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

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

c a l l u s  and s t r a t u m  co rn eu m  w i t h  b u f f e r e d  u r e a  s o l u t i o n s .  

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

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

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

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

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

w e i g h t s  7 0 , 0 0 0 ,  6 3 ,0 0 0  and 5 5 ,0 0 0  c a n  b e  d e te c te d ®  A l l  

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

b u t  t h e r e  i s  a  much h i g h e r  p r o p o r t i o n  o f  th e  7 0 ,0 0 0  

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

The 5 5 ,0 0 0  m o l e c u l a r  w e i g h t  c h a i n  i s  n o t  p r e s e n t  i n  

s t r a t u m  c o rn e u m .

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

th e  m a jo r  c o n s t i t u e n t s  o f  b o t h  l i v i n g  and h o r n y  c e l l  

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

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

I t  h a s  a m o l e c u l a r  w e i g h t  o f  4 5 ,0 0 0  and i s  a p p a r e n t l y  

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

The 5 5 ,0 0 0  and 6 3 ,0 0 0  m o l e c u l a r  w e i g h t  c h a i n s  o f  

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

b u t  t h e  7 0 ,0 0 0  m o l e c u l a r  w e ig h t  c h a i n  i s  d e f i c i e n t  and 

o c c a s i o n a l l y  ab sen t®  The p s o r i a t i c  f i b r o u s  p r o t e i n  i s  

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

c a l l u s  n o r  s t r a t u m  c o rn e u m . E f f e c t i v e  t r e a t m e n t  o f

v i i i



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

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

and s tr a tu m  corneum  o f  p s o r i a t i c s  h a v e  f i b r o u s  p r o t e i n  

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

t i s s u e s  e

T h e re  i a  an  o v e r a l l  s i m i l a r i t y  b e tw e e n  t h e  amino 

a c i d  a n a l y s e s  o f  c a l l u s ,  s tr a tu m  corneum , p s o r i a t i c  

s c a l e  and human p r e k e r a t l n ,  a p a r t  f ro m  d i f f e r e n c e s  i n  

t h e i r  c o n t e n t s  o f  g l y c i n e  and s e r i n e .  D i f f e r e n c e s  i n  

t h e  t i s s u e  c o n t e n t s  o f  t h e s e  two am ino a c i d s  a p p e a r  

t o  b e  r e l a t e d  t o  c h a n g e s  i n  t h e  i n t e n s i t y  o f  t h e  7 0 ,0 0 0  

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

V a r y in g  t h e  c o n d i t i o n s  o f  e x t r a c t i o n  o f  t h e  h o r n y  

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

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

a  r e d u c i n g  a g e n t , a  l a r g e  am ount o f  f i b r o u s  p r o t e i n  

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

o n l y  a  v e r y  s m a l l  am ount f ro m  p l a n t a r  c a l l u s .

T h e se  r e s u l t s  ah e  d i s c u s s e d  i n  r e l a t i o n  t o  n o rm a l  

k é r a t i n i s a t i o n  and t o  t h e  d e f e c t s  i n  t h i s  p r o c e s s  i n  

p s o r i a t i c  e p i d e r m i s .
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i*
NORMAL EPIDERMIS

A d u l t  m am m alian s k i n  c o n s i t s  o f  two d i s t i n c t  l a y e r s  

o f  d i f f e r e n t  e m b r y o lo g i e a l  o r i g i n  ( B a l i n s k y ,  1 9 7 0 )#

The m e so d e rf f ia l ly  d e r i v e d  d e r m is  i s  com posed o f  a  

f i b r i l l a r  n e tw o r k  s e c r e t e d  b y  f i b r o b l a s t i c  c e l l s  em bedded 

i n  a  m a t r i x  o f  g e l a t i n o u s  m u c o p o ly s a c c h a r id e  The o u t e r  

l a y e r ,  t h e  e p i d e r m i s ,  i s  a  s t r a t i f i e d  squam ous e p i t h e l i u m  

o f  e c t o d e r m a l  o r i g i n .  I t  i s  s e p a r a t e d  from  t h e  under*- 

l y i n g  d e r m is  b y  t h e  b a s e m e n t  m em brane, an  e l e c t r o n ™  

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

(H eaphy  & W in k e lm an n , 1 9 7 7 )*  The e p i d e r m i s  i s  a v a s c u l a r  

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

membrane f ro m  d e r m a l  b lo o d  c a p i l l a r i e s .

The e p i d e r m a l  c e l l  p o p u l a t i o n  i s  p ro d u c e d  and  

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

b a s e m e n t  m em brane . D a u g h t e r  c e l l s  p r o d u c e d  b y  m i t o s i s  

i n  t h e  b a s a l  l a y e r  move up  t h r o u g h  t h e  s p in o u s  and 

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

c o rn e u m , a  t o u g h ,  W a te r  r e s i s t a n t  b a r r i e r  b e tw e e n  th e  

o r g a n i s m  and i t s  e n v i r o n m e n t .  The upw ard  movement o f  

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

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

c h a n g e s  •

U l t r a s t r u c t u r a l l y ,  t h e  h o r iz o n t a l  s t r a t i f i c a t i o n  o f  

t h e  e p i d e r m i s  i s  c l e a r l y  s e e n  (B ro d y ,  1 9 6 0 ) .  B a s a l  

c e l l s  c o n t a in  a l l  t h e  u s u a l ^ s u b c e l l u l a r  o r g a n e l l e s ,  t h e  

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

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

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

f i l a m e n t s  a b o u t  7nm i n  d i a m e t e r  (O d lan d  & R e e d ,  1 9 6 7 )*

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

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

p r o t r u s i o n s  o f  t h e  p la s m a  m em branes g i v i n g  r i s e  t o  t h e  

s o  c a l l e d  *p r i c k l e  c e l l *  a p p e a r a n c e *  small o v a l  p a r t i c l e s  

(membrane c o a t i n g  g r a n u l e s )  a p p e a r  f o r  t h e  f i r s t  t im e  and 

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

d e n s e  and l e s s  d e n s e  l a m e l l a e ,  2 - 3  nm t h i c k  ( L a v k e r ,

19751 M a t o l t s y  & B e d n a r z ,  1 9 7 5 )#  The t o n o f i b r i l s  h a v e  

a  m ore am orphous  a p p e a r a n c e  and t h e  i n d i v i d u a l  f i l a m e n t s  

a r e  l e s s  d i s t i n c t .

The g r a n u l a r  l a y e r  c o n t a i n s  num erous k e r a t o h y a l i n  

g r a n u l e s  w h ic h  may b e  r o u n d , o v a l  o r  i r r e g u l a r  i n  s h a p e  

and  o f  v a r i a b l e  s i z e *  The t o n o f i b r i l s  a r e  l e s s  o p a q u e  

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

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

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

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

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

w h e re  t h e y  a p p a r e n t l y  r e m a i n  i n t a c t  and o f t e n  c o n t a c t  

t h e  p la s m a  membrane ( L a v k e r ,  1 9 7 5 ) •  The l a m e l l a e  a r e  

b e l i e v e d  t o  h a v e  a  l i p i d  c o n t e n t  ( B r e a t h n a c h  & W y l l l e ,  

1 9 6 6 ) ,  w h ic h  may a i d  t h e  b a r r i e r  f u n c t i o n  o f  t h e  

e p i d e r m i s .

The o n s e t  o f  c o r n i f i c a t i o n  i s  m arked  b y  c o n s i d e r a b l e



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

h y d r o l y t i c  enzym es f ro m  t h e  ly s o s o m e s ,  w h ic h  b r i n g  a b o u t  

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

c e l l s  ( T - c e l l s )  i n  w h ic h  c e l l  f l a t t e n i n g  i s  a lm o s t  

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

l a y e r *  The c y to p l a s m  o f  h o r n y  c e l l s  beco m es  f i l l e d  w i t h  

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

i n t e r f i l a m e n t o u s  m a t r i x *  The p la s m a  membrane i s  t h i c k e n e d  

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

i n n e r  s u r f a c e ,  t h e  m a in  co m p o n en t  o f  w h ic h  a p p e a r s  t o  

b e  p r o t e i n  ( M a t o l t s y  & M a t o l t s y ,  1 9 6 6 ;  Sun & G r e e n ,

1 9 7 6 ) .  G o r n i f i e d  c e l l s  a re  l o s t  f ro m  th e  s u r f a c e  o f  th e  

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

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

Colum ns o f  s t a c k e d  h o r n y  c e l l s  may o c c a s i o n a l l y  b e  

o b s e r v e d  i n  t h e  e p i d e r m i s  ( M a c k e n z ie ,  1 9 7 5 )  and t h e s e  

i n t e r d i g i t a t e  i n  a  s t e p - l i k e  m anner  (Menton. i  & E lse n *  

1 9 7 1 a )*  I t g i î l a r  c e l l  a l i g n m e n t  i s  m o s t  p r o m in e n t  1 .̂ 

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

t o  b e  r e l a t e d  t o  a  low  r a t e  o f  c e l l  p r o l i f e r a t i o n  

( C h r i s t o p h e r s  e t  a l ,  1 9 7 4 ) »

The c e l l  s t a c k i n g  e x t e n d s  i n t o  t h e  l i v i n g  c e l l  l a y e r s  

and b a s a l  c e l l s  l y i n g  b e n e a t h  a  co lu m n  l e a d  t o  t h e  fo rm ­

a t i o n  o f  t h e  s u p e r f i c i a l  h o rn y  c e l l s  ( P o t t e n ,  1 9 7 4 )?  The 

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

c o n t r o l  o f  a  c e n t r a l l y  l o c a t e d  c e l l  ( A l l e n  & P o t t e n ,

1 9 7 4 ) ,



il #

C o n t r o l  o f  g ro w th  and d i f f e r e n t i a t i o n  i n  t h e  e p i d e r m i s  

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

In  e m b r y o g e n e s i s ,  t h e  d erm al i n f l u e n c e  i s  p a r t i c u l a r l y  

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

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

c h a r a c t e r i s t i c s  s p e c i f i e d  b y  t h a t  mesoderm ( C a i r n s  &

S a u n d e r s ,  1 9 5 4 ) ,  I n  a d u l t  t i s s u e  t h e  d e r m is  was fo u n d  t o  

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

t r u n k ,  b u t  t h i s  was n o t  t h e  c a s e  f o r  to n g u e  and c h e e k  

p o u c h  ( D i l l i n g h a m  & S i l v e r s ,  1 9 6 7 )*

I t  i s  p o s s i b l e  t o  grow  k é r a t i n o c y t e s  i n  d i s p e r s e d  

c e l l  c u l t u r e  ( C o n s t a b l e  e t  a l ,  1 9 7 4 ;  P r u n i e r a s  e t  a l ,  1 9 7 6 )  

and  . s t r a t i f i c a t i o n  and k é r a t i n i s a t i o n  may o c c u r ,  a s  dem on­

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

desm osom ee and t h e  b a s e m e n t  membrane (Mann & C o n s t a b l e ,  1 9 7 7 ) •  

Human k é r a t i n o c y t e s  g row n  o n  c o l l a g e n  g e l s  form  m u l t i ­

l a y e r e d  s t r u c t u r e s  ( K a r a s e k  & C h a r l t o n ,  1 9 7 1 )  and a d d i t i o n  

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

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

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

( R e g n i e r  e t  a l ,  1 9 7 3 )*

8 t a b l e  c u l t u r e s  o f  k é r a t i n o c y t e s  may b e  e s t a b l i s h e d  

by g ro w in g  c e l l s  o n  a  f e e d e r  l a y e r  o f  X - i r r a d i a t  ed 

f i b r o b l a s t s  (B h e ln w a ld  & G r e e n ,  1 9 7 5 )*  S uch  c u l t u r e s  h a v e  

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

k é r a t i n i s a t i o n  (S u n  & G r e e n ,  1 9 7 6 )  and d e s q u a m a t io n  

( G r e e n ,  1 9 7 7 )»

T h u s ,  e p i d e r m a l  g ro w th  and d i f f e r e n t i a t i o n  i n  v i t r o



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

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

b e e n  o f  l i m i t e d  s u c c e s s .  A f r a c t i o n  i s o l a t e d  f ro m  r a b b i t  

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

g r o w th  i n  v i t r o , h a s  b e e n  p a r t i a l l y  c h a r a c t e r i s e d  (M elbye 

& K a ra sek , 1 9 7 3 )*  The s u b s t a n c e  was d l a l y s a b l e ,  h e a t -  

s t a b l e ,  had  a  m o l e c u l a r  w e ig h t  o f  l e s s  t h a n  1 , 0 0 0  and 

w as p r o t e a s e  and n u c l e a s e  r e s i s t a n t .  E p id e r m a l  g ro w th  

f a c t o r  (EO F), a  p o l y p e p t i d e  o f  m o l e c u l a r  w e ig h t  a b o u t  

7 , 0 0 0 ,  i s o l a t e d  f ro m  t h e  s u b m a x i l l a r y  g la n d  o f  m ale  m ic e ,  

was shown t o  s t i m u l a t e  e p i d e r m a l  g ro w th  b o t h  i n  v i v o  

and In  v i t r o  (C oh en , 1 9 7 2 ) ,  h u t i t s  r o l e  in  norm al 

g r o w th  and d i f f e r e n t i a t i o n  i s  n o t  c l e a r .

I n  a d d i t i o n  t o  t h e s e  e x o g e n o u s  co m p o u n d s ,  a  num ber 

o f  i n t r a - e p i d e r m a l  f a c t o r s  h ave b e e n  i m p l i c a t e d  in  g ro w th  

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

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

c h a l o n e "  ( B u l l o u g h ,  1 9 6 2 ) .  I t  was c h a r a c t e r i s e d  a s a  

p r o t e i n  o r  g l y c o p r o t e i n  o f  m o l e c u l a r  w e i g h t  3 0 ,0 0 0  -

4 0 , 0 0 0  and was t r y p s i n  s e n s i t i v e  (H o n d iu s  B o ld in g h  & 

L a u r e n c e ,  1 9 6 8 ) .  The e p i d e r m a l  c h a l o n e  a p p a r e n t l y  

i n h i b i t s  t h e  c e l l  c y c l e  i n  b o t h  and p h a s e s .  I t  i s  

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

o f  a  c e l l .  Below a  c r i t i c a l  c h a l o n e  l e v e l ,  t h e  c e l l  

u n d e r g o e s  m i t o s i s ,  w h i l e  ab o v e  t h i s  l e v e l ,  c e l l  

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

c h a l o n e  l e v e l  d u e  t o  c e l l  d am ag e , t h e n  t h e  n ew er  p o s t ­

m i t o t i c  c e l l s  r e v e r t  t o  m i t o s i s  ( B u l l o u g h ,  1975)®

C h a lo n e  s y s t e m s  h a v e  b e e n  p r o p o s e d  t o  e x i s t  i n  a  num ber 

o f  t i s s u e s ,  b u t  t o  d a t e  no c h a l o n e  h a s  b e e n  o b t a i n e d  i n
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a  p u r i f i e d  fo rm  f ro m  a n y  s o u r c e .

The n u c l e o t i d e ,  c y c l i c  AMP i a  a p p a r e n t l y  a n  i m p o r t a n t  

f a c t o r  i n  t h e  c o n t r o l  o f  g ro w th  and d i f f e r e n t i a t i o n  i n  a  

num ber o f  s y s t e m s  ( P r o e l i c h  & R a c h m e le r ,  1 9 7 2 ;  P a s t a n ,  

1 9 7 2 ;  J u d e w ie z  e t  a l ,  1 9 7 3 ) .  Low c e l l u l a r  c y c l i c  AMP 

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

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

s t im u la t e d  (S h ep p a rd , 1 9 7 1 ) .  3n _Ylt_ro i n h i b i t i o n  o f  

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

c y c l i c  AMP (V o o rh e e s  e t  a l ,  1 9 7 2 ) and c y c l i c  AMP e l e v a t i n g  

d ru g s  ( D e le s c lu s e  e t  a l ,  1 9 7 4 ) to  c u ltu r e d  e p i d e r m a l  

c e l l s .  C y c l i c  GMP a p p a r e n t l y  h a s  an  o p p o s i t e  e f f e c t  t o  

c y c l i c  AMP, and i t  i s  t h o u g h t  t o  b e  t h e  r a t i o  o f  t h e s e  

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

o v e r  g ro w th  and d i f f e r e n t i a t i o n  i n  a  t i s s u e  (V o o lh e e s  e t  

a l  s 1 976 ) e

B io c h e m ic a l  s t u d i e s  h a v e  i n d i c a t e d  t h a t  a l l  t h e  m a jo r  

p a th w a y s  o f  i n t e r m e d i a r y  m e ta b o l i s m  a r e  q u a l i t a t i v e l y  

f u n c t i o n a l  i n  t h e  e p i d e r m i s .  Many o f  t h e  enzym es o f  t h e  

E m bden-M eyerhof  p a th w a y  h a v e  b e e n  d e t e c t e d  (W eber, 1 9 6 4 )  

and  r e g i o n a l  v a r i a t i o n s  i n  enzyme a c t i v i t y  may o c c u r  

w i t h i n  t h e  e p i d e r m i s  (A d a c h l  & Yamasawa, 1 9 6 6 ) . G lu c o s e  

m e ta b o l i s m  b y  t h e  p e n t o s e  p h o s p h a te  p a th w a y  i s  a l s o  

p r e s e n t  w i t h i n  t h e  e p i d e r m i s  ( F r ê i n l œ l ,  1 9 6 0 ;  J a r r e t t ,  

1 9 7 1 )  b e i n g  p a r t i c u l a r l y  a c t i v e  i n  t h e  u p p e r  c e l l  l a y e r s  

(Im & A d a c h i ,  1 9 6 6 ) .  A l th o u g h  t h e  e p i d e r m i s  i e  c a p a b l e  

o f  s y n t h e s i s i n g  g l y c o g e n  ( H a l p r l n  & Q k aw ara ,  1 9 6 6 ) ,  i t s
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u t i l i s a t i o n  i s  c o n f i n e d  t o  t im e s  o f  i n c r e a s e d  m e t a b o l i c  

a c t i v i t y .

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

( R h e i n e r t s o n  & W h e a tle y , 1 9 5 9 ) ,  b u t  q u a n t i t i v e l y  t h e  

e p i d e r m i s  i s  much more a c t i v e  th a n  t h e  d e r m is  ( H s i a ,  1 9 7 1 ) ,  

e s p e c i a l l y  in  t h e  s y n t h e s i s  o f  s t e r o l s  ( N i c o l a i d e s  &

Rothm an, 1 9 5 5 )  and p o l a r  l i p i d s .  W i t h i n  t h e  e p i d e r m i s  th e  

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

l o w e r  th a n  t h a t  o f  t h e  n o n -k e r a t in ls e d  l a y e r s  ( R h e i n e r t s o n  

& W h e a tle y , 1 9 5 9 )#

N orm al htiraan s k i n  c o n t a i n s  a  num ber o f  p r o t e a s e s ,  

some o f  w h ic h  h a v e  b e e n  i s o l a t e d  and c h a r a c t e r i s e d  (H o p su -  

Havu & J a n s e n ,  19691 F r à k i  & H o p su -H av u , 1 9 7 6 )  and a 

n u m b er  o f  p r o t e a s e  i n h i b i t o r s .  P r o t e o l y t i c  enzym es a r e  

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

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

The e p i d e r m i s  h a s  a l s o  a  l a r g e  num ber o f  a c i d  

h y d r o la s e s ®  T h e se  enzym es w h ic h  i n c l u d e  p r o t e a s e s ,  l i p a s e s ,  

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

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

d e t e c t e d  i n  t h e  e p i d e r m i s  b y  Rowden ( 1 9 6 7 ,  1 9 6 8 ) .  

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

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

w h e re  t h e y  h a v e  b e e n  i m p l i c a t e d  i n  t h e  d e g r a d a t i o n  o f  th e  

s u b c e l l u l a r  o r g a n e l l e s  d u r i n g  n o rm a l  k é r a t i n i s a t i o n .  The 

h y d r o l y t i c  enzym es a r e  b e l i e v e d  t o  b e  s y n t h e s i s e d  i n  t h e  

b a s a l  c e l l s  and c a r r i e d  up  th ro u g h  t h e  e p i d e r m i s  i n  t h e  

l y s o s o m e s .  A c id  h y d r o l a s e s  h a v e  b e e n  d e t e c t e d  i n  t h e
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s t r a t u m  c o rn e u m , b u t  o n l y  a b o u t  10% o f  t h e i r  a c t i v i t y  

a p p e a r s  t o  s u r v i v e  t e r m i n a l  d i f f e r e n t i a t i o n  (R o e l f z e m a  

e t  a l ,  1 9 7 6 ) .

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

i n t o  t h e  g r a n u la r  l a y e r  o f  t h e  e p i d e r m i s  (Fukuyam a e t  a l ,  

1 9 6 5 ) and  th e  h i s t o c h e m i c a l  l o c a l i s a t i o n  o f  h i s t i d i n e  i n  

t h e  k e r a t o h y a l i n  g r a n u l e s  (R eav en  & C ox, 1 9 6 5 ;  Fukuyam a 

& E p s t e i n ,  1 9 6 6 , 1 9 6 7 ) was a t t r i b u t e d  t o  p r o t e i n  s y n t h e s i s  

i n  t h e  u p p e r  l a y e r s  ( B e r n s t e i n ,  1 9 6 4 ) and a h i s t i d i n e  r i c h ,  

c y s t i n e  p o o r  p r o t e i n  was i s o l a t e d  (H o o b e r  & B e r n s t e i n ,

19661  Gumucio e t  a l ,  1 9 6 7 ) .  E x t r a c t i o n  o f  k e r a t o h y a l i n  

g r a n u l e s  f ro m  n ew b o rn  r a t  e p id e r m is  ( M a t o l t s y  & M a t o l t s y ,  

1 9 7 0 ) and s u b s e q u e n t  amino a c i d  a n a l y s i s ,  showed t h a t  

c y s t i n e  and p r o l i n e  w e re  p r e s e n t  i n  l a r g e  am oun ts  w h erea s  

o n l y  a  s m a l l  am ount o f  h i s t i d i n e  was p r e s e n t .  L a b e l l i n g  

s t u d i e s  (T e z u k a  & F r e e d b e r g , 1 9 7 2 )  f a i l e d  t o  show  

h i s t i d i n e  in c o r p o r a t io n  in t o  k e r a t o l y a l i n  f r a c t i o n s ,  w h i l e  

k e r a t o h y a l i n  e x t r a c t e d  b y  IJgel ( 1 9 6 9 , 1 9 7 1 )  was fou nd  to  

be a r i b o n u c l e o p r o t e i n  i n  w h ich  t h e  p r o t e i n  com ponent 

was r i c h  i n  s e r i n e , a r g i n i n e ,  g l y c i n e  and h i s t i d i n e  (U g e l

& I d l e r ,  1 9 7 2 ) .

The g r e a t  v a r i e t y  o f  'k e r a to h y a lin s *  s o  f a r  d e t e c t e d  

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

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

g r a n u l e s  c o n t a i n  a  number o f  p r o t e i n s .  A l th o u g h  t h e  

e x a c t  f u n c t i o n  o f  k e r a t o h y a l i n  r e m a in s  unknow n, i t  i s  

b e l i e v e d  t o  fo rm  t h e  i n t e r f I l a m e n t o u s  m a tr ix  o f  t h e  h o rn y  

c e l l s  ( L a v k e r  & M a t o l t s y ,  1 9 7 0 ) .



