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ABSTRACT

I n  u n h a i r i n g  o p e r a t i o n s ,  t h e  t a n n e r  d e s i r e s  a  d i s ­

s o l u t i o n  o f  t h e  e p i d e r m i s  w i t h  a  minimum b reak do w n  o f  

h a i r  an d  c o r iu m  t i s s u e s .  C o m p a r a t i v e l y  l i t t l e  i s  known 

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

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

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

E p i d e r m i s  f o r  t h i s  w o rk  was o b t a i n e d  f rom  t h r e e  a n i m a l s  

by two m ethods  c a l c u l a t e d  t o  y i e l d  a  minimum o f  m o d i f i c a ­

t i o n .  T h ese  m e tho d s  w e re  ( 1 )  r e m o v a l  a t  l e s s  t h a n  10°C 

w i t h  d i l u t e  sod ium  c h l o r i d e  s o l u t i o n s ,  w i t h  p r e c a u t i o n s  

t a k e n  a g a i n s t  b a c t e r i a l  a c t i o n ,  and  ( 2 )  r e m o v a l  by t h e  

a c t i o n  o f  d i s t i l l e d  w a t e r  a t  60°C .  f o r  a  p e r i o d  o f  t e n  

m i n u t e s .

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

l a y e r s - - g e r m i n a t i v u m ,  g r a n u l o s u m ,  l u c i d i u m ,  and co rneum .  

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

s e b a c e o u s  g l a n d s  and s w e a t  g l a n d  d u c t s .  M i c r o s c o p i c  

e x a m i n a t i o n  showed them t o  be f r e e  o f  h a i r  and c o r iu m  

t i s s u e s .  H a i r  f ro m  t h e  same a n i m a l s  was a n a l y z e d  s i m u l ­

t a n e o u s l y  t o  p e r m i t  a  c o m p a r a t i v e  e v a l u a t i o n .  Q u a n t i t a ­

t i v e  a n a l y s e s  w e re  c o n d u c t e d  by  s e m i - m i c r o ,  m i c r o ,  a n d  

c o l o r i m e t r i c  m e th od s  f o r  t h e  f o l l o w i n g  c o n s t i t u e n t s :  

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

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

Q u a l i t a t i v e  t e s t s  f o r  H2 S an d  SOg, t o  s e e  i f  t h e s e  w e re  

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

h y d r a t e  w ere  a l s o  c o n d u c t e d .

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

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

t h e  c a s e  i n  e p i d e r m i s .  E v i d e n c e  i s  p r e s e n t e d  f o r  t h e  

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

T h i s  may be h o m o c y s t i n e ,  whose e x i s t e n c e  i n  n a t u r e  h a s  

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

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

w e re  v e r y  d i f f e r e n t .  E p i d e r m i s  v a r i e s  n o t  o n ly  f rom  h a i r  

b u t  a l s o  f ro m  any  k e r a t i n  so  f a r  a n a l y z e d ,  i n s o f a r  a s  

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

c o n c e r n e d .  T h i s  c o n f i r m s  B l o c k ' s  s t a t e m e n t  t h a t  e p i d e r m i s  

i s  n o t  a  e u k e r a t i n .
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I. INTRODUCTION

The p r o c e s s  o f  u n h a i r i n g  a n i m a l  h i d e s  and  s k i n s ,  

a s  em p loy ed  by  t h e  t a n n e r ,  i s  known t o  i n v o l v e  a  c h e m i ­

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

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

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

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

w h i c h  r e p r e s e n t s  t h e  b o d y ’ s f i r s t  l i n e  o f  d e f e n s e  a g a i n s t  

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

t h e  b i o l o g i s t .  A s u r v e y  o f  t h e  l i t e r a t u r e  ( a s  w i l l  be 

r e v e a l e d  l a t e r )  shows t h e  i n a d e q u a c y  o f  o u r  k n o w led ge  

o f  t h e  c h e m i c a l  c o n s t i t u t i o n  o f  t h e  c o m po n en ts  o f  t h e  

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

I n  v i e w  o f  t h i s ,  an d  s i n c e  new er  t e c h n i q u e s  h a v e  b e e n  

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

d e r m i s ,  i t  seemed a p p r o p r i a t e  t o  e x a m in e  t h e  c o n s t i t u ­

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

e p i d e r m a l  s y s t e m ,  v i z . ,  h a i r  a n d  e p i d e r m i s .

B l o c k  and  V i c k e r y  ( 1 )  h a v e  s t a t e d :  "A k e r a t i n  i s  

a  p r o t e i n  w h ic h  i s  r e s i s t a n t  t o  d i g e s t i o n  by  p e p s i n  and 

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

i n  w a t e r  and  i n  o r g a n i c  s o l v e n t s ,  and  w h i c h  on  a c i d  h y ­

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

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

a r e ,  r e s p e c t i v e l y ,  a p p r o x i m a t e l y  1 : 4 : 1 2 . "  I n  a d d i t i o n  

t o  t h e s e  c r i t e r i a ,  k e r a t i n s  a r e  u s u a l l y  c h a r a c t e r i z e d
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-2
b y  t h e  a b i l i t y  t o  assum e  two c h a r a c t e r i s t i c  m o l e c u l a r  

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

a r e  i n  a  s t r e t c h e d  o r  a  f o l d e d  m o l e c u l a r  c o n f i g u r a t i o n  ( 2 ) ,  

and  by  a  c o m p a r a t i v e l y  h i g h  s u l f u r  and c y s t i n e  c o n t e n t ,  

a c c o m p a n ie d  by  a r e l a t i v e l y  low m e t h i o n i n e  c o n t e n t  ( 3 ) .

The h i g h  c y s t i n e  and low m e t h i o n i n e  c o n t e n t  o f  k e r a ­

t i n s  c a n  p r o b a b l y  be  e x p l a i n e d  on  t h e  b a s i s  o f  t h e  c o n ­

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

k e r a t i n i z a t i o n .  D uV igneaud ,  K i l m e r ,  R a c h e l e  and  Cohn (4 )  

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

a s  f o l l o w s :

-P
CHp-CHp-CH-C-OH
6 wh2
ch3

M e t h i o n i n e

CH p-CH 2 -C H -c f-0 H

H 2
Homocysteine

t r a n s f e r s  CH: 
t o  c h o l i n e

s>CHp-CH-C-OH 
0 HHp 
H

S e r i n e

P
CH2 -9H-C-OH
S NH2

&Hp-CH-(>0H
flH2

C y s t i n e

,P
gH2“CH2 ~^H-C-0H 

H H2

Homocysteine

,P
;h2 - c h 2 - ^ h - c - o h  

« p 2
^H p-CH -C -O H

* nh2

C y s t a t h i o n i n e

S p l i t s
e n z y m a t i c a l l y  
a l o n g  d o t t e d  
. l i n e  

0
i O )  CHp-CH-C-OH
- -  c. -) s  nh2
T h T *  h

C y s t e i n e
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- 3 -

T h i s  p o s t u l a t e d  mechanism i s  b a s e d  on  t h e  f o l l o w i n g  

f a c t s :

1 .  J a c k s o n  and B l o c k  ( 5 ) ,  i n  193 2 ,  d e m o n s t r a t e d  

t h a t  m e t h i o n i n e  c o u ld  be  s u b s t i t u t e d  f o r  c y s t i n e  

i n  t h e  d i e t  o f  t h e  g r o w in g  r a t .

2 .  T a r v e r  and S c h m id t  ( 6 ) ,  i n  193 9 ,  by t h e  u se  o f  

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

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

c a l l y  f ro m  t h e  s u l f u r  o f  m e t h i o n i n e .

3 .  DuVigneaud and  h i s  a s s o c i a t e s  (7)>  by  u s i n g  

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

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

o f  t h i s  m e t h y l  g ro u p  t o  c h o l i n e  and t o  c r e a t i n e .  

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

and  s y n t h e t i c  h o m o c y s t e i n e  was u s e d ,  showed t h e  

p r o c e s s  t o  be  m e t a b o l i c a l l y  r e v e r s i b l e .

0 0
CHo-CHp-CH-Cf-OH  --------------> CHp- + CHp-CHo-CH-C-OH
d 2 2 t o p  <- --------- - 3 £ 2 2
ch3 h

M e t h i o n i n e  L a b i l e  H o m o c y s te in e
M e th y l

4 .  S t e t t e n  ( 8 )  f e d  s e r i n e  c o n t a i n i n g  i s o t o p i c  n i t r o g e n  

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

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

l a t e d  f ro m  t h e  t i s s u e s  o f  t h e s e  a n i m a l s .

5.  When h o m o c y s t e i n e  and s e r i n e  a r e  i n c u b a t e d  w i t h
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- 4-

l i v e r  t i s s u e  o r  l i v e r  e x t r a c t ,  c y s t e i n e  i s  fo rm ed  ( 9 ) .

6 .  S y n t h e t i c  c y s t a t h i o n i n e  u n d e r g o e s  e n z y m a t i c  

c l e a v a g e  by  l i v e r  t i s s u e  o r  l i v e r  e x t r a c t  t o  y i e l d  

c y s t e i n e  ( 1 0 , 1 1 )  and  a l s o  s a t i s f a c t o r i l y  r e p l a c e s  

c y s t i n e  i n  t h e  d i e t  ( 1 0 ) .

