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The P la c e  o f  H i s t i d i n e  i n  t h e  P r o t e i n  M olecu le

by

G a r r e t  J .  Boone

The B io c h e m ic a l  L a b o r a to r y ,  U n i v e r s i t y  o f  C i n c i n n a t i ,  

C i n c i n n a t i ,  Ohio.

The p h y s i o l o g i c a l  im p o r ta n c e  o f  h i s t i d i n e  and 

i t s  d e r i v a t i v e ,  h i s t a m i n e ,  i s  so g r e a t  t h a t  th e  q u e s t io n  

o f  t h e  p o s i t i o n  o f  t h i s  am ino a c i d  i n  t h e  p r o t e i n  m o le ­

c u le  and  t h e  m anner i n  w h ich  i t  i s  u n i t e d  t o  t h e  o t h e r  

amino a c i d s  i s  one t o  w h ic h  an  answ er i s  u r g e n t l y  d e ­

s i r e d .  I s  t h e  c a r b o x y l  g roup  of t h e  a c i d  f r e e ?  Or 

i s  i t s  amino g ro u p  f r e e ?  Or a r e  b o th  o f  th em  s u b s t i ­

t u t e d  by  o th e r  am ino a c i d s ?

As r e g a r d s  t h e  p h y s i o l o g i c a l  im p o r ta n c e  o f  t h i s  

h e t e r o c y c l i c  am ino a c i d ,  i t  w i l l  be  r e c a l l e d ,  t h a t  p r o ­

t e i n s  w h ich  p ro d u c e  a n a p h y la x i s  u s u a l l y ,  i f  n o t  a lw a y s ,  

have  h i s t i d i n e  i n  t h e i r  m o le c u le .  And p r o t e i n s  w hich  

l a c k  h i s t i d i n e  do n o t  u s u a l l y  p ro d u ce  a n a p h y l a x i s .  I n  

f a c t ,  t h e r e  i s  on r e c o r d  o n ly  a  s i n g l e  o b s e r v a t i o n  i n  

w h ich  a  p r o t e i n  o r  i t s  d e c o m p o s i t io n  p r o d u c t s  have  b e e n  

r e p o r t e d  a s  p o s s e s s i n g  t h e  power of s e n s i t i z a t i o n  when
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t h e s e  p r o t e i n  p ro d u c t s  l a c k e d  h i s t i d i n e .  A l l  o t h e r  

o b s e r v e r s  have  been  u n a b le  to  p ro d u c e  a n a p h y l a c t i c  

sh o c k  w i t h  p r o t e i n s  f r e e  f ro m  h i s t i d i n e .  W h e th e r ,  t h e r e ­

f o r e ,  h i s t i d i n e  be  an  a b s o l u t e  n e c e s s i t y  f o r  s e n s i t i z a ­

t i o n  o r  n o t , ,  t h e r e  can  h a r d l y  b e  a d o u b t  t h a t  i t s  

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

power o f  s e n s i t i z a t i o n .  H i s t i d i n e  i s  t h u s  b ro u g h f" in to  

r e l a t i o n  w i t h  t h e  phenomena o f . im m u n ity ,  o f  d e f e n s e  

a g a i n s t  d i s e a s e ,  and  w i t h  t h e  p a th o lo g y  o f  a l l . . t h e

s e n s i t i z a t i o n  or a l l e r g y  d i s e a s e s ,
\

O b s e r v a t io n s  b y  P r o f e s s o r  Vaughan on t h e  . t o x ic  

p r o d u c t s  fo rm e d  fro m  p r o t e i n s  b y  a l k a l i n e  a l c o h o l y s i s  

p o i n t  a l s o  t o  t h i s  amino a c i d  a s  an  e s s e n t i a l  c o n ­

s t i t u e n t  o f s u c h  t o x i c  p r o d u c t s .  The t o x ic ,  p r o t e i n  

d e r i v a t i v e s  h e  o b t a i n e d  f ro m  t h e  b o d ie s  o f  b a c t e r i a ,  

f ro m  egg  a lb u m in  and o t h e r  p r o t e i n s  a l l  g av e  a v e ry  

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

Im id a z o le  r i n g  i n  t h i s  t o x i n .  H i s t i d i n e ,  a s  i s  w e l l  

known, i s  t h e  p r i n c i p a l  amino a c i d ,  and o f t e n  t h e  o n ly  

amino a c i d ,  w hich  c o n t a i n s  t h i s  r i n g  I n  p r o t e i n s .  The 

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

d in e  i n  V a u g h an 's  m a t e r i a l .  The c o m p o s i t io n  o f  t h i s  

t o x i c  m a t e r i a l  h a s  n e v e r  b e e n  a d e q u a te ly  s t u d i e d  and 

e x p l a i n e d  a l t  h o ,  a s  w i l l  a p p e a r  in  t h e  h i s t o r i c a l
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p a r t ,  some v e r y  i n t e r e s t i n g  work has b e e n  done up o n  i t .

Some y e a r s  ag o  Mr. C h a r le s  G. M e r r e l l ,  P r e s i d e n t  

o f  t h e  W ill iam  S. M e r r e l l  Chemical Company o f  C i n c i n n a t i ,  

be  craning g r e a t l y  i n t e r e s t e d  in  t h e  s o - c a l l e d  n o n - s p e c i f i c  

p r o t e i n  t h e r a p y  so  w id e ly  u s e d  a t  t h a t  t im e  a b ro a d ,  and  

now a l s o  i n  t h i s  c o u n t r y ,  d e s i r e d  t o  have  i n v e s t i g a t e d  

t h e  way p r o t e i n s  f o r e i g n  t o  t h e  body  a c t e d ,  when i n t r o ­

du ced  p a r e n t e r a l l y ,  i n  o t h e r  w ords  o t h e r  t h a n  by t h e  

d i g e s t i v e  s y s te m ,  i n t o  t h e  an im al,  economy. I t  i s  w e l l  

known t h a t  su ch  p r o t e i n s  o r t h e i r  s p l i t  p r o d u c t s  may p r o ­

duce u n d e r  t h e s e  c i r c u m s ta n c e s ,  a  v a r i e t y  o f  sym ptoms, 

su c h  a s  f e v e r ,  l e u c o c y t o s i s ,  e r y t h r o c y t o s i s  and  so . o n ,  

and  t h e i r  i n j e o t i o n  i s  som etim es f o l lo w e d  by a  m arked 

a m e l i o r a t i o n  of p a t h o l o g i c a l  symptoms. Mr. M e r r e l l  

g a v e ,  on b e h a l f  o f  t h e  W illiam  S. M e r r e l l  Company, a sum 

o f  money a n n u a l ly  t o  t h e  B io ch e m ic a l  D ep ar tm en t  o f  t h e  

U n i v e r s i t y  o f  C i n c i n n a t i ,  t o  fo rm  a  f e l l o w s h i p  w h ich  i s  

c a l l e d  t h e  M e r r e l l  F e l lo w s h ip .

I n  t h e  c o u rs e  of t h e s e  I n v e s t i g a t i o n s  i n  t h i s  

l a b o r a t o r y  i t  w as fo u n d  by Dr. C. A. M i l l s  (2 9 )  t h a t  a  

com plex  p r o t e i n  d e r i v e d  from  c a l v e s 1 lu n g ,  c o n t a i n i n g  no 

h i s t i d i n e ,  w o u ld  not s e n s i t i z e  g u in e a  p ig s . .  T h is  

d i r e c t e d  a t t e n t i o n  t o  h i s t i d i n e  a s  t h e  e s s e n t i a l  e le m e n t  

i n  s e n s i t i z a t i o n  phenomena and s u g g e s t e d  t h a t  i t  m ig h t
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be  a  n e c e s s a r y  c o n s t i t u e n t ^  In  p r o t e i n s  o r  t h e i r  d e ­

c o m p o s i t io n  p r o d u c t s  w hich  h a d  a  t h e r a p e u t i c  o r  p h y s i o ­

l o g i c a l  a c t i o n .  T h is  id e a  was b o rn e  o u t  b y  o t h e r  

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

A c c o rd in g ly  some f o u r  or f i v e  y e a r s  a g o ,  D r. M. 

I s a a c s  ( 2 2 ) ,  w h i le  he  was M e r r e l l  F e l lo w ,  s t a r t e d  t o  p r e ­

p a r e  V a u g h an 's  t o x i c  p r o t e i n  a t  t h e  s u g g e s t i o n  o f  P ro ­

f e s s o r  M athews. He made t h e  d i s c o v e r y ,  In t h e  c o u rs e  

o f  h i s  o b s e r v a t i o n s ,  t h a t  h i s t i d i n e ,  o r  so m e th in g  

g i v in g  a  v e r y  p o w e r f u l  im id a z o l  r e a c t i o n ,  wes d e r i v e d  

from  p r o t e i n s  b y  a l k a l i n e  a l c b h o l y s i s  i n  t h e  f i r s t  few 

m in u te s  o f  t h e  l y s i s  a n d  b e f o r e  th e  m o le c u le  b a d  b e en  

e x t e n s i v e l y  d i g e s t e d . b y  t h e  a l k a l i .

T h is  s u g g e s t e d  t h a t  h i s t i d i n e  m ig h t  b e  a  t e r m i n a l  

am ino a c i d ,  o r  one w hich  f o r  some o t h e r  r e a s o n .w a s  m ost 

e a s i l y  s p l i t  o f f  fro m  t h e  p r o t e i n  m o le c u le .  P r o f e s s o r  

Mathews gav e  me t h e  p rob lem  o f  d i s c o v e r i n g  w h e th e r  t h i s  

was a c t u a l l y  h i s t i d i n e  w h ic h  was t h u s  q u i c k l y  s p l i t  o u t  

o f  t h e  m o le c u le ;  w h e th e r  i t  was the  o n l y  amino a c i d  s e t  

f r e e  a t  t h i s  t im e  o r  w h e th e r  some o t h e r s  accom pan ied  

i t ;  w h e th e r  t h e  h i s t i d i n e  had  i t s  c a rb o x y l  g r o u p  f r e e  

o r com bined , by  d e t e r m i n i n g  w h e th e r  t h e  h i s t i d i n e  th u s  

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

r a c e m iz e d .  I f  the  c a r b o x y l  g rou p  was f r e e  and  h i s t i d i n e
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t e r m i n a l  i t  was e x p e c te d  t h a t  t h e  h i s t i d i n e  t h u s  s e t  

f r e e  w o u ld  b e  o p t i c a l l y  a c t i v e ;  i f  the c a r b o x y l  was 

com bined  o r  s u b s t i t u t e d  i t  was e x p e c te d  t h a t  t h e  

h i s t i d i n e  w ou ld  be r a c e m iz e d .  I  was a l s o  t o  s e e  

w h e th e r  a l l  p r o t e i n s  y i e l d e d  h i s t i d i n e  e a s i l y  o r  o n ly  

some o f  them .

The r e s u l t s  showed t h a t  h i s t i d i n e  i s  in d e e d  

s p l i t  o f f  from  s e v e r a l  p r o t e i n s  v e ry  e a r l y  i n  t h e  a l c o -  

h o l y s i s  by sodium  a l c o h o l a t e ;  t h a t  t h e . h i s t i d i n e  t h u s  

s e t  f r e e  i s  o f t e n  a cc o m p an ied  by t y r o s i n  a n d . l e u c i n e ,  

s u g g e s t i n g  t h a t  t h e  two o r  t h r e e  a r e  i n  c l o s e  a s s o c i ­

a t i o n  in  t h e  m o le c u le ;  t h a t  t h e  h i s t i d i n e  t h u s  s e t  f r e e  

. i s  b u t  a  p a * t  of th e  t o t a l  h i s t i d i n e  i n  t h e  m o le c u le ;  

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

h o l y s i s  i s  p r a c t i c a l l y  o f  f u l l ,  o p t i c a l  a c t i v i t y ,  w hereas 

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

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

a  c o n s i d e r a b l e  d e g re e  r a c e m i z e d ,  a l t h o  n o t  e n t i r e l y  s o .  

T hese  f a c t s  i n d i c a t e ,  t h e r e f o r e ,  t h a t  a  p a r t  o f t  he 

h i s t i d i n e  in  t h e  p r o t e i n s  s t u d i e d  o c c u p ie s  e i t h e r  a 

t e r m i n a l  o r  p e r i p h e r a l  p o s i t i o n  i n  t h e  m o le c u le  w i th  

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

g r e a t  e a s e  w i t h  w h ic h  h i s t i d i n e ,  o r  h i s t a m i n e  i s  s p l i t
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o f f  f ro m  th e  p r o t e i n  m o le c u le  and why. t h e s e  s u b s ta n c e s  

a n d  p a r t i c u l a r l y  h i s ta m in e  a p p e a r s  so  r e g u l a r l y  i n  ex­

t r a c t s  o f  g l a n d u l a r  a n d  o t h e r  o rg a n s  e v en  w hen t h e s e  

e x t r a c t s  a r e  p r e p a r e d  by v e r y  w eak  a c i d .  I t  i s  

p r o b a b l e ,  a l s o ,  t h a t  i f  an y  am ines a r e  fo rm ed  by  d e ­

c a r b o x y l a t i o n  i n  t h e  p r o t e i n s  h i s t a m in e  w i l l  be  one 

o f  t h o s e  fo rm ed  mosb e a s i l y .

