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Models of a-keratin structure 

In  s imple  po lymers  it is genera l ly  accepted  t h a t  t h e  dens i ty  predic ted  f rom a plausible  model  
s t r u c t u r e  m u s t  be g rea te r  t h a n  the  observed  macroscopic  dens i ty ,  s ince a cer ta in  p ropor t ion  of 
non-crys ta l l ine  ma te r i a l  is a lways  present .  Despi te  thei r  considerable  molecu la r  and  histological  
complex i ty ,  i t  has  long been a s s u m e d  t h a t  t he  s ame  cri ter ion can  be appl ied to a -kera t ins .  If th i s  
a s s u m p t i o n  is correct,  t h e n  the  ave rage  volume,  ~, occupied by an  a m i n o  ac id  res idue in a sa t i s -  
f ac to ry  model  s t r u c t u r e  should  be less t h a n  t h a t  ca lcu la ted  from the  macroscopic  dens i ty ,  d, 

and  m e a n  res idue  weight ,  ,'~, by m e a n s  of the  express ion  ~ = 1.66 M--]d, where  F is expressed  
in A 8 a n d  d in g - c m  -s.  

As the  macroscopic  dens i ty  of  na t i ve  a -ke ra t i n s  increases  wi th  c rys ta l l in i ty  1, it  is clear t h a t  
the  more  c rys ta l l ine  the  spec imen  for which  b is de t e rmined  the  more  s t r i ngen t  the  dens i ty  
cr i ter ion becomes.  The  m o s t  c rys ta l l ine  a -ke ra t in  s t r u c t u r e s  recognised so far  are  t he  quill  t ips  
of  va r ious  porcupines ,  b u t  the  ca lcu la t ion  of ~ for these  s t r uc tu r e s  has  been hampe red  in t he  
p a s t  by  the  lack of precise ana ly t i ca l  or  dens i ty  da ta .  

On  the  basis  of  X- ray  diffract ion s tudies ,  we have  selected the  descaled quill  t ip  f rom the  
Nor th  Amer ican  porcup ine  (Erethizon sp.) as the  m o s t  su i tab le  sub jec t  for m e a s u r e m e n t  and  
h a v e  de t e rmined  bo th  i ts  a m i n o  acid compos i t ion  and  dens i ty .  The  ana lys i s  was carr ied ou t  by  
ion exchange  c h r o m a t o g r a p h y  on c o l u m n s  of Dowex 5o-X8 z us ing  the  n i n h y d r i n  r eagen t  descr ibed 
by  MOORE AND STEIN s. Prol ine  was de t e rmi ned  by  the  m e t h o d  of CHINARD 4 af te r  p re l imina ry  
ion exchange  c h r o m a t o g r a p h y  6 and  cys t ine  was  e s t i ma t ed  by  a m p e r o m e t r i c  t i t ra t ion .  The  resul ts  
of the  ana lys i s  are  p resen ted  in Table  I. The  dens i ty  was de te rmined  by  f lotat ion in a m i x t u r e  
of  o-dichlorobenzene and  bromobenzene ,  a f te r  d ry i ng  a t  ioo ° C in vacuo for 3 h. A va lue  of 1.317 
was ob ta ined .  

T A B L E  I 

AMINO ACID COMPOSITION OF PORCUPINE QUILL TIPS (Erethigon sp.) 

A mino acid No. o/ Nitrogen as °o ol total nitrogen g amino actd/tom 
Observations Mean S.E. zo~ g quill tips 

Alanine  2 4.26 0.36 4.62 
Amide  2 8.99 o.7 ° 1.75 
Arginine  2 18.82 0.42 9.97 
Aspar t ic  acid 3 5.3 ° o.29 8.58 
Cys t ine  i 6.77 --- 9.92 
Glu tamic  acid 3 9.52 0.56 17.05 
Glycine 3 6.72 0.24 6.I4  
His t id ine  2 1.32 0.33 0.83 
Isoleucine 3 2.34 0.24 3-74 
Leucine  3 5.78 o. 20 9.23 
Lys ine  2 4.o9 o. 15 3.64 
Pheny l a l a n i ne  3 2. I o o. 12 4.22 
Proline 2 4. i o o.o2 5.74 
Serine 3 6.53 o. z 2 8.35 
Threon ine  3 3.59 o.22 .5.23 
Tyros ine  2 3.o7 o.oo 6.76 
Valine -' 4. i i o.o 7 5.86 
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I n l e s s  t he  a n a l y t i c a l  f igures  a c o , u n t  q u a n t i t a t i v e l y  for al l  t he  n i t roCen  pvt,>cnt, tilt, m e a n  
residu, ,  w e i g h t  o b t a i n e d  d e p e n d s  n p m l  the  m, . th , ,d  ,,f c~mqmta t i~m t. In the  prcs~.nt cltst,. ;i \ ; t in , .  

