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T H E  C H E M I C A L  C O M P O S I T I O N  OF T H E  E P I C U T I C L E  OF W O O L  

If.  CROSS-LINKING IN EPICUTICLE PROTEIN 

by 

G. J. SCHURINGA, C. J. SCHOONEVELDT, AND A, J. ULTI~;E JR 
Vezelinstituut T.N.O. (Fibre Research Institute), Del/t (Nelherlands) 

INTRODUCTION 

In the first publication of this series ~: it was shown that  the organic mat ter  of 
epicuticle preparations consists for the greater part  of protein, although the presence 
of carbohydrates was also suspected. In fact LAGERMALM AND GRAL~N la showed a sugar 
to be present in epicuticle hydrolysates. 

If the average diameter of the wool fibres is assumed to be 0.02 mm, it can be 
calculated that  an epicuticle layer of a thickness of about ioo A would represent 0.2 % 
of the wool. As indicated in our first publication, about 0. 7 % of the wool is insoluble 
in sodium sulphide and therefore the epicuticle preparations obtained in this way 
contain other material  apar t  from the thin membranes visible under the election 
microscope. Although the epicuticle preparations obtained by  treating wool with 
bromine and shaking off the epicuticle account for only about 0.2 % of the wool weight, 
we do not consider these preparations to be purer, for a considerable part  of the remnants  
of the ALLW6RDEN sac membranes remains on the fibre during the shaking-off operation. 
Moreover it is very difficult to obtain these preparations completely free from scales, 
the latter being somewhat loosened by the action of the bromine. (Tippy wool is also 
known: to lose scales during shaking.) 

The protein constituents of the epicuticle possess the same chemical resistance as 
the epicuticle itself. The weight of the preparations obtained by the action of sodium 
sulphide is not reduced by  renewed t reatment  and scarcely so by trypsin digestion. 
As more than 99 % of the wool keratin dissolves in sodium sulphide solution it seems 
probable that  the protein of the epicuticle preparations has a different chemical structure. 
A more complete knowledge of this structure would be very helpful in elucidating the 
chemical composition of the epicuticle as a whole. 

Insolubility of proteins can be at t r ibuted to extensive cross-linking. Commonly 
recognized cross-linkages between protein chains are hydrogen bonds, VAN DER WAALS' 
bonds, salt linkages and covalent disulphide bonds. The lat ter  are chiefly responsible 
for the insolubility of the keratins. The action of sodium sulphide, which breaks the 
disulphide bonds by reduction and at the same time acts as a dispersing medium by  
cleaving secondary linkages 12, leaves only very few keratilts undissolved. Apart  from 
the epicuticle protein, the substance of the egg-shell membranes ("ovokeratin") belongs 
to this class 1~ and has therefore been included in the present investigation. 
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Other  possible in te rcha in  bonds  are pept ide ,  th io-e ther ,  e ther  and  es ter  l inkages  15. 
We were especia l ly  in te res ted  in the  presence of th io-e ther  l inkages,  because the  epi- 
cuticle p r epa ra t i ons  ob ta ined  wi th  sodium sulphide  con ta ined  lan th ion ine  residues.  I t  
was of in te res t  to inves t iga te  whe the r  these had  been formed from cys t ine  residues by  
the  a lkal ine  t r e a tmen t ,  or t h a t  a t  least  some th io -e the r  l inkages  had  been present  in 
the  or iginal  epicut ic le  prote in .  H y d r o l y s a t e s  of t i p p y  wool also conta in  lan th ion ine  7, 
p r o b a b l y  formed from cys t ine  residues dur ing  the " w e a the r i ng"  of the  t i p p y  pa r t s  of 
the  fibres. As was shown in our  first pub l i ca t ion  the  epicut ic le  is also present  on those 
pa r t s  of the  ha i r  t ha t  are st i l l  inside the  skin  and  have  not  ye t  been exposed  to the  
air  and  therefore  th io-e ther  l inkages  formed dur ing  " w e a t h e r i n g "  cannot  be held 
responsible  for the  curious proper t ies  of the  epicut ic le  layer .  

