t a k e n  i n  t h e  d a r k .

B o t h  t h e  e t h a n o l i c  and a im non iaca l  e x t r a c t s  o f  t h e  s k i n s  

c o n t a i n e d  two c o l o u r l e s s  f l u o r e s c i n g  compounds when c h r o m a t o -
o

g r a p h e d  and v i e w e d  i n  u l t e a v i o l e t  l i g h t  a t  3 , 6 0 0 #  A. One 

o f  t h e s e  f l u o r e s c e d  p u r p l e  and  t h e  o t h e r  b r i g h t  b l u e .

The s u b s t a n c e s  i n  t h e  am m oniaca l  e x t r a c t  w e re  shown to  

be  t h e  same a s  t h o s e  i n  t h e  w t h a n o l i c  e x t r a c t  by  t h e i r  

i d e n t i c a l  b e h a v i o u r  i n  p a p e r  c h r o m a t o g r a p h y  u s i n g  s i x  

d i f f e r e n t  s o l v e n t  s y s t e m s ,  v i z :  3^  a q u e o u s  ammonium c h l o r i d e ;

5^  a q u e o u s  a c e t i c  a c i d ;  b u t a n o l - a c e t i c  a c i d - w a t e r  ( 4 : 1 : 5  

v / t  u p p e r  p h a s e ) ;  p y r i d i n e - p r o p a n o l - w a t e r  ( 3 : 1 : 1  v / v ) ; 

t e r t i a r y  b u t a n o l - p y r i d i n e - w a t e r  (50  : 15 : 35 v / v ) ;  t e r t i a r y  

b u t a n o l - p y r i d i n e - w a t e r  (60  : 15 : 25 v / v ) .

The two f l u o r e s c i n g  s u b s t a n c e s  e x t r a c t e d  w i t h  p y r i d i n e -  

p r o p a n o l - w a t e r  (3 : 1 : I  v / v )  w e re  a l s o  shown t o  be  

i d e n t i c a l  w i t h  t h e  a b o v e  by  t h e  same m e th o d .

T h e s e  s u b s t a n c e s  were  i d e n t i f i e d  a s  p t e r i n s  by t h e i r  

s o l u b i l i t y  i n  ammonium h y d r o x i d e ,  by  t h e i r  s t r o n g  

f l u o r e s c e n c e  i n  u l t r a v i o l e t  l i g h t  and  by  t h e i r  u l t r a v i o l e t  

s p e c t r a .  T hese  w e re  d e t e r m i n e d  by  t h e  m e th o d  o f  B r a d f i e l d
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an d  F l o o d  a f t e r  p a p e r  c h r o m a t o g r a p h y  u s i n g  b u t a n o l - a c e t i c  

a c i d - w a t e r  ( 4 * 1 : 5  v / v ) .  The s p e c t r a  showed t h e  

t y p i c a l  p t e r i n  p a t t e r n  o f  two o r  more maxima i n  t h e  r a n g e  

2 *000 - 4>000  1 ,  w i t h  one  p e a k  b e tw e e n  3 > 0 0 0 - 4 , 000  1 .  The 

p u r p l e  f l u o r e s c i n g  compound gave  p e a k s  a t  2 , 5 5 0 1  and  

3>350 1  and t h e  b r i g h t  b l u e  f l u o r e s c i n g  compound gave  p e a k s  

a t  2 , 5 0 0  1  a n d  3 , 5 5 0  i .

I n d i v i d u a l  p t e r i n s  may be  i d e n t i f i e d  by  c o m p a r in g  t h e i r  

c h r o m a t o g r a p h i c  b e h a v i o u r  w i t h  t h a t  o f  a  known p t e r i n  u s i n g  

a t  l e a s t  t h r e e  d i f f e r e n t  s o l v e n t  s y s t e m s .

The p u r p l e  f l u o r e s c i n g  s u b s t a n c e  was t h u s  i d e n t i f i e d  a s  

i s o x a n t h o p t e r i n  by  i t s  i d e n t i c a l  c h r o m a t o g r a p h i c  b e h a v i o u r  

w i t h  t h a t  o f  an  a u t h e n t i c  sam ple  u s i n g  t h e  p r e v i o u s  s i x  

d i f f e r e n t  s o l v e n t  s y s t e m s .

The b r i g h t  b l u e  f l u o r e s c i n g  s u b s t a n c e  was s i m i l a r l y  

i d e n t i f i e d  a s  2- a m i n o - 4- h y d r o x y - p t e r i d i n e - 6- c a r b o x y l i c  a c i d ,  

b y  i t s  i d e n t i c a l  c h r o m a t o g r a p h i c  b e h a v i o u r  w i t h  t h a t  o f  an  

a u t h e n t i c  sa m p le  i n  t h e  same s i x  s o l v e n t  s y s t e m s  and  i n  

p r o p a n o l - 5^  a c e t i c  a c i d  ( 2 : 1  v / v )  and  i n  d i m e t h y l  fo rm am id e  

f o r m i c  a c i d - w a t e r  ( 8 : 1 : 1  v / v ) .

When t h e  com bined  e t h a n o l i c  e x t r a c t s  f ro m  D. t y p u s  were  

e v a p o r a t e d  t o  d r y n e s s  and  t h e  r e s i d u e  t a k e n  up i n  10  m l .

0 . 5  S' ammonium h y d r o x i d e ,  and p a p e r  c h ro m a to g ra m  showed two 

new s p o t s  f l u o r e s c i n g  b r i g h t  b l u e  i n  u l t r a v i o l e t  l i g h t .
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One o f  t h e s e  s u b s t a n c e s  h a s  b e e n  i d e n t i f i e d  a s  2 - a m i n o - 4 -  

h y d r o x y - p t e r i d i n e  by i t s  i d e n t i c a l  b e h a v i o u r  w i t h  t h a t  o f  

a n  a u t h e n t i c  sa m p le  i n  t h e  e i g h t  s o l v e n t  s y s t e m s  q u o t e d  

a b o v e .  The o t h e r  b l u e  f l u o r e s c i n g  s u b s t a n c e s  h a s  n o t  

b e e n  i d e n t i f i e d .  When t h e  com bined  e t h a n o l i c  e x t r a c t s  

f ro m  P .  s e m i v a r i e g a t u s  w e re  s i m i l a r l y  t r e a t e d  no 2 - a m i n o - 4 -  

h y d r o x y - p t e r i d i n e  c o u l d  be  d e t e c t e d .  The s e c o n d  b l u e  

f l u o r e s c i n g  s u b s t a n c e  was p r e s e n t .

T h i s  c o n c e n t r a t e d  e x t r a c t  o f  P .  s e m i v a r i e g a t u s  a l s o  

showed a  y e l l o w  $ o n - f l u o r e s c e n t  s p o t  i n  b u t a n o l - a c e t i c  

a c i d - w a t e r .  S i m i l a r  t o  t h e  y e l l o w  p i g m e n t  i n  D. t y p u s .

Y e l lo w  P i g m e n t  and P t e r i n s  o f  P e n d r o a s p i s  v i r i d i a

A m a l e  s p e c i m e n  o f  t h e  g r e e n  mamba, P e n d r o a s p i s  v i r i d i s ,  

was k i l l e d  and s k i n n e d .  The s k i n  was f r e e d  f ro m  any  

s u b c u t a n e o u s  t i s s u e  and  d i v i d e d  i n t o  two p o r t i o n s ,  a  g r e e n  

a n t e r i o r  p o r t i o n  and a  d i r t y  y e l l o w  p o s t e r i o r  p o r t i o n .

Each  was e x t r a c t e d  s e p a r a t e l y .

The  Y e l lo w  P o r t i o n . T h i s  was e x t r a c t e d  w i t h  10 

p o r t i o n s  o f  50 m l .  e a c h  o f  80$  a q u e o u s  e t h a n o l ,  i n  t h e  d a r k .  

The f i n a l  e x t r a c t  was c o l o u r l e s s .  The com bined  e x t r a c t s  

w e re  e v a p o r a t e d  t o  d r y n e s s  and t a k e n  up  i n  50 m l .  0 . 2 5  N 

ammonium h y d r o x i d e  s o l u t i o n .  The i n s o l u b l e  r e s i d u e  was 

f i l t e r e d  o f f .

T h i s  s o l u t i o n  was u s e d  f o r  t h e  p a p e r  c h r o m a t o g r a p h i c
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a n a l y s i s .  C o n d i t i o n s  w e re  t h e  same a s  t h o s e  u s e d  f o r  

t h e  p t e r i n s  o f  P .  s e m i v a r i e g a t u s  a n d  P.  t y p u s .

On p a p e r  c h r o m a t o g r a p h y  o f  t h i s  s o l u t i o n  f o u r  f l u o r e s c e n t  

s p o t s  c o u l d  h e  s e e n ;  one  y e l l o w ,  one  p u r p l e ,  one  b r i g h t  

b l u e  and  one  b l u e .

The y e l l o w  f l u o r e s c e n t  s u b s t a n c e  was i d e n t i f i e d  a s  

r i b o f l a v i n  by  i t s  i d e n t i c a l  c h r o m a t o g r a p h i c  b e h a v i o u r  w i t h  

t h a t  o f  a  s p e c im e n  i n  s i x  s o l v e n t  s y s t e m s ,  v i z s  3$  a q u e o u s  

ammonium c h l o r i d e ;  5$  a q u e o u s  a c e t i c  a c i d ;  b u t a n o l - a c e t i c  

a c i d - w a t e r  ( 4 : 1 : 5  v / v ) , p y r i d i n e - p r o p a n o l - w a t e r  

( 3 : 1 : 1  v / v ) ;  t e r t i a r y - b u t a n o l - p y r i d i n e - w a t e r  (60  : 15  :

25 v / v ) ;  and t e r t i a r y - b u t a n o l - p y r i d i n e - w a t e r  (50  : 15 : 35 

v / v ) .  The amount o f  r i b o f l a v i n  p r e s e n t  was much s m a l l e r  

t h a n  t h a t  i n  P .  s e m i v a r i e g a t u s  and  P .  t y p u s .

The p u r p l e  f l u o r e s c e n t  s p o t  was s i m i l a r l y  i d e n t i f i e d  a s  

i s o x a n t h o p t e r i n ;  t h e  b r i g h t  b l u e  f l u o r e s c e n t  s p o t  a s  

2- a m i n o - 4 - h y d r o x y - p t e r i d i n e - 6- c a r b o x y l i c  a c i d ;  and t h e  

b l u e  f l u o r e s c e n t  s p o t  a s  2- a m i n o - 4 - h y d r o x y - p t e r i d i n e .

T h i s  e x t r a c t  a l s o  c o n t a i n e d  a  l a r g e  amount  o f  a  y e l l o w  

n o n - f l u o r e s c e n t  p i g m e n t  w h ic h  on p a p e r  c h r o m a t o g r a p h y  i n  

b u t a n o l - a c e t i c  a c i d - w a t e r  ( 4 : 1 : 5  v / v )  b e h a v e d  s i m i l a r l y  

t o  t h e  unknown y e l l o w  p i g m e n t  o f  P .  t y p u s .

The G re e n  P o r t i o n . The g r e e n  s k i n  was e x t r a c t e d  w i t h  

s i x  p o r t i o n s  o f  80$  a q u e o u s  e t h a n o l .  The f i n a l  e x t r a c t
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was c o l o u r l e s s .  The e x t r a c t s  w e re  com bined  and u s e d  f o r  

p a p e r  c h r o m a t o g r a p h y .

