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SUMMARY.

E x t r a c t i o n  y i e l d s  o f  o o b a la m in s  w ere exam ined  w ith  

t i s s u e s  c o n ta in in g  b o th  i n c o r p o r a te d  and ad d ed  r a d i o a c t i v e  

v i ta m in  B-j_2 (^ ^ O o .v i t .B ^ ^ )  and p ro n a s e  u se d  t o  i n c r e a s e  

th e  y i e l d s  from  ca* 65 -  75^  by i t s  p r o t e o l y s i s  o f  th e  

v i ta m in  b i n d e r s .  P ro n a s e  i t s e l f  was how ever fo und  t o  

be a  s o u rc e  o f  v i ta m in  B^g and th u s  i t s  u s e  was d i s ­

c o n t in u e d .

The e x t r a c t e d  c o b a la m in s  w ere s e p a r a te d  by s i l i c a  g e l  

t h i n - l a y e r  c h ro m a to g ra p h y  and th e  ch rom atogram s d e v e lo p e d  

by t h e  s ta n d a r d  b io a u to g ra p h y  a s s a y ,  u s in g  a n  E s c h e r ic h ia  

c o l i  m u ta n t , w h ich  was v i ta m in  d ep en d e n t f o r  g ro w th .

An unknown c o b a la m in  w hich  was e n c o u n te re d  d u r in g  

th e s e  a s s a y s  was exam ined  by io n -e x c h a n g e  ch ro m a to g ra p h y  

and  l i g h t - s e n s i t i v i t y  an d  i d e n t i f i e d  a s  a r t e f a o t u a l  

s u l p h i t e  Bj p ,  p ro d u ce d  from  h y d ro x o  B^g*

To p r e v e n t  t h i s  c o n v e r s io n  pH c o n t r o l  o f  t h e  e x t r a c t i o n  

u s in g  a  b ic a r b o n a te  b u f f e r  was a tte m p te d  b u t m et w ith  

l i t t l e  s u c c e s s ,  b e c a u se  o f  t h e  e a se  o f  f o rm a t io n  o f  

s u l p h i t e  B^g and th e  i n a b i l i t y  t o  m a in ta in  t h e  b u f f e r e d  

c o n d i t i o n s  th ro u g h o u t  t h e  e x t r a c t i o n .

P r e - c o n v e r s io n  o f  th e  h y d ro x o  B^g t o  ammonia B^g 

w i th  an ammonia b u f f e r  sy s tem  was s u c c e s s f u l  i n
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e l i m in a t i n g  th e  a r t e f a c t ,  and  m o reo v e r p ro d u c e d  a  

c o b a la m in  w h ich  was i n d i s t i n g u i s h a b l e  from  h y d ro x o  

on ch ro m a to g ra p h y  i n  ammonia c o n ta in in g  s o lv e n t  sy s te m s .

The l i g h t  s e n s i t i v i t i e s  o f  t h e  'n a t u r a l l y  * o c c u rr in g -  

c o b a la m in s  w ere e s t im a te d  u n d e r  c o n t r o l l e d  l i g h t  e x p o su re  

c o n d i t i o n s  t o  e s t a b l i s h  th e  m ost s u i t a b l e  m ethod f o r  

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

The fo rm s o f  v i ta m in  i n  i te m s  o f  d i e t  w ere fo u n d  

by th e  c h ro m a to g ra p h ic  and b io a u to g r a p h ic  a n a l y s i s  o f  

t i s s u e  e x t r a c t s  and  a  d e g re e  o f  q u a n t i t a t i o n  o f  r e s u l t s  

in t r o d u c e d  by e x a m in a tio n  o f  a  s e r i e s  o f  e x t r a c t  d i l u e n t s ,  

D i s t i n c t  v a r i a t i o n s  w ere  e v id e n t  i n  th e  fo rm s o f  v i ta m in  

B f 2 i s o l a t e d  i n  th e  t h r e e  c a t e g o r i e s  o f  f o o d s t u f f s  

ex am in ed , nam ely  d a i r y  p ro d u c e , m eat & p o u l t r y  (m u sc le  

t i s s u e )  and f i s h .
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INTRODUCTION.

The p u rp o se  ox t h i s  i n t r o d u c t i o n  i s  n o t t o  p r e s e n t  a  

l e n g th y ,  d e t a i l e d  and c r i t i c a l  rev ie w  o f  some o f  t h e  

th o u s a n d s  o f  p a p e r s  on v i ta m in  B^2 w hich  have  b een  

p u b l is h e d  i n  t h e . l a s t  tw e n ty  se v e n  y e a r s ,  b u t  r a t h e r  t o  

o u t l i n e  b r i e f l y  th o s e  a s p e c t s  o f  th e  d e v e lo p in g  know ledge 

o f  v i ta m in  Bqg, w hich  a r e  r e l e v a n t  t o  th e  s u b j e c t  m a t t e r  

o f  t h i s  t h e s i s *  B or t h i s  r e a s o n  a  g r e a t e r  d ep en d en cy  h a s  

b e en  p la c e d  on m onographs and  rev ie w  a r t i c l e s  r a t h e r  th a n  

o r i g i n a l  p a p e rs  d e a l in g  w ith  a  r e l a t i v e l y  r e s t r i c t e d  

a s p e c t ,  u n l e s s  t h i s  h a s  b een  c o n s id e r e d  d e s i r a b le o

The 'h i s t o r y *  o f  v i ta m in  began  i n  1948 when th e  

f i r s t  r e p o r t s  o f  i t s  i s o l a t i o n  i n  p u re  c r y s t a l l i n e  form  

w ere p u b l i s h e d  a lm o s t s im u lta n e o u s ly  by two g ro u p s  o f  

i n d u s t r i a l  c h e m is ts ,  one w o rk in g  i n  th e  U n ite d  s t a t e s  

(E ic k e s  e t  a l . ,  1948) and th e  o th e r  in  th e  U n ite d  Kingdom 

(S m ith  & P a r k e r ,  1 9 4 8 ) . The t r a i n  o f  e v e n ts  w hich  le d  t o  

th e  d is c o v e r y  h o w e v er, g o es b ack  t o  t h e  c l i n i c a l  

d e s c r i p t i o n s  o f  d i s e a s e  s t a t e s  by Combe i n  1824 , A ddison  

i n  1855 , and by B ie rm e r i n  1872 (C h a n a r in , 1969) and 

a l th o u g h  th e s e  r e p o r t s  p re c e d e d  th e  d e s c r i p t i o n s  by  E h r l i c h  

i n  1830 (C h a n a r in ,  1969) o f  t h e  c h a r a c t e r i s t i c  

h a e m a to lo g ic a l  f e a t u r e  o f  m e g a lo b l a s t o s i s , th e y  a r e  now 

r e g a r d e d  a s  th e  e a r l i e s t  d e s c r i p t i o n s  o f  p e r n i c io u s  

an ae m ia .
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P e r n i c io u s  a n aem ia  re m a in e d  an  i n v a r i a b l y  f a t a l  

d i s e a s e  u n t i l  1926 , when M ino t & Murphy show ed t h a t  

i n g e s t i o n  o f  a b o u t  h a l f  a  pound o f  raw  o r  l i g h t l y  

cooked  l i v e r  e a c h  day was fo l lo w e d  by  a  r a p i d  and  

s u s t a i n e d  im provem en t i n  h e a l t h  w ith  r e s t o r a t i o n  o f  

p e r i p h e r a l  b lo o d  v a lu e s  t o  norm al*  Prom th e n ,  th e  h u n t  

was on f o r  th e  f a c t o r ,  o r  f a c t o r s ,  i n  l i v e r  w h ich  w ere 

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

Some a d v a n c e s  w ere made w ith  m ethods o f  e x t r a c t i o n  

and  c o n c e n t r a t i o n  o f  th e  a c t i v e  s u b s ta n c e  from  l i v e r ,  

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

e x t r a c t s  w h ich  w ere e f f e c t i v e  i n  th e  t r e a tm e n t  o f  

p e r n i c io u s  a n aem ia  when g iv e n  p a r e n t e r a l l y ,  b u t  

p r o g r e s s  was s lo w  f o r  s e v e r a l  reasons®  The v e ry  low 

c o n c e n t r a t i o n  o f  th e  f a c t o r  i n  t i s s u e s ,  t h e  l a c k  o f  

kn o w led g e  o f  any  c h e m ic a l  c h a r a c t e r i s t i c s  t h a t  c o u ld  be 

e x p lo i t e d  i n  e x t r a c t i o n  p r o c e d u re s ,  th e  r e l a t i v e l y  

c ru d e  m ethods th e n  a v a i l a b l e  f o r  e x t r a c t i o n  and  more 

im p o r t a n t ly  f o r  i s o l a t i o n  o f  th e  f a c t o r ,  and  th e  t o t a l  

dep endency  on  c a s e s  o f  p e r n i c io u s  an aem ia  i n  r e l a p s e  

f o r  e s t im a t io n  o f  t h e r a p e u t i c  e f f e c t  o f  any  e x t r a c t  

w ere  a l l  r e a s o n s  w hich  d e la y e d  th e  i s o l a t i o n  o f  th e  

f a c t o r  u n t i l  1943 , when i t  was c h r i s t e n e d  v i ta m in  

by  th e  A m erican  group®

K now ledge o f  th e  c h e m is try  o f  th e  new ly  i s o l a t e d  

v i ta m in  was b u i l t  up r a p i d l y  an d  th e  s t r u c t u r e  

e lu c id a t e d  u s in g  X ~ray c r y s t a l l o g r a p h y  by H odgkin  

(1 9 5 7 ) . The a c c e p te d  fo rm u la  becam e, Hgg
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P Co. XH2O, t h e  m a t e r i a l  b e in g  w a te r  s o l u b l e  

( c a .  w /v) and  c r y s t a l l i s i n g  a s  d a rk  r e d  n e e d le s

o r  p r i s m s .  The m o le c u la r  w e ig h t o f  th e  n o n -h y d ra te d  

v i ta m in  was 1 3 5 5 , b u t  t h i s  v a r i e d  d e p e n d in g  on th e  

d e g re e  o f  h y d r a t io n  o f  th e  c r y s t a l s  ( P a n te s  e t  a l . , 1949)* 

The m o le c u le  c o u ld  be d iv id e d  i n t o  two m a jo r  p o r t i o n s ,  

a  p l a n a r  group, c o r r i n  r in g ^ a n d  a  n u c l e o t i d e ,  t h e  fo rm e r  

c o n ta in in g  a  c e n t r a l  c o b a l t  atom  l in k e d  to  f o u r  re d u c e d  

p y r r o l e  r i n g s  fo rm in g  a  m acro  r i n g  and  th e  l a t t e r  b e in g  

5 ,6 -d im e th y lb e n z im id a z o le  ( P i g . 7 ) .  The c e n t r a l  c o b a l t  

atom  i n  a n  o c t a h e d r a l  e n v iro n m e n t, was c o o r d i n a te l y  

l in k e d  t o  one o f  th e  n i t r o g e n  a tom s o f  th e  b e n z im ld a z o le  

an d  c a r r i e d  a  c y a n id e  g ro u p  on th e  a x i a l  l ig a n d ^  p o s i t i o n  

s ix *

At th e  v e ry  e a r l y  s t a g e  i n  t h e  i s o l a t i o n  o f  v i ta m in  

B f2 i t  was a p p r e c i a te d  t h a t  t h e r e  w ere a  num ber o f  

compounds w hich  h ad  c h ro m a to g ra p h ic  f e a t u r e s  c l o s e l y  • 

r e l a t e d  t o  t h o s e  o f  v i ta m in  B^p i t s e l f  and t h e  n a tu r e  o f  

t h e s e  com pounds and  o t h e r s  w hich  r e s u l t e d  from  a n a l y t i c a l  

p ro c e d u re s  su c h  a s ,  h y d r o l y s i s ,  o x i d a t io n ,  r e d u c t io n  and  

h a lo g é n a t io n  o f  v i ta m in  3^2  w ere s t u d i e d  i n  d e t a i l .  I t  

becam e c l e a r  t h a t  t h e  r e l a t i o n s h i p  b e tw een  many o f  t h e  

compounds depended  i n  l a r g e  m easu re  on th e  n a tu r e  o f  t h e  

l ig a n d  o c c u p y in g  th e  s i x t h  p o s i t i o n  on th e  c o b a l t  a tom , 

an d  a  sy s te m  o f  n o m e n c la tu re  was b a se d  on t h e s e  

o b s e r v a t io n s ,  t h e  te rm  c o b a la m in  b e in g  in t r o d u c e d  f o r  

th e  v i ta m in  Bp2 m o le c u le  d e v o id  o f  th e  cyano g ro u p  and
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p r e f ix e d  by th e  n a tu r e  o f  th e  l ig a n d  o c cu p y in g  th e  

s i x t h  p o s i t i o n ,  when i t  was known; th u s  v i ta m in  Bpg 

a l s o  became known by t h e  s y s te m a t ic  name o f  c y a n o -  

c o b a la m in .

I n  a d d i t i o n  t o  t h e  c o b a la m in s  a  l a r g e  num ber o f  

a n a lo g u e s  o f  v i ta m in  w ere s y n th e s i s e d ,  th e s e  

d i f f e r i n g  i n  a  m ore fu n d a m e n ta l  way from  v i ta m in  Bqg 

th a n  t h e  c o b a la m in s , u s u a l l y  i n  r e g a rd  t o  t h e  i: 

n u c l e o t i d e  base*  Some o f  t h e  c o b a la m in s  and  a n a lo g u e s  

w hich  h a d  b een  s y n th e s i s e d  i n  th e  l a b o r a to r y  w ere 

fo u n d  t o  h a v e  th e  same b i o l o g i c a l  a c t i v i t y  a s  c y a n o -  

co b a la iïiin  i n  sy s te m s  u s in g  o rg a n ism s  su c h  a s  B . c o l i ,  

L . l e ic h m a n i i  (B a n te s  & 0 'C a l la g h a n ,  1 9 5 6 ) , B . g r a c i l i s  

(B ord  e t  a l , , 1953) and Ochromonas (B lu m b e rg e r e t  a l ,  

1957) and  some h ad  b i o l o g i c a l  a c t i v i t y  a p p a r e n t ly  

e q u a l  t o  t h a t  o f c y an o c o b a la m in  when g iv e n  t o  p a t i e n t s  

i n  r e l a p s e .

T hese  f in d in g s  s u g g e s te d  t h a t  p e r n i c io u s  an aem ia  

c o u ld  n o t  be r e g a rd e d  a s  a  c o n seq u en ce  o f  c y an o c o b a lam in  

d e f i c i e n c y  u n le s s  t h e  body p o s s e s s e d  some m echanism  f o r  

th e  c o n v e r s io n  o f  th e  b i o l o g i c a l l y  a c t i v e  c o b a ia m in s  and 

a n a lo g u e s  t o  cy an o c o b a lam in  and f o r  some tim e  th e  

s i g n i f i c a n c e  o f  th e  v a r io u s  c o b a la m in s  and a n a lo g u e s  i n  

r e l a t i o n  t o  human m e ta b o lism  rem ain ed  i n  d o u b t, th e  

p ro b lem  b e in g  compounded by th e  d is c o v e r y  o f  a  l a r g e  

num ber o f  a n a lo g u e s  r e s u l t i n g  from  g u id e d  b i o s y n t h e s i s  

and  a l s o  o c c u r r in g  n a t u r a l l y  i n  m a t e r i a l s  a s  d iv e r s e  a s  

sew age s lu d g e  end th e  f o r e  stom ach  o f  ru m in a n ts .



The p ro b lem  rem a in ed  u n s o lv e d  l a r g e l y  b e c a u se  th e  

s m a l l  am ounts o f  v i ta m in  3^2  human t i s s u e s  and th e  

d i f f i c u l t y  i n  e x t r a c t i n g ,  i s o l a t i n g  and  i d e n t i f y i n g  th e  

n a t i v e  c o b a la m in s , u n t i l  1953 when a  m a jo r  dev e lo p m en t 

came from  an u n e x p e c te d  s o u rc e .  In  t h a t  y e a r ,  B a rk e r  

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

form  o f  p s e n d o v it a n i n  (o c a d e n y lc o b a m id e ) , w hich  was

s p e c i f i c  f o r  t h e  i s o m é r i s a t i o n  o f  g lu ta m a te  t o  y s r a e th y l-  

a s p a r t a t e  i n  C lo s t r id iu m  te tanom orphum . f u r t h e r  s t u d i e s  

l e d  t o  th e  i s o l a t i o n  o f  t h e  coenzym e form  o f  v i ta m in  B fp 

from  p r o p io n ic  a c id  b a c t e r i a  (B a rk e r  e t  a l . ,  I 9 6 0 . ) ?  ^  

c o b a la m in  w h ich  was r e a d i l y  p h o to iy s e d  t o  h y d ro x o  B ^p.

S u b se q u e n t work show ed t h a t  t h e  l ig a n d  o c cu p y in g  th e  

s i x t h  p o s i t i o n  on th e  c o b a l t  atom  o f  coenzym e Bqg was an  

o rg a n ic  m o ie ty , a d e n o s in e  m inus th e  h y d ro x o  g roup  and  

th e  c o b a la m in  th e n  came t o  be known a,s 5 ‘ d e o x y a d e n o sy l-  

c o b a la m in . A lth o u g h  th e  s i g n i f i c a n c e  o f  l i g h t  i n  t h e • 

i n t  e r c  onve r s i  on o f  c o b a la m in s  i n  v i t r o  h ad  been  

a p p r e c i a t e d  by e a rl^ r w o rk e rs ,  th e  e x tre m e  im p o r ta n c e  o f  

l i g h t  i n  th e  i s o l a t i o n  and i d e n t i f i c a t i o n  o f  c o b a la o in s  

from  b i o l o g i c a l  m a t e r i a l  h ad  n o t  been  f u l l y  a p p r e c ia te d  

and i n  r e t r o s p e c t  i t  seem ed p o s s ib l e  t n a t  th e  cyano­

c o b a la m in  i s o l a t e d  i n  1943 from  a n im a l l i v e r s  c o u ld  h av e  

b een  an a r t e f a c t  i n  th e  se n se  t h a t  i t  was d e r iv e d  from  

coenzym e c o n v e r te d  by l i g h t  and e x p o su re  t o  c y a n id e

d u r in g  th e  e x t r a c t i o n  p r o c e s s .  T h is  p o s s i b i l i t y  was 

exam ined  by B a rk e r  and  h i s  g ro u p , and show ed t h a t  w ith
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a p p r o p r i a t e  p r e c a u t io n s  a g a i n s t  p h o t o ly s i s  and  e x p o su re

to  c y a n id e  t h e  coenzym e c o u ld  be d e te c te d  i n  s i g n i f i c a n t

am ounts i n  th e  l i v e r s  o f  a n im a ls  and  o f  man.

The n e x t  s t a g e  i n  t h e  know ledge o f  t h e  fo rm s o f

v i ta m in  t n  human b io lo g y  came i n  1963 when

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

i d e n t i f i e d  c y a n o c o b a la m in , hyd ro x o  c o b a la m in  a n d  co enzyme

t n  human p la sm a  an d  a l s o  a n  a d d i t i o n a l  compound

w hich  he  named th e  'f o u r t h  f a c t o r '  and  w hich  l i k e

COenzyme was v e ry  l i g h t  s e n s i t iv e *  f u r t h e r  s t u d i e s12
showed t h a t  t h i s  compound h a d  th e  same p h o t o s e n s i t i v i t y ,  

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

sp e c tru m  a s  m e th y lc o b a la m in , w hich h a d  n o t  p r e v io u s ly  

b e en  i s o l a t e d  from  human m a t e r i a l  b u t  w hich  h a d  been  

p ro d u c e d  by s y n t h e s i s  from  h y d ro x o co b a la rn in  i n  v i t r o  many 

y e a r s  b e fo r e  by S m ith ' an d  h i s  c o llea g u es®

A c o n s id e r a b le  am ount o f  f u r t h e r  work on th e  fo rm s 

o f  c o b a la m in s  i n  human m a t e r i a l  h a s  b een  r e p o r t e d  i n  

r e c e n t  y e a r s  by l i n n e l l  an d  c o l l e a g u e s ,  who h a v e  shown 

t h a t  c y a n o c o b a lam in  e x i s t s  o n ly  i n  t r a c e  a m o u n ts , i f  a t  

a l l ,  i n  human t i s s u e s  an d  t h a t  fo rm s w liich  c an  be 

e x t r a c t e d  and  i d e n t i f i e d  a r e  coenzyme h y d ro x o -

c o b a la m in  and  m e th y lco b a la m in *

lo n g  b e f o r e  t h e  i s o l a t i o n  o f  v i ta m in  b u t o n ly  a  

few  y e a r s  a f t e r  th e  d is c o v e r y  o f  t h e  v a lu e  o f  l i v e r  

t h e r a p y ,  C a s t l e  and  h i s  c o l le a g u e s  s u g g e s te d  t h a t  th e  

d ev e lo p m en t o f  p e r n i c io u s  an aem ia  was a  c o n se q u e n c e  o f
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f a i l u r e  by th e  stom ach  t o  s e c r e t e  a  s u b s ta n c e  w h ich  h e

c a l l e d  i n t r i n s i c  f a c t o r ,  w h ich  i n  n o rm al c i r c u m s ta n c e s

com bined  o r  a c t e d  upon  a  s u b s ta n c e  i n  m eat w h ich  h e

c a l l e d  e x t r i n s i c  f a c t o r ,  t o  y i e l d  a  h a e m o p o ie t ic  f a c t o r

w hich  was e s s e n t i a l  f o r  n o rm a l h a em o p o ie s is»  (S m ith , 1965)*

W ith  t h e  a v a i l a b i l i t y  o f  r a d i o a c t i v e  v i ta m in  ^ n d

m eth o d s o f  m e a su r in g  t h e  a b s o r p t io n  o f  r a d i o a c t i v e

v i ta m in  came th e  o p p o r tu n i ty  t o  t e s t  t h i s  th e o r y

an d  i t  soon  becam e c l e a r  t h a t  t h e  f u n c t io n  o f  i n t r i n s i c

f a c t o r ,  a l th o u g h  t h i s  s u b s ta n c e  h a d  n o t  b e en  i s o l a t e d  i n

p u re  fo rm , was t o  p ro m o te  t h e  a b s o r p t io n  o f  s m a ll  o r a l

d o se s  o f  v i ta m in  B^g and  t h a t  a  c h a r a c t e r i s t i c  f e a t u r e  o f

p e r n i c io u s  an aem ia  was a  f a i l u r e  t o  a b s o rb  s i g n i f i c a n t

f r a c t i o n s  o f  s m a ll  o r a l  d o se s  o f  v i ta m in  u n l e s s  t h e s e

w ere g iv e n  w ith  a  s o u rc e  o f  i n t r i n s i c  f a c t o r  e i t h e r  i n  t h e

fo rm  o f  a  s u i t a b l e  p r e p a r a t i o n  o f  human g a s t r i c  j u i c e  o r

g a s t r i c  mucosa* f o r  t h e  m ost p a r t ,  a b s o r p t io n  s t u d i e s  o f

v i ta m in  w ere  p e rfo rm e d  w ith  r a d i o a c t i v e  c y a n o c o b a la m in ,

p a r t l y  b e c a u se  t h i s  was th e  form  i n  w hich  v i ta m in  BUo wasJ.2
o r i g i n a l l y  i s o l a t e d  a n d  p a r t l y  b e c a u se  c y a n o c o b a la m in  was 

t h e  m ost c h e m ic a l ly  s t a b l e  o f  t h e  c o b a la m in s  and  was 

t h e r e f o r e  t h e  m ost s u i t a b l e  f o r  p r e s e n t a t i o n  f o r  r o u t i n e  

d i a g n o s t i c  p u rp o se s*

The r e s u l t s  o f  a b s o r p t io n  t e s t s  u s in g  o t h e r  c o b a la m in s  

h a d  shown how ever t h a t  a t  t h e  same dose  l e v e l  o f  

c r y s t a l l i n e  com pounds, th e  am ount o f  c y an o c o b a la m in  w hich  

was a b s o rb e d  c o u ld  be s i g n i f i c a n t l y  g r e a t e r  o r  

s i g n i f i c a n t l y  l e s s  th a n  t h a t  o f  s e v e r a l  o t h e r  c o b a la m in s
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(Adams e t  a l , ,  1971) an d  i t  fo l lo w e d  from  t h i s  t h a t  

a b s o r p t io n  s t u d i o s  w ith  c y a n o c o b a la m in , w h i le  a p p a r e n t ly  

p e r f e c t l y  a d e q u a te  f o r  r o u t i n e  c l i n i c a l  p u r p o s e s ,  m ig h t 

g iv e  m is le a d in g  r e s u l t s  when c o n s id e r e d  i n  te rm s  o f  

p h y s io lo g y *  T h is  c o n s i d e r a t i o n  was s u b j e c t  to  p r o v is o s  

r e g a r d in g  c o m p a riso n  b e tw ee n  t h e  a b s o r p t io n  o f  c o b a la m in s  

i n  c r y s t a l l i n e  form  u s u a l l y  g iv e n  on a  f a s t i n g  stom ach  

an d  th e  a b s o r p t io n  o f  f o o d  bound c o b a la m in s  ta k e n  i n  

c i r c u m s ta n c e s  w here  some s t i m u l a t i o n  o f  g a s t r i c  s e c r e t i o n  

w ould  be n a t u r a l .  R eg ard  m ust be ta k e n  o f  p o s s ib l e  

ch a n g e s  i n  t h e  s t r u c t u r e  o f  c o b a lam in  m o le c u le s  d u r in g  

a b s o r p t io n  from  th e  i l e a l  lum en. T here  i s  c o n s id e r a b le  

d e la y  b e tw een  th e  p r e s e n t a t i o n  o f  th e  i n t r i n s i c  f a c t o r -  

v i ta m in  com plex to  t h e  i l e a l  a b s o rb in g  s i t e  and  th e  

a p p e a ra n c e  o f  v i ta m in  B^g i n  p e r i p h e r a l  b lo o d , s u g g e s t in g  

t h a t  t h e r e  may be some m e ta b o l ic  p ro c e s s  b e f o r e  a b s o r p t io n  

p o s s ib ly  i n v o lv in g  re m o v a l o f  t h e  l ig a n d  o c c u p y in g  th e  

s i x t h  p o s i t i o n  on t h e  c o b a l t  atom  and  s u b s t i t u t i o n  w ith  

a n o th e r  l i g a n d .  ( L i n n e l l  e t  a l . ,  1 9 7 l)

C o n s id e r a t io n  o f  th e  p h y s io lo g y  o f  n u t r i t i o n  w ith  

v i ta m in  B^g r e q u i r e d  know ledge  o f  th e  form  o f  v i ta m in  B^^g 

i n  fo o d s  and  i t  was s u r p r i s i n g  to  f i n d  t h a t  a s  l a t e  a s  

1 9 7 2 , when so  much work h a d  b een  done on t h e  m e ta b o lism  

o f  v i ta m in  B^g i n  man, t h a t  p r a c t i c a l l y  n o th in g  h ad  b een  

r e p o r t e d  a b o u t t h e  fo rm s o f  v i ta m in  B^g i n  fo o d s  and  

r e l a t i v e l y  l i t t l e  even  ab o u t, t h e  m ass o f  v i ta m in  o i n
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f o o d s .  The fo rm e r  s u b j e c t  was t h e r e f o r e  c h o se n  f o r  

s tu d y .

M ethods f o r  t h e  i d e n t i f i c a t i o n  o f  t h e  fo rm s o f  

v i ta m in  B^g i n  human t i s s u e s  h a d  b een  d e s c r ib e d  by 

s e v e r a l  a u th o r s  and  i t  seem ed l i k e l y  t h a t  w i th  some 

r e l a t i v e l y  m in o r m o d i f i c a t io n s  t h e s e  m ethods c o u ld  be 

u s e d  t o  s tu d y  th e  fo rm s o f  v i ta m in  B̂ ĝ i n  f o o d s t u f f s .  A t 

an  e a r l y  s t a g s  o f  t h i s  p r o j e c t  h o w ev er, i t  becam e e v id e n t  

t h a t  t h e  e x t r a c t i o n  an d  i d e n t i f i c a t i o n  o f  fo rm s o f  

v i ta m in  i n  fo o d s  was n o t  a s  s im p le  a  m a t t e r  a s  m ig h t 

h a v e  b een  ho p ed  f o r .

The m a t e r i a l  i n  t h i s  t h e s i s  t h e r e f o r e  c o n ta in s  a s  

much on th e  te c h n o lo g y  o f  t h e  e x t r a c t i o n  and 

i d e n t i f i c a t i o n  o f  fo rm s o f  v i ta in in  Bĵ ĝ a s  i t  d o es  on  t h e  

fo rm s o f  v i ta m in  B^g i n  f o o d s .

TERMINOLOGY.

M en tio n  h a s  a l r e a d y  b e en  made o f  te r m in o lo g y .  F o rm al 

sy s te m s  o f  n o m e n c la tu re  f o r  v i ta m in  B^g and i t s  h o s t  o f  

d e r i v a t i v e s  and a n a lo g u e s  h a v e  e x i s t e d  s in c e  1957 when 

th e  C om m ission on th e  N o m e n c la tu re  o f  O rg a n ic  C h e m is try  

o f  t h e  I n t e r n a t i o n a l  U nion  o f  P u re  and  A p p lie d  C h e m is try  

a d o p te d  th e  so  c a l l e d  'H am burg ' sy s tem  and  r e v i s i o n s  

h av e  s in c e  b een  p u b l i s h e d ,  th e  m ost r e c e n t  i n  1974 . The 

sy s te m s  h a v e  b een  b a s e d  l a r g e l y  on c o n s i d e r a t i o n  o f  th e  

o v e r a l l  c o b a la m in  s t r u c t u r e  a s  b e in g  com posed o f  a



d 2

c o r r i n  r i n g  sy s te m , p lu s  r i b o s e  and  p h o sp h a te  te rm e d  

cobam lde c o u p le d  t o  an  o rg a n ic  b e n a im id a z o le  m o ie ty .

Such m ethods o f  te rm in o lo g y  i n e v i t a b l y  l e a d  t o  t h e  

c o n s t r u c t i o n  o f  lo n g  a n d  u n w ie ld y  s y s te m a t ic  nam es i n  

o r d e r  t o  u n iq u e ly  d e f in e  e ac h  c o b a la m in . F o r  exam ple , 

t h e  compound w hich  i s  commonly r e f e r r e d  to  a s  c y a n o -  

c o b a la m in  i s  f o rm a l ly  nam ed,

o C -(5 ?6 -d im eth y lb en a im id azo ly l)  cobamide cy a n id e .

The u s e  o f  a  p r e c i s e  te rm in o lo g y  su c h  a s  th e  

I . Ü . P . A . G .  fo rm s w ould c l e a r l y  be u n s u i t a b l e  i n  th e  

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

c o n s t a n t  r e - i t e r a t i o n  and  t h e r e f o r e  th e y  w ere a v o id e d  on 

t h e  g ro u n d s  o f  e a s e  o f  r e a d in g  and  economy o f  s p a c e .  

R e te n t io n  o f  t h e  s u f f i x  - c o b a la m in  t o  d e s c r ib e  t h e  w hole 

m o le c u le  e x c e p t  th e  l ig a n d  a t t a c h e d  t o  th e  c o b a l t  atom  

i n  th e  s i x t h  p o s i t i o n  i n  t h e  o c ta h e d r a l  c o - o r d i n a t i o n  

and  h e n c e  p ro d u c e  a b b r e v ia t e d  v e r s io n s  su ch  a s  c y a n o -. 

c o b a la m in  and  h y d ro x o co b a la rn in  w ould a l s o  l e a d  t o  

e x te n d e d  and  cum bersom e s e n te n c e s .  I n  common w ith  o t h e r  

w o rk e rs , t h e  a u th o r  h a s  t h e r e f o r e  a d o p te d  a  v /h o lly  

u n o f f i c i a l  te rm in o lo g y  f o r  b en ch  work and  i t  h a s  seem ed 

j u s t i f i a b l e  f o r  r e a s o n s  g iv e n  above t o  a d o p t t h i s  

te rm in o lo g y  (T a b le  1 ) i n  th e  t e x t .  P e rm is s iv e  names 

su ch  a s  c y a n o c o b a la m in , h y d ro x o c o b a la rn in , a q u o c o b a la m in , 

a d e n o s y lc o b a la m in  (ooenzym e v i ta m in  B ) ,  m e th y lc o b a la m inJLid
an d  s u lp h i to o o b a la m in  h av e  b een  a b b r e v ia t e d  t o  cyano  B ^^, 

h y d ro x o  Bpg, aquo B^^? coenzym e m e th y l B^^ and



2 4

SYSTEMATIC NAME.
SEMI-SYSTEMATIC

NAME.

5 :6-diTnethyl‘ben2iiinida2:olyl)

“ açLuocobamide c h lo r i d e  ( e t c . )  Aquoco'balaQain 

•“h ydroxocoham ide  

-an im xnecobsnide  c h lo r id e  

-co h a jn id e  c y a n id e  

“ 5 '-d e o x y a d e n o sy lc o b a jn id e

ADOPTED

ABBREWATED

NAME.

AquoB^p

-co b a m id e  s n l p h i t e  

-m e th y lc o b a m id e

H ydroxocobalam in  NydroxoB^g 

Ammoniac o b a lam in  AmmoniaB^^p 

G yanocobalam in  CyanoBjg 

5 * -d eo x y ad en o sy l~  CoenzymeB^p 

co b a lam in

S u lp h i to c o b a la m in  S u lp h lto B p p  

M ethyIc o b a lam in  M ethylB pg

T a b le  1 S y s te m a tic  and A dopted T e rm in o lo g y  o f  

C oba lam in  N o m e n c la tu re .
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s u l p h i t o  B^2 r e s p e c t i v e l y .

The te rm  c o b a la m in  h a s  b een  r e t a i n e d  a s  a  c o l l e c t i v e  

form, when r e f e r e n c e  i s  made t o  a  m ix tu re  o f  c o b a la m in s , 

t h e  i n d i v i d u a l  com ponen ts o f  w hich  a re  e i t h e r  known o r  

unknow n. W ith  d ia g ra m s  th e  n e e d  i s  even  g r e a t e r  f o r  

a b b r e v i a t i o n ,  su ch  t h a t  t h e  p e rm is s iv e  nam es w ere f u r t h e r  

re d u c e d  t o  OEB^g, MeB^2 - ^ ^  ^ ^ 3^12 "bhe

te rm  AdoB^2 rised  f o r  coenzym e i n s t e a d  o f  O0B22 

a v o id  any  c o n fu s io n  w hich  may a r i s e  b e tw een  t h i s  form  

and  57coB22* "̂ r̂e a b b r e v i a t i o n  u s e d  to  d e s c r ib e  t h e  

r a d i o a c t i v e  v i ta m in .

I n  c e r t a i n  c i r c u m s ta n c e s  v/hich w i l l  b e  d e t a i l e d  

l a t e r  i n  t h i s  t h e s i s ,  t e c h n iq u e s  w ere em ployed w hich  

c o n v e r te d  aq u o co b a la m in  to  h y d ro x o co b a la ra in  and  ammonia^ 

c o b a la m in  so t h a t  d i f f e r e n t i a t i o n  b e tw een  t h e s e  compounds 

was n e c e s s a r i l y  im p r e c i s e .  I n  t h e s e  c i r c u m s ta n c e s  - 

com pounds a r e  a l l  te rm e d  'h y d ro x o c o b a la m in ' u n l e s s  t h e  

i d e n t i t y  o f  am m oniacobalam in  i s  s p e c i f i c a l l y  r e q u i r e d  t o  

en h an ce  t h e  i n t e r p r e t a t i o n  o f  r e s u l t s .  S i m i l a r l y  th e  

d i s t i n c t i o n  b e tw een  a q u o co b a la m in  and  h y d ro x o c o b a la m in , 

t h e  p r o p o r t io n s  o f  w h ich  a r e  d ep en d e n t on t h e i r  a c i d /b a s e  

e q u i l ib r iu m  a r e  g e n e r a l l y  d is c o u n te d  and th e  te rm  

h y d ro x o c o b a la m in  u s e d  f o r  b o th .  B oth  c o b a la m in s  e x h i b i t  

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

o v e r a l l  m o le c u la r  c h a rg e  becom es s i g n i f i c a n t  i n  r e s p e c t  

o f  p r o t o n a t io n  o f  t h e  h y d ro x o c o b a la m in , e g . i n  i o n -  

ex ch an g e  c h ro m a to g ra p h y , th e n  r e f e r e n c e  i s  made to  

aquo c o b a la m in •
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GHAPTER 1 

LXPEPIMBNTAL PRGGEDURE,



c. I

P r e p a r a t io n  o f  T i s s u e s ;  <k E x t r a c t i o n ,

T a b le s  o f  e s t im a te s  o f  c o b a la m in  m ass i n  fo o d s  a s  

o b ta in e d  by m ic r o b io lo g ic a l  a s s a y s  w ere c o n s u l te d  i n  o r d e r  

t o  g iv e  some g u id e  to  t h e  q u a n t i t y  o f  t i s s u e  r e q u i r e d  to  

y i e l d  a  f i n a l  e x t r a c t  w h ich  w ould c o n ta in  an  a d e q u a te  

c o n c e n t r a t i o n  o f  c o b a la m in s  f o r  i d e n t i f i c a t i o n .  An 

a p p r o p r i a t e  m ass o f  t i s s u e  d e v o id  o f  f a t  an d  i n e d i b l e  

m a t e r i a l  was w e ighed  an d  rem oved to  a  d a rk ro o m , i l l u m in a t e d  

by two I l f o r d  'S a f e l i g h t s ' ,  f i t t e d  w ith  15 w a t t  Osram b u lb s  

an d  a  d a rk  brow n g l a s s  f i l t e r ,  P 9 0 4 , and  a l l  f u r t h e r  work 

c a r r i e d  o u t  i n  th e  d a rk ro o m .