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

and a l s o  i s o t o p i c  c a r b o n  i n  one o f  t h e  c a r b o n s

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

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

b u t  no i s o t o p i c  c a r b o n  ( 4 ) .  Thus t h e  s u l f u r  o f  

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

i n  t h e  f o r m a t i o n  o f  c y s t i n e .

C a t t l e  h a i r  h a s  b e e n  a n a l y z e d  p r e v i o u s l y  f o r  c y s t i n e  ( 1 2 ,  

1 3 ) ,  b u t  a p p a r e n t l y  n o t  f o r  m e t h i o n i n e .  H ow ever ,  B l o c k  and 

B o l l i n g  ( 1 4 )  ha v e  c a l c u l a t e d  a  v a l u e  o f  0 . 6  p e r  c e n t  m e t h i o n i n e  

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

c y s t i n e  s u l f u r  and t o t a l  s u l f u r  a s  fou n d  by  B l o c k  and Lewis  (1 2 )  

i n  t h e  h a i r  o f  a d u l t  cow s ,  and  B e v e r i d g e  and L ucas  (1 5 )  h ave  

r e p o r t e d  1 p e r  c e n t  m e t h i o n i n e  i n  human h a i r .

No r e c o r d  h a s  b e e n  f o u n d  o f  a n y  p r e v i o u s  a t t e m p t  t o  

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

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

H a u g a a rd  i n  t h i s  l a b o r a t o r y  and  r e p o r t e d  by  O ' F l a h e r t y  ( 1 6 ) ,  

a s  a  p r e l i m i n a r y  t o  t h i s  i n v e s t i g a t i o n .  H ow ever ,  S u l l i v a n ,

H e ss  and  Howe ( 1 7 )  h a v e  r e p o r t e d  a n a l y s e s  f o r  w h o le  lamb
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s k i n ,  and s e v e r a l  a t t e m p t s  have  b e e n  made t o  a n a l y z e  human 

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

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

w i d e l y .  The v a r y i n g  n a t u r e  o f  t h e  m a t e r i a l s  h a s  b e e n  r e -  

f l e e t e d  by  t h e  v a r y i n g  n a t u r e  o f  t h e  r e s u l t s .

W i l k e r s o n  ( 1 8 ,  19)  a n a l y z e d  s a m p le s  o f  s t r a t u m  corneum  

f ro m  a  p e r s o n  w i t h  d e r m a t i t i s  e x f o l i a t i v a .  E c k s t e i n  (2 0 )  

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

i n g  some c o r iu m  m a t e r i a l  and  p o s s i b l e  h a i r  r o o t s ,  a f t e r  

s u b j e c t i n g  i t  t o  p e p t i c  and  t r y p t i c  d i g e s t i o n .  P e p t i c  

d i g e s t i o n  may p o s s i b l y  ha ve  removed m o s t  o f  t h e  c o r iu m  

t i s s u e .  However ,  t h e  h i g h  a s h  c o n t e n t  an d  low n i t r o g e n  

v a l u e  w h ic h  E c k s t e i n  f o u n d  makes i t  d o u b t f u l  t h a t  he was 

a n a l y z i n g  o n l y  e p i d e r m i s .  B l o c k  ( 2 1 )  o b t a i n e d  human e p i ­

d e r m i s  f ro m  two s o u r c e s ,  n a m e ly ,  c o r n i f i e d  e p i t h e l i u m  f rom  

t h e  s o l e  o f  t h e  f o o t  and  s c a l e s  f r o m  p a t i e n t s  w i t h  e x f o l i a ­

t i v e  d e r m a t o s e s  o f  v a r i o u s  k i n d s .  The same w o r k e r  a l s o  

a n a l y z e d  h o r s e  b u r r s  b e f o r e  and  a f t e r  s u b j e c t i n g  them  t o  

e n z y m a t i c  d i g e s t i o n  ( 2 2 ) .  W i l s o n  and  Lewis  ( 2 3 )  h ave  o b t a i n e d  

a n a l y t i c a l  v a l u e s  f o r  human s k i n ,  b u t  t h e s e  a u t h o r s  do n o t  

s t a t e  w h e t h e r  w h o le  s k i n ,  o r  m e r e l y  e p i d e r m i s  o r  some l a y e r  

t h e r e o f  was u s e d .  The v a l u e s  o b t a i n e d  by  t h e s e  w o r k e r s  

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

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

The a n a l y s e s  w h i c h  a r e  r e p o r t e d  i n  t h i s  p a p e r  a r e ,  i t
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i s  b e l i e v e d ,  t h e  f i r s t  amino a c i d  a n a l y s e s  w h i c h  have  b e e n  

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

c a l  l a y e r s  w i t h  a minimum o f  m o d i f i c a t i o n .  F u r t h e r m o r e ,  

t h e y  a r e  t h e  f i r s t  t o  be  o b t a i n e d  o n  b o v i n e  e p i d e r m i s ,  

and  t h e y  a r e  c o n c e r n e d  w i t h  t h o s e  p o r t i o n s  o f  t h e  h i d e  i n  

w h ic h  t h e  t a n n e r  i s  i n t e r e s t e d ,  n a m e ly ,  t h e  a r e a s  o r i g i n a l ­

l y  c o v e r e d  by  t h e  h a i r .  E p i d e r m a l  s a m p le s  w e re  o b t a i n e d  

a s  a  r e s u l t  o f  t h e  o b s e r v a t i o n s  o f  Roddy and  J a c o b s ,  a s  

r e p o r t e d  by 0 ’F l a h e r t y  ( 1 6 ) ,  t h a t  i t  was p o s s i b l e  t o  s e p a ­

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

s k i n  o r  h i d e - b y  t h e  a c t i o n  o f  e i t h e r  5 p e r  c e n t  sod ium  

c h l o r i d e  s o l u t i o n ,  a t  o r  be low  room t e m p e r a t u r e ,  o r  o f  

d i s t i l l e d  w a t e r  a t  60°C .  I n  t h i s  r e p o r t ,  d a t a  a r e  g i v e n  

w h ic h  c o n t r a s t  b o v i n e  h a i r  an d  e p i d e r m i s  s e c u r e d  by  t h e s e  

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

m e n t a l  s e c t i o n  b e lo w .

I I .  EXPERIMENTAL 

A. E x p e r i m e n t a l  M ethods

1 .  P r e p a r a t i o n  o f  t h e  Sam p les

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

a t e l y  a f t e r  s l a u g h t e r ,  w e re  b r o u g h t  t o  t h e  l a b o r a t o r y  

w h e re  t h e y  w e re  w a s h e d ,  c u t  up and h a n d l e d  w i t h i n  a  few 

h o u r s  a s  d e s c r i b e d  b e lo w .  S i n c e  t h e  p r e p a r a t i o n s  o f  t h e  

m a t e r i a l s  f o r  e x p e r i m e n t a t i o n  w e re  u n d e r  way a s  s o o n  a s  

t h e  b o d y  h e a t  was l o s t ,  p o s t - m o r t e m  c h a n g e s  w e re  m in i m iz e d .
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The s e p a r a t o r y  p r o c e d u r e  em ployed  f o r  E p i d e r m i s  I  

was a s  f o l l o w s :  P i e c e s  o f  b l a c k  h a i r e d  b u l l  h i d e  w e re

u n h a i r e d  i n  5 p e r  c e n t  sod ium  c h l o r i d e  s o l u t i o n  a t  r e ­

f r i g e r a t o r  t e m p e r a t u r e  ( < 1 0 ° C . ) .  S u f f i c i e n t  s a l t  s o l u ­

t i o n  was used  t o  f l o a t  t h e  h i d e  p i e c e s  i n  b a t t e r y  j a r s  

( a b o u t  1 : 2 ,  s k i n  t o  s o l u t i o n  r a t i o  by w e i g h t ) ,  and  t h e  

l i q u i d  s u r f a c e  was c o v e r e d  w i t h  t o l u e n e .  B o t h  t h e  

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

Removal  o f  e p i d e r m i s  f ro m  t h e  p i e c e s  was a c c o m p l i s h e d  d u r ­

i n g  t h e  p e r i o d  f ro m  t h e  f i f t h  t o  t h e  t h i r t e e n t h  d a y .

A f t e r  r e m o v a l  f r o m  t h e  r e m a i n d e r  o f  t h e  h i d e ,  t h e  e p i ­

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

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

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

t h e  c o m p l e t e n e s s  o f  t h e  s e p a r a t i o n s .  T h ese  m i c r o s c o p i c  

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

m i s ,  and  l i t t l e  o p p o r t u n i t y  had b e e n  g i v e n  f o r  a n y  s i g ­

n i f i c a n t  d e t e r i o r a t i o n .  No o d o r  was d e t e c t e d  i n  a n y  s t a g e ,  

e i t h e r  i n  t h e  s o l u t i o n s  o r  i n  t h e  t i s s u e .  A l l  rem oved  

e p i d e r m i s  was q u i c k - f r o z e n  i n  a  m o i s t  c o n d i t i o n  and  h e l d  

b e lo w  0 ° C . , e x c e p t  d u r i n g  t h e  s h o r t  p e r i o d s  when i t  was 

b e i n g  f r e e d  o f  h a i r .  When s u f f i c i e n t  e p i d e r m i s  had  b e e n  

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

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

and lo w e re d  i t s  m o i s t u r e  c o n t e n t  so  i t  c o u l d  be  s t o r e d  

f o r  c h e m i c a l  a n a l y s i s .  The h a i r  removed f rom  t h e  e p i d e r m i s
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( i n c l u d i n g  r o o t s )  was s i m i l a r l y  e x t r a c t e d  and s t o r e d .