The o k - ty p e  X - r a y  d i f f r a c t i o n  p a t t e r n  e h a r a c t e r i s t i e  

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

t h e  t o n o f i l a m e n t s .  R u d a l l  (1 9 5 2 )  u s i n g  6M u r e a  s o l u t i o n s  

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

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

com ponents®  The f i b r o u s  p r o t e i n  f r a c t i o n  ’ e p id e r m in *  

r e t a in e d  t h e  a b i l i t y  t o  g iv e  a n  «k - k e r a t in  d i f f r a c t i o n  

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

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

I t  was n o t  u n t i l  t h e  w o rk  o f  M a t o l t s y  (1 9 6 4 , 1 9 6 5 )  

t h a t  t h e  f i b r o u s  p r o t e i n  was o b t a i n e d  i n  a  hom ogeneous  

f o r m .  U s in g  0 . 1 M c i t r i c  a c i d - s o d i u m  c i t r a t e  (CA8C) b u f f e r ,  

p H 2 .6  h e  was a b l e  t o  e x t r a c t  ' p r e k e r a t i n * ,  w h ic h  was 

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

l a y e r s  o f  c o w s ' n o s e  e p i d e r m i s .  P h y s i c o c h e m i c a l  a n a l y s i s  

o f  t h e  f ib r o u s  p r o t e i n  ( S k e r r o w ,  1 9 7 2 ,  1 9 7 4 )  showed t h a t  

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

m o l e c u l a r  w e i g h t  o f  3 7 5 ,0 0 0 .  The i n d i v i d u a l  p o l y p e p t i d e  

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

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

m o l e c u l a r  w e i g h t  7 2 ,0 0 0  and two c h a i n s  o f  m o l e c u l a r  

w e i g h t  6 0 , 0 0 0 . T h i s  c h a i n  c o m p o s i t i o n  was o b s e r v e d  

w h e t h e r  t h e  p r o t e i n  was t r e a t e d  w i t h  a  r e d u c i n g  a g e n t  

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

o f  i n t e r c h a i n  d i s u l p h i d e  b o n d s .  The 40% © k - h e l ix  c o n t e n t  

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

r e g i o n s  o f  t h e  m o l e c u l e ,  e a c h  a b o u t  20nm i n  l e n g t h  and 

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

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

a g g r e g a t e  i n t o  l o n g  f i l a m e n t s  r e s e m b l i n g  t h o s e  i n  v i v o .



t o

and  t o  g i v e  a n o ^ - k e r a t i n  X - r a y  d i f f r a c t i o n  p a t t e r n  ( M a t o l t s y ,  

1 9 6 5 ) s u g g e s t s  t h a t  t h e s e  m o l e c u l e s  a r e  u n d e n a t u r e d  

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

A s u b s e q u e n t  a n a l y s i s  o f  t h e  b o v i n e  f ib r o u s  p r o t e i n  

( S t e i n e r t ,  1 9 7 5 )  f o u n d  t h a t  i t  c o n s i s t e d  o f  s i x  d i f f e r e n t  

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

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

s y s te m  u s e d *  The c h a i n  m o l e c u l a r  w e i g h t s  ranged  f ro m

4 7 , 0 0 0  -  5 8 ,0 0 0  and w e re  t h e r e f o r e ,  som ew hat l o w e r  t h a n  

t h o s e  o f  B karrow  ( 1 9 7 4 ) ,  a l t h o u g h  t h e  r e a s o n  f o r  t h i s  

w as n o t  c l e a r *

I n  y e t  a n o t h e r  s t u d y  o f  c o w s ' n o s e  p r e k e r a t i n ,  B aden  

e t  a l  ( I 9 7 3 a )  o r i g i n a l l y  c h a r a c t e r i s e d  t h e  p r o t e i n  a s  

c o n s i s t i n g  o f  two m a j o r  c h a i n s  o f  m o l e c u l a r  w e i g h t s  4 7 , 0 0 0  

and 5 8 ,0 0 0  and  a  c o n s t a n t l y  o c c u r r i n g  m in o r  b an d  o f  

m o l e c u l a r  w e i g h t  9 8 ,0 0 0 ,  w h i l e  i n  l a t e r  s t u d i e s  (Lee e t  a l ,  

1 9 7 5 ;  B aden  e t  a l ,  1 9 7 6 )  p r e k e r a t i n  h ad  a  f o u r  c h a i n  

s t r u c t u r e  i n  w h ic h  b a n d s  A and A* h a d  m o l e c u l a r  w e i g h t s  

c l o s e  t o  4 5 ,0 0 0  and b a n d s  B and B* h ad  m o l e c u l a r  w e i g h t s  

o f  6 7 ,0 0 0  and 5 6 ,0 0 0  r e s p e c t i v e l y *  B o th  A and B ty p e  

c h a i n s  w e re  r e q u i r e d  t o  g i v e  ano4-type d i f f r a c t i o n  p a t t e r n  

and s u b u n i t  s t r u c t u r e s  o f  AA’ B and A A'B’ w e re  p r o p o s e d ,  

w h ic h  now c l o s e l y  r e s e m b l e  t h e  t h r e e  c h a i n  s t r u c t u r e s  

i d e n t i f i e d  b y  S k e r ro w  ( l 9 7 4 ) •  The s t u d i e s  o f  S t e i n e r t  

( 1 9 7 5 ) and B aden  e t  a l  ( l 9 7 3 a )  c o n f i rm e d  t h e  o r i g i n a l  

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

b o n d s  ft

More r e c e n t l y  ( S k e r r o w ,  1 9 7 7 a )  human p r e k e r a t i n  was 

I s o l a t e d  and p u r i f i e d  b y  a  ra o d ife d  GASC e x t r a c t i o n
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p r o c e d u r e .  I t  was s i m i l a r  i n  c o m p o s i t i o n  t o  th e  b o v in e  

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

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

g e l s  o f  m o l e c u l a r  w e i g h t s  7 0 ,0 0 0 ,  6 3 ,0 0 0  and 5 5 , 0 0 0 .

F i b r o u s  p r o t e i n  f r a c t i o n s  e x t r a c t e d  from  human 

e p i d e r m i s  w ith  0.02M  NaOH, w ere  fo u n d  t o  c o n s i s t  o f  two 

f a s t  m oving  b a n d s ,  A and B and a  l a r g e  am ount o f  m a t e r i a l  

w h ic h  d i d  n o t  e n t e r  t h e  g e l  (B a u er , 1 9 7 2 )»  I t  w as 

p r o p o s e d  t h a t  A was a  d im e r  and B a  monomer o f  t h e  f i b r o u s  

p r o t e i n  and t h a t  t h e  f ib r o u s  p r o t e i n  m a c ro m o le c u le  was 

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

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

r a b b i t  f i b r o u s  p r o t e in s  and f o r  c o w s ' n o s e  p r e k e r a t ln .

GASG b u f f e r  i s  i n e f f e c t i v e  i n  th e  e x t r a c t i o n  o f  

p r o t e i n s  f ro m  ' k e r a t i n i s e d ' t i s s u e s ,  and t h i s  i n s o l u b i l i t y  

w as o r i g i n a l l y  a t t r i b u t e d  t o  d i s u l p h i d e  b o n d in g  o f  th e  

f ib r o u s  p r o t e i n  ( R u d a l l ,  1 9 6 8 ,  F r a se r  e t  a l ,  1 9 7 2 ) .  

E x t r a c t i o n  o f  t h e  h o r n y  l a y e r  g e n e r a l ly  r e q u ir e s  t h e  u se  

o f  d e n a t u r i n g  s o l v e n t s  and a l t h o u g h  Baden e t  a l  (1 9 7 6 )  

fo u n d  t h a t  th e  e p id e r m a l f ib r o u s  p r o t e i n  from  co w s' n o s e  

and human s t r a t u m  co rn eu m  c o u ld  be I s o l a t e d  w i t h  u re a  

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

r e q u ir e d  p r e tr e a tm e n t  o f  t h e  p r o t e in  w ith  a  r e d u c in g  a g e n t .  

T h u s ,  d u r in g  n o rm a l  k é r a t i n i s a t i o n ,  i t  was prop osed  t h a t  

t h e  f i b r o u s  p r o t e in  w h ic h  la c k e d  d is u lp h id e  b o n d s  i n  th e  

l i v i n g  c e l l s  becam e s t a b i l i s e d  b y  in t e r c h a in  d i s u l p h i d e  

b o n d s  in  t h e  h o rn y  c e l l  l a y e r s .
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S t e i n e r t  ( 1 9 7 5 ) ,  h o w e v e r ,  d i s a g r e e d  w i t h  t h i s  

o b s e r v a t i o n ,  and fo u n d  t h a t  t h e  same am ount o f  f i b r o u s  

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

co rn eu m  i n  t h e  a b s e n c e  o f  a r e d u c i n g  a g e n t  a s  i n  i t s  

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

l a y e r  was r e q u i r e d  i n  t h e  f o r m e r  case® He c o n c lu d e d  t h a t  

t h e  c e l l  membrane was t h e  s i t e  o f  d is u lp h id e  bond s t a b i l ­

i s a t i o n  i n  t h e  h o r n y  l a y e r  and t h i s  was i n  a g re e m e n t  w i t h  

t h e  c h e m ic a l  s t u d y  o f  M a to ltsy  & M a t o l t s y  ( 1 9 6 6 ) .

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

n o rm a l  k é r a t i n i s a t i o n ,  no d i f f e r e n c e s  i n  p o l y p e p t i d e  

c o m p o s i t i o n  h a v e  b e e n  d e t e c t e d  b e tw e e n  t h e  l i v i n g  and  h o rn y  

c e l l s  o f  b o v in e  ( S t e i n e r t ,  1 9 7 5 ; Baden e t  a l ,  1 9 7 6 )  o r  

human e p i d e r m i s  (JBauer, 1 9 7 2 ) .

The c ^ -k e r a t ln  X - r a y  d i f f r a c t i o n  p a t t e r n  o f  k e r a t ln i s e d  

t i s s u e s  ( A s tb u r y  & S t r e e t ,  1 9 3 1 )  was o r i g i n a l l y  e x p l a i n e d  

a s  r e s u l t i n g  f ro m  a r i g h t  h a n d e d  oC- h e l i x  ( P a u l i n g  e t  a l ,  

1 9 5 1 ) ,  b u t  t h i s  d i d  n o t  f i t  t h e  o b s e r v e d  r e f l e c t i o n s  

e x a c t l y .  B o th  C r i c k  (1 9 5 3 )  and P a u l i n g  & C o re y  (1 9 5 3 )  t h e n  

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

c o i l  s t r u c t u r e  w ould  p r o v id e  a b e t t e r  f i t .  The d i f f r a c t i o n  

p a t t e r n  o f  m a m m a l ia n o L - k e r a t in  was found t o  d e v ia t e  from  

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

a num ber o f  d e p a r t u r e s  f ro m  t h i s  i d e a l i s e d  c o n fo r m a tio n  

( E r a s e r  a t  a l ,  1 9 7 1 ) .

P s o r i a s i s  i s  a n  e x tr e m e ly  common s k i n  d i s e a s e  a f f e c t i n g  

1 -  2% o f  t h e  p o p u l a t i o n  o f  t h e  U n i t e d  Kingdom (In g ra m , 1 9 5 4 ) .
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E v id e n c e  o f  a f a m i l i a l  t e n d e n c y  s u g g e s t s  t h a t  p s o r i a s i s  i s  

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

i n h e r i t a n c e  h a s  b e e n  p r o p o s e d  ( K im b e r l in g  & D o b so n ,  1 9 7 3 )*  

L o m h o lt  (1 9 6 3 ) f o u n d  t h a t  t h e  e lb o w s , k n e e s  and s c a l p  w e re  

t h e  m ost commonly a f f e c t e d  s i t e s ,  and C a u c a s i a n s  a r e  

a p p a r e n t l y  more p r e d i s p o s e d  to w a r d s  p s o r i a s i s  t h a n  A s i a t i c s  

o r  N e g r o s .

I n  t h e  p s o r i a t i c  e p i d e r m i s  t h e  k e r a t i ^ o c y t e s  a re  

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

m i t o c h o n d r i a  (B ro d y ,  1 9 6 2 )  and t h e r e  i s  a  r e d u c t i o n  i n  t h e  

am ount and t h e  e x t e n t  o f  a g g r e g a t i o n  o f  t h e  t o n o f i l a m e n t s  

(L a g e rh o ln i ,  1 9 6 9 )*  The b a s e m e n t  membrane i s  h i g h l y  c o n ­

v o l u t e d  and b r e a k s  i n  i t  h a v e  b e e n  d e t e c t e d  (C ox , 1 9 6 9 )*  

P s o r i a t i c  e p i d e r m i s  l a c k s  k e r a t o h y a l i n  g r a n u l e s  and T -  

c e l l s  h a v e  n o t  b e e n  f o u n d  « The c y t o p l a s m  o f  t h e  k é r a t i n ­

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

b u t t h e  n o rm a l  p la s m a  membrane t h i c k e n i n g  i s  a b s e n t  (B ro d y ,  

1 9 6 2 )0  A la c k  o f  o r g a n e l l e  d e g r a d a t i o n  and d e f e c t i v e  

d e s q u a m a t io n  o f  th e  p a r a k e r a t o t i c  s t r a t u m  corneum  r e s u l t s  

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

w ith  t h e  d i s e a s e .

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

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

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

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

k é r a t i n o c y t e s  (M e rc e r  & M aibach, 1 9 6 6 ) .  V i l l o u s  p r o j e c t i o n s  

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

num ber o f  o t h e r  s c a l i n g  d e r m a t o s e s ... ( G r i f f i t h s  & M a rk s , 1 973) 

and t h e s e  a p p e a r  t o  b e  c l o s e l y  r e l a t e d  t o  i n c r e a s e d
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m i t o t i c  a c t i v i t y  and p a r a k e r a t o t io  s c a l i n g .  B a r r r e  e t

a l  ( 1 9 7 4 ) B e l i e v e  t h a t  t h e  p r e s e n c e  o f  t h e s e  p r o t r u s i o n s  

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

e p i d e r m i s s  h u t  t h a t  t h e i r  s h a p e  may be a  d i a g n o s t i c  

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

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

s i z e  may a l l o w  i n t i m a t e  c e l l  c o n t a c t  and i n c r e a s e  c e l l  

a d h e s i o n  (D aw ber e t  a l ,  1 9 7 2 ) .  A l a r g e  num ber o f  g r a n u l e s  

o r  v a c u o l e s  ( o c c u r r i n g  e i t h e r  s i n g l y  o r  i n  a g g r e g a t e s )  i s  

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

s p a c e  o f  p s o r i a t i c  s t r a t u m  co rn eu m  (B ro d y  e t  a l ,  1 9 7 4 ) and 

th e  e x c a v a t i o n s  f r e q u e n t l y  fo u n d  o n  c e l l  s u r f a c e s  may be  

t h e  r e s u l t  o f  g r a n u l e  o r  v a c u o l e  e x c r e t i o n .  The c o lu m n a r  

o r g a n i s a t i o n  w h ic h  a p p e a r s  t o  be  an  i n t r i n s i c  p r o p e r ty  o f  

t h e  e p id e r m is  b e lo w  a  p a r t i c u l a r  r a t e  o f  p r o l i f e r a t i o n  

( C h r i s t o p h e r s  e t  a l ,  1 9 7 4 ) i s  c o m p l e t e l y  l a c k i n g  in  

p s o r i a s i s  (M en ton  , & E ls e n ,  1 9 7 1 b ) .

A t te m p t s  t o  d e t e c t  t h e  I n i t i a l  m o r p h o l o g i c a l  c h a n g e  

i n  p s o r i a s i s  h a v e  i m p l i c a t e d  d e rm a l  b lo o d  v e s s e l s  ( T e l n e r  

& P e k e t e , 1 9 6 1 ) and  e x t e n d e d ,  o e d e m a to u s  d e rm a l  p a p i l l a e  

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

d e t e c t e d  u n d e r l y i n g  p s o r i a t i c  l e s i o n s  (B ra v e rm a n  & Y en,

1 9 7 7 ) * The d e r m a l  c h a n g e s  a r e  h o w ev er , a p p a r e n t l y  p r eced ed  

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

(P e d a c e  e t  a l ,  1 9 6 9 ) .

I n  v i v o  and i n  v i t r o  a u t o r a d i o g r a p h i c  s t u d i e s  o f  DPA 

s y n t h e s i s  h a v e  shown t h e  num ber o f  l a b e l l e d  c e l l s  t o  b e  

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

e p i d e r m i s . The d u r a t i o n  o f  m i t o s i s  i n  p s o r i a s i s  h a s  b e e n
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r e p o r t e d  as  l e n g t h e n e d  ( P i s h e r  & W e l l s ,  1 9 6 8 )  o r  s h o r t e n e d  

(G oodw in  e t  a l ,  1 9 7 4 )  w h i l e  W e i n s t e i n  & F r o s t  (1 9 6 8 )  fo u n d  

t h a t  t h e  w h o le  c e l l  c y c l e  was c o m p re s s e d  i n t o  37  h o u r s  a s  

o p p o s e d  t o  152  h o u r s  n o r m a l l y  ( E p s t e i n  & M a ih a c h ,  1 9 6 5 )#

B a u e r  & De G rood (1 9 7 5 )  u s e d  i m p u l s e : c y t o p h o t o m e t r y ,  

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

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

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

a b o u t  50  h o u r s  f o r  b o t h  n o rm a l  and p s o r i a t i c  e p i d e r m i s •

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

t h e  e p i d e r m i s  ( G e l f a n t  & C a n d e l a s , 1 9 7 2 )  and i t  i s  b e l i e v e d  

t h a t  t h e  i n c r e a s e d  c e l l  n u m b ers  i n  p s o r i a s i s  are:? d u e  t o  

t h e  r e l e a s e  o f  n o n - c y c l i n g  (G-q) and b l o c k e d  (G^ o r  G ) 

c e l l s  • The n o rm a l  t r a n s i t  t im e  o f  3 *• 4  w eeks  f o r  

k é r a t i n o c y t e s  t h r o u g h  t h e  e p i d e r m i s ,  i s  r e d u c e d  i n  p s o r i a s i s  

t o  a b o u t  3 ^ 4  d a y s  ( H o th b e r g  e t  a l ,  1961 ; V an S c o t t  &

E k e l ,  1 9 6 3 ) .

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

c y c l i c  GMP i m p l i c a t e d  i n  t h e  c o n t r o l  o f  g ro w th  and 

d i f f e r e n t i a t i o n  i n  n o r m a l  e p i d e r m i s  (V o o rh e e s  & M ie r , 1 9 7 4 )  

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

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

(V o o rh e e s  e t  a l ,  1 9 7 6 )  w h ic h  may b e  d u e  t o  d e f e c t i v e  a d e n y l  

c y c l a s e  a c t i v i t y  (M a h r le  & O r f a n o s ,  1 9 7 7 )  w h i le  i n c r e a s e d  

l e v e l s  o f  c y c l i c  GMP a r e  f o u n d • C y c l i c  GMP s t i m u l a t e s  t h e  

b re a k d o w n  o f  c y c l i c  AMP i n  v i t r o  (Beavo e t  a l ,  1 9 7 1 )  and 

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

C y c l i c  AMP i n h i b i t s  t h e  c e l l  c y c l e  i n  b o t h  G. and Gg p h a s e s  

( A b e l l  & M onahan, 1 9 7 3 )  and t h e  i n c r e a s e d  p r o l i f e r a t i o n  o f
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b a s a l  c e l l s  i n  p s o r i a s i s  may be  e x p l a i n e d  b y  a  l a c k  o f  

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

As e a r l y  a s  1 9 2 3 p Gans r e p o r t e d  i n c r e a s e d  g l u c o s e  

and o x y g e n  c o n s u m p t io n  b y  p s o r i a t i c  e p i d e r m i s  and s u b s e q u e n t  

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

I n d i v i d u a l  m e t a b o l i t e s  h a v e  b e e n  m ea su re d  ( H a l p r i n  &

Okawara , 1 9 6 6 ) ,  enzyme a c t i v i t i e s  h a v e  b e e n  q u a n t i f i e d  

(Haraniar, 1 9 7 0 )  and w h o le  p a th w a y  s t u d i e s  h a v e  b e e n  u n d er­

ta k e n  ( J a r r e t t , 1 9 7 1 ) o

P s o r i a t i c  s c a l e  h a s  a  low  f r e e  am ino a c i d  c o n t e n t  

(W h eatley  & F a r b e r ,  1 9 6 1 )  and i n c r e a s e d  p o l y p e p t i d e  l e v e l s  

( P l e s e h  e t  a l ,  1 9 6 2 )  t h o u g h t  t o  b e  t h e  r e s u l t  o f  im p a ired  

en zy m ic  d e g r a d a t i o n  o f  p r o t e i n #  The l i p i d  c o n t e n t  o f  

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

o f  n o rm a l  h o r n y  c e l l s  (W h e a t le y  & P a r b e r ,  1 9 6 1 ) and 

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

r e p o r t e d  i n  p s o r i a t i c  l e s i o n s  (C o o p e r  e t  a l ,  1 9 7 6 ) .  

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

fou nd  i n  p s o r i a t i c  e p i d e r m i s  (Tsam boas e t  a l ,  1 9 7 7 )  w i t h  

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

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

i d y l o h o l i n e  and d i p h o s p h a t id y l  g l y c e r o l  l e v e l s #  A n io n ic  

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

m o d u la te  t h e  a c t i v i t y  o f  membrane bound  a d e n y l  c y c l a s e  

( M i c h e l l ,  1 9 7 5 )  and t h e  a l t e r e d  p h o s p h o l i p i d  l e v e l s  i n  

p s o r i a s i s  may h a v e  c a u s e d  t h e  r e d u c e d  c y c l i c  AMP l e v e l s  fo u n d  

i n  l e s i o n s #

F r a k i  & H opsu -H avu  (1 976 ) h av e  e x t r a c t e d  a num ber o f  

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

pH o p t im a .  T hey  d i f f e r  f ro m  t h e  enzym es o f  h e a l t h y  s k i n  

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

d e - r e p r e s s i o n  o f  p s o r i a t i c  c e l l s ,  l e a d i n g  t o  i n c r e a s e d  

DBA s y n t h e s i s  and c e l l  d i v i s i o n #  N orm al e p i d e r m a l  p r o t e a s e s  

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

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

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

co rn eu m  o f  p s o r i a t i c s  (H e r rm a n n ,1 9 7 6 ) .

I n c r e a s e d  l e v e l s  o f  a c i d  h y d r o l a s e s  a r e  fo u n d  i n  

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

a c t i v i t i e s  b e i n g  p a r t i c u l a r l y  e l e v a t e d  (M ie r  & V an d e n  

Hurk, 1 9 7 6 a ,  b ) , Some 30^ o f  t h e  o r i g i n a l  a c t i v i t y  o f  t h e  

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

t i m e s  a s  much a s  s u r v i v e s  n o rm a l  k é r a t i n i s a t i o n  (R o e lfz e m a  

e t  a l ,  1 9 7 6 ) .  I t  i s  n o t  c l e a r  why enhanced  h y d r o l a s e  

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

e p i d e r m is p  a l t h o u g h  i t  h a s  b e e n  p r o p o s e d  t h a t  enzyme r e l e a s e  

f ro m  t h e  ly s o s o m e s  may be d e f e c t i v e  (R e id  & J a r r e t t ,  1 9 6 7 ) .

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

* h l 8 t i d i n e - r i c h *  p r o t e i n  i n  p s o r i a t i c  e p i d e r m i s  i s  c o r r e l a t e d  

w i t h  th e  a b s e n c e  o f  k e r a t o h y a l i n  g r a n u l e s  (V o o rh e e s  e t  a l ,

1 9 6 6 ) a l t h o u g h  h i g h  t i s s u e  h i s t i d a s e  a c t i v i t y  h a s  b e e n  

r e p o r t e d  (R e a v e n  & C ox , I 9 6 5 ) .  I t  was s u g g e s t e d  t h a t  

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

th e  o b s e r v e d  s y n t h e t i c  d e f e c t .

l i t t l e  in fo p m & tien  a v a i l a b l e  on th e  m o le c u la r

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

Roe (1 9 5 9 ) i s o l a t e d  a  f i b r o u s  co m p o n en t  ( p r o t e i n  A) from
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t h e  p a r a k e r a t o t i o  s t r a t u m  corneum  o f  p s o r i a t i c s  w h ic h  

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

A n o C - f ib r o u s  p r o t e i n  e x t r a c t e d  f ro m  p s o r i a t i c  s t r a t u m  

co rn eu m  (B aden  & B o n a r ,  1 9 6 8 )  was c o m p o s i t i o n a l l y  s i m i l a r  

t o  t h e  p r o t e i n  f ro m  n o r m a l  e p i d e r m i s .  P r e l im in a r y  

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

p r o t e i n  i s  a b n o rm a l  ( S k e r r o w ,  1 9 7 7 b ) .