The t i s s u e  was c u t  i n t o  s m a ll  p ie c e s  an d  ad d ed  to  t e n  

t im e s  i t s  w e ig h t o f  d i s t i l l e d  w a te r .  The m a t e r i a l  was 

hom o g en ised  f o r  two m in u te s  i n  an  M .S .E , A to -m ix e r  a t  h a l f  

sp e e d  s e t t i n g  a n d  th e  c o n te n t s  w i th  w ash in g s  hom ogen ised  

f o r  two m in u te s  u s in g  a  S i lv e r s o n  m ix e r e m u l s i f i e r  

(N o ,15045) w ith  an  a x i a l  f lo w  h e ad  a t  p o s i t i o n  f i v e  on th e  

sp e e d  c o n t r o l .  The hom ogenate  was f u r t h e r  hom o g en ised  f o r  

two m in u te s  w i th  a  m ic ro h e a d  a t ta c h m e n t ,  a t  t h e  end o f  w h ich  

t im e  th e  t i s s u e  was p r e s e n t  a s  a  v e ry  f i n e  p r e c i p i t a t e .  The 

hom ogenate  was th e n  d iv id e d  i n t o  a l i q u o t s ,  e a c h  c o n ta in in g  

a  s u i t a b l e  q u a n t i t y  o f  t i s s u e  f o r  a n a l y s i s  o f  c o b a la m in  

c o n te n t .  The sam p le s  w ere  s t o r e d  a t  -2 0 ^ 0  i n  100 m l. 

p o ly s ty r e n e  sc re w -c a p p e d  b o t t l e s  w rapped i n  a lum in ium  f o i l .

A f t e r  th a w in g  th e  hom ogenate  was reh o m o g e n ised  u s in g  th e  

S i l v e r s o n  m ach in e  and  m ic ro h e a d  f o r  two m in u te s  i n  v iew  o f  

e v id e n c e  (Adams e t  a l  1972) t h a t  th e  a v a i l a b i l i t y  o f
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c o b a la m in s  f o r  E u g le n a  g r a c i l i s  a t  l e a s t  c o u ld  be re d u c e d  

by r e p e a te d  f r e e z i n g  and  thaw ing*

E x t r a c t io n  and C o n c e n t r a t io n  o f  C o b a la m in s .

The thaw ed  re h o m o g e n ised  sam ple  was p o u re d  i n t o  a  

th r e e - n e c k  f l a s k  (250  m l .)  s e t  up i n  an 'E le c t r o th e r m a l*  

h e a t i n g  m a n tle  w ith  e n e rg y  r e g u l a t o r  and f i t t e d  w ith  an 

e t h e r  c o n d e n s e r ,  th e rm o m e te r  and  m e c h a n ic a l  s t i r r e r .

100  m lso o f  e th a n o l  (B .D .H , 'A nalaR* g ra d e )  w ere added  t o  

t h e  f l a s k  and th e  c o n te n ts  r e f lu x e d  w ith  c o n s t a n t  s t i r r i n g  

a t  c a .8 2 ^ 0  f o r  t h i r t y  m in u te s  t o  p r e c i p i t a t e  th e  p r o t e i n  

p r e s e n t*  The s o l u t io n  was c o o le d  by im m ersion  i n  a  w a te r  

b a th  (2 0 ^ 0 ) and  th e  p r o t e i n  a llo w e d  t o  s e t t l e *  The s u p e r ­

n a t a n t  was f i l t e r e d  th ro u g h  ?/hatm an 54 f i l t e r  p a p e r  u n d e r  

re d u c e d  p r e s s u r e  o f  1*3 X 1 0 M /m ^,(100 mm.Hg) and th e  

p r o t e i n  p r e c i p i t a t e  w ashed w ith  e th a n o l ,  d r i e d ,  w e ighed  

when r e q u i r e d  and d is c a rd e d *  The f i l t r a t e  was r o t a r y  

e v a p o ra te d  t o  ca* 20 m is* on a  * W right * t h i n  f i lm  r o t a r y  

e v a p o r a to r  a t  2*7 X 10^ H/m^ p r e s s u r e  (2 0  mm.Hg), th e  

te m p e r a tu re  o f  th e  w a te r  b a th  b e in g  r a i s e d  g r a d u a l ly  from  

2 0 t o  40^0 t o  g iv e  a  c o n t r o l l e d  e v a p o r a t io n  w ith o u t  

bum ping and r e s u l t a n t  l o s s  o f  m a t e r i a l  i n  th e  d i s t i l l a t e *

The aq u eo u s s o l u t i o n  was ru n  i n t o  an e q u a l  volum e o f  

'A nalaP *  p h e n o l:c h lo r o fo rm  ( 1 ; 1 ,  w /v) a c i d i f i e d  w ith  one 

d ro p  o f  d i l u t e  h y d r o c h lo r i c  a c id  ( 1 0 " \ o l , / l .  ) and  shale en 

f a i r l y  v ig o r o u s ly  f o r  s e v e r a l  m in u te s  t o  e x t r a c t  th e
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c o b a la m in s  i n t o  th e  p h e n o l p h a se  w h ile  l e a v in g  b e h in d  

o t h e r  w a te r  s o lu b le  m a t e r i a l .  O c c a s io n a l ly  a t  t h i s  s t a g e  

t h e  two p h a s e s  c o a le s c e d  t o  form  an  e m u ls io n  w h ich  to o k  

s e v e r a l  h o u r s  to  s e p a r a t e  u n d e r  g r a v i t y  and  i n  th e s e  

c i r c u m s ta n c e s  th e  e m u ls io n  was c e n t r i f u g e d  a t  3000 r ,p ,m ,  

f o r  15 m in u te s  i n  f o i l e d  c e n t r i f u g e  tu b e s  to  r e g e n e r a t e  

t h e  i n i t i a l  a q u eo u s  an.d p h e n o l l a y e r s .  The u p p e r  m ilk y -  

w h i te  a q u eo u s l a y e r  was rem oved , added  to  a  f u r t h e r  

volum e o f  p h e n o l/c h lo ro fo rm  an d  sh a k en  a s  b e f o r e .  The 

lo w e r  p h e n o l l a y e r  was r e t a i n e d  and  p o o le d  w i th  th e  

p h e n o l  p h a se  o b ta in e d  a f t e r  th e  s e p a r a t i o n  o f  th e  se co n d  

e x t r a c t i o n  e m u ls io n . The p h e n o l s o l u t i o n  was th e n  sh a k en  

w i th  a  o n e - f i f t h  volum e o f  d i s t i l l e d  v /a te r  i n  a  s e p a r a t i n g  

f u n n e l  to  c o m p le te  th e  rem o v a l o f  w a te r  s o lu b le  s a l t s .

A f te r  s e p a r a t i o n  th e  u p p e r  aq u eo u s l a y e r  was d i s c a r d e d  

an d  th e  lo w e r  p h e n o l p h a se  ru n  i n t o  a n o th e r  s e p a r a t i n g  

f u n n e l  (250  m is , )  c o n ta in in g  a n  o rg a n ic  p h a se  o f  two 

v o lum es o f  d i e t h y l  e t h e r  an d  a  h a l f  volum e o f  a c e to n e ,  

t o g e t h e r  w ith  one volum e o f  d i s t i l l e d  w a te r .  The 

s e p a r a t i n g  f u n n e l  was sh a k en  v ig o r o u s ly  f o r  t e n  m in u te s  

w i th  c o n s t a n t  v a lv e  o p e n in g  to  r e l e a s e  th e  v o l a t i l e  

s o l v e n t s .  A f t e r  s e p a r a t i o n  by g r a v i t y ,  t h e  u p p e r  o rg a n ic  

p h a se  ( e th e r /a c e to n e /p h e n o l / c h lo r o f o r r a ;  was d i s c a r d e d  and  

t h e  lo w e r a q u eo u s p h a se  sh a k en  w ith  a  h a l f  volum e o f  

d i e t h y l  e t h e r  to  rem ove any d i s s o lv e d  p h e n o l from  th e  

d i s t i l l e d  w a te r .
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The c o b a la m in s  p r e s e n t  h a d  now b een  b a c k - e x t r a c t e d  

i n t o  th e  aq u eo u s p h a se  a f t e r  breakdow n o f  t h e  p h e n o l 

s o l v a t i o n  by  th e  d i e t h y l  e t h e r .  The a q u eo u s p h a se  was 

r o t a r y  e v a p o ra te d  t o  a  s u i t a b l e  vo lum e, c a .  1 m l . ,  i n  a  

250 m l. ro u n d  b o tto m  f l a s k  a t  a  te m p e ra tu re  o f  40^0 and  

p r e s s u r e  o f  21X10N/m^ (20  im .H g .) .  I f  a  more c o n c e n t r a te d  

e x t r a c t  was r e q u i r e d  th e  s o l u t i o n  was p i p e t t e d  i n t o  a  

10 m l. ro u n d  b o tto m  f l a s k ,  i n  w h ich , w i th  c a r e  th e  

volum e o f  th e  s o l u t i o n  c o u ld  be re d u c e d  to  a  l i m i t  o f  

40 p i ls .  w i th o u t  l o s s  o f  p ro d u c t  on th e  f l a s k  s u r f a c e .

The c o n c e n t r a t e  was rem oved by p i p e t t e  ( 0 .1  m l.)  

from  th e  f l a s k  and  s t o r e d  a t  -2 0 ° 0  i n  f o i l e d  p o ly s ty r e n e  

t u b e s .  W ith good y i e l d s ,  t h a t  i s  o f  more th a n  60fS an d  

t h e  m u l t i p l e  c o n c e n t r a t i n g  s t a g e s  i n  th e  e x t r a c t i o n  

p r o c e d u r e s ,  t h e  m ass o f  c o b a la m in s  p r e s e n t  i n  th e  f i n a l  

e x t r a c t  was u s u a l l y  i n  th e  r e g io n  o f  5 -  100 ngm s. o f  

v i ta m in
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S e p a r a t io n  o f  E x t r a c t e d  C o b a la m in s , & I d e n t i f i c a t i o n *

The s e p a r a t i o n  o f  th e  c o b a la m in s  i n  t h e  e x t r a c t  was 

e f f e c t e d  by  t h i n - l a y e r  c h ro m a to g ra p h y  u s in g  E astm an  

'Chrom agram * s i l i c a  g e l  s h e e t s  6061 (20  x  20 c m s .) ,  e a c h  

com posed o f  a  s i l i c a  l a y e r  0 .2 5  mm. t h i c k ,  bound to  a  

p o ly v in y l  b a s e .  A l l  s h e e t s  w ere  s to r e d  i n  a  d e s i c c a t i n g  

c a b i n e t  to  p re v e n t  th e  s u r f a c e  a d s o r p t io n  o f  m o is tu r e .

2 - 6  p .ls*  o f  th e  e x t r a c t  w ere a p p l ie d ,  u s i n g  an  E -m il  

m ic r o p ip e t t e  (2  jjils .)^  a t  a  d i s t a n c e  o f  30 mms, from  th e  

b a s e  o f  a  s i l i c a  s h e e t  a n d  a  'Camag* s p o t t i n g  g u id e  u se d  

t o  e n s u re  t h a t  m u l t i p l e  sa m p le s  w ere a p p l i e d  

e q u i d i s t a n t l y  from  e a c h  o t h e r  an d  s e p a r a te d  s u f f i c i e n t l y  

t o  p r e v e n t  o v e r la p  o f  g ro w th  zo n es  on b io a u to g ra p h y .  I n  

a d d i t i o n  to  th e  sam p le  u n d e r  i n v e s t i g a t i o n ,  s ta n d a r d s  o f  

cyano  coenzym e h yd roxo  m e th y l B^^?

p r e p a r e d  from  B .B .H . c r y s t a l l i n e  c o b a lam in  m a t e r i a l  and  

p u r i f i e d  by p a s s a g e  th ro u g h  CM c e l l u l o s e  and  DEAE 

c e l l u l o s e  io n  e x c h a n g e rs ,  w ere  a l s o  a p p l i e d  and  th e  

ch rom atogram  d r i e d  i n  a n  a i r  s tre a m  p ro v id e d  by a  P i f c o  

e l e c t r i c  f a n .  H ea t was a v o id e d  i n  th e  d r y in g  p ro c e s s  i n  

c a s e  o f  l o s s e s  o f  th e  p ic o  q u a n t i t i e s  o f  c o b a la m in s  

a p p l i e d .

A f te r  d r y in g  th e  chrom atogram  was su sp e n d e d  i n  a  

2o cm. 'Camag* c h ro m a to g ra p h ic  d e v e lo p in g  t a n k ,  c o n ta in in g  

b u t a n - 2 - o l ,  N .p ro p a n o l ,  w a te r  and  ammonia ( 7 : 4 : 5 : 1 ,  v /v )  

and  th e  ch rom atogram  a llo w e d  to  ru n  f o r  6^ -  7 h o u r s ,  by
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w h ich  tim e  th e  s o lv e n t  h ad  t r a v e l l e d  th e  l e n g th  o f  t h e  

s h e e t .  On re m o v a l from  th e  ta n k  th e  s o lv e n t  f r o n t  w^ ŝ 

m arked  and th e  chrom atogram  a g a in  a i r  d r ie d *  T h e r e a f t e r  

a l l  p ro c e d u re s  w ere p e rfo rm e d  i n  th e  d a y l i g h t .

I d e n t i f i c a t i o n  o f  t h e  s e p a r a te d  C o b a lam in s  by

B io a u to g ra p h y .

The f i r s t  s t a g e  i n  t h e  b io a u to g r a p h ic  v i s u a l i s a t i o n  

o f  t h e  c o b a la m in s  s e p a r a t e d  by t . l . c . ,  in v o lv e d  th e  

p r e p a r a t i o n  o f  p l a t e s  an d  c u l t u r e  o f  th e  g ro w th  

o rg a n is m , a  v i ta m in  d e p e n d e n t E . c o l i  m u ta n t 

NGIB-927O5 a  ru n n in g  c u l t u r e  o f  w hich  was m a in ta in e d  

on b lo o d  a g a r  p l a t e s  i n  th e  B a c te r io lo g y  D e p a rtm e n t.

The o rg an ism  was s u b - c u l tu r e d  i n  'S e rv a*  la c ta lb u m in ,  

p e p to n e  w a te r  (1%, w /v .)  and  in c u b a te d  a t  37^0 f o r  s i x  

t o  se v e n  h o u rs  p r i o r  t o  u se  a s  th e  in o c u lu m .

3 l i t r e s  o f  s a l t  g ro w th  medium c o n t a i n i n g ; -

KH2P04 2 8 .0 gms.

1 2 .0 gms.

4 .0 gms.

Sodium c i t r a t e 2 .0 gms.

MgSO^.lEgO 0 .4 gms.

N a d 0 .2 gmso

w ere  p re p a re d  i n  s t e r i l e  d i s t i l l e d  w a te r  and  a d ju s te d  t o  

pE 7 , i f  n e c e s s a r y ,  w i th  d i l u t e  sodium  h y d ro x id e  

(1 0 “ ^ m o l . / I .  ) o r  h y d r o c h lo r i c  a c i d  ( 1 0 " ^ m o l . / l .  ) .



300 m l. a l i q u o t s  o f  th e  medium w ere a d d ed  t o  500 m l. 

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

'D av is*  J a p a n e s e  a g a r .  The b o t t l e s  w ere s to p p e r e d ,  

c ap p ed  and  s t e r i l i s e d  i n  a  h o t  a i r  oven  a t  140^0 f o r  

20 m in u te s .  On re m o v a l, w h ile  c o o l in g ,  th e y  w ere 

i n v e r t e d  s e v e r a l  t im e s  u n t i l  th e  c o n te n ts  g e l l e d  and  

s t o r e d  a t  room te m p e ra tu re  (2 0 ^ 0 ) u n t i l  r e q u i r e d .

The p l a t e s  f o r  b io a u to g ra p h y , o b ta in e d  from  th e  

B a c te r io lo g y  D e p ' t . ,  w ere com posed o f  a  g l a s s  b a se  

22 cm. s q u a re  an d  s u r ro u n d in g  m e ta l  fram ew ork  1 c m .h ig h . 

The p l a t e s  w ere w ashed w ith  d e te r g e n t  and  t a p  w a te r  and  

a f t e r  d ry in g  th e  g l a s s  s u r f a c e  was w iped  w ith  e th a n o l  

and  f lam ed  w ith  a  B unsen b u r n e r .  A c c u ra te  p o s i t i o n i n g  

o f  th e  p l a t e  b e fo r e  p o u r in g  th e  medium was a ,ch iev e d  by 

u s e  o f  l e v e l l i n g  sc re w s  and  s p i r i t  l e v e l s ,  t o  e n s u re  

t h a t  th e  p l a t e  was on a  h o r i z o n t a l  p la n e .

A b o t t l e  o f  p r e p a re d  medium was m e l te d  i n  th e  hot- 

a i r  oven a t  lO cf 0 ,  and  th e  s to p p e r  p i e r c e d  by a  s y r in g e  

n e e d le  to  a llo w  d e g a s s in g  o f  th e  g e l .  The m e l te d  a g a r  

was p o u re d  i n t o  a  c le a n  600 m l. b e a k e r ,  c o n ta in e d  i n  an  

e v a p o r a t in g  b a s in  o f  c o ld  w a te r  t o  h a s te n  th e  c o o l in g ,  

a n d  s t i r r e d ,  a s  th e  te m p e ra tu re  o f  th e  a g a r  f e l l ,

0 .9  gms, o f  g lu c o s e  an d  0 .0 4 5  gm s. o f  2 ,3 ,5  t r i p h e n y l -  

t e t r a z o l lu m  c h lo r i d e  w ere a d d ed , th e  l a t t e r  to  p ro d u ce  

r e d  z o n es  a t  t h e  s i t e s  o f  B .c o l i  g ro w th  on th e  

b io a u to g ra m  and  th e r e b y  a i d  t h e i r  v i s u a l i s a t i o n  ( l o r d  &
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H o ld sw o rth , 1955)♦  At 45^0 th e  in o cu lu m  was a d d e d  and  

t h e  s e e d e d  a g a r  p o u re d  o n to  th e  b io a u to g ra p h y  p l a t e .

V/hen th e  p r e p a r e d  p l a t e  h ad  c o o le d  th e  ch rom atogram  

was c a r e f u l l y  l a i d  o n to  th e  g e l  so  t h a t  th e  s i l i c a  . 

s u r f a c e  o f  t h e  ch rom atogram  and  th e  a g a r  s u r f a c e  came 

i n t o  c lo s e  c o n ta c t  w i th o u t  i n t e r v e n t i o n  o f  a i r  b u b b le s .  

The a g a r  g e l  an d  chrom atogram  w ere th e n  c a r e f u l l y

tu r n e d  o u t  o f  th e  p l a t e  by  i n v e r s io n  o n to  t h e  m e ta l  l i d  

a n d  in c u b a te d  a g a r  s i d e  u p p e rm o s t a t  37 -  39^0 f o r  16 t(  

18  h o u rs  i n  an  i n c u b a t o r .  A f t e r  rem o v a l th e  p l a t e s  

w ere  s t o r e d  a t  4°0  t o  m in im ise  f u r t h e r  g ro w th  b e f o r e  a  

d e t a i l e d  r e c o r d  o f  g ro w th  z o n es  was m ade.



SECTION 3

S e m i—-Q u a n t i t a t i o n  o f  R e s u l t s  by S te p w ise  D i l u t i o n .

Two m ethods h a v e  b e e n  d e s c r ib e d  f o r  q u a n t i t a t i o n  o f  

t h e  c o b a la m in s  s e p a r a t e d  by t . l . c .  and  i d e n t i f i e d  by 

b io a u to g r a p h y . One m ethod  u t i l i s e s  a  s c o r in g  sy s te m  

f o r  t h e  d ia m e te r  o f  e a c h  g ro w th  zone b a s e d  on v i s u a l  

c o m p a riso n  o f  g ro w th  a r e a s  and  t h e  o th e r  t h e  u s e  o f  a  

s c a n n in g  d e n s i to m e te r ,  ( i r l n n e l l  a t  a l  ^. 196?  & l ? 7 l )

I n  t h e  a b se n c e  o f  a  s c a n n in g  d e n s i to m e te r  t h e  fo rm e r  

m ethod  was u s e d  i n  t h e  work r e p o r t e d  h e r e  w ith  a  

m o d i f i c a t io n  aim ed a t  im p ro v in g  th e  sy s te m . T h is  

m o d i f i c a t io n  in v o lv e d  e x a m in a tio n  o f  e ac h  sam p le  i n  i t s  

o r i g i n a l  e x t r a c t e d  form  and a l s o  a t  v a r io u s  d i l u t i o n s ,  

t h e s e  b e in g  p r e p a re d  w i th  d i s t i l l e d  w a te r .  The 

c o b a la m in  w h ich  c o u ld  be  i d e n t i f i e d  on b io a u to g ra p h y  i n  

n e a t  e x t r a c t  s t a t e  an d  a l s o  i n  d i l u t i o n s  o f  1 ? 2 , 1 :4 ,  

1 :8 ,  I s  1 6 .and  I s 32 w ould p l a i n l y  be one w hich 

q u a n t i t a t i v e l y  was g r e a t e r  th a n  one w hich  a p p e a re d  i n  

n e a t  an d  I s 2 d i l u t i o n s  o n ly .

I n  a d d i t i o n ,  w here  p o s s i b l e  each  n e a t  e x t r a c t  was 

d i l u t e d  and  s u b s e q u e n t ly  a s s a y e d  u s in g  L . le ic h m a n i i  to  

g iv e n  t o t a l  c o b a la m in  c o n te n t ,  from  t h i s  v a lu e  and  from  

th e  p re s e n c e  o r  a b se n c e  o f  g ro w th  i n  t h e  e x t r a c t  and  

d i l u t i o n s  o f  th e  unknown i t  was f e l t  t h a t  t h e  r a t i o s  o f  

i n d i v i d u a l  c o b a la m in s  p r e s e n t  c o u ld  be fo u n d  w ith  r a t h e r  

g r e a t e r  a c c u ra c y  th a n  by v i s u a l  s c o r in g  a lo n e .
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To a f f i r m  th e  v a l i d i t y  o f  th e  p r e v io u s  q u a n t i t a t i o n  

m ethod  t h e  g ro w th  r e s p o n s e s  o f  e q u a l  c o n c e n t r a t i o n s  o f  

i n d i v i d u a l  c o b a la m in s  and  a s  a  c o n seq u e n ce  t h e i r  l i m i t  

o f  d e t e c t i o n  on b io a u to g ra p h y  h a d  to  be shown t o  be 

i d e n t i c a l .

MATBRIAIS & METHODS.

C r y s t a l l i n e  co enzyme cyano Bj^g, h y d ro x o  Bj^2

m e th y l Bqp w ere o b ta in e d  from  B .D .H . an d  exam ined  f o r

p u r i t y  by p a s s a g e ,  w here  a p p r o p r i a t e ,  t h r o u ^  CM

c e l l u l o s e  an d  DEAE c e l l u l o s e .  Ammonia was p r e p a r e d

by th e  a d d i t i o n  o f  h y d ro x o  B  ̂_ (5  m gms.) t o  an  ammonia
JLci

s o l u t i o n  ( 0 .1  m o l . / l . ) .  S o lu t io n s  o f  ammonia B^2 ? 

coenzym e B ^^, cyano h y d ro x o  B^^ m e th y l B^g w ere

p re p a re d  a t  a  c o n e , o f  7 .5  x  10” ^ m o l . / l .  i n  d i s t i l l e d  

v /a te r  and  re d u c e d  to . 3»0 x 10~^^ m o l . / l .  by a  s e r i e s  o f  

s te p w is e  1 :1  d i l u t i o n s  * 2 jjils . o f  e ach  d i l u t i o n  w ere 

a p p l i e d  t o  a  s i l i c a  g e l  chrom atogram  an d  a f t e r  d ry in g  

d e v e lo p e d  by b io  a u to g ra p h y . The g row th  a r e a s  v /ere s c o re d  

by th e  m ethod  o f  L i n n e l l  (1969  ) and  th e  r e s u l t s  

r e c o rd e d  (T a b le  2  ) .

DISCUSSIO N .

T ra c e  im p u r i ty  i n  th e  coenzym e B^g and  h y d ro x o  B^2 

was d e m o n s tra te d  by t h e  r e t e n t i o n  o f  a  s m a l l  am ount o f  

m a t e r i a l  i n  a  t h i n  r e d  band  a t  t h e  to p  o f  t h e  DEAE 

c e l l u l o s e  colum n i n  e ac h  c a s e .  Ho s i g n i f i c a n t  r e t e n t i o n  

o f  m a t e r i a l  o c c u r re d  on e i t h e r  colum n h o w ev er, and  th e
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î ta n d a rd s  w ere t h e r e f o r e  p r e p a re d  w ith o u t  p u r i f i c a t i o n .

A p p lie d  GONCENTRATION(X
lOBAIAJJIH.

75Ü 375 188 47 2 3 .5 11*7 5 :8 2.9

NH5B12 : 4.4.4. 444 44 44 4 4

pgs.Bj_2S 202 101 5 0 .5 25o3 1 2 .6 6 :3 3 .2 1 .6 0 .8

AdoBi2 : 4'+4* 4.4.4. 44 ++ 44 4 4

Pgs.Bj_2S 2 3 6 .8 118*4 59Ô2 29%6 U . 3 7 :4 3 :7 1 .9 0 .9

: 4.4.4. 444 441 44 44 44 4 4

p g s .B x 2 ! 2 0 3 .4 1 0 1 .7 5 0 .9 2 5 .4 1 2 .7 6 .4 3 .2 1 .6 0 .8

: 444 44 44 44 4 4

pgs.B]_2 : 202 101 50*5 2 5 .3 1 2 .6 6*3 3 .2 1*6 0 .8

MeBi2 * •̂*4-4* 444 444 ++ 44 4 4

p g s .B ip : 2 0 1 .6 100*3 5 0 .4 2 5 .2 1 2 .6 6 .3 3*2 1*6 0 .8

T a b le  2 Growth R esp o n ses and l i m i t s  o f D e te c t io n o f

th e  S ta n d a rd  O ohalam ins on B io a u to g ra p h y .

The g ro w th  a r e a s  o b ta in e d  i n d i c a t e d  t h a t  t h e  g row th  

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

d e t e c t i o n  l i m i t  f o r  coenzym e siomonia B ig , hydroxo  B12

and  m e th y l Bpg w ere e q u iv a l e n t .  A t r a c e  grovrfch re s p o n s e  

a t  t h e  lo w e s t d i l u t i o n  was fo u n d  f o r  cyano  Bpg, b u t  t h i s  

W3.S n o t  bhougiit im p o r ta n t  s in c e  th e  o c c u r re n c e  o f  

cyano  B^g was l i k e l y  t o  be n e g l i g i b l e  i n  t i s s u e
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e x t r a c t s .  S e r a i - q u a n t i t a t io n  by th e  d i l u t i o n  m ethod  was 

t h e r e f o r e  a  v a l i d  te c h n iq u e  and  was em ployed i n  th e  a s s a y  

o f  t i s s u e  e x t r a c t s *

Ammonia exam ined  a t  t h i s  s t a g e  b e c a u s e , d u r in g

c h ro m a to g ra p h y  a l l  t h e  h y d ro x o  p r e s e n t  i s  c o n v e r te d  

t o  t h i s  fo rm  by th e  ammonia i n  t h e  s o lv e n t  sy s te m .



39

CHAPTBR 2 . 

ECTRAOTIOÎI YIELDS
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SECTION 1 

E x t r a c t i o n  Y ie ld s ,  -  ^ iC o .B ^p"

I t  was o b v io u s ly  d e s i r a b l e  t o  h ave  some e s t im a te  o f  

t h e  y i e l d  o f  v i ta m in  5^2  from  e x t r a c t i o n  p r o c e d u r e s ,  and  

ev en  more in f o r m a t iv e  w ould  be  e s t im a te s  o f  t h e  y i e l d s  

a t  e ac h  s t a g e  o f  an  e x t r a c t io n *  I n  e x t r a c t i o n s  o f  

v i ta m in  from  t i s s u e s  ho w ev er, su c h  e s t im a t e s  w ere 

n o t  e a sy  t o  o b ta in *

One m ethod  was t h e  m easu rem en t o f  v i ta m in  B _̂2 fP. t h e  

o r i g i n a l  t i s s u e  hom ogenate  and  th e n  a t  v a r io u s  s t a g e s  i n  

t h e  p ro c e d u re ,  due a llo w a n c e  b e in g  made f o r  v a r i a b l e s  

su c h  a,8 c o n c e n tr a t io n *

E s t im a te s  o f  v i ta m in  B^g o b ta in e d  by m ic r o b io l o g i c a l  

a s s a y s  h o w ev er, w ere o n ly  a c c u r a te  w i th in  1 20^5 (R oss 

e t  a l o ,  1956„ ) and  a  r a t h e r  h ig h e r  s t a n d a r d  o f

a c c u ra c y  was d e s i r a b le *  Such a s s a y s  i n  any c a s e  m ig h t 

be a d v e r s e ly  a f f e c t e d  by th e  p re s e n c e  o f  p h e n o l ,  a  

b a c t e r i a l  g ro w th  i n h i b i t o r ,  u se d  i n  t h e  e x t r a c t i o n  

p ro c e d u re *  The a d d i t i o n  o f  r a d i o a c t i v e  cyan.o B̂ ĝ 

(^"^Co*B^2 ) fo  t h e  t i s s u e  and  e s t im a te s  o f  y i e l d s  by 

r a d i o a c t i v i t y  m easu rem en ts  a t  v a r io u s  s t a g e s  h a d  o b v io u s  

a d v a n ta g e s  p ro v id e d  t h a t  t h e  m o le c u la r  s t r u c t u r e  o f  th e  

v i ta m in  re m a in e d  i n t a c t  d u r in g  e x t r a c t io n *  The d raw back  

t o  t h i s  m ethod  h o w ev er, was t h a t  m easu rem en ts  o f  

r a d i o a c t i v e  v i ta m in  B^g added  t o  t i s s u e  h o m o g en a tes  

w ould  n o t  n e c e s s a r i l y  r e f l e c t  th e  s i t u a t i o n  i n  w hich  

v i ta m in  B^g was a c t u a l l y  i n c o r p o r a te d  i n t r a c e l l u l a r l y  i n  

t h e  t i s s u e s  and  p o s s ib ly  ch an g ed  c h e m ic a l ly  by th e
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b in d in g  in v o lv e d  and  n o t  m e re ly  bound to  t h e  t i s s u e  

s u r f a c e .  F o r  t h i s  r e a s o n  th e  o n ly  t i s s u e s  i n  w hich  

y i e l d s  c o u ld  be e s t im a te d  w ith  any  a c c u ra c y  w ould be 

th o s e  i n  w h ich  r a d i o a c t i v e  v i ta m in  h a d  b een  

i n c o r p o r a te d  n a tu r a l l y *

B o r tu n a te ly  human l i v e r  t i s s u e  became a v a i l a b l e  from  

a  p a t i e n t  v/ho h ad  b e en  g iv e n  0. O ^gm s; Ib jiC i o f  

v i ta m in  an  i n v e s t i g a t i o n a l  p u rp o se  i r r e l e v a n t  t o

t h i s  e n q u iry .  9 2 d ay s h a d  e la p s e d  be tw een  t h e  a d m in is t r ­

a t i o n  o f  t h e  dose  and  t h e  d e a th  o f  th e  p a t i e n t  from  

n a t u r a l  c a u s e s  and  from  th e  a v a i l a b l e  e v id e n c e  i t  seem ed 

l i k e l y  t h a t  t h e  a d m in is te r e d  r a d i o a c t i v e  cyano  B̂ ĝ w ould 

th e n  h ave  become p a r t  o f  t h e  body p o o l  o f  v i ta m in  B^^ 

and  u n d e rg o n e  a  n o rm a l c h e m ic a l  t r a n s f o r m a t i o n .  

I n v e s t i g a t i o n s  w ere t h e r e f o r e  c a r r i e d  o u t on th e  y i e l d s  

a t  v a r io u s  s t a g e s  i n  t h e  e x t r a c t i o n  p ro c e d u re  u s in g  t h i s  

t i s s u e .  M easu rem en ts o f  r a d i o a c t i v i t y  w ere p e r fo rm e d 'o n  

an  I . D. I .  ty p e  663 s c i n t i l l a t i o n  c o u n te r ,  w ith  a  sodium  

io d id e  t h a l l i u m  a c t i v a t e d  c r y s t a l  and  a  p h o t o m u l t i p l i e r  

tu b e .  The c r y s t a l  d im e n s io n s  w ere 5 .5  cm s, d ia m e te r  and

6 ,9  cm s. deep  fo rm in g  a  w e l l  o f  d ia m e te r  2 .7 5  cms* and 

d e p th  5 .5  c m s ., i n  w h ich  sam p les  w ere c o u n te d  by th e  *a l l  

i n '  m eth o d . The c r y s t a l  and  p h o t o m u l t i p l i e r  tu b e  w ere 

s h i e ld e d  by 10 cm s. o f  l e a d  and  c o n n e c te d  t o  a  s c a l e r  

M odel 1700 . A l l  sa m p le s  w ere c o n te d  f o r  100 s e c s ,  and  

a p p r o p r i a t e  b a ck g ro u n d  c o r r e c t i o n s  made i n  e v e ry  c a s e .

I n i t i a l  s t u d i e s  w ere  made u s in g  1 gm. and  5 gms. o f
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t i s s u e  i n  10 m is ,  and  50 m is , o f  hom ogenate  r e s p e c t i v e l y .

from  t h e  r e s u l t s  o b ta in e d  a s  shovm i n  t a b l e  5 , i t

was c l e a r  t h a t  t h e r e  w ere c o n s id e r a b le  l o s s e s  i n  th e  

e x t r a c t i o n  p r o c e s s ,  t h e s e  b e in g  l a r g e s t  c a ,  20^  a t  t h e  

p h e n o l e x t r a c t i o n  s t a g e ,  A l o s s  o f  7^  o f  a c t i v i t y :  was 

a l s o  r e c o r d e d  i n  th e  o r g a n ic  p h a se  i n  e ac h  c a s e  and  

f i n a l  y i e l d s  o f  a c t i v i t y  o f  47^ and  43?^ r e s p e c t i v e l y  

l e f t  a b o u t 20^ o f  th e  t o t a l  a c t i v i t y  u n a c c o u n te d  f o r  i n  

e ac h  e x t r a c t i o n .  S in c e  t h e  a c t i v i t y  o f  a l l  t h e  

d i s c a r d e d  p h a s e s  was m e a su re d  t h i s  a c t i v i t y  m ust have  

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

I n  v iew  o f  t h e s e  f i n d i n g s ,  t h e  e x t r a c t i o n  p ro c e d u re  

was m o d if ie d  i n  two r e s p e c t s  — e x te n s io n  o f  t h e  e th a n o l  

r e f l u x  p e r io d  t o  one h o u r  and  d u p l i c a t i o n  o f  th e  p h e n o l 

e x t r a c t i o n  -  i n  an  a t te m p t  t o  d e c r e a s e  th e  l o s s e s  i n  t h e  

p r o t e i n  p r e c i p i t a t e  and aqu eo u s p h a se  r e s p e c t i v e l y .  S ix  

f u r t h e r  e x t r a c t i o n s  w ere p e rfo rm e d  u s in g  th e  same 

t i s s u e s  a s  w ere exam ined  p r e v io u s ly  and  w i th  th e  

p o s s i b i l i t y  t h a t  t h e r e  h a d  b een  c o n s id e r a b le  l o s s  o f  

a c t i v i t y  i n  th e  p r o t e i n  p r e c i p i t a t e ,  t h e s e  w ere  d r i e d  

and  t h e  a c t i v i t y  o f  e ach  m e a su re d ,

From th e  r e s u l t s  i n  t a b l e  4  , i t  was c l e a r  t h a t  th e

new e x t r a c t i o n  c o n d i t i o n s ,  t o g e t h e r  w ith  a  m ore v ig o ro u s  

m ix in g  o f  t h e  p h e n o l and aqueous p h a se s  c o n s id e r a b ly  

re d u c e d  l o s s e s .  T hese  w ere re d u c e d  to  an a v e ra g e  o f  5^ 

i n  t h e  p r o t e i n  p r e c i p i t a t e  and  a  m ere i n  t h e  aqu eo u s 

p h a se  from  th e  p h e n o l e x t r a c t i o n .
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PHASB. EXTRACT. ACTIVITY., PERCENTAGE

( c . p . s . )  YIEIJ)/K)SS,

Koinogenate, 1

2

I n i t i a l  Aqueous* 1

2

P henol*

P h e n o l /E th e r /
A cetone*

P i n a l  Aqueous 
c o n c e n tr a te *

1
2

1

2

1

2

31o7

2 9 6 ,9

8 ,9

5 7 .0

1 7 .8  

1 4 4 .3

2 . 2

2 1 .6

1 4 .9  

1 2 7 .7

100^

lo o #

2 § .0 #  l o s s ,  

1 9 .2 #  lo s s *

5 6 ,0 #  Y ie ld .  

