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I NTRODUCTION 

The synthesis of a fibrous and keratinized protein is known to occur in several steps 
but these need fuller characterization. The experiments described below were carried 
out to enable the development of the oriented fibrous structure and the hardening pro- 
cess to be followed more precisely. 

The experimental material has been principally the hair follicle from the human 
head. This choice was suggested by the ease of obtaining suitable specimens by plucking, 
by the fact that  the pertinent histological structures are easily visible, and because the 
various stages in the development are conveniently set out in an orderly sequence 
along the lumen of the follicle. In spite of the diversity of the epidermal appendages 
containing keratin as their characteristic protein, it is probable that the course of 
synthesis is similar in each and that general conclusions may be drawn from the study 
of a particular case such as hair. 

The histochemical studies of GIROUD AND FIULLIARD 1 showed that a we-keratin,  
characterized by the presence of free thiol (SH) groups, precedes the formation of keratin 
proper, and that  hardening involves the oxidation of the thiol groups to produce disul- 
phide bridges between the peptide chains. 

This is in harmony with chemical observations on wool and hair 2, ~, which relate 
the physical toughness and chemical inertness of the protein to the high propo:tion 
of cross links between the chains made possible by the cystine residues. MARSTOY 4 later 
showed that the oxidative system needs copper to be effective. In the absence of traces 
of copper the keratinization is delayed and incomplete. [;sing strong solutions of urea, 
RUI)ALI. 5 extracted from the germinal layers of skit: a protein which was probably the 
pre-keratin or a derived protein. He showed that it was a typical a-type protein, capable 
of yielding both a- and r - type X-ray patterns and displa),ing long range elasticity whet: 
in the form of fibres. In most of its properties it behaved as might be expected from a 
keratin deficient in cross-linking. Some of the experiments described here were suggested 
by analogous experiments carried out by R I : D A L I .  5, ~ o n  the epidermal protein. 

The histology of the hair follicle is well known and reference may be made to the 
standard texts of MAXIMOV 7 and SCHMIDT s. The cells destined to form the fibre and its 
at tendant sheaths originate in the proximity of the papilla. In their progless along the 
follicle they differentiate to form the structures of the hair and sheaths. The optical 
properties of the final hair, as was shown by SCHMIDT, are equivalent to those of an 
uniaxial crystal. The birefringence of dry hair is of the order O . O l l  o . o 1 3  8, 9. The pro- 
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c,)rtcx, cut ic les and sheaths arc also l)ir(.frinM(,nt in ( l i lh ' r iu~ (h'~r,.,.-. ,t)l,l ;u,. t hcuvh,),. 
( 'asi lv dist inguish(,d wi th()ut  st ,dnin< f ly using a l)() l l l r iz ing micr( ,>o) l , . .  [~ )hi> l)al),,)-. 
h()wevcr, discussion w i l l  N, l im i ted  t(, th(, (h.vchll>nWi~t ()f th( .  c,)rI(.x. >i l l , , '  ]i('1,' t h (  
char, tc ter is t ic  kerat in  ,)f the l ibr( '  is f()rm(,d )), )'-'. l 'h(, l ) rcsu ln l ) t iw,  , ( ) r t ica]  c,.ll> il l l h (  
v i c i m t v  ()f th(' l )a l) i l l l t  arc )<lughly sl lh( 'r i( 'al in sha l )V . . \ !  thc ( , , I )str i ( ' l i ( ) I i  ,,f the l l ) l l l )  
l h ( ' v  c h ) n g a t c  a n d  , tcqui r ( ,  t i m  h)n,~ q ) i n ( t h ,  sha l l - ,  w h i c h  i )crs is l> ill ~h,' tin;t/ l i l m ' . . \ l  

t h c  t im( '  (if c h m g a t i ( ) n  t h e  ce l l s  I)(,(?oln(, b i r c f r i n g c n l  illl(l t h i s  fi 'atll l-c -qlg~t'sD,'( th( '  us( '  

()f l ) o l a r i zcd  l i gh t  a> a n  a d j m w t  t() th ( '  h i s t ( l ch( ,n f i ( ' a l  l t. )ce(lur,, ,< l h v  i u ilwil>al f c a t u r ( , s  

i n d i c a t e d  b y  t h e  I) ir( ,fr ing(,nc(,  m ( ' a s t m ' m ( , n t s  w(,rc a l so  c , )n t i rm( ,d  I>\ X - r a y  l ) ho t ( l g r : q )h s  

m a d ( ,  :tt d i f f e r e n t  h ' v c l s  ()f at s i n g l c  f .) l l ich' .  
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h . x p c r i m c n l a l  m a l c r i a l  a n d  I d r c / r i n ; ' c m c  m c a s u r c m c J d s  