Most o f  th e  d i s t u r b a n c e s  d e t e c t e d  i n  p s o r i a t i c  s c a l e  

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

t h e  d i s e a s e #  I t  h a s  b e e n  s u g g e s t e d ,  h o w e v e r ,  t h a t  t h e  

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

may c a u s e  t h e  d e f e c t i v e  c e l l u l a r  a r c h i t e c t u r e ,  c h a r a c t e r i s e d  

b y  t h e  a b s e n t  g r a n u l a r  l a y e r  and p a r a k e r a t o t io  s t r a t u m  

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

c y c l i c  n u c l e o t i d e s  (V o o rh e e s  & M ier, 1 9 7 4 )  o r  t h e  e p i d e r m a l  

c h a l o n e  ( E l g j o ,  1 9 7 2 )  b u t  a s  y e t  t h e r e  i s  no e v i d e n c e  t o  

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

D u r in g  t r e a tm e n t  o f  p s o r i a s i s ,  t h e  g r a n u l a r  l a y e r  

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

a c t i v i t y  ( P r y  & MoMinn, 1 9 6 8 )  and  i n  e x p e r i m e n t a l l y  in d u c e d  

h y p e r p l a s i a  o f  g u in e a  p i g  e p id e r m is  w h ere  t h e  k e r a t i n o c y t e  

t r a n s i t  t im e  and e p i d e r m a l  t h i c k n e s s  a r e  th e  same a s  t h o s e  

i n  p s o r i a s i s ,  no p a r a k e r a t o s i s  i s  d e t e c t e d  ( C h r i s t o p h e r s  

& B r a u n -F a lc o , 1970)® T h e se  r e s u l t s  t e n d  t o  f a v o u r  a 

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

p s o r i a s i s .
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1 ,1  INTRODUCTION

D u r in g  n o rm a l  k é r a t i n i s a t i o n *  th e  e p i d e r m a l

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

t h e  h o r n y  l a y e r  t h e  c e l l s  becom e f i l l e d  w i t h  f i l a m e n t

b u n d l e s  em bedded i n  an  o p a q u e  i n t e r f l l a m e n t o u s  m a t r i x

(B ro d y , 1960)0  I J l t r a s t r u c t u r a l l y ,  t h e r e  i s  a p p a r e n t l y  no

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

and h o rn y  c e l l  l a y e r s .

U sin g  OASC b u f f e r ,  i t  I s  p o s s i b l e  t o  s o l u b i l i s e  t h e  

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

t h e  t o n o f i l a m e n t s  ' p r e k e r a t i n *  h a s  b e e n  i s o l a t e d  

(M a to X tsy ,  19651 S k e r ro w ,  1 9 7 7 a ) .  E p id e r m a l  p r e k e r a t i n  

i s  a  m u l t i o h a i n  p r o t e i n  w h ich  h as  t h e  a b i l i t y  to  a g g r e g a t e  

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

( M a t o l t s y ,  1 9 6 5 )5  and a p p a r e n t l y  r e p r e s e n t s  n o n -d e n a tu r e d  

u n i t s  o f  t h e  t o n o f i l a m e n t s ©

A l th o u g h  t h e  t o n o f i l a m e n t s  o f  t h e  l i v i n g  and horn y  

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

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

c e l l u l a r  o r g a n e l l e s  and by a t h i c k e n e d  c e l l  e n v e lo p e #  The 

m a jo r  co m ponen t o f  t h e  t h i c k e n e d  c e l l  e n v e lo p e  o f  horny  

c e l l s  i s  p r o t e i n  ( M a t o l t s y  & M a to ltsy *  1 9 6 6 ;  Bun c. G re e n ,  

1 9 7 6 ) w h ic h  i s  a p p a r e n t l y  s t a b i l i s e d  toy b i s u l p h i d e  bonds  

( M a t o l t s y  & M a t o l t s y ,  1 9 6 6 )#

The t h i c k n e s s  o f  t h e  h o r n y  .layer v a r i e s  a t  d i f f e r e n t  

b o d y  s i t e s ,  b e i n g  a b o u t  15y^m t h i c k  on  m ost s u r f a c e s ,  b u t  

i n c r e a s i n g  t o  600/uon i n  p a lm a r  and p l a n t a r  c a l l u s .  The 

c e l l s  o f  t h e  n o rm a l  s tr a tu m  co rneum  h a v e  a h i g h l y  o r g a n i s e d
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s p a t i a l  arrangem ent f o r m i n g  s t a c k e d  c o lu m n s ,  w h ic h  

i n t e r d l g l t a t e  a t  s t e p - l i k e  d e p r e s s i o n s  ( Menton j  & E i s e n ,

1971 a ) .  C o r n e o c y t e s  a r e  n o r m a l l y  h e x a g o n a l  i n  s h a p e ,  h ave  

s u r f a c e  f o l d s  and c r e a s e s  and low  v i l l o u s  p r o j e c t i o n s #

P a lm a r  and p l a n t a r  c a l l u s  l a c k  a  r e g u l a r  c e l l u l a r  a r r a n g e ­

ment (M ackenzie  & h i n d e r ,  1 9 7 3 )  and t h e  c e l l s  i n t e r d l g l t a t e  

v i a  d i s t i n c t  s u r f a c e  m i c r o v i l l i  (S p e a rm a n  & H ardy, 1 9 7 6 ) .

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

CASC b u f f e r ,  and i t  h a s  b een  s u g g e s t e d  t h a t  t h e  f i b r o u s  

p r o t e i n  i s  s t a b i l i s e d  by b i s u l p h i d e  b o n d s  ( R u d a l l ,  1 9 6 8 ;

B ad en  & B o n a r ,  1 9 6 8 )#  D e n a tu r in g  s o l v e n t s  i n  t h e  p r e s e n c e  

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

c e l l  p r o t e i n s  (B ad en  & B o n a r ,  1 9 6 8 ;  Tezuka & F r e e d b e r g ,

1 9 7 2 ;  Huang e t  a l ,  1 9 7 5 )*  The i n d i v i d u a l  c o m p o n e n ts  o f  

t h e s e  h e t e r o g e n e o u s  e x t r a c t s  h a v e  b een  s e p a r a t e d  on BBS 

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

e p i d e r m a l  p r o t e i n s .

8D8 p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s  (n e b e r  &

O sb orn , 1 9 6 9 )  h a s  b e e n  shown t o  b e  a r e l i a b l e  method o f  

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

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

p h y s i c o c h e m i c a l  p r o c e d u r e s  (W eber e t  a l ,  1 9 7 2 ) .  In t h e  

p r e s e n c e  o f  a r e d u c in g  a g e n t ,  th e  d e t e r g e n t  8DB b in d s  

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

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

n e g a t i v e  c h a r g e #  Movement o f  t h e  p e p t i d e s  t h r o u g h  t h e  

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

p r o t e i n  m a rk ers .  G el e l e c t r o p h o r e s i s  i s  r a p i d ,  r e q u i r e s  

o n l y  m ic ro g ra m  q u a n t i t i e s  o f  m a t e r i a l  and p r o v i d e s  

r e l i a b l e ,  r e p r o d u c ib le  r e s u l t s .  G l y c o p r o t e i n s , p r o t e i n s  

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

1 5 ,0 0 0  m o l e c u l a r  w e ig h t  may h o w ev er , m i g r a t e  a b n o r m a l ly  

on 8D8 g e l s ,  and t h i s  i s  n o t  a s u i t a b l e  method o f  m o le c u la r  

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

P r e v io u s  work h a s  f a i l e d  t o  d e m o n str a te  any d i f f e r e n c e  

i n  th e  p o l y p e p t i d e  c o m p o s i t io n  o f  th e  f i b r o u s  p r o t e i n  from  

t h e  l i v i n g  and horny c e l l  l a y e r s  o f  e i t h e r  b o v in e  ( s t e i n e r t ,  

1 9 7 5 ;  Baden e t  a l ,  1 9 7 6 )  o r  human e p i d e r m i s  (B a u er ,  1 9 7 2 ) .

I t  h a s  b e e n  c o n c lu d e d  t h a t  t h e r e  i s  no c h a n g e  i n  th e  

s t r u c t u r e  o f  t h e  f i b r o u s  p r o t e i n  d u r i n g  n o rm a l  k é r a t i n i s a t i o n .

The aim o f  th e  p r e s e n t  s t u d y  was t o  e x t r a c t  ep id e r m a l  

p r o t e i n s  from b o th  n o rm a l  s t r a t u m  corneum  and p la n t a r  

c a l l u s  and t o  com p are  t h e  ch a in s  o f  t h e  f i b r o u s  p r o t e i n  w i t h  

t h o s e  o f  p r e k e r a t i n  from  t h e  l i v i n g  c e l l s .  By t h i s  

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

m o l e c u l a r  w e i g h t s  or r e l a t i v e  am ounts  o f  t h e  f ib r o u s  

p r o t e i n  c h a i n s  w h ic h  m ig h t  accompany norm al k é r a t i n i s a t i o n  

i n  human e p id e r m is .
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4 , 2 , -  ^MATERIADG AND METHODS

1 . 2 . 1 .  MATERIAL

T i s s u e  E
Awwn.fapi.lssir Batnnsid'lutitat*!.

B r e a s t  t i s s u e  was o b t a i n e d  f ro m  p l a s t i c  s u r g e r y  

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

u n d e r  t e n  y e a r s  o f  a g e .  T i s s u e  s a m p le s  w ere  im m ersed  

i n  d i s t i l l e d  w a t e r  and t r a n s p o r t e d  t o  t h e  l a b o r a t o r y  on  

i c e .  E p id erm is  was removed f ro m  s t r e t c h e d  s k i n  b y  g e n t l e  

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

o r  s t o r e d  i n  d i s t i l l e d  w a t e r  a t  - 30^C f o r  up  t o  t h r e e  

m o n th s  #

S t r a t u m  corneum  and p l a n t a r  c a l l u s  w e re  o b t a i n e d  

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

d e s i c c a t e d  a t  -30^0#
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1 , 2 , 2 .  METHODS

P r e p a r a t i o n  o f  Human P r e k e r a t l n

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

o f  t h e  e p i d e r m i s  b y  t h e  m ethod  o f  S k e r ro w  ( l 9 7 7 a ) ,  a  

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

M a t o l t s y  ( 1 9 6 5 ) .

E x t r a c t i o n  o f  T i s s u e  w i t h  U re a  S o l u t i o n s #  p H ?#2

T i s s u e  s a m p le s  (2 0  mg c a l l u s  o r  s t r a t u m  corneum ;

100  mg w et w e ig h t  e p id e r m is )  w ere immersed i n  2 ml

50  iiM T r i s -H C l  pH7«2 c o n t a i n i n g  6 M u r e a ,  2P ( ^ /  ) 2 -
om e r c a p t o e t h a n o l # A f t e r  e x t r a c t i o n  a t  4  G f o r  24 h r . ,  th e  

sa m p les  w ere  h o m o g e n ise d  f o r  2 m&n, w i t h  a n  U l t r a  T u r r a x  

h o m o g e n is e r ,  s o n i c a t e d  f o r  30 s e c ,  and l e f t  t o  s t a n d  f o r  

2 hr# a t  4°Go The e x t r a c t  was c e n t r i f u g e d  a t  5 0 ,0 0 0  x; ,g 

f o r  10 m in t , ;  t h e  s u p e r n a ta n t  d e c a n t e d  and t h e  p e l l e t  

d i s c a r d e d .  A f t e r  a d d i t i o n  o f  e x c e s s  s o l i d  S.DS ( a b o u t  100  

m g), t h e  s u p e r n a t a n t  was b o i l e d  f o r  2 m in . and t h e n  

d i a l y s e d  o v e r n i g h t  i n t o  0*010  p h o s p h a t e  b u f f e r ,  pH7, 

c o n t a i n i n g  0*1 A SDS, 0.1% 2 - m e r c a p t o e t h a n o l ,  p r i o r  to  3DS 

g e l  e l e c t r o p h o r e s i s o

P r e p a r a t i o n  o f  Human "Stratum  Corneum" R e s id u e  from  
W hole E p id e r m is

Due t o  t h e  d i f f i c u l t y  i n  o b t a in i n g  s tr a tu m  corneum i n

l a r g e  q u a n t i t i e s ,  h o r n y  l a y e r  r e s i d u e s  may be p r e p a r e d  f ro m  

w h o le  e p i d e r m i s ,  b y  t h e  p r i o r  e x t r a c t i o n  o f  l i v i n g  c e l l  

p r o t e i n s  w i t h  CASC b u f f e r .  T h i s  m ethod h a s  b e e n  u s e d  t o  

p r e p a r e  b o t h  b o v in e  and human s t r a t u m  corneum (B aden e t  a l ,
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1 9 7 5 6 ,1 9 7 6 )  f ro m  w h ic h  f i b r o u s  p r o t e i n s  h a v e  b e e n  e x t r a c t e d .

A human " stra tu m  corneum" r e s i d u e  was p rep a red  i n  t h i s  w ay,  

and th e  s t r u c t u r e  o f  th e  f i b r o u s  p r o t e i n  compared w i t h  

t h a t  o f  norm al s tr a tu m  corneum d e r i v e d  d i r e c t l y .

B r e a s t  e p i d e r m i s  ( 1 00 rag w e t  w e i g h t )  u n d e r w e n t  a n  

i n i t i a l  human p r e k e r a t i n  e x t r a c t i o n  i n  2 ml 0A8G b u f f e r ,  

pH 2 .6  ( S k e r r o w ,  1 9 7 7 a ) * The r e s u l t i n g  r e s i d u e  was s o a k e d  

i n  2 ml CASC b u f f e r  f o r  2 d a y s  a t  4^G, h o m o g e n ise d  f o r  2 

m in .  w it h  a n  U l t r a  T urrax h o m o g e n i s e r ,  s o n i c a t e d  f o r  30 s e c # #  

c e n t r i f u g e d  a t  3 0 ,0 0 0  x:;g f o r  10  m in. and t h e  s u p e r n a t a n t  

d i s c a r d e d .  The p e l l e t  was im m ersed  i n  2 ml 30niM T r is -H C l ,  

pH 7 .2  c o n t a i n i n g  6 iV l u r e a  and e x t r a c t e d  f o r  a  f u r t h e r  two 

d a y s .  The sa m p le  was t h e n  h o m o g e n ise d  f o r  2 r a i n . ,  s o n i c a t e d  

f o r  30 s e c . ,  c e n t r i f u g e d  a t  3 0 , 000x ^1  and t h e  s u p e r n a t a n t  

d i s c a r d e d .  The f i n a l  p e l l e t  was immersed i n  2 ml 30mW T r i s -  

H C l,  . -'H 7 .2  c o n t a i n i n g  6m u r e a ,  2% 2 -r a e r o a p to e th a n o l  and 

e x t r a c t e d  o v e r n i g h t  a t  4 ^ 0 .  The sa m p le  w as t h e n  h o m o g e n ise d  

f o r  2 m ln , ,  s o n i c a t e d  f o r  30  s e c . ,  c e n t r i f u g e d  a t  5 0 ,0 0 0  x ;g  

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

SDS, t h e  f i n a l  s u p e r n a t a n t  ( s t r a t u m  co rneum  e x t r a c t )  was 

b o i l e d  f o r  2 r a in , , b e f o r e  o v e r n i g h t  d i a l y s i s  i n t o  0 . 0 1 M 

p h o s p h a t e  b u f f e r  c o n t a i n i n g  0.1% SDS, 0,1%. 2 -me r e a p  t e e t h  a n d .

E l e c t r o p h o r e s i s

8DS p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  was p e r fo r m e d  

by  t h e  m ethod  o f  W eber & O s b o rn  (1 9 6 9 )  u s i n g  7*5% g e l s  w i t h  

h a l f  t h e  s t a n d a r d  am ount o f  c r o s a d i n k e r .  The c u r r e n t  was
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8mA /  t u b e  and t h e  r u n n i n g  t im e  was 3 i  •" 4  h r .  G e ls  f o r  

d e n s i t o m e t r y  w e re  e l e c t r o p h o r . e s ed f o r  6 h r#

S t a n d a r d  m o l e c u l a r  w e i g h t  m arkers u s e d  w ere:  

p h o s p h o r y l a s e  a  ( 9 4 , 0 0 0 ) ,  b o v in e  se rum  album in  ( 6 8 , 0 0 0 ) ,  

c a t a l a s e  ( 5 8 , 0 0 0 ) ,  o v a lb u m in  ( 4 3 ,0 0 0 )  and c a r b o n i c  a n h y d r a s e  

( 2 9 , 0 0 0 ) .

G e ls  s t a i n e d  f o r  p r o t e i n  w i t h  O o o m a ss ie  b r i l l i a n t  

B lu e  w e re  s c a n n e d  a t  540  nm u s i n g  a  G i l f o r d  250  

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

E l u t i o n  o f  P r o t e i n  f ro m  G e ls

P r o t e i n  was e l u t e d  f ro m  p o l y a c r y l a m i d e  g e l s  b y  a 

m ethod  d e s c r i b e d  b y  W eber e t  a l  (1 9 7 2 )#  The r e q u i r e d  p r o t e i n  

b a n d  was c u t  f ro m  g e l s  and th e  p i e c e s  m a c e r a t e d  i n  4  v o lu m es  

0 . 0 1 M NH,HGO^, c o n t a i n i n g  0.1% SDS® S am p les  w e re  i n c u b a t e d  

a t  37^0 f o r  6 - 1 2  h r . ,  t h e  e l u a t e  rem oved and t h e  

e x t r a c t i o n  r e p e a t e d .  The com bined  e l u a t e s  w ere  l y o p h i l i s e d .

Bound SDS was rem oved  b y  d i s s o l v i n g  t h e  l y o p h i l i s e d  

m a t e r i a l  i n  s u f f i c i e n t  w a t e r  t o  g i v e  a 1% SDS s o l u t i o n .  To 

o n e  p a r t  o f  t h i s  s o l u t i o n  w e re  added  n i n e  p a r t e  o f  a c e t o n e .  

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

w ashed  w i t h  90% a c e to n e ®

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

c o n s t a n t  b o i l i n g  H O I, a t  11 Ô G. u n d e r  Bg f ^ r  24 h r .  and 4 8  h r .



26 #

A n a l y s e s  w ere p e r fo r m e d  o n  a  J o e l c o  JLO 5AH am ino a c i d  

a n a l y s e r  and c o r r e c t i o n s  made f o r  d e s t r u c t i o n  and s lo w  

r e l e a s e  o f  r e s i d u e s *  C y s t e i n e  and c y s t i n e  w ere d e t e r m in e d  

a f t e r  p e r f o r m i c  a c i d  o x i d a t i o n *
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1 .3  gEgULTS

C h a r a c t e r i s a t i o n  o f  Human P r e k e r a t ln

Human p r e k e r a t l n  p r e p a r e d  b y  t h e  m ethod  o f  S k e r ro w  

( i  9 7 7 a )  was e l e c t r o p h o n e t i c a l l y  p u r e  and c h a r a c t e r i s e d  o n  

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

w e ig h t s  7 0 ,0 0 0 ,  6 3 ,0 0 0  and 5 5 ,0 0 0 .  T a b le  1 ( a )  sh ow s t h e  

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

p o l y p e p t i d e  c h a i n s  w ere  n o t  p r e s e n t  i n  a s im p le  1 %1:1 

r a t i o ,  b u t  t h e  r a t i o  o f  th e  7 0 ,0 0 0  m o l e c u l a r  w e ig h t  c h a in  

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

1 : 2 .  T h is  w as a n a lo g o u s  t o  th e  c h a in  d i s t r i b u t i o n  o f  th e  

b o v i n e  p r o t e i n  (S k e r r o w , 1 9 7 4 ) •

U re a  E x t r a c t i o n  o f  Human E p id e r m is
fi‘in r iitiYi r [Hiaiirfrn r -#ii» r-TïmTii—rrTrrrTiaiir~ ~'V~'n,vi-i iit>;-rnn—-iiti(rrrrrt-TiitTiTfflfWBWtfM'n-nfr7igi (̂tiriT--tifri-Ttirr-TyfrTrTT.Ttir'ti-rrrrrrTrii«Trrifir-'-Tri'ri'-‘iln

T h re e  p o l y p e p t i d e  c h a i n s  c o r r e s p o n d in g  t o  t h o s e  o f  

p r e k e r a t l n  w e re  th e  m a jo r  co m p o n en ts  o f  t h e  u r e a  e x t r a c t s  

o f  b o t h  b r e a s t  and f o r e s k i n  e p id e r m is  ( F i g .  i ) .  T h e re  

w e re  i n  a d d i t i o n  a  num ber o f  f a i n t  p o l y p e p t i d e  b an d s o n  

th e  g e l s  o f  t o t a l  u r e a  e x t r a c t s  o f  e p id e r m is .  The m o st  

p r o m in e n t  o f  t h e s e  m in o r  p o l y p e p t i d e s  w as an  u n u s u a l ,  p a l e -  

b lu e  s t a i n i n g  band fo u n d  i n  e x t r a c t s  o f  f o r e s k i n  e p id e r m is  

( P i g .  1 ( c ) )  b u t  t h i s  w as a b s e n t  f ro m  e x t r a c t s  o f  b r e a s t  

t i s s u e  ( F i g .  l ( d ) ) e  The f i b r o u s  p r o t e i n  p o l y p e p t i d e s  

e x t r a c t e d  fro m  t h e  hum an e p id e r m is  w i t h  u r e a  s o l u t i o n s  w ere  

i n d i s t i n g u i s h a b l e  fro m  t h o s e  e x t r a c t e d  w i t h  CASC b u f f e r .

U rea  E x t r a c t i o n  o f  S t r a t u m  Corneum

O n ly  two m a jo r  p o l y p e p t i d e s  w ere  d e t e c t e d  i n  e x t r a c t s
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o f  n o rm a l  s t r a t u m  corneum (Pig® 5 ( b ) ) ,  T h e se  w ere  v e r y  

s i m i l a r  t o  c h a in s  1 and 2 o f  p r e k e r a t l n ,  t h e  u p p e r  c h a i n  

h a v i n g  a  m o l e c u l a r  w e i g h t  o f  7 0 ,0 0 0 ,  w h i l e  th e  l o w e r  c h a i n  

h a d  a n  e s t i m a t e d  m o l e c u l a r  w e i g h t  o f  6 0 , 0 0 0 ,  C h a in  3 was 

n o t  p r e s e n t .

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

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

s e p a r a t i o n  was n o t  s i g n i f i c a n t l y  improved o n  e i t h e r  5% o r  

10% a c r y l a m i d e  ge ls®  T a b le  1 ( b )  shows t h e  r e s u l t s  o f  

s u c c e s s f u l  s c a n s  and d i r e c t  com p a r iso n  o f  th e  s tr a tu m  

corneum and l i v i n g  c e l l  p r o t e i n s  ( P i g .  2 )  c l e a r l y  d e m o n s t r a t e d  

t h e  s t r u c t u r a l  c h a n g e  w h ic h  acc o m p a n ie d  k é r a t i n i s a t i o n #

Urea E x t r a c t i o n  o f  " S t r a t u m  Corneum" R e s id u e  from  Vifhole

Stratu m  corneum may b e  d e r iv e d  d i r e c t l y  by s c r a p i n g  

o r  s e l l o t a p e  s t r i p p i n g  o f  a s u i t a b l e  body a r e a  o r  by  

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

w h o le  e p i d e r m i s  t o  l e a v e  a  h o rn y  l a y e r  r e s i d u e .  B r e a s t  

" s t r a t u m  corneum" p r e p a r e d  b y  t h e  l a t t e r  m ethod f a i l e d  t o  

g i v e  t h e  two c h a in  s t r u c t u r e  c h a r a c t e r i s t i c  o f  normal 

s t r a t u m  corneum and r e t a i n e d  i n s t e a d  a t h r e e  c h a i n  s t r u c t u r e  

s i m i l a r  t o  t h a t  o f  w h o le  b r e a s t  e p i d e r m i s  ( F i g ,  3 ) ,

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

w i t h  CASC b u f f e r  i s  a p p a r e n t ly  n o t  a  s u i t a b l e  m ethod o f  

p r e p a r i n g  human s t r a t u m  corneum . Extrem e c a u t i o n  sh o u ld  be  

e x e r c i s e d  i f  u s in g  t h i s  p r e p a r a t i v e  p r o c e d u r e ,  and I t  i s
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a d v i s a b l e  t o  f i r s t  c h e c k  t h e  f i b r o u s  p r o t e i n  s t r u c t u r e  

o b t a i n e d  w i t h  t h a t  o f  n o rm a l  s t r a t u m  corneum®

U re a  E x t r a c t i o n  o f  P l a n t e r  C a l l u s

A n a l y s i s  o f  u r e a  e x t r a c t s  o f  p l a n t a r  c a l l u s ,  showed  

t h a t  t h e  m o s t  p rom in en t  com ponents w ere  t h r e e  p o l y p e p t i d e s  

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

( F i g ,  6 ( b ) ) ,  Band s p r e a d in g  a g a i n  made d e n s i t o m e t r y  

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

s u c c e s s f u l  s c a n s  a r e  shown (T a b le  1 0 ) .  The c h a in  r a t i o s  

showed c o n s id e r a b l e  v a r i a b i l i t y ,  but i n  e a c h  c a s e  t h e

7 0 ,0 0 0  m o le c u la r  w e i g h t  p o l y p e p t i d e  was a lw a y s  most i n t e n s e *  

F i g .  4  show s th e  s t r u c t u r a l  d i f f e r e n c e s  b e tw e e n  p r e k e r a t i n  

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

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

SPX SSM a^lfiM em iâ

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

f o r e s k i n  e p i d e r m i s  ( F i g ,  1 ( c ) )  was e l u t e d  from  g e l s  and 

s u b j e c t e d  t o  p r e l im in a r y  c h a r a c t e r i s a t i o n .  I t  h a d  a 

m o l e c u l a r  w e i g h t  o f  4 5 , 0 0 0  and a n  amino a c i d  c o m p o s i t i o n  

a s  show n i n  T a b le  2 ( a ) *

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

( S k e r r o w ,  1 9 7 7 a )  and l a c k e d   ̂ c y s t i n e ,  b u t t h e  p o s s i b i l i t y  

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

p r o t e i n  p o l y p e p t i d e s  c a n n o t  be exc luded .,.  H o w ev er ,  no 

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

p r e k e r a t i n  s o l u t i o n s  k e p t  o v e r  a  p e r io d  o f  s e v e r a l  m o n th s . 