F o r  E p i d e r m i s  I I  a  r e d  h a i r e d  s t e e r  h i d e  was u s e d .  

S e c u r e d  f r e s h  f r o m  t h e  s l a u g h t e r ,  i t  was w a sh e d ,  c u t  i n t o  

p i e c e s ,  and q u i c k - f r o z e n .  The p i e c e s  w e re  i n d i v i d u a l l y  

u n h a i r e d  i m m e d i a t e l y  a f t e r  t h a w in g  by im m e rs in g  them  i n  

d i s t i l l e d  w a t e r  a t  60 * 2°C.  f o r  10 -  15 m i n u t e s .  The 

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

o u t .  The e p i d e r m i s  c o u ld  t h e n  be p e e l e d  o f f  q u i t e  e a s i l y  

f ro m  t h e  c o r i u m .  The few r e m a i n i n g  h a i r s  and  h a i r  r o o t s  

w e re  p u l l e d  t h r o u g h  f rom  t h e  u n d e r s i d e  o f  t h e  e p i d e r m i s .  

M i c r o s c o p i c  e x a m i n a t i o n  (45X) by  a  h i s t o l o g i s t  d e m o n s t r a t e d  

t h e  h i g h  e f f i c i e n c y  o f  t h e  s e p a r a t i o n .  F i g u r e  1 p r e s e n t s  

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

m a n n e r .  The c l e a r e d  e p i d e r m i s  was r e - f r o z e n ,  and  when 

s u f f i c i e n t  m a t e r i a l  had b e e n  a c c u m u l a t e d ,  i t  was e x t r a c t e d  

w i t h  a l c o h o l  and  a c e t o n e ,  a i r - d r i e d ,  and s t o r e d  f o r  

a n a l y s i s .  The y i e l d  was 3 . 3  g .  o f  a i r - d r i e d  e p i d e r m i s  

f ro m  a b o u t  30  pounds  o f  h i d e .  H a i r  f ro m  t h e  same e p i d e r m i s  

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

p r e p a r a t i o n .

E p i d e r m i s  I I I  was o b t a i n e d  f ro m  a  r e d  and w h i t e  h a i r e d  

s t e e r  h i d e .  I t s  t r e a t m e n t  was s i m i l a r  t o  t h a t  o f  E p i d e r m i s  I I .  

I n  t h i s  c a s e ,  h o w e v e r ,  t h e  h a i r  on  t h e  h i d e  p i e c e s  was c u t  

dov/n t o  t h e  s u r f a c e  o f  t h e  e p i d e r m i s  b e f o r e  t h e  warm w a t e r  

t r e a t m e n t .  F o r  t h i s  p u r p o s e ,  a n i m a l  c l i p p e r s ,  f o l l o w e d  by

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



an. e l e c t r i c  r a z o r ,  w e re  u s e d .  On r e m o v in g  t h e  e p i d e r m i s  

t h e  h a i r  f o l l i c l e s  b r o k e  i n  t h e  n e ig h b o r h o o d  o f  t h e  

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

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

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

s c o p e .  Y i e ld ,  4 . 3  g .  o f  a i r - d r i e d  e p i d e r m i s  f ro m  a b o u t  

40  pounds  o f  h i d e .  H a i r  f ro m  t h i s  p r e p a r a t i o n  was n o t  

a n a l y z e d .

2 .  M o i s t u r e  D e t e r m i n a t i o n s

T h i r t y - f i v e  t o  f i f t y  mg. s a m p le s  o f  h a i r  o r  e p i d e r m i s  

w e re  q u i c k l y  t r a n s f e r r e d  f ro m  t h e  a i r - t i g h t  b o t t l e s  i n  

w h ic h  t h e  m a t e r i a l s  w e re  s t o r e d  t o  w e ig h e d  m i c r o - w e i g h i n g  

b o t t l e s ,  s t o p p e r e d ,  w e ig h e d  on  a  m i c r o - b a l a n c e ,  d r i e d  t o  

minimum w e i g h t  i n  a  vacuum oven  a t  70°C. and th e  l o s s  

com puted  a s  m o i s t u r e .  Minimum w e i g h t  was a c h i e v e d  f o r  

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

A f t e r  s i x t e e n  h o u r s ,  w e i g h t  g a i n s  w e re  n o t e d ,  p r o b a b l y  

due  t o  o x i d a t i o n .  I n  t h e  c a s e  o f  h a i r  s a m p l e s ,  s t r a y  

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

d i f f i c u l t y  was overcom e by w e i g h i n g  s e v e r a l  s m a l l ,  p r e ­

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

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

t h e  w e i g h i n g  b o t t l e .

3 .  L i p i d  D e t e r m i n a t i o n

I t  was s t a t e d  u n d e r  ( 1 )  t h a t  t h e  l i p i d  o f  t h e

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 10-

e p i d e r m i s  was rem oved  by S o x h l e t  e x t r a c t i o n .  The s a m p le s  

a r e  p r e p a r e d  f o r  S o x h l e t  e x t r a c t i o n  by d r y i n g  w i t h  c o l d  

a c e t o n e  w h ic h  i s  t h e n  d i s p l a c e d  by c o l d  e t h a n o l .  Then 

S o x h l e t  e x t r a c t i o n ,  f i r s t  w i t h  e t h a n o l ,  t h e n  w i t h  a c e t o n e  

f o l l o w s .  I n  t h e  c a s e  o f  E p i d e r m i s  I I I ,  e a c h  o f  t h e s e  

f r a c t i o n s  was s a v e d ,  e v a p o r a t e d  t o  d r y n e s s  on  a  s t e a m  

b a t h  and d r i e d  a t  70°C .  i n  a  vacuum o v e n .  I n  t h i s  way, 

t h e  l i p i d  f r a c t i o n s  r e p o r t e d  i n  T a b l e  IV w e r e  o b t a i n e d .  

They w e re  com puted  t o  a  m o i s t u r e - f r e e  b a s i s .

4 .  T o t a l  N i t r o g e n  D e t e r m i n a t i o n s

Due t o  w a r n i n g s  i n  t h e  l i t e r a t u r e  a b o u t  t h e  d i f f i ­

c u l t i e s  o f  d i g e s t i n g  p r o t e i n  m a t e r i a l s  f o r  r n i c r o - K j e l d a h l  

a n a l y s i s  ( 2 4 ,  2 5 ) ,  t h e  p r o c e d u r e  recommended by  M i l l e r  

and  H o u g h to n  ( 2 5 )  was a t  f i r s t  a d o p t e d  on  a  s e m i - m i c r o  

s c a l e .  H ow ever ,  i t  was l a t e r  fo u n d  t h a t  c o m p a r a b l e  r e ­

s u l t s  on o u r  m a t e r i a l s  c o u ld  be o b t a i n e d  by a  s e m i - m i c r o  

m o d i f i c a t i o n  o f  t h e  K j e l d a h l - G u n n i n g  method when d i g e s t i o n  

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

t i o n ,  t h e  m i x t u r e  i s  t r a n s f e r r e d  t o  t h e  m i c r o - K j e l d a h l  

d i s t i l l a t i o n  a p p a r a t u s ,  made a l k a l i n e  an d  t h e  NH^ i s  

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

few  d r o p s  o f  m ixed i n d i c a t o r ,  made a c c o r d i n g  t o  t h e  d i ­

r e c t i o n s  o f  Ma and Z u azaga  ( 2 6 ) .  I t  was t h e n  t i t r a t e d  

w i t h  f i f t i e t h  n o r m a l  s t a n d a r d  h y d r o c h l o r i c  a c i d .  S a m p les  

w e re  c h o s e n  o f  s u c h  a  s i z e  t h a t  t h e  f i n a l  t i t r a t i o n  was

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 11-

1 5 - 2 5  m l .

5 .  T o t a l  S u l f u r  D e t e r m i n a t i o n s

T o t a l  s u l f u r  was d e t e r m i n e d  by  a s e m i - m i c r o  m odi­

f i c a t i o n  o f  t h e  C a r i u s  m e th o d .  The sa m p le  i s  o x i d i z e d  

w i t h  fu m in g  n i t r i c  a c i d  i n  a  s e a l e d  t u b e  a t  300°G.  f o r  

a  minimum o f  s i x  h o u r s .  The t u b e  i s  c a r e f u l l y  opened  

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

20 m l .  b e a k e r .  The s o l u t i o n  i s  e v a p o r a t e d  t o  2 -  3 ml.  

t o  rem ove  e x c e s s  n i t r i c  a c i d ,  d i l u t e d  w i t h  h o t  w a t e r ,  

two d r o p s  o f  10 N. HC1 a r e  add ed  and  t h e  s o l u t i o n  a g a i n  

e v a p o r a t e d  t o  2 -  3 m l .  A f t e r  f u r t h e r  d i l u t i o n ,  t h e  

s o l u t i o n  i s  a l l o w e d  t o  come t o  t h e  t e m p e r a t u r e  o f  t h e  

s t e a m  b a t h .  Hot  d i l u t e  B aC l2 s o l u t i o n  i s  ad ded  d r o p  

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

The m i x t u r e  i s  d i g e s t e d  f o r  a t  l e a s t  a n  h o u r  on t h e  

s t e a m  b a t h  and a l l o w e d  t o  s t a n d  o v e r n i g h t .  N ex t  morn­

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

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

w e ig h e d  m ic r o  N e u b au e r  c r u c i b l e .  The t r a n s f e r  i s  accom ­

p l i s h e d  by  t h e  u s e  o f  h o t ,  CC>2 - f r e e  w a t e r  f o l l o w e d  by 

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

w e ig h e d  and t h e  am ount  o f  s u l f u r  com puted  f ro m  t h e  fo u n d  

w e i g h t  o f  b a r iu m  s u l f a t e .  S u l f u r - c o n t a i n i n g  o r g a n i c  

compounds o f  known c o m p o s i t i o n  gave  t h e o r e t i c a l  y i e l d s  

o f  s u l f u r  by t h i s  method a s  u se d  by  us b e f o r e  i t  was
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a d o p t e d  f o r  u s e  w i t h  e p i d e r m i s  an d  h a i r .