On p a p e r  c h r o m a t o g r a p h y  t h e  e x t r a c t  was shown t o  c o n t a i n  

t h r e e  f l u o r e s c e n t  s u b s t a n c e s ;  one  y e l l o w ,  one  p u r p l e  an d  one 

b l u e .  The y e l l o w  f l u o r e s c e n t  s u b s t a n c e  was i d e n t i f i e d ,  a s  

p r e v i o u s l y ,  a s  r i b o f l a v i n  a n d  t h e  p u r p l e  one  a s  i s o x a n t h o p t e r i n .
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O x i d a t i o n  o f  P t e r o y l - L - G l u t a m i c  A c id

I n c u b a t i o n  o f  PGA w i t h  x a n t h i n e  o x i d a s e

As- PGA i s  r e a d i l y  deco m p o sed  by  l i g h t ,  t h i s  and  a l l  

o t h e r  i n c u b a t i o n s  w e re  p e r f o r m e d  i n  d a r k n e s s .  B l a n k  

i n c u b a t i o n s  w ere  done  w h e re  n e c e s s a r y  t o  e l i m i n a t e  any  

p o s s i b l e  s i d e - e f f e c t g .

PGA ( 0 . 3  m l .  o f  a  s o l u t i o n  o f  0 . 3  m g . / m l .  i n  0 . 1 5  M. 

p h o s p h a t e  b u f f e r  pH 7 - 7 )  and  x a n t h i n e  o x i d a s e  s o l u t i o n  

0 . 1  m l . )  w e re  h e a t e d  a t  36 - 3 7 ° u n d e r  a e r o b i c  c o n d i t i o n s  

f o r  18  h r .

P a p e r  c h r o m a t o g r a p h y  o f  10 u l  o f  t h e  d i g e s t  w i t h  

b u t a n o l - a c e t i c  a c i d  w a t e r  ( 4 : 1 : 5  by  v o l . )  a s  s o l v e n t  

showed a  f a i n t  p a l e - b l u e  s p o t  w i t h  R^ v a l u e  c l o s e  t o  

t h a t  o f  2- a m i n o - 4- h y d r o x y ~ p t e r i d i n e - 6- c a r b o x y l i c - a c i d .

As j u d g e d  by t h e  s i z e  o f  t h e  s p o t  fo r m e d  on  p a p e r  

c h r o m a to g r a m s  w i t h  b u t a n o l - a c e t i c  a c i d  w a t e r  ( 4 : 1 : 5  by  v o l . )  

t h e  am o u k t  o f  a c i d  fo rm e d  d i d  n o t  a p p r e c i a b l y  i n c r e a s e  

a f t e r  t h e  f i r s t  h o u r  o f  i n c u b a t i o n  and r e p r e s e n t e d  l e s s  

t h a n  10 fo  o f  t h e  t h e o r e t i c a l  y i e l d  o f  c a r b o x y l i c  a c i d  f rom  

PGA.

I n c u b a t i o n  o f  PGA w i t h  x a n t h i n e  o x i d a s e  and m e t h y l e n e  b l u e  

A s o l u t i o n  (3 m l . )  o f  0 . 1 5  M p h o s p h a t e  b u f f e r  (pH 7 - 7 )  

c o n t a i n i n g  1. .56 mg. PGA and  0 . 5 4  mg. m e t h y l e n e  b l u e  was 

m ix e d  w i t h  x a n t h i n e  o x i d a s e  s o l u t i o n  (1  m l . )  and
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i n c u b a t e d  a t  3 6 - 3 7 °  u n d e r  a e r o b i c  c o n d i t i o n s  f o r  18 h r .

P a p e r  c h r o m a t o g r a p h y  o f  10 u l  o f  t h i s  d i g e s t  on h o .  1 

Whatman p a p e r  w i t h  b u t a n o l  a c e t i c  a c i d  w a t e r  ( 4 : 1 : 5  by  v o l . )  

showed on  e x a m i n a t i o n  i n  u l t r a v i o l e t  l i g h t  a  l a r g e ,  b r i g h t ,  

p a l e - b l u e  s p o t  w i t h  a n  Rp v a l u e  c l o s e  t o  t h a t  o f  2- a m i n o - 4-  

h y d r o x y - p t e r i d i n e - 6- c a r b o x y l i c  a c i d ,  and  a  s m a l l ,  f a i n t ,  

b l u e  s p o t  c o r r e s p o n d i n g  t o  t h a t  o f  2- a m i n o - 4- h y d r o x y - p t e r i d i n e -  

6- a l d e h y d e .  The p r o t e i n  p r e s e n t  i n  t h e  d i g e s t  s e r i o u s l y  i n t e ]  

i n t e r f e r e d  with,  t h e  c h r o m a t o g r a p h i c  b e h a v i o u r  o f  t h e  

2- a m i n o - 4- h y d r o x y - p t e r i d i n e - 6- c a r b o x y l i c  a c i d  i n  o t h e r  

s o l v e n t s .  The b r i g h t  b l u e  f l u o r e s c e n t  s u b s t a n c e  was 

p u r i f i e d  by  c h r o m a t o g r a p h y  on  a  co lum n o f  c e l l u l o s e  powder  

(Whatman s t a n d a r d  g r a d e ,  co lum n 1 i n  d ia m .  x  l A i  i n .  h i g h )  

w i t h  5$ hy  v o l .  a q u e o u s  a c e t i c  a c i d .  The e l u a t e  c o n t a i n i n g  

t h e  b r i g h t  b l u e  f l u o r e s c e n t  s u b s t a n c e  was e v a p o r a t e d  t o  

d r y n e s s  and  t h e  r e s i d u e  t a k e n  up i n  1 m l .  o f  0 . 5  N OT^OH 

D e t e r m i n a t i o n  o f  t h e  u l t r a v i o l e t  s p e c t r u m  o f  t h i s  

f l u o r e s c e n t  s u b s t a n c e  i n  0 . 1  N NaOH showed two m axim a,  

a t  261 mu an d  361  mu. 2- A m in o - 4 - h y d r o x y - p t e r i d i n e - 6-  

c a r b o x y l i c  a c i d  ha& two m ax im a,  a t  262 mu and  365  mu 

(Mowat e t  a l  1 9 4 8 ) .  The i d e n t i t y  o f  t h e  b r i g h t  b l u e  

f l u o r e s c e n t  s u b s t a n c e  a s  2- a m i n o - 4- h y d r o x y - p t e r i d i n e - 6-  

c a r b o x y l i c  a c i d  was c o n f i r m e d  b y  c o m p a r i s o n  o f  i t s
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B u t a n o l  a c e t i c  a c i d  w a t e r  

( 4 : 1 : 5  v o l . ) 

P r o p a n o l  ( 5 $  a q .  a c e t i c  a c i d  

( 2 : 1  by  v o l . )

5$  a q .  a c e t i c  a c i d  

3$  a q .  ammonium c h l o r i d e  

t e r t - B u t a n o l  p y r i d i n e  w a t e r  

( 6 0 : 1 5 : 2 5  by  v o l . )  

t e r t - B u t a n o l  p y r i d i n e  w a t e r  

( 5 0 : 1 5 : 3 5  b y  v o l . )  

P y r i d i n e  p r o p a n o l  w a t e r  

( 3 : 1 : 1  by  v o l . )

V
B r i g h t  l i g h t  b l u e  

f l u o r e s c e n t  s u b s t a n c e

0 .1 2

0 . 2 3

0 . 4 9
&

0 . 5 9

0 . 0 9

0 .2 2

0 .2 6



1  hf  Hp
2-amino-4-hydroxy Blue fluorescent 2-amino-4-hydroxy 
pteridiHe-6-oarb-
oxylic acid substance pteridine-6-aldehyde

0.12 0.33 0.33

0.23 0.46 0.46

0.49 0.52 0.52

0.5$ 0.43 0.43

0.09 0.271 0.281

0.22 0.54 0.54

0.26 0.55 0.55

1. Blue spot in  digest coincided with methylene 

blue spot.



c h r o m a t o g r a p h i c  b e h a v i o u r  w i t h  t h a t  o f  an a u t h e n t i c  sam p le  

o f  t h e  a c i d  ( T a b l e  1 ) .

Q u a n t i t a t i v e  e s t i m a t i o n  o f  t h e  a c i d  was c a r r i e d  o u t  

a s  f o l l o w s .  10  u l  o f  t h e  d i g e s t  and  10  u l  o f  a  s o l u t i o n  

o f  2 - a m i n o - 4 - h y d r o x y - p t e r i d i n e - 6 - c a r b o x y l i c  a c i d  

( 0 . 1  m g . / m l .  o f  0 . 5  N NH^OH) w e re  p l a c e d  on  Whatman No. 1 

p a p e r ,  g i n - d r i e d  and  d e v e l o p e d  w i t h  b u t a n o l - a c e t i c  a c i d  

w a t e r  ( 4 : 1 : 5  by  v o l . )  ( a s c e n d i n g ) .  The p a p e r  was a i r - d r i e d ,  

v i e w e d  i n  u l t r a v i o l e t  l i g h t  and  t h e  b r i g h t ,  p a l e - b l u e  

s p o t s  c u t  o u t  and  w e i g h e d .  The y i e l d  o f  a c i d  was 

a b o u t  60 fo  o f  t h e  t h e o r e t i c a l  y i e l d  f rom  PGA.

I n c u b a t i o n  o f  m e t h y l e n e  b l u e  and PGA

A s o l u t i o n  (4  m l . )  o f  0 . 1 5  M p h o s p h a t e  b u f f e r  (pK 7*4)  

c o n t a i n i n g  1 . 8 4  mg. PGA and 1 . 0 4  mg. m e t h y l e n e  b l u e  was 

i n c u b a t e d  a t  56- 5 7 ° u n d e r  a e r o b i c  c o n d i t i o n d  f o r  18 h r .

P a p e r  c h r o m a t o g r a p h i c  a n a l y s i s  o f  10 u l  o f  t h e  d i g e s t  u s i n g  

b u t a n o l - a c e t i c  a c i d  w a t e r  ( 4 : 1 : 5  by v o l . )  showed o n l y  a  

s m a l l  s p o t  c o r r e s p o n d i n g  t o  2 - a m i n o - 4 - h y d r o x y - p t e r i d i n e - 6-  

c a r b o x y l i c  a c i d  (R^, v a l u e  0 . 1 2 ) b u t  a  l a r g e  b l u e  f l u o r e s c e n t  

s p o t  o f  Rj, 0 . 5 3 .  Thms b l u e  f l u o r e s c e n t  s u b s t a n c e  was 
i d e n t i f i e d  a s  2- a m i n o - 4 - h y d r o x y - p t e r i d i n e - 6- a l d e h y d e  by 

i t s  i d e n t i c a l  c h r o m a t o g r a p h i c  b e h a v i o u r  i n  s e v e n  d i f f e r e n t  

s o l v e n t  s y s t e m s  w i t h  a  known s p e c i m e n  o f  t h e  a l d e h y d e  (Table
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The amount  o f  a l d e h y d e  i n  t h e  d i g e s t  was q u a n t i t a t i v e l y  

e s t i m a t e d  a s  b e f o r e .  The y i e l d  o f  a l d e h y d e  was a b o u t  65$  

o f  t h e  t h e o r e t i c a l  y i e l d  f rom.PGA.

I s o l a t i o n  o f  I s o x a n t h o p t e r i n  f ro m  Human U r i n e  

C one .  EC1 (25 m l . )  was a d d ed  t o  a d u l t  m a le  u r i n e  (250  m l . )  

w h ic h  h a d  b e e n  f r e s h l y  v o i d e d  i n t o  a  f l a s k  c o n t a i n i n g  a  

t r a c e  o f  p h e n o l .  The u r i n e  was t h e n  e x t r a c t e d  w i t h  l i q u i d  

p h e n o l  (50  m l . )  and t h e  p h e n o l  l a y e r  s h a k e n  up  w i t h  w a t e r  

(25 m l . )  and e t h e r  (100  m l . ) .  The a q u e o u s  l a y e r  was 

w a sh e d  t w i c e  w i t h  e t h e r  (100  m l .  p o r t i o n s )  and  t h e n  

e v a p o r a t e d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e .

The r e s i d u e  was d i s s o l v e d  i n  w a t e r  (5 m l . )  and  a  few  

d r o p s  o f  a q .  EH^ w e re  a d d e d  u n t i l  t h e  s o l u t i o n  was a l k a l i n e .  