4 8 ,6 #  Y ie ld .

7oO# l o s s ,  

7*2# l o s s ,

4 7 .0 #  Y ie ld ,  

4 3 .0 #  Y ie ld ,

T a b le  3 I n i t i a l  Y ie ld s  o f  ^^OoaB^g from  Human l i v e r
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PHASE, EXTRACTS. AVERAGE ^'A G E .
f^ 'A G E . OP TOTAL ACTIVITY) Y IE L D /L O SS.

1 2 3 4 5 6

H om ogenate, 100 100 100 100 100 100

Aq, E th a n o l  
f i l t r a t e .

P r o t e i n
p r e c i p i t a t e ,

Aq, E th a n o l  
c o n c e n t r a t e .

Aq. E th a n o l  
d i s t i l l a t e ®

P h e n o l.

8 8 .2  9 1 .9  9 9 .4  9 5 .3  9 4 .3  9 5 .9  9 4 .2 #  Y ie ld .

5 .0  5 .5  5 .8  5 .0  4 .1  5 .0  5 .1 #  l o s s .

8 2 .9  9 0 .7  9 3 .5  9 9 .4  9 4 .8  94*9 9 3 .5 #  Y ie ld .

0 .0  0 .0  0 .0  0 .9  0 .0  0 .0  0 .2 #  l o s s .

8 2 .5  8 9 .5  8 9 .5  8 4 .8  7 3 .0  7 6 .3  8 2 .6 #  Y ie ld ,

I n i t i a l
Aqueous,

1 .8  5 .8  4 .4  7 .3  1 9 .0  3 .9  7 .0 #  lo s s .

P h e n o l /E th e r  1 .4  6 .7  0 .2  4 .0  6 .1  4 .0  3*7# l o s s .
A c e to n e .

P i n a l  A queous. 7 1 .8  7 4 .3  8 8 .2  8 3 .8  60o3 7 2 .9  7 5 .2 #  Y ie ld ,

T a b le  4  Y ie ld s  o f  from  Human l i v e r  u s in g

th e  R e v ise d  E x t r a c t i o n  P ro c e d u re ,
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The f i n a l  y i e l d s  o f  a c t i v i t y  ra n g e d  b e tw ee n  6 0 .3 #  

and 8 8 .2 #  w ith  an a v e ra g e  o f  75*2# and w ere c l e a r l y  

v e ry  d e p e n d e n t on e x t r a c t i o n  c o n d i t io n s  to  su c h  an  

e x te n t  t h a t  v ig o ro u s  s h a k in g  o f  t h e  aqu eo u s and  p h e n o l 

p h a s e s  re d u c e d  a c t i v i t y  l o s s e s  by a b o u t 15#*

I t  seem ed l i k e l y  t h a t  t h e  y i e l d s  from  t i s s u e s  w hich  

h ad  b e en  s u b je c t e d  t o  c o o k in g  m ig h t w e l l  be  lo w e r  

b e c a u se  o f  d é n a t u r a t i o n  o f  t h e  p r o t e i n  b in d e r s  d u r in g  

t h e  c o o k in g  p r o c e s s  and  t h e r e f o r e  s t u d i e s  w ere c a r r i e d  

o u t  on t i s s u e s  w h ich  w ere p r e s s u r e - c o o k e d  f o r  20 m in s . 

a t  12 0 ^0 . A gain  s i x  i d e n t i c a l  e x t r a c t i o n s  w ere  

p e rfo rm e d  u s in g  50 m l. h o m o g en a tes  c o n ta in in g  5 gms® o f  

cooked  t i s s u e .

Prom th e  r e s u l t s  i n  t a b l e  5 , i t  was e v id e n t  t h a t

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

p r e c i p i t a t e  h ad  o c c u r r e d  w i th  a v e ra g e  l o s s e s  o f  1 0 .1 # . 

T h is  t o g e t h e r  w ith  in c r e a s e d  l o s s e s  o f  1 5 .7 #  i n  th e  

aq u eo u s p h a se  from  t h e  p h e n o l  e x t r a c t i o n  l e d  t o  f i n a l  

a c t i v i t y  y i e l d s  b e tw een  6 0 . and 7 0 .4 #  v i t h  an  a v e ra g e  

o f  6 6 o 3# . C ook ing  o f  th e  t i s s u e  th u s  made m ore 

d i f f i c u l t  t h e  f r e e i n g  o f  in c o r p o r a te d  v i ta m in

The s t u d i e s  on e x t r a c t i o n  y i e l d s  u s in g  t i s s u e s  

c o n ta in in g  in c o r p o r a te d  r a d i o a c t i v e  v i ta m in  h a d  

p e r f o r c e  to  be l i m i t e d  t o  t h e  one t i s s u e  w h ich  h ad  

become a v a i l a b l e .  I t  h ad  b een  p la n n e d  to  e x te n d  t h i s  

s tu d y  t o  eggs c o n ta in in g  t h e  i n c o r p o r a te d  r a d i o a c t i v e
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PHASE. EXTRACTS. AVERAGE #'AGE.
(f^'AGE. OP TOTAL ACTIVITY) YIELE/LQSST”

1 2 3 É 5 G

Hom ogenate, 100 100 100 100 100 100

Aq, E th a n o l  
f i l t r a t e .

P r o t e i n
p r e c i p i t a t e ,

Aq, E th a n o l  
c o n c e n tr a te »

P h e n o l .

9 5 .0  9 3 .3  9 6 .8  9 4 .4  9 3 .0  9 3 .1  9 4 .3 #  Y ie ld .

1 2 .5  8 .1  9 .4  8 .8  9 .3  1 2 .7  1 0 .1 #  l o s s .

9 4 .8  9 3 .7  9 4 .9  9 7 .9  9 1 .6  9 3 .0  9 4 .3 #  Y ie ld ,

7 7 .1  7 4 .8  7 1 .2  7 1 .8  7 1 .8  6 3 .7  7 2 .6 #  Y ie ld .

I n i t i a l
A queous

1 1 .7  1 2 .6  1 7 .9  1 4 .1  1 9 .8  1 8 .2  1 5 .7 #  l o s s .

6 .0  0 .8  10»6 3 .0  3 .5  4 .4  4*7# l o s s ,

P i n a l  A queous, 6 8 .4  7 0 ,4  6 4 .2  7 0 ,4  6 3 .5  6 0 .8  6 6 .3 #  Y ie ld ,

P h e n o l /E th e r  
A c e to n e ,

T a b le  5 Y ie ld s  o f  ^^^Co.B^g fhom Human l i v e r  t i s s u e  

Cooked f o r  20 m in s .
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v i ta m in  a  m ethod  f o r  t h i s  h a v in g  been  d e s c r ib e d

(Schade & S c h i l l i n g , 1 9 6 ? ) ,  b u t  c ir c u m s ta n c e s  made i t  

im p o s s ib le  t o  p ro c e e d  w ith  t h i s  p r o je c t*  U nder th e  

c i r c u m s ta n c e s  t h e r e f o r e  th e  s t u d i e s  w ere l i m i t e d  t o  

th o s e  i n  w h ich  ^^Go.GNB^^ '̂̂ s,s added  t o  eggs i n  v i t r o *

I t  was a p p r e c i a t e d  from  th e  o n s e t  o f  t h e s e  s t u d i e s  t h a t  

t h e  added  r a d i o a c t i v e  cyano  m ig h t s im p ly  be  l o o s e ly  

s u r f a c e  bound t o  p r o t e i n  and t h a t  i n  su c h  c i r c u m s ta n c e s  

th e  y i e l d s  m ig h t be m is le a d in g ly  h ig h  when com pared  t o  

y i e l d s  o f  v i ta m in  B^p in c o r p o r a te d  i n t o  th e  egg  p r o t e i n ,  

w h ich  m ig h t w e l l  be c o n s id e r a b ly  lo w e r.

I t  was a l s o  f e l t  ho w ev er, t h a t  i f  t r a p p i n g  o f  

v i ta m in  Bpg i n  d e n a tu r e d  p r o t e i n  was a  f a c t o r  i n  th e  

o c c u r re n c e  o f  low y i e l d s ,  t h i s  w ould be fo u n d  i n  

e x t r a c t i o n  y i e l d s  o f  v i ta m in  Bpp fnom eggs t o  w hich  

r a d i o a c t i v e  cyano B^g h ad  been  added  i n  v i t r o  p r i o r  t o  

d é n a tu r a t i o n  o f  t h e  p r o te in *

5^Go*0NBp2, ( 0 .5  m l . ,  0 .0 5 u G i, 15 ngm s.B pp) was 

i n j e c t e d  i n t o  th e  y o lk  o f  two raw e g g s , b o th  g e n t ly  

sh a k e n  and w e ig h ed . One egg was b o i le d  f o r  t h r e e  

m in u te s  a t  lOO^G and b o th  eggs w ere th e n  re w e ig h ed  i n  

th e  d a rk  a f t e r  rem o v a l o f  s h e l l  and m em brane. The 

t i s s u e s  w ere h o m o g en ised , d iv id e d  i n t o  a l i q u o t s  e ac h  

c o n ta in in g  10 gms. o f  t i s s u e  and s u b je c te d  t o  t h e  u s u a l  

e x t r a c t i o n  p r o c e s s ,  m o d if ie d  o n ly  by th e  e x te n s io n  o f  

th e  d u r a t io n  and r e p e t i t i o n  o f  t h e  e th a n o l  r e f lu x *
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W ith th e  un co o k ed  egg, l a r g e  l o s s e s  o f~ 2 5 #  o f  v i ta m in  

B fp a c t i v i t y  o c c u r r e d  i n  t h e  p r o t e i n  p r e c i p i t a t e  d e s p i t e  

r e p e t i t i o n  and  e x te n s io n  o f  d u r a t i o n  o f  r e f lu x *  I n  

a d d i t i o n  th e  f i n e  p r o t e i n  p r e c i p i t a t e  w hich  was n o t  

rem oved by th e  f i l t r a t i o n  p r o c e s s  l e d  to  l o s s e s  i n  

e x c e s s  o f  10# ( t a b l e  6  ) ,  due to  i t s  r e t e n t i o n  i n  th e

aq u eo u s p h a se  d u r in g  th e  p h e n o l e x t r a c t io n *

The l o s s  o f  v i ta m in  a c t i v i t y  i n  th e  p r o t e i n  

p r e c i p i t a t e  i n  t h e  e x t r a c t i o n  from  th e  b o i l e d  egg  

hom ogenate  was s i m i l a r  t o  t h a t  f o r  th e  uncooked  eg g , a t  

a b o u t 23#  ( t a b l e  7  ) .  I n  t h i s  c a s e  o v e r a l l  l o s s e s  i n

th e  aq u eo u s p h a se  a t  t h e  p h e n o l e x t r a c t i o n  and  t h e  

o r g a n ic  p h a se  w ere on a v e ra g e  a b o u t 5# h ig h e r  th a n  f o r  

t h e  uncooked  egg hom ogenate  a t  ca^ 15^ an d  10# r e s p e c t ­

i v e l y ,  an d  l e d  to  a  low  a v e ra g e  y i e l d  o f  39#.

Added r a d i o a c t i v e  * v i ta m in  a p p e a re d  to  be t i g h t l y  

bound up i n  th e  egg  p r o t e i n  and  a s  w ith  l i v e r  th e  

c o o k in g  p ro c e s s  r e d u c e d  th e  a c t i v i t y  y i e l d  by a b o u t 10# . 

The low  r e c o v e r i e s  o f  r a d i o a c t i v e  cyano B^^ &dded to  eggs 

i n  v i t r o  w ere i n  k e e p in g  w ith  th e  r e s u l t s  r e p o r t e d  by 

Adams e t  a l .  ( 1 9 7 2 .) ,  who fo u n d  t h a t  th e  mean r e c o v e r i e s  

o f  cyano added  t o  egg hom ogenate  w ere a s  low a s  37#, 

th e  m easu rem en ts  b e in g  made by m ic r o b io lo g ic a l  a ssa y *
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PHAS3. 3ÏXTEACT, ACTIVITY

( c . P . 8 . )

PBECEi'lTAgB 

YIELD/liOSS,

Hom ogenate,

P r o t e i n
p r e c ip i t a te ®

I n i t i a l
A queous,

P h e n o l /E th e r  
Acetone®

1

2

1

2

1

2

P i n a l  Aqueous® 1

2

1 2 1 .6

1 1 7 .2

51 .8

2 6 .2

20o7 

3 . 8

4 .9

4 .6

4 8 .5

6 7 .9

100#

100#

26*2# l o s s .  

2 2 .4 #  L o ss .

1 7 .0 #  L o ss . 

7 .5 #  L o ss .

4 .0 #  L o ss . 

5 .9 #  L o ss .

5 9 .7 #  Y ie ld .  

5 8 .0 #  Y ie ld *

l a h l e  6 Y ie ld s  o f  L27om Raw

H om ogenates.



PHASE® EXTRACT.

5 0

ACTIVITY PERCENTAGE

( c . p . S c l YIELD/LOSS.

H om ogenate. 1 1 3 4 .4 100#

2 1 2 7 .4 100#

5 1 1 7 .3 100#

P r o t e in 1 3 0 .9 2 3 .0 #  L o ss .
p r e c i p i t a t e .

2 3 3 .0 2 5 .9 #  LosSo

3 2 4 .3 2 0 .7 #  L o s s .

I n i t i a l 1 1 5 .7 1 1 .7 #  Loss®
A queous.

2 2 0 .3 1 5 .9 #  L o ss .

3 2 4 .9 21*2# L o ss .

P h e n o l /E th e r 1 1 0 .5 7 .8 #  L o ss .
Ace t o n e .

2 8 .9 7 .0 #  L o ss .

3 1 6 .9 1 4 .4 #  L o ss .

F i n a l  Aqueous 1 5 8 .8 4 3 .7 #  Y ie ld

2 4 6 .9 3 6 .8 #  Y ie ld

3 4 3 .0 3 6 .7 #  Y ie ld

T a b le  7 Y ie ld s  o f from B o i le d  Egg

H om ogenates,
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SECTION 2

Use o f  P ro n a s e  i n  t h e  E x t r a c t i o n  P r o c e d u r e .

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

p r e c i p i t a t e  i t  was d e c id e d  t o  u s e  p r o n a s e ,  a  non­

s p e c i f i c  p r o t e o l y t i c  enzym e, t o  b r e a k  down t h e  

d e n a tu r e d  p r o t e i n  i n  t h e  cooked  t i s s u e  ho m o g en a te s  i n t o  

i t s  c o n s t i t u e n t  amino a c i d s  and  t h e r e b y  r e l e a s e  any 

h i t h e r t o  bound c o b a la m in s .  I t  was e x p e c te d  t h a t  l o s s e s  

i n  t h e  p r o t e i n  p r e c i p i t a t e  i n  e x c e s s  o f  10# f o r  l i v e r  

t i s s u e  and  20# f o r  cooked  and  raw egg t i s s u e  m ig h t  be 

a p p r e c i a b l y  r e d u c e d  by su c h  a  p ro n a s e  t r e a t m e n t .

MATERIALS & METHODS.

A b r i s k e t  ( b o i l e d )  hom ogenate  was p r e p a r e d  and 

d i v i d e d  i n t o  a l i q u o t s  e ac h  c o n t a i n i n g  4 gms. o f  t i s s u e .  

P ro n a s e  *B’ g r a d e ,  d e r i v e d  from  S tre p to m y c e s  g r i s e u s  was 

o b t a i n e d  from  G alb iochem  and  a  0 .4 #  (v//w) s o l u t i o n  

p r e p a r e d  i n  p h o s p h a te  b u f f e r  a t  pH 7 . 6 .

30 m is .  o f  t h e  p ro n a s e  s o l u t i o n  were added  t o  40 mls< 

o f  b r i s k e t  hom ogenate  i n  a  f o i l e d  250 m l. c o n i c a l  f l a s k ,  

sh a k e n  f o r  10 m in s .  and  t h e  s o l u t i o i  d i v id e d  i n  two 

60 ml* a l i q u o t s ,  one i n c u b a t e d  f o r  3 h r s .  and  t h e  o t h e r  

f o r  I S  h r s .  a t  37^0 . The c o b a la m in  e x t r a c t i o n  p r o c e d u r e  

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

m easu rem en t o f  t h e  w e ig h t  o f  t h e  p r o t e i n  p r e c i p i t a t e  t o  

d e te r m in e  t h e  e x t e n t  o f  p r o t e o l y s i s  i n  each  c a s e .  I n  

a d d i t i o n  a  c o n t r o l  e x t r a c t i o n  was c a r r i e d  o u t  on a n o th e r
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40 m is .  o f  b r i s k e t  hom ogenate  and  t h e  c o b a la m in  y i e l d  

com pared  w i th  t h o s e  from  t h e  p ro n a s e  i n c u b a te d  s a m p le s .  

C hrom atogram s o f  t h e  e x t r a c t s  w ere  r u n  and  d e v e lo p e d  by 

t h e  stEuadard b io  a u to  g r a p h ic  t e c h n i q u e .

RESULTS & DISCUSSION.

The c o n t r o l  e x t r a c t  on b io a u to g r a p h y ,  f i g .  2  ,

y i e l d e d  s m a l l  g ro w th  z o n e s  c o r r e s p o n d in g  t o  coenzyme 3 ^ 2  

and  hy d roxo  The e x t r a c t s  from  th e  i n c u b a t e d

s a m p le s ,  f i g * s .  3  à  ^   ̂ gave  r i s e  t o  p r o p o r t i o n a l l y  

much l a r g e r  g row th  z o n e s  im p ly in g  an  i n c r e a s e d  c o b a lam in  

e x t r a c t i o n  e f f i c i e n c y  w i th  t h e  u s e  o f  p r o n a s e .

C om parison  o f  b io a u to g ra m s  how ever showed anom alous 

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

e f f i c i e n c y  o n ly  one c o b a la m in ,  co enzyme B _̂2 was d e t e c t e d  

i n  t h e  i n c u b a t i o n  e x t r a c t s ,  w h i le  h yd roxo  B^g a l s o  

fo u n d  i n  t h e  c o n t r o l  e x t r a c t .

The y i e l d  o f  p r o t e i n  p r e c i p i t a t e s  from  t h e  3 h o u r  

and  18  h o u r  i n c u b a t i o n s  o f  0 .2 4  gms. and 0 .0 6 5  gms. 

r e s p e c t i v e l y  i m p l i e d  t h a t  p r o t e o l y s i s  i n  t h e  l a t t e r  

e x t r a c t i o n  was v i r t u a l l y  c o m p le te  w i th  t h e  p r o t e i n s  

r e d u c e d  i n  t h e  hom ogenate  t o  t h e i r  ..amino a c i d  

c o n s t i t u e n t s ,  w hich  b e in g  w a te r  s o l u b l e  w ere  n o t  rem oved 

on f i l t r a t i o n .

The i n c r e a s e  i n  y i e l d  o f  c o b a la m in s  was r e f l e c t e d  i n  

f i g .  4  , w here a  g ro w th  r e s p o n s e  c o u ld  be d e t e c t e d  f o r  

t h e  18  h r .  i n c u b a t i o n  e x t r a c t  a t  an  a p p l i e d  l e v e l  o f  

~ 4  pgs.B ^g*  To a v o id  t h e  e x t e n s i o n  o f  an  a l r e a d y  lo n g
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Ado CN EXTRACT "OH* Me■̂ 12
p g s .  : TOO 100<184 <92 100 100

P i g .  2  B r i s k e t ,  b o i l e d ,  e x t r a c t ,  -  B io au to g ra m .
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B^2 Form ; Ado CN E X T R A C T  'OH' Me

p g s .  B i2 : 100 100<102^63 <34 <17  100 100

F i g .  3  B r i s k e t ,  b o i l e d ,  e x t r a c t *  -  B io a u to g ra m .

3 h r .  i n c u b a t i o n  i n  0 . 4 ^  P r o n a s e .

Q O

&

Form ; Ado CN E X T R A C T  'OH' Me

p g s .  B^2 : 100 100<6 3 <34 <17 < 3 .5 < 4 .3  100 100

F i g .  “4 B r i s k e t ,  b o i l e d ,  e x t r a c t ,  -  B io a u to  gram, 

13 h r .  i n c u b a t i o n  i n  0 .4 ^  (w/w) P ro n a se ,



d u r a t i o n  e x t r a c t i o n  p r o c e d u r e  from  one t o  two d ays  w i th  

an  18  hr#  i n c u b a t i o n  i t  was d e c id e d  t o  u s e  t h e  p ro n a s e  

a t  a  h i g h e r  c o n c e n t r a t i o n  and  a g a in  i n c u b a t e  t h e  

h o m o g en a te s  f o r  5 h o u r s .

MATERIALS & METHODS.

As w i th  t h e  p r e v i o u s  e x t r a c t i o n ,  e x c e p t  a  7^  (w/w) 

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

b r i s k e t  hom ogenate  f o r  3 h r s .  a t  37^0 . A f t e r  e x t r a c t i o n  

o f  c o b a la m in s  t h e  ch rom atogram  was ru n  a n d  d e v e lo p e d  by 

b io  a u t  o g ra p h y .

RESULTS & DISCUSSION.

Prom t h e  b io a u to g ra m ,  f i g .  3  ? i t  was a p p a r e n t  t h a t

i f  t h e  v i t a m in  c o n t e n t  o f  b r i s k e t  o f  12 ^gms.B^^g/kg, 

t i s s u e  a s  q u o te d  by Adams e t  a l .  ( 1 9 7 2 0  was a c c u r a t e ,  

t h e n  e x c e s s iv e  g row th  o c c u r r e d  on t h e  b io a u to g ra m  v/hen ' 

u s i n g  h i ^  c o n c e n t r a t i o n  Ifo (w/w) p r o n a s e ,  i m p ly in g  t h a t  

t h e  p r o n a s e  i t s e l f  c o n t a i n e d  v i t a m in  B^g a s  a n  i m p u r i t y .

An e x t r a c t i o n  was t h e r e f o r e  c a r r i e d  o u t  on a  0#02f^ 

(w /v) p ro n a s e  s o l u t i o n  p r e p a r e d  i n  40 m is .  o f  p h o sp h a te  

b u f f e r ,  pH 7 . 6 .  The f i n a l  e x t r a c t  was a g a i n  a n a l y s e d  by 

c h ro m a to g ra p h y  and  b i o a u to g r a p h y .

P ro n a s e  was foun d  t o  be r i c h  i n  c o b a la m in s ,  s e e  

f i g .  8 , c o n t a i n i n g  p r e d o m in a n t ly  coensyme B^g t o g e t h e r

w i th  s m a l l e r  am ounts  o f  cyano  Bqg and  m e th y l  B^g* Prom 

s e r i a l  d i l u t i o n s  and  c o m p a r iso n  w i th  t h e  g ro w th  a r e a s  o f  

t h e  s t a n d a r d s ,  p ro n a s e  'B ' g ra d e  was e s t i m a t e d  to
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Ado CN E X T R A C T 'OH* Me

p g s .  B^2 : 100 100 <159  < 5 3  < 2 6 .5  100 100

F i g .  5 B r i s k e t ,  b o i l e d ,  e x t r a c t ,  -  B ioau togram , 

3 h r .  i n c u b a t i o n  i n  (w/w) P r o n a s e .

^12 : 
p g s .  Bi 2 : 

D i l u t i o n

Ado CN C X T R  AC T «0H* Me

100 100 100 100 

1 1 /2  1 /4  1 / 3

F ig .  6 P ro n a s e  e x t r a c t  i n  P h o s p h a te  B u f fe r ,p H  7o4.
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c o n t a i n  1 .2 5  P ro n a s e  u s e d  a t  t h e  recommended

enzym ic c o n c e n t r a t i o n  o f  0 .2  -  0.4î^ (w/w) was c l e a r l y  

u n s u i t a b l e  i n  a i d i n g  e x t r a c t i o n  o f  c o b a la m in s  from  t i s s u e s  

w hich  c o n ta in e d  l e s s  t h a n ''10 ^ g m s .B ^ g /k g .  and  t h e r e f o r e  i t  

c o u ld  se ldom  be em ployed .

The p r e s e n c e  o f  c o b a la m in s  i n  p ro n a s e  u n d o u b te d ly  

a r o s e  from  t h e  f a c t  t h a t  i t  was d e r i v e d  from  t h e  b a c t e r iu m  

S t r e p to m y c e s  g r i s e u s  w hich  s y n t h e s i s e s  v i t a m in  i t s e l f .  

T h i s  f i n d i n g  e x p la in e d  why o n ly  t h e  coenzyme g ro w th  

zone  was p r e s e n t  i n  f i g .  3  , s i n c e  t h e  c o b a la m in s  p r e s e n t

i n  t h e  b r i s k e t  w ere o b s c u r e d  on t h e  b io a u to g ra m  by t h o s e  

i s o l a t e d  from  t h e  p r o n a s e .
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CHAÎTSE 3 

m  UMICNOm COBAIAMIH
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SECTION 1

An Unknown C o b a la m in . -  P r o p e r t i e s .

D u rin g  t h e  i n v e s t i g a t i o n  i n t o  e x t r a c t i o n  y i e l d s  i t  

became a p p a r e n t  from  t h e  b i o a u t o g r a p h i c  g ro w th  z o n e s  i n  

f i g s .  Z & 6 , t h a t  t h e  h u lk  o f  t h e  s t a n d a r d  hyd ro xo  

g ro w th  o c c u r r e d  a t  a  p o s i t i o n  be tw een  coenzyme sn d  

cyano v /ith  an  siO.2 and  d id  n o t  c o r r e s p o n d  t o  any

o f  t h e  o t h e r  s t a n d a r d  c o b a la m in s .  A se c o n d  g ro w th  a r e a  

a t  t h e  o r i g i n  was a l s o  o b t a i n e d  f o r  hy d roxo  Bj^g on 

b i o  a u to  grams and was a t t r i b u t e d  t o  ammonia B ^g, t h r o u ^ i  

c o n v e r s io n  o f  t h e  hyd ro x o  P r e s e n t  by t h e  ammonia i n  

t h e  c h ro m a to g ra p h ic  s o l v e n t  sy s te m ,

=m^ (1.)
OE.B12

+
+ OH

The g ro w th  a r e a  a t  -nO.R m ig h t  be due t o  aquo Bqg, 

w h ich  i n  s t r o n g  a c i d  s o l u t i o n  (p H < 0 )  was known t o  be 

s t a b l e  w i th  r e s p e c t  t o  ammonia ( P r a t t ,  1 9 6 4 . ) ,  

However, s i n c e  t h e  r e l a t i v e  c o n c e n t r a t i o n s  o f  h y d ro x o  B]_2 

and  aquo B̂ ^g a r e  g o v e rn e d  by t h e  s im p le  a c i d / b a s e  

e q u i l i b r i u m ,

OH.B12 H2OB12

t h e n  any sam p le s  m a i n t a i n e d  a t  a  c o n s t a n t  pH s h o u ld  

c o n t a i n  c o n c e n t r a t i o n s  o f  h y d ro x o  B̂ ^g and  aquo B^g i n  a  

s i m i l a r  r a t i o ,  d e te r m in e d  by t h e  e q u i l i b r i u m  c o n s t a n t  k ,  

w here

k
rHgO.Bisl

[HitOH.B12
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I n  an  a t t e m p t  t o  c o n f i rm  t h i s  t h e o r y  t i s s u e  

e x t r a c t i o n s  w ere  c a r r i e d  o u t ,  t h e  c o b a la m in s  i s o l a t e d  a t  

a  known pH and  t h e  o v e r a l l  c h a rg e  o f  t h e  unknown 

c o b a la m in  d e te rm in e d  by i t s  b e h a v io u r  to w a rd s  i o n -  

ex ch ange  c e l l u l o s e s .  I n  a d d i t i o n  t h e  l i g h t  s t a b i l i t y  o f  

t h e  unknown was e s t a b l i s h e d ,

MATERIALS. & METHODS.

The s t a n d a r d  c o b a la m in s  (coenzym e cyano

hy d ro x o  B^g and  m e th y l  p r e p a r e d  i n  d i s t i l l e d  w a te r

w ere r u n  on a  s i l i c a  g e l  chrom atogram  i n  t h e  s o l v e n t  

sy s te m  w i th o u t  ammonia -  b u t a n - 2 - o l  s n .  p r o p a n o l  5 w a t e r  

(7  : 4 ; 3, v /v )  ~ and  t h e  p o s i t i o n  o f  t h e  h y d ro x o  

on t h e  r e s u l t a n t  b io a u to g ra m  n o te d ,

A g i g o t  chop hom ogenate  was p r e p a r e d  and  d iv id e d  

i n t o  a l i q u o t s  each  c o n t a i n i n g  4 gmso o f  t i s s u e .  The 

c o b a la m in s  w ere  e x t r a c t e d  from t h e  t i s s u e  and  f i n a l l y  _ 

i s o l a t e d  i n  f r e s h l y  p r e p a r e d  d i s t i l l e d  w a te r  a t  pH 6 , 4 .

At t h e  same t im e  a  s t a n d a r d  hydro xo  B^^ s o l u t i o n  v/as 

p r e p a r e d  i n  t h e  d i s t i l l e d  w a te r ,  a  t . l . o .  o f  t h e  s t a n d a r d s  

and  chop e x t r a c t  ru n  and t h e  c o r r e s p o n d in g  b io a u to g ra m  

d e v e lo p e d .

Two Q u i c k f i t  c h ro m a to g ra p h y  colum ns (10  x 1 cm .) , e ac h  

c o n t a i n i n g  a  s i n t e r e d  g l a s s  d i s c  s u p p o r t ,  w ere  c o n n e c te d  

v i a  f l e x i b l e  p l a s t i c  t u b i n g  t o  two 100 m l. s e p a r a t i n g  

f u n n e l  r e s e r v o i r s .  One o f  t h e  colum ns was p a c k e d  w i th  

V,batman DE 11 a c t i v a t e d  DEAD c e l l u l o s e  (-NHR^) and  t h e
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r e s e r v o i r  f i l l e d  w i th  d i s t i l l e d  w a te r ,  a c i d i f i e d  w i th  

d i l u t e  HG1(10"^ m o l . / I . ) .  The o t h e r  colum n was p a c k e d  

w i t h  V^batman CM 11, a c t i v a t e d  CM c e l l u l o s e  (-COg ) ,  t h e  

r e s e r v o i r  f i l l e d  w i th  d i s t i l l e d  w a te r  and  t h e  f lo w  r a t e  

t h r o u g h  e a c h  colum n a d j u s t e d  t o  c a .  40 m i s . / h r .

A n o th e r  g i g o t  chop hom ogenate  c o n t a i n i n g  4 gms. o f  

t i s s u e  was p u t  th r o u g h  t h e  e x t r a c t i o n  p ro c e d u re  and  

t h e  f i n a l  aqueou s  e x t r a c t  c o n t a i n i n g  t h e  c o b a la m in s  

r o t a r y  e v a p o r a t e d  t o  0 .5  m is .  0 .4  mis* o f  t h i s  w ere  

d i l u t e d  t o  1 .0  ml w i th  d i s t i l l e d  w a te r  an d  ad ded  by 

p i p e t t e  t o  t h e  CM c e l l u l o s e  co lum n. A f t e r  30 m in s .  t h e  

20 m is .  o f  e l u a n t  w hich  h ad  b e e n  c o l l e c t e d  w ere  r o t a r y  

e v a p o r a t e d  t o  0 .5  m i s . ,  0 .2 5  m is .  o f  w hich  w ere f u r t h e r  

d i l u t e d  t o  1 .0  m l.  w i th  d i s t i l l e d  w a te r  and  ad ded  t o  

t h e  DEAE c e l l u l o s e  co lum n. The 20 m is .  o f  e l u a n t  

o b t a i n e d  i n i t i a l l y  from  t h e  colum n w ere r o t a r y  

e v a p o r a t e d  t o  0*3 m is .  and s t o r e d  f o r  a s s a y  w i th  t h e  

r e m a in d e r  o f  t h e  c o n c e n t r a t e d  e l u a n t  from  t h e  CM 

c e l l u l o s e  colum n. A chrom atogram  o f  t h e  chop e x t r a c t  

and t h e  colum n e l u a n t s  was r u n  and d e v e lo p e d  by 

b i o a u to g r a p h y .

To d e te rm in e  t h e  l i g h t  s t a b i l i t y  o f  t h e  unknown 

m a t e r i a l  t h e  g i g o t  chop e x t r a c t  was a g a i n  exam ined  by 

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

a n o th e r  sam ple  s p o t t e d  o n to  a- s i l i c a  g e l  s h e e t  and  

a f t e r  d r y in g  e x p o sed  t o  d a y l i g h t  f o r  t h e  6-|- h r ,  d u r a t i o n  

o f  c h ro m a to g ra p h ic  s e p a r a t i o n .
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RESULTS & DISCUSSION.

B io a u t o gram , f i g .  7  , showed t h a t  o m is s io n  o f

ammonia from  t h e  s o l v e n t  sy s te m  l e d  t o  v e r y  p o o r

s e p a r a t i o n  o f  t h e  c o b a la m in  s t a n d a r d s  on s i l i q a  g e l .

The h y d roxo  B., ^ was fo u n d  t o  h a v e  t r a v e l l e d  from  t h e  12
o r i g i n ,  b u t  i t  r e m a in e d  u n c e r t a i n  i f  i t s  f i n a l  p o s i t i o n  

l a y  be tw een  t h a t  o f  coenzyme sn d  cyano Bj^2 o r  n o t .

I f  o u r  t h e o r y  t h a t  t h e  two g ro w th  zo n es  f o r  t h e  

h y d ro x o  B^g s t a n d a r d  w ere due t o  'hy d ro x o  B^^* ( a s  

ammonia B^^) ^nd  aquo ^sis c o r r e c t ,  t h e n  t h e  g ro w th  

p a t t e r n  and d i s t r i b u t i o n  o b t a i n e d  f o r  t h e  hy d ro x o  B^^ 

s t a n d a r d  s h o u ld  be s i m i l a r  t o  t h a t  f o r  any h y d ro x o  B̂ p̂ 

i s o l a t e d  from  t h e  chop e x t r a c t  a t  t h e  same pH. Prom 

t h e  b io a u to g ra m ,  f ig *  8 , t h i s  was c l e a r l y  n o t  t h e

c a s e ,  s i n c e  t h e  f r e s h l y  p r e p a r e d  hydroxo  B^^ s t a n d a r d  a t  

pH 6*4 gave r i s e  t o  o n ly  one g ro w th  zone a t  t h e  o r i g i n ,  

w h i l e  t h e  g i g o t  chop e x t r a c t  a t  t h e  same pH p ro d u c e d  a  

l a r g e  g row th  a r e a  a t  t h e  p o s i t i o n  b e tw een  coenzyme 3^2  

and cyano B^^ w i th  o n ly  t r a c e  g ro w th  a t  t h e  o r i g i n .

T h ese  r e s u l t s  v i o l a t e d  t h e  0HB^^/H20B^2 e q u i l i b r i u m  and  

i m p l i e d  t h a t  t h i s  m a jo r  g ro w th  zone  a t  R^ v/as n o t

due t o  aquo B^^. I t  seem ed more l i k e l y  t h a t  t h e  hydroxo  

B j2 p r e s e n t  i n  t h e  chop e x t r a c t  h ad  been  c h e m ic a l l y  

c o n v e r t e d ,  p e rh a p s  v i a  aquo B^g t o  a n o th e r  m ic ro ­

b io  l o g i c a l l y  a c t i v e  coba lam in*

B io a u to g ra m , f i g .  9 , i l l u s t r a t e d  a g a in  t h a t  t h e

se co n d  g i g o t  chop e x t r a c t  c o n t a in e d  p r e d o m in a n t ly  t h e
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Bnp.Porm : Ado CN STANDARDS OH Me

p g s . B i 2 : 100 100 5 x 25 100 100

F i g .  7 B io au to g ra ja  o f  t h e  S ta n d a r d  C o h a la n in s ,

Coenzyne 3 i 2 ,  Cyano B ig ,  Hydroxo and  M ethylB^g 

S e p a r a t e d  by T h in - L a y e r  C hrom atography  i n  t h e  

S o lv e n t  System  w i th o u t  Ammonia.



orm : Ado CÎT E X T R A C T  OE Me

p g s . 3^2 100 100 <96 <43 <24 100 100

? i g .  8 B io au to g ram  o f  G ig o t Chop (S tew ed) i n

D i s t i l l e d  W ate r ,  pH 6 .4  and S ta n d a r d  C o b a lam in s  

a l s o  a t  pH 6 . 4 .