6 .  Ash

Ash was d e t e r m i n e d  by  i g n i t i o n  i n  m i c r o - c r u c i b l e s  

a t  550°  -  600°C .  u n t i l  c o n s t a n t  w e i g h t  was o b t a i n e d .

7 .  C y s t i n e  D e t e r m i n a t i o n s

The v a l u e s  o f  c y s t i n e  g i v e n  by  us a r e  a c t u a l l y  

c y s t i n e  p l u s  c y s t e i n e  v a l u e s .  C y s t e i n e  i s  o x i d i z e d  t o  

c y s t i n e  i n  t h e  p r o c e s s  o f  h y d r o l y s i s .  B o t h  t h e  fo rm ed  

an d  t h e  p r e - f o r m e d  c y s t i n e  a r e  c o l o r i m e t r i c a l l y  m ea su re d  

a g a i n s t  a  c y s t i n e  s t a n d a r d .  F o r  d e t e r m i n i n g  t h e  c y s t i n e  

a  m o d i f i c a t i o n  ( 2 7 )  o f  t h e  S u l l i v a n  method was u s e d .

The p r o t e i n  was h y d r o l y z e d  w i t h  1 : 1  h y d r o c h l o r i c  a c i d  

i n  a  s e a l e d  t u b e  a t  120°C.  f o r  e i g h t  h o u r s .  The h y d r o l y ­

s a t e  was d e c o l o r i z e d  w i t h  a  s m a l l  am ount  o f  N o r i t  v e g e ­

t a b l e  c h a r c o a l  and f i l t e r e d .  The r e s i d u e  was w ashed  w i t h  

N / l  h y d r o c h l o r i c  a c i d  b r o u g h t  q u i c k l y  t o  a  b o i l  and  t h e n  

w i t h  more N / l  h y d r o c h l o r i c  a c i d  a t  room t e m p e r a t u r e .

The f i l t r a t e  an d  w a s h i n g s  w e re  e v a p o r a t e d  t o  d r y n e s s  

" i n  v a c u o "  on  a  s t e a m  b a t h  and  t h e  r e s i d u e  was p i c k e d  up 

w i t h  N /1 0  h y d r o c h l o r i c  a c i d  and t e s t e d  a s  f o l l o w s :

To a  5 m l .  a l i q u o t  o f  t h e  s o l u t i o n ,  i n  a  2 5  ml.  

v o l u m e t r i c  f l a s k ,  2 m l .  o f  5 p e r  c e n t  NaCN i n  N /2  NaOH 

a r e  a d d e d .  The s o l u t i o n  i s  t h e n  a l l o w e d  t o  s t a n d  a t  

room t e m p e r a t u r e  ( n o t  l e s s  t h a n  2 0 ° C . )  f o r  f i f t e e n  m in­

u t e s .  Then  1 . 0  m l .  o f  0 . 1  p e r  c e n t  a q u e o u s  so d iu m
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l , 2 - n a p h t h o q u i n o n e - 4 - s u l f o n a t e  i s  ad d ed *  and t h e  f l a s k  

i s  s h a k e n  v i g o r o u s l y .  E x a c t l y  t e n  s e c o n d s  l a t e r ,  5 m l .  

o f  10 p e r  c e n t  a n h y d r o u s  Na2 S 0 3  i n  N /2  NaOH a r e  q u i c k l y  

a d d e d  w i t h  c o n t i n u o u s  a g i t a t i o n  o f  t h e  f l a s k .  The s o l u ­

t i o n  i s  t h e n  a l l o w e d  t o  s t a n d  f o r  t h i r t y  m i n u t e s .  A t  

t h i s  p o i n t  2 m l .  o f  a  2 p e r  c e n t  s o l u t i o n  o f  so d iu m  

h y d r o s u l f i t e  (Na2 S 2 0 4 _) i n  N/2 NaOH a r e  a d d e d .  The 

s o l u t i o n  i s  m ix e d ,  made up t o  v o lu m e ,  s h a k e n  v i g o r o u s l y ,  

and  t h e n  com pared  i n  a  c o l o r i m e t e r  a g a i n s t  a  c y s t i n e  

s t a n d a r d  w h i c h  was r u n  s i m u l t a n e o u s l y .  B o t h  a  Duboscq  

v i s u a l  c o l o r i m e t e r  and  a  K l e t t - S u m m e r s o n  p h o t o e l e c t r i c  

c o l o r i m e t e r  u s i n g  a  number 61 W r a t t e n  g e l a t i n  f i l t e r  

h a v e  b e e n  s u c c e s s f u l l y  u s e d .  I n  g e n e r a l ,  t h e  u s e  o f  t h e  

p h o t o e l e c t r i c  c o l o r i m e t e r  i s  t o  be  p r e f e r r e d .  U s in g  

t h i s  i n s t r u m e n t ,  r e s u l t s  on  known s o l u t i o n s  o f  c y s t i n e  

h a v e  b e e n  a lw a y s  w i t h i n  5 p e r  c e n t  and  u s u a l l y  w i t h i n  

3 p e r  c e n t  o f  t h e  known v a l u e .  C y s t i n e  a d d e d  t o  h y d r o l y ­

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

* 0 . 5  P e r  c e n t  n a p h t h o q u i n o n e ,  i n s t e a d  o f  0 . 1  p e r  c e n t  
n a p h t h o q u i n o n e ,  was em ployed  f o r  t h e  l a t t e r  h a l f  o f  t h e  
c y s t i n e  d e t e r m i n a t i o n s  on  E p i d e r m i s  I I .  T h i s  was done 
b e c a u s e  i t  was f e l t  t h a t  some o f  t h e  r e a g e n t  m i g h t  be  
consumed i n  s i d e  r e a c t i o n s  b e c a u s e  o f  t h e  l a r g e  q u a n t i t i e s  
o f  e p i d e r m i s  i n v o l v e d .  The r e s u l t s  w e r e  e s s e n t i a l l y  t h e  
sam e,  s o  t h e  h i g h e r  c o n c e n t r a t i o n  was a l s o  u se d  f o r  t h e  
a n a l y s e s  o f  E p i d e r m i s  I I I .
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8 .  D e t e r m i n a t i o n  o f  T o t a l  D i s u l f i d e

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

o n  E p i d e r m i s  I I I  and  was r u n  on  t h e  same t h r e e  h y d r o l y ­

s a t e s  a s  w e re  u s e d  f o r  t h r e e  o f  t h e  c y s t i n e  d e t e r m i n a ­

t i o n s ,  I t s  p u r p o s e  was t o  d e t e r m i n e  w h e t h e r  h o m o c y s t i n e  

was p r e s e n t  by d e t e r m i n i n g  i f  a  d i s c r e p a n c y  e x i s t e d  b e ­

tw e e n  t h e  t o t a l  d i s u l f i d e  an d  c y s t i n e  v a l u e s .  The 

m ethod  h a s  b e e n  s i m i l a r l y  u se d  by  B r a n d ,  C a h i l l  and  

B l o c k  ( 2 8 )  and b y  Ans low  and  Du V ig n e au d  ( 1 1 ) .  The 

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

f o r m a t i o n  o f  a  m ixed  d i s u l f i d e  f ro m  c y s t e i n e  a n d  homo­

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

r e a c t i o n .  No s u c h  i n t e r f e r e n c e  was f o u n d .

The method was f i r s t  r e p o r t e d  by K a s s e l l  (2 9 )  and 

l a t e r  g i v e n  i n  c o n s i d e r a b l e  d e t a i l  by K a s s e l l  and B ra n d  ( 3 0 ) .  

I t  was used  e s s e n t i a l l y  a s  r e p o r t e d  i n  t h e  l a t t e r  r e f e r ­

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

1 .  A Beckman Q u a r t z  S p e c t r o p h o t o m e t e r ,  M odel  DU, 

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

em ployed  by  K a s s e l l  and B r a n d .

2 .  M e a s u re m e n t  o f  t h e  t r a n s m i s s i o n  o v e r  a  w id e  

s p e c t r a l  r a n g e  showed t h a t  t h e  b l u e  c o l o r  o f  

r e d u c e d  p h o s p h o t u n g s t i c  a c i d  i s  c a u s e d  by a  

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

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

r e g i o n .  However t h e  p o i n t  o f  minimum
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t r a n s m i s s i o n  was a t  8 8 8  m i l l i m i c r o n s ,  i n  t h e  

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

d e t e r m i n a t i o n s  r e p o r t e d  i n  t h i s  p a p e r  w e r e  made 

a t  8 8 8  m i l l i m i c r o n s  w i t h  a  s l i t  w i d t h  o f  0 . 0 3  mm.