I  w is h  t o  e x p r e s s  h e re  my g r a t i t u d e  to  t h e  

W il l ia m  S. M e r r e l l . Company f o r  t h e  g e n e r o u s  f e l l o w s h ip  

t h e y  have  p r o v id e d  to  make t h i s  w ork  p o s s i b l e ,  end t o  

P r o f e s s o r  A. P. Mathews f o r  s u g g e s t i n g  an d  g u i d i n g  t h i s  

p ro b le m .

H i s t o r i c a l

The t o x i c i t y  o f  p r o t e i n s  o r  t h e i r  c le a v a g e  

p r o d u c t s  h a s  b e e n  v a r i o u s l y  e x p l a i n e d .  As U n d e r h i l l  

(14-7) s a y s  " a l m o s t  e v e ry  s t u d y  a lo n g  t h i s  l i n e  p o i n t s  t o  

a d i f f e r e n t  amino a c i d  a s  t h e  c a u se  of t h e  'p e p t o n e '  

e f f e c t " .  Much o f  t h e  e a r l i e r  w ork  on t h e  p h y s i o l o g i c a l  

a c t i o n  o f  p r o t e i n  d e r i v a t i v e s  was c a r r i e d  th r o u g h  w i t h  

p r o t e o s e s  p r e p a r e d  from  W i t t e ' s  p e p to n e .  S chm id t -  

M ulheim ( 3 9 ) ,  i n  t r y i n g  t o  d i s c o v e r  t h e  f a t e  o f  p e p to n e  

i n  t h e  b lo o d ,  ( i t  b e i n g  assum ed a t  t h a t  t im e  t h a t  

p e p to n e s  w ere  a b s o r b e d  a s  such  from  th e  a l i m e n t a r y  c a n a l )
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found, t h a t  t h e  i n t r a v e n o u s  I n j e c t i o n  of W i t t e ’ s  p e p to n e  

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

m ost n o te d  among t h e s e  w ere  ( 1 ) an i n h i b i t o r y  a c t i o n  on 

t h e  c o a g u l a t i o n  o f  t h e  b l o o d ,  a n d  ( 2 ) a  r a p i d  and  m arked 

r e d u c t i o n  in  b lo o d  p r e s s u r e .  The s u g g e s t i o n  was made 

t h a t  t h e  t o x i c  body e x i s t s  p re fo rm e d  in  t h e  an im a l  

t i s s u e s ,  a n d  p a s s e s  u nch an g ed  to  t h e  p r o t e o s e s  e i t h e r  b y  

s a y  o f  f i b r i n  or p e p s i n .  C h i t t e n d e n ,  M endel, and  

H e n d e rso n  (1 )  fo u n d  t h a t  p r o t e o s e s  made by u s i n g  

p a p a i n ,  o r  s u p e r h e a t e d  w a t e r  or a c i d  w e re  q u i t e  a s  t o x i c  

a s  t h o s e  made f ro m  W i t t e ' s  p e p to n e .

P ic k  and S p i r o  (35 )  b e l i e v e d  t h a t  t h e  p h y s i o ­

l o g i c a l  a c t i o n  of t h e  p r o t e o s e s  was n o t  a  p r o p e r t y  o f  

p u re  p r o t e o s e s ,  b u t  was c au se d  b y  a n  a d h e r in g  t o x i c  

s u b s ta n c e  w hich  t h e y  c a l l e d  "pep to zy m e" . They t h o u g i t  

t h a t  i t  was p r e s e n t  i n  t h e  a n im a l  t i s s u e s  a s  a  " p e p to -  

zymogen". To s u p p o r t  t h e i r  c o n c lu s io n s  t h e y  c la im e d  

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

t e o s e s  u n d e r  any  c i r c u m s ta n c e s ,  and  t h a t  h y d r o l y s i s  .by 

a l k a l i  o r  t r y p t i c  d i g e s t i o n  f a i l e d  t o  fo rm  t o x i c  p r o d u c t s  

They w ere  a b l e  t o  d e s t r o y  t h e  p o iso n o u s  p r o p e r t i e s  o f 

t h e i r  d i g e s t i o n  m ix tu r e s  b y  b o i l i n g  w i th  50 p e r  c e n t  

a l c o h o l  w h ic h  h a d  b e e n  made a l k a l i n e  w i th  sod ium  

h y d r o x id e .
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U n d e r h i l l  (1 903 )  (J+5) s t a t e s  t h a t  P i c k  a n d  

S p i r o  f a i l e d  to  s e p a r a t e  th e  p r o t e o s e s  in  t h e i r  e x ­

p e r im e n t s  and d id  n o t  know w h e th e r  t h e  m a t e r i a l  w h ic h  

t h e y  i n j e c t e d  c o n ta in e d  any  n o t i c e a b l e  amount of p r o ­

t e o s e s .  He p o i n t e d  o u t  t h e  h y d r o l y t i c  a c t i o n  of sodium  

h y d r o x id e  on  p r o t e o s e s ,  i n f e r r i n g  t h a t  t h e  l o s s  o f  

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

c o h o l  w as due  to  t h e i r  d e s t r u c t i o n .  He o b t a i n e d  t o x i c  

p r o t e o s e s  b y  d i g e s t i n g  c r y s t a l l i z e d  v e g e t a b l e  p r o t e i n s  

w i t h  en zy m es , o r  b y  a c i d s  and  s u p e r h e a t e d  w a t e r ,  t o  

d e m o n s t r a te  t h a t  p o iso n o u s  p r o t e o s e s  a re  fo rm e d  from  

p u r e  p r o t e i n .  He I n j e c t e d  th e  u n d i g e s t e d  p r o t e i n s  to  

show t h a t  t h e y  c o n t a i n e d  no a d h e r in g  t o x i c  im p u r i t y .

P o p i e l s k i  ( 3 6 ) ,  c o n t i n u i n g  t h e  w ork  w i t h  a l ­

c o h o l i c  e x t r a c t s  o f  c o m m erc ia l  " p e p to n e s "  and  o f  t h e  

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

p r o t e o s e s  a s  a d i s t i n c t  oompound to  w h ic h  he g a v e  th e  

name " v a s o d i l a t i n " .  I t  was c h a r a c t e r i z e d  b y  i t s  s o l u ­

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

l o g i c a l  a c t i o n  s u g g e s t i v e  o f  p - i r a i n a z o ly l e th y l a m in e .  

Though t h e  t o x i c i t y  o f  a l c o h o l i c ,  e x t r a c t s  o f  p r o t e o s e  

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

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

a s  c e r t a i n  o f  t h e  p r o t e o s e s  a r e  s o l u b l e  i n  a l c o h o l .
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P f a u n d l e r  (3 2 ) i s o l a t e d  fro m  t h e  p r o d u c t s  o f  t h e  • 

p e p t i c  d i g e s t i o n  o f  a lb u m in  a n  a l c o h o l  s o l u b l e  p ro d u c t  

t h a t  was p r e c i p i t a b l e  b y  m e rc u r ic  s u l p h a t e  b u t  n o t  b y  

a l k a l o i d a l  r e a g e n t s ,  a n d  w hich  d i s s o c i a t e d  i n t o  l e u c i n e  

and  a  d i - a m i n o - a c i d  p r o b a b ly  h i s t i d i n e ,  on b e i n g  

t r e a t e d  w i t h  b o i l i n g  h y d r o c h l o r i c  a c i d .  He s a y s  t h a t  

s tu d y  o f  t h e s e  p r o d u c t s  w i l l  g iv e  t h e  m ost im p o r ta n t  

i n f o r m a t i o n  r e g a r d i n g  t h e  c h e m is t r y  o f a lb u m in s .

Vaughan a n d  h i s  c o w o rk e rs  ( 5 0 ,  51) have  g r e a t l y  

i n c r e a s e d '  t h e  I n t e r e s t  i n  t o x i c  p r o t e i n  p r o d u c t s . .  Most 

o f  V a u g h a n 's  p r e p a r a t i o n s  w ere  made w i t h  t h e  t o x i n s  

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

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

a s  "V a u g h an 's  Crude S o lu b le  P o is o n " .

V a u g h a n 's  method f o l l o w s : -

To a w e i# ie d  amount o f  p r o t e i n  15 t o  25 t im e s

i t s  w e ig h t  o f  a b s o l u t e  a l c o h o l  c o n t a i n i n g  2 p e r  c e n t
. \

sod ium  h y d ro x id e  i s  a d d e d ,  a r e f l u x  c o n d e n s e r  i s  

a t t a h o e d  a n d  t h e  f l a s k  w i t h  i t s  c o n te n t s  i s  h e a t e d  on a 

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

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

and  i s  a g a i n  p l a c e d  in  the  f l a s k  to  r e p e a t  t h e  p r o c e s s  

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

i s  t r e a t e d  t h u s  t h r e e  t i m e s ,  t h e  f i l t r a t e s  com bined  and
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n e u t r a l i z e d  w i th  h y d r o c h l o r i c  a c id *  The p r e c i p i t a t e  

w h ic h  c o n t a i n s  b o t h  sod ium  c h l o r i d e  and p a r t ,  o f  th e  

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

a t e d  i n  v a cu o  a t  i*0° t o  d r y n e s s .  T h is  i s  r e d i s s o l v e d  

i n  a b s o l u t e  a l c o h o l ,  f i l t e r e d  to  remove sodium  c h l o r i d e ,  

and  a g a i n  e v a p o r a te d  t o  d ry n e s s  a t  1*0° C. The gummy 

r e s i d u e  i s  V a u g h an 's  "Crude S o lu b le  P o i s o n " ,  a n d  i s  

h i g h l y  t o x i c .  So s m a l l  a n  amount a s  8 t o  50 mgjn. o f  

t h e  p o i s o n  i s  l e t h a l  t o  g u in e a  p ig s  whan g i v e n  i n t r a -  

p e r i t o n e a l l y .  However, p r e p a r a t i o n s  made w i t h  s t r o n g e r  

a l k a l i - a l c o h o l  s o l u t i o n s  a re  not n e a r l y  so  t o x i c .

Vaughan o b t a i n e d  t h e  p o i s o n  f ro m  e g g - w h i t e ,  

c a s e i n ,  serum  a lb u m in ,  e d e s t l n ,  W i t t e ' s  p e p to n e ,  and  t h e  

c e l l u l a r  s i b s t a n o e  o f  many t y p e s  o f  b a c t e r i a .  F r y e r  

( 3 7 ) f a i l e d  t o  f i n d  h i s t a m i n e  or c h o l i n e  d e r i v a t i v e s ,  i n  

t h e  p o i s o n .  I n  t h e  hope o f  f i n d i n g  some am ino a c i d  t h a t  

c o u ld  be  h e l d  r e s p o n s i b l e  he I n j e c t e d  i n t r a p e r i t o n e a l l y  

l e u c i n e ,  g l y c o c o l l ,  a l a n i n e ,  h i s t i d i n e , -  g lu ta m ic  . a c i d ,  

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

w i t h  n e g a t i v e  r e s u l t s .  He th e n  a d m i n i s t e r e d ,  a. m ix tu re  

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

p h a n e ,  g lu ta m ic  a c i d ,  h i s t i d i n e ,  t y r o s i n e ,  u r i c  a c i d ,  

and g lu o o s e  w i t h  l i k e  s u c c e s s .  K o e s s le r  and Hanke 

have  s i n c e  shown t h a t  in  v i t r o  t h e  c o lo n  b a c i l l u s  w i l l
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c o n v e r t  50 p e r  c e n t  o f  t h e  h i s t i d i n e  i n  s u c h  a m ix tu re  

t o  h i s t a m i n e .

U n d e r h i l l  a n d  H j o r t  (I4.6 ) r e a l i z e d  t h a t  V a u g h an 's  

p r o d u c t  i n  i t s  d r y  fo rm  may c o n t a i n  a s  much a s  t e n  p e r  

c e n t  HC1. They c o n c lu d e d  t h a t  V a u g h an 's  c ru d e  s o l u b l e  

p o i s o n  l e s s  th e  a d d  i t  c o n t a i n e d  was no more, t o x i c  t h a n  

a c i d  a l c o h o l  e x t r a c t s  o f  p r o t e o s e s .

Heyde (2 0 )  b e l i e v e s  t h a t  m e th y l  g u a n id in e  and  

g u a n id in e  p roduce  a l l  t h e  e f f e c t s  c h a r a c t e r i s t i c  o f  

p r o t e o s e s  and  he b e l i e v e d  t h a t  h i s . e x p e r i m e n t s  showed 

t h a t  g u a n id in e  and  m e th y l  g u a n id in e  were r e s p o n s i b l e  f o r  

p r o t e o s e  i n t o x i c a t i o n .  These compounds may a r i s e  from  

a r g i n i n e ;  b u t  t h i s  ty p e  o f  c le a v a g e  o f  a r g i n i n e  d o e s  

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

p ro d u c e d  by  enzymes or a c i d s .  A l k a l i  decom poses 

a r g i n i n e  i n t o  o r n i t h i n e  and  u r e a ,  a n d  u r e a  I n to  ammonia. 

None of t h e s e  a re  t o x i c  e x c e p t  th e  amm onia. I f  g u a n i ­

d in e  a n d  m e th y l  g u a n id i n e  a r e  r e s p o n s i b l e  f o r  p r o t e o s e  

i n t o x i c a t i o n  t h e  p r o t a m in e s  s h o u ld  b e  p a r t i c u l a r l y  t o x i c  

on a c c o u n t  o f  t h e  l a r g e  amount o f  a r g i n i n e  in  th em .