The s o l u t i o n  was f i l t e r e d  and e v a p o r a t e d  t o  d r y n e s s  u n d e r  

r e d u c e d  p r e s s u r e  and t h e  r e s i d u e  d i s s o l v e d  i n  a q .  0 . 5  E-EH^ 

( 0 . 5  m l . ) *

The d a r k - b r o w n ,  s y r u p y  l i q u i d  was s p o t t e d  on Whatman 

E o .  3 MM p a p e r  so t h a t  i t  f i l l e d  a  r e c t a n g l e  3 i n .  x  1 i n .  

The p a p e r  was t h e n  d e v e l o p e d  ( d e s c e n d i n g ,  o v e r n i g h t ,  i n  

d a r k n e s s )  w i t h  p r o p a n o l  - 5 $  a c e t i c  a c i d  ( 2 : 1 ,  v / v ) ,  a i r -  

d r i e d  and v i e w e d  i n  365 mu l i g h t .

T h r e e  f l u o r e s c e n t  a r e a s  c o u ld  be s e e n :  n e a r e s t  t h e

o r i g i n ,  a  w e l l - d e f i n e d  p u r p l e - b l u e  b a n d  ( 1 ) ;  n e x t ,  a  

b r i g h t - y e l l o w  b a n d  ( 2 ) ;  f i n a l l y ,  a  s m a l l e r  y e l l o w  b a n d  ( 3 ) .



Sable 2

Butanol-acetic

acid-water

(4s i : 5 vo l. by v o l.)

Propanol-5$ aq. 
acetic acid 

(2:1 by v o l.)

ter t—Butanols

pyridine-water

(50:15s35 vo l. by v o l.)

Propanol-1^ aq.

(2:1 by v o l.)

Propanol-lF HOI 

(2:1 by v o l.)

Hj, .

unknown isoxantkopterin

0.25 0.25

0.33 0.33.

0.35 0.35

0.19 0.19

0.33 0.33



53

A f t e r  t h e  t h i r d  y e l l o w  h and  t h e  c h ro m a to g ra m  was b a d l y  

s t r e a k e d *  The f i r s t  b a n d  w as  c u t  o u t  and  e l u t e d  w i t h

aq* O.SN-NH^. F u r t h e r  p u r i f i c a t i o n  by  c h r o m a t o g r a p h y ,  

w i t h  No* 3MM. p a p e r  and t e r t . - b u t y l  a l c o h o l - p y r i d i n e - w a t e r  

( 5 0 : 1 5 *3 5 , h y  v o l . ) ,  r e s o l v e d  t h i s  i n t o  t h r e e  s u b s i d i a r y  

b a n d s .  The e l u a t e  o f  t h e  m i d d l e  b and  (Rp 0 . 3 - 0 * 4 )  w as  

c h r o m a t o g r a p h e d  on  No. 1 Whatman p a p e r  w i t h  p r o p a n o l - a q .  1$  

Nff^ ( 2 * 1 ,  v / v ) .  F i n a l l y  t h e  e l u a t e  f ro m  t h i s  l a s t  

c h ro m a to g ra m  was e v a p o r a t e d  to  d r y n e s s  u n d e r  r e d u c e d  

p r e s s u r e  and t h e  r e s i d u e  d i s s o l v e d  i n  a q .  O.SN-NIT^ ( 0 . 0 5  m l . ) .  

T h i s  s o l u t i o n  was u s e d  f o r  i d e n t i f i c a t i o n .

The p u r p l e  f l u o r e s c e n t  s u b s t a n c e  showed i d e n t i c a l  

c h r o m a t o g r a p h i c  b e h a v i o u r  on Whatman No. 1 p a p e r  w i t h  

t h a t  o f  an a u t h e n t i c  sa m p le  o f  i s o x a n t h o p t e r i n , 

i n  b u t a n o l - a c e t i c  a c i d - w a t e r  ( 4 *1 *5 , hy  v o l . ) ;  p r o p a n o l ­

s '  a c e t i c  a c i d  ( 2 : 1  v / v ) ;  p r o p a n o l - 1^  a q .  NH^ ( 2 i l *  v / v ) ; 

propanol-N-HC3k ( 2 : 1 ,  v / v ) ;  and  t e r t r ^ b l i t j r l  aifcqhorlV 

p y r i d i n e - w a t e r  ( 5 0 : 1 5 * 3 5  by  v o l . ) ;  ( T a b l e  2 } } *

W ith  t e r t . - b u t y l  a l c o h o l - p y r i d i n e - w a t e r  ( 6 0 : 1 5 * 2 5 ,  h y  

v o l . )  a  d i f f e r e n c e  o f  0 . 0 6  was fo u n d  i n  t h e  Rp v a l u e s  o f  

t h e  unknown an d  i s o x a n t h o p t e r i n .  A m i x t u r e  o f  t h e  unknown 

and i s o x a n t h o p t e r i n ,  h o w e v e r ,  d i d  n o t  s e p a r a t e  i n t o  two 

s p o t s  and  h a d  a  s i m i l a r  Rp to  t h e  unknown. T h i s  

d i f f e r e n c e  i n  Rp v a l u e s  o f  t h e  unknown and i s o x a n t h o p t e r i n  wa* 

t h e r e f o r e  due to  t h e  p r e s e n c e  o f  i m p u r i t i e s .
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An a d d i t i o n a l  am ount  o f  i s o x a n t h o p t e r i n  c o u ld  be  

o b t a i n e d  by  e l u t i n g  b a n d  ( 2 ) and  p u r i f y i n g  i t  a s  b e f o r e .

I n  one e x p e r i m e n t  band  ( 1 ) d i d  n o t  a p p e a r  a n d  i s o x a n t h o p t e r i n  

was i s o l a t e d  f ro m  b and  ( 2 ) .

F o r  e a c h  i d e n t i f i c a t i o n  5 u l .  o f  s o l u t i o n  was u s e d  a n d  

t h e  d r i e d  p a p e r s  w e re  v i e w e d  i n  365 mu l i g h t .  P a p e r s  w ere  

a l s o  v i e w e d  i n  254 mu l i g h t .  T h i s  was l e s s  s a t i s f a c t o r y  a s  

t h e s e  p t e r i n s  do n o t  f l u o r e s c e  so b r i l l i a n t l y  a s  i n  365  mu 

l i g h t .

I f  t h e  s a m p le s  o f  u r i n e  w e re  a l l o w e d  to  s t a n d ,  o r  i f  

t h e  p r e l i m i n a r y  s t a g e s  o f  t h e  a n a l y s i s  w ere  p r o t r a c t e d ,  an  

a d d i t i o n a l  b r i g h t  b l u e  b and  was f o u n d  b e t w e e n  b a n d  ( 1 ) 

and  t h e  o r i g i n .  T h i s  band  was e l u t e d  w i t h  aq_. 0 . 5  

I t  was n o t  s e p a r a b l e  f ro m  a u t h e n t i c  2 - a m i n o - 4 - h y d r o x y -  

p t e r i d i n e - 6- c a r b o x y l i c  a c i d  i n  f i v e  s o l v e n t  s y s t e m s .  I t  

was p r o b a b l y ,  t h e r e f o r e ,  2- a m i n o - 4- h y d r o x y p t e r i d i n e - 6-  

c a r b o x y l i c  a c i d  f o r m e d  f rom  t h e  d e c o m p o s i t i o n  o f  b i o p t e r i n .

Mo l e u c o p t e r i n  c o u l d  be  o b t a i n e d .  I f  p r e s e n t  i t  w o u ld  

h a v e  b e e n  s e e n  b e t w e e n  t h e  o r i g i n  and i s o x a n t h o p t e r i n .
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A n a l y s i s  o f  Normal G o lden  H a m s te r  K i d n e y ,  N e o p l a s t i c  

t i s s u e  d e r i v e d  f ro m  i t  and  H y p e r t r o p h i e d  K id n e y

The a n a l y t i c a l  m e t h o d s  u s e d  w e re  b a s e d  on  t h a t  o f  

Crammer1 ^ .

A n a l y s i s  o f  Normal K i d n e y .

The a n i m a l  was k i l l e d  w i t h  c h l o r o f o r m ,  k i d n e y s  

d i s s e c t e d  o u t ,  w e ig h e d  ( c a .  1  g .  p e r  a n i m a l )  and  g r o u n d  

t o  a  f i n e  p a s t e  w i t h  t h e  minimum amount  o f  q u a r t z  p o w d e r .  

The m ass  was t h e n  e x t r a c t e d  w i t h  r e f l u x i n g  p e r o x i d e - f r e e  

a n h y d r o u s  e t h e r  (100  m l .  : 1 h r  i n  t o t a l  d a r k n e s s ) .  The 

e t h e r  w as  d e c a n t e d  o f f  a n d  t h e  s o l i d  m ass  e x t r a c t e d  w i t h
JT

a q u e o u s  ammonia ( 20  m l .  ; 1 h r .  : i n  t o t a l  d a r k n e s s  on 

a  b o i l i n g  w a t e r - b a t h ) .  The s o l i d  and  l i q u i d  m i x t u r e  was

t h e n  t r a n s f e r r e d  to  a  c e n t r i f u g e  . t u b e , t h e  e x t r a c t i o n
N / \f l a s k  r i n s e d  o u t  w i t h  a q u e o u s  ammonia (5 m l . ) ,  t h e

w a s h i n g s  a d d e d  t o  t h e  c o n t e n t s  o f  t l i e  c e n t r i f u g e  t u b e  and

t h i s  s o l u t i o n  was s a t u r a t e d  w i t h  e x c e s s  s o l i d  ammonium

s u l p h a t e .  The p r o t e i n  p r e c i p a t e  was c e n t r i f u g e d  o f f  and

t h e  c l e a r  s u p e r n a t a n t  l i q u i d  was f i l t e r e d  o f f .  The

p r o t e i n  r e s i d u e  was w a sh e d  w i t h  a q u e o u s  ammonia ( 10  m l . ) ,

t h i s  s o l u t i o n  s a t u r a t e d  w i t h  e x c e s s  s o l i d  ammonium s u l p h a t e

an d  t h e  p r o t e i n  p r e c i p i t a t e  c e n t r i f u g e d  o f f .  The c l e a r

s u p e r n a t a n t  l i q u i d  was f i l t e r e d  o f f  and  a d d e d  t o  t h e

f i r s t  s o l u t i o n .  The pH o f  t h e  c o m b in ed  s o l u t i o n s  w a s
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a d j u s t e d  t o  a b o u t  3 b y  t h e  c a u t i o u s  a d d i t i o n  o f  d i l u t e  

h y d r o c h l o r i c  a c i d .  The a c i d i f i e d  s o l u t i o n  was 

e x t r a c t e d  w i t h  l i q u i d  p h e n o l  (10  m l . )  and  t h e  p h e n o l  

w ash ed  s i x  t i m e s  w i t h  h y d r o c h l o r i c  a c i d  (30  m l .  

p o r t i o n s ) .  S m a l l  q u a n t i t i e s  o f  p h e n o l  w e re  a d d e d  f ro m  

t im e  t o  t im e  t o  k e e p  t h e  volume o f  p h e n o l  c o n s t a n t  a t  

10 m l .  The p h e n o l  s o l u t i o n  was t h e n  e x t r a c t e d  w i t h  

a n h y d r o u s  p e r o x i d e  -  f r e e  e t h e r  (50  m l . )  and w a t e r  ( 1 - 2  m l . ) .  