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

a c c o r d i n g  t o  t h e  d i r e c t i o n s  o f  F o l i n  ( 3 1 ) ?  a s  

a d v i s e d  by  K a s s e l l  and  B r a n d ,  e x c e p t  t h a t  t h e  

f i n a l  d i l u t i o n  was n o t  m ade .  Under  o u r  c o n d i ­

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

d i l u t e d  r e a g e n t ,  b u t  B e e r ’ s law  was f o l l o w e d  

i f  t h e  r e a g e n t  was u se d  i n  a n  u n d i l u t e d  fo rm .

4 .  Though a s t r a i g h t  l i n e  was o b t a i n e d  by p l o t t i n g  

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

i n d i c a t i n g  t h a t  B e e r ' s  law  was b e i n g  f o l l o w e d ,  

t h i s  l i n e  d i d  n o t  p a s s  t h r o u g h  t h e  o r i g i n .

T h u s ,  i n s t e a d  o f  b e i n g  o f  t h e  fo rm  —■

D -  £  Cjj 

i t  was o f  t h e  fo rm

D = £7 Cj£ +■ b 

w h e re  D = o p t i c a l  d e n s i t y

£■ = t h e  m o la r  e x t i n c t i o n  c o e f f i c i e n t  

Cjyj = t h e  m o la r  c o n c e n t r a t i o n  o f  d i s u l f i d e  

b  = t h e  p o i n t  o f  i n t e r c e p t  w i t h  t h e  a x i s  

a l o n g  w h i c h  D i s  p l o t t e d ,  

was e x p e r i m e n t a l l y  f o u n d  t o  be  9 1 7 5  and  b 

had a  v a l u e  o f  - 0 . 0 7 1 .
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The method was c a l i b r a t e d  w i t h  known s o l u t i o n s  o f  

c y s t i n e  and o f  h o m o c y s t i n e .  I t  was t e s t e d  by a d d i n g  

known am oun ts  o f  c y s t i n e ,  o f  h o m o c y s t i n e ,  and  o f  m i x t u r e s  

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

The a d d e d  m a t e r i a l s  w e re  r e c o v e r e d  q u a n t i t a t i v e l y  i n  

a n a l y s e s  o f  t h e  h y d r o l y s a t e s .

9 .  M e t h i o n i n e  D e t e r m i n a t i o n s

M e t h i o n i n e  was d e t e r m i n e d  by t h e  M c C a r t h y - S u l l i v a n  

p r o c e d u r e  (3 2 )  a s  g i v e n  by B l o c k  and B o l l i n g  ( 3 3 )  w i t h  

t h e  e x c e p t i o n  o f  a  few  c h a n g e s .  The h y d r o l y s a t e  i s  

e v a p o r a t e d  t o  d r y n e s s  " i n  v a c u o "  arid p i c k e d  up w i t h  N/ 1 0  

h y d r o c h l o r i c  a c i d  i n s t e a d  o f  a d j u s t i n g  t h e  pH a s  r ec o m ­

mended by  B l o c k  and B o l l i n g .  One m l .  o f  2 p e r  c e n t  n i t r o -  

p r u s s i d e  i s  u se d  I n s t e a d  o f  0 . 3  ni l .  o f  1 0  p e r  c e n t  n i t r o -  

p r u s s i d e ,  and a  number 6 l  f i l t e r  i s  employed  i n  p l a c e  o f  

a  number 54. T h e s e  m inor  c h a n g e s  g a v e  us r e s u l t s  i n  

c o n f o r m i t y  w i t h  B e e r ' s  law  f o r  c o n c e n t r a t i o n s  o f  m e t h i o ­

n i n e  f rom  100 t o  200 p a r t s  p e r  m i l l i o n .  C o n c e n t r a t i o n s  

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

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

a  r a p i d  f a d i n g  o f  t h e  m e t h i o n i n e  c o l o r  a s  shown by  W h i te  

and  K och  ( 3 4 ) .  I n  t h e  c a s e  o f  h a i r  s a m p l e s ,  t h i s  was 

c i r c u m v e n t e d  by  t a k i n g  r e a d i n g s  i m m e d i a t e l y  a f t e r  a c i d i f i c a ­

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

i n  t h e  c a s e  o f  t h e  e p i d e r m a l  s a m p le s  due  t o  t h e  f a c t  t h a t
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t h e  c y s t i n e  was p r e s e n t  i n  s u c h  s m a l l  am o u n t .

1 0 .  S u l f u r  D e t e r m i n a t i o n  on  t h e  A sh

Sam ple s  w e r e  a s h e d  i n  m i c r o - c r u c i b l e s  a t  500°C. f o r  

1 / 2  h r . ,  c o o l e d ,  and two d r o p s  o f  c o n c e n t r a t e d  HNO3  w e re  

a d d e d  t o  t h e  c h a r r e d  r e m n a n t .  The m i c r o - c r u c i b l e s  w ere  

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

t h e  HNO3  was g o n e ,  t h e  c r u c i b l e s  w e r e  r e h e a t e d  i n  a  

m u f f l e  a t  600°C .  f o r  e i g h t  h o u r s .  The a s h  was p i c k e d  

up w i t h  d i l u t e  n i t r i c  a c i d .  The r e m a i n d e r  o f  t h e  p r o c e d u r e  

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

t i o n .

1 1 .  P r e c i p i t a b l e  SO4  i n  t h e  H y d r o l y s a t e

Sam ple s  o f  e p i d e r m i s  w e re  h y d r o l y z e d ,  e v a p o r a t e d  

t o  a  s m a l l  vo lum e on  t h e  s t e a m  b a t h  t o  remove e x c e s s  HC1, 

d i l u t e d ,  a l l o w e d  t o  come t o  t h e  t e m p e r a t u r e  o f  t h e  s t e a m  

b a t h ,  and p r e c i p i t a t e d  w i t h  BaCl2 . The r e m a i n d e r  o f  t h e  

p r o c e d u r e  was t h e  same a s  f o r  t o t a l  s u l f u r .

12 .  Q u a l i t a t i v e  T e s t s

S e a l e d  t u b e  h y d r o l y s a t e s  w e re  t e s t e d  f o r  H2S and  S0 2  

i m m e d i a t e l y  upon  o p e n i n g  t h e  t u b e s .  A n a l y s e s  f o r  H2 S 

w e r e  c o n d u c t e d  w i t h  m o i s t e n e d  l e a d  a c e t a t e  p a p e r .  SO2  

was t e s t e d  f o r  by  t h e  b e n z i d i n e  b l u e  t e s t  ( 3 5 ) .  T e s t s  

f o r  c a r b o h y d r a t e  u se d  w e re  t h e  M o l i s c h  t e s t  ( 3 6 ) ,  B e n e d i c t ’ s 

t e s t  f o r  r e d u c i n g  s u g a r s  ( 3 7 ) 5 t h e  K i l i a n i  ( 3 8 ) and  t h e
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p i n e  s p l i n t  ( 3 9 ) t e s t s  f o r  d e s o x y  s u g a r ,  and  t h e  amino 

s u g a r  t e s t  ( 4 0 ) .

B .  E x p e r i p i e n t a l  R e s u l t s

The e x p e r i m e n t a l  r e s u l t s  a r e  su m m ar ized  i n  T a b l e s  I  

t o  IV . T h ese  w i l l  be d i s c u s s e d  i n  o r d e r .

T a b l e  I  shows t h e  a n a l y s e s  o f  E p i d e r m i s  I  and  h a i r  

f ro m  t h e  same a n i m a l .  T h i s  m a t e r i a l  was o b t a i n e d  by 

t h e  s a l t  w a t e r  t r e a t m e n t .  I t  s h o u l d  be  n o t e d  t h a t  t h e  

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

h i g h  t o t a l  s u l f u r  and  c y s t i n e  c o n t e n t  and a  low m e t h i o ­

n i n e  c o n t e n t .  The e p i d e r m i s ,  on  t h e  o t h e r  h a n d ,  h a s  a 

v e r y  low c y s t i n e  c o n t e n t  and  a  c o m p a r a t i v e l y  low t o t a l  

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

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

m a t e r i a l .  A t  t h e  s t a r t  o f  t h e  a n a l y s e s  o n l y  400  mg. o f  

e p i d e r m i s  w ere  a v a i l a b l e .

R e s u l t s  o f  t h e  a n a l y s e s  o f  E p i d e r m i s  I I  and h a i r  

f ro m  t h e  same a n i m a l  a r e  shown i n  T a b l e  I I .  T h i s  ma­

t e r i a l  was o b t a i n e d  by t h e  warm w a t e r  t r e a t m e n t .  The 

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

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

m e t h i o n i n e  c o n t e n t .  The e p i d e r m i s ,  h o w e v e r ,  i s  s t i l l  

low i n  t o t a l  s u l f u r  and  c y s t i n e  and  h i g h e r  i n  m e t h i o n i n e  

t h a n  a  k e r a t i n  w ould  be e x p e c t e d  t o  b e .  The low p r o ­

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

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

q u i n o n e  r e a g e n t  w h i c h  we w e r e  u s i n g  f o r  t h e  c y s t i n e  

d e t e r m i n a t i o n  was lo w ,  a l t h o u g h  w e l l  i n  e x c e s s  o f  t h e  

s t o i c h i o m e t r i c  r a t i o  fo u n d  by Csonka  ( 4 1 ) .  I t  was 

f e l t  t h a t  p e r h a p s  some o f  t h e  r e a g e n t  was b e i n g  u sed  

up i n  s i d e  r e a c t i o n s .  T h e r e f o r e  new c y s t i n e  d e t e r m i n a ­

t i o n s  w ere  made i n  w h i c h  t h e  c o n c e n t r a t i o n  o f  n a p t h o -  

q u i n o n e  was q u i n t u p l e d .  Two d e t e r m i n a t i o n s  w e r e  made.