K n a f f l - L e n z  ( 2 3 ) p r o p o s e d  t h a t  t h e  t o x i c i t y  o f  

p r o t e o s e s  was due to  t h e  t r y p to p h a n e  p r e s e n t  in  t h e  

m o le c u le  o f  i n j e c t e d  p r o t e o s e . , The p r o p o s a l  w as  b a se d  

on e x p e r im e n t s  w i t h  z e i n  in  w hich  no t r y p t o p h a n e  h a s  b een
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f o u n d ,  a n d  g l l a d l n  w h ic h  c o n t a i n s  v e r y  l i t t l e .  How­

e v e r ,  Szumowski (U l) .,  U n d e r b i l l  (i+5), and W e l ls  and 

O sborne  (5 5 )  fo u n d  t h a t  z e o s e s  gave  t y p i c a l  a n a p h y l a c t i c  

r e a c t i o n s .  U n d e r h i l l  and  H e n d r ix  (4 7 )  a t t r i b u t e  K n a f f l -  

L e n z 1 f a i l u r e  t o  O b ta in  t h e  c h a r a c t e r i s t i c  e f f e c t s  w i th  

h i s  p r e p a r a t i o n  t 9 t h e  r e l a t i v e l y  s m a l l  am ount o f  p r o ­

t e o s e s  i n  h i s  d i g e s t i o n  m ix tu r e s .

I n  19 10 , t h e  e x t r a o r d i n a r y  p h y s i o l o g i c a l ;  p r o p e r ­

t i e s  o f  p - im i d a z o l y l e t h y l a r a i n e ,  o r  h i s t a m in e  a s  i t  i s  

p o p u l a r l y  c a l l e d ,  w e re  d i s c o v e r e d  in d e p e n d e n t ly  b y  

B a r g e r  and. D a le  ( 6 ) and by E u ts c h e r  (27 )  a s  one o f  th e  

a c t i v e  p r i n c i p l e s  o f  e r g o t .  The a c t i o n  o f  t h i s  b a s e  

was s t u d i e d  b y  B a rg e r  a n d  D a le  (5 )  a n d  Dale  and L a id la w  

( 1 5 ) .  They s u g g e s t e d  i t  m ig h t  be a  p o s s i b l e  f a c t o r  i n  

p r o t e o s e  i n t o x i c a t i o n .  T hese  w o r k e r s  (5 )  o b t a i n e d  

h i s t a m i n e  from  t h e  m ucosa  of t h e  s m a l l  I n t e s t i n e  o f  t h e  

o x ,  and a s s ig n e d  t o  i t ,  a t  l e a s t  in  p a r t ,  t h e  d e p r e s s o r  

a c t i o n  o f  s e c r e t i n .  I s o l a t i n g ,  from  t h e  I n t e s t i n a l  

c o n t e n t s  of t h e  g u in e a  p i g ,  a b a c i l l u s  o f  th e  c o lo n -  

t y p h o id  g roup  c a p a b le  o f  c o n v e r t in g  h i s t i d i n e  i n t o  

h i s t a m i n e ,  M e llan b y  an d  Twort (2 8 )  d e c id e d  t h a t  h i s t a m in e  

i s  n o t  a  norm al p r o d u c t  o f  the  i n t e s t i n a l  m ucosa b u t  

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

t e i n s  c o n t a i n i n g  h i s t i d i n e .  Then B e r t  h e l o t  and. B e r t r a n d  

( 7 ) i s o l a t e d  f ro m  t h e  human i n t e s t i n e  an o rg an ism  t h a t
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h a d  a l l  t h e  c h e m ic a l  an d  m o r p h o lo g ic a l  c h a r a c t e r i s t i c s  

o f  F r i e d l a n d e r * s  p n e u m o - b a c i l l u s  a n !  i n  a d d i t i o n  d e -  

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

A b e l and Kubota. ( 2 ) h e l d  t h e  v ie w  t h a t ,  h i s t a m in e  

i s  p r e s e n t  w t e r e v e r  l i v i n g  p r o to p la s m  e x i s t s ,  o r  a t  

l e a s t  w henever i t  i s  k i l l e d .  They b e l i e v e d  t h a t  h i s t a ­

m ine a p p e a re d  w h en ev e r  a  t r u e  p r o t e i n  was s p l i t  b y  

enzym es, a c i d  o r  o t h e r  h y d r o l y z i r ^  a g e n t s .  They s a i d ,  

"H is tf im in e  i s  th e  p l a i n  m u sc le  s t i m u l a t i n g  and  d e ­

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

p i t u i t a r y  g l a n d " ,  Hanke an d  K o e a s ie r  (1 8 )  w ere  u n a b le  

t o  f i n d  h i s t a m in e  In  f r e s h  g l a n d s  and e x p l a i n  th e  p o s i ­

t i v e  f i n d i n g s  of A bel a n d  K ubota  to  p u t r e f a c t i v e  c h an g es  

i n  t h e  oommercl&l p r o d u c t  i n v e s t i g a t e d  by them . D ale  

and  D udley (lU ) b e l i e v e d  t h a t  i f  h i s t a m in e  o c c u r s  a t  a l l

i n  t h e  p i t u i t a r y  g l a n d ,  i t  i s  i n  su c h  s m a l l  t r a c e s  t h a t
y?

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

L a t e r ,  Roca (5 8 )  o b t a i n e d  e v id e n c e  f o r  the 

p r e s e n c e  o f  h i s ta m in e  in  f r e s h  g l a n d s .  Q u i te  r e c e n t l y  

B e s t ,  D a le ,  D u d ley  and  Thorpe ( 8 ) h a v e  announ ced  -the  

i s o l a t i o n  o f  h is ta m in e  f ro m  a  number, o f  f r e s h  an im a l 

t i s s u e s ,  l u n g  t i s s u e  e s p e c i a l l y  g i v i n g  r e l a t i v e l y  

l a r g e  am o u n ts .  However, a t  p r e s e n t ,  t h e  e v id e n c e  f o r  

A b e l  an d  Kubota (2 )  f o r  t h e  o c c u r r e n c e  o f  h i s t a m i n e  i n
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p r o t e i n s  I s  c o n s i d e r e d  u n s a t i s f a c t o r y . a n d  t h e  n e g a t i v e  

r e s u l t s  o f  Hanke and K o e s s le r  (1 8 )  a r e  g iv e n  g r e a t e r  

c r e d e n c e .  Hanke a n d  K o e s s le r  h av e  f o u n d ,  h o w ev er ,  a 

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

s p l i t  from  c a s e i n  b y  a c i d  h y d r o l y s i s .  But i t  may be 

p e r t i n e n t  to  q u o te  th e m : "To e x p e c t  a  s i m i l a r i t y  I n

p h y s i o l o g i c a l  a c t i o n  f ro m  compounds h a v in g  a  s i m i l a r  

c h e m ic a l  s t r u c t u r e  i s  l o g i c a l  and  j u s t i f i e d  b y  e v id e n c e ;  

b u t  t o  c o n c lu d e  f ro m  a s i m i l a r  pharm acodynam ic a c t i o n  

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

p r e s e n c e  o f  cne and  t h e  same s u b s t a n c e  i s  a  p e r i l o u s  

u n d e r t a k i n g . "

A ra l  (3 )  h a s  made an  i n t e r e s t i n g  s u g g e s t i o n  t h a t  

may i n  t im e  e x p l a i n  many o f  t h e  phenomena t h a t ,  A be l and  

K ubota  have  e x p l a i n e d  i n  t e r m s  o f  h i s t a m i n e .  S in c e  

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

o f  i t s  c a r b o x y l  g r o u p ,  i t  a p p e a re d  to  A r a l . t h a t  com­

pounds o f  am ino a c i d s  i n v o lv i n g  t h e  c a r b o x y l  g ro u p  sh o u ld  

e x h i b i t  a m i n e - l i k e  e f f e c t s .  He f o u n d  t h a t  t h e  c h l o r -  

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

a n  e f f e c t  on b lo o d  p r e s s u r e  a n d  g u i n e a  p i g ' s  u t e r u s  s im ­

i l a r ,  th o u g h  l e s s  p o w e r f u l ,  to  h i s t a m i n e .  P r o t e i n s  > 

a r e  c o n s i d e r e d  t o  c o n s i s t  o f  c o m b in a t io n s  o f  am ino a c i d s  

c o u p le d  i n  g ro u p s  o f  . t h e  a c id - a m id e  t y p e .  A r a l  s u g g e s t s  

t h a t  an  e s t e r - l i k e  c o u p l i n g  b e tw e e n  c a rb o x y l  an d  h y d ro x y l
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g ro u p s  i s  n o t  i m p o s s i b l e .  I n  v ie w  o f  h i s  e x p e r im e n ta l  

r e s u l t s ,  amino a c i d s ,  w h ich  i n  th e m s e lv e s  a r e  p h y s io ­

l o g i c a l l y  i n e r t ,  c o u ld  become t o x i c  b y  t h e i r  m anner o f  

l i n k a g e  t o g e t h e r .

I t  h a s  n o t  been  show n , a s  f a r  a s  I  know,  w h e th e r  

o r n o t  h i s ta m in e  can  b e  fo rm ed  in  the  a b s e n c e  o f  

b a c t e r i a  b y  t h e  e n z y m a t ic  a c t i v i t y  o f  o rg a n  c e l l s  a lo n e .  

N eu b erg  a n d  G o t t s c h a l k  ( 3 0 )  hav e  shown t h a t  l i v e r  and 

m u sc le  t i s s u e  c o n t a i n  a  c a r b o x y la s e  t h a t  p o s s e s s e s  th e  

c a p a c i t y  o f  d e c a r b o x y l a t i n g  p y r u v ic  a c i d .  I t s  ex ­

i s t e n c e  s u g g e s t s  t h a t  o t h e r  amino a c i d s  may b e  in v o lv e d ,  

i n  w h ic h  c a s e  t h e  p r o d u c t i o n  o f  a m in e s  f ro m  amino a c i d s  

may o c c u r  i n  t h e  an im a l c e l l .

The q u e s t i o n  a r i s e s  why s h o u l d  a n  im id a z o le  

g r o u p in g  in . p r o t e i n  be p a r t i c u l a r l y  l a b i l e  and  why s h o u ld  

t h e  o rg a n ism  m a n u fa c tu re  h i s t a m i n e .  A c c o rd in g  t o  Hanke 

and  K o e s s l e r  ( 1 9 )> d e o a r b o x y la s e  a c t i v i t y  i s  a  p r o ­

t e c t i v e  m echanism  a n d  i s  r e s o r t e d  t o ,  b y  t h e  m ic ro o rg a n is m , 

when th e  a c c u m u la t io n  o f  H - io n s  w i t h i n  t h e  b a c t e r i a l  

p r o to p la s m  i s  in c o m p a t ib le  w i t h  l i f e  p r o c e s s e s .  Ac­

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

T hat so  few  o f  t h e  im id a z o le  co m p lex es  b r o k e n  o f f  

so  e a s i l y  f rom  l i v i n g  p ro to p la s m  hav e  b e e n  i d e n t i f i e d
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hag  b e e n  u n f o r t u n a t e  p a r t i c u l a r l y  in  c o n s i d e r a t i o n  o f  

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

p r o to p la s m .  N e a r ly  30 per c e n t  o f  t h e  e x t r a c t i v e  

n i t r o g e n  o f  s k e l e t a l  m u sc le  i s  d u e  t o  c a r n o s i n e ,  t h e  

p - a l a n y l  d e r i v a t i v e  of h i s t i d i n e .  H em oglobin  c o n t a i n s  

a b o u t  9 p e r  c e n t  h i s t i d i n e .  R e c e n t l y ,  Tadokor*, Abe,
. A

a n d  W atanabe (i+2) h a v e  shown t h a t  t h e  h i s t i d i n e  c o n te n t

o f  fem ale m u sc le  p r o t e i n s  i s  f ro m  20 t o  o v e r  100 p e r
Tireoit’c'c.- ,

c e n t^ th a n  th o s e  o f  th e  m a le  i n  a  l a r g e  v a r i e t y  o f  

s p e c i e s .  I n  1926 Newton, B e n e d i c t ,  an d  D akin  (3 1 )  

i d e n t i f i e d  a s u l f u r  eompound o b t a i n e d  f ro m  b lo o d  

c o r p u s c l e s ,  w hich  h a d  b e e n  v a r i o u s l y  n a m e d .a s  " sy m p e c to -  

t h i o n "  and  " t h i o s i n e " ,  w i t h  e r g o t h i o n e i n e ,  a  b a s e ,  i s o ­

l a t e d  b y  T a n r e t  i n  1909 and c h e m ic a l l y  i d e n t i f i e d  a s  the  

b e t a i n e  of t h i o l h i s t i d i n e  by  B a rg e r  and  Ew ins (1|) two 

y e a r s  l a t e r .

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

o f  h i s t i d i n e  i n  t h e  p r o t e i n  m o le c u le .

