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PRE-TRANSFORMATION STRETCHING OF THE SO-CALLED 

5.1 A A N D  1.5 A SPACINGS IN a-KERATIN 

by  

W. T. A S T B U R Y  AND J .  W. H A G G I T H  

Department o/Biomolecular Structure, Universily o/Leeds (England) 

I t  is now some  t w e n t y  years  since we first demons t r a t ed ,  in our  X - r a y  and  re la ted s tudies  of 
the  molecu la r  s t r uc tu r e  and  Mastic proper t ies  of m a m m a l i a n  hairs,  t h a t  the  a-fl t r a n s f o r m a t i o n  is 
p receded  by  a reversible s t r e t ch ing  of the  spac ing  of the  charac ter i s t ic  5. I A reflection on the  mer id ian  
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Fig. I. X - r a y  sector  compar i son  p h o t o g r a p h s  showing  the  a p p r o x i m a t e  2% s t r e t ch ing  of the  5.1 A 
spac ing  in porcup ine  quill  before the  onse t  of the  a-/~ t r ans fo rma t ion .  (Flat  p la te ;  U = uns t r e t ched ,  

S = s t re tched.)  

of the  a - d i a g r a m  1. A p p a r a t u s  was devised for the  purpose  of t ak ing  s t r ic t ly  comparab le  " q u a d r a n t  
p h o t o g r a p h s "  such  as t h a t  shown  in Fig. I, in which,  on a single pho tograph ic  plate,  one pair  of 
d iamet r i ca l ly  opposi te  q u a d r a n t s  represen ts  u n s t r e t c h e d  porcup ine  quill  and  the  o ther  pa i r  r epresen t s  
t he  s ame  spec imen  s t r e t ched  by  a few pe r  cent .  The  idea was  to be able to detect ,  s i m u l t a n e o u s l y  on 
bo th  mer id ian  and  equator ,  smal l  changes  of spac ing  abou t  which  one m i g h t  feel unce r t a in  f rom 
compar i sons  be tween  sepa ra te  pho tog raphs .  Porcup ine  quill  was used in order  to avoid  the  s l ight  
s t r e t ch ing  which  m u s t  t ake  place when  a bund le  of hai rs  is d r awn  parallel .  I n  th is  way  we ob ta ined  
the  resul t  t ha t ,  before the  onse t  of the  a-fl t r ans fo rma t ion ,  the  so-called 5.I A spac ing  s t re tches  by  
an  a p p r o x i m a t e  2% cor respond ing  to the  Hooke ' s  L aw region of t he  load-ex tens ion  curve.  

On  ke ra t in  p h o t o g r a p h s  t a k e n  wi th  a cyl indr ical  c a m e r a  MACARTHUR e la ter  recorded a n u m b e r  
of sho r t e r - spac ing  mer id iona l  reflections,  and  in pa r t i cu la r  the  one a t  abou t  1.49 A which  has  recen t ly  
a s s u m e d  special  significance 3 in re la t ion to the  helical model  p u t  forward by  PAULING AND COREY 
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to  explain bo th  the na tura l  a-s t ructures  and certain synthet ic  polypeptides.  In  this model the amino- 
acid residues do in fact follow one another  at about  i ½ A along the direction of the fibre axis, and 
the p rominent  meridional reflection at this spacing is therefore s trongly in its favour;  bu t  so far 
there is nothing like equivalent  convinction in the proposed reasons why the same model should give, 
also on the meridian in the natura l  fibres, the very much stronger reflection at 5.1 A. 

We have no wish to suggest  tha t  the 5.L A and 1.5 A reflections are not  orders of the same 
diffraction series, though  it would not  be inconceivable in view of the known two-component  make-up 
of the actomyosin diagram and similar indications as regards natura l  keratin and other  members  
of the k-m-e-f group4; bu t  we felt tha t  it would link them together  beyond all doubt  if we could 
show tha t  the 1. 5 A spacing behaves like the 5.I A in also s tretching reversibly over the 2°0 or so 
t ha t  precedes the a-fl t ransformat ion,  while providing incidentally a little more information on the 
sort  of length-range permissible to the residues of the ,~-structure. The results of the exper iment  
are il lustrated in Fig, 2, again two strictly comparable  photographs  of unstretched aild stretched 
porcupine quill, bu t  this time on a single cylindrical film. I t  will be seen tha t  beyond the 5. ~ A there 

Fig. 2. X-ray  comparison photographs  showing also the corresponding stretching of meridional 
spacings in porcupine quill beyond the 5.1 A. (Cylindrical fihn; 17 = unstretched,  S ~ stretched.) 

is actually a series of spacings which stretch correspondingly, the 1. 5 A being merely the most  
obvious. Our est imates of the unstre tched spacings and intensities observable in these par t icular  
pho tographs  of porcupine quill are as follows: 5.11 A (vvs), 3.9~ A (s), 3.4o A (w--m), 3.o t A (m-s),  
2.5n A (w-m),  1.486 A (m-s) ; and we est imate tha t  the last-named can be stretched to about  1.52 A, 
i.e. by 2% at least, bu t  p robably  a little over. 

We should like to thank  Mr. A. MILLARD specially for help in the difficult reproduct ion of Fig. 2. 
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