t i t  .i/- " IOt~ w a s  i ) l ~ t a i n e d  t , v  t i l t"  n u n l l ) U i  a v e r a g e  ll l( , th(~([ u s e t l  I )y  . \ s I ' l { l ' l , ~ X ( k N I )  \ V  II s ~i a l l d  

a \ ' a lue  .1/ - I I ~ I)v a p p l y i n g  t he  m e t h , d  d u e  to  ( ' t lII ' ,N \I .L 7. Neg lec t  ~f t r y p t t q ) h a n ,  for wh ich  

a n a l v t i c a l  t igures  a re  nt~t a t  p r e s e n t  a v a i l a b h , ,  wil l  $2ivt! \ > h i t ' s  o f  . / l  w h i c h  a re  a b o u t  I ",, to~ h m .  

a s s u m i n g  a t r y p t o p h a n  c o n t e n t  s i m i l a r  t~ t h a t  . f  o t h e r  r t -ke ra t in s .  The  t r u e  v a l u e  ,~1" f /  is probal~ly  
t h e r e f o r e  c lose  t .  t t l,  g i v i n g  a \ a l u e  of t4o  .\a ft~r v. 

I t  I n a v  he c t m c l u d e d  fr()lll ()llr r e s u l t s  t h a t ,  if t h e  d e n s | t \  c r i t t , r ion  is appl ical~h, ,  the  ;ixel'afar, 
x'olunae pe r  r e s i due  in a n  Ct-kerat in m o d e l  sh()uld n o t  be g r e a t e r  t h a n  a b o u t  t4o  :\a. I t  is i m p ( ) r t a n t  
t o  n o t e  h o w e v e r  t h a t  t h i s  a p p l i e s  ()nh" t() d r y  k e r a t i n  for i t  h a s  t)een s h o w n  t h a t  t h e  c r v s t a l l i t e s  
e x p a n d  la te ra l l \ "  on h v d r a t i ( ) n  ~.s. t ' n f ( ) r tu l aa t e ly ,  t he  d e g r e e  of h y d r a t i o n  is r a r e l y  spec i f i ed  in 
m o d e l  s t r u c t u r e s  or in n l e a s u r e n l e n t s  of X - r a y  re f l ec t ions ,  t h u s  h ; t m p e r i n g  p rec i se  c o m p a r i s o n s .  

The  o n l y  e x i s t i n g  inf idels  of ~ t -kera t in  s t r u c t u r e  w h i e h  a re  su f l i c i en th"  d e t a i l e d  t,, t ex t  b y  
c o m p a r i s o n  w i t h  t he  o b s e r v e d  v a l u e  of the  aver~.tge \'olurnt~ pe r  r e s i d u e  ;ire t hose  of | )AI;I.I.N(; 
AND (~OREY 9 a n d  HUG(;INS l°. B o t h  a re  basted tm h e x a g o n a l  u n i t s  wh ich  a c c o u n t  s e m i - q u a n t i t a -  
t i veh"  for c e r t a i n  f e a t u r e s  of the  X - r a y  d i t f r a c t i o n  d i a g r a m ,  in  p a r t i c u l a r  t he  e q u a t o r i a l  r e l i c t | i o n s .  
T h e  fo rmer  ha s  0 r e s i d u e s  in a \'(~lutne of 1351 :\a a n d  t h e  l a t t e r  S~ r e s i d u e s  in t ~ l o  A a, a s s u m i n g  
a t r a n s l a t i o n  pe r  r e s i due  of 1.4<~ :\. "l 'hus, t he  a v e r a g e  v o l u m e s  pe r  r e s i due  a re  ~5 o .\a a n d  t43  .\a 
r e s p e c t i v e l y .  \ \ ' l i e n  c o m p a r e d  w i t h  the  o b s e r v e d  \ ' ah l e  t)f I4o  :\a in a m a t e r i a l  w h i c h  is m~t com-  
p l e t e l y  c r y s t a l l i n e ,  n e i t h e r  s t r u c t u r e  w o u l d  a p p e a r  t~ be su f f i c i en t l y  c o m p a c t  t~ a c c o u n t  f , r  the  
o b s e r v e d  d e n s i t y .  