A lth o u g h  h i s t i d i n e  a p p e a rs  to  b e  m ore ab u n d an t 

t h a n  any  o t h e r  I m id a z o le  compound, t h e r e  a r e  o t h e r s  t h a t  

may b e  fo u n d  i m p o r t a n t .  We h av e  a l r e a d y  m e n t io n e d  

h i s t a m i n e  a n d  c a r n o s l n e  w h ich  c o n t a i n s  h i s t i d i n e .  The 

p u r i n e s  may be  c o n s i d e r e d  a s  c o n d e n s a t io n  p r o d u c t s  o f
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t h e  im id a z o le  r i n g  w i th  t h e  p y r i m i d i n e .  C o n ta in in g  

a  n u c l e a r  c y c l i c  s t r u c t u r e  l i k e  t h a t  o f  t h e  im id a z o le s  

a l t h o u g h  n o t  t r u e  i m id a z o le s  a r e  t h e  h y d a n t o l n s ,  c r e a -  

t i n i n e ,  end t h e  g ly c o c y a m id in e s .  The m ost im p o r ta n t  

c o l o r  r e a c t i o n  f o r  t h e  d e t e c t i o n  o f  im id a z o le s  i s  t h a t  

g i v e n  b y  an a l k a l i n e  s o l u t i o n  o f  p -p h e n y l  d ia z o n iu m  

s u l f o n a t e .  But no c o l o r  w ould  r e s u l t  i f  t h e  im id e  

h y d ro g e n ,

©
HC— NH\

C-jI
N

CH

p o s i t i o n  o n e ,  o f  t h e  im id a z o le  r i n g ,  i s  r e p l a c e d  b y  

some l e s s  e a s i l y  m o b ile  r a d i c a l .  T h u s ,  s u b s t i t u t e d  

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

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

im i d a z o l e s .  A b d e rh a ld e n  (1 )  h a s  p r e p a r e d  a compound 

o f  t h i s  type  composed o f  h i s t i d i n e  a n d  p -h y d ro x y - a -  

a m in o - p r o p io n ic  a c id  ( s e r i n e )  t h a t  i s  f a r  more l a b i l e  

t h a n  t h e  h i s t i d i n e - s e r i n e  d i p e p t l d e

C H -N

C— N

CH_| 2
CH NH,

>

CH2— CH—COOH

NH,

COOH
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I f  su ch  a  compound c o u ld  b e  d e m o n s t r a te d  In  p r o t e i n s , 

w h ic h  h a s  n o t  b e e n  t h e  c a s e  a s  f a r  a s  I  know, i t  m ig h t  

be  one e x p la n a t i o n  f o r  t h e  a p p e a ra n c e  o f  u n ra c e m iz e d  

h i s t i d i n e  In a l k a l i n e  p r o t e i n  h y d r o l y s a t e s .  A nalogous 

sy s te m s  e x i s t  in  t h e  x a n t h l n g  s e r i e s ,  t h a t  i s ,  w i t h

c o m b in a t io n s  in  p o s i t i o n  7 .
hi

. d - r i b o s i d e  A.
( a l s o  g lu c o s a m in e )  B.

on

A. X a n th in e  + d - r i b o s i d e  x a n th o s ln e .

B. X a n th in e  + g lu c o sa m in e  amino g l u c o s id e  

d e r i v a t i v e  o f  h i s t i d i n e .

K o s a e l  and  W eiss  (25 )  h a v e  s t u d i e d  t h e  im in a z o le  

g ro u p  o f  t h e  h i s t  i d i n e - c o n t a i n i n g  p r o t a m in e s ,  s t u r i n e  

a n d  p e r c i n e .  C om parison  of t h e  b a s i c i t y  o f  t h e  whole 

p ro ta m in e  m o le c u le  w i t h  t h e  r e l a t i v e  p r o p o r t i o n s  o f  th e  

b a s i c  u n i t s  gave n o  r e l i a b l e  e v id e n c e  w i t h  s t u r i n e ,  s i n c e  

t h e  b a s i c i t y  o f  t h e  im in a z o le  g ro u p  i s  v e r y  s l i g h t .

I f  b o th  th e  c a r b o x y l  a n d  amino g ro u p s  o f  h i s t i ­

d in e  e n t e r  i n  a  p e p t i d e  l i n k i n g ,  (A, A1)* t h e  s t r u c t u r a l  

fo r m u la  f o r  the  p ro ta m in e  i s  a s  f o l l o w s : -

HH -S
= C C H -N
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c -  NH 
\

C - N
I
ch9
I 2
C -  NH -  A

COA*

The p o s i t i o n  of t h e  im in a z o le  n u c l e u s  i n  t h e  

p r o ta m in e  m o le c u le  i s  s u g g e s t e d  b y  e x p e r i m e n t s  o f  

P a u ly  (3 3 )  who s t u d i e d  i t s  c o u p l i n g  w i th  d i a z o  com­

p o u n d s  a i d  i t s  c o m b in in g  pow er w i t h  i o d i n e .  He f o u n d  

t h a t  i f  t h e  h y d ro g e n  atom  o f  t h e  im ln o  g ro u p  i s  r e p l a c e d  

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

p l a c e .  He show ed t h a t  t h e  h i s t i d i n e  c o m b in ed  i n  t h e  

s t u r i n e  m o le c u le  c o u p le d  w i th  d i a z o  compounds i n  t h e  

same way a s  f r e e  h i s t i d i n e  sh o w in g  t h e  NH g ro u p  t o  be  

f r e e .  H lrayam a  (2 1 )  fo u n d  t h a t  t h e  i m i n a z o l e  lm in o -  

g ro u p  l o s t  i t s  h y d ro g e n  b y  i n t r o d u c i n g  a  b e n z e n e -  

s u l p h o n l o  o r  n a p h t h a l e n e s u l p h o n i c  g ro u p .  O e rn g ro s s  

show ed t h a t  t h e  compound fo rm e d  b y  a c y l a t l n g  a  h i s t i d i n e  

e s t e r  on  t h e  im ln o  g ro ip  o f  t h e  i m i n a z o l e  n u c l e u s  was 

e a s i l y  d ecom posed . P a u ly  (3k)  s t u d y i n g  t h e  i o d o -  

d e r i v a t i v e s  o f  h i s t i d i n e  arid i m i n a z o l e  a n d  e s t i m a t i n g  t h e i r  

a b s o r p t i o n  o f  i o d i n e  f o u n d  t h a t  th e  a b s o r p t i o n  o f  i o d i n e  

b y  s t u r i n e  a s  g r e a t  a s  t h a t  o f  t h e  h i s t i d i n e  d e r i v a t i v e s
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i n  w h ic h  t h e  im in a z o le  g r o u p  i s  f r e e .  . S o , i n  s t u r i n e ,  

i t  i s  b e l i e v e d  t h a t  t h e r e  i s  no  p e p t i d e  l i n k a g e  t h r o u g h  

t h e  im ino  g r o u p  o f  t h e  im in a z o le  n u c le u s  and t h a t  t h i s  

n u c le u s  i s  i n  t h e  f r e e  s t a t e .

T h is  p a p e r  p r e s e n t s  e v id e n c e  t h a t  h o r s e  hemo­

g l o b i n ,  e d e s t i n ,  c a s e i n , a n d  W i t t e ' s  p e p to n e  c o n t a i n

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

m o le c u le  b y  a l k a l i ,  a n d  t h a t  i t  i n  s u c h  c o m b in a t io n  t h a t  

i t s  c a r b o x y l  g ro u p  i s  f r e e ,  a c c o r d i n g  t o  D a k i n 's  t h e o r y  

( 1 2 ,  1 3 ) .  He and K o s s e l  ( 2 6 ) showed t h a t ,  t r e a t m e n t  o f  

p r o t e i n s  w i t h  a l k a l i  l e a d s  to  a  p r o g r e s s i v e  d i m in u t io n  o f  

t h e  o p t i c a l  r o t a t o r y  power o f  t h e i r  s o l u t i o n s .  T h is  

D ak in  a t t r i b u t e s  t o  an i n t e r n a l  r a c e m l z a t i o n  o r  e m o l iz a -  

t i o n  o f  t h e  p r o t e i n  m o le c u le  a n a lo g o u s  to  t h a t  w hich  he 

had  e a r l i e r  shown o c c u r s  i n  t h e  h y d a n to i n s  ( 1 1 ) .  The 

r e a c t i o n  may be e x p r e s s e d

NH-CO —
.1

RCH -  CO -  NH - CHR- COOH

----------- > NH —CO
I

<:---------------------- R — C = C(OH )-N H-CHR-COOH

A l k a l i  s h i f t s  t h e  e q u i l i b r i u m  to w a rd s  t h e  r i g h t .  The 

c e n t r a l  c a rb o n  atom  i n  p l a c e  o f  b e in g  a t t a c h e d  to  f o u r  

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

t a c h e d  t o  t h r e e  g r o u p s ,  to  one o f  th em  b y  a d o u b le  b o n d ,
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and  any  o p t i c a l  a c t i v i t y  i t  p o s s e s s e d  due  t o  a sy m m etry , 

m ust  have  been  l o s t .  Of th e  amino a c i d  g r o u p s  p r e s e n t  

i n  a n y  p e p t i d e  com plex  o n ly  t h e  one c o n t a i n i n g  t h e

CO CH g ro u p  c o u ld  e x h i b i t  k e t o - e n o l  ta u to m e r i s m  and 

h e n ce  r a c e m i z a t l o n ;  t h e  t e r m i n a l  am ino a c i d  g ro u p  con ­

t a i n i n g  a f r e e  c a rb o x y l  g roup  w o u ld  b e  unch an g ed . S in c e  

r a c e m i z a t l o n  d o e s  n o t  o c c u r  w i th  a l k a l i  i n  d i p e p t i d e s  

i n  w hich , one a n in o  g ro u p  i s  f r e e

R -  CH ~  CO —NH-CHR —COOH
\ « '

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

m lz a t i o n  r e q u i r e  th e  a t t a c h m e n t  o f  o t h e r  g ro u p s  t o  b o th  

amino a n d  c a r b o x y l  r a d i c a l s .  H e n ce ,  t h e  am ino a c i d s  . 

w h ic h  a r e  o p t i c a l l y  a c t i v e  a f t e r  a l k a l i  h y d r o l y s i s  

e i t h e r  occupy  t h e  t e r m i n a l  p o s i t i o n  in  t h e  p e p t i d e  c h a in  

o r  a r e  r a p i d l y  l i b e r a t e d  i n  t h e  f r e e  s t a t e  and so e sca p e  

r a c e m i z a t l o n .

E x p e r im e n ta l

( a )  I s  h i s t i d i n e  s p l i t  o f f  b y  e a r l y  a l k a l i n e  

a l c o h o l y s i s ?

The f i r s t  e x p e r im e n ts  w e re  d i r e c t e d  to  d i s c o v e r  

w h e th e r  h i s t i d i n e  was s p l i t  o f f  from  p r o t e i n s ,  b y  a l k a l i n e  

a l c o h o l y s i s ,  how r a p i d l y  i t  was s p l i t  o f f  a n d  w h e th e r  i t  

was t h ?  o n ly  amino a c i d  s e t  f r e e  o r  was accom p an ied  by
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o th e r s *  To so lv e  t h i  s p ro b lem  t h e  f o l l o w in g  e x p e r im e n ts  

w ere  t r i e d : -

1 . L y s i s  o f  p r o t e i n s  b y  a l c o h o l .

To 200 g ram s o f  d r i e d  r e d  h o r s e  b lo o d  c o r p u s c l e s  

i n  a  s i x  l i t e r  f l a s k  w ere  added  3 ,5 0 0  c . c .  o f  95 p e r  c e n t  

a lc o h o l*  The h o r s e  b lo o d  c o r p u s c l e s  h a d  b e e n  washed 

f o u r  t i m e s  w i th  1*5 p e r  c e n t  sodium  c h l o r i d e  s o l u t i o n  to  

f r e e  them  f ro m  p la sm a  p r o t e i n s  and  t h e n  s p r e a d  on a  g l a s s  

p l a t e  t o , b e  d r i e d  by an a i r  c u r r e n t  o f  ab ou t 35 °  C.

T h is  m ix tu r e  was b o i l e d  u n d e r  a r e f l u x  c o n d e n s e r  f o r  

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

a  m erc u ry  s e a l e d  s t i r r e r .  The e x p e r im e n t  was r e p e a t e d  

w i th  e d e s t i n  and  W i t t e ’ s p e p to n e .  No h i s t i d i n e  o r  any  

o t h e r  amino a c i d  c o u ld  be  s p l i t  o f f  f ro m  th e  p r o t e i n  by  

t h e  a c t i o n  o f  a l c o h o l .

At a p r e s s u r e  o f  t w e n t y - f i v e  pounds p e r  s q u a re  

in c h  no h i s t i d i n e  s p l i t  o f f  f ro m  b lo o d  c e l l s  when b o i l e d  

w i t h  a l c o h o l  in  t h e  a u t o c l a v e .

2 .  A l k a l i n e  a l e c h o l y s i s  of p r o t e i n s  i n  a b s o l u t e  

a l c o h o l ;  p r e p a r a t i o n  o f  "V aughan’ s c ru d e  p r o t e i n  t o x i n " .

To 250 grams of r e d  b lo o d  c o r p u s c l e s  i n  a  s i x  

l i t e r  f l a s k  w ere  added  70 gram s o f  NaOH d i s s o l v e d  i n  

3 ,5 0 0  c . c .  o f  a b s o l u t e  a l c o h o l .  A r e f l u x  c o n d e n s e r  was 

a t t a c h e d  and t h e  f l a s k  w i t h  i t s  c o n t e n t s  h e a t e d  on a 

w a te r  b a t h  f o r  cne h o u r .  The u n d i s s o l v e d  f r a c t i o n  was
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rem oved  b y  f i l t r a t i o n ,  a n d  b o i l e d  w i th  a  f r e s h  m ix tu r e  

o f  a l k a l i  and  a l c o h o l  f o r  t h r e e  h o u rs  and a g a in  f i l t e r e d .