Porn  : Ado CN -CHOP EXTRACT- ETUAi\TS OH Me

P gs .B ^g  : 50 50 <96  <43 <24 50 50

■^ig. 9 B io au to g ram  o f  G igo t Chop E x t r a c t  and

E lu a n t s  from  p a s s a g e  th r o u g h  CM c e l l u l o s e  (A) 

and DEAD c e l l u l o s e  (B ) .
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unknown c o b a la m in  t o g e t h e r  w it h  a  t r a c e  o f  coen zym e B12
an d  hyd ro x o  b o th  o f  w hich  were rem oved by p a s s a g e

th r o u g h  CM c e l l u l o s e , . w h i le  t h e  moknovm m a t e r i a l  was 

c o l l e c t e d  i n  t h e  f i r s t  20 m is# o f  e lu a n t#  T h is  m a t e r i a l  

was how ever rem oved by BEAB c e l l u l o s e  and  no t r a c e  o f  

i t  a p p e a re d  i n  t h e  f i r s t  40 mis# o f  e l u a n t  im p ly in g  

t h a t  i t  was a c i d i c  i n  c h a r a c t e r *

R e t e n t i o n  o f  t h e  compound on BSAE c e l l u l o s e  a s  

op posed  t o  m ere r e t a r d a t i o n  o f  i t s  p a s s a g e  th r o u g h  t h e  

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

i n  c h a r a c t e r  b u t  c a r r y i n g  an  o v e r a l l  n e g a t i v e  c h a r g e 5 

a s  i t  was d e r i v e d  s o l e l y  from  hydroxo  aq_uo

t h i s  i n f e r r e d  t h a t  t h e  unknown was p ro d u c e d  by r e a c t i o n

w i th  a  d i v a l e n t  a c i d  a n io n ,  i e

OH#B12 A*B12 OH

w here  A i s  t h e  d i v a l e n t  a c i d  an ion#  The a c i d i c  

c o b a la m in  so  p ro d u c e d  | a . B ^2 w ould  t h e n  be r e a d i l y

r e t a i n e d  on DBAS c e l l u l o s e

A.B. 

A.B-
t

— *1"
Ï 2 I'lHEg-

oh" +MHR.

Prom b io  a u to  gram , f i g  10 g , t h e  unknown m a t e r i a l  was 

shov/n t o  be v e r y  l i g h t - s e n s i t i v e  b e in g  c o m p le te ly  

c o n v e r t e d  d u r in g  c h ro m a to g ra p h y  t o  a  compound w i th  an

R^ i a e n t i c a l  t o  t h a t  o f  'h y d ro x o  B^g* i n  t h i s  system #
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NON LIGHT- 

EXPOSED.

LIGHT-EXPOSED,

Me.
CN.

Ado.

*0H'.

Q
Q

0

0

B-jp Form; STANDARDS CHOP
EXTR.

p g s .B ^2  : 4 X 25 43

'OH* STANDARDS CHOP. 
Ado/CN/Me. EXTR.

100 5 X 53 43

P i g s .  10 a  & lo t)  B io au to g ram s  o f  L ig h t -E x p o s e d  and 

non  L ig h t -E x p o s e d  G ig o t  Chop ï k t r a c t s  

r e s p e c t i v e l y .
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SECTION 2

I d e n t i f i c a t i o n  o f  t h e  Unknown C o b a la m in .

The f a c t  t h a t  t h e  unknown m a t e r i a l  was a c i d i c ,  

p r o b a b ly  d e r i v e d  from  n u c l e o p h i l i c  a t t a c k  on t h e  c o b a l t  

i o n  by t h e  d i v a l e n t  a c i d  a n io n ,  r e a d i l y  c o n v e r t e d  t o  

h y d ro x o  B _̂2 i a  t h e  d a r k ,  l e d  u s  t o  t h e  c o n s i d e r a t i o n  

t h a t  t h e  m a t e r i a l  was s u l p h i t e  fo rm ed a s  a

conseg.uence  o f  c o n ta m in a t io n  o f  t h e  d i s t i l l e d  w a te r ,  

w h ich  was s t o r e d  i n  c a r b o y s  and  u s e d  t o  r e c e i v e  and 

hom o gen ise  t i s s u e s .  Such c o n ta m in a t io n  m ig h t  h av e  

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

a tm o s p h e r ic  s u l p h u r  d i o x i d e ,  w hich i s  v e ry  s o l u b l e  i n  

w a t e r  m g m s . /m l . ) ,  w i t h  c h e m ic a l  e q u i l i b r i a  i n v o lv e d

b e in g  b e s t  r e p r e s e n t e d  by t h e  f o l l o w in g  e q u a t i o n s  s -

1) SOg^g) 4- x .hpO  SOg.xHpO ( h y d r a t e d  s u l p h u r  d io x id e )

2) SOg.xHgO HS03~ ( a q . )  + BgO'"" -t-

I n  t h e  a c i d i c  s o l u t i o n  so  p ro d u c e d  h yd ro x o  

p r e s e n t  i n  an  e x t r a c t  w ould  become p r o t o n a t e d  t o  t h e  

aquo B^2 :^orm and t h e i r  a c i d / b a s e  e q u i l i b r i u m  w ould  l i e  

t o  t h e  r i g h t  h an d  s i d e  s -

+
3) H20,B i 2

The aquo w ould  t h e n  r e a c t  w i th  t h e  b i s u l p h i t e  

i o n s  o f  e q u a t io n  2 , t h u s

HgO.Big I- H80 "
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and  p ro d u c e  s u l p h i t o  rem o v a l  o f  t h e  c o o r d i n a t e d

w a t e r  m o lecu le#  Viliether a  se v e n  c o - o r d i n a t e  

i n t e r m e d i a t e  a s  d e p i c t e d  o r  a  f i v e  c o - o r d i n a t e  

i n t e r m e d i a t e  w ould  be fo rm ed  by a  b i m o l e c u l a r  o r  

m o n o m olecu la r  s u b s t i t u t i o n  r e s p e c t i v e l y  was u n c e r t a i n ,  

a l t h o u g h  s t e r i c  h i n d r a n c e  m i ^ t  be e n c o u n te r e d  i n  t h e  

f o r m e r .  The r e a c t i o n  a p p e a re d  t o  be v e ry  f a v o u r a b l e ,  

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

a v a i l a b i l i t y  o f  b i s u l p h i t e  io n s*  D u r in g  t h e  t im e  t h i s  

work was done t h e  a tm o s p h e r ic  c o n c e n t r a t i o n  o f  s u l p h u r  

d i o x id e  a t  a  l o c a l  a u t h o r i t y  a tm o s p h e r ic  p o l l u t i o n  

s t a t i o n  n e a r  t h e  l a b o r a t o r y  l a y  i n  t h e  r a n g e  10 -  600x l0’ 

kgo SOg/m^. and  when a l lo w a n c e s  w ere  made f o r  t im e  o f  

e x p o s u re  t o  c o n ta m i n a t i o n ,  s o l u b i l i t y  o f  s u l p h u r  

d i o x id e  i n  w a t e r  and t h e  q u a n t i t i e s  o f  c o b a la m in s  

p r e s e n t ,  t h e s e  c o n c e n t r a t i o n s  w ere  i n  k e e p i n g  w i th  t h e  

p ro p o s e d  m echanism .

A b s o lu te  i d e n t i f i c a t i o n  o f  t h e  m a jo r  c o b a la m in  

e n c o u n te r e d  i n  t h e  chop e x t r a c t  and hydrox o  

s t a n d a r d s  re m a in e d  i m p o s s i b l e  by any d i r e c t  m ethod  su c h
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a s  s p e c t r o s c o p y  due t o  t h e  e x t r e m e ly  low c o n c e n t r a t i o n s  

o f  t h e  unknown i n v o lv e d  ( < 7 . 5  % 10” ^ m o l . / l . ) .  I f ,  

h o w ever a  c o b a la m in  p r e p a r e d  a t  h i ^  c o n c e n t r a t i o n  

( > 7 , 5  X 10 "^  m o lo /1 . )  and  t h e r e f o r e  r e a d i l y  i d e n t i f i e d  

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

and m i c r o b i o l o g i c a l  c h a r a c t e r i s t i c s  t o  t h a t  o f  t h e  

unknown a t  low c o n c e n t r a t i o n ,  t h e n  t h e  p r e p a r e d  c o b a la m in  

c o u ld  r e a s o n a b l y  be c o n s i d e r e d  i d e n t i c a l  t o  t h e  unknown, 

C o s e q u e n t ly  s u l p h i t o  sa m p le s  w ere  p r e p a r e d  by  t h e  

r e a c t i o n  o f  sodium  d i t h i o n i t e  (m ethod  A) and  sodium  

m e t a b i s u l p h i t e  (m ethod  B)^ w i th  hydro xo

MATERIALS & METHODS.

A). 5 mlso o f  a  s o l u t i o n  o f  hy d roxo  (7*4  x  10“ ^ 

m o lo / lo )  i n  d i s t i l l e d  w a te r  w ere  added  to  5 m is .  o f  

sodium  d i t h i o n i t e ,  Ha^SgO^, ( lO ”"^  m o l . / l . )  i n  a  f o i l e d  

20 m l. u n i v e r s a l  g l a s s  b o t t l e  and  t h e  s o l u t i o n  

m a g n e t i c a l l y  s t i r r e d  f o r  20 m in s ,  a t  room t e m p e r a tu r e  

(20°G)o Sodium d i t h i o n i t e  was u s e d  i n  l a r g e  e x c e s s  t o  

e n s u r e  c o m p le te  c o n v e r s i o n  t o  s u l p h i t o  'B^^,^QXxd t h e  f i n a l  

s o l u t i o n  d i l u t e d  one t h o u s a n d - f o l d  t o  a  c o n c .  4  3*7 x  10“*^ 

m o l . / l o  s u i t a b l e  f o r  s u b s e q u e n t  m i c r o b i o l o g i c a l  a s s a y ,

B ) .  5 rnlso o f  an  a q u eo u s  s o l u t i o n  o f  h y d ro x o  B

(7o6 X 10~^ m o lo /1 , )  w ere ad ded  t o  5 m is ,  o f  sodium  

m e t a b i s u l p h i t e ,  NagSgO^, (1 0 ”  m o l . / I . )  and  t h e  s o l u t i o n  

s t i r r e d  a s  b e f o r e  i n  t h e  d a rk  f o r  20 m in s .  a t  room 

t e m p e r a t u r e .  The s o l u t i o n  was th e n  added  t o  a  25 m l.



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

exchange  column (10  x 1 cm.) a t  a  r a t e  o f  40 m i s . / h r .  t o  

remove any u n c o n v e r t e d  h y d ro x o  The s u l p h i t o

was e l u t e d  w i th  d i s t i l l e d  w a te r  (50  m i s , )  and  a  t h i n  r e d  

han d  o f  u n c o n v e r t e d  h yd ro x o  B^g re m a in e d  hound t o  t h e  

c e l l u l o s e  a t  t h e  t o p  o f  t h e  co lum n, 80?$ o f  t h e  e l u a n t  

(•60 m is . )  c o n t a i n i n g  t h e  s u l p h i t o  B^g was added  t o  a  

250 m l, ro u n d  b o tto m  f l a s k  and  e v a p o r a te d  t o  d r y n e s s  a t  

40^0 and2.7X10N/m^^ (20  mm. Eg) p r e s s u r e  and  t h e  r e m a in in g  

20^ o f  e l u a n t  (15  m i s . )  p a s s e d  th ro u g h  a  BBAE c e l l u l o s e  

io n -e x c h a n g e  co lum n.

The d a rk  r e d  c r y s t a l l i n e  m a t e r i a l  o b t a i n e d  from  

r o t a r y  e v a p o r a t i o n  was r e c r y s t a l l i s e d  from  aqu eo us  

a c e t o n e ,  d r i e d  i n  an  oven a t  120^0 f o r  15 m in s .  and t h e n  

w e ig h e d .  The w e ig h t  o f  t h e  p r o d u c t  was 2 8 .7  m gm s., w h ich  

r e p r e s e n t e d  a  y i e l d  o f  6 6 . 565?$ a ssu m in g  b o th  s t a r t i n g  

m a t e r i a l  and  p r o d u c t  w ere  i n  t h e  n o n - h y d r a t e d  form 

d u r in g  w e ig h in g .

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

on a  Bye 'Unicam ' I n f r a r e d  S p e c t r o m e te r  a t  t h e  medium 

sc a n  sp e e d  and t h e  s p e c t ru m  o b t a i n e d ,  f i g . 11 , com pared

w i th  t h o s e  o f  t h e  o t h e r  s t a n d a r d  c o b a la m in s ,  f i g s , 7 2 ,1 3 ,1 4  

& 1 5 , Bor r e s o l u t i o n  o f  t h e  s t r o n g  a b s o r p t i o n s  a t  

980 cm” ^ and 1100 cm” ^ a t t r i b u t e d  t o  s u l p h i t o  B^g 

D o lp h in  e t  a l , ,  (1963) j E B r d i s c s  w ere u s e d  s i n c e  t h e y  

p r o v id e d  optimum t r a n s m i s s i o n  o f  i n f r a - r e d  r a d i a t i o n  a t  

t h e  lo w e r  f r e q u e n c i e s . A l l  sa m p le s  w ere  p r e p a r e d  a t  a
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c o n c .  o f  1 m g*/300m g,, s c a n n e d  be tw een  4000 om*”^ and  

625 cm"" and  a s  t h e  c o b a la m in s  w ere  exam ined i n  t h e  

c r y s t a l l i n e  s t a t e  t h e y  w ere  fo u n d  n o t  t o  be l i g h t  

s e n s i t i v e  d u r in g  a n a l y s i s  (S m i th ,  1965, p .  4 8 ) .

The r e s t  o f  t h e  p r e p a r e d  m a t e r i a l  was d i s s o l v e d  i n  

d i s t i l l e d  w a te r  (5*7 m i s . )  t o  g iv e  a  s u l p h i t o  

s o l u t i o n  o f  c o n c ,  5 .5  x  10“ ^ m o l . / l .  (5  m gm s*/m l.) 

s u i t a b l e  f o r  v i s i b l e  t . l . c *  2p .ls .  o f  t h i s  s u l p h i t o  

s o l u t i o n  w ere  a p p l i e d  t o  a  s i l i c a  g e l  chrom atogram  

t o g e t h e r  w i th  v i s i b l e  am ounts o f  t h e  c o b a la m in  s t a n d a r d s  

(2 0  j igm s.)  and  ru n  i n  t h e  s t a n d a r d  s o l v e n t  s y s te m .  1ml, 

o f  t h e  s o l u t i o n  v/as a l s o  d i l u t e d  one h u n d re d  th o u s a n d ­

f o l d  t o  g i v e  a  f i n a l  s o l u t i o n  o f  c o n c .  5 ,5  x  l o ” ^ m o l , / I *  

(5 0  pgs.B j^g/^ ilo) and b o th  s u l p h i t o  s o l u t i o n s  p r e p a r e d

from  sodium  d i t h i o n i t e  and sodium  m e t a b i s u l p h i t e  r u n  on 

a  s i l i c a  g e l  ch rom atogram  and d e v e lo p e d  by b io a u to g ra p h y *

RESULTS & DISCUSSION,

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

h y d ro x o  ^nd sodium  m e t a b i s u l p h i t e  was a s  e x p e c te d  

c o m p le te ly  r e t a i n e d  on DEAE c e l l u l o s e  and on v i s i b l e  

t . l . c ,  a p p e a re d  a t  a  p o s i t i o n  be tw een  co enzyme B^^ arid 

cyano  B^^ i d e n t i c a l  t o  t h a t  a d o p te d  by t h e  unknown 

c o b a la m in  a t  low c o n c e n t r a t i o n  on b io a u to g ra m s^  f i g ,  16 

The i n f r a - r e d  s p e c t r a  o f  t h e  s t a n d a r d  c o b a la m in s  

w ere  fo u n d  t o  be v e ry  s i m i l a r  t o  e ac h  o t h e r  and  a l s o  t o  

t h e  p r e p a r e d  ' s u l p h i t o  w hich  was i n e v i t a b l e  s i n c e

t h e  c o b a la m in s  exam ined  h a d  a lm o s t  i d e n t i c a l  m o le c u la r  

s t r u c t u r e s  e x c e p t  f o r  t h e  v a r i a t i o n  i n  t h e  one a x i a l
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l i g a n d  s u b s t i t u e n t  a t  t h e  s i x t h  p o s i t i o n ,  hound  t o  t h e  

c e n t r a l  c o h a l t  a tom . The i n f r a - r e d  a b s o r p t i o n s  a t  

980 cm~^ and IlOO cm"^ w hich  w ere sand  t o  c h a r a c t e r i s e  

s u l p h i t o  w ere  n o t  fo u n d  t o  he u n iq u e  t o  t h a t  

c o h a la m in  a lo n e  and  in d e e d  an  a b s o r p t i o n  p e ak  c e n t r e d  

a t  980 cm” ^ was p r e s e n t  on a l l  t h e  s p e c t r a ,  a l t h o u ^  a t  

a t  a  much w eak e r  i n t e n s i t y  i n  t h e  s t a n d a r d  c o h a la m in s .  

T h ese  c o h a la m in s  a l s o  y i e l d e d  a  b r o a d  a b s o r p t i o n  a t  

a b o u t  1070 cm“ ^ which a g a i n  t e n d e d  to  q u e s t i o n  t h e  

s i g n i f i c a n c e  o f  t h e  a b s o r p t i o n  a t  1100 cm"*^ o b t a i n e d  

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

t h e  e x a c t  s t r u c t u r e  o f  t h a t  c o h a la m in .

S u f f i c i e n t  e v id e n c e  f o r  a b s o l u t e  i d e n t i f i c a t i o n  o f  

t h e  p r e p a r e d  c o h a la m in  c o u ld  n o t  be  d e r i v e d  from  i n f r a ­

r e d  s p e c t r o s c o p y  b e c a u s e  t h e  ' f i n g e r p r i n t ^  r e g i o n  o f  

t h e  sp e c t ru m  below  c a .  1500 cm“ -̂ c o u ld  n o t ,  i n  i t s e l f ,  

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

t o  be  e s t a b l i s h e d  i f  no o t h e r  u n iq u e  a b s o r p t i o n s  w ere 

p r e s e n t  a t  lo w e r  w a v e le n g th s  <6500 nms. ( > 1 5 0 0  cm ) ,  

w h ich  was t h e  s i t u a t i o n  w i th  t h e  p r e p a r e d  c o h a la m in .

I n f r a - r e d  c h a r a c t e r i s a t i o n  o f  cyano B was p o s s i b l e
12

from  t h e  u n iq u e  weak v i b r a t i o n a l  mode a t  2150 cm"” o f  

t h e  c y a n id e  r e s i d u e ,  w h e rea s  t h e  h y d r o x y l  g ro u p  

v i b r a t i o n  o f  hyd ro xo  ^ t  ca* 3400 cm~ was m asked by 

a  b ro a d  a b s o r p t i o n  b and  b e tw een  3100 and 3500 cm~^ due 

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

w a te r  m o le c u le s  w hich  p r o h i b i t e d  s t r u c t u r a l
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i d e n t i f i c a t i o n ^  The m o le c u l a r  v i b r a t i o n s  o f  t h e  5 '-deo% y- 

a d e n o s y l  and m e th y l  g ro u p s  o f  coenzyme B12 sn d  m e th y l  Bp g 

w ere  s i m i l a r l y  swamped by t h e  a b s o r p t i o n s  from  t h e  r e s t  

o f  t h e  m o le c u le  and  w ere t h u s  v a l u e l e s s  i n  d e f i n i n g  

s t r u c t u r e .

B o th  ' s u l p h i t o  B^2 * s o l u t i o n s  p r e p a r e d  from  sodium  

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

( 1 0 ~ ^ ra o lo /I ,  ) on b io  a u to g r a p h y  ( f i g . 1 7  ) a p p e a re d  a t  t h e

p o s i t i o n  b e tw ee n  coenzyme B^^g and cyano Bp2 s i m i l a r  t o  

t h a t  f o r  t h e  unknown c o h a la m in .  The i d e n t i c a l  b e h a v io u r  

o f  t h e s e  p r e p a r e d  c o h a la m in s  a t  b o th  h i ^ i  and low 

c o n c e n t r a t i o n s  on io n - e x c h a n g e  column c h ro m a to g ra p h y  on 

c e l l u l o s e  and t h i n - l a y e r  c h ro m a to g ra p h y  on s i l i c a  im p l i e d  

t h a t  no c o n v e r s i o n  o f  t h e  p r e p a r e d ’s u l p h i t o  B p g ' was 

o c c u r r i n g  i n  s o l u t i o n  a t  low c o n c e n t r a t i o n  and  t h a t  any 

p r o p e r t i e s  d e f i n e d  u s i n g  v i s i b l e  am ounts o f  t h e  p r e p a r e d  

c o h a la m in  would a l s o  a p p ly  t o  t h e  unknown c o h a la m in .  The 

s t r u c t u r e  o f  t h e  fo rm e r  h ow ev er  c o u ld  n o t  be e s t a b l i s h e d  

from  i n f r a - r e d '  s p e c t r o s c o p y .

Ul t r a . - V i o l e t  A bsorpt i o n  Sp e c t r o s c o p y ,

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 o s c o p y  was em ployed i n  

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

' s u l p h i t o  B ^ g ' .  T h is  t e c h n iq u e  v/as n o t  a d o p te d  i n i t i a l l y  

a l t h o u g h  UV s p e c t r o s c o p i c  d a t a  had  been  p u b l i s h e d  f o r  

cyano Bqg (B r in k  e t  a l . ,  1949)? coenzyme B12 ( B a r k e r ,

I 96Q.,, ) ? m e th y l  B^g (S m ith  e t  a l , ,  1 9 6 2 .)  and s u l p h i t o  Bpg 

(S m ith ,  1 9 6 5 .) ?  b e c a u se  i t  was f e l t  t h a t  t h e
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B i2 .F o rm : SO SO Ado CN 'OH* He
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F i g , 17 B io au to g ram  o f  S u l p h i t o  from  b o th

Sodium D i t h i o n i t e  (A) and Sodium H e t a b i s u l p h i t e  (B ) .
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a b s o r p t i o n  maxima o b t a i n e d  f o r  t h e  l a t t e r  m ig h t  be 

somewhat s u s p e c t  s i n c e  UV s p e c t r o s c o p y  n e c e s s a r i l y  

i n v o l v e d  l i g h t  e x p o su re  o f  t h e  c o h a la m in  i n  aq ueous  

s o l u t i o n  b o th  d u r in g  p r e p a r a t i o n  an d  s c a n n in g  an d  a t  

t h i s  t im e  t h e  l i g h t  s e n s i t i v i t y  o f  s u l p h i t o  was y e t  

t o  be  e s t a b l i s h e d .  L ig h t  s e n s i t i v i t y  work ( p p , l3  

l a t e r  showed t h a t  t h e  l i g h t  s t a b i l i t y  o f  s u l p h i t o  

v/as o f  t h e  same o r d e r  a s  t h a t  o f  m e th y l  B'^g and 

coensym e B^^ and t h u s  m in im a l  c o n v e r s io n  o f  s u l p h i t o  B^g 

w ould  o c c u r  d u r in g  UV a n a l y s i s  p r o v id e d  t h a t  i t  was 

exam ined  im m e d ia te ly  a f t e r  l i g h t  e x p o s u re ,  w hich  was 

t h e  case*

MATERIALS & METHODS.

The s t a n d a r d  c o h a la m in s  t o g e t h e r  w i th  t h e  ' s u l p h i t o  

B i p ' were p r e p a r e d  i n  d i s t i l l e d  w a te r  a t  c o n c e n t r a t i o n s  

b e tw ee n  3^2  -  3 o7 % 10” ^ m o l * / l .  (50  ^ g m s* /m l* ) ,  

s u i t a b l e  f o r  UV s p e c t r o s c o p i c  a n a l y s i s ,  and  3 mis* o f  

e a c h  s o l u t i o n  p i p e t t e d  i n  t u r n  i n t o  one o f  f i v e  1 cm, 

' S a r s t e d t '  p l a s t i c  c u v e t t e s .  On e x p o su re  t o  d a y l i g h t  

e a c h  o f  t h e  c u v e t t e s  was p l a c e d  im m e d ia te ly  i n  t h e  

s p e c t r o p h o t o m e t e r  and  sc a n n e d  be tw een  TOO and  325 nms. 

A l l  s p e c t r a  were r u n  on a  'Unicam ' SP 800 UV S p e c t r o ­

p h o to m e te r  a t  t h e  f a s t  s c a n  s p e e d .  ( x ± g s ^ 1 8^1 % ZO^ZI^ZZ) ^

RESULTS & DISCUSSION,

The p r e p a r e d  ' s u l p h i t o  6^ 2 ! gave r i s e  t o  tv/o



a b s o r p t i o n  maxima w i th  Xmax* a t  363 nms* and  523 n m s , ,  

f i g , i S  f c o r r e s p o n d i n g  t o  t h o s e  fo u n d  f o r  s u l p h i t o  

by Sm ith  (1 9 6 5 , p . 35) and  s u p p o r t i n g  t h e  v iew  t h a t  t h e  

p r e p a r e d  c o h a la m in  was s u l p h i t o  Thus t h i s  p r e p a r e d

s u l p h i t o  B^g e x h i b i t e d  t h e  same i o n - e x c h a n g e ,  ch ro m a to ­

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

c o h a la m in  p r e s e n t  i n  t h e  h y d ro x o  s t a n d a r d  a n d  g i g o t  

chop e x t r a c t s ,  s t r o n g l y  s u g g e s t i n g  t h a t  i t  t o o  was 

s u l p h i t o  B-̂ 2 p ro d u ce d  by t h e  c h e m ic a l  c o n v e r s i o n  o f  

hy d ro x o  i n  t h e  d a r k .

At t h i s  s t a g e  i t  a p p e a r e d  t h a t  any  s u l p h i t o  Bq_2 

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

hy d roxo  B^g a s  none  o f  t h e  o t h e r  c o h a la m in s  e x h i b i t e d  any  

t r a c e  o f  s u l p h i t o  B^g. I t  would  t h e r e f o r e  h a v e  been  

p o s s i b l e  t o  p ro c e e d  w i th  an  u n a l t e r e d  e x t r a c t i o n  t e c h n i q u e  

a l t h o i i ^  c a r e f u l  a n a l y s i s  o f  s u b s e q u e n t  b io a u to g ra m s  w ould  

t h e n  be n e c e s s a r y  t o  o b t a i n  an  a c c u r a t e  i n t e r p r e t a t i o n  o f  

c o h a la m in s  p r e s e n t .  I f  s t e p s  were n o t  talc en t o  p r e v e n t  

t h e  f o r m a t io n  o f  a r t e f a c t u a l  s u l p h i t o  h o w ev er ,  i t  

would n o t  be p o s s i b l e  t o  d e te r m in e  w h e th e r  any  s u l p h i t o  

B^g on a  b io a u to g ra m  h ad  been  p r e s e n t  o r i g i n a l l y  i n  t h e  

t i s s u e  b e in g  a n a ly s e d  o r  v /h e th e r  i t  h a d  a r i s e n  a s  an  

a r t e f a c t ,  and t h e r e f o r e  m e a su re s  t o  p r e v e n t  c o n v e r s io n  o f  

h y d ro x o  B^g seem ed d e s i r a b l e .
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SSCTIQK 1 

pF  CONTROL.

As t h e  f o r m a t io n  o f  s u l p h i t o  h y d ro x o  B^g

i n v o lv e d  t h e  c o n v e r s io n  o f  a  b a s i c  c o h a la m in  t o  an  a c i d i c  

c o h a la m in ,  t h e  e f f e c t  o f  t h e  pH on su c h  a  r e a c t i o n  was 

c l e a r l y  c r i t i c a l *  S t u d i e s  on t h e  e f f e c t  o f  pH on t h e  

c o n v e r s io n  o f  h y d ro x o  s u l p h i t o  B^^ w ere  t h e r e f o r e

u n d e r ta k e n *

I t  was r e c o g n i s e d  from  t h e  o u t s e t  t h a t ,  a l t h o u ^  

m a in te n a n c e  o f  a  c o n s t a n t  pH was p o s s i b l e  i n  a l l  t h e  

aq u eo u s  p h a s e s  d u r in g  c o h a la m in  e x t r a c t i o n s  by  t h e  u s e  o f  

a  b u f f e r  sy s te m , pH c o n t r o l  would  be l o s t  w h en ev e r  t h e  

o r g a n i c  s o l v e n t s  w ere  employed* A n o th e r  d i f f i c u l t y  w i t h  

su ch  a  t e c h n iq u e  l a y  i n  t h e  f a c t  t h a t  m ost t i s s u e  

e x t r a c t s  o f  c o h a la m in s  w ere  r e q u i r e d  i n  a  s m a l l  f i n a l  

aq u eo u s  volume ( - * 1  m l*) t o  y i e l d  an  e x t r a c t  o f  s u f f i c i e n t  

c o h a la m in  c o n c e n t r a t i o n  f o r  b io a u to g ra p h y ,  an d  t h e  : 

r e p la c e m e n t  o f  t h e s e  a q u eo u s  p h a s e s  v /i th  a n . e f f e c t i v e  

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

s a l t s  i n  t h e  f i n a l  r o t a r y  e v a p o r a t i o n  s t e p .

B u f f e r  sy s te m s  w ere c h o se n  w hich  w ere l i k e l y  t o  be  

i n e r t  w i th  r e s p e c t  t o  r e a c t i v i t y  w i th  t h e  s t a n d a r d  

c o h a la m in s  so f a r  e n c o u n te r e d ,  nam ely  coenzyme B^g, 

cyano B^^, h y d ro x o  m e th y l  and  s u l p h i t o  and

an  e x t r a c t i o n  c a r r i e d  o u t  on a  s t a n d a r d  h y d ro x o  B^^ 

s o l u t i o n  p r e p a r e d  i n  t h e  a l l c a l i n e  b u f f e r *
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To d e te r m in e  t h e  e f f e c t  o f  pH on t h e  c o n v e r s i o n ,  

h y d ro x o  ^ a s  add ed  t o  b u f f e r  s o l u t i o n s  a n d  t h e  fo rm s  

o f  v i t a m in  B^g p r e s e n t  a f t e r  s i x  days d e te rm in e d *

B u f f e r  s y s te m s  u s e d  w ere 

An a c e t i c  acid/jMaOH b u f f e r  a t  pH 4 . 8 ,  by t h e  a d d i t i o n  o f  

7 3 o S  mis* o f  a c e t i c  a c i d  ( m o l . / l * )  t o  50 m is* o f  NaOH 

( m o l* / I* )  and  d i l u t i o n  t o  one l i t r e .  I t  was n o t e d  a t  

t h i s  s t a g e  t h a t  t h e  a c e t a t e  g ro u p  m ig h t  n o t  b e  i n e r t  w ith ,  

r e s p e c t  t o  t h e  s t a n d a r d  c o h a la m in s  and c o u ld  r e a c t  e i t h e r  

t h r o u g h  t h e  a l k y l  o r  a c y l  g ro u p  t o  p ro d u c e  c a rb o x y m e th y l -  

c o b a la m in  (Go— GHgOOOH) o r  a c e ty l c o b a l a m i n  (GH^.GG— Go) 

r e s p e c t i v e l y ,  b o th  o f  w h ich  on p h o t o l y s i s  y i e l d  a c e t i c  

a c i d  ( Jo h n s o n  e t  a l * ,  1965^% B e rn h a u e r  and  I r i o n ,  1964b)*

A p h o s p h a te  b u f f e r  a t  pH 7 .0  by t h e  a d d i t i o n  o f  3 8 ,2  m is ,  

o f  KHgPO^ ( 0 .5  m o l * / I . )  t o  25*8 m is ,  o f  HaOH ( 0 . 5  m o l* / l* )  

and  d i l u t e d  t o  one l i t r e *

A b i c a r b o n a t e  b u f f e r  a t  pH 9 .6  by t h e  a d d i t i o n  o f  33 mis* 

o f  HaHCO^ ( m o l . / l , )  t o  8 .4 4  m is ,  o f  HaOH ( m o l . / l . )  and 

d i l u t i o n  t o  one l i t r e *

2 mgffls* o f  h y d ro x o  B^g w ere  added t o  10 mis* o f  each  

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

y i e l d  hy d ro x o  s o l u t i o n s  o f  c o n c e n t r a t i o n  36 p g s .B ^ ^ / ^ l ,  

C hrom âtogram s o f  t h e s e  s o l u t i o n s  t o g e t h e r  w i th  

s t a n d a r d s  p r e p a r e d  i n  d i s t i l l e d  w a te r  w ere  r u n  im m e d ia te ly  

a f t e r  p r e p a r a t i o n ' and  a f t e r  s t o r a g e  i n  f o i l e d ,  a i r - t i g h t
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g l a s s  b o t t l e s  f o r  s i x  days and  t h e  r e s u l t a n t  b io a u to g ra m s  

d e v e lo p e d .

2 m is .  o f  a n o t h e r  h y d ro x o  s o l u t i o n  (2 8  pgsB ^g/p ,!* ) 

p r e p a r e d  i n  t h e  b i c a r b o n a t e  b u f f e r  w ere  d i l u t e d  t o  50 m i s .  

w i t h  t h e  b u f f e r  b e f o r e  a d d i t i o n  t o  e t h a p o l  (100  m is*) an d  

r e f l u x e d  a t  82^0 f o r  30 m in s .  A f t e r  e x t r a c t i o n  by t h e  

s t a n d a r d  p r o c e d u r e  t h e  h y d ro x o  B^g was b a c k - e x t r a c t e d  

from  t h e  p h e n o l  p h a se  i n t o  50 m is .  o f  t h e  b i c a r b o n a t e  

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

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

b i c a r b o n a t e  b u f f e r ,  pH' 9 . 6 ,  w ere ru n  on a  s i l i c a  g e l  

ch rom atogram  w i th  s t a n d a r d s  p r e p a r e d  i n  d i s t i l l e d  w a t e r .  

The chrom atogram  was d e v e lo p e d  and  t h e  g ro w th  zo n es  

o b t a i n e d  from  b i o a u to g r a p h y  com pared .

RBSUbTS & HISCÜSSI0H.

I t  c o u ld  be s e e n  from  b io  a u to  gram, f i g .  Z'? , t h a t  

even  when a p p l i e d  d i r e c t l y  t o  a  s i l i c a  g e l  s h e e t  some 

c o n v e r s io n  o f  t h e  h yd ro x o  B^g s t a n d a r d s  a t  pH 4 . 8  and  7 .0  

was e v i d e n t  from  t h e  d e g re e  o f  t a i l i n g  on t h e i r  

b i o a u t o g r a p h i c  g ro w th  z o n e s .  As t h e  pH o f  t h e  s o l v e n t  

medium f e l l  below  7 .0  a s  e x p e c te d  t h e  r a t e  o f  c o n v e r s io n  

o f  hydroxo  B^g t o  s u l p h i t o  B^g i n c r e a s e d ,  u n t i l  a f t e r  s i x  

d a y s ,  ( f i g o 2 .4  ) b o th  h y d roxo  B^g s o l u t i o n s  p r e p a r e d  i n  

p h o s p h a te  b u f f e r ,  pH 7 .0  and  a c e t a t e  b u f f e r ,  pH 4 . 8  were 

c o m p le te ly  c o n v e r t e d  t o  s u l p h i t o  B^g,

The hydro xo  B^g s o l u t i o n  p r e p a r e d  i n  b i c a r b o n a t e



o D

4 . 8  7 .0  9 .6

B ^g.Porm : Ado CN OH OH OH OH Me SO-

p g 8 . B i 2 : 70 70 70 72 72 72 70 70

P i g .  2 3  B io au to g ram  o f  Hydroxo Sam ples P r e p a r e d  a t

D i f f e r e n t  pH V a lu es  and E):amined Im m e d ia te ly  A f t e r  

P r e p a r a t i o n .