The 4 5 ,0 0 0  m o l e c u l a r  w e i g h t  p o l y p e p t i d e  h a s  n o t  b e e n
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d e t e c t e d  i n  e x t r a c t s  o f  c a l l u s  o r  s t r a t u m  c o rn e u m , and I t s  

c o m p o s i t i o n  i s  u n r e la t e d  t o  k e r a t o h y a l i n  o r  a c t i n #  D a le  

( 1 9 7 7 ) fo u n d  a  p r o t e i n  o f  s i m i l a r  m o l e c u l a r  w e i g h t  i n  t h e  

e p i d e r m i s  o f  n e w b o rn  r a t ,  b u t  i t  was c o m p o s i t i o n a l l y  

d i s s i m i l a r  t o  t h e  4 5 , 0 0 0  m o l e c u l a r  w e i g h t  p r o t e i n  o f  

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

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

g l u t a m i c  a c i d ,  b u t  l a c k e d  l y s i n e ,  f o u n d  i n  l a r g e  am o u n ts  i n

4 5 ,0 0 0  m o l e c u l a r  w e i g h t  p r o t e i n .  I n  a d d i t i o n ,  t h e  p r o t e i n  

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

l a y e r s .



T a b le  i : The M o la r  R a t i o  o f  t h e  F i b r o u s

P r o t e i n  C h a in s  o f  P r e k e r a t l n ,  S t r a t u m  

Corneum and P l a n t a r  C a l l u s *

C h a in  1 I M o le c u la r  w e i g h t  7 0 ,0 0 0  

C h a in  2 ;  M o le c u la r  w e i g h t  6 3 ,0 0 0  

C hain  3% M o le c u la r  w e i g h t  5 5 ,0 0 0
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( a )

(b )

( o )

S am ple C h a in 1 : C h a in 2 : C h a in  3 C hain 1 :C h a in  2 + C h a in  3

P r e k e r a t l n
( f o r e s k i n )

1 .2 % 2 . 0 s 1 , 0 1 #0 1 2 . 5

If 1 . 3 I 1 .8 1 . 0 1 .0 • 2 . 2

P r e k e r a t l n
( b r e a s t )

1 .2 : 1 .6 1 . 0 1 . 0 : 2 . 2

It 1 . 3 : 1 . 9 % 1 .0 1 . 0 2 2 .2

S tratu m
corneum

1 . 0 s 1 . 8 1 0 . 0

H 1 . 0 : 1 . 9 : 0 . 0

II 1 . 0 : 2 . 3 : 0 . 0

C a l l u s 2 . 0 t 1 . 5 ; 1 .0 1 #0 : 1 .2

It 2 . 0 : 1 . 0 : 1 . 5 1 . 0 : 1 .2

It 2 . 0 : 1 .0 : 1 . 5 1 . 0 * 1 .2

It 1 . 8 1 *4 2 1 .0 1 . 0 ♦ 1 . 3

It 3 . 7 % 1 . 5 : 1 .0 1 . 0 : 0 . 7

tr 5 . 0 1 1 .7 : 1 .0 1 .0 : 0 . 5



F ig u r e  1 : C om parison  o f  U rea E x t r a c t s  o f

W hole E p id e r m is  and P u r i f i e d  P r e k e r a t l n ,

( a )  E x t r a c t  o f  b r e a s t  e p id e r m is

(b )  P u r i f i e d  p r e k e r a t l n

( c )  E x t r a c t  o f  f o r e s k i n  e p i d e r m i s
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70 ,000
65,000
55,000
45,000

(a ) (b) (c )



Figure 1: Determ ination o f  the M olecular V/eights o f  

the Ind iv idual Polypeptide Chains o f the Fibrous 

P rotein  o f Stratum Corneum,

The arrows (— ■>) in d ica te  the m ob ility  o f the  

polypeptide chains o f  the fib rou s p rote in  o f  

stratum corneum on 7*5% polyacrylam ide g e l s .

The m o b ility  o f the polypeptide chains o f  prekeratln  

are shown fo r  comparison (— — —̂ ,
\

Prekeratin  c o n s is ts  o f three d if fe r e n t  polypeptide  

chains o f m olecular weights 7 0 ,000 , 65,000 and 

55 ,000 , Stratum corneum has two polypeptide chains 

o f m olecular w eights 70,000 and 60,000.

The m olecular weight markers are: phosphorylase a

(9 4 .0 0 0 ) , bovine serum albumin (6 8 ,0 0 0 ), ca ta la se

(5 8 .0 0 0 ) , ovalbumin (45 ,000) and carbonic anhydrase

( 29. 000) ,



M olecular v/eight (x  10^ )

52a.

8

7 -  

6

2 +

0.2 0.5 0.4 0.5 0.6 0.7 0.8 0,9

M obility



F ig u r e  2 :  C o m parison  of Densitometer T ra c e s

o f  P u r i f i e d  P r e k e r a t ln  and t h e  F i b r o u s  P r o t e i n  o f  

S t r a t u m  Corneum

(—— ) Prekeratin .

(-------) Stratum corneum.
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F i g u r e  3 î  C o m p a r is o n  o f  t h e  F i b r o u s  P r o t e i n s  

f ro m  B r e a s t  E p i d e r m i s  and  B r e a s t  " S t r a t u m  

C o rn e u m "•

( a )  B r e a s t " e p id e r m is

( b )  B r e a s t  " s t r a t u m  corneum "



3k>

r ' .7-

(a ) (b)



F i g u r e  l|.: C o m p a r iso n  o f  D e n ë& to m ete r  T r a c e s  o f

P u r i f i e d  P r e k e r a t i n  and t h e  F i b r o u s  P r o t e i n  o f  

P l a n t a r  C a l l u s *

(-------) Prekeratin .

(;— - ) Callus*
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T a b le  2 î  Amino A c id  A n a l y s i s *

The C o m p o s i t i o n  ( r e s i d u e s  /  1 0 0 0  r e s i d u e s ) o f :

( a )  4 5 , 0 0 0  m o l e c u l a r  w e i g h t  p r o t e i n  o f  

f o r e s k i n  e p i d e r m i s

( b )  K e r a t o h y a l i n  (Te%uka & F r e e d b e r g ,  1 9 7 2 )

( c )  K e r a t o h y a l i n  (M a to X tsy  & M a t o l t s y ,  1 9 7 0 )

( d )  A c t i n  ( K irsc h e n b a u m ^  1 9 7 2 )

( e )  S t r a t u m  corneu in  b a s i c  p r o t e i n  ( B a l e ,  1 9 7 7 )
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Amino A cid ( a ) ( h ) ( c ) (a) ( e )

Lye i n e 9 2 .0 5 . 5 2 6*0 5 1 . 7 0

H i s t i d i n e 3 2 . 8 3 3 , 0 1 3 . 0 1 9 . 7 7 9 .0

A r g i n i n e 5 3 . 2 8 2 . 0 6 2 . 0 5 1 . 7 1 3 9 .0

A s p a r t i c  A c id 7 6 . 9 7 5 .0 51 .0 9 5 .9 3 6 .0

T h r e o n in e 5 7 .8 5 4 . 0 4 1 . 0 6 8 * 9 5 7 . 0

S e r i n e 101 .1 9 3 .0 90*0 56 *6 1 7 3 .0

G lu tam ic  Ac id 1 1 1 . 7 1 4 5 .0 1 0 3 .0 1 0 9 .6 2 0 5 .0

P r o l i n e 4 9 . 7 3 8 . 0 1 3 3 .0 5 1 . 7 2 8 .0

G ly c in e 1 4 0 .0 1 0 6 .0 1 3 0 .0 78*7 1 4 4 .0

A l a n i n e 7 4 .1 101 *0 3 8 .0 7 8 . 7 118*0

V a l i n e 4 5 . 5 4 6 . 0 44 * 0 5 4 .1 6 * 0

M e th io n in e 0 1 0 . 0 0 4 1 . 8 0

iB O le u c in e 5 0 . 4 3 8 .0 2 5 . 0 71 . 3 1 4 . 0

L e u c in e 7 1 .7 7 5 . 0 92*0 7 1 . 3 0

T y r o s i n e 0 2 4 . 0 1 3 . 0 41 ,8 t r a c e

P h e n y l a l a n i n e 4 3 .1 2 9 .0 3 5 .0 3̂ ‘i- e 4 0

T ryptophan K .E . H .E , H.E. 41 o 8 E .E .

t  c y s t i n e 0 1 6 * 0 1 0 4 .0 1 2 . 3 0
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1 .4 DISCUSSION
Human p r e k e r a t i n  c o n s i s t s  o f  th r e e  d i f f e r e n t  

p o l y p e p t i d e  c h a in s  on p o l y a c r y l a m i d e  g e l s .  The 

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

s u g g e s t s  th e  e x i s t a n o e  o f  a  num ber o f  s u b u n i t  s t r u c t u r e s  

i n  s i t u * and t h e s e  may be  t h e  r e s u l t  o f  s e q u e n t i a l  c h a n g e s  

from  c e l l  l a y e r  to  c e l l  l a y e r #  B a le  & S t e r n  (1 9 7 5 )  h a v e  

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

e a c h  c e l l  s tr a tu m  o f  n ew b o rn  r a t  e p id e r m is ,  and some o f  

t h e s e  d i f f e r e n c e s  may b e  due to  ch an ges  i n  t h e  f i b r o u s  

p r o t e i n  s t r u c t u r e #  OASC b u f f e r  d o e s  n o t  a t t a c k  a l l  l i v i n g  

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

t h e  i n i t i a l  t a r g e t *  T h u s, th e  I n c u b a t i o n  t im e  i n  th e  

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

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

7 0 ,0 0 0  m o l e c u l a r  w e ig h t  c h a i n  t o  t h e  O th e r  two r e m a in e d  

f a i r l y  c o n s t a n t  a t  a b o u t  i : 2  and was c o n s i s t e n t  w i t h  a 

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

th e  c h a i n  r a t i o s  o b t a i n e d  i n  th e  p r e s e n t  s t u d y ,  no doubt  

r e f l e c t s  th e  c o n s t a n t  m ethod  o f  p r e p a r a t i o n ,  w h ereas  

p r o lo n g e d  i n c u b a t i o n  may y i e l d  d i f f e r i n g  v a lu e s *

D u rin g  t h e  t r a n s i t i o n  f ro m  th e  l i v i n g  t o  th e  h o m y  

c e l l  l a y e r s  i n  n o rm a l  e p id e r m is ,  t h e  f i b r o u s  p r o t e i n  

u n d e r g o e s  a d r a m a tic  s t r u c t u r a l  c h a n g e .  O nly two 

p rom in en t  f i b r o u s  p r o t e i n  c h a i n s  w ere  d e t e c t e d  i n  e x t r a c t s  

o f  n o rm a l  s t r a t u m  corneum , t h e  5 5 ,0 0 0  m o le c u la r  w e ig h t  

c h a in  b e i n g  l o s t  o r  m o d if ie d  d u r in g  t e r m i n a l  d i f f e r e n t i a t i o n ,
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One p o s s i b l e  m ech an ism  f o r  t h i s  s t r u c t u r a l  c h a n g e  

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

The o n s e t  o f  c o r n i f I c a t i o n  i s  a c c o m p a n ie d  b y  t h e  r e l e a s e  

o f  a  l a r g e  num ber o f  a c i d  h y d r o l a s e s  f ro m  t h e  ly so e o in e s  

i n  t h e  u p p e r  g r a n u l a r  l a y e r ,  w h ic h  b r i n g  a b o u t  t h e  

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

enzym es a r e  a  num ber o f  p r o t e a s e s  ( J a r r e t t ,  1 9 7 3 )  w h ic h  

may a t t a c k  t h e  f i b r o u s  p r o t e i n ,  and  d i g e s t  t h e  5 5 ,0 0 0  

m o l e c u l a r  w e i g h t  c h a i n .  The l o s s  o f  o n l y  one  o f  t h e  

f i b r o u s  p r o t e i n  c h a i n s  w o u ld  r e q u i r e  p r e f e r e n t i a l  a t t a c k ,  

an d  t h i s  w i l l  be  e x a m in e d  more c l o s e l y  i n  C h a p t e r  2 .

The a b s e n c e  o f  t h e  5 5 ,0 0 0  m o le c u la r  w e i g h t  c h a i n  may 

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

p o l y p e p t i d e s  (W eber e t  a l ,  1 9 7 2 )  and t h i s  may m o s t  r e a d i l y  

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

d h a l n  2 i n  n o r m a l  s t r a t u m  c o rn e u m . The l o s s  o f  a  3 ,0 0 0  

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

b e  e x c lu d e d #

A n o th e r  p o s s i b l e  e x p l a n a t i o n  o f  t h e  f i b r o u s  p r o t e i n  

s t r u c t u r e  o f  n o rm a l  s t r a t u m  corneum i s  t h a t  t h e  5 5 ,0 0 0  

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

k é r a t i n i s a t i o n  i n  s u c h  a  way as  t o  p r e v e n t  e x t r a c t i o n , a n d  

t h e r e  i s  e v id e n c e  f o r  t h e  e x i s t e n c e  o f  c r o s s - l i n k i n g  

enzym es in  t h e  e p i d e r m i s #  E p id erm al t r a n s g lu t a m in a s e s  

h a v e  b e e n  d e t e c t e d  i n  c o w s ’ n o se  (Buxman & Wuepper, 1 9 7 5 )  

and human e p i d e r m i s  ( G o ld s m i th  & B ad e n ,  1 9 7 3 )  and i n  

e x t r a c t s  o f  c u l t u r e d  k e r a t i m o p y te s ( B . i c e  & G r e e n ,  1 9 7 7 )*  

T h e y  w e re  l o c a l i s e d  i n  t h e  g r a n u l a r  l a y e r ,  w h ere  t h e y
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h a v e  b e e n  im p l i c a t e d  i n  k e r a t i n  c r o s s - l i n k i n g  v i a  

t ” (JT - g lu t a m y l )  l y s i n e  b o n d s  (Buxman & W uepper ,  1 9 7 5 )*  

A s q u i t h  e t  a l  (1 9 7 0 )  i d e n t i f i e d  s u c h  c r o s s - l i n k s  i n  

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

e x i s t  i n  t h e  s tr a tu m  co rneum  p r o t e i n s  o f  b o t h  b o v in e  

and human e p i d e r m i s  (B ad en  & G o ld sm ith ,  1 9 7 2 ) ,  H o w ev er ,  

i n  s t u d i e s  o f  human c a l l u s  and c u l t u r e d  k é r a t i n o c y t e s ,  

R i c e  & Green (1 9 7 7 )  fo u n d  t h a t (r'"(X - g lu t a m y l )  l y s i n e  

d l p e p t i d e s  w ere  a lm o s t  e x c l u s i v e l y  l o c a l i s e d  i n  t h e  

c o r n i f l e d  e n v e lo p e  p r o t e i n .

The f i b r o u s  p r o t e i n  o f  normal s t r a t u m  corneum  i s  

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

C om parison  o f  t h e  h orn y  c e l l  f i b r o u s  p r o t e i n  w i t h  t h a t  o f  

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

a c c o m p a n ie s  norm al c o r n i f i c a t i o n .  P r e l im in a r y  r e s u l t s  

s u g g e s t  t h a t  a 1 : 2  c h a i n  r a t i o  i s  p r e s e n t  i n  human 

s tr a tu m  corneum f i b r o u s  p r o te in ®  Two p o l y p e p t i d e s  h a v e  

b e e n  p r e v i o u s l y  d e t e c t e d  i n  n ew b o rn  r a t  s tr a tu m  co rneum  

(Huang e t  a l ,  1 9 7 5 )  and i n  t h e  s tr a tu m  corneum o f  

c u l t u r e d  mouse k é r a t i n o c y t e s  ( s t e i n e r t  e t  a l , ' - 1 9 7 7 ) .  The 

c h a i n  m o l e c u l a r  w e i g h t s  w e re  a lm o s t  i d e n t i c a l  i n  e a c h  

c a s e  and w e re  p r e s e n t  i n  a 1:1 r a t i o .  H ow ever, i n  

n e i t h e r  o f  t h e s e  s t u d i e s ,  was th e  s t r u c t u r e  o f  t h e  

l i v i n g  c e l l  f i b r o u s  p r o t e i n  known, and no c o n c l u s i o n  

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

g o e s  s t r u c t u r a l  a l t e r a t i o n  d u r i n g  k é r a t i n i s a t i o n .

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

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

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

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

i n t e n s i t i e s  a r e  som ew hat a l t e r e d .  The c h a i n  r a t i o s  a r e  

e x t r e m e l y  v a r i a b l e , b u t  t h e  7 0 ,0 0 0  m o l e c u l a r  w e ig h t  c h a i n  

i s  a lw a y s  m ost i n t e n s e #

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

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

d i g e s t i o n  o r  c r o s s - l i n k i n g #  I n  o r d e r  t o  a c c o u n t  f o r  th e  

o b s e r v e d  r e s u l t s ,  s u c h  p r o c e s s e s  w ould  h a v e  to  be  more 

e x t e n s i v e  t h a n  i n  th e  s t r a t u m  corneum  a t t a c k i n g  b o th

6 3 , 0 0 0  and 5 5 ,0 0 0  m o l e c u l a r  w e i g h t  c h a i n s #  M o d i f i c a t i o n  

c a u s e s  l e s s  c o m p le te  c h a i n  l o s s  i n  p l a n t a r  c a l l u s .

I n c r e a s e d  s y n t h e s i s  o f  t h e  7 0 ,0 0 0  m o l e c u l a r  w e ig h t  

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

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

c a l l u s #  A l th o u g h  i t  was assum ed  t h a t  t h e  n o rm a l  

p r e k e r a t i n  s t r u c t u r e  was u n i v e r s a l l y  p r e s e n t  i n  t h e  l i v i n g  

c e l l  l a y e r s  o f  human e p id e r m is ,  no s p e c i f i c  a n a l y s i s  o f  

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

a l t e r e d  f i b r o u s  p r o t e i n  may be s y n t h e s i s e d  i n  t h i s  t i s s u e #

U 1 t r a s t r u e t u r a l l y ,  t h e  t o n o f i l a m e n t s  o f  th e  l i v i n g  

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

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

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

b e e n  d e t e c t e d .  I t  i s  p o s s i b l e  a l s o ,  t o  d i s t i n g u i s h
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b e tw e e n  n o rm a l  s t r a t u m  corneum and p l a n t a r  c a l l u s  o f  

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

I n  s t u d i e s  o f  b o v in e  e p i d e r m i s ,  B aden  a t  a l  (1 9 7 3  a?

1 9 7 6 ) and S t e i n e r t  (1 9 7 5 )  f a i l e d  t o  d e t e c t  d i f f e r e n c e s  

i n  t h e  p o l y p e p t i d e  c o m p o s i t i o n  o f  l i v i n g  and h o rn y  c e l l  

f i b r o u s  p r o t e i n ,  B aden  e t  a l  ( l  973b , 1 9 7 6 )  p r e p a r e d  

s t r a t u m  co rneum  from w h o le  e p i d e r m i s  b y  f i r s t  e x t r a c t i n g  

t h e  l i v i n g  c e l l  l a y e r s  w i t h  GASC b u f f e r ,  F i b r o u s  p r o t e i n s  

e x t r a c t e d  f ro m  human " stra tu m  corneum " p r e p a r e d  i n  t h i s  

way w e re  s t r u c t u r a l l y  more c o m p a r a b le  t o  t h e  l i v i n g  t h a n  

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

c o n s t a n t  s t r u c t u r e  o f  t h e  b o v in e  p r o t e i n .  However,

S t e i n e r t  (1 9 7 5 )  h a v i n g  o b t a in e d  b o v in e  h o r n y  l a y e r  

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

d i f f e r e n c e s ,  and i t  may be t h a t  t h e  t h i c k e n e d  s t r a t u m  

c o rn e u m  o f  b o v in e  e p id e r m is  m ore c l o s e l y  r e s e m b le s  hum an 

c a l l u s ,  w h ic h  r e t a i n s  a t h r e e  c h a i n  s t r u c t u r e  s i m i l a r  t o  

t h a t  o f  t h e  l i v i n g  c e l l  l a y e r s , C h an g es  i n  c h a i n  

i n t e n s i t i e s  were n o t  d e t e c t e d  i n  b o v in e  h o r n y  c e l l  

p r o t e i n .

The o n ly  o t h e r  m ajor p r o t e i n  d e t e c t e d  i n  human 

e p i d e r m i s  i s  s e e n  a s  a n  u n u s u a l  p a l e - b l u e  s t a i n i n g  band  

fo u n d  i n  f o r e s k i n  e x t r a c t s *  The p r o t e i n  h ad  a  m o l e c u l a r  

w e i g h t  o f  4 5 » 000 and was a p p a r e n t l y  r e s t r i c t e d  t o  t h e  

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

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

w e i g h t  f o u n d  i n  n e w b o rn  r a t  s t r a t u m  c o rn e u m . The c o m p o s i t i o n  

o f  t h e  4 5 » 000 m o l e c u l a r  w e ig h t  p r o t e i n  i s  n o t  s i m i l a r



42

t o  t h a t  o f  p r e k o r a t l n  o v e r a l l ,  h u t  i t  i s  p o s s i b l e  t h a t  i t  

may be  a b re a k d o w n  p r o d u c t  o f  one  o f  t h e  f i b r o u s  p r o t e i n  

c h a i n s  #



CHAPTER 2 S
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2:1 INTRODUCTION

The p s o r i a t x e  e p i d e r m i s  i s  c h a r a c t e r i s e d  by t h e  a b s e n c e  

o f  k e r a t o h y a l i n  g r a n u le s  (B rod y , 1 9 6 2 ) , b a s a l  c # l l  

h y p e r p r o l i f e r a t i o n  ( W e i n s t e i n  & F r o s t ,  1 9 6 8 )  and a 

d e c r e a s e d  t r a n s i t  t im e  f o r  k é r a t i n o c y t e s  th ro u g h  t h e  

e p i d e r m i s  (Van S c o t t  & b k e l ,  1 9 6 3 )#  The p s o r i a t i c  s t r a t u m  

co rn eu m  l a c k s  a r e g u l a r  c e l l u l a r  o r g a n i s a t i o n  (M en ton  & 

E i s e n ,  1 9 7 1 b )  and t h e r e  i s  a d e c r e a s e  i n  b o th  t h e  am ount 

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

m en ts  ( B ro d y ,  1 9 6 2 ;  L a g e rh o lm ,  1 965)  w h ic h  a r e  o t h e r w i s e  

i n d i s t i n g u i s h a b l e  f ro m  t h o s e  o f  t h e  n o rm a l  e p i d e r m is *  

P s o r i a t i c  h o rn y  c e l l s  l a c k  t h e  p la sm a  membrane t h i c k e n i n g  

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

o r g a n e l l e  d i g e s t i o n  g i v e s  r i s e  t o  a  p a r a k e r a t o t i c  s t r a t u m  

corneum®

T h e i r  h a v e  b e e n  fe w  s t u d i e s  o f  t h e  p s o r i a t i c  

t o n o f  11 am ent a p r o  t  €3 in #  Roe (1 9 5 9 )  i s o l a t e d  a f i b r o u s  

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

i d e n t i c a l  t o  t h e  n o rm a l  p r o t e i n ,  a s  was th e  f i b r o u s  p r o t e i n  

o f  p s o r i a t i c  s c a l e s  i s o l a t e d  by B a u e r  ( 1 9 7 2 ) .  Skerrow  

( I 9 7 ? b )  fo u n d  h o w e v e r ,  t h a t  t h e  f i b r o u s  p r o t e i n  o f  

p s o r i a t i c  s c a l e s  was n o t  s t r u c t u r a l l y  i d e n t i c a l  t o  hum an 

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

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

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

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

a t i o n  i n  t h e  e p i d e r m is *  V o o rh e e s  & M ie r  (1 9 7 4 )  fo u n d  t h a t
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t h e  c y o l l o  n u c l e o t i d e  l e v e l s  i n  p s o r i a t i c  e p i d e r m i s  w e re  

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

w i t h  t h e  c y c l i c  AMP l e v e l  d e c r e a s e d  and t h e  c y c l i c  GMP 

l e v e l  e l e v a t e d  (V o o rh e e s  e t  a l ,  1 9 7 6 ) .  A l th o u g h  t h i s  

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

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

d i s e a s e  r e m a in s  unknow n. E l g j o  (1 9 7 2 )  s u g g e s t s  t h a t  t h e  

c h a l o n e  m ech an ism  i n  p s o r i a s i s  may b e  d e f e c t i v e ,  b u t  t h e r e  

i s  no e v id e n c e  t o  s u g g e s t  t h a t  t h i s  i s  t h e  p rim ary  c a u s e  

o f  p a t h o g e h ^ s i s .