H a i r s  p h l c k e d  f r o m  t h e  h u m a n  h e a d  u s u a l l y  l)ca.r w i t h  t h e m  t h c  i m l c r  r o o t  s h e a t h  

a n d  ;Ill t h e  i n c l u d e d  s t r u c t u r e s  ()f t h e  h a i r  r oo t .  "/'hi' l ) l u c k i n g  c a u s c s  n() l ) ( ' rccpt i l )h  , 

d i s t o r t i o n ,  a s  m a y  I)(' s t 'on  I ) \  c ( ) m p a r h l g  t h e  p l u c k e d  roo t  w i t h  th( )sc  s e c t i o n e d ,  in  .silu. 

T h e  S lWCimcns  us ( ' d  in t h i s  w o r k  w c ) c  n ( ) n - l m , d u l l a t t , d  a n d  l i g h t l y  p i g m e n t e d .  T h e  f ina l  

h a i r s  w e r e  ab()nt 5 ° . in diameter ,  l " re sh ,  U l l l ixed  a n d  u n s t a i n ( ' d  io( ) t s  w(,rc  m ' c d e d  for 

m o s t  ( ' x p e r i m c n t s .  l> , i rcf r ingcn( 'e  m c a s u r e m c z ~ t s  w e r e  m a d ( '  b v  nl(,~lll~, (If  it ,~(,"ll&l'I'II()llt 
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l"lg. 2. "L'hc relat ion l)t t ~ t c n  the  t(~ln[ l)irt, lrizl- 
gcnc~, of the  prc-cortt-x of the  ha i r  h) l l ic lcand 
the d i s tance  ahmg  the follich' from lilt' b;isc. 
( I )  ] )cvclopmcnt  of b i re f rmgcnce  in the  freshly 
plucked root. (J) .~,ftcr Iwa t in~ in  m o u n t i n g  oil 
for  ~() :-;(,t'oll(l~-; ill i}o" ( ' .  "1"]1(, or l t ,  n l ; l l  ion  ill the, 
lower hal f of t hc pre-kvrn t Ill has becn dcst royed. 
,%'c also ];lg. 1. {3) Af ter  1 rca t lncnt  wit h o.O 5 N 
sod ium hydrox ide  for _, rain. The  h . t tc rs  B. ('. I), 
and 1": ii{dicatc lhc  same  h,\wl,~ :~s ill Fi~. I. 

1"1~4. 1. ~(11111" l c , l t u rc , -  ()1 lh( '  I r c , , h l}  p lmk~d  h; l i r  
tool as rcfcrr(.(l to 111 lhc tcxt .  T h c i n m . r r o o t  MlC;lth 
cll;'cIop(,z, the  devch)pulg  librc. "I'hc sc\ 'cral  zont • 
() |  l i l t !  prcStllnptivt, cortl.x arc :  .~l]{ tilt' isotropic 
zorn' of tim bulb, 13 tilt, h,vcl of librillation. B( / the 
u m o n s o l i d a t v d  zorn', CI)I 7. the  zoilc o[ ha rden ing  
(kvratixliz,t t ion}.Thc rcgiim B E  shown d:)lted is thc  
p rc -kc ra l inous  region g i V l l l g  ~1 posi t ive re;lotion 
wiih tilt' n i t ropruss idc  rcilgclit. :\t b ,c .d  illld 1' arc  
tlw X-ray  p a t t e r n s  obt;.lincd lit tile levi, Is showrl. 
At f Is the  chsoricnled f l -pa t te rn  ob ta ined  from l i t  
afh.'r heat ing.  ,\( g the  dc \ch)pn lcnI  ()f bircfrin- 
,2t'Ilt'c IS '~h(l',vII Ill I-c!ilt ioIl  lo  {Ill' \'ilri()ll'~ It-\vI%. 
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compensator  mounted  on a microscope, and diameters by means of a micrometer 
eyepiece. The bulb region AB (Fig. i) is almost isotropic 8. As may  be seen from Fig. 2, 
Curve I, the development of birefringence begins suddenly at the level of the con- 
striction B. The full degree of orientation is established rapidly at the begilming of the 
pre-keratinous zone BE. 