B o th  f i l t r a t e s  w ere  n e u t r a l i z e d  w i t h  h y d r o c h l o r i c  a c i d .

The p r e c i p i t a t e s  o f  sod ium  c h l o r i d e  w ere  re m o v e d .b y  f i l ­

t r a t i o n  and  th e  f i l t r a t e s  e v a p o r a t e d ,  i n  v a c u o ,  a t  1*0° C. 

t o  d r y n e s s .  T hese  w ere e x t r a c t e d  by  a b s o l u t e  a l c o h o l ,  

f i l t e r e d  to  remove sodium  c h l o r i d e  and t h e  e x t r a c t  e v a p o r ­

a t e d  to  d r y n e s s .  The f r a c t i o n s  c o r r e s p o n d  to  " V a u g h a n s  

Crude S o lu b le  P o i s o n " , and  a l t h o u g h  somewhat d a r k e r  i n  

c o l o r ,  h a d  t h e  c h a r a c t e r i s t i c s  o f  t h i s  s u b s t a n c e  a s  d e -  "  

s c r i b e d  b y  Vaughan a n d  l a t e r  by U n d e r h i l l  and  h i s  s t u d e n t s .

I n  t h e  h o p e  o f  f i n d i n g  t h e  n a t u r e  o f  t h e  im id a z o le  

com plexes in  t h e  m i x t u r e ,  10 g ram s o f  t h e  p o i s o n  were

d i s s o l v e d  in  200 c . c .  o f  20 p e r  c e n t  NaOH. T h is
cVKoc c't'* a

a l k a l i n e  l i q u i d  was di-aao l -rod by  s h a k in g  w i th  tw ic e  i t s  volume 

o f  amyl a l c o h o l i  I f  h i s t a m in e  and m e th y l  im id a z o l  w ere

p r e s e n t  i n  t h i s  f r a c t i o n  th e y  c o u ld  n o t  b e  d e m o n s t r a te d  i n
\

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

e x t r a c t .  Nor co u ld  m e th y l  Im id a z o l  be s e p a r a t e d  from  

th e  a l k a l i n e  s o l u t i o n  o f  t h e  c ru d e  p o i s o n  b y  s team  d i s ­

t i l l a t i o n .  Prom t h e  a l k a l i n e  aqueous l i q u i d  no  h i s t i ­

d i n e ,  im id a z o l  p r o p i o n i c  o r  a c e t i c  a c i d s  c o u ld  be  

s e p a r a t e d  by  p r e c i p i t a t i o n  w i th  p h o s p h o tu n g s t i c  a c i d .

A n o th e r  p o r t i o n  of t h e  " t o x i n "  was h y d r o ly z e d  

w i th  37  p e r  c e n t  h y d r o c h l o r i c  a c i d  f o r  f i v e  h o u r s .
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H i s t i d i n e ,  t y r o s i n e ,  a n d  l e u c i n e  w e re  s e p a r a t e d  from

t h e  h y d r o l y s a t e  b y  t h e  method o f  Hanke a r t i  K o e s s l e r  ( l l+ ) .

100 gram s of t h e  “t o x i n "  w ere  m ixed  w i th  500 c . c .  o f  37

p e r  c e n t  h y d r o c h l o r i c  a c i d  i n  a  1 ,0 0 0  c . c .  l o n g  n e c k e d ,

ro u n d  b o t to m e d  P y re x  f l a s k ;  th e  m ix tu r e  was h y d r o ly z e d

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

o v e r  an  e l e c t r i c a l l y  h e a t e d  sa n d  b a th .  The h y d r o c h l o r i c

a c i d  was removed b y  d i s t i l l a t i o n  i n  v a c u o ,  a t  60°  C . , f rom

t h e  same f l a s k .  The r e s i d u e  was d r i e d  a t  100°  C. f o r

2 h o u r s ,  and  t h e n  d i s s o l v e d  In 500 c . c .  o f  d i s t i l l e d  '

w a t e r .  Pow dered c a l c iu m  o x id e  was t h e n  a d d e d  u n t i l ,

t h e  r e d d i s h  brown p r e c i p i t a t e  began  t o  change to  a

g ra y  c o lo r  due to  t h e  p r e s e n c e  o f  u n d i s s o l v e d  l im e .

T h is  p r e c i p i t a t e d  b o t h  f e r r i c  h y d ro x id e  and  hum in;
* • 

250 c . c .  o f  a l c o h o l  were added  to  t h e  f i l t r a t e  and  th e

m ix tu r e  d i s t i l l e d  a t  40°  C. In  vacuo  u n t i l  400 c . c .  

o f  d i s t i l l a t e  w ere o b t a i n e d .  The b ro w n ish  f l u i d  

s y ru p  was t r a n s f e r r e d  t o  a  B uchner f u n n e l  a n d  was 

w ashed  o h :;th e  f i l t e r  w i th  1 ,0 0 0  c . c .  o f  a h o t  s a t u r a t e d  

s o l u t i o n  o f  c a lc iu m  h y d r o x id e .  The f i l t r a t e  th u s  o b ­

t a i n e d  c o n ta in e d  t h e  amino a c i d s  a s  c a lc iu m  s a l t s .

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

s e p a r a t e d  a c c o r d i n g  to  t h e  m ethods o f  Hanke and  K o e s s l e r .  

A bout 0 .8  gram o f  t y r o s i n e  was o b t a i n e d  w h ich  was i d e n t i ­

f i e d  b y  i t s  m e l t in g  p o i n t  ( 3 1 0 ° ) ;  i t s  f i n e  f e a t h e r y
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c r y s t a l s  a n d  M i l lo n ’ s r e a c t i o n .  About 0 .5  gram o f  

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

o f  l e u c i n e ,  nam ely  290° C. Two gram s o f  h i s t i d i n e  d i ­

c h l o r i d e  w ere  o b t a i n e d  and i d e n t i f i e d  by  th e -  m e l t in g  

a t  2 47°  w i th  .g a seo u s  d e c o m p o s i t io n ;  by  i t s  c r y s t a l l i n e  

fo rm ; a n d  b y  i t s  c o n t e n t  of. c h l o r i n e .  The c h l o r i d e  

i o n  f ro m  ,2 ^ 7  g ram  o f  t h e  s u b s ta n c e  was c o m p le t e ly  -

p r e c i p i t a t e d  by  2 1 .7 4  c . c .  o f  0 .1  N:Ag NO . The th e o
3 '

r e t i c a l  q u a n t i t y  n e e d e d  f o r  100 p e r  c e n t  h i s t i d i n e  d i ­

c h l o r i d e  i s  2 1 .6 8  c . c .

The o p t i c a l  a c t i v i t y  o f  t h e s e  t h r e e  amino a o i d s  

was d e te rm in e d  w ith  a  H i l g e r  t h r e e  shadow p o l a r i s c o p e ,  

th r o u g h  a  f o u r  d e c im e te r  t u b e .  The p o l a r i s c o p e  was 

f i t t e d  w i t h  a  s p e c t r o s c o p i c  a t t a c h m e n t  f o r  p r o v id in g  

homogeneous l i g h t  and th e  r o t a t i o n  was d e te r m in e d  o f  th e  

g r e e n  l i n e  o f  m erc u ry .  The s cur ce o f  l i g h t  was a 

C o o p e r-H e w it t  m e rc u ry  lamp*

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

"V aughan! s t o x in "  w e re  fo u n d  to  b e  o p t i c a l l y  i n a c t i v e .

They h a d  e v i d e n t l y  b e e n  r a c e m iz e d  by t h e  a l k a l i n e  t r e a t ­

m e n t .  A 2 .0 4 6  p e r  c e n t  s o l u t i o n  o f  h i s t i d i n e  d i ­

c h l o r i d e  in  1 3 / 4  p e r  c e n t  h y d r o c h l o r i c  a c i d  gave a 

r o t a t i o n  of + 0 .1 4 6 °  a t  2 0 °  C. Then + 1 .7 8 ° ,

i n  p l a c e  o f  + 7 .6 8 °  t h e  s p e c i f i c  r o t a t o r y  pow er of 

o p t i c a l l y  a c t i v e  h i s t i d i n e  d i c h l o r i d e .  T h ere  w a s ,  h e n c e ,
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7 6 .7  p e r  c e n t  r a c e m i z a t l o n ,  s in c e  th e  r o t a t o r y  power was 

o n ly  2 8 .8  p e r  c e n t  o f  t h e  t h e o r e t i c a l .  See T a b le  2.

T h is  e x p e r im e n t  i n d i c a t e d  t h a t  abo u t . I / I 4. o f  th e

h i s t i d i n e ,  b u t  noen  o f  th e  t y r o s i n e  or l e u c i n e  h a d  a 

f r e e  c a r b o x y l  g roup  a n d  was p re su m a b ly  t e x m i n a l .

3 .  A lk a l in e  a l c o h o l y s i s  of p r o t e i n s  in  95 p a r  c e n t  

a l c o h o l .

In  t h i s  e x p e r im e n t  95 p a r  c e n t  a l c o h o l  was u s e d  i n

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

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

To 250 gram s o f  r e d  b lo o d  c o r p u s c l e s  i n . a  s i x  

l i t e r  f l a s k  w ere a d d e d  70 gram s o f  N a d  d i s s o l v e d  i n  3 ,5 0 0  

c . c .  o f  95 p a r  c e n t  a l c o h o l .  A r e f l u x  c o n d e n s e r  was 

a t t a c h e d  a n d . th e  f l a s k  w i t h  i t s  c o n te n t s  b r o u g h t  t o  

b o i l i n g  i n  one h o u r .  The m ix tu r e  was k e p t  th o r o u g h ly  

a g i t a t e d  b y  a  m erc u ry  s e a l e d ,  e l e c t r i c a l l y  d r i v e n  

s t i r r e r .  S e p a r a t io n s  w ere  made a s  i n  t h e  p r e v i o u s  e x ­

p e r im e n t  i n  t h e  p r e p a r a t i o n  o f  " V a u g h an 's  c ru d e  p r o t e i n  

t o x i n " .  From t h i s  m a t e r i a l  s m a l l  am ounts (somewhat l e s s  

t h a n  .5  gram) of i n a c t i v e  t y r o s i n e  a n d  l e u c i n e  w ere  

s e p a r a t e d ;  and  0 .8  g r a n  o f  h i s t i d i n e  d i c h l o r i d e  was 

o b t a i n e d .  A 2 .1 1 8  p e r  c e n t  s o l u t i o n  o f  t h e  h i s t i d i n e  

d i c h l o r i d e  t h u s  o b t a i n e d  and  m ea su re d  u n d e r  t h e  same 

c o n d i t i o n s  a s  t h e  p r e c e d i n g  e x p e r im e n t ,  gave  a  r o t a t i o n
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o f  +0 . 591°*' I n s t e a d  o f  th e  v a lu e  c a l c u l a t e d  f o r  a c t i v e  

h i s t i d i n e  d i c h l o r i d e  of +0.61i.7^. T h is  showed an  o p t i c a l  

a c t i v i t y  9 1 .4  p e r  c e n t  o f  t h e  t h e o r e t i c a l .

T h is  e x p e r im e n t  c o n f i rm e d  t h e  p r e c e d i n g  b u t  

i n d i c a t e d  a  l a r g e r  p r o p o r t i o n  of t h e  h i s t i d i n e  r e c o v e r e d  

was t e r m i n a l .

H av ing  shown t h a t  t h e  h i s t i d i n e  t h u s  o b t a i n e d  

fro m  c o r p u s c l e s  was i n  p a r t  a n d  som etim es i n  c h i e f  p a r t  

o p t i c a l l y  a c t i v e ,  I  p r o c e e d e d . t o  s tu d y  th e  c h a r a c t e r  o f  

t h e  h i s t i d i n e  o b t a i n e d  f ro m  p u r i f i e d  p r o t e i n s .  W hile  

m o st  o f  t h e  h i s t i d i n e  i n  t h e  p r e c e d i n g  e x p e r im e n ts  u n ­

d o u b t e d l y  came from  t h e  h e m o g lo b in  t h e r e  was a  p o s s i b i l i t y  

t h a t  a  p a r t  came from  o t h e r  p r o t e i n s  p r e s e n t  i n  t h e  

c o r p u s c l e s .  T h is  m ig h t  a c c o u n t  f o r  t h e  f a c t  t h a t  some 

o f  t h e  h i s t i d i n e  was r a c e m lz e d .

(b )  I s  h i s t i d i n e  s p l i t  o f f  fro m  c r y s t a l l i n e  

hem o g lo b in ?

P r e p a r a t i o n  of c r y s t a l l i n e  h e m o g lo b in .