She  a q u e o u s  l a y e r  was w ash e d  once  w i t h  e t h e r  (50  m l . )  and 

e v a p o r a t e d  t o  d r y n e s s  i n  v a c u o  a t  room t e m p e r a t u r e .  The 

m i n u t e  q u a n t i t y  o f  s o l i d  o b t a i n e d  was d i s s o l v e d  i n  77 

a q u e o u s  ammonia and  t r a n s f e r r e d  t o  No. 1 Whatman f i l t e r  

p a p e r  by  a l t e r n a t e  s p o t t i n g  and d r y i n g  so a s  t o  f i l l  a  

s p o t  o f  a p p r o x i m a t e l y  10 u l  s i z e .  The p a p e r  was t h e n  

d e v e l o p e d  w i t h  p r o p a n o l  -  5 $  a q u e o u s  a c e t i c  a c i d  ( 2 : 1  by  

v o lu m e )  ( a s c e n d i n g ;  o v e r n i g h t ;  t o t a l  d a r k n e s s ) , 

a i r - d r i e d  and  v i e w e d  i n  365 mu u l t r a v i o l e t  l i g h t .  A 

num ber  o f  f l u o r e s c e n t  s p o t s  w ere  s e e n .

(1 )  n e a r e s t  t h e  o r i g i n ,  a  l a r g e  b r i g h t - y e l l o w  f l u o r e s c e n t  

s p o t ,  i d e n t i f i e d  a s  f l a v i n e  -  a d e n i n e  -  m o no m fcc leo t ide

( 2 ) n e x t  a  f a i n t  b l u e  f l u o r e s c e n t  s p o t ,  p r o v i s i o n a l l y  

i d e n t i f i e d  a s  2- a m i n o - 4- h y d r o x y  p t e r i d i n e - 6- c a r b o x y l i c  

a c i d
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(5 )  n e x t  a  y e l l o w  f l u o r e s c e n t  s p o t ,  i d e n t i f i e d  a s

r i b o f l a v i n

(4 )  n e x t  a  b l u e  f l u o r e s c e n t  s p o t ,  u n i d e n t i f i e d

( 5 )  f i n a l l y  a  f a i n t  f l u o r e s c e n t  s p o t ,  u n i d e n t i f i e d .

A n a l y s e s  w e r e  c a r r i e d  o u t  on  p a i r s  o f  n o r m a l  k i d n e y s  

t a k e n  f ro m  m a le  a n i m a l s  (10  a n i m a l s )  o l d e r  t h a n  s i x t e e n  

w e e k s .  The s m a l l e s t  w e i g h t  o f  k i d n e y  u s e d  was 0 . 5  g . ; 

m o s t  p a i r s  w e i g h e d  0 . 9  -  1 . 0  g .  A b u l k  e x p e r i m e n t  i n  w h ic h  

5 p a i r s  o f  k i d n e y s  ( t o t a l  w e i g h t  4 . 5 5  g . ) was a l s o  d o n e .  

I d e n t i f i c a t i o n  o f  S u b s t a n c e s  on G hrom atogram s

1 .  The b r i g h t  y e l l o w  s p o t  was e l u t e d  f ro m  t h e  c h ro m a to g ra m  

w i t h  a q u e o u s  ammonia and i d e n t i f i e d  a s  f l a v i n e  -  a d e n i n e  -  

m o n o n u c l e o t i d e  by i t s  s i m i l a r  b e h a v i o u r  t o  a  known sam p le

i n  5 s o l v e n t  s y s t e m s  [ b u t a n o l - a c e t i c  a c i d - w a t e r  ( 4 s i s 5 v o l .  

by  v o l ) ;  t e r t . - b u t a n o l - p y r i d i n e - w a t e r  ( 6 0 : 1 5 : 2 5  v o l .  by  v o l . )  

t e r t . - b u t a n o l - p y r i d i n e - w a t e r  ( 5 0 : 1 5 : 3 5  v o l .  by  v o l . ) ] .

2 .  The b l u e  f l u o r e s c e n t  s p o t  was e l u t e d  w i t h  a q u e o u s  

ammonia.  The am ount  o f  m a t e r i a l  was t o o  s m a l l  t o  a l l o w  

c o m p a r i s o n  i n  m ore  t h a n  one s o l v e n t  s y s t e m .  When 

c h r o m a t o g r a p h e d  i n  b u t a n o l - a c e t i c  a c i d - w a t e r  ( 4 : 1 : 5  v o l .  by  

v o l . )  i t  showed s i m i l a r  b e h a v i o u r  t o  a  known sa m p le  o f  

2 - a m i n o - 4 - h y d r o x y p t e r i d i n e - 6 - c a r b o x y l i c  a c i d .  The s o l v e n t  

s y s t e m  c l e a r l y  d i s t i n g u i s h e s  b e t w e e n  2- a m i n o - 4- h y d r o x y  

p t e r i d i n e - 6- c a r b o x y l i c  a c i d  and t h e  o t h e r  known p t e r i n s .



58

3 .  The y e l l o w  f l u o r e s c e n t  s p o t  was e l u t e d  w i t h  N
2

a q u e o u s  ammonia.  I t  was i d e n t i f i e d  a s  r i b o f l a v i n  by  

p a p e r  c h r o m a t o g r a p h y  w i t h  a  known sa m p le  i n  3  s o l v e n t  

s y s t e m s  [ t e r t . - b u t a n o l - p y r i d i n e - w a t e r  ( 6 0 : 1 5 : 2 5  v o l .  b y  v o l . ) ;  

t e r t . - b u t a n o l - p y r i d i n e - w a t e r  ( 5 0 : 1 5 : 3 5  v o l .  by  v o l . ) ;  

p r o p a n o l - 1 ^  a q u e o u s  ammonia ( 2 : 1  by  v o l )  ] .  X a n t h o p t e r i n  

and  r i b o f l a v i n  a r e  n o t  s e p a r a t e d  i n  t h e  i n i t i a l  p r o p a n o l -  

5i °  a q u e o u s  a c e t i c  a c i d  ( 2 : 1  v o l .  by  v o l . )  u s e d .  R i b o f l a v i n  

and  x a n t h o p t e r i n  a r e  r e a d i l y  d i s t i n g u i s h e d  b y  c h r o m a t o g r a p h y  

i n  p r o p a n o l - 1 ^  a q u e o u s  ( 2 : 1  v o l .  by  v o l . ) .  T h e i r  

Rj, v a l u e s  d i f f e r  by  c a .  0 . 2  u n i t s  and  x a n g h o p t e r i n  

f l u o r e s c e s  b r i g h t  b l u e  w h i l e  r i b o f l a v i n  f l u o r e s c e s  b r i g h t  

y e l l o w .  P a p e r  c h r o m a t o g r a p h y  o f  t h e  s e c o n d  y e l l o w  s p o t  

a f t e r  e l u t i o n  showed no s p o t  c o r r e s p o n d i n g  t o  x a n t h o p t e r i n .  

A n a l y s e s  o f  N e o p l a s t i c  T i s s u e s

P r e l i m i n a r y  a n a l y s e s  w ere  done on p r i m a r y  n e o p l a s m s  

b u t  m o s t  o f  t h e  a n a l y s e s  w e re  c a r r i e d  o u t  on t r a n s p l a n t e d  

k i d n e y  t u m o u r s .

The a n i m a l  was k i l l e d  w i t h  c h l o r o f o r m ,  t h e  n e o p l a s t i c  

t i s s u e s  d i s s e c t e d  o u t  and  c a r e f u l l y  s e p a r a t e d  f ro m  n o r m a l  

t i s s u e  and n e c r o t i c  t i s s u e .  The a n a l y s i s  was t h e n  

c a r r i e d  o u t  a s  f o r  n o r m a l  t i s s u e .  The r e s u l t s  w e re  

s i m i l a r ,  i n  t h a t  f l a v i n e - a d e n i n e - m o n o n u c l e o t i d e  and
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r i b o f l a v i n  w e r e  i s o l a t e d  and i d e n t i f i e d  a s  f o r  n o r m a l  

t i s s u e s  and x a n t h o p t e r i n  w as  fo u n d  to  be a b s e n t .  The 

b l u e  s p o t  c o r r e s p o n d i n g  t o  2 - a m i n o - 4- h y d r o x y p t e r i d i n e - 6-  

c a r b o x y l i c ,  h o w e v e r ,  was n o t  v i s i b l e  on  t h e  c h ro m a to g r a m s  

f ro m  t i s s u e  m a s s e s  o f  l e s s  t h a n  8 g r a m s - .

R e s u l t s .  t W i t h  t r a n s p l a n t e d  n e o p l a s m s ) .

Ho. o f  a n i m a l s  s Wt. o f  tum o u r  : R e s u l t s

E x p e r i m e n t  1 .  2

2 . 1

3 .  1

4 *  3

5 .  1

6 .  1

7 .  1

8 . 1

9 .  1

10. 1

Analysis of Hypertrophied Kidney

3 A d u l t  m a le  h a m s t e r s  w e re  i n j e c t e d  w i t h  2 : 4 * 5 -  

t r i a m i n o - 6- s t y r y l  p y r m i d i n e  ( 20  mg. i n  0 . 5  ml* a r a c h i s

6 . 0 8  g Ho 2 - a m i n o - 4 -
h y d r o x y p t e r i d i n e -  
6- c a r b o x y l i c  a c i d  
p r e s e n t .

2 . 5  g .

2 . 7  g .  n

8*6  g .  2- A m ino -4 -
h y d r o x y p t e r i d i n e -  
6- c a r b o x y l i c  a c i d  
p r e s e n t .

1 . 2  g .  Ho a c i d  p r e s e n t .

3 . 6  g .  "

3 . 2  g .

3 . 0  g .  ,f

4 . 5  g*

5 . 1  g .  w
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o i l  e a c h )  55 h o u r s  l a t e r  t h e y  w ere  k i l l e d  w i t h  c h l o r o f o r m  

and t h e  k i d n e y s  d i s s e c t e d  o u t .  T o t a l  w e i g h t  o f  k i d n e y s  

was 4*3 g* ( a p p r o x .  3 0 - 4 0 $  i n c r e a s e  i n  w e i g h t  o v e r  

c o n t r o l s ) .  The a n a l y s i s  was c o n d u c t e d  a s  f o r  n o r m a l  

k i d n e y s  h u t  t h e  f i n a l  c h ro m a to g ra m  was r u n  on  Whatman 

No. 3 . MM p a p e r  u s i n g  t h e  same s o l v e n t  s y s te m  a s  b e f o r e .

On a i r - d r y i n g  and v i e w i n g  th e  c h ro m a to g ra m  i n  565 mu l i g h t  

t h e  f o l l o w i n g  s p o t s  w e re  s e e n .

( 1 )  B r i g h t  y e l l o w  f l u o r e s c e n t  s p o t ,  shown by  s u b s e q u e n t  

e l u t i o n  and p a p e r  c h r o m a t o g r a p h y  t o  be f l a v i n e - a d e n i n e -  

m o n o n u c l e o t i d e .

(2 )  A b l u e  f l u o r e s c e n t  s p o t ;  t h i s  c o u l d  n o t  b e  e l u t e d  

f ro m  t h e  p a p e r  c h ro m a to g ra m  by  l a r g e  a m o u n t s  o f  ^  

a q u e o u s  ammonia and  was t h e r e f o r e  n o t  i d e n t i c a l  w i t h  

2- a m i n o - 4- h y d r o x y p t e r i d i n e - 6- c a r b o x y l i c  a c i d  w h ic h  i s  

r e a d i l y  e l u t e d .

(5 )  A y e l l o w  f l u o r e s c e n t  s p o t  w h ic h  c o u l d  n o t  be  e l u t e d  
Nw i t h  a q u e o u s  ammonium h y d r o x i d e .

(4 )  A y e l l o w  f l u o r e s c e n t  s p o t ,  w h ich  was shown t o  be  

r i b o f l a v i n  by  e l u t i o n  and s u b s e q u e n t  p a p e r  c h r o m a t o g r a p h y .  

No x a n t h o p t e r i n  w as  p r e s e n t ,  ( d i f f e r e n t i a t i o n  b e tw e e n  

x a n t h o p t e r i n  and r i b o f l a v i n  i n  p r o p a n o l  1$  a q u e o u s  

ammonia ( 2 : 1  v o l .  by  v o l . ) ) .
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(5 )  An u n i d e n t i f i e d  b l u e  f l u o r e s c e n t  s p o t .