An a t tempt  to assess the amount  of solid material, presumed to be wholly protein, 
at the several levels of the root was mad(; by  drying over phosphorous pentoxide and 
comparing the diameters at successive levels before and after drying. Some assumptions 
were necessary: that  cellular movement  in bulk did not occur on drying, and that  the 
dry root was fully and uniformly collapsed and had a uniform density along its length. 
The results are probably reliable enough for the present purpose and receive support 
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Fig. 3. The swelling of the hair root : (a) in water (b) ill satt, ratrd tlrt.a. In the latter case the lower 
portion P,C of the pr(-cortex dissolves, and the progressive hardening of the protein above C is 
shown by the decrease in swelling. ()ther h, ttermg as m previous figures. 

from other considerations. The cl D solid content of the root was found by this means 
to be the same at all levels from about ioo/~ above the top of the papilla. The primary 
synthesis thus seems to be largely complete before the conversion into the fibrous state 
begins. The degree of hydrat ion of the cells was also obtained by difference between the 
wet and dry  aleas. A very rapid dehydration occurs at the constriction of the follicle. 

Histochemical observations 

The fully hardened fibre is stable in boiling w~/ter but contracts with a marked fall 
in birefringence on raising the temperature to I3 o° C ~a. The fibre then gives a typical 
disoriented fl-X-ray pattern. Reagents not capable of at tacking disulphide bonds have 
little effect on hair. The course of consolidation may therefore be followed by deter- 
mining the increase in resistance to temperature,  to enzymes, and to such reagents as 
dilute acids, alkalis, and solutions of urea, as the follicle is ascended. The nitroprusside 
reaction used by GIROUD AXD BULLIA]~I) 1 shows the presence of unoxidized thiol groups 
in the whole region BE, referred to as the pre-keratinous zone. The reaction is not of 
great use in the quant i ta t ive sense. Birefringence measurements were most useful for 
detecting and following the course of reactions which often produce no other visible 
change. Staining techniques were not found very useful. Many dyes entel the pre- 
keratinous zone first and later stain more uniformly. This is probably a question of 
diffusion only. 
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a. /'.'nzvmcs. o . i  % Iry l)~i l l  al I)!l .'; an(I t~J { ra l ) i ( l ly  ~ll.~'~t,'~I lhc ,3T,)pl; i-,ulic 
p ro te in  ()f the 1)ulb and in about  txw, II(nl,s rmm)vcd th , '  t)n'-c,,~l,~\ I,, ;i h'v~'l .~,lu,' 

z zoo u fn)m the I)asc. i.e., the zone markc( l  1/( i:: Fi~. I and l " i < . . i l l  T I . .  mm' r  r,),~l 
sheath may he seen t¢) l>e nl()re resistant and. appears t,> harden lh>,t ;it tlw h,vvl I-}. 

h. l)ihdc acMs and l, axcs. Hvdr()chh)ric acid zN l)(,m,tratcs th,, wIl, flc of tlw ])re - 

kcratim)us ZC, ll¢' ill a.l)()ut a minut:', as mav lw S('('I] I)V staining with an in(licat,,~ l)eI,)n, 

treatment..%lhs('qu,,,nt t() l)cnetration ~L fall ill I)il(qrin<cm> ,)c('urs in rll~. sam~' rcgi~)u 

B(" as is also prefen'ntiaIIy digeste(l b\ trypsin. B(" will bc rvfcrn,d I~)as th',' um'(),~s()- 

]idated zone. In the course ,~f a few minutes the bircfri]igen('e falls m'arlv to zcr(), ;l~ is 

shown iu l:ig. 2. hut lilt, protein does not actualh" diss()l\'c in this time. ( 'aust ic  s()(la 
o.o 5 N dest rovs  tilt' l>ircfringence to a higher level I) and u l t i m a t c h  dissolves tilt, protein.  
The nitroprussid(, r('acti(nl is still t>ositivt , for a short  h 'ngth I)E ah,,v,, the h,vel r( 'movvd 
by  alkali ,  showing tha t  s(mwthing sh,)rt ,)f the ( 'omph,tc (h,g]-cc ,)1 har(h,niiL~ makes llw 
t)r()tein rcsista]lt  to alkali .  