I t  h a s  a l s o  b e e n  p ro p o sed  t h a t  a  d e f e c t  o f  k é r a t i n i s ­

a t i o n  r a t h e r  th a n  h y p e r p r o l i f e r a t i o n  may i n i t i a t e  p s o r i a s i s .  

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

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

d e c r e a s e  i n  m i t o t i c  a c t i v i t y  (F ry  & McMinn, 1 9 6 8 ) .  A l s o ,  

C h r is t o p h e r s  & Braun F a l c o  ( 1 970) fo u n d  t h a t  i n  e x p e r i m e n t a l  

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

t h i c k n e s s  and t h e  tu r n o v e r  t im e  o f  t h e  e p i d e r m i s  t o  v a l u e s  

v e r y  s i m i l a r  t o  t h o s e  fo u n d  i n  p s o r i a s i s  w it h o u t  c a u s i n g  

p a r a k e r a t o s i s ,  a l t h o u g h  p a r a k e r a t o s i s  d id  o c c u r  i f  t h e r e  was 

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

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

colum ns h a s  b e e n  o b s e r v e d  i n  norm al e p i d e r m i s  (M en tén  & 

E i s e n ,  1 9 7 1 a )  b u t  i s  a b s e n t  i n  p s o r i a t i c  t i s s u e  (Menton & 

E i s e n ,  1 9 7 1 b ) .  I t  was fou nd  t h a t  i f  n o rm a l  s t a c k e d  e p i d e r m i s  

w as wounded b y  c o m p r e s s i o n ,  t h e r e  was a n  i n c r e a s e  i n  

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

c e l l  l o s s  o r  dam age c a u s e d  by  w o u n d in g  l e d  to  d i s r u p t i o n  o f
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c e l l  s t a c k i n g  ( C h r i s t o p h e r s ,  1971)® A p p a r e n t l y  t h e n ,  a n  

i n c r e a s e d  r a t e  o f  new c e l l  p r o d u c t i o n  by i t s e l f  i s  n o t  

s u f f i c i e n t  t o  p ro d u c e  l o s s  o f  o r d e r  o r  p a r a k e r a t o s i s  i n  

m am m alian  e p i d e r m is .  N e v e r t h e l e s s ,  i t  i s  c l e a r  t h a t  d r u g s  

w h ic h  d e c r e a s e  c e l l  p r o l i f e r a t i o n  are  e f f e c t i v e  a n t i -  

p s o r i a t i c s  e

C o r t i c o s t e r o i d s  may c l e a r  t h e  d i s e a s e  v e r y  q u i c k l y ,

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

r e l a p s e .  T r i a m c i n o l o n e  c a u s e s  a d e c r e a s e  i n  e p i d e r m a l  

t h i c k n e s s  ( J a r r e t t  & Witham, 1 9 6 1 )  and may r e d u c e  c y t o p l a s m i c  

RHA l e v e l s ,  assumed t o  r e f l e c t  lo w e r  l e v e l s  o f  p r o t e i n  

s y n t h e s i s .  I n  hum an s k i n ,  t r i a m c in o lo n e  d e c r e a s e s  t h e  

u p t a k e  o f  t r i t i a t e d  th y m id in e  ( F i s h e r  & M a ib a c h ,  1 9 7 1 )#

M e t h o t r e x a t e  and h y d r o x y u r e a  b o t h  a c t  b y  i n h i b i t i n g  

DKA s y n t h e s i s .  M e t h o tr e x a t e ,  a  f o l i c  a c i d  a n t a g o n i s t ,  

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

e x e r t s  i t s  e f f e c t  i n  th e  ' S '  p h a s e  o f  t h e  c e l l  c y c l e  ( W e i n s t e i n  

& V e l a s c o ,  1 9 7 2 ) .  H y d r o x y u re a  i n h i b i t s  p y r im id in e  

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

t h a n  m e th o t r e x a t e  ( L e a v e l l  e t  a l ,  1 9 7 3 )*  T h e se  a n t i m i t o t i c  

r e a g e n t s  a l t h o u g h  o f  p ro v e d  u s e  in  t h e  t r e a t m e n t  o f  

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

o n l y  em ployed  i n  s e v e r e  c a s e s  and r e q u ir e  c a r e f u l  p a t i e n t  

s e l e c t i o n ®

The c o m b i n a t i o n  o f  p s o r a l e n s  and l o n g  w a v e l e n g t h  UV 

l i g h t  (.PUVA) i s  a p p a r e n t l y  a  h i g h l y  e f f e c t i v e  method o f  

t r e a t i n g  p s o r i a s i s  w h ic h  d o e s  n o t  h a v e  many o f  th e  s i d e  

e f f e c t s  o f  s y s t e m i c  t r e a t m e n t  o r  t h e  i n c o n v e n i e n c e  o f
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t o p i c a l  th e r a p y *  P h o t o e x e i t a t l o n  o f  t h e  p s o r a l e n  c a u s e s  i t  

t o  form a  s t a b l e  bond w i t h  t h e  p y r i m i d i n e  b a s e s  o f  DBA o r  

i n t e r s t r a n c l  c r o s s - l i n k s  b e tw e e n  o p p o s i t e  b a s e s  ( P e t r o z z i  e t  

a l ,  1 9 7 7 )  r e s u l t i n g  i n  t h e  i n h i b i t i o n  o f  DKA s y n t h e s i s  and 

c e l l  m u l t i p l i c a t i o n ,  W o lf f  e t  a l  (1 9 7 7 )  fo u n d  t h a t  90% o f  

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

U l t r a s t r u e t u r a l l y ,  l a r g e  p a r a n u c le a r  v a c u o l e s  w e re  

d e t e c t e d  i n  PUVA t r e a t e d  p s o r i a t i c  e p id e r m is ,  and t h e s e  

g rew  t o  t h e  d e t r i m e n t  o f  t h e  n u c l e u s  (V ukas e t  a l ,  1 9 7 7 )#  

T o p i c a l  a d m in i s t r a t i o n  o f  p s o r a l e n s  f o l l o w e d  b y  UV l i g h t  

c a u s e d  a  h i g h  i n c i d e n c e  o f  c a r c in o m a s  ( G r i f f i n ,  1 9 5 9 )  w h i l e  

o r a l  a d m i n i s t r a t i o n  o f  t h e  d r u g  and U V - l i g h t  d id  n o t  i n c r e a s e  

t h e  l e v e l  o f  c a r c i n o g e n e s i s  a b o v e  t h a t  f o r  UV l i g h t  a l o n e  

(M acDonald e t  a l ,  1 9 6 3 )»  The e f f e c t  o f  l o n g  te rm  t r e a t m e n t  

w i t h  PUVA r e m a in s  t o  b e  e v a l u a t e d .

The p a t i e n t s  i n  t h i s  p r e s e n t  s t u d y  w e re  b e i n g  t r e a t e d  

w i t h  t o p i c a l  a p p l i c a t i o n s  o f  e i t h e r  c r u d e  c o a l  t a r  (GGT) 

o r  d i t h r a n o l *  COT c o n t a i n s  th o u s a n d s  o f  com pounds m o s t  o f  

w h ic h  r e m a in  u n i d e n t i f i e d ,  and a l t h o u g h  t h i s  t r e a t m e n t  h a s  

p r o v e d  e f f e c t i v e ,  i t s  mode o f  a c t i o n  r e m a in s  u n c l e a r .

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

s i m i l a r  t o  a c r i d i n e  w h ic h  i s  known t o  c o m p le x  w it h  DKA® I t  

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

may I n h i b i t  p r o t e i n  s y n t h e s i s  (Sw anbeck  & T h y r e s s o n ,  1 9 6 5 )  

w h i l e  w o rk  w i t h  b a c t e r i a l  s y s t e m s  s u g g e s t s  t h a t  

m it o c h o n d r ia l  DBA may b e  t h e  prim ary  t a r g e t  ( Z e t t e r b e r g  

& S w an b eck ,  1 9 7 1 )*  D it h r a n o l  h a s  t h e  a b i l i t y  t o  d e c r e a s e  

t h e  a c t i v i t y  o f  g ly c o r a id e h y d e - 3 -p h o s p h a te  d e h y d r o g e n a s e ,
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and g lx ic o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e  i n  p s o r i a t i c  l e s i o n s  

(Hammar, 1 9 7 0 )  e i t h e r  b y  s y n t h e t i c  c o n t r o l  o r  d i r e c t

r e g u l a t i o n  o f  enzyme a c t i v i t y ®

The p r e s e n t  work was u n d e r t a k e n  i n  o r d e r  to  com pare  

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

s t r a t u m  c o rn e u m « I n  a d d i t i o n ,  t h e  r e s u l t  o f  e f f e c t i v e  

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

b e e n  s tu d ie d *
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2*2 mTERlAI,8 AND METHODS

2 . 2 , 1  MATERIALS

T i s s u e  S am p les

P s o r i a t i c  s c a l e s  w ere o b t a i n e d  from h o s p i t a l i s e d  

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

S c a l e s  w e re  c o l l e c t e d  from an y  a f f e c t e d  a r e a  b y  g e n t l e  

s c r a p i n g ,  b u t  p r e f e r e n c e  was g i v e n  t o  p l a q u e s  s e v e r a l  cm, 

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

When s t u d y i n g  a p a t i e n t  o v e r  a c o m p le te  t r e a t m e n t  p e r i o d ,  

p s o r i a t i c  s c a l e s  w e re  a lw a y s  c o l l e c t e d  from t h e  same p l a g u e  

and a t  t h e  same t im e  r e l a t i v e  t o  t h e  a p p l i c a t i o n  o f  t r e a t m e n t  

P s o r i a t i c  s c a l e s  w e re  s t o r e d  d e s i c c a t e d  a t  -30*^0,
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2 . 2 . 2  METHODS

E x t r a c t i o n  o f  T i s s u e

P s o r i a t i c  s c a l e  (20m g/2m l)  was e x t r a c t e d  i n  

50  mM T r i s - H C l ,  pH?*2 c o n t a i n i n g  6 M u r e a ,  2% 2 -m e r o a p to e th a n o l  

a s  d e s c r i b e d  p r e v i o u s l y *

I m m l m B a t i o n

T r y p t i c  d i g e s t i o n  o f  e p i d e r m i s  was b y  t h e  a d d i t i o n  o f  

1 ml t r y p s i n  s o l u t i o n  (1 m g /m l,  i n  50 mM T r i s - H C l ,  pH 8 )  t o  

10 0  mg w e t  w e i g h t  t i s s u e .  S am p les  w e re  i n c u b a t e d  a t  37^0 

i n  a  s h a k i n g  w a t e r  b a t h  f o r  v a r i o u s  t im e  i n t e r v a l s ,  f ro m  a 

few  m in .  t o  two h r .  The r e a c t i o n  was s to p p e d  b y  t h e  

a d d i t i o n  o f  s o l i d  u r e a  t o  g i v e  a f i n a l  c o n c e n t r a t i o n  o f  6 M, 

and 2% ( ^ / ^ )  2 - m e r c a p t o e t h a n o l .  A f t e r  s t i r r i n g  f o r  a  few  

m in .  s a m p le s  w e re  l e f t  t o  s t a n d  a t  4^C f o r  24 h r . ,  t h e n  

e x t r a c t e d  a s  d e s c r i b e d  i n  C h a p t e r  1 .

C o n t r o l  s a m p le s  c o n t a i n i n g  100  mg t i s s u e / m l  T r i s -  

H G l, pH8 w e re  e x t r a c t e d  f o r  2 h r .  a t  e i t h e r  37^0 o r  4^C 

b e f o r e  t h e  a d d i t i o n  o r  u r e a  and r e d u c i n g  a g e n t .  A f t e r  

s t i r r i n g  f o r  a  fe w  m in .  t h e  s a m p le s  w e re  l e f t  t o  s t a n d  a t  

4^G f o r  24  h r .  and e x t r a c t e d  a s  d e s c r i b e d  i n  C h a p t e r  1 .

A n o rm a l  e x t r a c t i o n  o f  e p i d e r m i s  i n  50mM T r is -H C l ,  pH 7*2 

c o n t a i n i n g  6 M u r e a ,  2% 2 - m e r c a p t o e t l a n d  was a l s o  p e r f o r m e d ,  

a s  d e s c r i b e d  i n  C h a p t e r  1 *

E l e c t r o p h o r e s i s  and d e n s i t o m e t r y  w e re  a s  d e s c r i b e d  

p r e v i o u s l y .
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When e x t r a c t s  o f  p s o r i a t i c  s c a l e  w e re  r u n  o n  

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

n o t e d  ( F i g .  5 ( a ) ) ,  W hereas  c h a i n s  2 and 3 o f  p r e k e r a t i n  

w e re  c l e a r l y  p r e s e n t ,  c h a i n  1 was e i t h e r  a b s e n t  o r  g r e a t l y  

d i m i n i s h e d  in  am ount# A num ber o f  o t h e r  m in o r  b a n d s  w e re  

a l s o  p r e s e n t ,  i n c l u d i n g  one  o f  m o l e c u l a r  w e ig h t  4 5 , 0 0 0 ,  

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

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

f ro m  f o r e s k i n  e p i d e r m i s ,

S am p les  o f  c r u d e  c o a l  t a r  o r  d i t h r a n o l  f a i l e d  t o  

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

e x t r a c t i o n  o f  p s o r i a t i c  s c a l e s  w i t h  c h lo r o fo r m :  m e th a n o l  

( 3 : 1 )  d i d  n o t  a l t e r  t h e  p o l y p e p t i d e  c o m p o s i t i o n  o f  

p s o r i a t i c  h o rn y  l a y e r  e x t r a c t s .  T h u s ,  t h e  a b n o rm a l  f i b r o u s  

p r o t e i n  e t r u o t u r e  d e t e c t e d  i n  p B orla tio_ao& l@ 6 n o t

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

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

o f  th e  t i s s u e .

C o m p a r is o n  o f  th e  F i b r o u s  P r o t e i n s  o f  P s o r i a t i c  S c a l e  
and  N orm al H o rn y  L a y e r

( a )  S tratum  Gorneum
* '  itovtiyAr«aLmiP»îSWWB:iies”i9snPT?T«V̂ #rv«MIV9*îH'imf«ShWt«H*B#s6»

T h e re  w e re  d i s t i n c t  s t r u c t u r a l  d i f f e r e n c e s  b e tw e e n  t h e  

f i b r o u s  p r o t e i n s  o f  norm al s t r a t u m  co rn eu m  and p s o r i a t i c  

s c a l e  (Fig® 5 ) » The r e t e n t i o n  o f  c h a i n  3 and th e  

d e f i c i e n t  c h a i n  1 o f  t h e  p s o r i a t i c  p r o t e i n  c h a r a c t e r i s e d
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i t  a s  a b n o rm a l  w i t h  r e s p e c t  t o  t h e  c o n t r o l  t i s s u e .  There  

was i n  a d d i t i o n  a  s i g n i f i c a n t  i n c r e a s e  i n  t h e  num ber o f  

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

The same t h r e e  c h a i n s  w e re  p r e s e n t  i n  e x t r a c t s  o f  

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

w e re  som ew hat d i f f e r e n t  i n  t h e  two t i s s u e s  ( P i g .  6 ) .  T hus,  

t h e  i n t e n s e  c h a i n  1 o f  c a l l u s  was much d e p l e t e d  i n  t h e  

p a th o lo g ica l  h o r n y  l a y e r ,  and a g a i n  th e  p s o r i a t i c  f i b r o u s  

p r o t e i n  was a b n o rm a l  when com pared  w i t h  t h e  c o n t r o l .  The 

l a r g e  number o f  low  m o l e c u l a r  w e ig h t  p o l y p e p t i d e s  d e t e c t e d  

i n  p s o r i a t i c  s c a l e  e x t r a c t s  was n o t  p r e s e n t  i n  s i m i l a r  

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

The E f f e c t  o f  T r e a tm e n t  o n  t h e  P s o r i a t i c  F i b r o u s  P r o t e i n .f l 'iM. Mm if   iiu* irurvMTrif'wii'i # w.iiiii *#i m i ii . nnnt|finriiimTini "i.Tni,i mm i.m , mi »,.  m iin t  ti i ».ii ttiiiTinninn i* mi (ii'iiii'i'iii iii^niy)rnii"i'init ■niTTiTiHiirii'iT'‘nii inrinniiinf*! .« "  w e  i««-inwi n'un nr,,--* nriTn unmnini—n

S t r u c t u r e

R e m is s io n  o f  p s o r i a s i s  d u r i n g  t r e a t m e n t  was s t u d i e d  i n  

a b o u t  20 p a t i e n t s #  I n  som e, tr e a tm e n t  was n o t  e f f e c t i v e ,  

w h i l e  o t h e r s  w ere d i s c h a r g e d  a t  a r e l a t i v e l y  e a r l y  s t a g e  o f  

r e m i s s i o n .  P a t i e n t s  A and B d e s c r i b e d  b e lo w  a re  t y p i c a l  

o f  t h e  m a j o r i t y  o f  i n - p a t i e n t s  who w are  t r e a t e d  s u c c e s s f u l l y  

o v e r  a  p e r i o d  o f  one  t o  two w eeks and t h e n  d i s c h a r g e d  i n  a n  

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

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

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

b o d y  s i t e s  d e l a y e d  I i i s  d i s c h a r g e .

P a t i e n t  A was t r e a t e d  o v e r  a p e r io d  o f  11 d a y s  and a t  

th e  end o f  t h a t  t im e  s c a l i n g  h ad  a lm o s t  c e a s e d #  C h a in  1 

i n i t i a l l y  a b s e n t ,  g r a d u a l l y  i n c r e a s e d  in  i n t e n s i t y  a s
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t r e a tm e n t  p r o c e e d e d  ( F i g .  7 ) .  D e n s i to m e te r  t r a o e a  o f  th e
p o l y p e p t i d e s  c o n f i r m e d  th e  i n c r e a s e d  c h a i n  i n t e n s i t y

( F i g .  8 )  and q u a n t i t a t i v e l y  t h i s  was r e f l e c t e d  a s  a  

d e c r e a s e  i n  t h e  r a t i o  o f  c h a i n  1 s c h a i n  2 -i- c h a i n  3 

( T a b le  3 ( a ) ) .  As r e c o v e r y  p ro c e e d e d  t h e r e  was no d e t e c t ­

a b l e  q u a l i t a t i v e  o r  q u a n t i t a t i v e  c h a n g e  i n  a n y  o f  t h e  low  

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

A s u b s e q u e n t  s e r i e s  o f  e x t r a c t s  from p a t i e n t  B was 

o b t a i n e d  o v e r  a  t r e a tm e n t  p e r i o d  o f  8 d a y s .  T h i s  p a t i e n t  

was l e s s  s e v e r e l y  a f f e c t e d  and c h a i n  1 was a l r e a d y  p r e s e n t  

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

i n c r e a s e d  and was f o l lo w e d  b y  d e n s i t o m e t r y  ( T a b le  3 ( b ) ) .

Fig® 9 shows t h e  e f f e c t  o f  tr e a tm e n t  o n  th e  f i b r o u s  

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

p a t i e n t  t r e a t e d  o v e r  a  p e r i o d  o f  14 d a y s ,  t h e r e  was n o t  

o n l y  a  d e t e c t a b l e  i n c r e a s e  i n  t h e  i n t e n s i t y  o f  c h a i n  1 ,  

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

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

r e s e m b l in g  t h a t  o f  n o rm a l  s tr a tu m  co rneum  i n  w h ich  c h a i n s  

1 and 2 o f  p r e k e r a t i n  w e re  p r o m in e n t . The c h a n g in g  p r o t e i n  

s t r u c t u r e  d u r i n g  r e c o v e r y  was f o l lo w e d  by d e n s i t o m e t r y  

( F i g .  1 0 )  b u t  s p r e a d in g  o f  th e  p o l y p e p t i d e s  p r e v e n te d  

q u a n t i t a t i v e  a n a l y s i s .  Tow ards t h e  end o f  th e  t r e a t m e n t  

p e r i o d , t h e r e  was an  i n c r e a s e  i n  t h e  am ount o f  low  

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

The S t r u c t u r e  o f  t h e  F i b r o u s  P r o t e i n  i n  U n in v o lv e d  H o rny  
L a y e r  o f  P s o r i a t i c b

( a )  siratum ,, C o r n g m

S t r a t u m  co rn eu m  f ro m  a n  u n in v o l v e d  a r e a  o f  p a t i e n t



F ig u r e  5 ! C om parison  o f  t h e  F ib r o u s  F r o t e i r e  o fPsoriatic Scale end Normal Stratum Oorneum,
( a )  P s o r i a t i c  s c a l e  e x t r a c t

(b )  s t r a t u m  co rneum  e x t r a c t
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(a) (b)



Figure $: Determ ination o f the M olecular Weights o f  

the In d iv id u al Polypeptide Chains o f  the Fibrous 

P rotein  o f P so r ia tic  Scale*

Ihe arrov/s ( .......■> ) in d ica te  the m ob ility  o f the

polypeptide chains o f the fib rou s p ro te in  o f  

p s o r ia t ic  sca le  on 7*5^ polyacrylam ide g e ls .

The m ob ility  of the polypeptide chains o f prekeratin  

are shown fo r  comparison

Prekeratin  c o n s is ts  o f three d if fe r e n t  polypeptide  

chains o f  m olecular w eights 70, 000, 63,000 and 

55»000. The m olecular w eights o f the p s o r ia t ic  

fib rou s p rote in  polypeptides are id e n t ic a l to  those  

o f p rek eratin , but the 70,000 m olecular weight chain  

i s  much reduced in  amount (f V*).

The m olecular weight markers are: phosphorylase a 

(94»000), bovine serum albumin (6 8 ,0 0 0 ) , c a ta la se

(5 8 .0 0 0 ) , ovalbumin (4 5 ,0 0 0 ), and carbonic anhydrase

( 29. 000) .
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M olecular w eight (x  lO'̂  )

7 

6

5 I

5 t

2 1

0.2  0.5 0.4 0.5

M obility

0.6 0,7  0.8 0.9



F i g u r e  6 1 C o m p a r i s o n  o f  t h e  F i b r o u s  P r o t e i n s  o f

P s o r i a t i c  S c a l e  and P l a n t a r  C a l l u s •

( a )  P s o r i a t i c  s c a l e  e x t r a c t

(b )  P l a n t a r  c a l l u s  e x t r a c t
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F ig u r e  7 :  S t r u c t u r a l  Ohungea In  th e  E p id erm al  

F ib r o u s  P r o t e i n  D u rin g  R e c o v e r y  o f  P a t i e n t  A*

( a )  Day 1 » p r i o r  t o  t r e a tm e n t

( b )  Day 4  o f  t r e a t m e n t

( c )  ]Day 7 " "

(a) Day 9 " "

( e ) Day 11*' "



V •

(a) ( b) (c) (a ) ( e )



F i g u r e  6 : D e n s i t o m e t e r  T r a c e s  o f  t h e  C h a i n s  o f

t h e  E p i d e r m a l  F ib r o u s  P r o t e i n  D u r i n g  R e c o v e r y  o f  

P a t i e n t  A*

( a )  Day 1 ,  p r i o r  t o  t r e a t m e n t

( b )  Day 4  o f  t r e a t m e n t  

( o )  Day 7 " "

( d )  Day 9 " "

( e )  Day 11 *' "

C h a i n  1 : m o l e c u l a r  w e i g h t  70#000

C h a i n  2 t  m o l e c u l a r  w e i g h t  6 3 , 0 0 0  

C hain  3 ;  m o l e c u l a r  w e ig h t  5 5 ,0 0 0
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T a b le  3 :  Molar R a t io  o f  th e  F ib r o u s

P r o t e i n  C h a in s  D u rin g  P s o r i a t i c  R e c o v e r y
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Sample C h a i n 1 sC h a in 2 :C h a ln  3 C h a i n 1 : C h a i n  2 + C ha in  3

P a t i e n t  ik

Day 1 0 , 0 1 , 0 1 . 0

Day 4 1 oO 5 . 7 5 . 0 1 eO 6 . 8

Day 7 1 , 0 5 . 8 2 .6 1 , 0 6 @4

Day 9 1 oO 5 .2 2 , 0 1 ,0 5 . 2

Day 11 1 ,0 2 o4 1 .6 1 ,0 4 . 0

P a t i e n t B

Day 1 1 .0 5 . 0 2 , 0 1 . 0 5 . 0

Day 5 1 , 0 5 . 0 1 . 5 1 , 0 4 . 5

Day 8 1 . 7 5*5 1 , 0 1 . 0 2 ,5



F i g u r e  9 î  S t r u c t u r a l  C h a n g e s  i n  t h e  E p i d e r m a l  F i b r o u s  

P r o t e i n  D u r i n g  R e c o v e r y  o f  P a t i e n t  G .