C r y s t a l l i n e  h e m o g lo b in  was p r e p a r e d  In  t h e  

f o l lo w in g  e a sy  a n d  d i r e c t  m ethod  d e p e n d e n t  on  t h e  

e l e c t r o d i a l y s i s  o f r e d  b lo o d  c e l l s .  T h is  e x c e l l e n t  

p r o c e d u r e  h a s  b e e n  d e s c r i b e d  b y ^ S ta d ie  and Ross (1*7) 

u s i n g  a p p a r a t u s  s i m i l a r  to  t h e  t h r e e  com partm ent e l e c t r o ­

d i a l y s i s  c e l l s  o f  P o s t e r  a n d  Schm id t (4 8 ) , In  t h i s
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w o rk  I  made th e  f o l l o w i n g  m o d i f i c a t i o n s  i n  t h e  a p p a r a t u s  

a n d  p ro c e d u re  o f  S t a d i e  and R o ss ,  C e l lo p h a n e  was u s e d  

a s  a membrane i n s t e a d  o f  t h e  p a rc h m e n t  p a p e r ,  a n d  l i n e n  

c o a t e d  w i t h  g e l a t i n  w hich  h a d  b e e n .h e a t e d ,  w i t h  f o r m a l ­

dehyde u s e d  by S t a d i e  and R o ss .  The c e l lo p h a n e  membrane 

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

c l e a n e r  a n d  f r e e r  f r o m  f l a w s  t h a n  p a rc h m e n t  m em branes.

W ith  c e l lo p h a n e  a l s o  t h e r e  i s  a  low e l e c t r o - e n d o s m o t i c
( . .

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

com partm ent d u r i n g  e l e c t r o l y s i s .  How ever, some d i f f i ­

c u l t y  was e n c o u n te r e d  in; I n s e r t i n g  an d  h o l d i n g  i t  i n  

t h e  o r d i n a r y  t h r e e  com partm ent c e l l ;  a l s o  l e a k s  o f t e n  

o c c u r r e d  b e tw e e n  t h e  membrane and t h e  r u b b e r  g a s k e t s .

An im proved  t h r e e  com partm en t c e l l  w as co n ­

s t r u c t e d  a s  f o l lo w s  ( s e e  F i g u r e s  1 ,  2 and 3 ) :

I n s e r t  F i g u r e s  1 , 2 , 3 .

A box  10 x  6 and. 3 / 8  x  7 and  1 / 2  i n c h e s /  i n s i d e  

d im e n s io n s ,  was c o n s t r u c t e d  o f  g a l v a n i z e d  s h e e t  m e ta l  

a b o u t  3 /3 2  o f  a n  in c h  t h i c k .  The u p p e r  e d g es  w e re  

d o u b le d  t o  s t r e n g t h e n  t h e  box. The e n t i r e  i n s i d e  was 

c o v e r e d  w i t h  a c o a t  of some I n s u l a t i n g  m a t e r i a l .  The 

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

b a t t e r i e s  and  may b e  o b t a i n e d  a t  an y  s t o r a g e  b a t t e r y  

sh o p . I t  i s  a  s u b s ta n c e  e a s i l y  m e l t e d  and  s p re a d ,  o v e r
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t h e  m e ta l  s u r f a c e .  The c e l l  i s  th e n  t e s t e d  f o r  any  

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

a  d i r e c t  c u r r e n t  o f 110 v o l t s  when cne e l e c t r o d e  i s  

c o n n e c te d  w i t h  t h e  m e t a l  and t h e  o t h e r  p l a c e d  i n  t a p  

w a te r  w i t h i n  t h e  c e l l .  I f  no a p p r e c i a b l e  l e a k s  a r e  

f o u n d  t h e  c o n s t r u c t i o n  of c e l l  i s  p r o c e e d e d  w i t h .

A r u b b e r  c o m p o s i t io n  b a t t e r y  c e l l  2 and 1 /2  x  

6 a n d  I / J 4. x  7 and 3 /8  i n c h e s ,  o u t s i d e  d im e n s io n s ,  i s  

a l t e r e d  t o  fo rm  t h e  m id d le  d i a l y z i n g  cham ber. These 

c e l l s  can be  t a k e n  f ro m  d i s c a r d e d ,  a c i d  ty p e  s t o r a g e  

b a t t e r i e s  t h a t  h av e  wooden f r a m e s  o r  b o u g h t  s e p a r a t e l y .  

They a r e  n o t  c o n t a i n e d  in  b a t t e r i e s  t h a t  have  a  m olded  

c a s e .  Prom th e  tw o  l a r g e s t  s i d e s  p i e c e s  5 x  6 a n d  1 /2  

i n c h e s  a r e  c u t  o u t .  T hese  c a n  b e  c u t  w i t h o u t  c r a c k i n g  

w i th  a k n i f e  i f  th e  c e l l  i s  warmed o v e r  a  g a s  f l a m e .

The r i d g e s  i n  the  b o t to m  o f  t h e  c e l l  a r e  a l s o ,  rem oved . 

The o u t s i d e  o f  t h e  r e m a in d e r  o f  th e  c e l l  i s  c o v e r e d  

w i th  b a t t e r y  s e a l i n g  m ix tu r e .  The c e l l  i s  w rapped  w i th

a  s i n g l e  p te o e  o f  c e l lo p h a n e  8 x  17 i n c h e s  w hich  a l l o w s  

f o r  f o l d i n g  and s e a l i n g  t h e  b o t to m  much a s  a  package  

i s  s e a l e d .  L i g i t  p r e s s u r e  w i l l  cause  t h e  c e l lo p h a n e  

t o  s t i c k  to  t h e  s e a l i n g  m ix t u r e .  At a l l  p o i n t s  o f  

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

w i th  Duco o r  w a t e r  p r o o f  v a r n i s h  t o  p r o t e c t  t h e
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membrane from  a b s o r b in g  w a t e r  an d  d ra w in g  away from  th e  

c e l l .

The a p p a r a t u s  i s  now a sse m b le d  a s  a  t h r e e  com part 

m en t c e l l ,  tw o  s i d e  e l e c t r o d e  c o m p a r tm e n ts  and  th e  m id d le  

d i a l y z i n g  co m partm en t.  L eaks  b e tw een  th e  two end com* 

p a r t r a e n t s  a r e  s to p p e d  w i th  s e a l i n g  compound. By u s i n g  

a  l a r g e r  o r  s m a l l e r  c e l l  and  b y  s h i f t i n g  i t  one way o r  

t h e  o t h e r  th e  s i z e  o f  any  o f  t h e  t h r e e  co m partm en ts  c an  

be  e a s i l y  c h an g e d . -

G ra p h i te  e l e c t r o d e s ,  8 x 5  x  1 /k  in c h e s ,  a r e  

p l a c e d  i n  e a c h  end  co m partm en t 3 /k  in c h e  fro m  th e

c e l lo p h a n e  membrane on e l  th e  reside and s u p p o r t e d  on two 

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

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

D i r e c t  c u r r e n t  f ro m  a 110 v o l t  l i n e  i s  l e d  i n to  t h e  c e l l  

t h r o u g h  b in d in g  p o s t s  b o l t e d  t o  t h e  c a rb o n  p i a t e s . •

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

g l a s s  c o i l s  p l a c e d  b e tw e e n  t h e  e l e c t r o d e s  and th e  

m em branes i n  t h e  end c o m p a r tm e n ts .  These g l a s s  c o i l s  

a r e  n o t  n e e d e d  f o r  h e m o g lo b in ,  th e  t a p  w a te r  r u n n i n g  

d i r e c t l y  o v e r  t h e  e l e c t r o d e s  i n  t h i s  c a s e .  About 1 /2  

i n c h  from  t h e  t o p  in  e a c h  e l e c t r o d e  com partm en t a r e  

p l a c e d  2 and 3 /8  in c h  g l a s s  t u b e s  a s  o v e r f lo w  o u t l e t s .  

These a r e  s to p p e d  when t h e  m a t e r i a l  i n  e i t h e r  e l e c t r o d e  

com partm ent i s  k e p t .
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To p r e p a r e  c r y s t a l l i n e  hem o g lo b in  h o r s e  b lo o d  

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

t i m e s  w i t h  1 . 5  p e r  o e n t  sod ium  c h l o r i d e  s o l u t i o n .  The 

c e l l s  a r e  t h e n  l a k e d  w i th  about o n e - s e v e n t h  t h e i r  volume 

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

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

The l o w e s t  l a y e r  c o n t a i n s  h em o g lo b in .  Of t h i s  a b o u t  

1 ,2 5 0  c . c .  a r e  p o u re d  i n t o  th e  0 e n t e r  com partm en t o f  th e  

e l e c t r o l y t i c  c e l l .  A s t r e a m  o f  t a p  w a t e r  i s  a l lo w e d  t o  

r u n  th r o u g h  t h e  c a th o d e  an d  anode  c a n p a r t m e n t s ,  and o u t  

t h r o u g h  t h e  o v e r f lo w  o u t l e t s .  The d i r e c t  c u r r e n t  o f  

110 v o l t s  i s  t u r n e d  cn . To p r e v e n t  t h e  g a t h e r i n g  o f  

a n  am orphous l a y e r  o f h em o g lo b in  on  t h e  membrane to w a rd  

t h e  c a th o d e  b y  c a t a p h o r e s i s ,  t h e  m asses a s  t h e y  accumu­

l a t e  m ust  be s t i r r e d  f r e q u e n t l y  d u r i n g  t h e  f i r s t  h o u r  

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

f o r m a t io n  o f  c r y s t a l s .  U s u a l l y  a b o u t  80 grains o f  

d r i e d  h e m o g lo b in ,  o r  250 grams o f  m o is t  h em o g lo b in  

may b e  s e p a r a t e d  a f t e r  tw o  h o u r s .  The c r y s t a l s  a r e  

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

th e  u p p e r  s u r f a c e  o f  t h e  p a c k e d  c r y s t a l s  w a sh e d  w i t h  i c e  

c o ld  d i s t i l l e d  w a t e r .  These c r y s t a l s  a r e  d r i e d  on a 

g l a s s  p l a t e  b y  a c u r r e n t  o f  a i r  a t  a b o u t  35° C.

250 grams o f  d r y ,  c r y s t a l l i n e  h e m o g lo b in  t h u s  p r e ­

p a r e d  gave  a b o u t  1 .5  grams of h i s t i d i n e  d i c h l o r i d e  when
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h y d r o ly z e d  w i th  70 grains o f  sodium h y d r o x id e  i n  

3>500 c . c .  95 p e r ' c e n t  a l c o h o l  f o r  one h o u r , . w hich  

i s  a b o u t  t h e  t im e  n e c e s s a r y  to  b r in g  t h e  m ix tu r e  t o  

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

f o l l o w s : t •

The sodium h y d ro x id e  was rem oved .a s  sodium  

c h l o r i d e .  The r e s i d u e  f ro m  th e  e v a p o r a te d  s o l u t i o n  

was d i s s o l v e d  i n  w a te r  t o  make 1 ,2 5 0  c . c .  o r  enougjh to  

f i l l  t h e  c e n t e r  com partm ent o f  t h e  e l e c t r o l y t i c  c e l l .

I t  was s l i g h t l y  a c i d  to w a rd  l i t m u s .  T h is  was s u b j e c t e d  

t o  e l e c t r i c a l  t r a n s p o r t  b y  a d i r e c t  c u r r e n t  o f  110 v o l t s .  

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

0 ,5  am p ere , a 100 w a t t  lam p was p l a c e d  i n  s e r i e s  w i th  th e  

c e l l ,  a n d  t h e  e l e c t r o l y s i s  c o n ta in u e d  f o r  5 h o u r s .  The 

t e m p e r a t u r e  was k e p t  b e lo w  3 0 °  C. b y  c i r c u l a t i n g  w a t e r  

t h r o u g h  g l a s s  c o l l s  p l a c e d  b e tw een  t h e  e l e c t r o d e s  and . 

th e  c e l lo p h a n e  m em branes. The s o l u t i o n  i n  t h e  c e n t e r  

com partm ent was k e p t  a g i t a t e d  b y  means o f  an e l e c t r i c  

s t i r r e r *  C arbon d io x id e  was b u b b l e d . s lo w ly  th ro u g h  

t h e  c a th o d e  s o l u t i o n  to  k e e p  t h e  a l k a l i n i t y  a t  a  iow 

l e v e l .  The c a i t e n t s  o f  t h e  c a th o d e  com partm en t a t  

t h e  end  o f  f i v e  h o u r s  ( f r a c t i o n  A) w ere  rem oved  andt
r e p l a c e d  w ith  d i s t i l l e d  w a t e r ,  and  t h e  e l e c t r o d i a l y s i s  

i •
c o n t i n u e d  u n t i l  th e  c e n t e r  c a n p a r tm e n t  g av e  c n ly  a  

s l i g h t  p r e c i p i t a t e  w i th  j h o s p h o t u n g s t i c  a c i d .  The
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The s o l u t i o n  a t  th e  c a th o d e  ( f r a c t i o n  B) c o n t a i n s  m ost 

o f  t h e  h i s t i d i n e .  F r a c t i o n  A c o n t a i n s  o n ly  a  sm a ll  

• am ount o f h i s t i d i n e .