c. .qoluli(ms , /  urea are very effective in disorganizing and (liss()lvillg tilt' unc()n- 
• ) t "~ sol idated z()ne B( (Fig. _tc). This ohse lva t ion  parallels  that  ma(tv 1>\" Kt:D.XLL' on the 

analo~zous la\ 'ers of the skin. Sa tu ra ted  urea often a t t acks  at the higher level (" as can 
1)e se~, in l:ig. 4<', but this may  l>e ;l result ()f t~luckin~. I{xl>t,rinwnls ,)n ]()ors in silu 
in cow's skin failed to show the effect. Eh'ctron micr()scopic t 'xanlillati()ll t)f lilt" dispersed 
mater ia l  af ter  dialysis  shmv(,d tmh" a confus('d agglonwrati(m of par t icu la te  ma t t e r  and 
11()  ) ] ] ) l - ( ) l l S  strll( ' t l l le.  

d. ]~ca/. The birefringence ()f the unconsol idated zone was also des t royed bv heatm~Z 
at ()o ()5 (" for 3o see in water  or in mount ing  oil (Fig. 4a). No ('()ntraction in leugth 
of this region was n(,ticc(l, which is in contras t  to the (()ntraction that  occurs ()n heat ing 
the fully ker,ttilliz('d hair t() I3() (', ai](t may  mean lhat  the til>tt)tls s t ruc ture  at this 
h'vel lacks a str(mg s \ s t e m  of hmgitutli]la] c()vah,nt links. The .X-ra\" ph()togtat>h t)h- 
ta ined from th(" z(,nc B(" ;iftvr heat ing was tilt' fully (lis()riented fl-typc (Fig. 5c). 

The various zones (lemonstr;ttctl in the above ext.,erinlents: tilt' isotr()pic bull), tile 
fibril lation zone at B, the unctms()li(lated til>rous zon,. B(', and the Z(llle ()f progressive 
har(h 'ning ('I'.', art' also (listinguishc(t by different (leglees ()f swelling in w;tter as shown 
in Fig. 3a. 

]'l 3 dissecting ()ut the various levels and  repe,t t ing the cxt>eriments on the is()httcd 
pieces, it was sln>wn tha t  nolle of these effects was due to any  peeuli , tr i ty of the sheaths 
t)r cuticles.  

c. E.~ect o/rcduclion and o/cross-linlein%,. The length of the une, msol idated region 
can be increased by subject ing the ro()t tt) reduct ion.  After  3o rain t r ea tment  with zinc 
and hydrochh)ric  ,tcid ( sa tura ted  with salt t() supt)ress swelling) it was f()und that  
heat ing now destrovt 'd  the birefringence to a h'vel about  zoo i¢ ab¢)vc ('. Longer  t rea t -  
ment  s tabi l ized the lower zone 13(" anti may  indicate the in t roduct ion of cross links 
derive(t from the metal l ic  ions. "fhioglycollate st)lutions were also effective but  were very 
des t ruc t ive  of tht' sheaths,  making ot)stwvation difficult. Rt'D.\L].'-' showed tha t  formalin 
and other  cross-l inking reagents  were cat)able of s tabi l iz ing the protein isolate(t from the 
skin. Similar ly  in the case of the hair  root zo rain t r ea tmen t  in 2000 formaldehyde  
solution des t roys  the thiol reaction and at the same t ime hardens  the protein and renders  
the t)riented s t ructures  s table to hea t ing  t() Ioo:  (~ for at least 5 rain. The to ta l  valut, 
of the birefringence and its course of (tevelopme,at were not altere(1 t>,,' the in t roduct ion 
of su('h cross links. "l 'r( 'a/ment with t,ttlvlem' dil>romide in the pr('senc~' ,)f sodium bi( 'ar- 

lee/cremes p. 444. 
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bonate,  which is known to mfite reduced disulphide' ~r~mps in w,,,~l' i ;t].~,~ st;lbilizcs th,' 
lower zones but  is not as c'fh.ctivc as fo rmaldch \dc ,  l)ircct oxidati~m by m~.,tlis ~)f _,",, 

hydrogen peroxide' had a small  ~'ffect. but d~'~;trm'tion ~f the, sh~'aths ;~ail~ ma&" ~)b,~'r- 
r a t ion  difficult. 