I t  is q u e s t i o n a b l e  h o w e v e r  w h e t h e r  s t r u c t u r e s  ,~f e i t h e r  t y p e  a r e  a p p l i c a b l e  tt~ k e r a t i n ,  ;is 
t he  l ower  a n g l e  e q u a t o r i a l  r e f l ec t i ons  a re  t a c i t l y  a s s u m e d  to  a r i s e  f rom the  l a t e r a l  r e p e t i t i o n  of 
c o m p a r a t i v e l y  s i m p l e  s t r u c t u r a l  u n i t s  a c r o s s  t h e  w i d t h  of at c r y s t a l l i t e ,  w h e r e a s  ex ' idence  f rom 
e l e c t r o n  m i c r o s c o p y  s u g g e s t s  a d i s t i n c t  p o l y p h a s e  s t r u c t u r e .  In u l t r a t h i n  sect i~ms of d e v e l o p i n g  
h a i r  i t  is pos s ib l e  to  d i s t i n g u i s h  a g g r e g a t e s  of m ic ro f ib r i l s  e m b e d d e d  in an  o s m i o p h i l i c  m a t r i x  ~', 
a n d  t o g e t h e r  w i t h  t h e  e n o r m o u s  i n t e n s i f i c a t i o n  of t he  l o w e r  a n g l e  e q u a t o r i a l  r e f l ec t i ons  in o s m i u m  
t r e a t e d  wool  )~ t h i s  s u g g e s t s  t h a t  t h e s e  r e t t ec t i ons  a r e  p r o d u c e d  e s s e n t i a l l y  b v  t he  l a t t i c e  of m ic ro -  
f ibr i l s  a n d  a re  little, d e p e n d e n t  on t h e i r  i n t e r n a l  s t r u c t u r e .  S i m i l a r  v i e w s  based  ~m o t h e r  e v i d e n c e  
hax'e been e x p r e s s e d  by  MERCER Is a n d  KRA' rKY el al. ~4. 

If  t h i s  i n t e r p r e t a t i o n  of the  X - r a y  d i a g r a m  is co r r ec t ,  i t  is f eas ib le  t h a t  t he  o s m i o p h i l i c  
m a t r i x ,  w h i c h  is n o t  n e c e s s a r i l y  an~(~rphous, h a s  a c h e m i c a l  con~pos i t ion  or  p o l y p e p t i d e  c h a i n  
a r r a n g e m e n t  d i t t e r e n t  f rom t h a t  of t he  mie ro t i b r i l s .  In  t h i s  case  use fu l  c o m p a r i s o n s  of o b s e r v e d  
a n d  p r e d i c t e d  d e n s i t i e s  or a v e r a g e  v~)lumes pe r  r e s i due  can  o n l y  be a p p l i e d  tt) m o d e l s  of t he  
c o n t p l e t e  s t r u c t u r e .  

T h e  a u t h o r s  w o u l d  l ike  to  t h a n k  l)r .  S. MOORE of t he  R~)ckefel ler  I n s t i t u t e  for Med ica l  R e s e a r c h ,  
fi)r s u p p l y i n g  d e t a i l s ,  p r io r  to  p u b l i c a t i o n ,  of h is  r a p i d  p roce s s  for q u a n t i t a t i v e l y  s e p a r a t i n g  a m i n o  
ac id s  b y  c h r o m a t o g r a p h y  ()n A m b e r l i t e  I R  12o ( m i n u s  -,oo mesh)  res in .  T h i s  p r o c e d u r e  was  
s u c c e s s f u l l y  a p p l i e d ,  l m c h a n g e d ,  to  c o l u m n s  of D o w e x  5o -X8  ( m i n u s  200 mesh)  res in .  O u r  t h a n k s  
a re  a l so  due  to  1 )r. J .  P. E. Ht ' ,~Ax w h o  c a r r i e d  ()lit t h e  c y s t i n e  a n a l y s e s  a n d  to  Miss  .Xl. T. M(:.%r~ a y e  
for e x p e r t  t e c h n i c a l  a s s i s t a n c e .  
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