4 . 8  7 .0  9o6pH ;

B i 2 oPorm: Ado CN OH OH OH OH Me SO

p g s .B ^ g  : 70 70 70 72 72 72 70 70

P i g .  24" Bio a u to  gram Of Hydroxo B^g Sam ples Exam ined 

A f t e r  S to r a g e  f o r  6 P a y s .
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b u f f e r  a t  pH 9 .6  a l s o  y i e l d e d  a  s u l p h i t o  B^2 g ro w th  zone 

a f t e r  s i x  d ays  d e s p i t e  s t o r a g e  i n  an a i r t i g h t  c o n t a i n e r  

im p ly in g  t h a t  t h e  b u f f e r  d i d  n o t  c o m p le te ly  n e u t r a l i s e  

t h e  b i s u l p h i t e  i o n s  p ro d u c e d  on d i s s o l u t i o n  o f  a tm o s­

p h e r i c  s u l p h u r  d i o x i d e ;

OH. Bn p —1 —
8 0 - . B n p

SO^.xHpO ------> ESO- - T  ^
^ ^ ^ ^  HaHSO- 4- EGO ~

EaHCO^ ^ 2

b e f o r e c o n v e r s i o n  o f  p a r t  o f  t h e  hyd ro x o  B^g p r e s e n t *

T hese  f i n d i n g s  w ere  i n  a g re em e n t  w i th  t h e  o b s e r v a t i o n s  

t h a t  a  h yd roxo  B^^ s t a n d a r d  p r e p a r e d  i n  f r e s h l y  d i s t i l l e d  

w a t e r ,  pH 6 .8  ± 0 .2  gave r i s e  i n i t i a l l y  t o  o n ly  one 

g ro w th  zone a t  t h e  o r i g i n  on b io a u to g r a m s , w h e rea s  a f t e r  

s t o r a g e  a  seco n d  zone c o r r e s p o n d i n g  t o  s u l p h i t o  B^g was 

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

B_ _ o c c u r r e d .if:
Prom f i g .  2 5  , i t  was a p p a r e n t  t h a t  t h e  b i c a r b o n a t e  

b u f f e r  h a d  no e f f e c t  on t h e  o t h e r  s t a n d a r d  c o h a la m in s ,  

w hich  w ere fo u n d  a t  t h e i r  n o rm a l  p o s i t i o n s  on t h e  

b io  a u to  gram .

As e x p e c te d  d u r i n g  t h e  e x t r a c t i o n  o f  t h e  s t a n d a r d  

hydro xo  p r e c i p i t a t i o n  o f  t h e  b u f f e r  s a l t ,  NaHGO^

o c c u r r e d  a f t e r  a  f i f t y ' - f o l d  c o n c e n t r a t i o n  o f  t h e  f i n a l  

b u f f e r  p h a se  h ad  r e d u c e d  t h e  volume t o  c a .  1 m l.  T h is  

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

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

e s s e n t i a l  i f  i t  was t o  be o f  p r a c t i c a l  v a l u e .
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The b ic a r b o n a t e  b u f f e r ,  pH 9-6  h o w e v e r , seem ed  t o  be  

e f f e c t i v e  i n  t h e  s h o r t  term  ( ^6  d a y s )  p r e v e n t io n  o f  

fo r m a t io n  o f  a r t e f & c t u a l  S u lp h i t o  and i t s  u s a g e  w as

f u r t h e r  i n v e s t i g a t e d .

pH : 

B ^^.Form ;

p g s .B 12

9 .6  7 .0  9 .6  7 . 0  9 .6  7 .0  9 .6  7 . 0  9 .6  7 .0

Ado Ado Ci'I CH OH 'OH' Me Me SO3 SO3

70 100 70 100 70 100 70 100 70 100

P i g ,  2 5  B io  a u to  gram o f  t h e  S ta n d a r d  C o h a la m in s  i n  

B ic a r b o n a te  B u f f e r  a t  pR 9 , 6 .



SECTION 2 

U11r a f i I t r a t i  o n ,

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

a q u e o u s  e x t r a c t s ,  i t  was d e c id e d  t o  employ u l t r a -  

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

By u s i n g  an  a p p r o p r i a t e  membrane i t  seem ed p o s s i b l e  

t o  u l t r a f i l t e r  t h e  f i n a l  c o h a la m in  e x t r a c t s  i n  b i c a r b o n a t e  

b u f f e r  ( I  -  0 . 0 1 ) ,  w i th  r e t e n t i o n  o f  t h e  c o h a la m in s  

p r e s e n t  and  p a s s a g e  o f  t h e  low m o le c u l a r  w e ig h t  s a l t s  

(M.W. < 5 0 0 )  t h r o u g h  t h e  membrane i n t o  t h e  u l t r a f l l t r a t e o

I n  o r d e r  t o  o b t a i n  an  e s t i m a t e  o f  t h e  d e s a l t i n g  

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

c o n d u c t i v i t i e s  ( 0 ) o f  t h e  s o l u t i o n s ,  c o n c e n t r a t e  and  

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

i o n i c  s t r e n g t h s  ( I )  by a  s t a n d a r d  c u rv e  o f  r e s i s t a n c e  

( 1 / 0 ) a g a i n s t  i o n i c  s t r e n g t h o

To e s t i m a t e  t h e  i o n i c  s t r e n g t h  c o n t r i b u t i o n  t o  t h e  

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

e x t r a c t s ,  an e x t r a c t i o n  was c a r r i e d  o u t  on a  s t a n d a r d  

s k e l e t a l  m u sc le  t i s s u e  r e c e i v e d ,  h o m o g en ised  a n d  e x t r a c t e d  

i n  d i s t i l l e d  w a te ro  A s o l u t i o n  o f  i o n i c  s t r e n g t h  and  

c o h a la m in  c o n t e n t  ( ^^50 ngmSoB^g) c o m p a ra b le  w i t h  t h a t  o f  

a  f i n a l  a q u eo u s  p h a s e  from  a  s t a n d a r d  t i s s u e  e x t r a c t  was 

p ro d u c e d ,  t o  o b t a i n  t h e  com bined  d e s a l t i n g  a n d  c o h a la m in  

r e t e n t i o n  e f f i c i e n c i e s  o f  t h e  u l t r a f i l t r a t i o n  p r o c e s s .
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M easu rem en ts  o f  t h e  c o h a la m in  r e t e n t i o n  were made u s i n g  

r a d i o a c t i v e  w i th  an  a c t i v i t y  w h ich  y i e l d e d  a

c o u n t  r a t e  i n  e x c e s s  o f  100 o . p . s *

MATERIALS & METHODS,-

A r a n g e  o f  s a l t  s o l u t i o n s  o f  i o n i c  s t r e n g t h s ,  I  “  

10" ^ . . . ,  10“ ^ was p r e p a r e d  and  t h e  c o n d u c t i v i t y  o f  e a c h  

m e a su re d  on a  'G r i f f i n *  C o n d u c tan ce  B r id g e  b e tw e e n  

s t a n d a r d  p la t in u m  e l e c t r o d e s  a t  20 1  1^0» A c a l i b r a t i o n  

c u rv e  o f  l o g  (1 /C )  a g a i n s t  - l o g  I  was c o n s t u c t e d ,  f i g . 2 6  

from  t h e  r e s u l t s  o b t a i n e d  i n  t h e  f o l lo w in g  t a b l e  2-

l o n i c  S t r e n g t h

m  = i o £ u

R e s i s t a n c e

U/C).Cokm8). : log (.1/0.).

10" ! 1

10“ ^ 2

10“  5 3

lo""^ 4
10“ 5 5

10~G 6

0 .1 7 X 10'3 2 .2 3

Go 14 X io4- 3 .1 5

0 ,1 1 X lo 5 4 .0 4

0 .1 1 X 10® 5«04

0 ,6 7 X 10® 5o33

0 ,2 5 X 10? 6 ,4 0

T a b le  8 H e s i s b a n c e s  o f  i'îaCl S o lu 'b io a s  M easu red  a t  

19 °C.
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A g i g o t  chop hom ogenate  c o n t a i n i n g  5 gms, o f  t i s s u e  

was e x t r a c t e d  i n  d i s t i l l e d  w a te r  and  t h e  c o n d u c t i v i t y  o f  

t h e  f i n a l  a q u e o u s  p h a se  (50  m i s . )  m e a su re d .  The r e a d i n g  

was made a t  20^0 , c o r r e c t e d  f o r  t h e  d i s t i l l e d  w a te r  

c o n d u c t i v i t y  a n d  t h e  c o r r e s p o n d i n g  e q u i v a l e n t  s a l t  

c o n c e n t r a t i o n  d e r i v e d  from  t h e  p r e v io u s  c a l i b r a t i o n  

c u r v e ,  f i g .  2.6 ,

A ra n g e  o f  b i c a r b o n a t e  b u f f e r  s o l u t i o n s  o f  v a r y i n g  

i o n i c  s t r e n g t h s ,  I  = 10“ ^ . . . .  10~^, was p r e p a r e d  and t h e  

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

s t a n d a r d  c a l i b r a t i o n  c u rv e  o f  l o g  (1 /C )  a g a i n s t  - l o g  I ,  

f i g .  2 7  , from  t h e  r e s u l t s  o b t a i n e d  i n  t h e  f o l lo w in g  

t a b l e  s -

I o n i c S t r e n g t h .  R e s i s t a n c e .

i l l  r lo g  I (l/C K oM i ^  ; 1 0 ^ (1 /0 1 .

I Q - l 1 0 . 2 8 X 1 0 ^ 2 . 4 5

5  X 1 0 - 2 1 .  30 Go 50 X 10  3 2 . 7 0

I Q - 2 2 0 . 2 3 X 10'^ 3 . 3 6

5 X 1 0 - 3 2 . 3 0 0 . 4 0 X 10^ 3 . 6 0

1 0 - 5 3 0 . 2 0 X i o 5 4 . 3 0

T a b le  9 R e s i s t a n c e s  o f  B ic a r b o n a te  B u f f e r  S o l u t i o n s

M easured  a t  20 ^Co



■los I
6

5 

4

3 T
l o g  ( 1 / 0 ) .

P i g .  26  C a l i b r a t i o n  C urve  o f  lo g  ( 1 / 0 )  a g a i n s t  - l o g  I  

f o r  a  s e r i e s  o f  S a l t  (PaO l) S o l u t i o n s .

- l o g  I

1

3

l o g  ( 1 / 0 ) .

P igo 2 1  C a l i b r a t i o n  Curve o f  l o g  (1 /C ) a .g a in s t  

- l o g  I  f o r  a  s e r i e s  o f  ’B ic a rb o n a te  B u f f e r  

S o l u t i o n s .
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5 m is .  o f  a  r a d i o a c t i v e  s o l u t i o n ,  10 ngm s.C lfB^^/

8 n . C i / m l . , w ere  added  t o  50 m is .  o f  b i c a r b o n a t e  b u f f e r  

and  t h e  a c t i v i t y  and c o n d u c t i v i t y  o f  t h e  s o l u t i o n  

m e a su re d .  The a c t i v i t y  was m easu red  u s i n g  t h e  v / e l l - t y p e  

s c i n t i l l a t i o n  sy s te m  d e s c r i b e d  on p . 41 , e x c e p t  t h a t  t h e  

s c a l e r  Model 1700 v^as r e p l a c e d  by a  ’N u c le a r  E n t e r p r i s e ’ 

C o u n te r  H a te m e te r  Model MS 310 and  a l l  sa m p le s  c o u n te d  

f o r  100 s e c s .

The s o l u t i o n  was t r a n s f e r r e d  t o  an  ’Amicon ’ M odel 52 

u l t r a f i l t r a t i o n  c e l l  and  u s i n g  a  UM-05 membrane an  

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

of''-5'xlDvH/m'^ (~70 p . s . i . )  a t  a  r a t e  o f  20 m is .  / h r .  The 

u l t r a f i l t r a t e  v/as c o l l e c t e d  u n t i l  t h e  volume o f  t h e  

s o l u t i o n  h a d  b e en  r e d u c e d  t o  c a .  5 m i s . , when t h e  

p r e s s u r e  was r e l e a s e d  and  r a d i o a c t i v i t y  and c o n d u c t i v i t y  

m ea su re m e n ts  made on b o th  t h e  c o n c e n t r a t e  and  u l t r a ­

f i l t r a t e .  U s in g  t h e  c o n d u c t i v i t y  r e s u l t s ,  t h e  

c o r r e s p o n d in g  i o n i c  s t r e n g t h s  were o b t a in e d  from  t h e  

c a l i b r a t i o n  c u r v e ,  f i g  2 7  *

RESULTS & UlSCUSSlOlM.

The c o n d u c t i v i t y  o f  t h e  g i g o t  chop e x t r a c t  f i n a l  

a q u e o u s  p h a se  o f  4 .2  x 10~^ s iem en  r e p r e s e n t e d  an  i o n i c  

s t r e n g t h ,  I  = 3 - 2 x 1 0  and t h u s  su c h  an  i o n i c  s t r e n g t h  

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

b i c a r b o n a t e  b u f f e r ,  w here I  = OoOl, was n e g l i g i b l e  and  

c o u ld  be d i s c o u n te d .



9 4

The e f f i c i e n c y  o f  t h e  u l t r a f i l t r a t i o n  p r o c e s s  was 

fo u n d  from  t h e  c o n d u c t i v i t y  a n d  r a d i o a c t i v i t y  r e s u l t s  

( t a b l e  10 ) ,  w h ich  showed t h a t  a  t e n - f o l d  r e d u c t i o n  i n  

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

( 5 5 .0  m is .  t o  5 .5  m i s . ) ,  was acco m pan ied  by a  t w o - f o l d  

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

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

much f a s t e r  t h a n  by d i a l y s i s ,  Prom t h e  a c t i v i t i e s  h o w ev er ,  

a  s i g n i f i c a n t  l o s s  o f  2 0 ^  o f  added  ^"^GOoCnBq2 was r e c o r d e d  

i n  t h e  u l t r a f i l t r a t e  w i th  80/? r e t e n t i o n  o f  t h e  c o h a la m in  

i n  t h e  c o n c e n t r a t e s

l e s p i t e  t h i s  l o s s  o f  coba,lam ins t h e  u l t r a f i l t r a t i o n  

s t e p  was i n c o r p o r a t e d  i n t o  f u t u r e  e x t r a c t i o n s  u s i n g  t h e  

b i c a r b o n a t e  b u f f e r ,  t o  a l lo w  f o r  t h e  r e d u c t i o n  o f  t h e  

f i n a l  a q u e o u s  p h a se  t o  a  volume < 1  m l. w i t h o u t  s a l t  

p r e c i p i t a t i o n .
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OONIÜCTIVITY = I  ACTIVITY s/«AGE OF TOTAL
PHASE.

(s ie m e n )  ( o . p . s . )  ACTIVITY.

I n i t i a l  S o l ’n .  2 .0  x 10” ^ 0 .0 5 0  2 6 3 .1  100

U l t r a f i l t r a t e  1 .3  x 10^ ^  0 .0 3 2  5 4 .0  2 0 .5

C o n c e n t r a t e  4 .5  x 10“ ^ 0 .1 1 2  2 1 4 .0  8 1 .3

T a b le  10 C o n d u c t i v i ty  and  R a d i o a c t i v i t y  M easu rem en ts  

o f  an  U l t r a f i l t e r e d  B ic a r b o n a te  B u f f e r  S o l u t i o n  

C o n ta in in g  ^^Qo.CNB^g.
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SECTION 3 

A l k a l i g e  H y d r o l y s i s .

To d e te rm in e  w h e th e r  a  c o m b in a t io n  o f  h ig h  

te m p e r a tu re ,  a s  e x p e r i e n c e d  d u r i n g  e t h a n o l  r e f l u x  (>80^C) 

and  a l k a l i n e  pH would h av e  a  s e r i o u s  d e s t r u c t i v e  e f f e c t  

on t h e  c o h a la m in s  i n  t h e  b i c a r b o n a t e  b u f f e r ,  pH 9 .6 ,  

t h e s e  were s t u d i e d  a t  35^C.

S t u d i e s  o f  t h e  a l k a l i n e  h y d r o l y s i s  o f  v i t a m in  had  

b e en  r e p o r t e d  by A rm itag e  e t  a l . ,  (1953) and B e n n e t t  e t  

a l . ,  ( 1957 ) and  c o ld  d i l u t e  a l k a l i  a p p e a re d  to  g iv e  t h e  

same r e d  a c i d  p r o d u c t s  a s  m i ld  a c i d  h y d r o l y s i s .  B r i e f  

b o i l i n g s  w i th  a l k a l i  i n  t h e  p r e s e n c e  o f  a i r  h o w ev er ,  gave  

a  n e u t r a l  c r y s t a l i i s a b l e  r e d  s u b s ta n c e  w hich  was 

m i c r o b i o l o g i c a l l y  i n a c t i v e .  The s t r u c t u r e  o f  t h e  compound 

was e l u c i d a t e d  m a in ly  by X - ra y  c r y s t a l l o g r a p h y  and  

a p p e a re d  t o  be ’d e h y d ro v i ta m in  w i th  a  la c ta m  r i n g

a r i s i n g  from  t h e  a c e ta m id e  c h a in  f u s e d  t o  r i n g  B, a s  shown 

i n  t h e  f o l l o w i n g  d i a g r a m ; -

ÇW

->■00  il' ^

C-— c  CHp

N o

■0 —  0 — -NH
1  I

CH2.CH2»C0.NH2

F i g .  28 la c ta m  from Cyaao -  'DeJaydroYltamln 3^2 '
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Cyano ^ncL hyd ro x o  B^g b o th  a b o u t  9 0 /

i n a c t i v a t e d  by one h o u r  a t  lOO^C a t  pH 8 ( F r o s t  e t  a l . ,

1952 an d  H a r t l e y  e t  a l . ,  1950) and  in d e e d  h e a t i n g  i n  

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

q u a n t i t a t i v e l y  d e s t r o y i n g  v i t a m in  B^^ f o r  ’b la n k  ’ 

d e t e r m i n a t i o n s  i n  m i c r o b i o l o g i c a l  a s s a y s . ,

The ’d e h y d ro v i ta m in  fo rm ed  i n  h o t  a l k a l i  b e in g

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

b io a u to g ra p h y o  T h is  a n a l y t i c a l  t e c h n iq u e  i s  a t  b e s t  s e m i-  

q u a n t i t a t i v e ,  b u t  i f  h y d r o l y s i s  was s i g n i f i c a n t  ( > 2 5 / ) ,  

t h e n  i t  was f e l t  t h a t  l o s s e s  w ould  be r e a d i l y  d e t e c t e d  

v i s i b l y ,  by t h e  r e s u l t a n t  r e d u c t i o n  i n  E . c o l l  g ro w th  

r e s p o n s e s .

5 m is .  o f  each  o f  t h e  s t a n d a r d  c o h a la m in  s o l u t i o n s  

(35  p g s .B ^ g ^ p l . )  p r e p a r e d  i n  t h e  b i c a r b o n a t e  b u f f e r  w ere  

h e a t e d  a t  85^C i n  20 m l. f o i l e d ,  a u t o c l a v a b l e  g l a s s  b o t t l e s  

f o r  30 m in s .  A ch rom atogram  o f  t h e s e  s t e r i l i s e d  

s o l u t i o n s  t o g e t h e r  w i th  s t a n d a r d s  (35  p g s .B ^ ^ ^ q l . )  s t o r e d  

a t  room t e m p e r a t u r e  v/as r u n  and  d e v e lo p e d  by b io  a u to g ra p h y ,

V i s u a l  i n t e r p r e t a t i o n  o f  t h e  b io a u to g ra m , f i g  , 

showed no a p p a r e n t  d i f f e r e n c e  be tw een  t h e  g ro w th  a r e a s  

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

A lth o u g h  a t  t h i s  t im e  no q u a n t i t a t i v e  a s s a y  was a v a i l a b l e  

w h ich  c o u ld  d i f f e r e n t i a t e  b e tw een  t h e  d e h y d ro v i ta m in  and  

t h e  o t h e r  c o h a la m in s ,  i t  was e v id e n t  t h a t  i n a c t i v a t i o n  o f
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c y a n o  and  h y d ro x o  B^g hy la c ta m  r i n g  f o r m a t io n ,  i f  

o c c u r r in g ,  w as much l e s s  e x t e n s i v e  a t  35^C th a n  p r e v i o u s l y  

fo u n d  a t  1 0 0 °C .

Temp,( G) 

B^g.Fonn

p g s .B q g

& &

-  35 -  35 -  35 -  35 -  35

Ado Ado Cw CÎÎ OH OF He Me S0_ SO,

70 70 70 70 70 70 70 70 70 70 .

^ i g .  29  B io au to g ram  o f  t h e  S ta n d a r d  O oba lam ins

S t e r i l i s e d  a t  3 5 f o r  30 m in s .  i n  B ic a r b o n a te  

j k i f f e r ,  pH 9 . 6 .
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SECTION 4 

B u f f e r  E f f i c i e n c y #

To t e s t  t h e  e f f i c i e n c y  o f  t h e  b i c a r b o n a t e  b u f f e r ,  

pH 9 . 6 , i n  p r e v e n t i n g  t h e  c o n v e r s io n  o f  h y d ro x o  "to 

s u l p h i t e  e x t r a c t i o n s  w ere  c a r r i e d  o u t  on a  h y d ro x o

s t a n d a r d ,  a  b r a i s e d  s t e a k  hom ogena te  and  a  sam p le  o f  

b o t t l e d ,  w hole  m ilk  w h ich  s h o u ld  c o n t a i n  h y d ro x o  

t h r o u g h  i t s  l i g h t - e x p o s u r e  p r i o r  t o  a d d i t i o n  t o  t h e  

b i c a r b o n a t e  b u f f e r .  The u s e  o f  s k e l e t a l  m u sc le  t i s s u e  

and  m ilk  e n s u r e d  t h a t  t h e  b u f f e r  was t e s t e d  i n  t h e  

v a r y i n g  c o n d i t i o n s  i n  w h ich  p r o t e i n  bound v i t a m i n  B^^ 

fo u n d  i n  f o o d s t u f f s  and  w h ich  would  l a t e r  be  e n c o u n te r e d  

i n  t i s s u e  e x t r a c t i o n s .

MATERIALS & METHÜB3.

2 m is .  o f  a  h y d ro x o  s o l u t i o n  (2 8  p g s .B ^ g ^ p l . )  

p r e p a r e d  i n  t h e  b i c a r b o n a t e  b u f f e r  w ere  add ed  t o  a  

f u r t h e r  50 m is .  o f  b u f f e r ,  r e f l u x e d  i n  e t h a n o l  (100  m i s . )  

and  e x t r a c t e d  by t h e  s t a n d a r d  p r o c e d u r e .  The f i n a l  

aq u eo u s  b u f f e r  p h a se  (50  m i s . )  was r o t a r y  e v a p o r a t e d  t o  

20 m is * ,  r e d u c e d  t o  5 mis* by u l t r a f i l t r a t i o n  u s i n g  t h e  

UM“ 05 membrane an d  f u r t h e r  e v a p o r a t e d  t o  1 m l.

A b r a i s e d  s t e a k  hom ogenate  p r e p a r e d  i n  b i c a r b o n a t e  

b u f f e r  was d i v i d e d  i n t o  a l i q u o t s  e a c h  c o n t a i n i n g  5 gms. 

o f  t i s s u e *  The c o b a la m in s  w ere e x t r a c t e d  and  a  f i n a l  

aq u eo u s  b u f f e r  e x t r a c t  (50  m is . )  r o t a r y  e v a p o r a t e d  t o  

15 mis* and r e d u c e d  t o  3 m is .  by u l t r a f i l t r a t i o n  a s
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b e f o r e .  T h is  was a g a i n  e v a p o r a t e d  t o  oa© 1 m l .  i n  a  

10 m l.  ro u n d -b o t to m  f l a s k  and s t o r e d  i n  a  f o i l e d  

c o n t a i n e r  a t  - 20^0 .

8 m is .  o f  b o t t l e d ,  w hole  m i l k , c o l l e c t e d  w i t h o u t  l i g h t  

p r e c a u t i o n s ,  were added  t o  40 m is .  o f  b i c a r b o n a t e  b u f f e r  

and  e x t r a c t e d  by t h e  s t a n d a r d  p r o c e d u r e .  The f i n a l  

b u f f e r  p h a se  (50 m i s . )  was u l t r a f i l t e r e d  t o  10 m i s .  and  

r e d u c e d  t o  1 m l.  by  e v a p o r a t i o n .  The h y d ro x o  

b r a i s e d  s t e a k  and m ilk  e x t r a c t s  w ere  r u n  w i t h  c o b a la m in  

s t a n d a r d s  on a  s i l i c a  g e l  chrom atogram  and  d e v e lo p e d  by 

b i  o a u to  g r a p h y .

RESULTS & DISCUSSION.

W ith t h e  i n s e r t i o n  o f  t h e  u l t r a f i l t r a t i o n  s t e p ,  on no 

o c c a s i o n  d i d  r o t a r y  e v a p o r a t i o n  t o  c a .  1 m l .  l e a d  t o  

b u f f e r  s a l t  p r e c i p i t a t i o n ®

The b io a u to g ra m ,  f i g  30 , h o w ev er ,  d e m o n s t r a te d  t h é  

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

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

c o n v e r s i o n  o f  t h e  h y d ro x o  s t a n d a r d  o c c u r r e d  d u r i n g  

t h e  e x t r a c t i o n  p re s u m a b ly  ?h en  r e g u l a t i o n  o f  an  a l k a l i n e  

pH was l o s t  i n  t h e  o r g a n i c  s o l v e n t s .

The b r a i s e d  s t e a k  e x t r a c t  y i e l d e d  o n ly  coenzyme B^^ 

and  t h u s  no . . . fo rm a t io n  o f  a r t e f a c t u a l  s u l p h i t o  Bqg was 

p o s s i b l e .

L ike  t h e  h yd ro x o  e x t r a c t ,  t h e  w hole  m ilk  e x t r a c t  

c o n t a i n e d  o n ly  s u l p h i t o  B^g im p ly in g  t h a t  m a in te n a n c e  o f  

an  a l k a l i n e  pH, by t h e  u s e  o f  t h e  b i c a r b o n a t e  b u f f e r  i n
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pH : 

B22*^orm:

p g s .B ^ g  :

O

9 .6  9 .6  9 .6  9 .6  9 .6  9 .6  9 .6  9 .6

Ado Cl'j OH 0E -E xtr.ST 2A H  MIIK Me SO,

70 70 70 44 100 96 70 70

B i g ,  3 0  B io a u to g ra jn  o f  H ydroxo B r a i s e d  S te a k  and

B o t t l e d ,  Y /hole M ilk  E x t r a c t s  O b ta in e d  from  E x t r a c t io n s  

U s in g  t h e  B ic a r b o n a t e  B u f f e r ,  pH 9o6 , i n  t h e  A queous  

P h a s e s ,
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a l l  t h e  aq u eo u s  p h a s e s  i n  t h e  e x t r a c t i o n ,  was 

i n s u f f i c i e n t  t o  p r e v e n t  t h e  c o n v e r s io n  o f  h yd rox o  

t o  s u l p h i t o  ï b i s  f i n d i n g  d id  n o t  how ever e x c lu d e

t h e  p r e s e n c e  o f  ^genu ine  * s u l p h i t o  m i l k .  A lth o u g h

l i g h t - e x p o s e d  t h e  h i g h  f a t  c o n t e n t  o f  t h e  m i lk  c o u ld  h av e  

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

o f  l i g h t  s e n s i t i v e  c o b a la m in s  p r e s e n t ,  su c h  a s  s u l p h i t o  

B^^ t o  h y d ro x o  B^g,
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S ta g e  o f  Hydroxo t o  S u l p h i t o  O om vers ion ,

I n  o r d e r  t o  d e te r m in e  t h e  s t e p  i n  t h e  e x t r a c t i o n  

p r o c e d u r e  a t  w hich  t h e  c o n v e r s i o n  o f  hy d ro x o  B^g t o  

s u l p h i t o  B^2 to o k  p l a c e  i t  was d e c id e d  t o  w ith d raw  

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

e x t r a c t i o n  and  d e te r m in e  t h e  e x t e n t  o f  c o n v e r s i o n  a t  

t h e s e  s t a g e s  by s u b s e q u e n t  b i o a u t o g r a p h i c  a n a l y s i s *  Such, 

k n ow ledge  w ould  p e r m i t  m o d i f i c a t i o n  o f  t h e  e x t r a c t i o n  t o  

r e d u c e  o r  p r e v e n t  c o n v e r s io n *

MA1EBÏALS & METHODS.

10 mis* o f  a  hyd ro x o  s o l u t i o n  (100 p g S a B ^ g /^ l* )

f r e s h l y  p r e p a r e d  i n  b i c a r b o n a t e  b u f f e r ,  pH 9*6 and s t o r e d  

o v e r n i g h t  f o r  16 h r s * , w ere ad d ed  t o  a  f u r t h e r  40 mis* o f  

b u f f e r  and r e f l u x e d  i n  e t h a n o l  (100 m is* ) a t  82^0 f o r  

30 mins* The s o l u t i o n  was c o o le d ,  f i l t e r e d  and  r o t a r y  

e v a p o r a t e d  t o  25 mis* a t  40^0 and 5.3x10.%/m^ p r e s s u r e  

(40  mmHg)*

2 ,5  mis* o f  t h i s  e x t r a c t  w ere  rem oved, 2 jj.ls* s p o t t e d  

d i r e c t l y  o n to  a  s i l i c a  g e l  ch rom atogram  a n d  t h e  r e m a in d e r  

s t o r e d  i n  a  f o i l e d  c o n ta in e r *  The r e s t  o f  t h e  aq ueous  

p h a se  (2 2 ,5  m i s , )  was shale en w i th  p h e n o l / c h lo r o f o r m  

(2 X 25 m i s , )  t o  e x t r a c t  t h e  c o b a la m in s  p r e s e n t  and 4 j i l s ,  

o f  t h i s  p h e n o l  p h a se  s p o t t e d  o n to  t h e  ch ro m atog ram . The 

c o b a la m in s  w ere  t h e n  b a c k - e x t r a c t e d  i n t o  an  aq u eo u s  

b i c a r b o n a t e  b u f f e r  p h a se  (50  m i s , )  w hich  a f t e r  s h a k in g
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w i t h  e t h e r  (20  m i s . )  w^as r o t a r y  e v a p o r a t e d  t o  o a .  12 m is .  

2 j i l s .  o f  t h i s  p h a se  w ere  s p o t t e d  o n to  t h e  ch rom atogram  

w i t h  a  f u r t h e r  2 j i l s .  o f  t h e  i n i t i a l  hy d ro x o  s o l u t i o n  

now sam p led  22 h o u r s  a f t e r ^ p r e p a r a t i o n .  As b e f o r e  t h e  

chrom atogram  was ru n  and  d e v e lo p e d  by b io  a u to  g ra p h y .

RESULTS & lISCUSSIOiM.

Erom t h e  b io  a u to  gram , f i g » 3 1  , i t  was e v i d e n t  t h a t

some d e g re e  o f  c o n v e r s i o n  o f  hydroxoB^g t o  s u l p h i t o

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

16 h o u r s .  T h is  m a t e r i a l  d id  how ever c o n t a i n

p r e d o m in a n t ly  hy d ro x o  t o  i t s  u s e ,  b u t  a s  t h e

e x t r a c t i o n  proceeded t h e  p e r c e n t a g e  o f  hy d ro x o

p r e s e n t  d e c r e a s e d  w i t h  a  c o r r e s p o n d in g  i n c r e a s e  i n

s u l p h i t o  T h is  was p resum ed  t o  be m a in ly  due t o  t h e

i n a b i l i t y  t o  m a i n t a i n  an  a l l c a l i n e  pH i n  t h e  sy s te m

d u r i n g  e x t r a c t i o n  i n t o  t h e  o r g a n ic  p h e n o l / c h l o r o f o r m  -
-10

p h a s e ,  i n  w hich  t h e  p h e n o l  (pKg^lO ) was r e s p o n s i b l e  f o r  

t h e  pH 3 .0  a t t a i n e d .  T h is  a c i d i c  pH w ould  l e a d  t o  t h e  

p r o t o n a t i o n  o f  h y d ro x o  aquo and  t h e  f a s t

r e a c t i o n  w i th  any s u l p h i t e  i o n  p r e s e n t  t o  form  s u l p h i t o  

B^go The aqueou s  e t h a n o l  e x t r a c t  was fo u n d  t o  c o n t a i n  

a b o u t  e q u a l  p r o p o r t i o n s  o f  hydroxo  B^g and  s u l p h i t o  B^g^ 

w h i le  t h e  f i n a l  aq u eo u s  p h a se  was composed a lm o s t  

e n t i r e l y  o f  s u l p h i t o  B^^» The p h e n o l  e x t r a c t  a p p l i e d  t o  

t h e  chrom atogram  d id  n o t  g iv e  r i s e  t o  any  b a c t e r i a l  

g ro w th  p re su m a b ly  a s  a  r e s u l t  o f  t h e  b a c t e r i o s t a t i c
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E x t r a c t  ;

Bn^oEorm: Ado CK OH Me SO.

pgSoB^2 : 50 50 50 100 < 7 1 < 7 4 < 1 4 8  100 50 50

P i g , 31 D e te r m in a t io n  o f  t h e  S ta g e s  o f  Maximum 

C o n v e rs io n  o f  Hydroxo B^2 S u l p h i t o  B^g -  

B io au to g ra in  o f  E x t r a c t s  from  S e v e r a l  P h a s e s ,

EXTRACTS.

1 . Hydroxo B^g S t a n d a r d  ; 16 h r s .  a f t e r  p r e p a r a t i o n ,

2* Aqueous E th a n o l  C o n c e n t r a t e  -  2 ^ I s ,  a p p l i e d .

3* P h e n o l  P h a se  -  4 j J i l s .  a p p l i e d .

4 .  P i n a l  Aqueous P h a se  -  2 y i l s .  a p p l i e d ,

5 . Hydroxo B^g S t a n d a r d  ; 24 h r s .  a f t e r  p r e p a r a t i o n .
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e f f e c t  o f  p heno lo

The e x t e n t  and  e a s e  o f  o c c u r r e n c e  o f  a r t e f a c t u a l  

s u l p h i t o  B^2 t h r o u g h o u t  t h e  p r e v io u s  p r o c e d u r e  r u l e d  o u t  

m o d i f i c a t i o n  o f  t h e  e x t r a c t i o n  t e c h n iq u e  i n  an  a t t e m p t  

t o  p r e v e n t  c o n v e r s io n *  The u s e  o f  t h e  b i c a r b o n a t e  

b u f f e r  was t h e r e f o r e  d i s c o n t i n u e d  and  f u r t h e r  s t u d i e s  i n  

t h e  f i e l d  o f  p r e v e n t i o n  o f  a r t e f a c t  f o r m a t io n  by pH 

c o n t r o l  w ere  n o t  u n d e r t a k e n .
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CHAPTEH 5 

AïffiîOïflA BUPESR,



1 OS

SECTION

P re c o n v e rs io n ,  o f  Hydroxo B12-

The a f f i n i t y  o f  aquo f o r  t h e  s u l p h i t e  l i g a n d  was 

v e r y  s t r o n g  and i n  t h e  d a rk  a  l i g a n d  exchange  o r  

s u b s t i t u t i o n  r e a c t i o n  o c c u r r e d ,

4- K
SO SO3 .3 1 2

w here  IC, t h e  s t o i c h i o m e t r i c  e q u i l i b r i u m  c o n s t a n t  i s  

2*2 X 101" and  l o g  1C = 7 . 3  ( F i r t h  e t  a l » ,  1969) f o r

IC
HgOoB^g pO ^"

■1The c o n s t a n t  ICis e x p r e s s e d  i n  u n i t s  o f  ( m o l . / I . )  a n d  we 

sfo rm d  t h a t  t h e  above  e q u i l i b r i u m  was a t t a i n e d  a lm o s t  

i n 81a^ itaneous l y * T h is  c o n s i d e r a t i o n  s u g g e s t e d  t h a t  a  

more r e w a r d in g  a p p ro a c h  t o  t h e  p r e v e n t i o n  o f  a r t e f a c t u a l  

s u l p h i t o  B^g f o r m a t io n  t h a n  c o n t r o l  o f  pH w ould  be 

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

t o  a  fo rm  w hich  would be r e s i s t a n t  t o  a t t a c k  by a c i d  

a n io n s o  The p o s s i b i l i t y  t h a t  t h i s  c o u ld  be a c h ie v e d  

a r o s e  from  t h e  kn ow ledge  t h a t  i n  t h e  c h ro m a to g ra p h ic  

s o l v e n t  sy s te m  c o n t a i n i n g  ammonia, h y d ro x o  was

c o n v e r t e d  t o  ammonia B^^ ( B i lk u s  and H erv y n , 1971 , p»20) 

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

s u b s t i t u t i o n ,  K v œ  10^ and  lo g  K “  7 (Hayward e t  a l , ,  1971)

and t h e r e f o r e  f o r m a t io n  o f  ammonia B^g was v e r y  f a v o u r a b l e *
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c o n s i d e r a t i o n  o f  t h e  c h e m is t r y  o f  ammonia showed 

t h a t  i t  w ould be s t a b l e  i n  Yjeak a c i d  (pH*>3) and o n ly  

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

ammonium i o n  a t  pH <0 ( P r a t t ,  1 9 6 4 .)  an a c i d  s t r e n g t h  

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

e x t r a c t i o n  p r o c e d u r e .  The b a s i c i t y  o f  ammonia B]_2 was 

g r e a t e r  t h a n  t h a t  o f  h y d ro x o  Bps? pK 6 ,9  -  7*8 (Buhs e t  

a l , ,  1951 and Hayward e t  a l . ,  1965) and a s  su c h  i t  d id  

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

S
I
B
I
0
A

■Si— 0
I
0
i

■Si— 0
I
0

I
-S i— 0

3*^12

A t h e o r e t i c a l  o b j e c t i o n  t o  t h e  p r i n c i p l e  o f  

c o n v e r t i n g  h y d ro x o  Bpg ammonia was t h a t  any 

ammonia B^g i n  f o o d s t u f f s  c o u ld  n o t  be i d e n t i f i e d  a s  such  

b u t  w ould be subm erged  i n  t h e  sum o f  n a t i v e  ammonia Bpg 

and  ammonia B^g c o n v e r t e d  from  hydroxo  B-^g . T h is  

o b j e c t i o n  yis.s  a c c e p te d  i n  t h e  know ledge t h a t  v/hen a  

c h ro m a to g ra p h ic  s o l v e n t  sy s te m  c o n t a i n i n g  ammonia was 

em ployed t h e  c o n v e r s io n  o c c u r r e d  a s  a  m a t t e r  o f  c o u r s e .