I n  one  c a s e ,  a  v a l u e  o f  0 . 1 7  p e r  c e n t  was o b t a i n e d ,  i n  

good a g r e e m e n t  w i t h  t h e  p r e v i o u s  v a l u e s  o f  0 . 2 1  p e r  c e n t  

and  0 . 1 7  p e r  c e n t .  I n  t h e  o t h e r  e a s e ,  a n  e r r o r  was made 

I n  m a n i p u l a t i o n  w h i c h  s u b j e c t s  t h e  r e s u l t  t o  q u e s t i o n ,  

so  t h a t  i t  was n o t  i n c l u d e d  i n  t h e  t a b l e .  How ever ,  t h e  

r e s u l t  was o f  t h e  same o r d e r ,  0 . 1 3  p e r  c e n t .  S i n c e  t h e  

l a r g e r  c o n c e n t r a t i o n  o f  n a p h t h o q u i n o n e  made no d i f f e r ­

e n c e ,  i t  was a l s o  u s e d  i n  t h e  c y s t i n e  d e t e r m i n a t i o n s  on 

E p i d e r m i s  I I I .

The m i s s i n g  s u l f u r  was s t i l l  u n e x p l a i n e d .  Lugg (4 2 )  

h as  shown t h a t  t h e  r e d u c e d  fo rm  o f  c y s t i n e ,  c y s t e i n e ,  i s  

a d s o r b e d  on t h e  s o l i d  hum in  fo rm ed  i n  t h e  h y d r o l y s i s  o f  

c a r b o h y d r a t e - c o n t a i n i n g  p r o t e i n s .  T h e r e f o r e ,  e v e n  t h o u g h  

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

s p o n s e  t o  t h e  M o l i s c h  r e a c t i o n ,  i t  was d e c i d e d  t o  i n ­

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

e x t e n s i v e l y ,  p a r t i c u l a r l y  s i n c e  one c o u ld  l o g i c a l l y
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e x p e c t  s m a l l  a m o u n ts  o f  c a r b o h y d r a t e  f rom  t h e  n u c l e i c  

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

t e s t s  l i s t e d  i n  S e c t i o n  12 o f  P a r t  A w e re  c o n d u c t e d  on 

new h y d r o l y s a t e s .  None w e re  p o s i t i v e .  S i n c e  d e s o x y  

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

m i g h t  be  a n  e x p e c t e d  s u g a r ,  a  f a i r l y  l a r g e  amount  ( a b o u t  

50 m g . )  o f  s o l i d  e p i d e r m i s  was t e s t e d  by t h e  M o l i s c h  

r e a c t i o n .  U nder  t h e s e  c o n d i t i o n s ,  h y d r o l y s i s  t a k e s  

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

s u g a r s  c a n  be d e t e c t e d .  I n  t h e s e  c i r c u m s t a n c e s ,  a  c o l o r  

was o b t a i n e d .

New c y s t i n e  d e t e r m i n a t i o n s  w e re  t h e r e f o r e  r u n  on 

t h e  e p i d e r m i s  w h i c h  was now h y d r o l y z e d  by t h e  method  o f  

B rand  and K a s s e l l  ( 4 3 )  w h ic h  s u c c e s s f u l l y  p r e v e n t e d  humin 

f o r m a t i o n .  T h i s  c o r r o b o r a t e s  t h e  e x p e r i e n c e s  o f  o t h e r s  

( 4 4 ,  4 5 ) .  The r e s u l t s  o f  t h e s e  a n a l y s e s  w e re  i n  good 

a g r e e m e n t  w i t h  t h e  e a r l i e r  o n e s ,  a s  shown i n  T a b l e  I I .

I t  m u s t ,  t h e r e f o r e ,  be c o n c l u d e d  t h a t  t h e  am o un t  o f  

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

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

I t  was t h o u g h t  t h a t ,  p e r h a p s ,  i n  t h e  p r o c e s s  o f  

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

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

s e a l e d  t u b e  h y d r o l y s a t e s  -were t e s t e d ,  i m m e d i a t e l y  a f t e r  

o p e n i n g  t h e  t u b e s ,  f o r  H2 S and S02 . N e i t h e r  was f o u n d .  

E t h e r e a l  s u l f a t e s  w ou ld  be  h y d r o l y z e d  a l o n g  w i t h  t h e
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p r o t e i n  and  t h e  s u l f a t e  w ould  be p r e c i p i t a b l e  f rom  t h e  

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

much o f  t h e  m i s s i n g  s u l f u r .  I n o r g a n i c  s u l f u r  was 

s o u g h t  f o r  i n  t h e  a s h  b u t  t h e  am ount  was v e r y  s m a l l .  

T h e r e f o r e ,  t h e  m i s s i n g  s u l f u r  was s t i l l  n o t  e x p l a i n e d .

S i n c e  t h e  p r o c e s s  o f  k e r a t i n i z a t i o n  t a k e s  p l a c e  

i n  t h e  e p i d e r m i s ,  i t  was f e l t  t h a t  t h e  m i s s i n g  s u l f u r  

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

m e d i a t e s  p o s t u l a t e d  by Du V i g n e a u d ,  a s  o u t l i n e d  i n  t h e  

I n t r o d u c t i o n  t o  t h i s  t h e s i s .  To d e t e r m i n e  i f  t h i s  was 

t h e  c a s e ,  a  t h i r d  s a m p le  o f  e p i d e r m i s  was p r e p a r e d  and  

t e s t e d .

I n  T a b l e  I I I ,  t h e  a n a l y s e s  o f  E p i d e r m i s  I I I  a r e  

shown.  T h i s  m a t e r i a l  was p r e p a r e d  by t h e  warm w a t e r  

t r e a t m e n t .  The c y s t i n e  and  t o t a l  s u l f u r  v a l u e s  w ere  

a g a i n  lo w ,  and t h e  m e t h i o n i n e  was a g a i n  h i g h e r  t h a n  

w ou ld  be  e x p e c t e d  f o r  a  k e r a t i n .  A v a l u e  f o r  h o m o c y s t i n e  

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

c y s t i n e .  The m e th od s  f o r  t h e s e  two d e t e r m i n a t i o n s  a r e  

d i s c u s s e d  i n  S e c t i o n s  7 and  8  o f  P a r t  A.

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

f o u n d  i n  n a t u r e ,  i t  seemed f e a s i b l e  t o  compute  t h e  

e x c e s s  d i s u l f i d e  a s  h o m o c y s t i n e  i n  v i e w  o f  t h e  f o l l o w ­

i n g  e v i d e n c e .
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A d i s c r e p a n c y  b e tw e e n  t o t a l  d i s u l f i d e  and  c y s t i n e  

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

1 .  T h e r e  may be a  s u b s t a n c e  i n  e p i d e r m i s  w h i c h  

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

i n  t h e  S u l l i v a n  method f o r  c y s t i n e .  Hov/ever,  

t h i s  i s  v e r y  u n l i k e l y ,  b e c a u s e  i n  o v e r  t w e n ty  

y e a r s  o f  work  w i t h  t h e  S u l l i v a n  m e th o d ,  no 

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

e v e r  i n t e r f e r e d  w i t h  t h e  S u l l i v a n  r e a c t i o n .

T h i s  h a s  n o t  b e e n  f ro m  a  l a c k  o f  a t t e m p t s  t o  

f i n d  s u c h  m a t e r i a l s .  Much w ork  was p e r f o r m e d  

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

y e a r s  o f  t h e  u s e  o f  t h i s  r e a c t i o n  (4 6  -  5 0 ) .

2 .  The e p i d e r m i s  may c o n t a i n  a  l a r g e  p r o p o r t i o n  

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

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

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

b e c a u s e  a n  a s c o r b i c  a c i d  c o n t e n t  o f  0 . 5  p e r  c e n t  

w ou ld  be  r e q u i r e d .  T h i s  i s  a  t r e m e n d o u s  v i t a m i n  

c o n c e n t r a t i o n .  Some v a l u e s  (5 1 )  f o r  a s c o r b i c  

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

v i t a m i n  a r e :

F r e s h  t u r n i p  g r e e n s  — 0.14%

F r e s h  b r u s s e l s  s p r o u t s  — 0.12%

F r e s h l y  d e h y d r a t e d  c a b b a g e — 0.19%
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3 .  A n o t h e r  d i s u l f i d e  t h a n  h o m o c y s t i n e  may be 

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

o n l y  amino a c i d  o t h e r  t h a n  c y s t i n e  w h ic h  i s  

c a p a b l e  o f  f o r m in g  a  d i s u l f i d e  and w h ic h  h a s  

b e e n  t h u s  f a r  fo u n d  i n  n a t u r e  i s  t h i o l h i s t i -  

d i n e ,  w h i c h  i s  o f  v e g e t a b l e  o r i g i n  ( 5 2 , 5 3 ) .  

T h i s ,  n e v e r t h e l e s s ,  i s  a  p o s s i b i l i t y  w h ic h  

c a n n o t  be  e l i m i n a t e d .