The am ounts  o f  r e a g e n t s  u s e d  in  s e p a r a t i n g  h i s t i ­

d in e  a r e  im p o r ta n t  a n d  a r e  b a s e d  on t h e  t h e o r e t i c a l  

am ount o f  h i s t i d i n e  i n  t h e  p r o t e i n  h y d r o l y s \ a t e ;  i n  th e  

c a s e  o f  250 gram s d r i e d  h e m o g lo b in ,  a b o u t  20 grams o f  

h i s t i d i n e .  F r a c t i o n  B was c o n c e n t r a t e d ; t o  a b o u t

I4.OO c . c .  an d  50 o . c .  of d i l u t e  (50  p e r  c e n t  by vo lu m e) .

s u l f u r i c  a c i d  a d d ed . The h i s t i d i n e  was t h e n  p r e ­

c i p i t a t e d  b y  a d d in g  100  gram s of m e r c u r ic  s u l f a t e  d i s ­

s o l v e d  in  1 l i t e r  o f  5 p e r  c e n t  by  volum e s u l f u r i c  

a c i d .  (M e rc u r ic  s u l f a t e  i s  p r e f e r a b l e  to  m e r c u r i c  

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

s o l u t i o n s  occupy  s m a l l e r  volum es and m e r c u r i c  s u l f a t e  

i s  a  more s p e c i f i c  p r e c i p i t a t i n g  a g e n t  f o r  h i s t i d i n e . )

The m ix tu re  i s  a l lo w e d  to  p r e c i p i t a t e :  f o r  two o r  t h r e e  

day s  in  t h e  i c e  b ox . The p r e c i p i t a t e  i s  f i l t e r e d  o f f  

and w ashed w i th  1 p e r  c e n t  r a e rc u r io  s u l f a t e  i n  5 p e r  c e n t  

s u l f u r i c  a c id *  The p r e c i p i t a t e  i s  t h e n  s u s p e n d e d  i n  

200  c . c .  o f  w a te r  and  25 c . c .  o f  37 p e r  c e n t  HCl a r e  

a d d e d . The m e rc u ry  i s  t h e n  rem oved  w i th  hyd rog en  s u l f i d e ,

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

on t h e  w a te r  b a t h .  S u l f u r i c  a e i d  is t  t h e n  e x a c t l y
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rem oved  w i t h  Ba(OH) . The f i l t r a t e  a f t e r  re m o v a l  o f2 <
b a r iu m  a u l f a t e  i s  c o n c e n t r a t e d  t o  a t h i c k  s y ru p  in  

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

t o  th e  w e i g h t  o f  t h e  s y r u p  i s  ad d ed . The h i s t i d i n e  d i ­

c h l o r i d e  i s  a l lo w e d  to  c r y s t a l l i z e  o u t  i n  t h e  i c e  box

f o r  s e v e r a l  d a y s ,  a n d  t h e n  rem oved  fay s u c t i o n  f i l t r a -
1

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

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

e q u a l  w e ig h t  o f  h o t .  d i s t i l l e d - w a t e r ,  an d  d i l u t e d  w i t h  

t e n  t im e s  i t s  w e ig h t  o f  95 p a r  c e n t  e t h y l  a l c o h o l .

The m ix tu r e  i s  h e a t e d  t o  b o i l i n g  an d  t h e n . f i l t e r e d  h o t  

and  a l lo w e d  to  c r y s t a l l i z e  in  t h e  i c e  b ox . The c r y s t a l s  

a r e  f i l t e r e d  o f f  and  d r i e d  i n  vacu o .

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

t h u s  p r e p a r e d  f ro m  1 h o u r  a l k a l i n e  h y d r o l y s i s  a t  low 

t e m p e r a t u r e  o f  c r y s t a l l i n e  hem og lo b in  p r e p a r e d . a s  j u s t  

d e s c r i b e d ,w a s  d e te rm in e d  and  fo u n d  t o  b e  9 8 .5  p e r  c e n t  

o p t i c a l l y  a c t i v e .  1 .7 8 9  p e r  c e n t  s o l u t i o n  i n , a  f o u r  

d e c i m e t e r  tu b e  a t  20 C. gave  a  r o t a t i o n  + 0 .5 3 8  .

h e m o g lo b in  w i t h  70 g r a n s  NaOH i n  3#500 c . c .  95 p e r  c e n t  

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

h o u r s  more a b o u t  3*5 grams o f  h i s t i d i n e  d i c h l o r i d e  was

Hence J B +7.1*2 . T h e o r e t i c a l  + 7 .63  .
Hg

When th e  h y d r o l y s i s  of 250 g ra n s  o f  c r y s t a l l i n e
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s e p a ra te d  by th e  method ju s t  d e s c r ib e d . A 2 .341 p e r  cen t 

s o lu t io n  of t h i s  h i s t id in e  d ic h lo r id e  was found to  g ive
• , r 1 2 0 0

a re a d in g  o f  +0.693 w hich gave a  +7.40 . Of t h i s
I  J.Hg .

h i s t i d in e  96 .9  p e r  c e n t  was th u s o p t ic a l ly  a c t iv e .

See T a b le  2 .

( c )  I s  o p t i c a l l y  a c t i v e  h i s t i d i n e  s p l i t  

o f f  f ro m  o t h e r  p r o t e i n s ?

H aving  shown t h a t  h i s t i d i n e  came f ro m  c r y s t a l l i n e  

h e m o g lo b in  v e r y  q u i c k l y  on a l k a l i n e  a l c o h o l y s i s  and  t h a t  

th e  h i s t i d i n e  was n o t  r a c e m iz e d ,  I  th e n  t r i e d  e d e s t i n ,  

c a s e i n ,  a n d  W i t t e ' s  p e p to n e .

At t h e  e n d  o f  5 h o u r s  h y d r o l y s i s  w i t h  2 p e r  c e n t  

NaOH i n  95 p e r  c e n t  a l c o h o l ,  e d e s t i n ,  c a s e i n ,  an d  W i t t e ' s  

p e p to n e  gave  r e s p e c t i v e l y  a b o u t  1 . 0 ,  1 ,2  a n d  0 ,6  gram o f  

h i s t i d i n e  d i c h l o r i d e .  I n a c t i v e  t y r o s i n e  a n d  l e u c i n e  s p l i t  

o f f  f ro m  c a s e i n  an d  e d e s t i n ,  b u t  c o u ld  n o t  b e  s e p a r a t e d  

fro m  W i t t e ' s  p e p to n e .

An i n s p e c t i o n  o f  T ab le  2 r e v e a l s  t h a t  i n  t h e  c a s e  

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

t a i n e d  by  b r i e f  a l k a l i n e  a l c o h o l i c  h y d r o l y s i s  w ere  f o r  

th e  m ost p a r t  o p t i c a l l y  a c t i v e ,  J u s t  a s  w as t h a t  f ro m  

h e m o g lo b in  an d  in  f a c t  w ere  r e s p e c t i v e l y  9 4 .5  p a r  c e n t ;

82 .3  p e r  c e n t ;  and 87 .5  p er c e n t  o f t h e  t h e o r e t i c a l
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a c t i v i t y .  T h is  a g a i n  i n d i c a t e s  t h e  t e r m i n a l  s i t u a t i o n  

o f  some h i s t i d i n e  i n  t h e s e  p r o t e i n s .

(d )  A n a ly se s  o f  p r o t e i n s  u se d .

In  o r d e r  t o  d e te rm in e  t h e  q u a n t i t y  o f  h i s t i d i n e  i n  

t h e  p r o t e i n s  u s e d ,  t h e  d i s t r i b u t i o n  o f  n i t r o g e n  i n  them  

was d e te r m in e d  by  Van S l y k e ' s  (49 ) m ethod . The r e s u l t s  

a r e  g iv e n  i n  T ab le  1 .  A n a ly se s  were made on 5 gram 

sa m p le s  o f  W i t t e ' s  p e p to n e  and c r y s t a l l i n e  h em o g lo b in .

The v a l u e s  g i v e n  f o r  e d e s t i n  a r e  t h o s e  o f  V ic k e r y  an d  

L ea v en w o r th  (5 0 )  and t h o s e  f o r  c a s e i n  o f  Van S l y k e . ( 5 l ) .

I n s e r t  T a b le s  1 and 2 .

An e x a m in a t io n  o f  t h i s  t a b l e  r e v e a l s  t h a t  W i t t e ' s  

p e p to n e ,  such  a s  was u s e d  i n  t h e s e  e x p e r im e n t s ,  c o n ­

t a i n e d  o n ly  a b o u t  1 .5  p e r  c e n t  o f ; t h e  t o t a l  n i t r o g e n  

a s  h i s t i d i n e  n i t r o g e n ,w h i c h  c o r r e s p o n d s  to  1 p e r  c e n t  o f  

h i s t i d i n e  in  t h e  m o le c u l e ;  t h a t  hem og lo b in  c o n t a i n s  

1 3 .2 2  p e r  c e n t  o f  t h e  t o t a l  n i t r o g e n  a s  h i s t i d i n e  

n i t r o g e n ,  w h ich  c o r r e s p o n d s  t o  8 .5  p e r  c e n t  o f  h i s t i d i n e ;  

and e d e s t i n  5*5 Per c e n t  and  c a s e i n  6 ,2  p e r  c e n t  r e ­

s p e c t i v e l y  o f  th e  t o t a l  n i t r o g e n ,  c o r r e s p o n d i n g  to  a b o u t  

3 . 8  p e r  c e n t  e d e s t i n  a id  4*1 p e r  c e n t  c a s e i n .  Those 

f i g u r e s  f o r  hem og lo b in  c o r r e s p o n d  c l o s e l y  w i th  t h o s e
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^  T ab le  I .

5 gram a h y d r o ly z e d ;  made up  t o  250 c . c .  100 c . c .  p a r t s  t a k e n

W i t t e ' s  p e p to n e  H em oglobin  E d e s t i n .  C a se in
  V  y v /  V * 3 0 . /

G r a m s % T o t a l G r a m s % T o ta l  % T o ta l  % T o t a l  
N . N N N N N„

% N c o n te n t  
o f  p r o t e i n

T o t a l  N 0 .2 5 1 0
0 .2 5 1 0

1 2 .5 5

0 .3 3 9 0
0 .3 3 9 0

1 6 .9 5 1 8 ,6 9 1 5 .6 2

T o ta l  b a s i c  
N

0 . 061*6 
o . 0650

25.71*
2 5 .9 2

0 .1 0 8 0
0 .1 0 8 6

3 1 .8 5
3 2 .3 5

T o ta l  b a s i c  
am ino N

0 .0 3 7 1
0 .0 3 7 6

11*. 80 
11*. 96

0 .0 5 8 0
0 .0 5 9 1

1 7 .1 1
17.1*3

A r g in in e  N 0 .0 3 2 9
0 .0 3 3 6

1 3 .1 2
13.1*0

0 .0 2 6 2  
0 .0 2 6 8

7 .7 3
7 .9 0 2 7 .2 7.1*

C y s t in e  N 0 .0 0 2 5
0 .002 3

1 .0 0
.9 2

>■ ■
0 .0 0 0 .6 0 .2

H i s t i d i n e  N 0.001*3
0 .003 3

1 .7 1
1 .3 2

0 . 01*56 
o .o i* ia

13.1*4 
1 3 .0 0 5 .5 6 .2

L y s in e  N 0.021*9
0 ,0 2 5 8

9 .9 2
1 0 .2 8

0 .0 3 6 9  
0 .0 3 7 7

1 0 .8 8
1 1 .1 2 3 .8 1 0 .3
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58

T able I I .

*1 2 0 °  ' o
a] d - h i s t id in e  d ic h lo r id e  = 7 .6 3  .

. J X  5U61A
250 grams p r o te in  in  3 ,5 0 0  c .c .  a lc o h o l .

P r o te in s  h y d ro ly zed  f o r  5 hours w ith  NaOH, th en  10 hr s .  
w ith  HC1.

1I Treatment Per pent
Observed C *  "i, 0 ' Per cen tP r o te in Per c en t

Time
hours

H is t id in e fa]20

EtOH NaOH HC1 in  p o la r i -  
m eter tu b e

R o ta tio n L J
Hg

O p tic a l
A c t iv i t y

C orp u scles 9 9 .5 2 1 no h i s t i d i n e r ec o v e re d

C orp u scles 9 9 .5 2 5 no h i s t id in e r ec o v e re d

C orp u scles 9 9 .5 10 no h i s t i d i n e r ec o v e re d

C orp u sc les* 9 9 .5 2 37 10 2.01+6 0.11*6 1 .7 8 2 3 .3

Hemoglobin 95 2 1 1 .7 8 9 0 .5 3 8 7.5 2 9 8 .5  '

Hemoglobin 95 2 5 2.3U 1 0 .6 9 3 7.1+0 7 9 6 .9

C orp u scles 95 2 1 2 .1 1 8 0 .5 9 1 6 .9 8 91 .U
*

C orp u scles 95 2 37 10 1.61*2 0 .1 0 8 1.61* 21.1*

E d e stin 95 2 5 0.891* 0.51*6 7.2 1 9U .5

E d e stin * 95 2 37 10 1.1*56 0 .0 8 6 1.1*8 19.14.

W it te 's
peptone 95 2 5 2 .6 3 5 0 .662 6 .2 8 8 2 .3

W it te 's *
peptone 95 2 37 10 2 .3 9 8 0 .2 1 3 2 .2 2 2 9 .1

C asein 95 2 5 1.821* 0.1*87 6 .6 8 8 7 .5

C asein * 95 2 37 10 2.01*1 0.151* 1 .8 7 21*. 5

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



g iv e n  b y  Van S ly k e .