I f  c o n v e r s io n  o f  hyd ro x o  B^g t o  ammonia B^g o c c u r re d  

w i th  an ammonia t r e a t m e n t  t h e n  p r e v e n t io n  o f  f o r m a t io n  

o f  s u l p h i t o  Bp2 would n o t  o n ly  be a s s u r e d  b u t  f u r t h e r
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u s e  o f  t h e  ammonia i n  t h e  e x t r a c t i o n  p r o c e d u re  w ould  n o t  

be n e c e s s a r y  and no  s a l t  p r e c i p i t a t i o n  p ro b le m s  w ould  be 

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

h a d  o c c u r r e d  w i th  t h e  b i c a r b o n a t e  b u f f e r .  P o r  t h e s e  

r e a s o n s  i t  was d e c id e d  t o  employ an ammonia b u f f e r  t o  

r e c e i v e  and ho m ogen ise  t h e  t i s s u e s  b e in g  examined*
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MATERIALS & METHODS.

An am m onia/ ammonium c h l o r i d e  b u f f e r ,  pH 9*6 was 

p r e p a r e d  by t h e  a d d i t i o n  o f  139 mis* o f  ammonia s o l u t i o n  

( m o l * / I . )  t o  50 m is* o f  HOI ( m o l , / I . )  and  t h e  volume made 

up  t o  1 l i t r e .  To d e te r m in e  t h e  e f f e c t  o f  t h e  ammonia 

b u f f e r  on t h e  s t a n d a r d  c o b a la m in s  (coenzym e cyano

B i 2 j hy d ro x o  B^^, m e th y l  B^g and s u l p h i t o  Bj^g ) ,  each  

was p r e p a r e d  i n  t h e  b u f f e r  a t  a  c o n e ,  o f  35 p g s , / ^ l .  At 

t h e  same t im e  a  h y d ro x o  B^g s o l u t i o n  w hich  h a d  been  

p r e v i o u s l y  p r e p a r e d  i n  b i c a r b o n a t e  b u f f e r ,  pH 9 . 6 ,  was 

ex p o se d  t o  d a y l i g h t  f o r  40 mins* b e f o r e  u s e  t o  e n s u re  

t h a t  any  a r t e f a c t u a l  s u l p h i t o  Bj^g p r e s e n t  was r e c o n v e r t e d  

t o  hydroxo  B^g*

Two i d e n t i c a l  s i l i c a  g e l  ch rom atog ram s v/ere s p o t t e d  

w i t h  2 ^ I s ,  o f  e a c h  o f  t h e  above s t a n d a r d s ,  one 

chrom atogram  d e v e lo p e d  i n  t h e  s t a n d a r d  ammonia c o n t a i n i n g  

s o l v e n t  sy s te m  and t h e  o t h e r  chrom atogram  i n  t h e  s o l v e n t  

sy s te m  w i th o u t  ammonia* A lth o u g h  i t  h ad  b e en  p r e v i o u s l y  

fo u n d  t h a t  t h e  l a t t e r  sy s te m  d id  n o t  c l e a r l y  s e p a r a t e  

t h e  c o b a la m in s  ( s e e  f ig *  Y ) ,  i t s  u s e  was e s s e n t i a l  t o  

e s t a b l i s h  t h e  r e l a t i v e  p o s i t i o n s  o f  t h e  h y d ro x o  B%2 

p r e p a r e d  i n  t h e  b i c a r b o n a t e  a n d  i n  t h e  ammonia b u f f e r s  

and  h e n ce  show w h e th e r  c o n v e r s io n  o f  hyd ro x o  B i2 t o  

ammonia Bj^g h ad  o c c u r r e d  i n  t h e  l a t t e r *  The b io  a u to  gram s 

w ere  d e v e lo p e d  by t h e  s t a n d a r d  p ro c e d u re *
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RESULTS & DISCUSSION.

From t h e  b i o  a u to  g ram , f i g . 3 2  d e v e lo p e d  from  t h e  

ch rom atogram  ru n  i n  t h e  ammonia c o n t a i n i n g  s o l v e n t  

s y s te m ,  b o t h  t h e  h y d ro x o  3^2  s t a n d a r d s  p r e p a r e d  i n  t h e  

ammonia and  i n  t h e  b i c a r b o n a t e  b u f f e r s  gave r i s e  t o  a  

s i n g l e  g ro w th  zone a t  t h e  o r i g i n .  The o t h e r  c o b a la m in s  

p r e p a r e d  i n  t h e  ammonia b u f f e r  a l s o  a p p e a re d  a t  t h e i r

s t a n d a r d  p o s i t i o n s  on t h e  b io  a u to g ra m .
The chrom atog ram  ru n  i n  t h e  s o l v e n t  sy s te m  w i th o u t

ammonia gave  p o o r  s e p a r a t i o n  o f  t h e  c o b a la m in s ,  b u t  i t  

was e v id e n t  from  t h e  b i o a u t o g r a n ,  f i g . 3 3  , t h a t  t h e  

h y d ro x o  p r e p a r e d  i n  t h e  ammonia b u f f e r  gave  r i s e  t o  

a  s i n g l e  g ro w th  zone a t  t h e  o r i g i n ,  w h i l e  t h e  h y d ro x o .

Bp2 s t a n d a r d  i n  t h e  b i c a r b o n a t e  b u f f e r  t r a v e l l e d  on t h e  

s i l i c a  t o  a  p o s i t i o n  be tw een  cyano sn d  m e th y l  Bj_2^ 

A gain  t h e  p o s i t i o n s  and  a r e a s  o f  g ro w th  z o n es  f o r  t h e  

s t a n d a r d  c o b a la m in s  p r e p a r e d  i n  t h e  ammonia b u f f e r  

i m p l i e d  t h a t  t h e y  were u n a f f e c t e d  e i t h e r  q u a l i t a t i v e l y  

o r  q u a n t i t a t i v e l y  by t h i s  t r e a t m e n t .

T hese  f i n d i n g s  i n d i c a t e d  t h a t  t h e  h yd ro x o  3^2  

p r e p a r e d  i n  t h e  ammonia b u f f e r  was i n d e e d  c o n v e r t e d  t o  

ammonia B^g, w hich  re m a in e d  a t  t h e  p o i n t  o f  a p p l i c a t i o n  

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

h y d ro x o  B^g i t s e l f  a s  shown by t h e  s t a n d a r d  p r e p a r e d  i n  

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

ch ro m â t o g rap h y  *
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B i 2 oForm; Ado CN OH OH Me SO-  ̂
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F i g o  5 2  Bio a u to  gram o f  t h e  S t a n d a r d  C oha lam in s  

P r e p a r e d  i n  Ammonia B u f f e r ,  pH 9 .6  and S e p a r a t e d  i n  

t h e  Ammonia C o n t a i n i n g  S o lv e n t  S ys tem ; T o g e th e r  w i th  

0H.B^2 (B) F r e s h l y  P r e p a r e d  i n  B ic a r b o n a te  B u f f e r ,  

pH 9o6 .

Me SOForm; Ado Ch OHOH

pgSoB^g : 70 70 70 70 70 70

P i g . 5 p  As w i th  F i g . 5 2  S c c e p t  t h e  C o b a lam in s  were 

S e p a r a t e d  i n  t h e  S o lv e n t  System  W ith o u t Ammoniao
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The ammonia b u f f e r ,  pH 9 . 6 ,  a p p e a re d  t o  be e f f i c i e n t  

a t  p r o t e c t i n g  h y d ro x o  from  a t t a c k  by s u l p h i t e  i o n  by 

c o n v e r t i n g  i t  t o  ammonia B^g and  s i n c e  i t  h ad  no  e f f e c t  

on t h e  o t h e r  c o b a la m in s  i t s  u s e  was f u r t h e r  i n v e s t i g a t e d .
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SEGTIOH 2

ÀlLca l i n e  H y d r o l y s i s .

AS w i t h  t h e  b i c a r b o n a t e  b u f f e r  o f  pH 9 . 5 ,  

d e t e r m i n a t i o n  o f  t h e  e f f e c t  on t h e  c o b a la m in s  o f  h ig h  

t e m p e r a t u r e  and a l k a l i n e  pH, u s i n g  t h e  ammonia b u f f e r  was 

s t u d i e d .  I f  a  c o m b in a t io n  o f  t e m p e r a tu r e  and  pH 

c o n d i t i o n s  l e d  t o  t h e  f o r m a t io n  o f  t h e  * dehydro  v i t a m in  

d u r in g  e t h a n o l  r e f l u x  a t  80-î-^G i n  th e  ammonia b u f f e r  a t  

pH 9 . 5 ,  t h e n  t h e  r e s u l t a n t  l o s s  o f  m i c r o b i o l o g i c a l  

a c t i v i t y  m ig h t  be d e t e c t i b l e  on b io a u to g r a p h y .

5 m is .  o f  eac h  o f  t h e  s t a n d a r d  c o b a la m in s  p r e p a r e d  i n  

t h e  ammonia b u f f e r  w ere h e a t e d  i n  20 m l.  a u t o c l a v a b l e  

g l a s s  b o t t l e s  a t  35^0 f o r  30 m in s .  A chrom atogram  o f  

t h e s e  s t e r i l i s e d  s o l u t i o n s  t o g e t h e r  w i th  s t a n d a r d s  s t o r e d  

a t  room t e m p e r a t u r e  was. ru n  and  d e v e lo p e d  by 

b io  a u t  o g ra p h y .

As fo u n d  w i th  t h e  b i c a r b o n a t e  b u f f e r ,  pH 9 . 5 ,  ( f i g . 2 9  ) 

t h e  b io  a u to  gram o b t a i n e d  ( f i g . 54- ) showed no a p p a r e n t  

d i f f e r e n c e  be tw een  t h e  g row th  zon es  f o r - t h e  s t e r i l i s e d  

an.d n o n - s t e r i l i s e d  c o b a la m in s  i n  ammonia b u f f e r .
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Tenip. (  G) 

Bi2»î'orm.

pg s .B ^2

35 35

Ado Ado GN GN OH OH Me Me S0= SO

70 70 70 70 70 70 70

T'ig. 34" B io au to g ram  o f  t h e  S ta n d a rd  C o b a lam in s  i n  

Ammonia B u f f e r ,  pH 9*6 ; S t e r i l i s e d  a t  35°G f o r  

50 m in s .
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SECTION 5 

Ammonia B u f f e r  E f f i c i e n c y »

I t  was now n e c e s s a r y  t o  e s t a b l i s h  w h e th e r  t h e  ammonia 

b u f f e r  c o u ld  c o n v e r t  t h e  h y d ro x o  3^2  r e l e a s e d  from 

t i s s u e s  d u r i n g  e t h a n o l  r e f l u x  and w h e th e r  once  fo rm ed  t h e  

ammonia B j2  c o u ld  be e x t r a c t e d  e f f i c i e n t l y  a n d  w i th o u t  

c o n v e r s io n *

B o t t l e d ,  w hole  m i lk  p r e v i o u s l y  fo u n d  t o  c o n t a i n  o n ly

s u l p h i t o  B ( f i g * 3 0  ) d e s p i t e  c o n s t a n t  e x p o s u re  t o  12
l i g h t , was u s e d  i n  e x t r a c t i o n s  w i th  t h e  ammonia b u f f e r  t o  

e s t a b l i s h  w h e th e r  t h e  s u l p h i t o  ^ o c c u r r e d  a s  an  

a r t e f a c t *  E x t r a c t i o n s  w ere  c a r r i e d  o u t  on a l i q u o t s  o f  

w hole  m ilk  w hich  h a d  b e en  ad d ed  t o  ammonia b u f f e r  e i t h e r  

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

t h e  darkroom  f o r  s e v e r a l  m in u te s ,  an  i n t e r v a l  v/hich m ig h t  

a l lo w  f o r  some c o n v e r s i o n  o f  hydrox o  Bp2 p r e s e n t  t o  

s u l p h i t o  Bq2 »

MATEBIAIS & METHODS,

4 mis* o f  a  h y d ro x o  s o l u t i o n  (1 8  p g s .B ^ ^ /^ l * )  

p r e p a r e d  i n  ammonia b u f f e r  w ere  added  t o  20 mis* o f  t h e  

b u f f e r  and r e f l u x e d  i n  e t h a n o l  (100  m is* )  a t  8 0%  f o r  

50 mins* The s u b s e q u e n t  a q u eo u s  p h a s e s  w ere  p r e p a r e d  

from  a  d e i o n i s e d  w a t e r  s o u r c e ,  pH 6*2 ± 0*2? and t h e  

f i n a l  a q u eo u s  e x t r a c t  s t o r e d  a t  -20^0*

A f t e r  re m o v a l  t o  t h e  dark room  f o r  c a .  5 m in s * , 10 mis* 

o f  Dob b le d ,  whole mille w ere  added  t o  4 0  mis* o f  arnmonia
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b u f f e r  ancL sh a k en  f o r  20 mins* i n  a  f o i l e d  c o n t a i n e r  t o  

a i d  t h e  c o n v e r s io n  o f  h y d ro x o  Bqg p r e s e n t  t o  ammonia 

b e f o r e  r e f l u x *  The c o b a la m in  e x t r a c t i o n  was t h e n  c a r r i e d  

o u t ,  a g a in  u s i n g  t h e  d e i o n i s e d  w a te r  so u rc e *

A f u r t h e r  10 m is* o f  b o t t l e d ,  whole m i lk  w ere  added 

i n  d a y l i g h t  t o  40 mis* o f  ammonia b u f f e r  and  sh a k e n  i n  a  

f o i l e d  c o n t a i n e r  f o r  20 m in s ,  b e f o r e  re m o v a l  t o  t h e  

darkroom * A f t e r  e x t r a c t i o n  o f  t h e  c o b a la m in s ,  

ch ro m a to g ram s o f  t h e  m i lk  and  ammonia Bpg e x t r a c t s  w ere 

r u n  and  d e v e lo p e d  by b io a u to g ra p h y *

RBSO'ITS & DISCUSSION*

C o n v e r s io n  o f  t h e  ammonia mot o c c u r  ( f i g , 32 )

and  a r e a s  o f  g ro w th  z o n e s  i m p l i e d  t h a t  c o n v e r s io n  o f  

h y d ro x o  Bq2 t o  ammonia Bp2 p ro d u c e d  a  c o b a la m in  w h ich  was 

e f f i c i e n t l y  e x t r a c t e d  and  r e s i s t a n t  t o  a t t a c k  by s u l p h i t e  

ion*  I n  ammonia B^2 we h av e  p ro d u c e d  a  c o b a la m in  

somewhat more b a s i c  t h a n  h yd ro x o  how ever t h i s  change

i n  c h a rg e  d i s t r i b u t i o n  a b o u t  t h e  c e n t r a l  c o b a l t  a tom  had  

no  e f f e c t  on t h e  s o l u b i l i t y  and  i s o l a t i o n  o f  t h e  ammonia

The a p p e a ra n c e  o f  g ro w th  z o n e s  c o r r e s p o n d i n g  t o  

s u l p h i t o  t h e  e x t r a c t  o f  w hole  m ilk  added  t o  t h e

ammonia i n  t h e  d a rk  ( f i g * 3 7  ) seemed t o  c a s t  d o ub t on 

t h e  v a lu e  o f  t h e  b u f f e r  i n  t h e  p r e v e n t i o n  o f  o c c u r r e n c e  

o f  a r t e f a c t u a l  s u l p h i t o  Bqp? a s  b o t t l e d , w h o l e  m i lk  

e x p o sed  f o r  h o u r s  t o  d a y l i g h t  m ig h t  h av e  b e e n  e x p e c te d  t o
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Ado CM OH ‘OH’ EXÎRACT He 80%Form:^12 '
p g s .B ^ g  : 36 36 36 <131 <65 <33  36 36

P i g .  3 ^  B io au to g ram  o f 'H y d ro x o  g' S ta n d a r d  E x t r a c t e d  

A f t e r  P r e p a r a t i o n  i n  Airnonia B u f f e r ,  pH 9 .6 .
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Ado Cî'i OK MI IK mCTRAOIS Me SOorin ;

p g s .B  2 : 100 100 100 <133 <67 <34  100 100

F i g .  3 6  B io au to g ram  o f  E x t r a c t  o f  B o t t l e d ,  Vrhole 

M ilk ,  Added t o  Ammonia B u f f e r  i n  D a y l i g h t ,

Bj^2 *-orm : Ado ON OH MI IK EXTRACTS Me S0_

p g s .B ^ 2  : 36 36 36 < 20 0  < 1 0 0 < 5 0  36 36

F igc  3 7  B io au to g ram  o f  E x t r a c t  o f  B o t t l e d ,  \Vhole 

M ilk ,  Added t o  ilinmonia B u f f e r  i n  t h e  D ark .
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c o n t a i n  hy d ro x o  B22» However c o n s i d e r a t i o n  o f  t h e  

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

ammonia "b u ffe r  and o f  t h e  k i n e t i c s  o f  t h e  l i g a n d  

s u b s t i t u t i o n  i n v o lv e d  s u g g e s t e d  an e x p l a n a t i o n  f o r  t h e  

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

t h e  miHv was m easu red  i n t o  a  f l a s k  i n  t h e  darkroom  b e f o r e  

b e in g  added  t o  t h e  ammonia b u f f e r ,  a l l o w in g  s u f f i c i e n t  

t im e  t o  e l a p s e  f o r  t h e   ̂d a rk  * m e d ia te d  c o n v e r s io n  o f  

hy d ro x o  t o  s u l p h i t o  i n  t h e  p r e s e n c e  o f  s u l p h i t e

i o n  s-

HgO.Big

( A )  3 0 ^ “"  W H ,
— y---------- ^

R e a c t io n  (A) a p p e a re d  t o  be v i r t u a l l y  i n s t a n t a n e o u s ,  

w h ich  in d e e d  w ould be t h e  c a s e  i f  t h e  s u l p h i t e  i o n  

c o n c e n t r a t i o n  wa,s n o t  a  l i m i t i n g  f a c t o r  on t h e  r e a c t i o n  

r a t e , w h i c h  was th o u g h t  t o  be  f i r s t - o r d e r  d e p e n d in g  o n ly  

on t h e  c o n c e n t r a t i o n  o f  t h e  i n i t i a l  c o b a l t  com plex , i e .

4'
R a te  = k HgO.B^g

I n  m ilk  t h e  s u l p h i t e  i o n  n u c l e o p h i l e  a p p e a re d  t o  be 

d e r i v e d  from  in d ig e n o u s  i n o r g a n i c  s u l p h i t e  ( > 1 0 ’” ® m o l/1 )  

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

a tm o s p h e r ic  s u l p h u r  d i o x i d e .

B o t t l e d ,  whole m ilk  ad d ed  to  ammonia b u f f e r  i n  t h e  

d a y l i g h t  was fo u n d  t o  c o n t a i n  o n ly  hydroxo  Bn g ( f i g . 3 6  )
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sh ow ing  t h a t  i n  t h e s e  c o n d i t i o n s  t h e  b u f f e r  c o n v e r t e d  t h e  

h y d ro x o  B-^2 I h e  mille t o  ammonia r e s i s t a n t  t o  

c o n v e r s i o n  t o  s u l p h i t o  T h is  e s t a b l i s h e d  c o n c l u s i v e l y

t h a t  t h e  v i t a m in  B^g p r e s e n t  i n  b o t t l e d  m ilk  was 

‘n a t u r a l l y *  i n  t h e  h y d ro x o  l^ rm  v/hen e x p o se d  t o  

d a y l i g h t  b u t  r e v e r t e d  t o  s u l p h i t o  B^g i n  t h e  d a r k .

As t h e  c o b a la m in s  p r e s e n t  i n  f o o d s t u f f s  a t  t h e  t im e  

o f  i n g e s t i o n  w ere  t o  be  c o n s i d e r e d ,  a d d i t i o n  o f  t h e  t i s s u e  

t o  t h e  ammonia b u f f e r  i n  t h e  d a y l i g h t  b e f o r e  homo­

g e n i s a t i o n  w ould  be e x p e c te d  t o  g iv e  t h e  b e s t  e s t i m a t i o n  

o f  c o b a la m in  c o n te n t^  b e c a u s e  s e v e r a l  w o rk e rs  ( T a y l o r  and 

W e is sb a c h ,  1968 & P a i l e s  and  ho genic amp, 1968) hav e  

o b s e r v e d  t h a t  o r g a n o - c o r r i n o i d s  can  be s t a b i l i s e d  to w a r d s  

p h o t o l y s i s  when p r o t e i n  bound . T h is  m ethod would  a l s o  

p r e v e n t  f o r m a t io n  o f  any a r t e f a c t u a l  s u l p h i t o  Bpg hy 

t h e  ‘d a r k '  m e d ia te d  r e a c t i o n  p r i o r  t o  e x t r a c t i o n  o f  t h e  

c o b a la m in so

A l l  fo o d  ho m o g en a te s  w ere  h e n c e f o r t h  p r e p a r e d  i n  

ammonia b u f f e r ,  pH 9®6 and  any  s u l p h i t o  B^g i s o l a t e d  

r e g a r d e d  a s  h a v in g  b een  p r e s e n t  o r i g i n a l l y  i n  t h e  t i s s u e  

b e in g  exam ined .
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CHAPTER 6 

SOE’srSNT SYSTEÎiS
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S o lv e n t  System so

A m a jo r  d i f f i c u l t y  i n  t h e  form  o f  c o n g e s t i o n  o f  

g ro w th  z o n es  on t h e  h io a u to g r a m s  a r o s e  w i t h  t h e  p r e s e n c e  

o f  s u l p h i t o  B e fo re  i t s  o c c u r r e n c e ,  coenzyme Bpg and

cyano  B^2 w ere  w e l l  s e p a r a t e d  on c h ro m a to g ra p h y  and  

a lw a y s  gave c l e a r ,  d i s t i n c t  g row th  zo n es  when p r e s e n t »

The a p p e a ra n c e  o f  s u l p h i t o  B^2 how ever ,  a t  a  p o s i t i o n  

b e tw ee n  t h a t  o f  coenzyme B^2 ^.nd cyano  Bfg l e d  t o  o v e r l a p  

o f  g ro w th  a r e a s  and  r e s u l t a n t  o b s c u r i n g  o f  t h e  i n d i v i d u a l  

c o b a la m in s  p r e s e n t*  T h is  was f i r s t  e n c o u n te r e d  when a  

m ix t u r e  o f  s t a n d a r d s  o f  coenzyme B^2 ? cyano 3^2? hydrox o  

B^2 sn d  m e th y l  p r e p a r e d  i n  d i s t i l l e d  w a t e r  was 

a p p l i e d  t o  a  s i l i c a  g e l  ch rom atogram  and ru n  i n  t h e  

s t a n d a r d  s o l v e n t  sy s te m  b e f o r e  d ev e lo p m en t by b i o a u t o ­

g raphy*  The h y d ro x o  Bp2 s t o r a g e  h ad  u n d e rg o n e  

c o n v e r s i o n  t o  s u l p h i t o  Bp2 end  a s  a  r e s u l t  made i n t e r p r e t ­

a t i o n  o f  t h e  b io a u to g ra m  ( f i g *  3 8  ) more d i f f i c u l t  by 

m e rg in g  o f  t h e  s u l p h i t o  Bj_2 and  cyano B^g g ro w th  zones*

I n  an  a t t e m p t  t o  im p ro v e  t h e  c h ro m a to g r a p h ic  

s e p a r a t i o n  and h e n ce  r e s o l u t i o n  o f  t h e  g ro w th  z o n e s  a  

r a n g e  o f  s o l v e n t  sy s te m s  was p r e p a r e d  f o r  t . l , c *  As t h e  

c o b a la m in s  a r e  m o st s o l u b l e  i n  t h e  lo w e r  a l c o h o l s  (S m i th ,  

1 9 6 5 . )  i t  was d e c id e d  t o  employ m e th a n o l ,  e t h a n o l ,

B o p ro p a n o l  and  i s o p r o p a n o l  i n  t h e  s o l v e n t  s y s te m s  t o  

i n c r e a s e  t h e  v a lu e s  o b t a i n e d  w i th  a  v iew  t o  im p ro v in g  

t h e  s e p a r a t i o n  o f  c o b a lam in s*
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Me.
ON. 
SO .

Ado.

OH.

B ^g.Porm : Ado ON S ta n d a r d s  'OH* Me 

pgs.B-j_2 : 100 luO 4 x 50 100 100

P ig o 5 2  B io au to g ram  o f  C obalam in  S t a n d a r d s ,  Ado.B^^, 

CN.B2 2 , 0H.B^2 MeB^2 t o g e t h e r  wdth 

A r t e f a c t u a l  SO-.B t o  I l l u s t r a t e  C o n g e s t io n
5 12 

o f  Growth Zonese
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MATERIALS & METHODS.

P o u r  s i l i c a  g e l  ch rom ato g ram s (2 0  cm. s q u a r e )  w ere  

c u t  i n t o  52 s t r i p s  (2 0  x 2<,5 cm s.)  and 2 ^ i l s .  o f  a  

s t a n d a r d  m ix tu r e  o f  th e  f i v e  c o b a la m in s  w ere  a p p l i e d  t o  

e a c h  s t r i p o  Each s t r i p  was t h e n  added  t o  one o f  t h e  

s o l v e n t  sy s te m s  ( t a b l e  11 ) and  t h e  ch rom atog ram s r u n  I n  

100 m l.  m e a s u r in g  c y l i n d e r s  c o n t a i n i n g  a b o u t  15 m is .  o f  

t h e  s o l v e n t .  The t im e  t a k e n  f o r  e a c h  r u n  was n o t e d  and  

t h e  ch rom atogram s d e v e lo p e d  by b io a u to g r a p h y .

RESULTS & DISCUSSION.

The b e s t  s e p a r a t i o n  o f  c o b a la m in s  a p p e a re d  t o  be 

a f f o r d e d  by t h e  s t a n d a r d  s o l v e n t  sy s te m , b u t a n - 2 - o l ,  

n . p r o p a n o l ,  w a t e r ,  ammonia (55'^) ( 7 s 4 s 5 s l j  v /v )  i n  f i g . 3 9  

b u t  good r e s o l u t i o n  o f  g ro w th  a r e a s  was a l s o  o b t a i n e d  

when b u t a n - 2 - o l  was r e p l a c e d  by n .p r o p a n o l  t o  y i e l d  a  

s o l v e n t  sy s te m  o f  n . p r o p a n o l ,  w a te r ,  ammonia ( 1 0 : 3 : 1 ,  

v / v )  a s  i n  f i g .  4 0  . The s u b s t i t u t i o n  o f  a  lo w e r  a l c o h o l ,  

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

c o b a la m in s ( e x c e p t  hydro xo  w hich  re m a in e d  a n c h o re d  a t  

t h e  o r i g i n )  and  s u b s t a n t i a l l y  re d u c e d  t h e  c h ro m a to g ra p h ic  

d e v e lo p in g  t im e  from  6 J  h r s .  t o  5 h r s .

The s e p a r a t i o n  o f  t h e  s u l p h i t o  3^2? oyano and 

m e th y l  Bpg g ro w th  z o n e s  was c l e a r e r  i n  t h e  s t a n d a r d  

s o l v e n t  sy s te m  t h a n  i n  t h e  n .p r o p a n o l  sy s te m ,w h e re  a  

d e g re e  o f  o v e r l a p  o f  t h e  above  c o b a la m in s  o c c u r r e d .  At 

t h i s  s t a g e  t h e  s u b s e q u e n t  u s e  o f  t h e  l a t t e r  sy s tem  was
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n o t  d i s c o u n te d  a s  i t  p ro d u c e d  g r e a t e r  v a l u e s ,  t o g e t h e r  

w i th  r e a s o n a b l e  s e p a r a t i o n  o f  a l l  f i v e  c o b a la m in s  i n  a  

s h o r t e r  t im e  t h a n  t h e  s t a n d a r d  system *

The R^ v a lu e s  f o r  t h e  g row th  zo n es  c l e a r l y  s e p a r a t e d  

i n  t h e  o t h e r  s o l v e n t  sy s te m s  w ere c a l c u l a t e d  ( t a b l e  12  ) 

and  i l l u s t r a t e d  t h a t  none o f  t h e s e  sy s te m s  su c c e e d e d  I n  

s e p a r a t i n g  more t h a n  f o u r  o f  t h e  f i v e  c o b a la m in s  p r e s e n t .

F o r  t h e s e  r e a s o n s  t h e  s t a n d a r d  s o l v e n t  sy s te m  would 

s u b s e q u e n t ly  be g e n e r a l l y  em ployed and o v e r l o a d in g  o f  • 

ch rom atogram s a v o i d e d , t o  e a s e  i d e n t i f i c a t i o n  o f  c o b a la m in s  

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

B] 2 g ro w th  a r e a  w i th  e i t h e r  o f  t h e  coenzyme o r  cyano 

s o n e s .
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B^p.Form

P gs '12

9
§

Q o
©

f

0 9

.TAi'!BABIS STANDARDS

5 X 25 5 X 25

F i g .  39 â o a u to g ra in  o f  t h e  F i g .  4 0  B io  a u to  gram o f  t h e  

S t a n d a r d  C ob a lam ins  S ta n d a r d  C o b a lam in s  S e p a r a t e d

S e p a r a t e d  by C hrom atog raph y  by C hrom âtogra.phy i n  

i n  B u t a n - 2 - o l ,  N .p r p a n o l ,  N .p r o p a n o l ,  w a t e r ,  ammonia

w a t e r ,  ammonia ( 7 : 4 : 3 : 1 ,  v /v ) , ( 1 0 : 3 : 1 ,  v / v ) .
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SOLVSnT S Y S M S .
SOLVENT:

1 2 3 4 5 6 7 8 9 10 11 12 IB 14 15 16
( m is . )

M e th a n o l  10 8 6 4 2

E th a n o l  2 4 6  8 10 8 6 4 2

N. P ro p a n o l  2 4 6  8 10 8 6  4 4  2

I s o p r o p a n o l

S e c .B u ta n o l  2 4 6 7 8

W ate r  3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Ammonia, 355  ̂ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

T a b le  c o n t* d ,

solvent sy stem s .
SOLVENT:

( m i s . )
17 18 12 20 21 22 23 24 25 25 27 28 29 30 a

M e th an o l 1 2 3

E th e n o l 2 4 6 8 10

N * P ro p an o l 4 4 4 2 4 6 8 10

I s o p r o p a n o l 10 8 6 4 2

S e c c B u ta n o l 10 7 7 7 8 6 4 2

W ater 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Ammonia, 35^ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

T a b le  1 Î T h in - L a y e r  C h ro m atography  S o lv e n t  System s*
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SOLVENT

SYSTEMS:
R-f V alues.

1 •..02
2 .0 2
3 .0 2 • 66
4 .0 2 .6 2
5 .0 2 • 67
6 .0 1 • 60
7 .0 1 . 5 5  .6 4
8 .0 1 «44 « 56
9 .0 1 . 55 .4 3

10 .0 1 .4 4
11 .0 1 . 56 . 4 5
12 .0 1 .2 8 . 34
13 .0 1 .2 7 • 34
14 .0 1 .2 0  .26 • 31

X 15 .0 1 .1 7  .2 1  .2 7 .3 3
16 .0 0  .1 2 .1 7  .2 2
17 .0 0  .0 6 .1 1  .1 4
18 .0 1 .2 4 . 32
19 .0 1 .2 6 . 36
20 .0 1 .2 8 .3 7
21 .0 1 c26 . 35  . 39
22 .0 1 . 3 3  .4 5  .5 0
23 .0 1 •41  . 5 0  . 56
24 .0 1 . 55  .5 9
25 .0 2 .5 7
26 .0 2 30 . 36  . 4 0
27 .0 2 .3 3  .4 5
23 .0 1 . 37  .4 3  .4 3
29 .0 1 - . 3 3  .4 0  .46
30 .0 1 . 36 .4 2  .4 7

X 31 .0 1 .3 9  . 52  .5 4  .6 0

T a b le  12 Rf V a lu es  o f  t h e C oba lam in  Growth Zones

.7 4

S e p a r a t e d  by C hrom atog raph y  i n  t h e  S o lv e n t  

Sys tem s o f  T a b le  1 1 .



CHAÎT3R 7 

C 0BAI.Aî4Ij)( HffH5 SENSITIVITIES.



1 ? 2

l i g h t  S e n s i t i v i t y  o f  t h e  C obalam ins*

A l l  t h e  c o b a la m in s  so  f a r  e n c o u n te r e d  w ere  t o  some 

d e g re e  l i g h t  s e n s i t i v e  b e i n g  c o n v e r t e d  t o  h y d ro x o  

i n  t h e  p r e s e n c e  o f  oxygen by  e i t h e r  p h o t o a q u a t i o n ,  i n  

w h ich  no  change  i n  t h e  v a l e n c y  o f  t h e  c o b a lÿ  o c cu rp ed ; : -

Oo^^I.X + EgO — -h ÿ . + X ;

w here  % c o u ld  be GN o r  (C o o ley  e t  a l » ,  1951) o r  by  

p h o t o r e d u c t i o n ,  i n  w hich  h o m o ly t ic  c le a v a g e  o c c u r r e d  t o  

g iv e  a  c o b a l t  ( I I )  com plex and  a  f r e e  r a d i c a l ,  i e

I I I  b v  TT
Go *y —------> Co^^ t  y  •

^B rady  a n d  B a r k e r , 196 1^ . 
w here  Y c o u ld  be 5 *“ d e o x y a d e n o sy l  o r  80^*

V eer e t  a l»  (19 50 )  w ere  t h e  f i r s t  t o  r e p o r t  t h a t  

cyano ^sus c o n v e r t e d  t o  h y d ro x o  by t h e  a c t i o n  o f  

l i g h t  and  t h i s  \m s l a t e r  q u a n t i f i e d  by BeM erre & W ilson  

(1956) who s t a t e d  t h a t  p r o lo n g e d  e x p o s u re  t o  s u n l i g h t  

c a u s e d  a  l o s s  o f  109  ̂ o f  cyano  B^^ f o r  e a c h ^ o u r  o f  

ex p o su re*

M eth y l  e x t r a c t e d  from  l i g h t  e x p o se d  p la s m a  v/as 

fo u n d  t o  be  a lm o s t  t o t a l l y  c o n v e r t e d  t o  hy d ro x o  

a f t e r  2 ra in s ,  e x p o s u re  ( l i n n e l l  e t  a l * , 1 9 6 9 ) ,  w h e re a s  

u n d e r  c o n t r o l l e d  c o n d i t i o n s  o f  e x p o su re  u s i n g  a  60“Watt 
t u n g s t e n  lamp s o u r c e ,  m e th y l  B^g was o n ly  2 5 *0^  

decom posed i n  a s i m i l a r  t im e  i n t e r v a l  ( M u l l e r  a n d  M u l l e r



1 5 ?

1 9 6 2 b ) .

The r a t e  o f  l i g h t  c o n v e r s io n  o f  c o b a la m in s  a l s o  

a p p e a re d  t o  be m a rk e d ly  a f f e c t e d  by pH, a s  coenzyme 

v/as fo u n d  t o  be e x t r e m e ly  s e n s i t i v e  t o  l i g h t  when a  

y e l lo w  a c i d i f i e d  s o l u t i o n  o f  t h e  coenzyme t u r n e d  r e d  due 

t o  t h e  f o r m a t io n  o f  h y d ro x o  B̂ ^g w i t h i n  one m in u te  o f  

e x p o s u re  t o  a i r  and  s u n l i g h t  (Hogenkamp & B a r k e r ,  I 96I ) , 

v /h ile  M u l le r  and M u l le r  (19621) fo u n d  o n ly  a  15f^ 

d e c o m p o s i t io n  o f  coenzyme B^g i n  aqueou s  s o l u t i o n  u n d e r  

t h e i r  c o n t r o l l e d  e x p o s u re  c o n d i t i o n s .

The e a s e  o f  o x i d a t i o n  o f  s u l p h i t o  Bpg v/as r e p o r t e d  

by S m ith  e t  a l » ,  (1952.'.) b u t  no e f f e c t  o f  l i g h t  n o t e d  

and  in d e e d  t o  t h i s  t im e  l i t t l e  i n f o r m a t i o n  on t h e  r a t e  

o f  l i g h t  c o n v e r s io n  o f  t h i s  c o b a la m in  c o u ld  be fo u n d .

A s i m i l a r  d e a r t h  o f  i n f o r m a t i o n  on t h e  l i g h t  s e n s i t i v i t y  

o f  a l l  t h e  c o b a la m in s  a t  a l k a l i n e  pH 9 . 6  e x i s t e d  and 

w a r r a n t e d  a  s y s t e m a t i c  i n v e s t i g a t i o n  o f  t h e s e  c o b a la m in s  

t o  l i g h t  e x p o s u re  i f  s u b s e q u e n t  e x t r a c t i o n s  w ere  t o  be 

p e r fo rm e d  u s i n g  t h e  ammonia b u f f e r .