4 .  H o m o c y s t in e  may be p r e s e n t .  T h is  i s  c o n ­

s i d e r e d  t h e  m ost  p r o b a b l e  o f  t h e  p o s s i b i l i t i e s ,  

and  e x t r e m e l y  l i k e l y  i n  v i e w  o f  t h e  s t r o n g  

e v i d e n c e  f o r  t h e  Du Y ig n e a u d  mechanism w h i c h  

w h i c h  was n o t e d  i n  t h e  i n t r o d u c t i o n  t o  t h i s  

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

I t  i s  t o  be  n o t e d  t h a t  m os t  b u t  n o t  a l l  o f  t h e  

s u l f u r  c a n  be  a c c o u n t e d  f o r .  T h i s  may be i n  t h e  fo rm  

o f  c y s t a t h i o n i n e .

The L i p i d  A n a l y s e s  f o r  E p i d e r m i s  I I I  i s  g i v e n  i n  

T a b l e  IV.  L i p i d  was d e t e r m i n e d  by t h e  method g i v e n  

i n  S e c t i o n  3 o f  P a r t  A. A f t e r  e x t r a c t i o n ,  t h e  e p i ­

d e r m i s  was a i r - d r i e d ,  w e i g h e d ,  and  i t s  m o i s t u r e  c o n t e n t  

d e t e r m i n e d .  By a d d i n g  t h e  m o i s t u r e - f r e e  w e i g h t  o f  

e p i d e r m i s  t o  t h e  w e i g h t  o f  t h e  l i p i d ,  t h e  l i p i d  f r a c ­

t i o n s  w e re  com puted  t o  t h e  m o i s t u r e - f r e e  b a s i s  g i v e n  

i n  t h e  t a b l e .
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III. DISCUSSION

The r e s u l t s  o b t a i n e d  would  seem t o  i n d i c a t e  c l e a r l y  

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

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

n o t .  I n  t h i s  s t u d y  e p i d e r m i s  h a s  b e e n  s t u d i e d  a s  a n  

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

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

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

p r o t e i n  com ponen t  b u t  a  m i x t u r e  o f  s u c h  c o m p o n e n ts .

One w ould  c e r t a i n l y  e x p e c t  n u c l e o p r o t e i n  t o  be p r e s e n t  

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

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

i t  m i g h t  be  w e l l  t o  d e t e r m i n e  e x a c t l y  how much o f  i t  i s  

r e s i s t a n t  t o  e n z y m a t i c  d i g e s t i o n .  B l o c k ' s  c l a s s i f i c a ­

t i o n  ( 2 1 ) o f  t h e  e p i d e r m i s  a s  a  p s e u d o k e r a t i n  w ould  

seem t o  be j u s t i f i e d  by t h e  f a i l u r e  o f  e p i d e r m i s  t o  

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

H ow ever ,  i f  one c o n s i d e r s  a  p s e u d o k e r a t i n  t o  d i f f e r  f ro m  

a  k e r a t i n  o n l y  i n  t h e  h i s t i d i n e  : a r g i n i n e  : l y s i n e  

r a t i o  a s  B l o c k ' s  d e f i n i t i o n  ( 1 )  w ould  seem t o  i m p l y ,  

a  r e s i s t a n c e  t o  e n z y m a t i c  d i g e s t i o n  w ould  be  n e c e s s a r y  

t o  c l a s s i f y  e p i d e r m i s  a s  a  p s e u d o k e r a t i n *

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

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

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

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

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

t h e  n a t u r a l  o c c u r r e n c e  i n  a  t i s s u e  o f  t h i s  new am ino  

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

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

o f  s u l f u r  m e t a b o l i s m  p r o p o s e d  by Du V igneaud  and  h i s  

c o - w o r k e r s .

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

g e n e r a l l y  l o w e r  t h a n  t h o s e  fo u n d  i n  t h e  a n a l y s e s  o f  

p r e v i o u s  i n v e s t i g a t o r s  (S e e  T a b l e  V ) . T h i s  c a n  be  

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

c y s t i n e  t h a n  c a t t l e  h a i r  ( 3 ) so  t h e  p r e c u r s o r s  o f  t h e  

two m a t e r i a l s ,  n a m e ly ,  human and c a t t l e  e p i d e r m i s ,  

c o u l d  be  e x p e c t e d  t o  v a r y  s i m i l a r l y .  The s a m p le s  o f  

e p i d e r m i s  w o rk ed  on  by W i l k e r s o n  and  by  B l o c k  w e r e  

r i c h  i n  l a y e r  c o rn e u m .  The l a y e r  co rneum  o f  e p i d e r m i s  

i s  composed o f  t h e  v e s t i g i a l  r e m n a n t s  o f  c e l l s  w h i c h  

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

l o w e r  s t r a t a  o f  t h e  e p i d e r m i s .  F u r t h e r m o r e  t h e  k e r a t i n ­

i z i n g  p r o c e s s  w o u ld  be  e x p e c t e d  t o  be  more a d v a n c e d .  

E c k s t e i n ' s  m a t e r i a l  c a n  be e x p e c t e d  t o  c o n t a i n  h a i r  

r o o t s ,  and  t h e  s k i n  t e s t e d  by W i l s o n  and B l o c k ,  i f  i t  

i s  a s su m ed  t o  be  w h o le  s k i n ,  w ou ld  c o n t a i n  h a i r  r o o t s ,  

and o t h e r  c y s t i n e  c o n t a i n i n g  p r o t e i n s .  F u r t h e r m o r e ,  

a l l  o f  t h e s e  i n v e s t i g a t o r s  u se d  n o n - s p e c i f i c  m e th o d s  

f o r  c y s t i n e  w h ic h  w ou ld  h a v e  i n c l u d e d  h o m o c y s t i n e  i n
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t h e i r  c y s t i n e  a s s a y s .  The same k i n d  o f  o b j e c t i o n  h o l d s  

t r u e  f o r  W i l k e r s o n ' s  v a l u e  f o r  m e t h i o n i n e .  The m o d i ­

f i e d  B a e r n s t e i n  method  co m p u te s  m e t h i o n i n e  f ro m  t h e  

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

m en t  w i t h  h y d r i o d i c  a c i d .  Hov/ever c y s t a t h i o n i n e  w ou ld  

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

The low c o n t e n t  o f  d i s u l f i d e  i n  t h e  e p i d e r m i s ,  

e v e n  when h o m o c y s t i n e  i s  i n c l u d e d ,  w ould  seem t o  i n d i ­

c a t e  t h a t  l e s s  e m p h a s i s  s h o u l d  be  p l a c e d  upon d i s u l f i d e  

bond r e a c t i o n s  a s  n e c e s s a r y  a d j u n c t s  t o  t h e  u n h a i r i n g  

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

e p i d e r m i s  ( 5 4 ,  55)  b u t  t h i s  m a t e r i a l  c o n t a i n s  com­

p a r a t i v e l y  l i t t l e  d i s u l f i d e .  F u r t h e r m o r e ,  h i s t o c h e m i c a l  

s t u d i e s  by J a c o b s  and Roddy (5 6 )  and by o t h e r s  ( 5 7 ) ,  

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

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

c o n c e p t  o f  Du V ig n e a u d  w h e r e i n  t h e  h o m o c y s t e i n e ,  r a t h e r  

t h a n  i t s  o x i d i z e d  f o r m ,  h o m o c y s t i n e ,  t a k e s  p a r t  i n  t h e  

k e r a t i n i z i n g  p r o c e s s .

IV. SUMMARY

C a t t l e  e p i d e r m i s  ha s  b e e n  s e p a r a t e d  f ro m  t h e  o t h e r  

c o m p o n e n ts  o f  s k i n  w i t h  a  minimum o f  m o d i f i c a t i o n  and  

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

t i o n .  H a i r  f rom  t h e  same a n i m a l s  was a n a l y z e d  s i m u l t a n e o u s l y .

C a t t l e  h a i r  was f o u n d  t o  h a v e  a  s u l f u r  d i s t r i b u t i o n
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c h a r a c t e r i s t i c  o f  k e r a t i n .  E p i d e r m i s  was f o u n d  t o  v a r y  

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

c o r r o b o r a t e s  B l o c k ' s  ( 2 1 )  s t a t e m e n t ,  b a s e d  on o t h e r  

e v i d e n c e ,  t h a t  e p i d e r m i s  i s  n o t  a  t r u e  k e r a t i n .