.V-r(tv o/~servalio/l.~" 

Exposures  v,'ere made to de te rmine  the or ienta t ion  of the c~vstalline port ion of thc 
tibre and also to character ize  the protein.  Micro-X-ray  photographs  were obta ined  from a 
single root at  thos~ ~ levels, shown in Fig. ~, which the previous birefringence observat ions  
had shown to be of special interest .  A col l imator  o.o~ cm in wMth, about  the same as ttw 

(;~i ,bl  it) 

~,1! (c) 
];lg. 5. X - r a y  l~ immgr ; tphs  cd~taincd f rom lht '  ~,~.x'tral h.vcl~, e l  ;k s m g h .  h a i r  rt~ol. S p e c i l n c n  to l ihn  
d i s t an t* '  I f ln .  [a) F r o m  th*' I*ulb. (b] "l'h~. i l m t n l s ~ l l d ; t l c d  zoll(, lg('. (t/  Tht, u m ~ m s o l i d a t ( , d  zone I~,C 
; t l t c r  d i so r l¢ ,n t a t ion  I~v h~,at. I) is~ricnt~ d [1. (d] "L'ht. p : l r t l y  t o n ~ o l i d a t t  d zorn.. !t.) T h e  fu l ly  h ; i rdem,d  

h~llr :il~ove 1'~. b, d a n d  ~' ar~, l y p i c M  tz-l)att(rtl>,. 

diameter  of the root itself, alld 4 em long was used. \Vith t]ltert'd ( 'u Ka radia t ion  from 
a cont inuously  ex'acuatt~d fi]alllellt tube,  exposure, t imes of 2 5 3 ¢) h were needed when 
the specimen to film distanct '  was I cm. The specimen was hardened  in formalin (io", ,  
for IO min) to minimize changes dur ing the hmg exposures  and was pho tographed  dry.  
In conformi ty  with the birefringence findings, which show tha t  tlw prt ,-cortex becomt's 
fully or iented at the fibril lation level B, well or iented pa t t e rns  of the a-type,  charac ter -  
istic of kerat in  n, were obta ined  at  all levels save the lowest, tha t  of the bull). The phott,- 
graph of the bulb showed two diffuse rings typ ica l  of d isor iented  natiw,, proteins.  After  
bea t ing  the follicle to 0o ° for one minute,  the pa t t e rn  ¢iven bv the zone BC was a 
typical  d isor iented  ft. 

Pho tographs  of the several  levels are reproduced in Fig. 5(a-e).  

I)I%CUSSI()N 

The exper iments  described enable several  regions of different s tab i l i ty  to be dis t in-  
guished in the pr~'snml)tiv~' cortex of the developing hair. These are ]. the i.sotr@ic Imlb 

I?cl)'rcl~cs p. t6,l. 
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region, Fig. I AB. The birefringence is very low and the X-ray photograph shows an 
absence of oriented crystalline material. It  is difficult to determine the actual site of 
synthesis of the protein which is destined to become keratin, but the observations on 
the cross-sectional areas of dried roots suggest that  considerable amounts of solid 
material are present in the upper part of the bulb where the birefringence is still low. 

2. The fibrillation levd B. The appearance of fibrils, the sudden rise in birefringence, 
the contraction ill the width of the follicle, and the dehydration of the ceils all occur 
at the same level and are probably causally connected. 

3. The unstabilized fibrous region BC. The X-ray pattern is of the a-type, i.e., appar- 
ently the same as that  of the final hair, and the birefiingence is also nearly the same. 
But the fibre is as yet poorly consolidated and is readily disoriented with the production 
of a disoriented/~-type structure. 

4. The consolidation zone (keratinization) (;DE. The hardening of the protein appears 
to begin quite definitely at a point about 700/t above the level of fibrillation. The total 
birefringence and the X-ray pattern are not affected by the changes which ensue. The 
consolidation is progressive and leads to the fully hardened region above E. 