I n  a d d i t i o n  b o th  t y p e s  o f  p h o t o l y t i c  r e a c t i o n  w ere  

r e v e r s i b l e  i n  t h e  d a rk  i n  r e s p e c t  o f  t h e  cy an o , m e th y l  

and  s u l p h i t o  l i g a n d s a -

h y
G i a ' . 3 i 2  —  -  H p O . B i p  +  C h "  ;

darlr

h y
& C o .Y oo^^

d a rk

w here  Y c o u ld  be CE^ o r  80%^".
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When c o n s i d e r i n g  su ch  a  s t u d y ,  two p r o p e r t i e s  o f  th e  

i n c i d e n t  l i g h t  beam h ad  t o  be c o n s i d e r e d ,  nam ely  t h e  

i n t e n s i t y  and  w a v e le n g th  o f  t h e  l i g h t  s o u r c e .  The l a t t e r  

was n o t  i n v e s t i g a t e d  b u t  a  s t a n d a r d  i n t e n s i t y  o f  e x p o s u re  

was m a i n t a i n e d  by i r r a d i a t i n g  a l l  sa m p le s  a t  a  c o n s t a n t  

d i s t a n c e  from a  u n i fo rm  w h i te  l i g h t  i n  t h e  ^dark ^.

MATERIALS & METHODS.

To d e te rm in e  t h e  e f f e c t  o f  pK on l i g h t  c o n v e r s i o n ,  

t h e  l i g h t  s e n s i t i v e  c o b a la m in s  coenzyme cyano

m e th y l  s u l p h i t o  Bpg w ere  d i s s o l v e d  i n  b o th

d i s t i l l e d  w a t e r ,  pH 6*2 ±  0 .2  and  ammonia b u f f e r ,  pH 9 .6  

and  made up  t o  c o n c e n t r a t i o n s  be tw een  25 a n d  50 PgsB ^^/^1- 

( 1 . 8 8  -  3"75'^% lO“ ^ m o l* / I .  ) o 2 mis* o f  e a c h  s o l u t i o n  

w ere  added  i n  t u r n  t o  1 cm* d i a m e te r  p o l y s t y r e n e  t u b e s ,  

w hich  w ere a l i g n e d  a t  a  d i s t a n c e  o f  20 cms. from  a  15 

w a t t  HJsram  ̂ w h i t e  l i g h t  b u lb .  D u r in g  e x p o s u re  o f  t h e  

m e th y l  B^g, coenzyme s u l p h i t o  and  cyano  Bpp f o r

30 r a i n s . ,  1 h r * ,  2 h rs*  and 6 d ays  r e s p e c t i v e l y ,  0 .2  m l.  

s a m p le s  o f  each  w ere  rem oved a t  r e g u l a r  t im e  i n t e r v a l s  

and  s t o r e d  i n  f o i l e d  t u b e s  a t  ~20^G f o r  s u b s e q u e n t  

a n a l y s i s .

I n  a d d i t i o n  2 jjil* a l i q u o t s  o f  t h e  m e th y l  Bqg, 

s u l p h i t o  B^2 cyano  B^g s o l u t i o n s  p r e p a r e d  i n  

d i s t i l l e d  w a te r  w ere  s i m i l a r l y  w ith d raw n  and  a p p l i e d  

d i r e c t l y  t o  s i l i c a  g e l  ch rom atogram s t o  p r e v e n t  any  

r e c o n v e r s i o n  o f  t h e  h y d ro x o  B]_2 fo rm ed  by  p h o t o l y s i s , t o  

t h e  s t a r t i n g  m a t e r i a l  d u r i n g  s t o r a g e  i n  a i r  i n  t h e  d a r k .
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A f u r t h e r  cyano s o l u t i o n  i n  d i s t i l l e d  w a t e r  was 

ex p o sed  t o  d a y l i ^ i t  f o r  6 days  (an d  n i g h t s )  and  2 j i l*  

sa m p le s  rem oved a s  b e f o r e  and  a p p l i e d  d i r e c t l y  t o  a  

chrom atogram * Chrom atogram s o f  a l l  t h e  l i g h t  e x p o sed  

sa m p le s  were ru n  and  d e v e lo p e d  by b io a u to g r a p h y .

RESULTS & DISCUSSION•

From t h e  b io a u to g ra m s  o b t a i n e d ,  f i g s .  4 1 - 5 1  9 ^  

t a b l e  o f  a p p ro x im a te  h a l f - t i m e s ,  t ^ ,  r e p r e s e n t i n g  50^ 

d e c o m p o s i t io n  o f  s t a r t i n g  m a t e r i a l ,  c o u ld  be c o n s t r u c t e d  

f o r  t h e  p h o t o l y t i c  r e a c t i o n s  i n  b o th  s o l v e n t  s y s te m s .

COBALAMIN t ^
in i'ti

WATER. AMMOIflA,

C yano- " ^ 6 d ays  ^-6 days

S u l p h i t o -  '-'40 m in s* -4 o  m in s .

5 ‘- d e o x y a d e n o s y l -  • 1 0 -2 0  m in s .  ~20 m in s .

M e th y l-  ~15 m i n s . ^15 m in s .

T a b le  15 Q u a l i t a t i v e  A n a ly s i s  o f  t h e  R a te s  o f  

P h o t o l y s i s  o f  t h e  S t a n d a r d  C oba lam ins  i n  

D i s t i l l e d  W ate r ,  pH 6 .2  and Ammonia 'B u f fe r ,  pH 9 . 6 .

Coenzyme p r e p a r e d  i n  ammonia b u f f e r  was fo u n d  t o  

be a lm o s t  t o t a l l y  c o n v e r t e d  t o  h y d ro x o  B-j ĝ ex t e r  e x p o su re  

f o r  one h o u r ,  f i g .  4 5  ? w h e rea s  a l t h o u g h  coenzyme 

p r e p a r e d  i n  d i s t i l l e d  w a te r  u n d e rw e n t  a  s i m i l a r  r a t e  o f
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JL
9l i g l i t  c o n v e r s io n  i t  a p p e a re d  on t h e  h io a u to g r e m ,  f i g .  

a t  t h e  p o s i t i o n  o f  s u l p h i t o  P re su m a b ly  a s  a  r e s u l t

o f  c o n v e r s io n  o f  h y d ro x o  B^p t o  s u l p h i t o  B^g i n  t h e  d a r k .

A s i m i l a r  p a t t e r n  was o b t a i n e d  on e x p o s u re  o f  m e th y l  B^g 

i n  ammonia b u f f e r ,  f ig *  4 2 .  , and i n  d i s t i l l e d  w a t e r ,  

f i g .  4 5  , e x c e p t  t h a t  c o n v e r s io n  t o  hydroxo  B ig  was 

a lm o s t  c o m p le te  a f t e r  30 m in s .  and  ageiin t h e  h y d ro x o  B]^2 

i n  t h e  d i s t i l l e d  w a te r  a p p e a re d  t o  be  l a r g e l y  c o n v e r t e d

t o  s u l p h i t o  B]_g i n  t h e  dark*

S u l p h i t o  B^g i n  ammonia b u f f e r  was t o t a l l y  c o n v e r t e d  

t o  hy d roxo  B^g a f t e r  2 h o u r s  l i g h t  e x p o s u re ,  f i g *  4 8  , 

w h e re a s  w i th  s u l p h i t o  B^g i n  d i s t i l l e d  w a t e r ,  f i g . 4 7  , 

i t  was a g a in  e v i d e n t  t h a t  s t o r a g e  o f  sa m p le s  i n  t h e  d a rk  

l e d  t o  r e c o n v e r s i o n  o f  h y d ro x o  Bpg t o  s u l p h i t o  Bpg and  

u n d e r  t h e s e  c o n d i t i o n s  t h e  s u l p h i t o  Bpg a p p e a re d  t o  be 

l i g h t  s t a b l e  ( s e e  p * 1 4 2 ) *

I n  a l l  c a s e s  t h e  ammonia b u f f e r  a p p e a re d  t o  h a v e  no 

e f f e c t  on t h e  r a t e  o f  l i g h t  c o n v e r s io n  ( s e e  t a b l e  1 5  )? 

a l t h o u g h  i t  d id  p r e v e n t  t h e  f o r m a t io n  o f  s u l p h i t o  Bpg 

t h e  d a rk  p re s u m a b ly  by c o n v e r t i n g  t h e  hyd ro xo  B^g t o  t h e  

r e s i s t a n t  ammonia B jg  s p e c ie s *

The b io a u to g ra m s  o b t a i n e d  f o r  l i g h t  e x p o se d  cyano  B ig  

f ig *  4 9  5 m e th y l  B^g, f i g .  4 1  and s u l p h i t o  Bpg, f i g .  4 6 ,  

w here  t h e  sa m p le s  were a p p l i e d  d i r e c t l y  t o  t h e  

ch rom atog ram s t o  a v o id  t h e  ^dark^ r e a c t i o n s ,  a s  e x p e c te d  

were a lm o s t  i d e n t i c a l  t o  t h o s e  f o r  l i g h t  e x p o se d  sa m p le s  

i n  ammonia b u f f e r .
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Me -  
Ciy -  
SO5 -

Ado -

on -

Q

( ' 
9  • •  G  G  9

p g 8 .3 i 2  : 100 100 100 100 100 STAIIDAPD 100 100 100 lOO 100

E x p o su re  0 2 4 6 8 10 15 20 25 30
Tiine(ïïiin) :

p i g .  4 1  B io au to g rs jn  o f  l i g h t - E x p o s e d  M ethy l i n  

D i s t i l l e d  W a te r ,  Sam ples A p p lied  D i r e c t l y ,

&  0
on -  
s 0^ —
Ado -

O H

pgs.Bi2 * 100 100 100 100 STMmAPD 100 100 100 100 100

E x p o su re  0 2 4 6 8 10 15 20 25 30
T im e ( m in ) ;

^ ig .  4 2  B io au to g ram  o f  L ig h t -E x p o s e d  M e th y l  B%2 i n  

Ammonia B u f f e r ,  pH 9 , 6 .
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Me -  
On -

Ado-

© &  9
9  d  A

OH -

pgScBĵ o ; 100 100 100 100 100 STAimAPD 100 100 100 100 100

E x p o su re  0 2 4 - 6  8 10 15 20 25 50
T im e (m in ) ;

P i g .  4 3  B io au to g ram  o f  L ig h t-E x p o s e d  M ethy l B^^ i n

D i s t i l l e d  W ate r ;  Sam ples S to r e d  i n  t h e  Dark P r i o r  

t o  C h ro m a to g rap h y .



Me
CIJ

&a
Ado- &

OH -

pgSoB^2 : 100 100 100 100 100 STANDARD 100 100 100 100 100

E x p o s u re :  0 2
Tim e(m in)

8 10 20 30 40 60

P i g .  4 4  B io au to g ra jn  o f L ig h t -E x p o s e d  Coenzyme i n  

D i s t i l l e d  V /ater.

Me -  
CN -
SO^-
Ado-

OH -

72 72 72 72 72 STANDARD 72 72 72 72 72

E x p o s u re ;  0 2
Tim e(m in)

8 10 20 30 40 60

P ig e  4 5  B io au to g ram  o f  L ig h t -E x p o s e d  Coenzyme B^g in  

Ammonia B u f f e r ,  pH 9o6o



o
Ado-

p g s .B ^ 2  : 100 100 100 100 100 STAÏIBARD 100 100 100 100 100

E x p o su re :  0
T im e(m in)

4 10 20 30 40 60 120

F ig o  4 6  B io au to g ram  o f  l i g h t - E x p o s e d  S u l p h i t o  i n

D i s t i l l e d  W ater;  Sam ples  A p p l ie d  D i r e c t l y  to  

Chrom atogram s A f t e r  E x p o su re ,

Me

Ado-

OH -

p g s .B ^ g  : 100 100 100 lOO 100 STAi l̂DARD 100 100 100 100 100

E x p o su re :  0
T im e(m in)

8 10 20 30 40 60

F i g ,  4 7  B io au to g ram  o f  L ight-E^cposed  S u l p h i t o  B̂ ĝ i n  

D i s t i l l e d  W ate r ;  Sam ples S to r e d  i n  t h e  Dark P r i o r  

t o  C h ro m ato g rap h y ,



Me -

CN -  
SO5-

Ado-

OH -

1 t1

& 0

9 « <>

p g s .B ]_2 5100 100 100 100 lo o  STA1ÎBAEB 100 100 100 100 100

E x p o su re :  0 2 4 6 10 20 30 40 60 120
Tim e(m in)

E ig .  4-8 B io au to g ram  o f  L ig h t -E x p o s e d  S u l p h i t o  i n  

Ammonia B u f f e r ,  pH 9 . 6 .
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From t h e  l i t e r a t u r e  (V eer  e t  a l , ,  1950) i t  was 

e x p e c te d  t h a t  cyano Bpg would he c o m p le te ly  c o n v e r t e d  

t o  hydro xo  i n  t h e  f i r s t  day o f  e x p o su re  t o  t h e  

l i g h t  s o u r c e ,  .This d i d  n o t  o c c u r  h ow ever, and  t h e  

cyano  s o l u t i o n s  i n  b o th  ammonia b u f f e r ,  f i g . j T  and  

d i s t i l l e d  w a t e r ,  f i g , 5*0 , re m a in e d  p r e d o m in a n t ly

i n t a c t  d u r in g  t h e  f i r s t  8 h o u r s  o f  e x p o s u re ,  im p ly in g  

t h a t  t h e  i n t e n s i t y  o f  t h i s  l i g h t  r a d i a t i o n  was to o  weak 

f o r  s i g n i f i c a n t  c o n v e r s io n  o f  cyano t o  h y d ro x o  

i n  su ch  a  t im e  i n te r v a l®  f u r t h e r  c o n t i n u o u s ,  c o n t r o l l e d  

l i g h t  e x p o su re  showed i n  e a c h  c a s e  t h a t  cyano  Bpg was 

c a .  50^ c o n v e r t e d  t o  h y d ro x o  s l ^ e r  6 d a y s  ( s e e  

t a b l e  1'5 ) ,

C o m p l ic a t io n s  a r o s e  w i t h  s t o r a g e  o f  s a m p le s  o f  l i g h t  

e x p o sed  m e th y l  and cyano  Bpg d i s t i l l e d  w a te r , '-  - 

w h ich  l i k e  s u l p h i t o  w ere  re fo rm e d  from  h y d ro x o  B^g

i n  t h e  d a rk ,  m ak ing  p o s s i b l e  t h e  f o l lo w in g  s e r i e s  o f  

i n t e r c o n v e r s i o n s  f o r  cyano

6 d a y s  2 h r s .

C h . 3 ^ 2  0 H . B p 2

? ( A) y /  \  ^  1 min ®
DAHC 2» >---------------- k  \ -------

L ig h t p r o o f  s t o r a g e  o f  cyano  Bpg u l t i m a t e l y  y i e l d e d  

a f t e r  6 d ay s  a  s o l u t i o n  composed o f  a b o u t  e q u a l  

p r o p o r t i o n s  o f  cyano Bpg and  s u l p h i t o  C om parison  o f

t h e s e  s t o r e d  cyano sam p le s  w i th  t h o s e  a p p l i e d  d i r e c t l y  

i n d i c a t e d  t h a t  i n  d i s t i l l e d  w a te r  t h e  r e c o n v e r s i o n  o f
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hydro xo  t o  r, i lc ^ a h o  B125 r e a c t i o n  A, was n e g l i g i b l e  

com pared w i th  t h e  d a rk  m e d ia te d  r e a c t i o n  o f  h y d ro x o  Bp2 

t o  s u l p h i t o  ^ 2 2 ,  w h ich  v/as v i r t u a l l y  i n s t a n t a n e o u s  i n  t h e

p r e s e n c e  o f  a d e q u a te  s u l p h i t e  ion*

The cyano e x p o sed  t o  d a y l i g h t  and a p p l i e d

im m e d ia te ly  t o  t h e  chrom atogram  when sam p led  a f t e r  6 d a y s  

(a n d  n i g h t s )  y i e l d e d  a  s o l u t i o n  composed o f  cyano  Bqp, 

hy d ro x o  and s u l p h i t o  Bpp i n  a b o u t  e q u a l  p r o p o r t i o n s !

Such a  d i s t r i b u t i o n  p r o b a b ly  a r o s e  due t o  t h e  rem o v a l  o f  

sa m p le s  i n  t h e  d a y l i ^ t ,  i n  v/hich some o f  t h e  s u l p h i t o  

fo rm ed  o v e r n i g h t  would have  been  c o n v e r t e d  t o  h y d ro x o  B2 2 * 

Prom o u r  e x p o s u re  o f  t h e  c o b a la m in s  t o  t h e  s t a n d a r d  

w h i te  l i g h t  e n v iro n m e n t  i t  was c l e a r  t h a t  t h e  l i g h t  

c o n v e r s io n  r a t e  was c o n s i d e r a b l y  s lo w e r  t h a n  h a d  been  

p r e v i o u s l y  fo u n d  i n  a l l  i n s t a n c e s  w here  sa m p le s  w ere 

e x p o sed  t o  d a y l i g h t  o r  s u n l i g h t  (BeM erre & W ils o n ,  1956 

and l i n n e l l  e t  a l * , 1969)?  i n  w hich  t h e  s h o r t e r  

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

c o b a l t - c a r b o n  and  c o b a l t - s u l p h u r  bond c l e a v a g e .

I t  was fou nd  t h a t  t h e  l i g h t  c o n v e r s io n  o f  t h e  

c o b a la m in s  i n c r e a s e d  i n  t h e  o r d e r  CBBqp <'<S03B22 <AdoBq2< 

^'^^^12? ^ t t h  c o n v e r s io n  t im e s  t o  hydroxo  Bqp o f  - 1 0  days  

^ 1 2 0  m in s , >- '^60  mins,»><>-40 m in s ,  r e s p e c t i v e l y ,  a f t e r

e x p o su re  t o  t h e  15 w a t t  w h i t e  l i g h t  s o u r c e  a t  a  d i s t a n c e  

o f  20 cms.

T hese  r e s u l t s  i m p l i e d  t h a t  a l t h o u g h  g r e a t  c a r e  would 

be  r e q u i r e d  t o  e l i m i n a t e  l i g h t  a s  f a r  a s  p o s s i b l e  d u r i n g
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s u b s e q u e n t  e x t r a c t i o n s  on f o o d s t u f f s ,  s t r i n g e n t  

p h o to g r a p h ic  darkroom —ty p e  c o n d i t i o n s  would nob be 

e s s e n t i a l *

A p a r a l l e l  i n v e s t i g a t i o n  i n t o  t h e  l i g h t  s e n s i t i v i t y  

o f  t h e  c o b a la m in s  v/as a l s o  p e rfo rm ed  by U l t r a - v i o l e t  

s p e c t r o s c o p y  u s i n g  a  c o n t in u o u s  s c a n  m ethod . I t  was 

ho w ever  a p p r e c i a t e d  t h a t  c o n v e r s io n  o f  sa m p le s  would 

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

no  a t t e m p t  was made t o  c o n t r o l  t h e  i n c i d e n t  l i ^ t  s o u r c e s  

t o  w hich  t h e  sa m p le s  w ould i n e v i t a b l y  be  e x p o se d ,

MATERIALS & METHODS,

0 ,0 5  m gm .B ^g/^ l.  s o l u t i o n s  o f  coenzyme B^g (5<*17 x  

10” ^ m o l , / I ,  ) j hy d roxo  Bpg (5*71  % 10“'5 i n o l . / I .  ) , m e th y l  

B i 2 (5*72 X 10” ^ m o l , / I *  ) and  s u l p h i t o  B]_g (5*55  x 10”"^ 

m o l * / I , )  were p r e p a r e d  i n  d i s t i l l e d  w a te r  and s t o r e d  in- 

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

The s o l u t i o n s  (2  m i s , ) ,  c o n ta in e d  i n  1 cm* * S a r s t e d t»  

p l a s t i c  c u v e t t e s  w ere  s c a n n e d  a t  t h e  f a s t  sp e e d  on a  

^Unlearn' SB 300 UV S p e c t r o m e te r  be tw een  700 and  525 nms. 

Betw een a n a l y s i s  t h e  s o l u t i o n s  w ere  e x p o sed  t o  s t r o n g  

s u n l i g h t  and l a b o r a t o r y  f l u o r e s c e n t  l i g h t i n g .  I n  eac h  

c a s e  s c a n s  were p e r fo rm e d  a t  t im e  i n t e r v a l s  o f  1 , 1 0 , 25 

and  40 m in s ,  (a n d  w here  n e c e s s a r y  50, 6o and 80 m in s , )  

u n t i l  two c o n s e c u t iv e  s p e c t r a  o v e r l a p p e d  and c o i n c i d e d  

w i th  t h a t  o f  h y d ro x o  Bpg w i th  X m ax, a t  549 nms* ( f i g , r 21)
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The a b s o rb a n c e  A, where

^ , & w here  u  -  c o n c .8 0 1  = A = l o g  —
I o ( m o l , / I , ) ,

f o r  coenzyme Bpg, m e th y l  Bqg and s u l p h i t o  B]_g was n o te d

a t  549 nmsc b e f o r e  e x p o su re  t o  l i g h t ,  a t  t ^ .  S i m i l a r l y

t h e  a b s o rb a n c e  v a l u e s  a t  549 nms. a f t e r  c o m p le te  l i g h t

c o n v e r s io n  o f  t h e  c o b a la m in s  a t  t im e  t ^  w ere  r e c o r d e d

(T a b le  i ’4 '  )» The a b s o rb è n o e  v a lu e s  a t  t q  and t ^  f o r  e a c h

c o b a la m in  w ere a v e ra g e d  t o  g iv e  t h e  a b s o rb a n c e  a s s o c i a t e d

w i t h  50^* d e c o m p o s i t io n  o f  t h a t  c o b a lam in  a t  t i m e ,  t^-*
'2

Prom t h e  a b s o r p t i o n  c u r v e s  th e  ru n  w h ich  y i e l d e d  an

a b s o rb a n c e  a t  549 nms, c o r r e s p o n d i n g  t o  t h e  above  t ^

a b s o r b a n c e s  was n o t e d  f o r  e a c h  c o b a la m in ,  t o g e t h e r  w i t h

i t s  l i g h t  e x p o su re  t i m e ,  k n o w in g  t h e s e  t ^  v a l u e s  would
2

t h e n  a l lo w  u s  t o  c a l c u l a t e  a p p ro x im a te  r a t e  c o n s t a n t s ,  k  

f o r  t h e  p h o t o l y s i s  o f  e a c h  c o b a la m in ,f ro m  t h e  e q u a t i o n : -

0 .5 9 5
k

t

RESULTS & DISCUSSION.

Prom th e  s p e c t r a  f o r  coenzyme Bqg, f i g ,  5"2 , m e th y l  

B i2 ,  f i g .  55  and  s u l p h i t o  B^^, f ig *  5 4  t h e  t r  and  h e n c e  

t h e  a s s o c i a t e d  k  v a lu e s  f o r  t h e  p h o t o l y s i s  o f  t h e s e  

c o b a la m in s  w ere  o f  t h e  same o r d e r  a s  p r e v i o u s l y  fo u n d  i n  

t h e  c o n t r o l l e d  e x p o su re  e x p e r im e n t ,  w i th  i n c r e a s i n g  l i g h t  

s e n s i t i v i t i e s  t h u s  SO^Bp^ < AdoBqp < UeBqp#
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A3S0PBAN0B

COBAhAMIN
■ -  ^

. t ^ ___ t ç _
1 q t  t p  /2 ti_ ( s e c s )

( s e c “*4

COenzyme 0 ,4 1  0 .5 8 0 .4 9 5 ’̂ 660 - 0 ,1 0 5

m e th y l 0 ,5 6  0*91 0 .7 5 5 ™540 - 0 . 1 2 8

s u l p h i t o 0 ,7 1  0 .9 6 0*355 1500 0 ,0 4 6

T a b le  1 4  B i r s t - o r d e r  R a te  C o n s t a n t s  f o r  t h e  P h o t o l y s i s  

o f  Aqueous S o l u t i o n s  o f  Coenzyme Bqg, M e th y l  Bq2 

and S u l p h i t e

A lth o u g h  t h e  same o r d e r  o f  l i g h t  s e n s i t i v i t y  was 

o b t a i n e d  f o r  coenzyme m e th y l  Byp snd  s u l p h i t e  B^^

t h e  c o r r e s p o n d in g  c o n v e r s io n  t im e s  o f  5 0 g 40 and 60 m in s .  

showed an i n c r e a s e  i n  t h e  r a t e  o f  c o n v e r s io n ,  p re s u m a b ly  

a s  a  r e s u l t  o f  t h e  e x p o su re  t o  t h e  h i g h e r  e n e rg y  u l t r a ­

v i o l e t  r a d i a t i o n .  K now ledge o f  t h e  i n t e n s i t y  ( I )  and  

e n e rg y  ( o r  w a v e le n g th )  o f  t h e  i n c i d e n t  l i g h t  was c l e a r l y  

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

c o b a la m in s ,  s i n c e  t h e  num ber o f  m o le c u le s  p h o t o ly s e d  p e r  

quantum  o f  r a d i a t i o n  a b s o r b e d ,  t h e  quantum  y i e l d  

v a r i e d ^ d e p e n d in g  on t h e  w a v e le n g th  o f  t h e  r a d i a t i o n  

( P r a t t  and W h i te a r ,  1971)*



-1 51

CHAPTER 8

OGCURHSKGE OP AETSPACTUAÏ.

SU1TPHITG B,12



152

The O c c u rre n c e  o f  A r t e f a c t u a l  S u l p h i t o  Bi pjL

The f o r m a t io n  o f  a r t e f a c t u a l  s u l p h i t o  3^.2 from  

hydroxo  Bpp a p p e a re d  t o  he su c h  a  f a c i l e  p r o c e s s  t h a t  

i t s  w id e s p re a d  o c c u r r e n c e  seem ed i n e v i t a b l e  d u r i n g  

e x t r a c t i o n s  from b i o l o g i c a l  t i s s u e s ,  m ost  o f  w h ic h  

c o n ta in e d  v e ry  low c o b a la m in  c o n c e n t r a t i o n s  o f  t h e  o r d e r  

o f^ lO  ugms.B-^g/kg. t i s s u e .  To a v o id  su c h  a, c o n v e r s io n  t o  

s u l p h i t o  w i th o u t  p r o t e c t i n g  t h e  h y d ro x o  Bpp àg  t h e

ammonia seem ed t o  be  e x t r e m e ly  d i f f i c u l t  u n l e s s  a l l

e x t r a c t i o n s  w ere  c a r r i e d  o u t  u n d e r  an i n e r t  n i t r o g e n  

a tm o s p h e re ,  u s i n g  d i s t i l l e d  w a te r  a t  pH 7 and  a p p ly i n g  

e x t r a c t s  t o  t h e  ch rom atog ram s im m e d ia te ly  on i s o l a t i o n .  

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

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

k n o w le d g e ,  n e i t h e r  an i n e r t  g a s  a tm o sp h e re  n o r  s t r i n g e n t  

pH c o n t r o l  hav e  p r e v i o u s l y  been  r o u t i n e l y  em ployed d u r i n g  

e x t r a c t i o n s  and  y e t  no  r e p o r t s  o f  t h e  o c c u r r e n c e  o f  

a r t e f a c t u a l  s u l p h i t o  3^2  w ere found*

T h is  d e a r t h  o f  c o r r o b o r a t i v e  e v id e n c e  f o r  su c h  an 

o c c u r r e n c e  w a r r a n t e d  an i n v e s t i g a t i o n  i n t o  t h e  commonly 

u s e d  e x t r a c t i o n  and d e v e lo p m en t p r o c e d u r e s  i n  an  a t t e m p t  

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

Our f i n a l  e x t r a c t i o n  and  c h ro m a to g ra p h ic  p r o c e d u r e s  

were b a se d  l a r g e l y  on t h o s e  o f  Mervyn e t  a l . ,  ( 1 9 7 2 ) ,  

v /h i le  t h e  o i o a u t o g r a p h i c  t e c h n iq u e  was p r e d o m in a n t ly  t h a t  

o f  L i n n e l l  e t  a l . ,  ( I 9 6 9 ) ,  w i th  some m in o r  m o d i f i c a t i o n s
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i n  e a c h  c a s e .  An e x a m in a t io n  o f  t h e  b e h a v io u r  o f  t h e  

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

a u t h o r s  was u n d e r t a k e n  t o  d e te r m in e ,  i f  a n y ,  t h e  e f f e c t  

o f  t h e  m o d i f i c a t i o n s .  F u r th e rm o re  an i n v e s t i g a t i o n  o f  

t h e  c h ro m a to g ra p h ic  sy s te m s  o f  h i n d s t r a n d  (1 9 65 )  and 

l i n d s t r a n d  and  S t a h l b e r g  ( 1 9 6 5) v/as p e r fo rm e d .

MATERIALS & METHODS*

S o l u t i o n s  o f  t h e  s t a n d a r d  c o b a la m in s  (coenzym e 

cyano h y d ro x o  Bqg, m e th y l  Byp and s u l p h i t o  B^^) w ere

p r e p a r e d  i n  ammonia b u f f e r  a t  a  c o n e ,  o f  50 pgs.Byg/)^^* 

and 1 j i l .  o f  e a c h  ru n  on a  g l a s s  p l a t e  (20  cm, s q u a re )  

c o a t e d  w i th  a  5 :1  m ix tu r e  o f  Whatman GO 41 c e l l u l o s e  and  

Merck s i l i c a  g e l  G-. A f t e r  s e p a r a t i o n  o f  cobs ,lam ins  by 

a s c e n d in g  c h ro m a to g ra p h y  i n  s e c .  b u t a n o l /  am m onia / w a t e r  

(7 5 :  2: 25, v / v ) , t h e  p l a t e  was r e d e v e lo p e d  a t  r i g h t  

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

50 m i n s . ,  i n  w a t e r  s a t u r a t e d  w i t h  b e n z y l  a l c o h o l  ( L i n n e l l  

e t  a l . ,  1970) .  The r e s u l t a n t  b io a u to g ra m  was p r e p a r e d  

and t h e  g ro w th  z o n es  r e c o r d e d ,  f i g . 5 5  o

1 m l. o f  a  hy d roxo  Bpg s o l u t i o n  o f  c o n e .  50 p g s B q g /^ l ,  

i n  d i s t i l l e d  w a t e r ,  pH 606 ± 0 .2  was e x t r a c t e d  a s  f o l lo w s  

u s i n g  th e  p r e c i s e  m ethod o f  Mervyn e t  a l . ,  ( 1 9 7 2 ) o

A f t e r  d i l u t i o n  t o  15 m is .  w i th  d i s t i l l e d  w a t e r  and 

r e f l u x  i n  50 m is .  o f  e t h a n o l  (99.89^) f o r  50 m in s .  a t  80°0 

t h e  s o l u t i o n  was f i l t e r e d  th r o u g h  Fhatm an 54 f i l t e r  p a p e r  

a t  r e d u c e d  p r e s s u r e .
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The r e f l u x  and f i l t e r i n g  were r e p e a t e d ,  t h e  f i l t r a t e  

r o t a r y  e v a p o r a te d  t o  c a ,  5 m is .  a t  40°C and add ed  t o  a  

s e p a r a t i n g  f u n n e l  w i th  an e q u a l  volume o f  l i q u i f i e d  

p h e n o l  ’BP’ and one d ro p  o f  d i l u t e  HGl ( 1 0 - ^ m o l o / l , ) t o  

a c i d i f y .  T h is  m ix tu r e  was sh a k e n  v i g o r o u s l y  u n t i l  a  

c l e a r  w a te r  l a y e r  was o b t a i n e d  and t h e  lo w e r  p h e n o l  l a y e r  

r u n  o f f  b e f o r e  a d d i t i o n  t o  a  o n e - f i f t h  volum e o f  

d i s t i l l e d  w a te r  t o  remove s a l t s *  T h is  was r e p e a t e d  and 

t h e  lo w e r  p h e n o l  l a y e r  added  t o  an  e q u a l  volume o f  

d i s t i l l e d  w a te r ,  a  o n e - h a l f  volume o f  a c e to n e  and two 

vo lum es o f  d i e t h y l  e t h e r  i n  a  s e p a r a t i n g  f u n n e l ,  w hich  

was shall en  v i g o r o u s l y  w i th  f r e q u e n t  v a lv e  o p e n in g  t o  

r e l e a s e  v o l a t i l e  s o l v e n t .  A f t e r  r e p e t i t i o n  t h e  lo w e r  

a q u eo u s  p h a se  was w i th d r a v n ,  sh ak en  w i th  d i e t h y l  e t h e r  

( 2 x 5  mlSo) t o  remove d i s s o l v e d  p h e n o l ,  and r o t a r y  

e v a p o r a t e d  t o  c a .  1 m l,  a t  4 0 % .  T h is  e x t r a c t  was 

im m e d ia te ly  a p p l i e d  w i t h  s t a n d a r d s  t o  a  s i l i c a  gel^K odak 

’chrom agram ' s h e e t  6 0 6 l ,  by means o f  a  10 j i l .  H a m il to n  

s y r i n g e  and  ru n  i n  t h e  b u t  a n - 2 - o l ; n , p r o p a n o l ;  w a te r ;  

ammonia ( 7 : 4 : 5 : 1 ,  v /v )  s o l v e n t  s y s te m .  The chrom atogram  

was d e v e lo p e d  by b io a u to g r a p h y .

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

i n  ammonia b u f f e r  a t  a  c o n e ,  o f  5 ^gm s.B ] g / ^ l ,  ( c a .  10““^ 

m o l . / I . )  w ere s e p a r a t e d  on p a p e r  c h ro m a to g ra p h y  u s i n g  

Viiatman Mo, 2 g ra d e  f i l t e r  p a p e r  i n  t h e  L i n d s t r a n d  (1965) 

s o l v e n t  sy s te m , b u t a n - 2 - o l ;  a c e t i c  a c i d ;  w a t e r ,

(1 0 0 :5 ? 5 0 ,  v /v )  and t h e  l i n d s t r a n d  & S t a h l b e r g  sy s tem  

( 1965) ,  n , b u t a n o l ;  i s o p r o p a n o l ;  w a te r ,  ( 1 0 : 7 : 1 0 ,  v / v ) .



The ch rom atog ram s w ere n m  f o r  6J- hrs® and  t h e  r e l a t i v e  

p o s i t i o n s  o f  t h e  c o b a la m in s  n o t e d ,

RESULTS & DISCUSSION.

From f i g ,  5 5  , i t  was a p p a r e n t  t h a t  i n  t h e  ammonia 

c o n t a i n i n g  s o l v e n t  sy s te m  t h e  h yd rox o  r e a d i l y

c o n v e r t e d  t o  ammonia, ^ ^ ^ c h  d id  n o t  t r a v e l  (R f  0 ,0 9 )  

on th e  c e l l u l o s e /  s i l i c a  c h ro m â togram s* S u l p h i t o  Bnp on 

t h i s  tw o - d im e n s io n a l  c h ro m a to g ra p h y  a p p e a re d  a t  a  

p o s i t i o n  w i th  E f  0 ,7 3  (T a b le  15 ) ,  p r e v i o u s l y  a t t r i b u t e d

by L i n n e l l  t o  h y d ro x o  Bqg and t h i s  m i s i n t e r p r e t a t i o n  o f  

b io a u to g ra m s  e x p la in e d  t h e  l a c k  o f  r e p o r t s  on a r t e f a c t u a l  

s u l p h i t o  B] 2 f o r m a t io n .  I t  was how ever r e c o g n i s e d  a t  

t h i s  t im e  t h a t  t h e  p o s i t i o n  o f  h y d ro x o  Bpp? 8.8 opposed  

t o  Eünmonia was y e t  t o  be  e s t a b l i s h e d  f o r  t h i s

c h ro m a to g ra p h ic  sy s tem  and  t h i s  c o u ld  n o t  be a c h ie v e d  

u s i n g  t h e  ammonia c o n t a i n i n g  s o l v e n t  s y s te m , hone o f  • 

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

anom alous  b e h a v i o u r  on s e p a r a t i o n ,  a l l o w i n g  f o r  t h e  c l e a r  

s e p a r a t i o n  o f  'h y d r o x o '  B^g and  coen zym e Bpg by  one­

d im e n s io n a l  c h ro m a to g ra p h y  i n  b u t a n - 2 - o l ,  ammonia and 

v /a t e r .  T h is  was n o t  p r e v i o u s l y  p o s s i b l e  s i n c e  coenzyme 

Eind t h e  s u l p h i t o  Bpg a r t e f a c t  from  hy d ro x o  B]_g had  

t h e  same v a lu e  i n  c h ro m a to g ra p h y  and were te rm e d  

'O o-O H '. ( L i n n e l l  e t  a l . , 1969 d. 1 9 7 1 ) .
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W a te r /  B e n z y l  A lc o h o l .