E v id e n c e  h a s  b e e n  f o u n d  f o r  t h e  e x i s t e n c e  o f  a  

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

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

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

be  em ployed  i n  i n t e r p r e t i n g  t h e  m o d i f i c a t i o n  o f  d i s u l f i d e  

l i n k a g e s  a s  a  m echan ism  n e c e s s a r y  f o r  t h e  p r o c e s s  o f  

u n h a i r i n g  a s  p r a c t i s e d  by t h e  t a n n e r .
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TABLE I

ANALYSES OF EPIDERMIS I  AND HAIR 

( O b t a i n e d  by S a l t  W a te r  T r e a t m e n t )

( V a lu e s  g i v e n  a r e  on  a  m o i s t u r e - f r e e ,  l i p i d - f r e e  b a s i s )

H a i r

A n a l y s i s

M o i s t u r e

T o t a l  N i t r o g e n

T o t a l  S u l f u r  

C y s t i n e

C y s t i n e  N a s  
% T o t a l  N

C y s t i n e  S a s  
% T o t a l  S

M e t h i o n i n e

M e t h i o n i n e  N a s  
% T o t a l  N

M e t h i o n i n e  S a s  
% T o t a l  S

% T o t a l  S a c c o u n t e d  
f o r  a s  C y s t i n e  S + 
M e t h i o n i n e  S

Found V a l u e s  
P e r  c e n t

4 . 4 0
4.54

1 5 . 7
1 5 . 7
1 5 . 5

3 . 8
3 . 6

1 3 . 4
1 3 . 6

0 . 3 7  ) 
0 . 4 4  )

A v e ra g e  
P e r  c e n t

4 . 4 7

1 5 . 6

3 . 7

1 3 . 5

10.1

97

0 . 4 1

0 . 2 5

2 . 3

99

E p i d e r m i s
Found V a l u e s  A v e ra g e  

P e r  c e n t  P e r  c e n t

7 . 5 5  ) 
7 . 3 8  )

1 6 . 7
1 6 . 5

)

1 . 0 9  ) 
1 . 0 3  )

0 . 6 9  )
0 . 7 1  )

7 . 4 7  

16.6

1.06

0 .7 0

0 . 4 9

18
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TABLE II

ANALYSES OF EPIDERMIS I I  AMD HAIR 

( O b t a i n e d  by  Warm W ate r  T r e a t m e n t )

( V a lu e s  g i v e n  a r e  o n  a  m o i s t u r e - f r e e ,  l i p i d - f r e e  b a s i s )

H a i r   E p i d e r m i s
Found V a lu e s  A v e ra g e  Found V a l u e s  A v e rag e  

A n a l y s i s  P e r  c e n t  P e r  c e n t  P e r  c e n t  P e r  c e n t

M o i s t u r e  8 . 4 8  ) § . 0 2  )
8 . 2 3  ) 8 . 3 7  5 . 9 8  ) 5 .9 7
8 . 4 0  ) 5 . 9 1  )

T o t a l  N i t r o g e n  1 5 . 9  ) i  1 6 . 9  )
1 6 . 3  ) 1 6 a  1 7 . 2  ) l 6  q

16 .8  )
1 6 . 9  )

T o t a l  S u l f u r  4 . 6  ) 0 . 7 6  )
4 . 4  ) 4 . 6  0 . 7 9  5 0 . 7 6
4 . 8  ) 0 . 7 2  )

A sh  0 . 8 9  ) n Ro 0 . 6 7  ) , Q
0 . 8 9  ) 0 , a 9  0 . 6 9  j O-68

0 . 6 9
C y s t i n e  1 6 . 2  ) 0 . 2 1  )

1 5 - 4  ) 15  8 ° . ! 7  j1 6 . 2  ) 0 . 1 7  ) 0 . 1 7
1 5 . 6  ) O . I 6 4 -4.)

0 .  144-4. )

C y s t i n e  N a s  % T o t a l  N 1 1 . 5  0 . 1 2

C y s t i n e  S a s  % T o t a l  S 92 6 . 0

M e t h i o n i n e  0 . 3 4  ) o  R8  1 . 3 3  ) _
0 . 4 1  ) 1 . 3 3  ) 1 . 3 1

M e t h i o n i n e  N a s  % T o t a l  N 0 . 2 2  0 .7 3

M e t h i o n i n e  S a s  % T o t a l  S 1 . 8  37

% Of T o t a l  S A c c o u n te d  f o r  ...
a s  C y s t i n e  S + M e t h i o n i n e  S 9 4  4 3

S u l f u r  P r e c i p i t a b l e  a s  SO4  f ro m  H y d r o l y s a t e  0 .0 7 +

S o f  P r e c i p i t a b l e  SO4  a s  % o f  T o t a l  S 9

Ash S (B a sed  on  w t .  o f  o r i g i n a l  s a m p l e s )  0 . 0 2 1 )
O .O I 3 ) 0 . 0 1 5
0 . 012 )

S o f  Ash  a s  % o f  T o t a l  S 2 . 0
% o f  T o t a l  S A c c o u n te d  f o r  by a l l  M ethods  Employed 54

4-L a r g e r  o f  two v a l u e s ;  b a s e d  i n  d r y  w t .  o f  s a m p l e .  
-H-Determined on  h y d r o l y s a t e  i n  w h i c h  hum in f o r m a t i o n  

was p r e v e n t e d .
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TABLE I I I  

ANALYSES OF EPIDERMIS I I I  

( O b t a i n e d  by Warm W a te r  T r e a t m e n t )
( V a l u e s  g i v e n  a r e  on  a m o i s t u r e - f r e e ,  l i p i d - f r e e  b a s i s )

A n a l y s i s

M o i s t u r e

T o t a l  N i t r o g e n

T o t a l  S u l f u r

C y s t i n e

C y s t i n e  N a s  % o f  T o t a l  N 

C y s t i n e  S a s  % o f  T o t a l  S 

M e t h i o n i n e

M e t h i o n i n e  N a s  % o f  T o t a l  N

M e t h i o n i n e  S a s  % o f  T o t a l  S

% Of T o t a l  S A c c o u n te d  f o r  a s  
C y s t i n e  S * M e t h i o n i n e  S
H o m o c y s t in e  (By d i f f e r e n c e  b e tw e e n  
t o t a l  d i s u l f i d e  and c y s t i n e )

H o m o c y s t in e  N a s  % o f  T o t a l  N

H o m o c y s t in e  S a s  % o f  T o t a l  S

% Of T o t a l  S A c c o u n te d  f o r  a s  
C y s t i n e  S + M e t h i o n i n e  S + 
H o m o c y s t in e  S

Maximum P o s s i b l e  S f ro m  O t h e r  S o u r c e s  
a s  J u d g e d  f ro m  E p i d e r m i s  I I

Maximum S A c c o u n t a b l e  by a l l  S o u r c e s

Found  V a lu e s  
P e r  c e n t

6 . 2 9
6 . 3 4

1 7 .4 3
1 7 .4 6

0 . 8 5
0 . 8 5
0.68
0 .4 8
0 . 5 5
0 . 4 7
0 . 5 5
0 . 5 5

1.61
1 . 5 5
1 .4 3

0 . 7 1
0 . 7 5
0 . 7 7

A v e ra g e  
P e r  c e n t

6 . 3 2

1 7 . 4 5

0 . 8 5

0 . 5 5

0 . 3 7
17.2

1 .5 3

0 . 8 2

38.6

5 5 .8

0 . 7 4

0.44

2 0 . 7

7 6 . 5  

11

8 6 . 5
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TABLE IV

LIPID CONTENT OF EPIDERMIS I I I  

( V a lu e s  G iv e n  A re  on  a  M o i s t u r e - F r e e  B a s i s )

F r a c t i o n

I .  Cold A c e t o n e  S o l u b l e s  8 . 2 3 $

I I .  Cold E t h a n o l  S o l u b l e s  1 . 1 1 $

I I I .  Hot  E t h a n o l  S o l u b l e s  2 . 7 4 $

IV. Hot A c e t o n e  S o l u b l e s  0 . 0 9 $

T o t a l  L i p i d  1 2 .2  $
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TABLE V

CYSTINE, METHIONINE AND TOTAL S OF EPIDERMIS 

AS DETERMINED BY EARLIER WORKERS

M a t e r i a l

S t r a tu m  Corneum 
from a  P a t i e n t  
w i t h  D e r m a t i t i s  
E x f o l i a t i v a

Method R e f e r e n c e

F o l i n -
M arenz i
and
M odif ied
B a e r n s t e i n

W i lk e r s o n
( 1 8 ,1 9 )

N i t r o g e n  
Pe r  c e n t

1 5 .2 5

S u l f u r  
P e r  c e n t

1 .0 9

C y s t i n e  
P e r  c e n t

2 . 3 1
2 .3 8

idem a f t e r  P e p t i c  F o l i n -  
and T r y p t i c  D i -  M arenz i  
g e s t i o n  and

M od if ied
B a e r n s t e i n

W i lk e r s o n
(19)

1.10 2 . 5 1

C o r n i f i e d  E p i -  F o l i n -  B lo c k  (21)  3 . 4
t h e l i u m  from t h e  M arenz i  
S o l e  o f  t h e  F o o t  
and S c a l e s  from 
P a t i e n t s  w i t h  
E x f o l i a t i v e  Derma­
t o s e s  o f  V a r io u s  
K inds  ( P e p s i n  d i ­
g e s t e d )

Horse B u r r s  F o l i n -  B lock  (22)  1 4 .1  T race
M arenz i

M e th io n in e  
P e r  c e n t

2 . 4  7

2.60
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TABLE V (Continued)

M a t e r i a l Method R e f e r e n c e
N i t r o g e n  S u l f u r  
Pe r  c e n t  P e r  c e n t

C y s t i n e  M e th io n in e  
Pe r  c e n t  P e r  c e n t

O u te r  L ay e rs  o f  
Human S k i n ,  P e p s i n  
& T r y p s i n  D ig e s t e d

F o l i n -
M arenz i

E c k s t e i n
( 2 0 )

1 4 .2 3 . 8 2

Human S k i n  I F o l i n -
Looney

W ilson
(23)

11 .3 0 .7 0 1 . 8

Human S k i n  I I F o l i n -
Looney

W ilson
(23)

1 2 .4 2 . 1

Human S k i n  I I I F o l i n -
Looney

W ilson
(23)

1 5 .0 2 .3
i

UJ
L>J
I
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FIGURE I

P h o t o m i c r o g r a p h  o f  t h e  B a s a l  P o r t i o n  
o f  t h e  E p i d e r m i s  A f t e r  Removal  Prom 
Corium by t h e  Warm-Water T r e a t m e n t
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