(6 )  An u n i d e n t i f i e d  y e l l o w  f l u o r e s c e n t  s p o t .

(7 )  A l a r g e  y e l l o w  f l u o r e s c e n t  s p o t  i d e n t i c a l  ( p a p e r  

c h r o m a t o g r a p h y )  w i t h  t h e  p r o d u c t  o f  warm ing  2 : 4 : 5 - t r i a m i n o -  

6 - s t y r y l  p y r i m i d i n e  w i t h  ^  a q u e o u s  ammonia s o l u t i o n .

S i n c e  i t  was p o s s i b l e  t h a t  s p o t s  2 and  3 c o u l d  h a v e  

c o n c e a l e d  a  2 - a m i n o - 4 - h y d r o x y p t e r i d i n e - 6 - c a r b o x y l i c

a c i d  s p o t  t h e  e l u a t e s  w e re  c a r e f u l l y  examinedi b y  p a p e r  

c h r o m a t o g r a p h y  f o r  t r a c e s  o f  t h i s  a c i d .  Hone c o u ld  be  

d e t e c t e d .
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E x p e r i m e n t a l  A h i m a l s

l l i e  n o r m a l  g o l d e n  h a m s t e r s  u s e d  w e re  b r e d  f ro m  a  s t o c k  

g i v e n  by  t h e  C h e s t e r  B e a t t y  R e s e a r c h  I n s t i t u t e .  They 

w e r e  kepjb i n  a n  a i r - c o n d i t i o n e d  room ( 2 2 ° - 2 4 °  C . )  and  

w e r e  f r e e  f rom  e x t e r n a l  and  i n t e r n a l  p a r a s i t e s .  D i e t  

c o n s i s t e d  o f  m i l k  p o w d e r ,B em a x ,  r a t  n u t - c a k e ,  g r a i n  

(w h o le  r i c e ,  m a i z e  and  sorghum ) g r e e n  v e g e t a b l e s  and 

c a r r o t .  A n im a l s  w i t h  t u m o u r s  ( p r i m a r y  and t r a n s p l a n t e d )  

w e re  s u p p l i e d  f ro m  t h e  C h e s t e r  B e a t t y  R e s e a r c h  . I n s t i t u t e .  

They w e re  k e p t  u n d e r  t h e  same c o n d i t i o n s  a s  t h e  n o r m a l  

a n i m a l s .
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Photo-reduction of Pteridines
T h e  recent com m unication b y  Prof. A . A lbert1 on 

the photo-reduction o f pteridines prom pts m e to  
record another exam ple. In  the preparation o f
2 - am ino - 4-hydroxy - p terid ine -6 - a ldehyde by  th e  
m ethod o f W aller et a l .2 it  w as found th a t i f  the  
in itial decom position o f pteroyl-L-glutam ic acid to  
dihydro-2-am ino-4-hydroxy-pteridine-6-aldehyde w as  
done in th e  dark only a poor y ield  w as obtained  
(as judged b y  th e  am ount o f 2-am ino-4-hydroxy- 
pterid ine-6 -aldehyde form ed on subsequent ox id a­
tion). I f  th e  reacting solution  w as irradiated w ith  
light from  a 100-W . bulb then  a  good y ield  was 
obtained. I t  thus seem s th a t th e  decom position o f  
pteroyl-L-glutam ic acid to  th e  dihydro a ldehyde  
is a light-cata lysed  intram olecular hydrogen transfer 
from  the 9 : 10 position  follow ed b y  hydrolysis o f  
th e  resulting anil. I t  has been previously reported th a t  
pteroyl-L-glutam ic acid is decom posed b y  u ltra-violet 
light to  2-am ino - 4-hydroxy - pteridine - 6 -aldehyde3. 
The position  o f the hydrogen atom s o f th e  dihydro  
2-am ino-4-hydroxy-pteridine-6-aldehyde in  th e  pyra- 
zine ring has n ot been established ; but th is aldehyde  
w ould seem  to  be a possible interm ediate in  the  
biological synthesis o f  th e  yellow  fluorescent ©ye 
pigm ent4 o f D rosophila  and possib ly also o f th e  red 
pteridine p igm ents4. The prim ary step  in  th e  d e­
gradation o f pteroyl-L-glutam ic acid  w ould seem  to  
be hydrogen transfer intram olecularly to  the pyrazine  
ring or interm olecularly to  a su itable hydrogen  
acceptor (for exam ple, oxygen 5 or m ethylene b lu e6).

J . A . B lair
U niversity  College o f the Gold Coast,

A chim ota, Gold Coast.
D ec. 12.

1 Albert, A., Nature, 178, 1072 (1956).
- Waller, C. W.. Goldman, A. A., Angier, R. B., Boothe, J. II., Hutch­

ings, B. L., Mowat, J. I I . , and Semb, J ., J . Amer. Chem. Soc., 
72, 4630 (1950).

3 Lowry, 0 ., Bessel, 0 ., and Crawford, E., J . Biol. Chem., 180, 389
(1949).

1 Forrest, H. S., and Mitchell, II. K., J . Amer. Chem. Soc., 76, 5056 
(1954).

6 Mowat, J . H., Boothe, J . Hi, Hutchings, B. L., Stokstad, E. L. R ., 
Waller, C. W., Angier, 11. B., Semb, J ., Cosulicli, D. B., aud 
Subbarow, J ., J . Amer. Chem. Soc., 70, 14 (1948).

0 Blair, J . A., Biochem. J ., 65, 209 (1957).
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(Reprinted from Nature, Vol.  180, p. 1371 only, Dec.  14, 1957)

Pigments and Pterins in the Skin of the 
Green Mamba, Dendroaspis viridis

I t  has previously been reported th a t th e  skins of 
th e  green snakes Philotham nus sem ivariegatus and  
D ispholidus typu s  contain  riboflavin, isoxanthopterin  
and 2-am ino-4-hydroxpteridine-6-carboxylic acid1*2.
D . typu s  also contains 2-am ino-4-hydroxypteridine2 
and an unknow n yellow  p igm ent1.

A fter th is investigation  had  been com pleted, a 
single m ale specim en o f th e  green m am ba, D endroaspis 
vir id is , becam e available to  us. T he anterior and  
m iddle portions were lea f green, and th e  posterior 
portion dull yellow .

The anim al w as skinned and the skin cu t in to  th e  
green and yellow  portions.

T he yellow  skin w as extracted  w ith  50 m l. portions 
o f boiling 80 per cent aqueous ethanol, in  th e  dark, 
u n til th e  extract w as colourless. The com bined  
extracts were evaporated  to  dryness, th e  residue 
dissolved in  50 m l. o f N /4 aqueous am m onia and th e  
solu tion  filtered from  insoluble m aterial. A nalysis o f  
th is so lu tion  b y  paper chrom atography show ed the  
presence o f a yellow  non-fluorescent p ig m e n t; and, 
on view ing in  365 m g light, an additional yellow  
fluorescent substance, a purple fluorescent substance, 
a bright blue fluorescent substance and a  blue  
fluorescent substance.

The yellow  fluorescent substance w as identified as 
riboflavin b y  its  sim ilar behaviour to  an authentic  
sam ple in  three solvent system s ; pyridine/propanol/ 
w ater (3 : 1 : 1 b y  vol.) ; tert-butanol/pyrid ine/w ater  
(50 : 15 : 35 b y  vol.) ; and tert-butanol/pyrid ine/w ater  
(60 : 15 : 25 b y  vol.).

The purple fluorescent substance w as identified as 
isoxanthopterin , th e  bright blue fluorescent substance  
as 2-am ino-4-hydroxypteridine-6-carboxylic acid , and  
the blue fluorescent substance as 2-am ino-4-hydrox- 
pteridine. T his w as done b y  com paring their beha­
viour w ith  th a t o f au thentic sam ples in  th e  three 
previous so lven t system s and in  butanol/acetic  acid / 
w ater ( 4 : 1 : 5  b y  vol.) ; 5 per cent aqueous acetic  
acid, (by vol.) ; and 3 per cent aqueous am m onium  
chloride.

T he yellow  non-fluorescent substance could n ot be  
identified. I t s  chrom atographic behaviour in  butanol/ 
acetic acid /w ater (4 : 1 : 5 b y  vol.) w as sim ilar to  th at  
o f th e  unknow n yellow  pigm ent in  D . ty p u s1.



The green, portion o f the skin  w as extracted  w ith  
50 m l. portions o f  boiling 80 per cent aqueous ethanol 
until th e  ex tract w as colourless. The extracts were 
com bined, and th e  presence o f riboflavin and iso- 
xanthopterin  w as show n b y  paper chrom atography, 
as before. N o a ttem pt w as m ade to  iden tify  2-am ino- 
4-hydroxypteridine-6-carboxylic acid nor 2-am ino-4- 
hydroxypterid ine in th e  ethanolic extract. The 
yellow  non-fluorescent substance w as present.

I  am  grateful to  Mr. A. H . B ooth  o f th e  Zoology  
D epartm ent o f th is College for supplying th e  specim en  
o f D . v ir id is  ; and to  the Chemical Society  for a grant 
in  aid  o f th is investigation .

J . A . B l a i r

U n iversity  College o f Ghana,
A chim ota, Ghana, W est Africa.

1 Blair, J. A ., and Graham, J ., Biochem. J:, 66, 286 (1954).
2 Blair, J. A ., and Graham, J., Chem. and Ind.. 1158 (1955).
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(Reprinted from Nature, Vol.  181, p. 996 only, April  5 , 1958)

Metabolic Role of X anthopterin
A l b e r t 1 has suggested  th at xanthopterin  w ould  

be found in  higher am ounts in  neoplastic tissues than  
in  norm al. In  an ticipation  o f confirm ing. th is b y  
direct experim ent, w e h ave analysed for their pterin  
content, norm al k idney tissue o f th e  golden ham ster  
and transplantable neoplasm s in  the golden ham ster, 
derived from  stilboestrol-induced renal tum ours2. 
N o xanthopterin  could be found. The largest am ount 
o f tissue used w as 1 gm . o f norm al tissue and 8 gm . 
o f neoplastic tissue, and the sm allest am ount o f  
xanthopterin  th a t could be detected  b y  the paper 
chrom atographic technique used w as 0 -1  [igm.

X anthop terin  has been isolated  from  hum an  
urine3. If, how ever, xanthopterin  is present as a 
tissue m etabolite, som e o f it  should be oxid ized  to  
leucopterin  b y  xanth ine oxidase4. This exp ectation  is  
borne out b y  th e  occurrence o f leucopterin, in the  
kidney tubules o f  golden ham sters g iven  m assive  
doses o f xanth opterin5. A n analysis o f hum an urine 
fa iled  to  reveal leucopterin (which w ould h ave been  
found betw een the origin and 2 - a n a i n o - 4 - h y d r o x y -  
pterid ine-6 -carboxylic acid  in  th e  p ropanol-5  per 
cent aqueous acetic acid  (2 : 1  v /v ) so lven t system  
used)6.

K alckar et a id  found th a t xanthopterin  was n ot 
present in  freshly voided  urine, but th a t a colourless 
non-fluorescent substance w as present w hich was 
converted  to  xanthopterin  by air oxidation . F utter- 
m an and Silverm an8 found a labile substance in  
hum an urine th e  properties o f  w hich resem bled an  
unform ylated  reduced folic acid, and B lak ley 9 has  
dem onstrated th a t di- and tetra-hydrofolic acids are 
readily oxidized to  xanthopterin .

Slavik  et a l.10 found xanthopterin  in  th e  urine o f  
rats fed  tetrahydrofolic acid but show ed th a t th e  
xanthopterin  w as form ed during isolation  b y  the  
non-enzym ic oxidation  o f  tetrahydrofolic acid.