An account in molecular terms of the sequence of events which lead to the oriented 
and hardened fibre would be of great interest but we are handicapped at the very start 
by lack of knowledge of the initial state of the protein in the cells of the bulb. The 
molecules of the primary protein are of unknown size and shape. They may exist as 
free chains or as organized particles and theories to account for the appearance of bire- 
fringence may be developed in terms of either form. Another question is the r61e of 
external forces in producing orientation. The extrusion theory ~ regards the follicle as 
an organ of extrusion. The continued formation of ceils is supposed to generate a pres- 
sure which, by forcing the plastic mass through the follicular constriction, deforms the 
cells and produces orientation at the molecular level by shear. The theory in its simplest 
terms cannot be wholly true because it would predict that the birefringence should 
depend on the degree of shear, i.e., on the contraction in area of the follicle. The degree 
of contraction is very variable whereas the birefringence is more constant for a given 
class of fbres. Fibrils occur in other cornified tissues 8 in which the effect of a shear 
cannot be invoked. Thus it is more probable that fibrillation is a spontaneous property 
of the protein and is to be distinguished from orientation. External forces, on the other 
hand probably exert a directive influence on the formation of fibrils. Fibrillation itself 
can be pictured in terms either of free chains or of particles. In the first case the chains 
may be synthesized in an oriented but hydrated condition in a medium polarized by the 
flow due to extrusion. A dehydration and condensation occurring at B would lead to 
the sudden appearance of birefringence. In alternative terms the particles of a cor- 
puscular-type protein can be converted into a fibrous form by' end-to-end linkage of the 
particles. The formation of fibrous structures by this means has been postulated to 
explain other phenomena, such as the long spacings found by X-rays ~6, ~7 and electron 
microscopy in many fibres. Electron micrographs of actin .8, tropomyosin ~9, and insu- 
lin TM show fib, illated structures most likely formed in this way. Fibrils from wool also 
show a particulate structure *0, and long spacings have been found by X-rays2h This 
way of forming fibrils seems therefore to be the more probable. The large-angle features 
of the X-ray photographs, so characteristic of the keratin-myosin group 2z of proteins, 
must arise from the pre-formed inner structure of the particles as has already been 
suggested by ASTBURY in connection with the feather keratin ~7 and aetin patterns 23, 24 
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The tendency to fibrill:ttv in this manner may bc lhought  to arise, t rom the attraction 
of end groups or c~mtiguralions on the opp:~s e f:t¢'cs of the t~:,rti(h,>. 

T h e  t]bl'OllS fornl which ;llisc's at th:' h'v~,l I~ alld l,:'rslsts t tmmghout  the z:mc 1'(" 
seems to b:' held tt~gcthcr o n h  by low cm'rgy bomls. It is still digestibh, by cnzvmcs  
amt is converted into ttw disoriented fl-form :it moderate temperatures,  lZrom the fact 
that  urea is particularly t,ffccti\'e in disorienting and dispers ng the formation into a non- 
fibrous condition, it mav be concluded that only hydrogen bonds and salt linkages can 
be holding the structure together. When definite covalent (:ross links arc introduced 
artificially the fibrous form becomes stable to heating and to urea. 

The onset of the hardening process is suddenly apparent  at the h'vel ('. The ]?eha- 
viour of the root when (lipped into urea solution is again most inlormatix'e. The un- 
stabilized lower levels dissolve, but above C the protein only swells and to a diminishing 
extent as the follicle is ascended, showing the progressive nature of the reaction. Support 
for the view: that  a princitml reaction of the hardening process is the finmation of 
clisulphidc cross links bctw(wn tlw chains was found in the, n,v,'rsal of the' reaction by 
redtlCtiOll. O t h ( ' r  forlllS ()f C~Jllsolidatioll Hrt, COllC(,iva])Ic b u t  hax 'c  1lot l)Cell dt 'nlOllstra{e(1. 

%tabilisation seems to inx~ht '  also the ¢'stablishnlent of longitudinal covalent links b,'- 
lwl'ell the structural  elemcnls, leading to a strong formation in the din'cti, m of the tibre 
axis. This is suggested most clearly by the resuh of heating. The unstabilized zone is 
disoriented at (jo" (" a'ithoul contraction in length. The linal hair lt'quires a highel tcm- 
perature and disorientation is accompanied by contraction (supercontraction). The lower 
zone B(" also splits readily at right angles to the axis, above (" longitudinal splitting is 
characteristic. Such observations are most ieadilv explained on tim particle theory. The 
formation of a strong covah'nt  system in the axial direction may distinguish the true 
fibrous proteins from those proteins, such as :tctin, whictl can a.,4stlnl¢, the tiln'ou.; form 
by an end-to-end linkage of l)articles TM I)ut are readily dispersed t)ecau~e presumably 
no secondary reaction of reinforcement occurs. In the keratins t]u' importance of the 
cystine bridge has bt,cn emphasized. However,  the occurrence of s tnmg libn's without 
this form of reinforcement suggests that covalent links max be formed in solnc other 
W a v . . \ S T B I ' R Y  h a s  a h e a d v  t~ropos~'d the "grid-into t r ; l l l s f~l r lna l io l l"  il) this cotm~'ctiol~ aa. 