( a )  Day 1 , p r i o r  t o  t r e a t m e n t

( b )  Day 4  o f  t r e a t m e n t

( o )  Day 8 " "

(d )  Day 11 " "

( e )  Day 14  " "
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F ig u r e  1 0 :  Densitometer T ra c e s  of t h e  c h a in s  of th e

E p id erm al F i b r o u s  P r o t e i n  D u r i n g  R e c o v e r y  o f  

P a t i e n t  0

( a )  Day 1 » p r i o r  t o  t r e a t m e n t  

( h )  Day 4  o f  t r e a t m e n t

( o )  Day 8 " "

(d )  Day 11 " "

( e )  Day 14 " *'

C h a i n  1 s m o l e c u l a r  w e i g h t  7 0 , 0 0 0

C h a i n  2s  m o l e c u l a r  w e i g h t  63*000

C h a i n  3« m o l e c u l a r  w e i g h t  5 3 , 0 0 0
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G had  a n o r m a l  f i h r o u s  p r o t e i n  s t r u c t u r e  ( P lg o  1 1 ( o ) ) ,  

a l m o s t  i d e n t i c a l  t o  t h a t  o b ta in e d  a t  t h e  end  o f  t r e a t m e n t *  

The s t r u c t u r e  i n  b o t h  c a s e s  c o r r e s p o n d e d  t o  c h a i n s  1 and 

2 o f  p r e k e r a t i n  and d i f f e r e d  o n l y  from norm al s tr a tu m  

corneum i n  t h a t  c h a i n  2 h ad  a  m o l e c u l a r  w e i g h t  o f  6 3 » 000 

r a t h e r  th an  6 0 ,0 0 0 *

(b) Callus

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

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

s t r u c t u r e  w i t h  an i n t e n s e  c h a i n  i c h a r a c t e r i s t i c  o f  t h e  

n o r m a l  l i s s u e  (Pig® 11 ( a ) ) ,  w h i l e  in v o lv e d  c a l l u s  showed a 

t y p i c a l  " p s o r i a t i c  p a t t e r n " ,  i n  w h ic h  c h a in  1 was d e f i c i e n t  

( P i g .  1 1 ( b ) ) .

T r y p t i c  D i g e s t i o n  o f  Whole E p i d e r m i s

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

o r  a b s e n t  c h a i n  1 .  I t  i s  p o s s i b l e  t h a t  t h i s  s t r u c t u r a l  

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

t h e  p r o t e i n  b y  p r o t e o l y t i c  d i g e s t i o n *  T h i s  p o s s i b i l i t y  was 

t e s t e d  b y  p e r f o r m i n g  a  t r y p t i c  d i g e s t i o n  o f  human e p i d e r m i s *  

Whole t i s s u e  r a t h e r  t h a n  p u r i f i e d  p r e k e r a t i n  was u s e d  as 

i t  was b e l i e v e d  t h a t  t h i s  would  more c l o s e l y  p a r a l l e l  t h e  

c o n d i t i o n s  i n  v i v o .

F i g .  12 shows t h e  e f f e c t  o f  t r y p t i c  d i g e s t i o n  o f  

human e p i d e r m i s *  P r o l o n g e d  d i g e s t i o n  r e s u l t e d  i n  t h e  

f o r m a t i o n  o f  in c r e a s e d  a m o u n ts  o f  low m o l e c u l a r  w e i g h t  

p o l y p e p t i d e s ,  and b y  2 h r ,  m ost  o f  t h e  f i b r o u s  p r o t e i n
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c h a i n s  w ere no l o n g e r  v i s i b l e .  B e tw e en  5 m i n ,  and 10  m i n ,  

b o t h  chain-: 1 and c h a i n  3 a p p e a r e d  t o  b e  d i g e s t e d ,  w h i l e  

c h a i n  2 rem ained i n t a c t .

T r y p t i c  d i g e s t i o n  o f  w h o le  e p id e r m is  f a i l e d  t o  

p r o d u c e  a p s o r i a t i c  f i b r o u s  p r o t e i n  s t r u c t u r e ,  and w ould  

ten d  n o t  t o  f a v o u r  p r o t e o l y t i c  d i g e s t i o n  o f  c h a i n  1 

d u r in g  p s o r i a t i c  k é r a t i n i s a t i o n .



F i g u r e  11 I The S t r u c t u r e  o f  t h e  BpidermaX F i h r o u s  

P r o t e i n  i n  I n v o lv e d  and U n i n v o l v e d  H orny  L a y e r  

o f  P s o r i a t i c s

( a )  U h in v o lv e d  C a l lu s

( h )  I n v o l v e d  C a l l u s

( c )  U n in v o lv e d  S t r a t u m  Corneum
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(a) ( t ) ( c )



F ig u r e  1 2 :  T r y p t ic  D i g e s t i o n  o f  Human E p id erm is

( a )  C o n tr o l  a t  37^0

(b )  C o n tr o l  a t  k ^ G

( e )  F o r m a l  e x t r a c t i o n

( d ) 2 m in . d i g e s t i o n

( e )  5 m in . "

( f ) 1 0  m in . "

( g )  2 h r .  "
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2 , 4  DISCUSSION

The f i b r o u s  p r o t e i n  o f  p s o r i a t i c  s c a l e  had  an  a b n o r m a l  

s t r u c t u r e  i n  w h ic h  t h e  7 0 ,0 0 0  m o l e c u l a r  w e i g h t  c h a i n  was 

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

p r e l i m i n a r y  s t u d y  o f  S k e r r o w  ( 1 9 7 7 b ) * T h i s  d e f i c i e n c y  

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

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

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

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

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

T h i s  i s  i n  c o n t r a s t  t o  a  p r e v io u s  c h e m i c a l  a n a l y s i s  

( P le s o h  & E s o d a ,  1 9 5 7 ) ,  i n  w h i c h  t h e  d i f f e r e n c e s  p r e s e n t  i n  

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

t i s s u e  used*

t h e  p s o r i a t i c

I n  a p r e v i o u s  s t r u c t u r a l  s t u d y ,  Bauer ( 1 9 7 2 )  was 

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

p r o t e i n  and a n  eL - f i b r o u s  p r o t e i n  from p s o r i a t i c  s c a l e  

was c o m p o s i t i o n a l l y  s i m i l a r  t o  th e  p r o t e i n  f ro m  n o r m a l  

e p i d e r m i s  (B aden  & B o n a r ,  1 9 6 8 ) .  P e p t i d e  m ap p in g  s t u d i e s  

(B o th b e r g ,  I 9 6 0 )  d e t e c t e d  a num ber  o f  d i f f e r e n c e s  b e t w e e n  

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

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

ep id e rm is@

A l t h o u g h  t h e  e f f e c t  o f  t r e a t m e n t  on  c l i n i c a l  r e m i s s i o n  

o f  p s o r i a s i s  h a s  b e e n  w i d e l y  s t u d i e d  (Young, 1 9 7 0 ;

W e i n s t e i n  & V e l a s c o ,  1 9 7 2 ;  W o l f f  e t  a l ,  1 9 7 7 ) ,  i t s  a f f e c t  

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

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

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

p a t i e n t s  A and B in v o lv e d  a n  in c r e a s e  i n  t h e  i n t e n s i t y  o f  

t h e  7 0 ,0 0 0  m o le c u la r  w e i g h t  c h a in  and was c o m p l e t e d  i n  

p a t i e n t  0 by th e  d i s a p p e a r a n c e  o f  t h e  55pOOO m o le c u la r  

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

c l o s e l y  resem b led  t h a t  o f  norm al s t r a t u m  corneum .

The l o s s  o f  t h e  5 5 , 0 0 0  m o le c u la r  w e i g h t  c h a in  d u r in g  

t r e a tm e n t  was a n a l o g o u s  t o  t h e  s t r u c t u r a l  c h a n g e  w h i c h  

accom panied  e o r n i f i c a t i o n  i n  normal e p id e r m is ,  b e l i e v e d  

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

d i g e s t i o n  o r  c r o s s - l i n k i n g .  I n d e e d , d u r i n g  th e  r e c o v e r y  

o f  p a t i e n t  C t h e r e  was an i n c r e a s e  i n  th e  l e v e l  o f  low  

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

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

d i s a p p e a r a n c e  o f  th e  5 5 , 0 0 0  m o le c u la r  w e i g h t  c h a i n .  T h is  

c h a i n ,  w h ic h  was shown t o  be t r y p s i n  s e n s i t i v e ,  may th e n  

be s u b j e c t  to  p r o t e o l y t i c  d i g e s t i o n .

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

l a y e r s  o f  p s o r i a t i c  e p i d e r m i s  i s  unknown, and th us  i t  i s  

n o t  c l e a r  w h eth er  th e  abnormal s t r u c t u r e  d e t e c t e d  i n  

p s o r i a t i c  s c a l e s  p e r s i s t s  a t  a l l  l e v e l s  o f  t h e  in v o lv e d  

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

7 0 , 0 0 0  m o le c u la r  w e ig h t  c h a i n  was a l s o  found  t o  be 

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

t y p e  may o c c u r  d u r in g  p s o r i a t i c  k é r a t i n i s a t i o n ,  in c r e a s e d
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p r o t e o l y t i c  a c t i v i t y  b e i n g  d e t e c t e d  in  t h e  u p p e r  l a y e r s  

o f  t h e  p a t h o l o g i c a l  e p id e r m is  (H e r rm an n ? 1 9 7 6 ) .  The 7 0 , 0 0 0  

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

d u r i n g  norm al e o r n i f i c a t i o n ,  b u t  F r a k l  & H opsu -H avu  ( 1 9 7 6 )  

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

f r o m  t h o s e  o f  t h e  norm al t i s s u e .

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

b e e n  d e t e c t e d  i n  p s o r i a t i c  e p id e r m is ,  r e s u l t i n g  i n  low  

f r e e  amino a c i d  l e v e l s  ( P l e a c h  e t  a l ,  1 9 6 2 ) ,  h i g h  

p e p t i d e  l e v e l s  ( W h e a t l e y  & P a r b e r ,  1 9 6 1 )  and th e  p r e s e n c e  

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

s t r a t u m  corneum . T h is  may be due  t o  d e f e c t i v e  engyme 

r e l e a s e  from th e  l y s o s o m e s  (R eid  & J a r r e t t ,  1 9 6 7 )  o r  t h e  

I n c r e a s e d  r a t e  o f  e p id e r m a l  tu r n o v e r  (Van S c o t t  & E k e l ,

1 9 6 3 ) and d o e s  n o t  f a v o u r  enzym ic  m o d i f i c a t i o n  o f  th e

7 0 ,0 0 0  m o le c u la r  w e i g h t  c h a in  o f  t h e  f i b r o u s  p r o t e i n  i n  

p s o r i a s i s  «

The 7 0 , 0 0 0  m o l e c u l a r  w e i g h t  c h a i n  was a p p a r e n t l y  

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

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

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

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

(C o m in g s ,  1 9 7 0 ) ,  T h i s  s y n t h e t i c  i m b a l a n c e  i s  t h e  r e s u l t  o f  

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

mRKA t r a n s l a t i o n  (Heyv/ood e t  a l ,  1 9 6 5 )  o r  d e f e c t i v e  rnRHA 

p r o d u c t io n  ( C le g g  e t  a l ,  1 9 6 8 ) . A s i m i l a r  r e p r e s s i o n  o f  

t h e  s y n t h e s i s  o f  th e  7 0 , 0 0 0  m o le c u la r  w e i g h t  c h a i n  i n  

p s o r i a s i s  w ou ld  y i e l d  t h e  o b se r v e d  a b n o r m a l  f i b r o u s
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p r o t e i n  s t r u c t u r e *  V o o r h e e s  e t  a l  ( 1 9 6 8 ) p r o p o s e d  t h a t  t h e  

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

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

T s u j l  & Cox ( 1 9 7 7 ) f o u n d  s i g n i f i c a n t  e n l a r g e m e n t  o f  t h e  

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

amount o f  r e p r e s s e d  DBA s e q u e n c e s ,  w h ic h  i s  i n  c o n t r a s t  

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

c i s t r o n s »

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

K i m b e r l i n g  & D obson ( 1 973)  co n c lu d ed  t h a t  a n  a u t o s o m a l  

d o m i n a n t  mode o f  i n h e r i t a n c e  was m os t  l i k e l y  and a l t h o u g h  

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

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

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

Dominant d i s o r d e r s  a r e  n o r m a lly  a s s o c i a t e d  w i t h  d e f e c t s  

o f  n o n -e n z y m ic  p r o t e i n s  (M cK usick, 1 9 7 1 )  and t h i s  i s  i n  

agreem en t w i t h  th e  p ro p o sed  p rim ary  r o l e  f o r  t h e  d e f e c t i v e  

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

I n c r e a s e d  DBA s y n t h e s i s  and t h y m i d i n e  i n c o r p o r a t io n  

(H ew b o ld ,  1 9 7 2 )  and e n h a n c e d  a c t i v i t y  o f  t h e  p e n t o s e  

m o n o p h o s p h a te  sh u n t  (G o rd o n  & J o h n s o n ,  1 9 6 7 ) h a v e  b e e n  

d e t e c t e d  i n  t h e  u n in v o lv e d  s k i n  o f  p s o r i a t i c s .  T h e r e  was 

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

( J a r r e t t ,  1 9 7 3 )  and i n  t h e  l i p i d  c o n t e n t  (Madden,  1941)®

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

f i b r o u s  p r o t e i n  o f  u n in v o lv e d  h orn y  l a y e r  o f  p s o r i a t i c s ,  

w h i c h  was i n d i s t i n g u i s h a b l e  from t h a t  o f  t h e  normal t i s s u e .
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I t  i s  s u g g e s t e d  t h a t  p s o r i a s i s  m o s t  p r o b a b ly  r e s u l t s  

f r o m  a  d e f e c t  o f  k é r a t i n i s a t i o n  i n  w h i c h  t h e r e  i s  

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

l e a d s  to  t h e  d e f e c t i v e  c e l l u l a r  a r c h i t e c t u r e  and i n c r e a s e d  

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

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

th e  7 0 ,0 0 0  m o l e c u l a r  w e i g h t  c h a i n  o f  t h e  f i b r o u s  p r o t e i n  o r  i s  

i n v o l v e d  i n  th e  m o d i f i c a t i o n  o f  a r e p r e s s o r  p r o t e i n .

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

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

o r  c r o s s - " l i n k i n g  seems l e s s  l i k e l y ,  b u t  c a n n o t  b e  r u le d  

o u t 0 T r y p s i n i s a t i o n  o f  e p id e r m is  f a i l e d  h e r e ,  t o  p rod u ce a 

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

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

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

f i b r o u s  p r o t e i n  would b e  p r e s e n t  o r  e l a b o r a t e d ,
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5.1  INTRODUCTION

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

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

co w s' n o s e  ( M a t o l t s y ,  1 9 6 5 ) and human e p i d e r m i s  ( S k e r r o w ,  

1 9 7 7 a ) .  B o v in e  p r e k e r a t i n  i s  a m u l t i c h a i n  p r o t e i n  o f  tw o ,  

t h r e e  c h a i n  s u b u n i t s ,  w it h  an « h e l i x  c o n t e n t  o f  a b o u t  

Two d i s c r e t e  t h r e e  c h a i n © C - h e l i o a l  r e g i o n s  a b o u t  

20  nm i n  l e n g t h  a r e  p r e s e n t  i n  e a c h  s u b u n i t ,  and t h e s e  a r e  

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

a l a n i n e  and  l e u c i n e  w h i l s t  th e  h e l i x - i n h i b i t i n g  r e s i d u e s ,  

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

t h e  n o n - e L - h e l i c a l  r e g i o n s  ( S k e r r o w  e t  a l ,  1 9 7 5 )»

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

i s  v e r y  l o w ,  o n l y  8 . 8  r e s i d u e s / 1 000 r e s i d u e s  f o r  b o v i n e  

p r e k e r a t i n  ( S k e r r o w ,  1 9 7 2 ) ,  and i s  d i s t r i b u t e d  b e t w e e n  

«C- h e l i c a l  and n o n - o C - h e l i c a l  r e g i o n s  ( S k e r r o w  e t  a l ,  1 973)  

I t  has b e e n  shown t h a t  t h e r e  i s  no i n t e r c h a i n  d i s u l p h i d e  

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

( S k e r r o w ,  1 9 7 4 ,  1 9 7 7 a )  a l t h o u g h  i n t r a c h a i n  d i a u l p h i d e  

b o n d s  h a v e  b e e n  d e t e c t e d  i n  b o v i n e  p r e k e r a t i n  ( S t e i n e r t ,  

1 9 7 5 )»

The c o r n i f l e d  c e l l s  a r e  r e s i s t a n t  t o  th e  a c t i o n  o f  

OASO b u f f e r ,  and e x t r a c t i o n  o f  t h e  i n t r a c e l l u l a r  c o n t e n t s  

r e q u i r e s  th e  u s e  o f  d e n a t u r i n g  s o l v e n t s . The s t a b i l i t y  o f  

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

d i s u l p h i d e  bond s t a b i l i s a t i o n  o f  t h e  f i b r o u s  p r o t e i n *

B aden  e t  a l  ( 1 9 7 6 )  f o u n d  t h a t  t h e  f i b r o u s  p r o t e i n  

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

r e d u c i n g  a g e n t ,  was a  h i g h  m o l e c u l a r  w e i g h t  a g g r e g a t e d
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m a t e r i a l  s t a b i l i s e d  b y  i n t e r o b a i n  d lB u lp h id e  b o n d s ,

Thia s t a b i l i s a t i o n  o f  th e  f i b r o u s  p r o t e i n  a p p a r e n t ly

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

o f  th e  l i v i n g  c e l l  p r o t e i n  h a s  b een  d e t e c t e d  (Baden e t  

a l ;  1 9 7 3 a ,  1 9 7 6 ) ,

In  c o n t r a s t ,  S t o i n e r t  (1 9 7 5 )  found t h a t  th e  same 

amount  o f  f i b r o u s  p r o t e i n  p o l y p e p t i d e s  c o u l d  be  

e x t r a c t e d  from  th e  h o r n y  c e l l s  o f  b o v in e  e p id e r m is  i n  th e  

a b se n c e  as  i n  th e  p r e s e n c e  o f  a  r e d u c i n g  a g e n t ,  a l t h o u g h  

m e c h a n i c a l  d i s r u p t i o n  o f  th e  h orn y  l a y e r  was r e q u ir e d  i n  

th e  form er  c a s e .  The s t a b i l i t y  o f  t h e  c o r n i f i a d  c e l l s  

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

e n v e lo p e  p r o t e i n ,  w h ich  a g reed  w i t h  th e  c h e m ic a l  s tu d y  

o f  M a t o l t s y  & M a t o l t s y  ( 1 9 6 6 ) ,

The k e r a t o h y a l i n  g r a n u l e s  o f  t h e  e p id e r m is  a r e

b e l i e v e d  to  fo rm  t h e  i n t e r f i l a m e n t o u s  m a tr ix  o f  t h e  h o rn y  

c e l l s  ( L a v k e r  & M a t o l t s y ,  1 9 7 0 ) ,  I n t a c t  g r a n u l e s  i s o l a t e d  

f ro m  newborn r a t  e p i d e r m i s  ( M a t o l t s y  & M a t o l t s y ,  1 9 7 0 )  had  

a  h i g h  c y s t i n e  c o n t e n t ,  w h i c h  was s u b s e q u e n t l y  a l s o  

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

m i c r o s c o p e  a u t o r a d i o g r a p h y  ( M a t o l t s y ,  1 9 7 5 )*

K e r a t o h y a l i n  i s o l a t e d  b y  an a l t e r n a t i v e  e x t r a c t i o n  

p r o c e d u r e  was shown t o  be h i s t i d i n e  r i c h ,  c y s t i n e  p o o r  

(H o o b er  B e r n s t e i n ,  1 9 6 6 ; Gumucio, 1 9 6 7 )  w h i l e  l lg e l  

( 1 9 6 9 , 1 9 7 1 ) e x t r a c t e d  a  r i b o n u c l e o p r o t e i n ,  t h o u g h t  to  be  

k e r a t o h y a l i n ,  i n  w h ic h  t h e  p r o t e i n  co m p o n e n t  was r i c h  i n  

s e r i n e ,  a r g i n i n e ,  # r c l n e  and h i s t i d i n e  (U g e l  & I d l e r ,  1 9 7 2 )
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I t  h a s  b e e n  c a l c u l a t e d  t h a t  t h e  m a t r i x  o f  t h e  h o r n y

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

p r o t e i n  ( M a t o l t s y ,  1 9 7 6 )  and t h i s  i s  n o t  c o n s i s t e n t  w i t h  a 

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

com ponen t  o f  k e r a t o h y a l i n  g r a n u l e s .  The s u g g e s t i o n  t h a t  

t h e  h i s t i d i n e  r i c h  p r o t e i n  may be d e r iv e d  from  t h e  

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

1 9 7 5 )  a w a i t s  f u r t h e r  i n v e s t i g a t i o n .

T h u s ,d e t e r m in a t io n  o f  t h e  amino a c i d  c o m p o s i t i o n  o f  

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

n a tu r e  o f  f h e  b o n d in g  f o r c e s  p r e s e n t  i n  t h e s e  p r o t e i n s ,

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

d u r in g  t h e  k é r a t i n i s a t i o n  p r o c e s s .

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

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

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

d e s t r o y e d  d u r i n g  a c id  h y d r o l y s i s . S e r i n e ,  t h r e o n i n e  and 

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

l y s i n e , a r g i n i n e  and h i s t i d i n e  may b e  p a r t i a l l y  d e s t r o y e d , 

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

h y d r o l y s i s ,  and s l i g h t  v a r i a t i o n s  may c a u s e  an a l t e r a t i o n  

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

a c i d s .

The c y s t i n e  c o n t e n t  o f  a p r o t e i n  i s  g e n e r a l l y  

m easured a f t e r  p e r fo r m ic  a c id  o x i c a t i o n .  T h is  c o n v e r t s  

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

s t a b l e  o x i d a t i o n  s t a t e  and a l l o w s  a c c u r a t e  m e a s u re m e n t  o f
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t h i s  amino acid® P e r f o r m i c  a c i d  may a l s o  r e a c t  w i t h  

s e r i n e  and t h r e o n in e  and f o r m s  s e v e r a l  d e r i v a t i v e s  o f  

t r y p t o p h a n  i n  w h i c h  t h e  i n d o l e  r i n g  i s  o p e n e d  ( H l r s ,  1 9 6 7)*

The a im o f  t h i s  s t u d y  was t o  com pare  t h e  amino 

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

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

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

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

i n  C h a p t e r s  1 and 2 .
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5 . 2  MATERIALS AND METHODS

5 .2 .1  MATERIALS

P l a n t a r  c a l l u s ,  s t r a t u m  corneum and p s o r i a t i c  

s c a l e  w ere  o b t a i n e d  as  d e s c r i b e d  i n  C h a p t e r s  1 and 2 .

3 . 2 . 2  rffiraopji

Amino A cid  A n a ly s i s

T i s s u e  s a m p l e s  w ere s u b j e c t e d  i n  d u p l i c a t e  t o  amino 

a c id  a n a l y s i s  as  d e s c r ib e d  i n  C h a p ter  1 .  C y s t i n e  and 

c y s t e i n e  w e re  d eterm in ed  a f t e r  p e r f o r m i c  a c i d  o x i d a t i o n .
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5.5  RESULTS

The C o m p o s i t i o n  o f  Human P r e k e r a t l n

The amino a c i d  c o m p o s i t i o n  o f  human p r e k e r a t i n  i s  

s i m i l a r  t o  t h a t  o f  t h e  ‘b o v i n e  f i b r o u s  p r o t e i n  ( s k e r r o w ,  

1 9 7 7 a ) .  G l y c i n e ,  s e r i n e  and g l u t a m i c  a c i d  w e re  p r e s e n t  

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

w ere p r e s e n t  o n l y  i n  s m a l l  am ounts .