The present burden o f evidence is therefore th at  
xanthopterin  is absent from  m am m alian tissues. 
The b iological effects o f xanthopterin  in  m am m als  
should  therefore be attributed  on ly  to  th e  .disturbance 
o f  a norm al m etabolic pathw ay b y  an  artificially  
introduced substance.

A  fuller account o f th is  work w ill be published  
elsew here in  due course;

W e w ish  to  th ank  the Chemical Society  for a  grant 
in  aid o f  th is  investigation , and Prof. A . C. H addow



and  the Chester B e a tty  R esearch In stitu te  for th e  
su p p ly  o f  norm al ham sters and ham sters w ith  tum ours.

J . A . B l a i r
U n iversity  College o f G hana,

A chim ota, Ghana.
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Som e Observations on the Oxidative Degradation 
of Pteroyl-L-glutam ic Acid

B y  J. A . B L A IR
U niversity College of the Gold Coast

(Received 14 M a y  1956)

Several workers have studied th e action  o f xanthine  
oxidase on pteroyl-L-glutam ic acid (PGA). Jacob ­
son & Good (1952) claim ed th at xanth ine oxidase  
oxidized PG A  and th at the product had increased  
haem opoietic properties. Norris & Majnarich
(1949) reported th a t incubation o f xanth ine oxidase 
w ith  PG A  gave m aterial o f increased haem opoietic  
power. On investigatin g  a claim  th a t PG A  in ­
hib ited  th e  oxidation  o f  xanth ine by xanth ine  
oxidase, K alckar & K lenow  (1948) and Kalckar, 
K jeldgaard & K lenow  (1948, 1950) found th a t th is 
inhibition w as due to  traces o f 2-am ino-4-hydroxy- 
pterid ine-6 -aldehyde usually  present in  PG A , and  
th a t th is effect could be elim inated b y  incubating th e  
P G A  w ith  xanth ine oxidase. This w as show n to  be 
due to  th e  oxidation  o f  the aldehyde to  2-am ino-4- 
hydroxypterid ine-6 -carboxylic acid b y  the enzym e. 
T hey found no change in  th e grow th-prom oting  
properties o f PG A  before and after incubation  w ith  
xanth ine oxidase. R auen & W aldm an (1950), 
R auen, W aldm an & B uchka (1951) and Y am am oto  
(1954) found th a t on incubating pig-liver hom o- 
genate w ith  PGA, a bright, pale-blue fluorescent 
com pound w as formed. This w as n o t identified.

I t  seem ed desirable to  repeat th is work on the  
oxidation  o f PG A , w ith  m ilk  xanth ine oxidase at 
stage M 5 as prepared b y  A vis, B ergel & B ray (1955). 
I t  has been confirmed th a t xanth ine oxidase has 
no action  on PG A ; b ut w hen xanth ine oxidase, 
m ethylene blue and PG A  are incubated at 36-37° a t  
a p H  near neutrality , PG A  is oxidized to  2-am ino-4- 
hydroxypterid ine-6 -carboxylic acid. This oxidation  
proceeds b y  the interm ediate form ation o f 2 -am ino- 
4 -hydroxypteridine-6 -aldehyde, w hich is th en  o x i­
d ized b y  th e  xanth ine oxidase to  2 -am ino-4-hydroxy - 
pteridine-6 -carboxylic acid (Lowry, B essel & 
Crawford, 1949; K lenow , 1951). This is show n b y  the  
isolation o f th e  aldehyde as th e  m ajor product o f the  
incubation o f PG A  w ith  m ethylene blue.

M A TER IALS

Pteroyl-'L-glutamic acid. This was obtained commercially. 
By paper chromatography, with butanol-acetic acid-water 
(4:1 :5 , by vol.) as solvent, it was shown to be contaminated 
with 2 -amino-4 -hydroxypteridine-6 -aldehyde and a trace 
of 2-amino-4-hydroxypteridine-6-carboxylic acid. The 
quantitative estimation of the aldehyde was made by the

spot-area technique of Fisher, Parsons & Morrison (1948) 
and Fisher, Parsons & Holmes (1949). A portion (10 pi.) of a 
standard solution of the aldehyde (0-116 mg. in 1 ml. of 
0-5n-NH3 soln.) and 10 pi. of a solution of PGA (3-73 mg. in 
1 ml. of 0-5n-NH3 soln.) were placed on no. 1 Whatman 
paper, air-dried and developed with butanol-acetic acid- 
water (4:1:5, by vol.; ascending). After air-drying, the 
paper was viewed in ultraviolet light (365 mp.) and the blue 
fluorescent spots of aldehyde were cut out and weighed. The 
amount of aldehyde present was estimated to be about 3 % 
of the weight of PGA.

Xanthine oxidase. This was provided by the Chester 
Beatty Research Institute at stage M5 of purification 
(Avis et al. 1955), in a solution of m phosphate, pH 6 , 
containing 4 mg. of xanthine oxidase/ml. It was used 
without further purification.

2-AminoA-hydroxypteridine-Q-aldehyde. This was pre­
pared by the method of Waller et al. (1950) with the modifi­
cation that it was found necessary to irradiate the reacting 
solution with light from a lOOw lamp.

E X P E R IM E N T A L  A N D  R E SU L T S

Incubation of P G A  w ith  xanthine oxidase
A s PG A  is readily decom posed b y  light, th is and all 
other incubations w ere perform ed in  darkness. 
B lank incubations were done where necessary to  
elim inate any possible side effects.

PG A  (0-3 m l. o f a solution o f 0-3 m g./m l. in  
0-15m phosphate buffer, pH  7-7) and xanth ine  
oxidase solution  (0-1 m l.) were heated  a t 36-37°  
under aerobic conditions for 18 hr.

Paper chrom atography o f 10 pi. o f th e  d igest w ith  
b u tan ol-acetic  ac id -w ater (4 :1 :5 , b y  vol.) as 
so lven t show ed a faint pale-blue spot w ith  R F value  
close to  th a t o f 2-am ino-4-hydroxypteridine-6- 
carboxylic acid. A s judged b y  th e  size o f th e  spot 
form ed on the paper, th e  am ount o f acid form ed did  
not appreciably increase after the first hour o f  
incubation and represented less than  1 0 % o f th e  
theoretical y ield  o f carboxylic acid from  PGA.

Incubation of P G A  with xanthine oxidase 
and methylene blue

A  solution (3 m l.) o f 0-1 5m phosphate buffer, 
p H  7-7, containing 1-56 m g. o f  PG A  and 0-54 m g. o f  
m ethylene blue w as m ixed  w ith  xanthine oxidase  
solution  (1 m l.) and incubated at 36-37° under 
aerobic conditions for 18 hr.
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Paper chrom atography o f  10 pi. o f th is digest on  

no. 1 W hatm an paper w ith  b u tan o l-acetic  a c id -  
w ater (4 : 1 :5 , b y  vol.) show ed on exam ination  in  
ultraviolet ligh t a  large, bright, pale-blue sp ot w ith  
an  R f  value close to  th a t o f 2-am ino-4-hydroxy- 
pterid ine-6 -carboxylic acid, and a  sm all, faint-blue  
sp ot corresponding to  th a t o f 2-am ino-4-hydroxy- 
pteridine-6 -aldehyde. The protein  present in  the  
digest seriously interfered w ith  th e  chrom ato­
graphic behaviour o f th e  2 -am ino-4-hydroxy- 
pterid ine-6 -carboxylic acid in  other solvents. The 
bright-blue fluorescent substance w as purified by  
chrom atography on a colum n o f  cellulose powder 
(W hatm an standard grade, colum n 1 in. diam .,

14£ in. high) w ith  5 % (by vol.) aqueous acetic acid. 
The eluate containing th e  bright-blue fluorescent 
substance w as evaporated to  dryness and the 
residue taken  up in  1 m l. o f  0 -5n -N H 3 soln. D eter­
m ination  o f th e  u ltraviolet spectrum  o f th is fluor­
escent substance in  O-lN-NaOH show ed two 
m axim a, a t 261 and 361 m p. 2-A m ino-4-hydroxy- 
pterid ine-6 -carboxylic acid has tw o m axim a, at 
262 and 365 m p . (Mowat et al. 1948). The id en tity  of 
the bright-blue fluorescent substance as 2 -am ino-4 - 
hydroxypterid ine-6 -carboxylic acid  was confirmed 
b y  com parison o f its  chrom atographic behaviour 
w ith  th at o f an authentic sam ple o f  th e  acid  
(Table 1).

T able 1. Identification of oxidation products of P G A  by means of p aper chromatography
A volume (5 pi.) of the solution of the unknown and of the standard were run on the same chromatogram. Temp. 

25-28°. Spots were viewed in ultraviolet light (365 mp.). Rjf

Butanol-acetic acid-water (4:1:5, by vol.)“
Propanol-5 % acetic acid (2 :1, v/v )6 
5% acetic acid6 
3% ammonium chloride®
tert.-Butanol-pyridine-water (60:15:25, by vol.)d 
tert.-Butanol-pyridine-water (50:15:35, by vol.)d 
Pyridine-propanol-water (3:1:1, by vol.)d

* RF values in this solvent are much affected by the time of equilibration. The value given is for solvent which has been 
equilibrated with the aqueous phase for 1 month. An RF value of 0-22 is obtained if the solvent is equilibrated for 3 days, 

f  Blue spot in the digest coincided with methylene blue spot.
0 Good & Johnson (1949) 6 Forrest & Mitchell (1954). c Renfrew & Platt (1950) d Forrest & Todd (1950).

2-Amino- r f
Rf 4-hydroxy- 2-Amino-

Bright light-blue pteridine- Rf 4-hydroxy-
fluorescent 6 -carboxylic Blue fluorescent pteridine-
substance acid substance 6 -aldehyde

0 -12* 0-12 0-33 0-33
0-23 0-23 0-46 0-46
0-49 0-49 0-52 0-52
0-59 * 0-59 0-43 0-43
0-09 0-09 0-27| 0-28f
0-22 0-22 0-54 0-54
0-26 0-26 0-55 0-55

OH

It. CO NH.CH, Ho transfer

NHo
to methylene blue 

thence to 0 9

( I )

OH

R . C O ^ ^  N =  CH
H ,0

"N N NH,
(II)

OH

R .C O ^ J N H , + OHC^NV ^ N

Ix'"" N^NHa 
(IV)

Xanthine
oxidase

(III)
OH

HOoC

(V)

N
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Q uantitative estim ation  o f  th e  acid w as carried  
out as follow s. A  portion (10 /zl.) o f the d igest and  
10 pi. o f  a so lu tion  o f 2-am ino-4-hydroxypteridine- 
6 -carboxylic acid  (0-1 m g./m l. o f  0 -5n -N H 3 soln.) 
were placed on W hatm an no. 1 paper, air-dried and  
developed w ith  bu tan o l-acetic  acid -w ater (4 :1 :5 , 
b y  v o l .; ascending). The paper w as air-dried, view ed  
in u ltraviolet light and th e  bright, pale-blue spots  
were cut out and w eighed (Fisher et al. 1948, 1949). 
The y ield  o f acid w as about 60 % o f th e  theoretical 
y ield  from PGA.

Incubation of methylene blue and P G A

A  solution  (4 m l.) o f 0T 5m  phosphate buffer, 
p H  7-4, containing 1-84 m g. o f  PG A  and 1-04 m g. o f  
m ethylene blue, w as incubated  a t 36-37° under 
aerobic conditions for 18 hr. Paper chrom ato­
graphic analysis o f 10  pi. o f the d igest w ith  b u ta n o l-  
acetic acid -w ater (4 :1 :5 , b y  vol.) show ed only a  
sm all spot corresponding to  2-am ino-4-hydroxy- 
pteridine-6 -carboxylic acid  (R F va lue 0-12), b u t a 
large blue fluorescent spot o f  R F 0-33. T his blue  
fluorescent substance w as identified as 2-am ino-4- 
hydroxypterid ine-6 -aldehyde b y  its  identical chro­
m atographic behaviour in  seven  different so lven t 
system s w ith  a  know n specim en o f th e  aldehyde  
(Table 1). The y ield  o f aldehyde, estim ated  as 
before, was about 65 % o f th e  theoretical y ield  from  
PG A .