This work was carri~'d out during the tenure ot an Imt'erial (~hemical Ipdustl ies 
Fellowship. The X-ray  tube used was constructed aml maintained by Mr .J..~,II(OI~SKI 
to whom the author  is greatly indebted, l)r K. M. RtDAI.:. has Iwcn generous with 
advice and criticism. 

S:'MM:XI~Y 

I. The d¢,vehJpm¢,nl of or ienta t ion in thc prc.~unlplive c~n'tc~ of thc iolhch' of ihc hlllllilll hair 
has bec'tt studicd by means of blr¢'fring~ncv l l l l , a tb t l rcnl t  iI~.s itll(l : ~ - r a y  photographs.  

2. The birelringencc rist;s v e r y  rapidl) '  at the constricl ion ot the follicle, ;li1(1 ;1.1 the same h vcl 
the typical a-kerat in X-ray diagram appears.  

3. The presumpt ive  cortex Is divided into the following regions: the isotropic bulb, the tibrom, 
but  unconsolidated pre-kerat in,  the zone of progressive hardening, and the full,," hardened hair. 

4. The unconsolidated pre-kcrat in  is <lxstinguished by easy digestion by vnzym~'s, dispersion 
in sa tura ted  urea. and disorientat ion by warming with a fall in birvfringencv and the ap lx ' a ramc 
o f  :1 disoriented /'/-ray pat tern.  

~{ l':S t'51 ¢; 

r. L'~volution de l 'or ientat ion du cortex du follicule du chevcu h u m a m  a (.t8 8tudi,he au moven 
de mesures  de birdfrmgence et de photographic  nux ravm~s X. 
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2. La bir~fringence dev ien t  r ap idemen t  tr~s forte 1A oth le follicule se t rouve  resserr~, en m~me 
t e m p s  qu 'appara~t  le d i ag ramme de rayons  X caract~ris t ique de la k~ratine a. 

3. Le cor tex  se divise en  les r~gions suivantes :  le bulbe isotrope, la pr~-k6rat ine fibreuse mais  
encore peu stable,  la zone de durc i ssement  progressif  e t  le cheveu don t  le durc issement  es t  achev6. 

4. La pr~-k~rat ine encore peu stable se caract~rise par  la facilit6 de sa d~gradat ion par  les en-  
zymes,  pa r  son ap t i t ude  A se disperser  dans une solut ion satur~e d'ur~e, e t  pa r  la d~sorientat ion qu'elle 
subi t  lots de son chauffage, d~sorientat ion accompagn6e d 'une  d iminu t ion  de bir~fringence e t  de 
l ' appar i t ion  d ' u n  spectre  /~ d~sorient~. 

ZUSAMMENFASSUNG 

i. Die Entwicklung der  Or ien t ie rung  im Cortex des Follikels des Menschenhaars  wurde  m i t  
Hilfe yon Doppelbrechungsmessungen  und RSn tgenaufnahmen  untersucht .  

2. Die Doppelbrechung s te igt  bei der  E inschn~rung  des Follikels sehr  schnell,  und in  demse lben  
Masse erschein t  das  typische  RSntgend iagramm yon  a-Kera t in .  

3. Der Cor tex  wird  in die folgenden Gebiete  eingetei l t :  die isotrope Kugel, das  faserige, abe t  n ich t  
konsolidierte Prgkerat in ,  die Zone for tschre i tender  Hgr tung ,  und  das vollgeh~rtete Haar .  

4. Das n icht  konsol idier te  PrAkerat in  is t  gekennze ichne t  durch leichte Verdaul ichkei t  durch 
Enzyme,  Dispersion in gesgt t ig ter  HarmstolliSsung, und Aufhebung  der  Or ien t ie rung  durch  Erw~ir- 
mung  mi t  einer  Abnahme der  Doppelbrechung und dem Auf t re ten  des f l -RSntgendiagrams 
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