250  grams o f  h em o g lo b in  c o n t a i n  a p p r o x im a te ly  

21 gram s o f  h i s t i d i n e .  I t  w i l l  be n o t e d  t h a t  a f t e r  one 

h ou r  h y d r o l y s i s  by  sod ium  a l c o h o l a t e  1 .5  gram s o f  h i s t i d i n e  

d i c h l o r i d e  w ere  r e c o v e r e d ,  w h ich  i s  a p p r o x im a te ly  7 p e r  

c e n t .  A f t e r  if- h o u r s  c o n tin u ed , b o i l i n g  3 .5  g ram s o f  

h i s t i d i n e  d i c h l o r i d e  w ere  o b t a i n e d ,  w hich  i s  a p p r o x im a te ly  

15 p e r  c e n t  o f  t h e  t o t a l  h i s t i d i n e  p r e s e n t .  W i t t e ' s  

p e p to n e  s h o u ld  have  y i e l d e d  2 .5  g ra m s ,  b u t  t h e r e  was 

o b t a i n e d  o n ly  0 .6  gram  of h i s t i d i n e  d i c h l o r i d e  o r  a b o u t  

25 p e r  c e n t  of t h e  t o t a l  h i s t i d i n e ;  e d e s t i n  y i e l d e d  1 

gram  in  p l a c e  o f  a t o t a l  o f  9*5 grams an d  c a s e i n  1 .2  

gram s in  p l a c e  o f  a b o u t  10 g ram s .

These f i g u r e s  show t h a t  o n ly  a  s m a l l  p r o p o r t i o n  

o f  t h e  t o t a l  h i s t i d i n e  in  t h e  m o le c u le  r a n g i n g  from  

5 p e r  c e n t  -  25 p e r  c e n t . i s  s p l i t  o f f  i n  t h e  n o n - ra c e m iz e d  

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

T h is  i n d i c a t e d  t h a t  a  l a r g e r  p a r t  of t h e  h i s t i ­

d i n e  was n o t  t e r m i n a l  and  s h o u ld ,  t h e r e f o r e ,  have b e en  

r a c e m iz e d  b y  t h e  a l k a l i n e  t r e a t m e n t .  To p ro v e  t h a t  

t h i s  was a c t u a l l y  t h e  c a s e ,  o t h e r  sa m p le s  o f  t h e s e  p r o t e i n s  

w ere  f i r s t  t r e a t e d  by  2 p e r  c e n t  sodium  h y d r a t e  i n  95 p e r  

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

Tfris s p l i t  o f f  l a r t  of t h e  h i s t i d i n e  and s i n c e  o t h e r
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amino a c i d s  and p re s u m a b ly  r a c e m lz e d  m ost o f  th e  o t h e r  . 

amino a c i d s  w h ich  s t i l l  r e m a in e d  i n  p e p t i d e  fo rm . The 

h y d r o l y s a t e  was n e u t r a l i z e d  b y  a d d in g  c o n c e n t r a t e d  h y d ro ­

c h l o r i c  a c id  and f i l t e r e d  t o  remove th e  sodium  c h l o r i d e .  

The a l c o h o l  was e v a p o ra te d  to  d r y n e s s  and th e  r e s i d u e  was 

th e n  h y d r o ly s e d  w i th  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  f o r  

10 h o u r s .  The h i s t i d i n e  was s e p a r a t e d  ft*om t h e  

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

e l e c t r o d i a l y s i s .  Y ie ld s  o f  h i s t i d i n e  o f  a p p r o x im a te ly  

80 p e r  c e n t  of the  t h e o r e t i c a l  w ere  t h u s  o b t a i n e d .  These 

sam p les  o f  h i s t i d i n e  d i c h l o r i d e  a s  w i l l  b e  s e e n  f ro m  an 

i n s p e c t i o n  o f  T ab le  2 w ere  o n l y  from  1 9 .U p e r  c e n t  t o

2 9 ,1  p e r  c e n t  o p t i c a l l y  a c t i v e .

Hence i t  i s  c l e a r  t h a t  m ost o f  t h e  h i s t i d i n e  has  

b e e n  r a c e m lz e d  b y  th e  a l k a l i n e  t r e a t m e n t  and was a c ­

c o r d i n g l y  s u b s t i t u t e d  i n  i t  s c a rb o x y l  g ro u p  an d  was n o t  

t e r m i n a l .

C o n c lu s io n s .

1 .  A p o r t i o n  o f  t h e  h i s t i d i n e  i n  c r y s t a l l i n e  

h e m o g lo b in ,  in  e d e s t i n ,  c a s e i n ,  and  W i t t e ’ s p e p to n e  

i s  v e ry  q u ic k ly  s p l i t  o f f  f ro m  t h e  p r o t e i n  m o le cu le  

b y  a l c o h o l  a n d  sod ium  h y d ro x id e .
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2 . The h i s t i d i n e  f r a c t i o n  t h u s  s p j . i t  o f f  i s  n o t  

r a c e m iz e d  a n d  t h e r e f o r e  p r o b a b ly  o c c u p ie s  t h e  t e r m i n a l  

p o s i t i o n  i n  th e  m o le c u le .

3 . The a p p e a ra n c e  o f  i n a c t i v e  t y r o s i n e  a n d  i n ­

a c t i v e  l e u c i n e  a lo n g  w ith  th e  a c t i v e  h i s t i d i n e  s u g g e s t s  

t h a t  t h e s e  amino a c i d s  a r e  c l o s e l y  a s s o c i a t e d  i n  the  

m o le cu le  and i n  su ch  a  manner t h a t  t h e  c a r b o x y l s  o f  

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

I4.. S u b seq u e n t  a c i d  h y d r o l y s i s  o f  th e  h y d r o l y s a t e  

r e s u l t i n g  from  the  a l k a l i n e  d i g e s t i o n  o f  t h e  p r o t e i n s  

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

r a c e ra iz e d .

5 . The q u a n t i t i e s  o f  o p t i c a l l y  a c t i v e  h i s t i d i n e  

o b t a i n e d  b y  a l k a l i n e  h y d r o l y s i s  a lo n e  s u g g e s t s  t h a t  m ost 

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

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

i n  t h e  m o le c u le  i s  n o t  t e r m i n a l .

6 , The. t e r m i n a l  p o s i t i o n  o f  a  p a r t  o f  t h e  h i s t i ­

d in e  i n  p r o t e i n s  i s  t h u s  i n d i c a t e d  and  t h e  f a c t  t h a t

th e  c a rb o x y l  g ro u p  in  t h i s  p o r t i o n  i s  p re s u m a b ly  f r e e  may 

a c c o u n t  f o r  t h e  e a se  w i th  w h ich  h i s t a m in e  i s  o b t a i n e d  i n  

e x t r a c t s  o f  v a r i o u s  o rg a n s ;  and  may a l s o  be c o r r e l a t e d  

w i t h  t h e  t o x i c  p r o p e r t i e s  o f  some o f  t h e  p r o t e i n  d e ­

c o m p o s i t io n  p r o d u c t s .
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7. H y d r o ly s i s  o f  b lo o d  c o r p u s c l e s  w i th  sod ium  

h y d ro x id e  In  95 P©r  c e n t  a l c o h o l  p r e s e n t s  a b e t t e r  

method f o r  the  p r e p a r a t i o n  o f  h i s t i d i n e  t h a n  a n y  h i t h e r ­

t o  p ro p o sed *  b e c a u se  o f  the  l a r g e  amount o f  h i s t i d i n e  

q u i c k l y  s p l i t  o f f  f ro m  t h e  p r o t e i n ,  in  an  o p t i c a l l y  a c t i v e

fo rm  and e a s i l y  s e p a r a t e d  f ro m  t h e  s m a l l  am ounts o f
/ • 

o t h e r  amino a c i d s .

Summary.

1 . An im proved  e l e o t r o d i a l y s i s  a p p a r a t u s  i s  

d e s c r i b e d .

2. A q u ic k  m ethod  f o r  t h e  p r e p a r a t i o n  o f  h i s t i ­

d i n e  i s  g iv e n .

3 . A m ethod  f o r . e a s i l y  p r e p a r i n g  c o n s i d e r a b l e
c .  f  h  <  d l °  b f - h

q u a n t i t i e s  of e l e c t r o d i a l y s i s  o f  b lo o d  c o r p u s c l e s ,  i s  s t a t e d .A
4 . A p o r t i o n  of t h e  h i s t i d i n e  in  c r y s t a l l i n e  

h e m o g lo b in ,  i n  e d e s t i n ,  c a s e i n ,  and  W i t t e ' s  p e p to n e  i s  

q u i c k l y  s p l i t  o f f  b y  a l k a l i n e  a l o o h o l y s i s  and i s  

o p t i c a l l y  a c t i v e .  I t  o c c u p ie s  h en ce  p r o b a b ly  a t e r m i n a l  

p o s i t i o n  in  t h e  m o lecu le  w i t h  i t s  c a r b o x y l  f r e e .  The 

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

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

a c t i v e  h i s t i d i n e  p re su m a b ly  t e r m i n a l  r a n g i n g  from  5 -

20 p e r  c e n t  o f  the  t o t a l  h i s t i d i n e  w ere  a c t u a l l y  r e c o v e r e d .
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A b s t r a c t

THE PLACE OF HISTIDINE IN THE PROTEIN MOLECULE

C o n c lu s io n s .

1 .  A p o r t i o n  o f  t h e  h i s t i d i n e  i n  c r y s t a l l i n e  

h e m o g lo b in ,  i n  e d e s t i n ,  c a s e i n ,  and W i t t e ' s  p e p to n e  

i s  v e r y  q u i c k l y  s p l i t  o f f  from  th e  p r o t e i n  m o le c u le  

b y  a l c o h o l  an d  sodium  h y d rox ide*

2* The h i s t i d i n e  f r a c t i o n  t h u s  s p l i t  o f f  i s  n o t  

r a c e ra iz e d  and  t h e r e f o r e  p ro b a b ly  o c c u p ie s  t h e  t e r m i n a l  

p o s i t i o n  i n  t h e  m o le c u le .

3* The a p p e a ra n c e  o f  i n a c t i v e  t y r o s i n e  and  i n ­

a c t i v e  l e u c i n e  a lo n g  w i t h  t h e  a c t i v e  h i s t i d i n e  s u g g e s t s  

t h a t  t h e s e  amino a c i d s  a r e  c l o s e l y  a s s o c i a t e d  i n  t h e  

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

b o th  t y r o s i n  and  l e u c i n e  a r e  s u b s t i t u t e d .

ij.» S u b se q u e n t  a c i d  h y d r o l y s i s  o f  t h e  h y d r o l y s a t e  

r e s u l t i n g  from  th e  a l k a l i n e  d i g e s t i o n  o f  t h e  p r o t e i n s  

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

r a c e m lz e d .

5 . The q u a n t i t i e s  o f o p t i c a l l y  a c t i v e  h i s t i d i n e  

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

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

d in e  i n  t h e  m o le c u le  i s  n o t  t e r m i n a l ,

6 .  The t e r m i n a l  p o s i t i o n  o f  a  p a r t  o f  t h e  h i s t i ­

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

t h e  c a r b o x y l  g ro u p  i n  t h i s  p o r t i o n  i s  p re s u m a b ly  f r e e  

may a o c o u n t  f o r  t h e  e a se  w i th  w h ic h  h i s t a m in e  i s  ob­

t a i n e d  i n  e x t r a c t s  o f  v a r i o u s  o r g a n s ;  a n d  may a l s o  b e  

c o r r e l a t e d  w i t h  t h e  t o x i c  p r o p e r t i e s  o f  3ome o f  th e  

p r o t e i n  d e c o m p o s i t io n  p r o d u c t s .

7* H y d r o ly s i s  o f b lo o d  co rp u s  o le  3 w i t h  sodium 

h y d ro x id e  i n  95 p e r  c e n t  a l c o h o l  p r e s e n t s  a  b e t t e r  

m eth od  f o r  t h e  p r e p a r a t i o n  o f  h i s t i d i n e  t h a n  a n y  h i t h e r ­

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

q u i c k l y  s p l i t  o f f  f ro m  t h e  p r o t e i n  i n  a n  o p t i c a l l y  

a c t i v e  form  a n d  e a s i l y  s e p a r a t e d  from  th e  s m a l l  am ounts 

o f  o t h e r  amino a c i d s .

Summary.

1 ,  An im proved  e l e o t r o d i a l y s i s  a p p a r a t u s  i s  

d e s c r i b e d .

2 ,  A q u ic k  m ethod  f o r  t h e  p r e p a r a t i o n  o f  h i s t i ­

d in e  i s  g i v e n ,

3 ,  A m ethod f o r  e a s i l y  p r e p a r i n g  c o n s i d e r a b l e  
C/fV-SMlt-ne ^

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

s t a t e d .

V*
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k* A p o r t i o n  o f  t h e  h i s t i d i n e  i n  c r y s t a l l i n e  

h e m o g lo b in ,  i n  e d e s t i n ,  c a s e i n ,  a n d  W i t t e ' s  p e p to n e  

i s  q u i c k l y  s p l i t  o f f  by  a l k a l i n e  a lo o h o l y s i a  and  i s  

o p t i c a l l y  a c t i v e .  I t  o c c u p ie s  hen ce  p r o b a b ly  a 

t e r m i n a l  p o s i t i o n  i n  t h e  m o le c u le  w i t h  i t s  c a rb o x y l  

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

i n  t h e  d i f f e r e n t  p r o t e i n s  s t u d i e d .  Q u a n t i t i e s  o f  

o p t i c a l l y  a c t i v e  h i s t i d i n e  p re su m ab ly  t e r m i n a l  r a n g in g  

from  5 -  20  p e r  c e n t  o f  th e  t o t a l  h i s t i d i n e  w ere  

a c t u a l l y  r e c o v e r e d .
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