D ISC U SSIO N

A  reaction schem e for the oxidation  o f PG A  (I) to  
2 -am ino-4-hydroxypterid ine-6 -carboxylie acid (V) 
b y  xanth ine oxidase and m ethylene blue is g iven  
on p. 2 1 0 .

[R  represents H 0 2C . [CH2]2. C H (C 02H ) . N H -.]

Compounds o f  th e  typ e  (I) readily transfer 
hydrogen to  su itable hydrogen acceptors and form  
anils [corresponding to  (II)] w hich are readily  
hydrolysed  b y  w ater to  th e  corresponding am ine 
and aldehyde (Mowat et al. 1948). Such dehydro­
genation  and hydrolysis explains th e  aerobic 
alkaline hydrolysis o f PG A  to  2-am ino-4-hydroxy- 
pterid ine-6 -carboxylic acid  (Mowat et al. 1948) and  
th e  sulphurous acid  cleavage o f  PG A  to  the dihydro- < 
2-am ino-4-hydroxypteridine-6-aldehyde (W aller et 
al. 1950). 2-A m ino-4-hydroxypteridine-6-aldehyde  
(TV) is th en  oxid ized  to  th e  corresponding carboxylic  
acid (V) b y  xanth ine oxidase (Lowry et al. 1949; 
K lenow , 1951). T his ox idation  m ay  also be effected  
b y  liver aldehyde oxidase (K alckar et al. 1950).

As the incubation o f PG A  w ith  xanth ine oxidase  
show s, the enzym e is w ithout effect on PG A . The 
sm all am ount o f carboxylic acid form ed in th is  
experim ent w as derived from  th e aldehyde present 
as an im purity in th e  PGA.

SUM M ARY

W hen pteroy 1 - l  - glutam ic acid is incubated  w ith  
xanth ine oxidase and m ethylene blue it  is oxidized  
to  2-am ino-4-hydroxypteridine-6-earboxylic acid. 
This reaction proceeds b y  th e  dehydrogenation and  
hydrolysis o f pteroyl-L-glutam ic acid to  2-am ino-4- 
hydroxypterid ine-6 -aldehyde w hich is then  oxidized  
b y  th e  enzym e to  2-am ino-4-hydroxypteridine-6- 
carboxylic acid.

We wish to thank Professor A. Haddow and Mr R. C. Bray 
for the gift of xanthine oxidase, and the Chemical Society 
for a grant.
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Isolation of isoXanthopterin from  Human Urine

B y  J . A . B L A IR
U niversity College of Ghana, Ghana, W est A frica

(.Received 20 A ugust 1957)

The pterins xanthopterin  (2-am ino-4:6-dihydroxy- 
pteridine) (K oschara, 1936) and biopterin (2- 
am ino - 4 -h yd roxy -6 - [ l : 2-dihydroxypropyl - ( l -ery- 
thro)] -pteridine) (Patterson, Saltza & Stokstad, 
1956) have been  isolated  from  hum an urine. I t  has 
been suggested  th a t th e  pterins 2-am ino-4-hydroxy- 
pterid ine-6 -carboxylic acid, 2-am ino-4-hydroxy- 
pteridine and isoxanthopterin  (2-amino-4:7-di- 
hydroxypterid ine) are products o f catabolism  o f  
pteroyl-L-glutam ic acid (Blair & Graham, 1955). I t  
has also been show n th a t pteroyl-L-glutam ic acid is 
converted b y  m ethylene blue and xanth ine oxidase  
into 2 -am ino-4 -hydroxypterid ine-6 -carboxylic acid  
(Blair, 1957). I t  seem ed desirable, therefore, to  
exam ine hum an urine further.

W hen freshly voided  adult m ale urine was 
analysed, as described below , a sm all q uantity  o f a 
purple fluorescent substance could be isolated. On 
further purification th is substance w as show n to  be 
isoxanthopterin , b y  its  sim ilar behaviour to  an  
au thentic sam ple in  s ix  so lven t system s.

N o 2 -am ino-4 -hydroxypteridine-6 -carboxylic acid  
could be isolated  from  freshly voided hum an  
urine. If, how ever, sam ples were allow ed to  stand, 
or i f  th e  analysis was unduly protracted, a brigh t- 
blue fluorescent substance could be isolated. This 
w as n o t separable from  2-am ino-4-hydroxypterid- 
ine-6 -carboxylic acid in  five different solvent 
system s. I t  w as assum ed th a t th is acid was 
derived from  th e decom position o f biopterin  in 
the urine.

T he m ethod  used  w as not su itable for th e  iso la­
tion  o f  2-am ino-4-hydroxypteridine.

E X P E R IM E N T A L

Cone. HC1 (25 ml.) was added to adult male urine 
(250 ml.) which had been freshly voided into a flask con­
taining a trace of phenol. The urine was then extracted 
with liquid phenol (50 ml.; Cranmer, 1948) and the phenol 
layer shaken up with water (25 ml.) and ether (100 ml.). 
The aqueous layer was washed twice with ether (100 ml. 
portions) and then evaporated to dryness under reduced 
pressure.

The residue was dissolved in water (5 ml.) and a few 
drops of aq. NH3were added until the solution was alkaline. 
The solution was filtered and evaporated to dryness 
under reduced pressure and the residue dissolved in aq. 
0-5n-NH3 (0-5 ml.).

The dark-brown, syrupy liquid was spotted on Whatman 
no. 3MM paper so that it filled a rectangle 3 in. x 1 in. The 
paper was then developed (descending, overnight, in dark­
ness) with propanol-5 % acetic acid (2:1, v/v), air-dried 
and viewed in 365 mp, fight.

Three fluorescent areas could be seen: nearest the origin, 
a well-defined purple-blue band (1); next, a bright-yellow 
band (2 ); finally, a smaller yellow band (3). After the third 
yellow band the chromatogram was badly streaked. The 
first band was cut out and eluted with aq. 0-5n-NH3. 
Further purification by chromatography, with no. 3 MM 
paper and tert.-butyl alcohol-pyridine-water (50:15:35, 
by vol.), resolved this into three subsidiary bands. The 
eluate of the middle band (RF 0-3-0-4) was chromato­
graphed on no. 1 Whatman paper with propanol-aq. 1 % 
NH3 (2:1, v/v). Finally the eluate from this last chromato­
gram was evaporated to dryness under reduced pressure 
and the residue dissolved in aq. 0-5n-NH3 (0-05 ml.). This 
solution was used for identification.

The purple fluorescent substance showed identical 
chromatographic behaviour on Whatman no. 1 paper with 
that of an authentic sample of isoxanthopterin, in butanol- 
acetic acid-water (4:1:5, by vol.; Good & Johnson, 1949), 
propanol-5 % acetic acid (2:1, v/v; Forrest & Mitchell, 
1954a), propanol-1 % aq. NH3 (2:1, v/v; Hadorn & 
Mitchell, 1951), propanol-N-HCl (2:1, v/v; Forrest & 
Mitchell, 19546), and ferf.-butyl alcohol-pyridine-water 
(50:15:35, by vol.; Forrest & Todd, 1950).

With tert.-butyl alcohol-pyridine-water (60:15:25, by 
vol.; Forrest & Todd, 1950) a difference of 0-06 was found 
in the RF values of the unknown and isoxanthopterin. 
A mixture of the unknown and isoxanthopterin, however, 
did not separate into two spots and had a similar RF to the 
unknown. This difference in RF values of the unknown and 
isoxanthopterin is therefore due to the presence of im­
purities.

An additional amount of isoxanthopterin could be ob­
tained by eluting band (2) and purifying it as before. In 
one experiment band (1) did not appear and isoxantho­
pterin was isolated from band (2 ).

For each identification 5/xl. of solution was used and the 
dried papers were viewed in 365 m/a fight. Papers were 
also viewed in 254 mp. fight. This was less satisfactory as 
these pterins do not fluoresce so brilliantly as in 365 mp. 
fight.

If the samples of urine were allowed to stand, or if the 
preliminary stages of the analysis were protracted, an 
additional bright blue band was found between band (1) 
and the origin. This band was eluted with aq. 0-5n-NH3. 
It was not separable from authentic 2-amino-4-hydroxy- 
pteridine-6 -carboxyfic acid in five solvent systems. It was 
probably, therefore, 2-amino-4-hydroxypteridine-6-carb- 
oxyfic acid formed from the decomposition of biopterin.
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Fig. 1. Catabolism of pteroyl-L-glutamic acid. R represents HOaC-tCHaJj-CH^OaHpNH-.

D ISC U SSIO N

I t  has been suggested  th a t pteroyl-L-glutam ic acid  
is catabolized in  th e  body by som e y e t  unknow n  
route (W illiam s, E akin , B eerstecher & Shive, 1950). 
I t  is now suggested  th a t th e  catabolism  o f pteroyl- 
L-glutamic acid proceeds as in  F ig. 1.

E vidence for th e  conversion ofpteroyl-L -glutam ic  
acid in to  2-am ino-4-hydroxypteridine-6-carboxylic  
acid b y  processes o f  dehydrogenation, hydrolysis  
and enzym ic oxidation  has been described in  a 
previous paper (Blair, 1957).

T he pterins 2-am ino-4-hydroxypteridine-6-carb- 
oxylic  acid, 2-am ino-4-hydroxypteridine and iso ­
xanthopterin  are w idely d istributed in  N ature  
(Forrest, V an B aalen  & M yers, 1957; V iscontini, 
K u hn & E gelhaaf, 1956; Forrest & M itchell, 1955; 
V iscontin i, Schm id & H adorn, 1955; V iscontini, 
Loeser, Karrer & H adorn, 1955; N aw a & Taira, 
1954; H am a, 1953; B usnel & Drilhon, 1949; for 
earlier references see B lair & Graham, 1955).

2 - A m ino - 4 -hy droxypteridine - 6 - carboxylic acid  
can be decarboxylated  by heat (Forrest & M itchell, 
19546) or b y  u ltraviolet light (Lowry, B essey  & 
Crawford, 1949 a; V iscontin i, Loeser & E gelhaaf, 
1956) to  2-am ino-4-hydroxypteridine; and th is can  
be oxidized b y  xanth ine oxidase to  ^soxanthopterin 
(Lowry, B essey  & Crawford, 19496).

I t  is therefore reasonable to  suppose th at these  
three pterins are interm ediate in  th e biological 
degradation of pteroyl-L-glutamic acid. The iso la­

tion  o f  'isoxanthopterin from  hum an urine supports 
th is schem e. Further work is in  progress.

SUM M ARY

1. isoX anthopterin  has been isolated  from 
hum an urine.

2. 2 - Am ino - 4 - h y  droxypteridine - 6 - carboxylic 
acid could n o t be iso lated  from  freshly voided 
hum an urine.

3. A  schem e for the catabolism  o f  pteroyl-L- 
glutam ic acid is suggested.

We wish to thank the Chemical Society for a grant and 
Professor I). H. R. Barton, F.R.S., for accommodation 
during the long vacations in 1956 and 1957.
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The P igm ents of Snake Skins
1 . T H E  ISO LA T IO N  OF R IB O F L A V IN  AS A  PIG M E N T  OF T H E  SK IN S  OF T H E  

G R E E N  SN A K E S P H IL O T H A M N U S  S E M IV A R I E G A T U S  
A N D  D IS P H O L I D U S  T Y P U S

B y  J . A . B L A IR  a n d  J . GRAHAM  
U niversity College of the Gold Coast

(.Received 14 A ugu st 1953)

I t  is frequently noted  th a t w hen w hole snakes or 
their skins are preserved b y  im m ersion in  40 % 
form alin solution, a greenish yellow  colour is im ­
parted to  th e  solution, and th a t th is effect is 
particularly m arked w ith  green snakes. A  survey of 
the literature show ed that no previous work had  
been done on snake-skin pigm ents.