The C o m p o s i t i o n  o f  t h e  H orny  C e l l  P r o t e i n s

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

b e t w e e n  n o r m a l  and p s o r i a t i c  h o r n y  l a y e r  ( T a b l e  4 ) « As 

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

a c i d  a r e  t h e  m os t  abujnUant and p r o l i n e ,  m e t h i o n i n e  and 

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

c e l l s #  The p r o l i n e  c o n t e n t s  o f  p s o r i a t i c  s c a l e  and 

n o r m a l  s tr a tu m  co rneum  a r e  h i g h e r  t h a n  t h o s e  o f  p r e k e r a t i n  

and p l a n t a r  c a l l u s #

H o w e v e r ,  t h e r e  w ere l a r g e  d i f f e r e n c e s  b e tw e e n  t h e  

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

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

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

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

p r o t e i n ,  and w ere t h e  o n ly  r e s i d u e s  to  do s o .  T h u s ,  

c a l l u s  w i t h  i t s  i n c r e a s e d  p r o p o r t i o n  o f  c h a in  1 had  h i g h  

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

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

no  c h a i n  1 .  P r e k e r a t i n  and n o r m a l  s t r a t u m  corneum  h a d  

v a l u e s  b e t w e e n  t h e  two and w e re  a l s o  i n t e r m e d i a t e  i n  t h e i r  

c o n t e n t s  o f  c h a i n  1#



T a b le  4* Amino A cid  A n a l y s i s ,  

C o m p o s it io n  (re s id u es /IO O O  r e s i d u e s )  o f :

(a )  C a l lu s

(b )  S tratum  corneum

( c )  P r e k e r a t i n  (S kerrow , 1 9 7 7 a )

(d )  P s o r i a t i c  s c a l e
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Amino Acid ( a ) (b ) (0 ) (a)

L y s i n e 6 1 . 0 52.5 54 «6 7 0 . 6

H i s t i d i n e 2 0 . 2 2 6 . 5 14 *4 20»3

A r g in in e 47.7 56 .1 5 3 . 9 ii-6 «4

A s p a r t i c  A cid 7 8 , 6 68*6 8 7 , 2 8 7 . 8

T h reo n in e 58.6 4 3 . 9 4 3 . 9 54.3
S e r in e 145,8 1 3 0 . 5 1 0 8.9 , 81 . 5
G l u t a m i c  Acid 121 .7 1 1 4 . 2 1 1 9 . 2 1 1 8 . 8 .

P r o l i n e 22.5 4 8*6 22.7 5 6 . 7

G ly c in e 2 0 8 . 7 1 7 6 . 0 1 7 5 . 8 9 0 . 9

A l a n i n e 39.2 5 3 . 5 5 3 , 5 6 5 . 3

V a l i n e 54,9 4 3 . 5 49.8 6 0 . 7

M e t h i o n i n e 10.2 1 7 . 9 8.8 1 6 . 0

I s o l e u c i n e 56 *4 5 6 . 5 45,9 4 7 .1

L e u c in e 6 1 . 0 59.8 86.8 8 5 . 2

T y r o s in e 35,9 3 3 . 7 2 6 . 7 3 5 . 8

P h e n y la la n in e 28.0 3 7 , 0 5 6 . 3 3 5 . 6

^ c y s t i n e 1 5 . 6 21 . 4 15,3 2 7 . 0



3«4 DI8GUSSI0H
The amino a c i d  c o m p o s i t i o n  o f  human p r e k e r a t i n  i s  

s i m i l a r  t o  t h a t  o f  th e  b o v in e  p r o t e i n  (S k e rro w , 1 9 7 7 a ) .

B o t h  h a v e  low  c y s t i n e  c o n t e n t s ,  and l a c k  i n t e r c h a i n  

B i s u l p h i d e  b o n d s  ( S k e r r o w ,  1974s> 1 9 7 7 a ) .

T h e r e  h a v e  b e e n  few  p r e v i o u s  a n a l y s e s  o f  human 

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

( 1 9 5 8 ) nor o f  p s o r i a t i c  s c a l e  b y  Zahnd &  C i t r o n  ( 1 9 6 0 )  i s  

i n  good a g r e e m e n t  w i t h  t h e  p r e s e n t  r e s u l t s .  I n  th e  

l a t t e r  c a s e ,  t h i s  may be  d u e  to  a h y d r o l y s i s  t im e  o f  

o n l y  1 5 - 2 0  h o u r s  and t h e  su b s e q u e n t  e l u t i o n  o f  amino 

a c i d s  from a home made s y s t e m  o f  i o n  e x c h a n g e  c o l u m n s ,  

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

p s o r i a t i c  s c a l e  by  L i s s  & L e v e r  (1 9 6 3 )  was h o w ev er ,  i n  

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

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

t h e i r  s t u d y .  Baden e t  a l  (1 9 7 3 b )  f a i l e d  t o  d i s t i n g u i s h  

b e t w e e n  n o r m a l  s t r a t u m  co rn eu m  and c a l l u s , but t h e  amino 

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

human h o r n y  l a y e r  c l o s e l y  r e s e m b l e s  t h e  p r e s e n t  w h ole  

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

D e s p i t e  t h e  r e m a r k a b l e  o v e r a l l  c o m p o s i t i o n a l  

s i m i l a r i t y  b e t w e e n  p r e k e r a t i n  and b o t h  n o r m a l  and 

p s o r i a t i c  h o r n y  l a y e r ,  th e  g l y c i n e  and s e r i n e  l e v e l s  

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

o f  t h e s e  amino a c i d s  c o r r e s p o n d  w i t h  t h e  c h a n g i n g
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i n t e n s i t y  o f  t h e  7 0 , 0 0 0  m o l e c u l a r  w e i g h t  c h a i n  o f  t h e  

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

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

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

c o m p a r i s o n  o f  t h e  c o m p o s i t i o n s  o f « 4 - f i b r o u s  p r o t e i n s  

I s o l a t e d  f ro m  n o r m a l  e p i d e r m i s  and p s o r i a t i c  s c a l e  (B ad en  

& Bonar, 1 9 6 8 )  and f r o m  n o r m a l  h o r n y  l a y e r  (B aden  e t  a l ,  

1 9 7 3 b ) o  I n  a  s i m i l a r  a n a l y s i s  o f  t h e  i n d i v i d u a l  

p o l y p e p t i d e  c h a i n s  o f  b o v in e  p r e k e r a t i n  (B aden  e t  a l ,  

1 9 7 3 a )  g l y c i n e  and s e r i n e  w e re  u n e v e n l y  d i s t r i b u t e d ,  w i t h  

h i g h e r  am o u n ts  i n  t h e  h e a v i e r  m o l e c u l a r  w e i g h t  band  * 

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

Baden  e t  a l  (1 9 7 3 a )  was n o t  i n  a g r e e m e n t  w i t h  t h a t  o f  

b o v in e  p r e k e r a t i n  c h a r a c t e r i s e d  by S k e r r o w  ( 1 9 7 2 ,  1 9 7 4 )  

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

t o  human p r e k e r a t i n  ( s k e r r o w ,  1 9 7 7 a ) .  I t  i s  d i f f i c u l t ,  

t h e r e f o r e ,  t o  co m p a re  t h e i r  r e s u l t s  w i t h  t h o s e  o f  t h e  

p r e s e n t  s t u d y .

Whole t i s s u e  am ino  a c i d  a n a l y s e s  a r e  d e r i v e d  f ro m  

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

g l y c i n e  and s e r i n e  l e v e l s  may n o t  be a s s o c i a t e d  w i t h  th e  

f i b r o u s  p r o t e i n .  H o w e v e r ,  n e i t h e r  k e r a t o h y a l i n  ( T a b l e  2 )  

n o r  t h e  c o r n i f l e d  e n v e l o p e  p r o t e i n  ( M a t o l t s y  & M a t o l t s y ,  

1 9 6 6 ) a r e  r i c h  i n  t h e s e  amino a c i d s ,  and a b a s i c  p r o t e i n  

i s o l a t e d  f r o m  t h e  h o r n y  c e l l s  o f  n ew b o rn  r a t  ( D a le ,  1 9 7 7 )  

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

human p r e k e r a t i n .  I t  i s  p o s s i b l e  t h e n ,  t h a t  t h e s e  amino



a c i d s  a r e  p r e f e r e n t i a l l y  l o c a t e d  i n  th e  7 0 ,0 0 0  m o l e c u l a r  

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

N e i t h e r  g l y c i n e  n o r  s e r i n e  has  a n y h e l l x - f a v o u r l n g

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

n o n - o t , - h e l i c a l  r e g i o n s  o f  b o v in e  p r e k e r a t l n  ( S k e r r o w  e t  

a l ,  1973)0  The p o s s i b l e  f u n c t i o n  o r  b e n e f i t  o f  su c h  an  

un even  r e s i d u e  d i s t r i b u t i o n  i s  n o t  c l e a r .  L i t t l e  i s  

known a b o u t  a g g r e g a t io n  o f  t h e  f i b r o u s  p r o t e i n  i n t o  

f i l a m e n t s ,  and i t  i s  s u g g e s t e d  t h a t  th e  g l y c i n e  and 

s e r i n e  r e s i d u e s  l o c a t e d  i n  t h e  n o n -o L -h e l lo a 3 .  r e g i o n s  o f  

t h e  f i b r o u s  p r o t e i n  ;may b e  i n v o l v e d  i n  f i l a m e n t  assem b ly*

R e c e n t l y ,  i t  h a s  b e e n  o b s e r v e d  t h a t  t h e  DHA l e v e l s  

o f  th e  n u c l e i  d e c r e a s e  d u r in g  k é r a t i n i s a t i o n  w h i l e  

t h e  n u c l e a r  vo lum e  r e m a i n s  t h e  same (Bowden,  1 9 7 5 ) .

S u z u k i  e t  a l  (1 9 7 7 )  h a v e  p o s t u l a t e d  t h a t  th e  s p a c e  t h u s  

c r e a t e d  i n  t h e  n u c l e u s  becom es  f i l l e d  w i t h  n e w ly  

s y n t h e s i s e d  p r o t e i n *  I t  i s  s u g g e s t e d  t h a t  t h e  DhA i s  

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

s u r v i v e s  c o r n i f i c a t i o n *  T h u s , c h a n g e s  i n  t h e s e  ’n u c l e a r  

p r o t e i n s ’ i n  n o r m a l  and p s o r i a t i c  e p i d e r m i s  may a l s o  

a c c o u n t  f o r  t h e  o b s e r v e d  d i f f e r e n c e s  i n  c o m p o s i t i o n *
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4.1 INTRODUCTION
F i b r o u s  p r o t e i n s  a p p a r e n t l y  d e r iv e d ,  f r o m  th e  

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

e p i d e r m i s  u n d e r  a  num ber  o f  c o n d i t i o n s *  U s in g  OASO 

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

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

fo rm  ( M a t o l t s y ,  1 9 6 5 ) ,  The h o rn y  c e l l  l a y e r  i s  h o w e v e r  

r e s i s t a n t  t o  t h e  a c t i o n  o f  OASO b u f f e r ,  and d e n a t u r i n g  

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

f i b r o u s  p r o t e i n s *

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

l a c k s  i n t e r - c h a i n  d i s u l p h i d e  b o n d s  ( S k e r r o w ,  1 9 7 4 ,  1 9 7 7 a )  

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

p r o t e i n  i s  i n  d i s p u t e • F i b r o u s  p r o t e i n  f r a c t i o n s  

h a v e  b e e n  i s o l a t e d  b o t h  i n  t h e  p r e s e n c e  (B a d e n  & B o n a r ,  

19681 Huang e t  a l ,  1 9 7 5 ) ,  Baden e t  a l ,  1 9 7 6 )  and i n  

t h e  a b s e n c e  o f  a  r e d u c i n g  a g e n t  (R o e , 1 9 5 6 ;  F l e s c h  & 

E so d a ,  1 9 5 7 ;  S t e i n e r t ,  19751* In  many o a s e s  th e  

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

t o t a l  c e l l  p r o t e i n ,  w h i l e  i n  o t h e r  c a s e s  no q u a n t i t a t i v e  

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

s u c h  d a t a  e x t r e m e l y  d i f f i c u l t .  T h u s ,  a l t h o u g h  Roe (1 9 5 6 )  

and F l e s c h  & E s o d a  (1 9 5 7 )  w e re  a b l e  t o  e x t r a c t  t h e  

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

r e d u c i n g  a g e n t ,  t h e  amount  o f  m a t e r i a l  i s o l a t e d  was so  

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



h a v e  b e e n  c i i s u l p h i d e  bond s t a b i l i s e d *

The e x t r a c t i o n  o f  c o n s i d e r a b l y  more m a t e r i a l  f ro m  

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

i t s  a b s e n c e  (B ad e n  & B o n a r ,  1 9 6 8 )  need  n o t  n e c e s s a r i l y  

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

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

( M a t o l t s y  & M a t o l t s y ,  1 9 6 6 ) and t h e  i n t e r f i l a m e n t o u s  

m a t r i x  p r o t e i n  ( M a t o l t s y  & M a t o l t s y ,  1 970)  a r e  b e l i e v e d  

t o  be s t a b i l i s e d  b y  b i s u l p h i d e  b o n d s  * I n d e e d , i n  a 

s t u d y  o f  b o v i n e  s t r a t u m  c o r n e u m ,  St e i n e r t  ( 1 9 7 5 )  f o u n d  

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

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

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

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

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

p r o t e i n  was b i s u l p h i d e  bonded*

I n  c o n t r a s t , Baden  e t  a l  (1 9 7 6 )  f o u n d  t h a t  f i b r o u s  

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

was a h i g h  m o l e c u l a r  w e i g h t  m a t e r i a l  w h i c h  c o u l d  be  

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

w i t h  a  r e d u c i n g  a g e n t .

T h e r e  h a s  b e e n  l i t t l e  w ork  done  on  t h e  e x t r a c t i o n  

o f  f i b r o u s  p r o t e i n s  f r o m  p s o r i a t i c  s c a l e s *  Roe (1 9 5 9 )  

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

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

o C - f i b r o u s  p r o t e i n  e x t r a c t e d  f ro m  p s o r i a t i c  s c a l e  was



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

e p i d e r m i s  F l e s c h  & E s o d a  (1 9 5 7 )  fo u n d  t h a t  t h e  

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

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

o f  m a t e r i a l  I s o l a t e d  was t h r e e  t i m e s  a s  much a s  c o u l d  be 

e x t r a c t e d  f ro m  c a l l u s .

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

Baden  & B o n a r  ( 1 9 6 8 )  f o u n d  t h a t  b o t h  t h e  pH and t h e  

t e m p e r a t u r e  o f  t h e  e x t r a c t i o n  w e re  i m p o r t a n t  i n  

d e t e r m i n i n g  t h e  amount  o f  m a t e r i a l  i s o l a t e d  f ro m  h orn y  

c e l l s # The p r o t e i n s  i s o l a t e d  u n d e r  d i f f e r e n t  c o n d i t i o n s  

w ere  a p p a r e n t ly  v e r y  s i m i l a r *

I n  t h e  p r e s e n t  s t u d y  b o t h  t h e  e f f e c t  o f  pH and 

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

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

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

d e t e r m i n i n g  t h e  amount  o f  m a t e r i a l  i s o l a t e d  ( d r y  w e i g h t  

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

d e t e r m i n e d  b y  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s .
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4 .2  iîAÏEElALS AND ..ÎSÏHODS

4 . 2 . 1  i\SATT5RIAr,S

T i s s u e  S am p les

G a l l u s ,  s t r a t u m  oorneum  and p s o r i a t i c  s c a l e  w ere  

o b t a i n e d  a s  d e s c r i b e d  i n  C h a p t e r s  1 and 2*

4 . 2 . 2  METHODS

D ry  W e ig h t  A n a l y s i s ,  pH7*2

T i s s u e  s a m p le s  (20  mg d r y  w e i g h t  c a l l u s  o r  p s o r i a t i c  

s c a l e )  w ere  im m ersed  i n  2 ml 50mM T r i s - H O l ,  p H ? .2 

c o n t a i n i n g  6 M u r e a *  S a m p le s  t o  b e  r e d u c e d  c o n t a i n e d  i n  

a d d i t i o n *  2% ( ^ /  ) 2 - m e r o a p t o e t h a n o l ,  A f t e r  e x t r a c t i o n  

a t  4  G f o r  24 h r . *  t h e  s a m p l e s  w ere  h o m o g e n ise d  f o r  2 

mine w i t h  a n  U l t r a  T u r r a x  h o m o g e n ise r*  s o n i c a t e d  f o r  

30 s e c  * and l e f t  t o  s t a n d  a t  4^0  f o r  2 h r .  The e x t r a c t s  

w e re  t h e n  c e n t r i f u g e d  a t  50*000  x g f o r  i  0 m i n . * and t h e  

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

u n d e r  t h e  same c o n d i t i o n s  * h o m o g e n i s e d  f o r  2 m i n . * 

s o n i c a t e d  f o r  30 s e c . and c e n t r i f u g e d  a t  50*000  x, g f o r  

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

p e l l e t .  The s u p e r n a t a n t s  w e re  d i a l y s e d  e x t e n s i v e l y  

a g a i n s t  d i s t i l l e d  w a t e r  o v e r  a  p e r i o d  o f  4 8  h r ,  and t h e  

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

f o r  t h e  same t i m e .  The f i n a l  s a m p l e s  w e re  o v e n  d r i e d  t o  

c o n s t a n t  w e i g h t ,  o v e r n i g h t  a t  1 1 0 ^0 ,>



Dry W e ig h t  A n a l y s i s *  pH10 . 6

T i s s u e  s a m p l e s  (2 0  mg d r y  w e i g h t  c a l l u s  o r  p s o r i a t i c  

s c a l e )  w ere  im m ersed  i n  2 ml 1 OmM G1 y cine-N aO H * pHi 0*6  

c o n t a i n i n g  6ivi u r e a ,  2% ( ^ / ^ )  2 - m e r c a p t o e t h a n o l  was 

ad d ed  t o  s a m p l e s  t o  be r e d u c e d .  A d d i t io n  o f  2 - m e r e a p t o -  

e t h a n o l  t o  th e  b u f f e r  c a u s e d  th e  pH t o  d r o p  t o  about 9 ,  

and t h i s  was c o r r e c t e d  by th e  a d d i t i o n  o f  haOH, b e f o r e  

m ak in g  up t h e  6 M u r e a  s o l u t i o n *  S am p les  w e re  i n c u b a t e d  

a t  37°G f o r  2 hr* and e x t r a c t e d  i n  an  i d e n t i c a l  manner 

t o  t h o s e  a t  pH7 «2 *

E x t r a c t i o n  o f  T i s s u e  w i t h  U rea  S o l u t i o n s *  pH7*2

T i s s u e  s a m p l e s  (2 0  mg c a l l u s  * p s o r i a t i c  s c a l e  o r  

s t r a t u m  c o rn e u m )  w ere  im m ersed  i n  2 ml 5OmM T r i s - H C l  * 

pH7 *2 p c o n t a i n i n g  6 M u r e a *  2L ( ^ / ^ )  2 - r n e r c a p t o e t h a n o l  

and e x t r a c t e d  a s  d e s c r i b e d  i n  C h a p t e r  1 . 2 - m e r c a p t o e t h a n o l  

was o m i t t e d  from some s a m p l e s * and i n  o t h e i s , e x t r a c t e d  i n  

t h e  a b s e n c e  o f  r e d u c i n g  a g e n t *  1% 2 - m e r c a p t o e t h a n o l  

was added  p r i o r  t o  e l e c t r o p h o r e s i s .

E x t r a c t i o n  o f  T i s s u e  w i t h  Urea  S o l u t i o n s *  pH10»6

T i s s u e  s a m p l e s  (20  mg c a l l u s *  p s o r i a t i c  s c a l e  o r  

s t r a t u m  co rn e u m )  w e re  im m ersed  i n  2 ml 1 0mM G l y c i n e -  

NaOH, pH10»6 c o n t a i n i n g  6M u r e a ,  2^ ( T /y )  2 - m e r c a p to e th a n o l  

A d d i t i o n  o f  2 -m e r c a p to e th a n o l  c a u s e  t h e  b u f f e r  pH to  

f a l l  t o  a b o u t  9 and t h i s  was c o r r e c t e d  b y  a d d i t i o n  o f



NaOH, b e f o r e  making up th e  6M u r e a  s o lu t io n ®  A f t e r  

i n c u b a t i o n  a t  37^0 f o r  2 h r . ,  th e  sa m p les  were e x t r a c t e d  

as  d e s c r ib e d  i n  C h a p ter  1 f o r  pH7*2 sa m p les*  A f t e r  

a d d i t i o n  o f  s o l i d  8D8, th e  f i n a l  s u p e r n a t a n t s  w ere  

a c i d i f i e d  t o  pH7# b e f o r e  b o i l i n g  and d i a l y s i s #

E l e c t r o p h o r e s i s  was perform ed  a s  d e s c r i b e d  in  

C h a p ter  1 «
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4 * 3  RESULTS

E x t r a c t i o n  o f  P l a n t a r  C a l l u s

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

f r a c t i o n s  a r e  shown i n  T a b l e  5 .

( a )  E f f e c t  o f .p H

I n  t h e  p r e s e n c e  o f  2 -m e r c a p to e th a n o l  more m a t e r i a l  

c o u ld  b e  e x t r a c t e d  from  p l a n t a r  c a l l u s  a t  pH10#6 t h a n  a t  

pH7o2* b u t  i n  th e  a b s e n c e  o f  a r e d u c i n g  a g e n t  t h e  pH 

o f  t h e  e x t r a c t i o n  b u f f e r  h a d  l i t t l e  e f f e c t  on  th e  

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

( b )  E f f e c t  o f  R e d u c in g  A g e n t

B o th  a t  pH10 .6  and a t  pH7.2* c o n s i d e r a b l y  more 

m a t e r i a l  c o u l d  be  i s o l a t e d  from p l a n t a r  c a l l u s  i n  t h e  

p r e s e n c e  o f  2 - m e r c a p t o e t h a n o l  t h a n  i n  i t s  a b s e n c e  » 

R e - e x t r a c t i o n  o f  t h e  i n i t i a l  p e l l e t s  i n  t h e  p r e s e n c e  

o f  a r e d u c i n g  a g e n t *  i s o l a t e d  an  a d d i t i o n a l *  s m a l l e r  

am oun t  o f  m a t e r ia l*  In  t h e  a b s e n c e  o f  r e d u c i n g  a g e n t  

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

o r  an  i n c r e a s e d  amount o f  m a t e r i a l  *

P o ly p e p t id e  C o m p o s i t i o n  o f  C a l l u s  . E x t r a c t s

F i g o  13  shows t h e  p o l y p e p t i d e  c o m p o s i t i o n  o f  human 

c a l l u s  e x t r a c t e d  u n d e r  a num ber  o f  c o n d i t i o n s *

C o n s id e r a b ly  more m a t e r i a l  was p r e s e n t  i n  t h e  e x t r a c t s  

o b t a i n e d  i n  t h e  p r e s e n c e  o f  a r e d u c i n g  a g e n t .  The m ajor
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c o m p o n e n t s  o f  a l l  t h e  e x t r a c t s  w e re  t h e  t h r e e  p o l y p e p t i d e  

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

w e r e  p r e s e n t  i n  a l l  t h e  e x t r a c t s  and v a r y i n g  t h e  pH o f  

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

s i m p l y  v a r i e d  t h e  amount  o f  t h e s e  p o l y p e p t i d e s  e x t r a c t e d • 

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

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

o f  t h e  i s o l a t e d  p o l y p e p t i d e s  «,

E x t r a c t i o n  o f  P s o r i a t i c  S c a l e

Dry  w e i g h t  a n a l y s i s  o f  p s o r i a t i c  s c a l e  i s  shown

i n  T a b l e  6 *

( a )  E f f e c t  of_pH

B o th  i n  t h e  p r e s e n c e  and i n  th e  a b s e n c e  o f  

2 - m e r c a p t o e t h a n o l ,  more m a t e r i a l  was e x t r a c t e d  from

p s o r i a t i c  s c a l e  a t  pH10*6 t h a n  a t  pH7o2« More m a t e r i a l  

was  i s o l a t e d  by  r e - e x t r a c t i o n  o f  t h e  i n i t i a l  p e l l e t s  a t  

pH7#2 th a n  a t  p H 1 0 .6 ,

( b )  E f f e c t  o f  R e d u c i n g  A g en t
T ■ M«r#.®WJ3iarflBiSrtTiBa»jrq;tPBuŝ «ra'P

A t p in  0 ,6  and a t  p H ? @2 a d d i t i o n  o f  2 - m e r c a p t o e t h a n o l  

t o  t h e  e x t r a c t i o n  b u f f e r  in c r e a s e d  th e  amount o f  m a t e r i a l  

e x t r a c t e d  «

P o l y p e p t i d e  C o m p o s it io n  o f  P s o r i a t i c  S c a l e  E x t r a c t s

The same p o l y p e p t i d e s  w ere  e x t r a c t e d  f ro m  p s o r i a t i c

s c a l e  u n d e r  a l l  c o n d i t i o n s  (Fig® 1 4 ) ,  and t h e  m ajor
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b a n d s  w e re  t h o s e  o f  t h e  f i b r o u s  p r o t e i n *  At i d e n t i c a l  

l o a d i n g s  t h e  s a m p le  e x t r a c t e d  a t  pH7®2 was o n l y  j u s t  

v i s i b l e *  w h i l e  t h e  e x t r a c t  o b t a i n e d  a t  pH10 . 6  i n  t h e  

p r e s e n c e  o f  2 - m e r c a p t o e t h a n o l  was c l e a r l y  o v e r l o a d e d  *

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

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

o r  t h e  amount  o f  t h e  e x t r a c t e d  p r o t e i n .