P i g .  5  5 S e p a r a t i o n  and L o c a t io n  o f  S t a n d a r d

C o b a lam in s  i n  Ammonia B u f f e r  by T w o-D im ensio na l  

C hrom atog raphy  and B io a u to g r a p h y .

COBALAHIh,

5 ' - d e o x y a d e n o s y l -  

c y a n o -  

' h y d ro x o  *- 

( ammonia-) 

m e th y l -  

s u l p h i t o -

80LVBNT SYSTEMS. 

B ut-2 -o l/A m m . /Hop :

0 .1 8

0 . 2 5

0 .0 3

0 .3 5

0 .1 3

HpO/Bz. A le .

0 .5 9

0 .5 7

0 .0 9

0 .5 2

0 .7 3

T a b le  15  v a lu e s  f o r  t h e  above S t a n d a r d  C oba lam ins  

S e p a r a t e d  by T w o-D im ensiona l  C h ro m a to g ra p h y .
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The h y d ro x o  s t a n d a r d  e x t r a c t e d  i n  d i s t i l l e d

w a t e r ,  pH 6 . 6 ,  hy t h e  m ethod o f  Mervyn e t  a l .  ( 1 9 7 2 ) ,

gave r i s e  t o  two g ro w th  z o n es  i n  b io a u to g r a p h y  a s

e x p e c te d ,  c o r r e s p o n d i n g  t o  h y d ro x o  and s u l p h i t o  B ^^

t h e  l a t t e r  h a v in g  a r i s e n  b e c a u s e  no p r e c a u t i o n s  w ere

t a k e n  e i t h e r  t o  m a i n t a i n  an a l k a l i n e  pH o r  t o  p r e - c o n v e r t

t h e  hydrox o  B^g b e f o r e  e x t r a c t i o n .  T hese  f i n d i n g s  c o n c u r

w i th  t h o s e  o f  B i l im s  and  Mervyn (1971)?  whose low

c o n c e n t r a t i o n  h y d ro x o  B^g s o l u t i o n s  ( ^ 1 0  m o l . / I . )

y i e l d e d  two g ro w th  a r e a s  on b io a u to g r a p h y  and  d e s p i t e

d a i l y  p r e p a r a t i o n  o f  r e l a t i v e l y  h ig h  c o n c e n t r a t i o n
-6

w o rk in g  s t a n d a r d s  o f  10 (ca*  7 x 10 m o l/1 )

c o n s i d e r a b l e  c o n v e r s io n  o f  h yd rox o  Bpg t o  s u l p h i t o  Bpg 

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

d i s t i l l e d  w a t e r .  One anom aly  how ever re m a in e d  i n  t h a t  

w h i le  t h e  a u t h o r  fo u n d  s u l p h i t o  t o  t r a v e l  t o  a  

p o s i t i o n  be tw een  coenzyme Bj_2 ^ d  cyano B ^ 2  t n  t h i s  

sy s te m , B i lk u s  and Mervyn (1971) r e p o r t e d  t h a t  s u l p h i t o  

B r a u  b e tw een  h y d ro x o  Bpp coenzyme B ip , a  p o s i t i o n  

i t  v/as found  t o  occupy how ever on p a p e r  c h ro m a to g ra p h y  

i n  b o th  s o l v e n t  sy s te m s  o f  l i n d s t r a n d  ( f i g .  5*6 ) and 

L in d s t r a n d  and S t a h l b e r g  ( f i g . 5 7  ) * A lth o u g h  no  m e n t io n  

was made o f  s u l p h i t o  Bpg i n  t h e i r  work i t s  p r e s e n c e  m ig h t  

e x p l a i n  b o th  t h e  se co n d  grov/th  a r e a  w h ich  t h e y  o b t a i n e d  

from  t h e  h y d ro x o  s t a n d a r d  and  a t t r i b u t e d  t o  cyano  Bpp 

c o n ta m in a n t ,  and t h e  t h r e e  g row th  zo n es  i s o l a t e d  on
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jAgms.BQ_2 : 10 10 10 10 10

H ig .  ^ 6 C hrom âtograin o f  t h e  S ta n d a r d  C o b a la m in s  

s e p a r a t e d  i n  B u t a n - 2 - o l ,  a c e t i c  a c i d ,  w a t e r  

( 1 0 0 : 3 : 5 0 ,  v / v ) .

F ig , 51

B ip .P o rm  : Ado Ci'J OH Me

;igmSoB22 : 10 10 10 10
so­

lo

C hrom atogram  o f  t h e  S ta n d a r d  C o b a la m in s

s e p a r a t e d  i n  n . B u t a n o l ,  i s o p r o p a n o l ,  w a t e r ,  

( 1 0 : 7 : 1 0 ,  v / v ) .
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b io  a u to g ra p h y  on e x p o s u re  o f  ‘f o u r t h  f a c t o r m e t h y l  B12 

t o  l i g h t ,  a t t r i b u t e d  t o  cyano  Bpg, coenzyme and

h y d ro x o  B]_2 r e s p e c t i v e l y .  I t  seemed more l i k e l y  from  

o u r  f i n d i n g s  t h a t j  on e x p o s u re  o f  t h e  aqueou s  s o l u t i o n  o f  

m e th y l  B^^g t o  l i g h t ,  t h e  hydroxo  w hich  was form ed 

w ould  be c o n v e r t e d  t o  s u l p h i t o  B^2 l a r k  and t h i s

t o g e t h e r  w i th  t a i l i n g  o f  t h e  hydroxo  3 ^ ^  gave  t h e  

a p p e a ra n c e  o f  cyano and coenzyme 'Big g ro w th  zo nes

r e s p e c t i v e l y .

Prom t h e s e  c o n s i d e r a t i o n s  t h e  a u t h o r  s u g g e s t s  t h a t  

s u l p h i t o  3 ^2  h a s  i n  f a c t  o c c u r r e d  i n  p r e v io u s  w o rk ,b u t  

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

be s u l p h i t o  3^2® The p r e s e n c e  o f  a r t e f a c t u a l  s u l p h i t o  

®12 ls3? ived  from  hy d ro x o  a t  low c o n c .  c a ,  1 0 "^ m o l/ l ; ,

e x p la in e d  why 'h y d ro x o  Bqg ‘ and coenzyme B-^2 Gould n o t  

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

( L i n n e l l  e t  a l , , 1969 ) end y e t  a t  h i g h  c o n c e n t r a t i o n  • 

c a ,  1 0 ~ ^ m o l , / l ,  su c h  a  s e p a r a t i o n  was p o s s i b l e  (Suom ela , 

1967) b e c a u s e  t h e  h y d ro x o  rem a in e d  l a r g e l y

u n c o n v e r t e d .

I n  c o n c l u s i o n  i t  s h o u ld  be e m p h a s ise d  t h a t  any  

m i s i n t e r p r e t a t i o n  o f  s u l p h i t o  3^2  a s  h y d ro x o  3 ^ ^  l o e s  

n o t  a p p e a r  t o  have  l e d d  t o  any s e r i o u s  m i s u n d e r s t a n d in g  

o f  t h e  fo rm s o f  v i t a m in  3^2  i n  t i s s u e s .  P r o v id e d  t h a t  

a  t i s s u e  does n o t  c o n t a i n  n a t u r a l  s u l p h i t o  3 12  t h e n  t h e  

i n t e r p r e t a t i o n  o f  a r t e f a c t u a l  s u l p h i t o  Bpg f o r  hydrox o  

B i 2 i s  o f  l i t t l e  c o n se q u e n c e  b e c a u s e  o n ly  h y d ro x o  3-^2
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i s  c o n v e r t e d  t o  a r t e f a c t u a l  s u l p h i t o  Bi2* On t h e  o t h e r  

hand  i t  i s  r e a s o n a b l e  t o  s u g g e s t  t h a t  f u r t h e r  work oh 

t h e  fo rm s o f  v i t a m in  Bqp t i s s u e s  s h o u ld  t a k e  a c c o u n t  

o f  t h e  p o s s i b i l i t y  t h a t  s u l p h i t o  B12 may be p r e s e n t  i n  

‘n a t u r a l '  fo rm .
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C H A P T 3 R  9

TH3 3?0RMS 03 VIT M IN  Bl2 

IN FOOD.
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The Porms o f  V itam in  3 -] p i n  Pood*

A lth o u g h  much i s  known a b o u t  t h e  fo rm s o f  v i t a m in  B ig  

fo u n d  i n  human t i s s u e s ,  n o t h in g  i s  known a b o u t  t h e  fo rm s 

o f  v i ta jn in  Bqg w hich  a r e  i n g e s t e d  i n  d i e t  an d , i n d e e d ,  

t h e  i n f o r m a t i o n  on t h e  v i t a m in  B^g c o n t e n t  o f  i t e m s  o f  

d i e t  and o f  m e a ls  i s  r e l a t i v e l y  s c a n t y ,  A good d e a l  o f  

t h e  i n f o r m a t i o n  p r e s e n t e d  by McCance & Widdowson (1 9 6 9 ) ,  

R ob inson  (1 9 6 6 ) ,  C h a n a r in  (1969) and Love (1970} i s  

ham pered  by l a c k  o f  i n f o r m a t i o n  a b o u t  some i t e m s  o f  d i e t ,  

m o s t ly  a b o u t  t h e  r a n g e  o f  v a lu e s  l i k e l y  t o  be e n c o u n te r e d  

and by t h e  f a c t  t h a t  t h e  buHc o f  t h e  i n f o r m a t i o n  r e l a t e s  

t o  uncooked  f o o d s t u f f s  w hich  does n o t  a l lo w  f o r  w e ig h t  

c h a n g e s ,  l o s s e s  o r  d e s t r u c t i o n  o f  v i t a m in  B^g o r  c h a n g e s  

i n  t h e  fo rm s o f  v i t a m in  B ig  d u r in g  c o o k in g  and o t h e r  

p r e p a r a t i v e  p r o c e s s e s .  T hese  ch an g es  may be o f  some 

im p o r ta n c e  b e c a u se  i t  h a s  been  e s t a b l i s h e d  t h a t  t h e  foimis 

o f  v i t a m in  B^g may be a b s o rb e d  d i f f e r e n t i a l l y ,  i e .  t h a t  

one c o b a lam in  may be more r e a d i l y  a b s o rb e d  t h a n  a n o th e r  

a t  any one d o se  ra n g e  (Adams e t  a l . ,  1 9 7 1 )o I t  t h e r e f o r e  

seemed o f  some im p o r ta n c e  t o  s tu d y  t h e  fo rm s o f  v i t a m in  

3 i 2 i n  foodo T h is  was done f o r  t h e  m ost p a r t  on fo o d s  

a f t e r  t h e y  h ad  b e en  p r e p a r e d  f o r  consumption®
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MATBPIALS & METHODS.

The fo o d s  w hich  w ere s t u d i e d  were t h o s e  c o n s i d e r e d  

by MoOance & Widdowson (1969) and  by Adams e t  a l . ,  ( 1 9 7 3 ) ,  

t o  h av e  a  r e l a t i v e l y  h ig h  v i t a m in  Bqg c o n t e n t ,  and t h e  

f i g u r e s  p u b l i s h e d  by Adams e t  a l .  (1973*) w ere  t a k e n  a s  a  

g u id e  t o  t h e  v i t a m in  c o n te n t  o f  e a c h  t i s s u e .  Most o f  

t h e  cooked  i te m s  w ere p r e p a r e d  i n  t h e  h o s p i t a l  k i t c h e n s ,  

and o t h e r s  m o s t ly  p r o c e s s e d  fo o d s  w ere o b t a i n e d  by 

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

w ere  rem oved, and t h e  t i s s u e s  w eighed  i n  d a y l i g h t  b e f o r e  

b e in g  hom ogen ised  i n  dark room  c o n d i t i o n s .

I n  m ost c a s e s  two i d e n t i c a l  e x t r a c t i o n s  w ere  p e r fo rm e d  

on t h e  same t i s s u e  t o  d e te r m in e  t h e  r e p r o d u c i b i l i t y  o f  t h e  

t e c h n iq u e  by e x a m in a t io n  o f  t h e  c o b a la m in s  i s o l a t e d .

A n o th e r  e x t r a c t i o n  was som etim es  p e r fo rm e d  on a  d i f f e r e n t  

sam ple  o f  t h e  same t i s s u e  t o  e s t a b l i s h  t h e  v a r i a t i o n  i n .  

c o b a la m in  c o n te n t  be tw een  s a m p le s .

The t i s s u e s  (5  gms. o r  10 m i s . )  w ere e x t r a c t e d  by t h e  

s t a n d a r d  m ethod ( s e e  p p .2 6 - ? 8 )  e x c e p t  t h a t  t h e y  were 

r e c e i v e d  i n  ammonia b u f f e r  (50  m i s . ) .  Knowing t h e  i n i t i a l  

c o b a la m in  c o n te n t  e n a b le d  a  f i n a l  e x t r a c t  t o  be  p ro d u ce d  

w i th  a  c o n c .  o f  10 -  100 p g s .B ^ g ^ p l . , s u i t a b l e  f o r  

c h ro m a to g ra p h ic  and  b i o a u t o g r a p h i c  a n a l y s i s .  Where p o s s i b l e  

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

o f  n e a t  c o n c e n t r a t i o n  and  1 : 2 ,  1 : 4 ,  1 : 8 ,  1 :1 6  and  1 :3 2  o f  

t h e  o r i g i n a l .  T hese  s o l u t i o n s  t o g e t h e r  with, t h e  s t a n d a r d  

c o b a la m in s  w ere  ru n  on s i l i c a  g e l  ch rom atoa ram s and
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d e v e lo p e d  by b i o a u t o g r a p h y .  Prom t h e  b io a u to g ra m s  t h e  Rf 

v a l u e s  o f  a l l  t h e  g ro w th  z o n es  w ere  c a l c u l a t e d  and  each  

c o b a la m in  s c o r e d  a c c o r d i n g  t o  t h e  num ber o f  t im e s  i t  

a p p e a re d  i n  t h e  e x t r a c t  t o  f i n d  t h e  a p p ro x im a te  r a t i o  o f  

each  c o b a lam in  p r e s e n t ,  ( f i g s .  ^ 5 9  ) .

I n  a d d i t i o n  0,1 m l, o f  each  e x t r a c t  (=10̂  -  10^ p g s .B q p )  

was d i l u t e d  t h i r t y - f o l d  t o  a  c o n c e n t r a t i o n  o f  c a ,  30 *- 300 

pg s .B ^ g /m lo  and a s s a y e d  f o r  t o t a l  c o b a la m in  c o n t e n t  by t h e  

s t a n d a r d  L a c t o b a c i l l u s  l e i c h m a n i i  m ethod .

Knowing t h e  t o t a l  v i t a m in  p r e s e n t  e n a b le d  t h e  

c a l c u l a t i o n  o f  t h e  am ounts  o f  t h e  i n d i v i d u a l  c o b a la m in s  

from  t h e  r a t i o s  o f  e a c h ,  foun d  by d i l u t i o n .

The i t e m s  i n v e s t i g a t e d  c o u ld  be d i v id e d  i n t o  t h r e e  

s p e c i f i c  c a t e g o r i e s ,  nam ely

f a i r y  P ro d u c e  -  E ggs, m ilk  and c h e e se  i n  b o th  

p r o c e s s e d  and  raw form s ( t a b l e  16 ) ,

M uscle  T i s s u e  -  B eef  i n  i t s  n a t u r a l  and p r o c e s s e d  

fo rm s ,  b a co n , gammon, c h ic k e n ,  o x t a i l  e t c ,

( t a b l e  17 ) .

P i s h  -  Haddock, sa lm on and s a r d i n e s  + L i v e r  and  

w heat germ ( t a b l e  IS ) ,
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' 1 2 '
Form : Ado ON' E X T R A C T OH Me SO

p g s .B ^ 2  : 50 50 < 2 6 6 < 1 5 3 < 6 6  <33 <16 < 3  50 50 50

D i l u t i o n  : 1 1 :2  1 :4  1 :3  1 :1 6  1 :3 2

l§-t,

Me • B j 2̂ 

S 0^0 B^2

AdOcB^2 

OH, Bq_2

: — — . 2 3  . 2 3  . 2 9 . 2 3  - —  — . 3 1  -

: -  . 2 6 —  — —  —

-  « 2 3

: .1 7  - . 1 6  . 1 6  . 1 7

: — — . 0 0  . 0 0  — — — — . 0 0  — —

COBALAMIN.

Ado, CN. OH. Me. S O , .
—  J-

►ear- 3 0  2 4 0

' x t r .

: 2 8 . 6 0  14 . 3 57 c 2  0

B io au to g ram  o f  C heese S p read ( K r a f t ) E x t r a c t

i n  Ammonia B u f f e r  & ^ 'A g e s  o f  C o b a la m in s  P r e s e n t ,



I o o

&

OH Me S 0-3;E X T R A C T: Ado en

PSS.B12 : 50 50 <200<100 <50 <25 <12 <6 50 50 50

D i l u t i o n  ; 1 1 :2  1 :4  1 :3  1 :16  1 :5 2

111 e * B ̂ 2 

G i'j • 3 22

505*812

AdOo3]^2

OH.B12

3 f-

. 2 2

.1 5  -  .1 5  .1 6  .1 6  .1 6  -

— . 00 —

Ado,

COBALAMIN. 

CM. OH. Me. SO

'.'O. o f  A ppear-  4

a n c e s  i n  E x t r a c t»

< 'A g e s .  : 100

0

0

0

0

0

0

0

0

P i g o ^ ^  B io au tog ra jn  o f  B r a i s e d  B eef  E x t r a c t  i n

Ammonia B u f f e r  & ^ 'A g e s  o f  C oba lam in s  P r e s e n t ,
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Pood & Method Sample • E x t r . Bi 2 COBALAMIhS

o f  P r e p a r a t i o n C o n t  e u t . Ado, CN. OIK EËJL 30*^

B u t t e r 1 1 0 .0 — — “ —

C heese  ;

C h e d d a r 1 1 3 .2 1 .3 l o 8 3 .7 Oo9
1 2 7 . 8 1 .0 0 .5 4 .2 2 . 1 —
2 1 lO o l 1 .0 — 8o:l . 1 . 0 —

S p re a d  ( K r a f t ) 1 1 3 .2 0 .9 0*5 1*3
1 2 1 0 .3 3» 1 1^5 6 . 2
2 1 7 .6 2o5 — 5*1 —

Egg;

Y o lk , r a w 1 1 6 o3 lo 3 2o5 2 :5
1 2 30*0 1 .2 9 .2 1 8 .4 1 :2

W h ite , raw 1 1 0 .3 9 0 .2 6 0 .1 3
1 2 0 .1 3 0 .0 6 0 .0 3 0 .0 2 0 .0 2

M ilk ;

iVho l e , p a s t e u r i s e d 1 1 -1.30 1 . 3
1 2 0 .7 2 *— 0*7
2 1 0 .3 3 0 .1 — 0 .7 7 0 .1 -r-

W hole ,raw 1 1 2 .6 0 .7 1*2 0 .71 2 2 ,6 0 .4 — 1 .3 0 .4 —
E v a p o ra te d 1 1 0 .7 5 0 .4 0 .4( C a r n a t io n ) 1 2 0 .6 2 0 . 3 p. ■ 0 .3 _ _

2 1 0 .1 6 0 .1 — 0 .12 2 0 .3 1 0 .4 0*4

T a b le  18 Perms o f v i ta m in E'i 2 arid v i t a m in  B i2 c o n te n t

(jxgms A^g o r  | i g in s / l .  ) f o r  v a r i o u s  i t e m s  o f  D a iry  

P r o d u c e 0
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Pood & M ethod, Sampl e . E x t r a c t , B

o f  P r e p a r a t i o n

12 COSALAMInS,

C o n t e n t . Ado* CM * OH. Me» SOy,

B acon , g r i l l e d . 1 1 1 .5 0 .7 - 0 .4 0 .4
1 2 2 .7 1 .8 — 0 .9

B e e f ;

pump, b r a i s e d 1 1 1 8 .2 12*1 — 6 .1 —

1 2 1 2 .6 1 0 .1 — 2 .5 —* —

C o rn e d , cann ed 1 1 5 .0 4o0 » . 1*0
( S t .M ic h a e l ) 1 2 9o7 — 7*8 — 1 .9

2 1 2 5 .2 1 .9 — 7 . 8 1 5 .5

S p r e a d , ( P r i n c e s ) 1 1 8 ,9 2 .5 5 .1 1*3
1 2 7o6 3 .8 — 3 .8 —

S p r e a d , ( S h ip p a m s ) l 1 10*3 4o 8 — 4 .8 0 .7
1 2 8 .7 4 .1 — 4*1 0 .5

C h ic k e n ;

C a s s e r o l e 1 1 5 .1 2 .5 mmm 2 .6 » .

2 1 6 .5 5*9 — — 0 .6 —

& Ham R o l l 1 ■ 1 2*5 0*3 2*2 » .

(C ro s s e  8: B la c k w e l l )  1 2 9*0 1 .0 8 .0
" ■

Gamm on, t  in n  e d 1 1 1 .5 0 .2 1 .3
(P anoxa) 1 2 2 .5 — 2 .5

T o n g n e ,o x ,b o i l e d 1 1 1 0 .8 3* 6 2 :2
1 2 9 .4 — — 7 .5 1 .9

T a i l , o x , s t e w e d 1 1 1 0 .6 5 .0 5 .0 O'ffO
1 2 8 .4 3*2 — 3-2 0 0 4 1 .6

T a b le  17 Forms o f  v i t a m i n  B12 amd v i t a n i n  B^2 c o n te n t  

(^gm s/k g  o r  pigms/1) f o r  v a r i o u s  M uscle T i s s u e s  

P r e p a re d  f o r  C onsum ption*
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Food & Method ;S a m p le .E x tr« Sl2 COBALAMINS .

o f  P r e p a r a t i o n C o n te n t . Ado* ON. OH. Me. SO3,

H addock , b o i l e d 1 1 9 .6 5 .9 0 . 4 2 .9 0 .4
1 2 6 .5 4 .0 0 .3 1*9 0 . 3 —•

Salm on:

can n ed  (Jo h n  V/est) 1 1 14o4 3*6 7 .2 3 ,6
1 2 7 .9 2.0 — 3 .9 2 .0
2 1 24*0 4 . 8 — 9 .6 9 .6 MM

s p r e a d  ( P r i n c e s ) 1 1 21o3 2*4 1 9 .4 MM - -MM

1 2 So 6 2*6 5 .3 0 .7
2 1 1 2 .5 2 .3 — 9 .1 1.1

S ard in eS gC anned 1 1 57*6 14*4 2 8 .8 1444
1 2 63*2 21*1 — 21*1 MM 21.1

( <joy t o  E a t  ») 2 1 42*0 1 6 .8 — 16* 8 8 .4

L i v e r , lam b , raw 1 1 137*4 6 i » l 61*1 7 .6 7*6
1 . 2 93*6 4 4 .0 — 4 4 .0 5 .6

Wheat Germ 1 1 0*34 0 .2 3 0 .5 6 D .r -
(K re ts c h m e r) 1 2 0 .2 4 — 0 .2 4 — —

T a b le  18 Forms o f  v i t a m in  B]_2 ^.nd v i t a m in  Bpg c o n t e n t  

(jagms/kg o r  p g m s/1 )  f o r  v a r i o u s  F i s h  P r e p a r a t i o n s  

4- L iv e r  and  Y/heat Germ E x t r a c t s ,
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RESULTS & DISCUSSION,

The R^ v a lu e s  c a l c u l a t e d  f o r  t h e  g row th  z o n es  from 

sai'iiple e x t r a c t s  on each  b io a u to g ra m  were com pared  w i th  

t h e  v a lu e s  o f  t h e  s t a n d a r d  c o b a la m in s  t o  i d e n t i f y  t h e  

c o b a la m in s  p r e s e n t*  W ith some sam p les  o f  low d i l u t i o n ,  

o v e r l o a d in g  o f  b io a u to g ra m s  l e d  t o  m e rg in g  and  h ence  

p o o r  r e s o l u t i o n  o f  g ro w th  a r e a s ,  w h i le  a t  h i ^ e r  d i l u t i o n  

b e t t e r  s e p a r a t i o n  o f  c o b a la m in s  w i th  r e s u l t a n t  i n c r e a s e d  

v a lu e s  g e n e r a l l y  made i d e n t i f i c a t i o n  p o s s i b l e .

The t o t a l  v i t a m in  c o n te n t  (jigm so/kg  o r  j i g m s . / l )  

o f  e a c h  t i s s u e  was c a l c u l a t e d  from  t h e  L* l e i c h m a n i i  

a s s a y  r e s u l t s  and  a p p o r t i o n e d  t o  th e  i n d i v i d u a l  

c o b a la m in s  p r e s e n t  by t h e  s e m i - q u a n t i t a t i v e ,  s e r i a l  

d i l u t i o n  m ethod ( p p . 3 5 '“3^  ) .

C om parison  o f  r e s u l t s  o f  t h e  c o b a la m in s  i n  m usc le  

t i s s u e  ( t a b l e  17 ) showed t h a t  t i n n e d  p r e p a r a t i o n s  

g e n e r a l l y  c o n ta in e d  a  h i g h e r  p r o p o r t i o n  o f  h y d ro x o  Bp2 

t h a n  t h e i r  ' n a t u r a l *  co oked  c o u n t e r p a r t s  e . g . ,  B r a i s e d  

b e e f  c o n ta in e d  20 -  33^ ( a v .  26^) o f  hydro xo  B l2 ,  

w h e rea s  t i n n e d  c o rn e d  b e e f  and  b e e f  s p r e a d s  c o n ta in e d  

31 -  S04  (aVo 64?^) and 46 -  57^ (av* 50^) h yd roxo  Bi|_ 

r e s p e c t i v e l y *

S i m i l a r l y  t h e  hyd ro xo  Bpg c o n te n t  o f  t i n n e d  

G iiicken & ham r o l l  g r e a t l y  e x ce ed e d  t h e  h y d ro x o  Bpg 

l e v e l s  found  i n  ham ( g r i l l e d )  and c h ic k e n  ( c a s s e r o l e )  o f  

0 -  50^ (av* 2 8 ^ ) o W hether t h i s  d i f f e r e n c e  i n  

d i s t r i b u t i o n  o f  c o b a la m in s  was due t o  t h e  m ethod  o f
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p r e p a r a t i o n  o f  t h e  f o rm e r  o r  c o o k in g  o f  t h e  l a t t e r  

rem a in ed  u n c e r t a i n  a l t h o u g h  s e v e r e  t r e a t m e n t  w ould  he  

r e q u i r e d  i n  b o th  c a s e s  f o r  c o n v e r s io n  o f  a n y  p r o t e i n  

bound c o b a la m in s ,

S u l p h i t o  3 ^2  (2 0 ^ )  a p p e a re d  t o  be p r e s e n t  a s  a  

g e n u in e  p r o d u c t  i n  ox to n g u e  (b o i le d )*

I n i t i a l  o b s e r v a t i o n s  o f  t h e  fo rm s o f  v i t a m in  Bpg 

i n  d a i r y  p ro d u c e  ( t a b l e  16 ) d e m o n s t r a te d  a  c l e a r  

d i f f e r e n c e  from t h o s e  i n  m u sc le  t i s s u e  ( t a b l e  11  ) ,  w i th  

t h e  p r e s e n c e  o f  s i g n i f i c a n t  am ounts o f  coenzyme B ig  and 

m e th y l  Bqg 1^ a l l  t h e  t i s s u e s  exam ined ( e x c e p t  l i g h t -  

e x p o se d ,  p a s t e u r i s e d ,  w hole  m i lk ) . '  I n  c o n t r a s t  t o  t h e  

m u sc le  t i s s u e s ,  p r o c e s s i n g  o f  d a i r y  p ro d u ce  a p p e a re d  to  

h a v e  l i t t l e  e f f e c t  on t h e  'n a t u r a l *  c o b a la m in s  p r e s e n t  

and i n  f a c t  i n  m ost i t e m s  an i n c r e a s e  i n  t h e  more 

u n s t a b l e ,  l i g h t - s e n s i t i v e  c o b a la m in s ,  coenzyme Bpg and 

m e th y l  Bpg o c c u r r e d  i n  t h e s e  p r e p a r a t i o n s  e*g . raw , whole 

m i lk  c o n ta in e d  21^  ̂ o f  b o th  coenzyme Bpg and  m e th y l  Bp2> 

w h i le  c h e e se  p r o d u c t s ,  c h e d d a r  c h e e se  and  c h e e s e  s p r e a d  

( K r a f t s )  c o n ta in e d  an  a v e ra g e  o f  18^ and 29< o f  coenzyme 

B i 2 and 36^ and  5Sfo o f  m e th y l  Bpp r e s p e c t i v e l y .  T h is  

i n c r e a s e  i n  'n a t u r a l *  fo rm s m ig h t  how ev er ,  be due t o  t h e  

b a c t e r i a l  a c t i v i t y  i n v o lv e d  i n  c h e e se m a k in g .  G r a f t  e t  a l ,  

( 1971 ) fo u n d  no m e th y l  B̂ ĝ i n  two sa m p le s  o f  f r e s h  cow*s 

m i lk ,  which y i e l d e d  a  s i n g l e  s p o t  on c h ro m a to g ra p h y  w i th  

t h e  o f  Co-OH Bpg, The a b se n c e  o f  m e th y l  Bpp m ig h t  

h av e  a r i s e n  w i th  l i g h t - e x p o s u r e  o f  sam p le s  w hich  sh o u ld  

h a v e  been  e l i m i n a t e d  by o u r  d i r e c t  c o l l e c t i o n  o f  t h e  raw
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m ilk  i n  ammonia b u f f e r *

Egg y o l k ,  raw , was fou nd  t o  c o n t a i n  m a in ly  m e th y l  Byg 

( a v .  50f^), w h e rea s  coenzyme Bqg 56^) p re d o m in a te d  i n

egg  w h i t e ,  raw , t o g e t h e r  w i th  s i g n i f i c a n t  y i e l d s  o f  

cyano  (av* 2 9 ^ ) ,  a l t h o u g h . i n  a l l  t h e  t i s s u e s  exam ined

on no o c c a s io n  was cyano  Bqg p r e s e n t  a t  a  c o n c e n t r a t i o n  

i n  e x c e s s  o f  0*5 ^ g m s /k g  t i s s u e .

As p r e v i o u s l y  d i s c u s s e d  (p p .  111-121) s u l p h i t o  

(95^1 was fo u n d  i n  p a s t e u r i s e d ,  whole mille a d d e d  t o  th e  

ammonia b u f f e r  i n  t h e  d a r k ,  w hereas  a d d i t i o n  i n  t h e  

d a y l i g h t  y i e l d e d  h y d ro x o  Bpg ( 80 -  1004, av* 93?^) j 

coenzyme B^^ (av* 3*5?^) and  m e th y l  B i2  (av* 3*5^0 * 

C om parison  w i th  raw , v/hole m i lk  showed c l e a r l y  t h a t  

p r e p a r a t i o n  and l i g h t  e x p o s u re  o f  t h e  b o t t l e d ,  p a s t e u r ­

i s e d  whole m i lk  h ad  l e d  t o  c o n v e r s io n  o f  t h e  m e th y l  B^p 

and coensyme B^g i n i t i a l l y  p r e s e n t .  P a s t e u r i s a t i o n  o f  

t h e  raw m ilk  a l s o  r e d u c e d  t h e  t o t a l  c o b a la m in  c o n t e n t  

from an a v e ra g e  o f  2*6 jigm s/1* t o  0*96 jJigms/1,

E x t r a c t s  o f  f i s h  and f i s h  p r e p a r a t i o n s  ( t a b l e  ) 

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

m usc le  t i s s u e s  (m ea t 6b p o u l t r y )  w i th  h y d ro x o  Bpp (29  — 

89;r0 and coenzyme B^g (1 1  -  61^) p r e s e n t  i n  a l l  e x t r a c t s *  

S u l p h i t o  B]_2 was m ost p ro m in e n t  i n  t h i s  g ro u p  o f  

t i s s u e s , b e i n g  p r e s e n t  i n  t i n n e d  p r e p a r a t i o n s  o f  sa lm on 

(0  -  25<, av  17^) and  s a r d i n e s  (20  -  33^? av* 26#:) and  

t h e  h ig h  c o n c e n t r a t i o n  i n  w hich  i t  o c c u r r e d  i n  t h e  l a t t e r
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> 8  jugms/k g  im p l i e d  t h a t  i t  v/as p r e s e n t  n a t u r a l l y  a s  

opposed  t o  a r t e f a c t u a l l y *  Haddock, b o i l e d ,  v/as t h e  o n ly  

f i s h  p r o d u c t  fo u n d  t o  c o n t a i n  cyano B%2 a l th o u g h  t h i s  

v/as a t  a  low l e v e l  ( 4 ^ ) .

Lamb’s l i v e r ,  raw , c o n ta in e d  p r e d o m in a n t ly  h y d ro x o

and coenzyme B^^ (45  -  47#', a v .  46#) w i t h  s m a l l e r  

am ounts o f  m e th y l  Bpg ( a v ,  5 -5# )  and s u l p h i t o  Bqg 

(av* 2 ,5 # )

Wheat germ w h ich  h ad  n o t  p r e v i o u s l y  been  fo u n d  t o  

c o n t a i n  n a t u r a l l y  o c c u r r i n g  c o b a la m in s ,  y i e l d e d  a  

m ix 'tu re  o f  t r a c e  am ounts o f  cyano B^g and h y d ro x o  Big? 

w hich  had  p r o b a b ly  been  ad ded  i n  t h e  p r e p a r a t i o n *

I n  a l l  t h e  e x t r a c t i o n s  from  t h e  same sam ple  

co m p a rab le  r e s u l t s  w ere o b t a i n e d  w i th  o n ly  m in o r  

v a r i a t i o n s  i n  t h e  fo rm s o f  v i t a m in  Bqg i s o l a t e d .  

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

e n c o u n te r e d  i n  s e v e r a l  e x t r a c t i o n s  on d i f f e r e n t  sa m p le s  

o f  t h e  same t i s s u e *  The se c o n d  sa m p le s  o f  t i n n e d  

sa lm on and  c o rn e d  b e e f  y i e l d e d  4C# and  62# o f  m e th y l  Hqg 

r e s p e c t i v e l y , a  c o b a la m in  w h ich  was a b s e n t  i n  b o th  t h e  

i n i t i a l , d u p l i c a t e d  e x t r a c t i o n s *  Such m a jo r  d i f f e r e n c e s  

i n  c o b a la m in s  c o u ld  have  a r i s e n  i n  t h e  p r e p a r a t i o n  o f  

t h e  p r o d u c t  b u t  w ere  t h o u g h t  more l i k e l y  t o  have  b e en  a s  

a  r e s u l t  o f  l i g h t  c o n v e r s i o n  o f  t h e  m e th y l  B^g i n  t h e  

i n i t i a l  e x t r a c t s .  T h ese  sam p le s  a p a r t ,  a  good 

c o r r e l a t i o n  o f  r e s u l t s  be tw een  e x t r a c t s  v/as o b t a i n e d  

w i th  a g a in  o n ly  m in o r  d i f f é r e n c i e s  i n  t h e  fo rm s o f



1 T-t

v i t a m in  i s o l a t e d *

To i l l u s t r a t e  t h e  c l e a r l y  d e f i n e d  v a r i a t i o n s  b e tw een  

t h e  fo rm s o f  v i t a m in  i n  m eat & p o u l t r y  ( t a b l e  17 )?  

d a i r y  p ro d u c e  ( t a b l e  16 ) and f i s h  ( t a b l e  IS ) a  f i n a l  

t a b l e  r e p r e s e n t i n g  a  summary o f  t h e  r e s u l t s  from  e a c h  o f  

t h e s e  t a b l e s  was c o m p ile d  and from  t h i s  an  a p p ro x im a t io n  

o f  t h e  d a i l y  in ta lc e  o f  e a c h  c o b a lam in  c o u ld  be e s t a b l i s h e d ,

Av, c o n t e n t  o f

Food. NOo o f HOo Of Av* B"i ? E ach C oba lam in

T i s s u e s E x t r a c t s c o n t e n t sAdOe ON. OH. M0O 80?^

Meat &

P o u l t r y ^ 10 21 Bo 4 2 . 9 OoO 4 o 2  0 . 9 5 0 . 4 1

 ̂Age 3 3 .8 0 .0  5 0 . 0  1 1 * 3 4 . 9

D a i r y  P ro d u c e  8 20 4 * 7 0*78 0 .0 8  1 .6 8  2 .1 7 0 .1 1

f?  ̂Age 1 6 .2 0 .7  3 5 .2  4 5 .8 2 .2

F i s h 4 11 2 4 .4 7 . 3 0 .0 6  1 1 . 4 5  1 . 1 4*5

^ 'A g e 30o0 0 .2  4 7 .0  4 . 5 1 8 .4

T a b le  1 9  A verage  v i t a m in  B-j_g c o n te n t  (ngms,/kg o r  jrgm s/1) 

and P e r c e n t a g e  o f  Bach C obalam in  i n  t h e  v a r i o u s  

T ypes o f  F o o d s t u f f  exam ined .
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