E xtraction  w ith  absolute ethanol o f th e  skins, 
freed from  organs, o f specim ens o f th e  green snakes 
Philotham nus sem ivariegatus and D ispholidus typu s  
gave  yellow  solutions w hich had a greenish fluor­
escence in  daylight. The am ount o f p igm ent ob ­
ta in ed  w as too  little  for a rigorous, chem ical id en ti­
fication, but th e  general chem ical properties o f th e  
extract from  P . sem ivariegatus suggested  th a t  
riboflavin w as present. M ethods for th e  identifica­
tion  o f riboflavin b y  paper chrom atography have  
been published (Forrest & Todd, 1950; Crammer, 
1948), and use on th e  snake-skin extracts o f th e  
developing solven ts described b y  th ese authors 
show ed th a t riboflavin w as the only p igm ent 
present in  th e  extract from  P . sem ivariegatus, and  
th a t riboflavin and another, unidentified, yellow  
pigm ent were present in th e  extract from  D . typus. 
Comparison o f th e  u ltraviolet absorption spectra on 
paper (Bradfield & F lood, 1952) o f th e  yellow  p ig ­
m ent from  P . sem ivariegatus and o f riboflavin  
show ed th a t th ey  were identical.

T he skin o f b oth  specim ens after extraction  was 
bluish grey and th is residual colouring m atter could  
only be obtained b y  warm ing w ith  0 -01  n  sodium  
hydroxide solution , w hen th e  extracted  skin  
turned black. In vestigation s on th is p igm ent and  
on th e  yellow  pigm ent from  D . typu s  are proceeding.

E X P E R IM E N T A L

The organ-free skin of a specimen of P. semivariegatus was 
extracted in the dark with absolute ethanol in a Soxhlet 
extractor, the solution was then cooled and filtered from 
insoluble matter. Although no pigment could be isolated 
from this solution, its yellow colour, strong, green fluor­
escence in daylight, and the ready loss of both colour and 
fluorescence on irradiation in sunlight or on addition of 
dilute acid, dilute alkali, or.NaHS03 suggested that the 
pigment present was riboflavin.

The organ-free skin of a specimen of P. semivariegatus was 
extracted in the dark with a mixture of water: pyridine: n- 
propanol (1:3:1, v/v throughout) (50 ml.) on a steam bath 
(45 min.), cooled, and filtered from insoluble material. The 
solution was yellow with a green fluorescence in daylight. 
Similar extraction of the skin of a specimen of D. typus gave 
a yellow solution with only a faint green fluorescence in day­
light. Paper chromatography of these extracts and of a

xo xo

©  o
Y o  ®  O r

Fig. 1. Paper chromatogram developed with water: 
pyridine: n-propanol (1:3:1, v/v) and solvent allowed to 
drip off lower edge of paper. Spots A-C, E -I and X, were 
colourless, showing the following fluorescences in u.v. 
light: A, G, X, yellow; B, grey; C, bluish grey; E, H, 
light-blue; F, I, bluish violet. R and Y were yellow in 
daylight, fluorescing yellow in u.v. light. R and Y (fifth 
column) faded on exposure to daylight, Y in third column 
did not. No spots were visible in daylight or in u.v. light 
in the sixth and seventh columns.
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saturated solution of riboflavin in the water: pyridine: n- 
propanol solvent on descending chromatograms of Whatman 
no. 1 paper irrigated with this solvent (Forrest & Todd, 
1950) showed that each extract gave a number of colourless 
spots which fluoresced in ultraviolet light and a yellow spot 
which travelled at the same speed as the riboflavin spot.

To show that none of the other substances found in the 
snake-skin extracts was a decomposition product of ribo­
flavin due to irradiation or chemical treatment of the extract, 
solutions of authentic riboflavin solutions were treated as 
follows.

A saturated solution of riboflavin in water: pyridine: re- 
propanol was irradiated in tropical sunlight (4-5 hr.). Half

BO

C O

D O

KO

gO

hO
I CD

E O  rQ  jO

AO

Fig. 3.Fig. 2 .

Fig. 2. Paper chromatogram developed with re-butanol: 
acetic acid:water (Crammer, 1948) for 20 hr. Solvent 
front marked by dotted line. Spots A -J were colourless, 
showing the following fluorescences in u.v. light: A, D, 
F, H, bluish violet; B, yellow; C, G, I, light-blue; E, 
yellow, becoming greyish yellow; J, yellow, becoming 
greyish, then light-blue. K was yellow, did not fade in 
daylight, nor did it fluoresce. R was yellow, fluorescing 
yellow, and becoming greyish yellow on prolonged u.v. 
irradiation.

Fig. 3. Paper chromatogram developed with feri.-butanol: 
pyridine: water (50:15:35, v/v) for 34 hr. Solvent front 
marked by dotted line. Spots A-D, G-I were colourless, 
showing the following fluorescences in u.v. light: A, 
yellow; B, D, G, I, light-blue; C, H, bluish violet. E, J and 
R had the properties of R in Fig. 1, F of spot K in Fig. 2.

of this solution was retained (solution 1); the remainder was 
warmed on a steam bath in the dark (45 min.) (solution 2). 
A saturated solution of riboflavin in distilled water was 
irradiated in tropical sunshine (4-5 hr.). Pyridine (6 ml.) 
and re-propanol (2 ml.) were added to this solution (2 ml.). 
Half of it was kept (solution 7); the remainder was warmed 
on a steam bath in the dark (45 min.) (solution 6).

Paper chromatography of these four solutions, the two 
snake-skin extracts, and a saturated solution of riboflavin 
in w ater: pyridine: re-propanol (0-02 ml. of each solution) by 
the descending method on Whatman no. 1 paper gave the 
chromatogram in Fig. 1 which shows that none of the sub­
stances obtained from the snake-skin extracts was derived 
from riboflavin by decomposition (spot G appeared only 
after the extract had been kept for several days), and that 
both snake-skin extracts contained a substance, the be­
haviour of which in the solvent system was identical with 
that of riboflavin. It was noted that the spot Y in column 3 
(extract of D. typus) did not lose its yellow colour on ex­
posure to light as did the riboflavin spot. Use of other 
solvent systems showed that this spot could be resolved into 
riboflavin and a second, non-fluorescent, yellow pigment.

Paper chromatography of the snake-skin extracts and a 
saturated solution of riboflavin in water: pyridine: n- 
propanol (0-02 ml. of each solution spotted on paper and 
air-dried) by the descending method on Whatman no. 1 
paper using re-butanol:acetic acid:water (Crammer, 1948) 
and tert.-butanol:pyridine: water (50:15:35, v /v; Forrest & 
Todd, 1950) as developing solvents gave chromatograms, 
Figs. 2 and 3, which show that the extract of P. semivarie­
gatus contains only one yellow pigment, which is identical 
with riboflavin, and that the extract of I), typus contains 
two yellow pigments, one of which is identical with ribo­
flavin.

A paper chromatogram of the extract of P. semivariegatus 
and a saturated solution of riboflavin in water:pyridine:re­
propanol was developed with this solvent and the paper was 
air-dried (1 hr.) and then dried at 100° (45 min.). The ribo­
flavin and yellow-pigment spots were cut off the paper and 
their ultraviolet absorption spectra were determined on the 
paper by the method of Bradfield & Flood (1952). The 
absorption maxima were for the yellow pigment, 260 and 
370 m/x.; and for riboflavin, 260 and 360 m/a.

SUM M ARY

1. R iboflavin  occurs as a yellow  pigm ent in the  
skins o f the green snakes Philotham nus sem ivarie­
gatus and D ispholidus typus.

2. A nother yellow  p igm ent occurs in the skin o f  
D . typus.

3. B oth  skins also contain  a p igm ent w hich is 
extractable b y  0-01 n  sodium  hydroxide solution.

The authors wish to thank Mr A. H. Booth o f the Zoology 
Department of the University College of the Gold Coast for 
bringing this problem to their notice, and for assistance in 
supplying and identifying the snakes.
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IDENTITY OF PTERINS PRESENT IN SNAKE 
SKINS

By J. A. Blair and J. Graham
Chemistry Department, University College o f  the Gold Coast, 

Achimota, Gold Coast

When the organ- and fat-free skins of the green 
snakes, Philothamnus semivariegatus and Dispholidus 
typus (Boomslang), are extracted with portions of 8o% 
aqueous ethanol and the combined extracts chromato­
graphed on Whatman No. I Paper, three distinct spots 
are seen when the chromatogram is viewed in ultra­
violet light. One fluoresces yellow, one purple and the 
third a bright sky-blue. In daylight none of these is 
visible but when a more concentrated solution is used 
the spot which fluoresces yellow is visibly yellow. This 
has previously been identified as riboflavin.1

The purple fluorescing substance has now been 
identified as woxanthopterin by its similarity in chro­
matographic behaviour in six different solvent systems 
to an authentic specimen (3% aqueous ammonium 
chloride,2 5% aqueous acetic acid,3 w-butanol-acetic 
acid-water ( 4 : 1 : 5  v/v upper phase),4 pyridine-n- 
propanol-water ( 3 : 1 : 1  v/v),5 rerr.-butanol-pyridine- 
water (50 : 15 : 35 v/v),5 rm.-butanol-pyridine-water 
(60 : 15 : 25 v/v)5 and the bright sky-blue fluorescing 
substance as 2-amino-4-hydroxypteridine-6-carboxylic 
acid by comparison with an authentic specimen in the 
same six solvent systems and in n-propanol-5% acetic 
acid (2 : 1 v/v)3 and dimethylformamide-formic acid- 
water ( 8 : 1 : 1  v/v).

When the combined extracts from Dispholidus typus 
are evaporated to dryness and the residue taken up in 
o-5N-NH4*OH, a paper chromatogram of this solution 
shows another spot fluorescing light blue in ultra-violet 
light. This substance has been identified as 2-amino- 
4-hydroxypteridine by comparison with an authentic 
sample in the eight solvent systems listed above.

Subsequent to the time when these observations 
were made, Karrer reported the presence of riboflavin, 
zsoxanthopterin, 2 - amino - 4 - hydroxypteridine - 6 - car - 
boxylic acid and 2-amino-4-hydroxypteridine in Droso­
phila.6 Previously, isoxanthopterin has been detected 
in butterfly wings,7 the skin of Rana nigromaculata 8 
the larvae of Bombyx m ori8' 9 identified with meso- 
pterin,10 and recognised as a component of fluores- 
cyanin.9

It is conceivable that 2-amino-4-hydroxy pteridine- 
6-carboxylic acid (I) and 2-amino-4-hydroxypteridine 
(II) are intermediates in the biological degradation of 
pterins, e.g. folic acid, to the relatively inert end- 
product of metabolism, ^xanthopterin (III). Also
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since the flavoprotein enzyme xanthine oxidase will 
convert 2-amino-4-hydroxypteridine to zsoxanthopterin 
in vitro,11 it may exercise the same function in vivo in 
addition to its role as remover of xanthine and hypo- 
xanthine from the general metabolic pool of purines. 
If so, inhibition of xanthine oxidase12 would bring about 
an abnormal increase in cellular concentration of 
2-amino-4-hydroxypteridine, as well as of xanthine and 
hypoxanthine. Further, since it is known that 2-amino- 
4-hydroxypteridine stimulates mitosis and cell division 
in the epitheluim of the renal tubes, it is possible that 
this substance is concerned in the general process of 
mitosis and cell division.

We are very grateful to Prof. R. Tschesche for gifts 
of zsoxanthopterin and 2-amino-4-hydroxypteridine-6- 
carboxylic acid and to Prof. A. Albert and Dr. D. Brown 
for the gift of 2-amino-4~hydroxypteridine.
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