E x t r a c t i o n  o f  S t r a t u m  Corneum

I n s u f f i c i e n t  m a t e r i a l  p r e v e n t e d  q u a n t i t a t i v e  

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

o r d e r  o f  e x t r a c t i o n  a s  ju d g e d  o n  p o l y a c r y l a m i d e  g e l s  

was s i m i l a r  t o  t h a t  f o r  p s o r i a t i c  s c a l e , The two 

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

m a j o r  c o n s t i t u e n t s  o f  a l l  e x t r a c t s ®



T a b le  5* Dry W eight A n a ly s i s  o f  P la n t a r  C a l lu s

.'(a) The amount  o f  m a t e r i a l  e x t r a c t e d  was

e x p r e s s e d  as a  % o f  t h e  s t a r t i n g  w e i g h t #

^7
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Sample  E x t r a c t i o n ( a )  1 s t ( a )  2nd ( a )  P e l l e t
C o n d i t i o n s S u p e r n a t a n t S u p e r n a t a n i

% >

1 6 M u r e a , 3 8 .0 14*0 2 0 . 0

2 pill 0 . 6 ,  2% 2 - 4 7 . 0 9 . 0 1 6 . 0

3 m e r c a p t o - 4 5 . 0 4 . 0 2 8 . 0

4 e t h a n o l 5 1 . 0 1 0 . 0 1 6 . 0

1 6 iVi u r e a , 5 . 0 6 . 0 8 8 .0

2 pH10 .6 1 2 . 0 1 3 . 0 4 2 . 0

3 1 . 0 2 . 0 6 5 . 0

4 3 . 0 1 4 . 0 4 4 * 0

Wtajt-^w.y-*^W '̂̂ ^^5raga'aWg^»^TgK3it!!t|a;agpi»8^^9Ttd#ncJ»waW'#'.»»!**am*«w8gacMJii^“ !B»'#tgr>«<J‘*»agsBai8Wia»aâ

1 6M u r e a ,  2 3 . 0  1 3 . 0  3 8 , 0

2 pH7, 2% 2 - 3 5 .0 6 . 0 2 2 . 0

3 m e r o a p to - 2 3 . 0 9 . 0 41 .0

4 e t h a n o l 2 0 .0 6 . 0 3 4 . 0

»Mm£iie«!»T!rjs64m$i«y®eiNiM»r?ïwtora*-iM«#«sdiî6i«»ek*u,»«e3iw»viiew»e,-m»ew!ic*MWL*#»-wM4ss

1 6M u r e a , 2 . 0  1 . 0 6 7 . 0

2 pH7 1 oO 1 . 0 6 7 . 0

3 1 .0 3 . 0 5 4 . 0

4 4 . 0 1 . 0 3 8 .0



F ig u re  13* Urea E x tr a c t io n  o f  P la n ta r  C a llu s

( a )  T i s s u e  e x t r a c t e d  a t  pH10#6 i n  t h e  p r e s e n c e

o f  2 - m e r c a p t o e t h a n o l .

(b )  T i s s u e  e x t r a c t e d  a t  pH 10.6*

( c )  T i s s u e  e x t r a c t e d  a t  pH7*2 i n  t h e  p r e s e n c e

o f  2 -m e r c a p to e th a n o l#

(d )  T i s s u e  e x t r a c t e d  a t  pH7*2.
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(a) ( b) (c) (<î)



T ab le  6* Dry h e i g h t  A n a l y s i s  o f  P s o r i a t i c  S c a l e

( a )  The amount o f  m a t e r i a l  e x t f u c t e d  was e x p r e s s e d  

as a % o f  th e  s t a r t i n g  w e i g h t .



s a

( a )  1 s tSam ple  E x t r a c t i o n . a ) 2nd
C o n d i t i o n s  S u p e r n a t a n t  S u p e r n a t a n t

/o

a )  P e l l e t
%

PffdkKiM'IkaM-giyk.ie*

1 6^ u r e a . 43#6 1 .2 3 ,3

2 p H 1 0 .6 ,  2> 4 3 . 9 1 .2 3 .1

3 2 -m e r c a p to - 42  *4 4 , 9 4 , 3

4 e t h a n o l 3 7 , 0 8 , 0 2 , 3

3 4 2 . 0 1 2 . 0 1 ,3

1 6 M u r e a ? 3 3 , 9 1 .8

«W-S .tewoÉHW-*»» I»

1 3 .3

2 pH10.6 3 0 ,2 0 , 7 8 , 0

3 2 9 , 3 8 , 9 8 , 0

4 4 6 . 3 7 , 0 2 , 0

3 2 8 ,0 3 . 0 4 . 0

1 6M u r e a ,p H 7 , 2 4 ,6 3 ,1 8 . 0

2 2^ 2 -m e r c a p to - 3 1 ,8 6 , 3 6 . 0

3 e t h a n o l 1 8 . 3 1 0 . 0 9 . 0

4 4 0 . 0 6 . 0 8 . 0

3 14*3 11 .3 2 9 .0

»fc«Wipr*«paJ

1 6M urea?pH'7 1 9 * 7 3 , 4 3 .3

2 2 2 ,4 3 , 4 1 6 . 0  .

3 1 1 . 7 3 . 0 2 7 . 0

4 1 4 * 0 1 0 . 0 8 . 0

3 3.0 5 7 . 0 2 3 , 0



F ig u re  14* Urea E x tr a c t io n  o f  P s o r ia t i c  S c a le

( a )  T i s s u e  e x t r a c t e d  a t  pH 10,6 i n  th e  p r e s e n c e

o f  2 -m e r o a p to e th a n o l

(b )  T i s s u e  e x t r a c t e d  a t  pHIO.6

( c )  T i s s u e  e x t r a c t e d  a t  pH 7,2 i n  t h e  p r e s e n c e

o f  2 « m e r o a p to e th a n o l

( d )  T i s s u e  e x t r a c t e d  a t  pH7*2
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(a) (1>) ( o ) ( a )



4*4  DI&CU88I0E

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

r e s p e c t  t o  t h e i r  e x t r a c t a h i l i t y  w i t h  6M u r e a  s o l u t i o n s • 

The am ount o f  m a t e r i a l  e x t r a c t e d  f ro m  t h e s e  h o r n y  

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

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

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

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

o f  t h e  i s o l a t e d  m a t e r i a l *  The m a jo r  c o n s t i t u e n t s  

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

o f  t h e  f i b r o u s  p r o t e i n *  E f f i c i e n t  e x t r a c t i o n  o f  

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

a g e n t ?  and i n  i t s  a b s e n c e  o n l y  s m a l l  am oun ts  o f  m a t e r i a l  

c o u ld  b e  e x t r a c t e d o  S u b s e q u e n t  r e d u c t i o n  o f  m a t e r i a l  

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

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

t h e  i s o l a t e d  p l o y p e p t i d e s ,  and no h i g h  m o l e c u l a r  

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

fo u n d  b y  B aden a t  a l  (1 9 7 6 )  was d e t e c t e d  i n  t h e  p r e s e n t

8 t e  i n e r t  ( 1 9 7 5 )  f o u n d  t h a t  i n  t h e  a b s e n c e  o f  a 

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

s t r a t u m  corneum c o u l d  b e  d i s s o c i a t e d ?  b ut  n o t  r e l t ^ b o d  

from t h e  h orn y  c e l l s *  A f t e r  v i g o r o u s  m e c h a n ic a l  

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

p o l y p e p t i d e s  l a c k i n g  i n t e r c h a i n  d i s u l p h i d e  b o n d s  c o u l d
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be  i s o l a t e d  i n  t h e  same q u a n t i t y  a s  o b t a i n e d  i n  t h e  

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

p r o t e i n  was a p p a r e n t l y  p r e v e n t e d  b y  d l s u l p h i d e  bond 

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

t o  be  r i c h  i n  c y s t i n e  ( M a t o l t s y  & M a t o l t s y ,  1 9 6 6 ) ,

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

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

t h i s  s u g g e s t s  t h a t  i n  t h e  human h o r n y  l a y e r  some c e l l  

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

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

s t a b i l i s e d ,

M a t o l t s y  & M a t o l t s y  (1 9 7 0 )  fo u n d  t h a t  t h e  

k e r a t o h y a l l n  g r a n u l e s  w h ic h  fo rm  p a r t  o f  t h e  i n t e r ­

f i l a m e n t o u s  m a t r i x  o f  t h e  h o r n y  c e l l s  ( L a v k e r  & 

M a t o l t s y ?  1 9 7 0 )  w e re  s u l p h u r  r i c h ,  and t h e  s t a b i l i t y  

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

d i s u l p h i d e  b o n d in g  o f  t h e  m a t r i x  p r o t e i n  ( M a t o l t s y ?  

1 9 7 3 ) ,  Such  a  p o s s i b i l i t y  w ould  a g r e e  w e l l  w i t h  t h e  

r e s u l t s  o f  t h e  p r e s e n t  w o rk .  The f i b r o u s  p r o t e i n  

i s o l a t e d  f ro m  hum an c a l l u s  i n  kbe a b s e n c e  o f  a  r e d u c i n g  

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

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

s t a b i l i s e d  i n  t h i s  w ay ,

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

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

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

b o n d s ,  G in c e  l a r g e  am o u n ts  o f  m a t e r i a l  may b e  

e x t r a c t e d  i n  t h e  a b s e n c e  o f  a r e d u c i n g  a g e n t .  T h e re  

i s  a p p a r e n t l y ?  h o w e v e r ,  some b i s u l p h i d e  b o nded  p r o t e i n

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

may be I s o l a t e d  from t h e  p a t h o l o g i c a l  t i s s u e  i n . th e  

p r e s e n c e  th a n  i n  t h e  a b s e n c e  o f  2 - m e r c a p t o e t h a n o l ,

Alm ost  t h e  same amount o f  m a t e r i a l  c a n  be  

i s o l a t e d  from p s o r i a t i c  s c a l e  and from c a l l u s  i n  th e  

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

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

when r e d u c i n g  a g e n t  i s  a b s e n t .  T h i s  i s  i n  agreement  

w i t h  a p r e v i o u s  q u a n t i t a t i v e  a n a l y s i s  by P l e s c h  &

B so d a  (1957)0 The e a s e  o f  e x t r a c t i o n  o f  p s o r i a t i c  

s c a l e s  w ould  a g r e e  w e l l  w i t h  t h e  p ro p o s e d  d l s u l p h i d e  

bond s t a b i l i s a t i o n  o f  t h e  i n t e r f i l a m e n t o u s  m a t r i x  

p r o t e i n  s i n c e  t h e  k e r a t o h y a l l n  g r a n u l e s  w h i c h  fo rm  t h i s  

m a t r i x  a r e  a b s e n t  f ro m  p s o r i a t i c  e p i d e r m i s  (B ro d y ,  1 9 6 2 ) ,

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

co rn eu m  showed t h a t  a l a r g e  q u a n t i t y  o f  m a t e r i a l  c o u l d  b e  

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

a g e n t .  The m a in  c o m p o n e n ts  o f  s t r a t u m  corneum  e x t r a c t s  

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

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

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

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

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

s t r o n g e r  t h a n  t h e  h o r n y  c e l l s  (H u h er  & C h r i s t o p h e r s ,  

1977) and c h a n g e s  i n  t h e  c o m p o s i t i o n  o f  t h e  i n t e r ­

c e l l u l a r  m a t e r i a l  w ou ld  a l s o  a f f e c t  t h e  e x t r a c t i o n  

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

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

t h a n  n o rm a l  s t r a t u m  c o rn e u m .

The s t r a t u m  co rn eu m  i s ,  h o w e v e r ,  g e n e r a l l y  

r e g a r d e d  a s  b e i n g  more s t a b i l i s e d  t h a n  c a l l u s *

K lig m a n  (1964) fo u n d  t h a t  t h e  c e l l s  o f  c a l l u s  w e re  

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

c h e m i c a l s  and t h a t  t h e  c e l l  e n v e l o p e s  o f  c a l l u s  w ere  

more  r e a d i l y  d i s s o l v e d  i n  a l k a l i .  C a l l u s  i s  many 

t i m e s  m ore p e r m e a b le  t o  w a t e r  and c h e m i c a l s  t h a n  t h e  

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

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

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

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

b o t h  p s o r i a t i c  s c a l e  and  n o rm a l  s t r a t u m  co rn eu m  w ere  

much m ore r e a d i l y  e x t r a c t e d *

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

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

d i s u l p h i d e  b o n d s ,  a l t h o u g h  d l s u l p h i d e  b o n d in g  o f  some 

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

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

r e l e a s e  o f  t h e  f i b r o u s  p r o t e i n *  The p o s s i b i l i t y  t h a t
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t h e  i n c r e a s e d  am ount o f  m a t e r i a l  e x t r a c t e d  f ro m  h o r n y

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

r e d u c t i o n  o f  i n t e r c h a i n  d l s u l p h i d e  'bonds o f  t h e  f i b r o u s  

p r o t e i n  c a n n o t  b e  e x c lu d e d *
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The f i b r o u s  p r o t e i n  p r e k e r a t i n ,  f ro m  t h e  l i v i n g  c e l l  

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

p o l y p e p t i d e  c h a i n s  o f  m o l e c u l a r  w e i g h t s  70?000?  6 3 , 0 0 0  

and 33pOOO ( S k e r r o w ,  1 9 7 7 a )*  The t h r e e  c h a i n s  o f  

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

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

i n  p a r t i c u l a r ?  t h e  7 0?000  m o l e c u l a r  w e i g h t  c h a i n  i s  

p r e s e n t  i n  a ranch h i g h e r  p r o p o r t i o n .  The s t r a t u m  

oo^n ium  c o n t a i n s  o n l y  two f i b r o u s  p r o t e i n  p o l y p e p t i d e s , 

t h e  5 5 , 0 0 0  m o l e c u l a r  w e i g h t  c h a i n  h a v i n g  b e e n  

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

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

c a l l u s ?  s t r a t u m  co rn eu m  and t h e  l i v i n g  c e l l  l a y e r s  h a v e  

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

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

t o  s t r u c t u r a l  a l t e r a t i o n *

The m ost  l i k e l y  e x p l a n a t i o n  o f  t h e s e  s t r u c t u r a l  

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

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

p r o t e o l y t i c  d i g e s t i o n *  I n  n o r m a l  e p i d e r m i s  o n l y  t h e  

5 5 , 0 0 0  m o l e c u l a r  w e i g h t  c h a i n  i s  s u b j e c t  t o  m o d i f i c a t i o n ,  

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

a b s e n t .  C h a in  m o d i f i c a t i o n  i n  p l a n t a r  e p i d e r m is  i s  

m ore e x t e n s i v e  i n v o l v i n g  b o t h  5 5 ,0 0 0  and 6 3 ,0 0 0  

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

c o m p le t e  s i n c e  a  s m a l l  num ber o f  t h e s e  c h a i n s  a r e
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p r e s e n t  i n  c a l l u s *

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

t h e  70,000 m o l e c u l a r  w e i g h t  c h a i n  i n  p l a n t a r  e p i d e r m i s  

c a n n o t  b e  e x c lu d e d ?  and i n  f u t u r e  w o rk ,  i t  i s  h o p ed  t o  

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

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

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

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

H o w ev er ,  i n  e x t r a c t s  o f  f o r e s k i n  e p i d e r m i s  a n  a d d i t i o n a l  

p o l y p e p t i d e  i s  p r o m i n e n t , I t  h a s  an  u n u s u a l  p a l e -  

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

4 5 , 0 0 0 .  I t s  am ino a c i d  c o m p o s i t i o n  d o e s  n o t  c o r r e s p o n d  

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

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

O n ly  t h e  6 3 ,0 0 0  and 5 5 ,0 0 0  m o l e c u l a r  w e i g h t  

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

o f  p s o r i a t i c  s c a l e ,  w h i l e  t h e  70,000 m o l e c u l a r  w e ig h t  

c h a i n  i s  d e f i c i e n t  o r  a b s e n t *  T h is  p r o t e i n  s t r u c t u r e  

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

The a b s e n c e  o f  t h e  7 0 ,0 0 0  m o l e c u l a r  w e i g h t  c h a i n  

may a g a i n  b e  d u e  t o  p o s t - s y n t h e t i c  m o d i f i c a t i o n .  H o w ev er , 

t h e  im p a i r e d  p r o t e a s e  a c t i v i t y  o f  p s o r i a t i c  e p i d e r m i s  

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

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

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

S p e c i f i c  c r o s s - l i n k i n g  o f  t h e  7 0 ,0 0 0  m o l e c u l a r  w e ig h t
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c h a i n  seem s u n l i k e l y  i n  p s o r i a t i c  t i s s u e ?  w h e re  b o t h  

t h e  c e l l  c y c l e  t i m e  ( W e i n s t e i n  & F r o s t ,  1 9 6 8 )  and 

t h e  t r a n s i t  t im e  f o r  k é r a t i n o c y t e s  t h r o u g h  t h e  

e p i d e r m i s  (Van S o o t t  & E k e l ,  1963) a r e  s i g n i f i c a n t l y  

d e c r e a s e d *

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

f a v o u r  d e c r e a s e d  s y n t h e s i s  o f  t h e  7 0 ,0 0 0  m o l e c u l a r  

w e i g h t  c h a i n  and t h i s  may oe d u e  t o  e  g e n e t i c  d e f e c t  

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

i t s e l f  o r  r e p r e s s o r  p r o t e i n s  I n v o lv e d  i n  t h e  c o n t r o l  

o f  f i b r o u s  p r o t e i n  s y n t h e s i s *  I n  t h i s  r e s p e c t *  

p s o r i a s i s  c l o s e l y  r e s e m b l e s  t h e  t h a l a s s e m i a s  ? i n  w h ic h  

t h e r e  i s  d e f e c t i v e  s y n t h e s i s  o f  e i t h e r  t h o o h o r ^  

c h a i n s  o f  g l o b i n  (C o m in g s ,  1 9 7 0 )»  I f  t h e  a b n o rm a l  

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

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

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

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

t h e  l i v i n g  c e l l  f i b r o u s  p r o t e i n *

E f f e c t i v e  t r e a t m e n t  o f  p s o r i a t i c s  c a u s e s  c h a n g e s  

i n  t h e  s t r u c t u r e  o f  t h e  f i b r o u s  p r o t e i n .  T h e re  i s  

a n  i n c r e a s e  i n  t h e  i n t e n s i t y  o f  t h e  d e f i c i e n t  7 0 , 0 0 0  

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

t h e  i n t e n s i t y  o f  t h e  33pOOO m o l e c u l a r  w e ig h t  c h a in *  

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

i d e n t i c a l  t o  t h a t  o f  n o r m a l  s t r a t u m  corneum * The
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f i b r o u s  p r o t e i n  o f  t h e  u n i n v o l v e d  s t r a t u m  co rneum  

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

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

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

p r e s e n c e  o f  a  d e f i c i e n t  7 0 ,0 0 0  m o l e c u l a r  w e i g h t  c h a i n  

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

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

s u g g e s t s  t h a t  t r e a t m e n t  w o u ld  c a u s e  t h e  p r o d u c t i o n  

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

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

o v e rc o m e s  t h e  b l o c k  i n  t h e  s y n t h e s i s  o f  t h e  7 0 ,0 0 0  

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

i n  i n t e n s i t y *  As t h e  p s o r i a t i c  e p i d e r m i s  r e t u r n s  t o  

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

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

i n  n o rm a l  t i s s u e ,  r e s u l t i n g  i n  t h e  f o r m a t i o n  o f  s t r a t u m  

co rn eu m  and c a l l u s  f i b r o u s  p r o t e i n  s t r u c t u r e s .  The 

p r o d u c t i o n  o f  an  a b n o rm a l  f i b r o u s  p r o t e i n  i n  p s o r i a t i c  

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

C a l l u s ,  s t r a t u m  co rn eu m  and p s o r i a t i c  s c a l e  show 

a n  o v e r a l l  s i m i l a r i t y  i n  amino, a c i d  c o n t e n t  and a r e  

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

and s e r i n e  c o n t e n t s  o f  t h e s e  h o r n y  l a y e r s  a r e  h o w e v e r  

s t r i k i n g l y  d i f f e r e n t ,  and t h e y  v a r y  i n  an  e x a c t  

r e l a t i o n s h i p  t o  t h e  i n t e n s i t y  o f  t h e  7 0 ,0 0 0  m o l e c u l a r  

w e i g h t  c h a i n  o f  t h e  f i b r o u s  p r o t e i n *  I n  c a l l u s  t h e r e
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:ls a n  I n c r e a s e  i n  t h e  p r o p o r t i o n  o f  t h e  7 0 , 0 0 0  m o l e c u l a r  

w e i g h t  c h a i n  and t h i s  t i s s u e  h a s  h i g h  g l y c i n e  and 

s e r i n e  c o n t e n t s  w h i l e  p s o r i a t i c  s c a l e  h a s  o n l y  a low  

c o n t e n t  o f  t h e s e  r e s i d u e s  and a  d e f i c i e n t  7 0 , 0 0 0  

m o l e c u l a r  w e i g h t  c h a i n *  As e x p e c t e d  p r e k e r a t i n  and 

s t r a t u m  co rn eu m  w i t h  t h e i r  i n t e r m e d i a t e  7 0 ,0 0 0  m o le ­

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

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

The f i n d i n g  t h a t  no o t h e r  e p i d e r m a l  p r o t e i n  so  f a r  

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

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

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

l o c a t e d  i n  t h e  70,000 m o l e c u l a r  w e i g h t  c h a i n  o f  t h e  

f i b r o u s  p r o t e i n .  The f u n c t i o n  o f  t h e s e  r e s i d u e s  i s  

n o t  know n, b u t  i t  i s  p o s s i b l e  t h a t  t h e y  may be  I n v o lv e d  

i n  f i l a m e n t  a s s e m b ly .

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

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

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

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

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

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

q u a n t i t a t i v e  a n a l y s i s ,  i t  i s  fo u n d  t h a t  a l a r g e  amount 

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

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

a g e n t ,  w h ic h  i n d i c a t e s  a  l a c k  o f  i n t e r c h a i n  d l s u l p h i d e
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b o n d in g  o f  t h e  p s o r i a t i c  p r o t e i n *  H o w ev er ,  o n l y  a 

s m a l l  am ount o f  f i b r o u s  p r o t e i n  l a c k i n g  i n t e r c h a i n  

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

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

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

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

m a t r i x  p r o t e i n  o r  o f  t h e  c e l l  e n v e l o p e ,  a l t h o u g h  

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

c a n n o t  b e  e x c lu d e d *

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

o f  n o rm a l  and p a t h o l o g i c a l  h o r n y  c e l l  l a y e r s  h a s  

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

p r e v i o u s l y  d e t e c t e d *  The w ork  i s  now t h e  b a s i s  f o r  

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

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

c h a n g e s *  I n  t h i s  way 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  

p r o c e s s  o f  k é r a t i n i s a t i o n  w i l l  b e  g a in e d *  The 

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

unknow n, d e s p i t e  many y e a r s  o f  s t u d y  o f  t h e  p a t h o -  

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

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

t i s s u e  *
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