We  p repa red  wool samples  wi th  known lan th ion ine  con ten t s  b y  t r ea t ing  wool wi th  
po tass ium cyan ide  so as to compare  these  wi th  our  epicut icle  p repara t ions .  In  this  
connect ion  the  res is tance of the  lan th ioni r te -conta in ing  p roduc t s  to sod ium sulphide  and 
to papa in  was inves t iga ted .  

In  b r o m i n e - t r e a t e d  epicut ic le  p r epa ra t i ons  b romine  would have  oxidized any  
lan th ion ine  residues presen t  in the  or iginal  epicut icle .  To know more  abou t  possible 
ox ida t ion  p roduc t s  we inves t iga ted  hyd ro ly sa t e s  of b romine-ox id ized  lan th ionine-  
con ta in ing  wool. A fu r the r  ob jec t  of the  presen t  inves t iga t ion  was to s t u d y  the  amino  
acid  compos i t ion  of the  epicut ic le  p ro te in  i tself  and  to search for a n y  n inhydr in -co lour ing  
subs tances  o the r  t h a n  those  n o r m a l l y  occurr ing in wool hydro lysa te s .  I t  was found by  
ZAHN 29 t h a t  hyd ro ly sa t e s  of ch lo r ine - t rea ted  epicut ic le  m e m b r a n e s  conta in  all amino 
acids  usua l ly  encounte red  except  cyst ine,  ty ros ine  and  his t idine,  which are known to 
be easi ly  ox id ized;  t hey  were found by  us in the  hyd ro lysa t e s  of sod ium sulphide-  
t r e a t ed  epicut icle .  

CHEMICAL ANALYSIS OF EPICUTICLE PROTEIN 

Hydrolysis o/epicuticle preparations 
We took special precautions to avoid humin formation during hydrolysis 19. lo mg samples of 

the membranes were suspended in 5 ml five times distilled, constant-boiling hydrochloric acid and 
shaken in sealed pyrex tubes at I2o°C for 24 hours. The resulting solutions were evaporated to 
dryness below 4 °0 C and the excess hydrochloric acid removed by repeated distillations with water 
at reduced pressure. 

Paper chromatography o[ epicuticle hydrolysates 
Descending chromatography on Whatman No. i filter paper was used throughout this investi- 

gation. Phenol-ammonia and butanol-acetic acid-water (4: i :5) proved satisfactory solvent systems 
to separate the amino acids present in the hydrolysates. For one-dimensional chromatograms 5 t* 1 
of a 2 % solution of hydrolysate was applied and for two-dimensional work this was repeated three 
times. The spots were revealed by the usual ninhydrin spraying technique. The obtained chromato- 
grams were compared with chromatograms of hydrolysates of untreated wool, potassium cyanide- 
treated wool before and after bromination, and of ovokeratin. 

Amino acids present in epicuticle hydrolysates 

H y d r o l y s a t e s  of epicut ic le  p r epa ra t i ons  con ta ined  mos t  of the  amino  acids  usua l ly  
encoun te red  in wool hydro lysa te s ,  some of t hem in different  propor t ions .  I n  ce r ta in  
cases modif ica t ions  could  he exp la ined  as a resul t  of the  chemical  t r e a t m e n t  used for 
the  sepa ra t ion  of the  membranes .  

A. Bromine-treated epicuticle preparations furnished cyste ic  acid as art ox ida t ion  
p roduc t  of cyst ine .  I f  the  epicut ic le  had  con ta ined  lan th ionine ,  i ts  ox ida t ion  p roduc t s  
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might have shown up in two-dimensional chromatograms, but  no such spots could be 
detected. We expected them to be present in chromatograms from brominated 
lanthionine-containing wool, but  they were not found in this case either. Probably the 
oxidation products of lanthionine are destroyed during subsequent hydrolysis and 
chromatography. 

Tyrosine and histidine were absent, but  a bromination product could be found, 
which moved somewhat faster than glutamic acid in both solvent systems used. The 
same spot was detected in chromatograms from brominated wool and brominated silk. 
The main bromination product of tyrosine was shown to move much faster, as could 
be concluded from experiments with brominated tyrosine itself and brominated silk. 

B. The hydrolysates o/sodium sulphide-treated epicuticle preparations contained 3.5% 
cystine (determined by the method of FOLIN 1° and MAREI~ZI). (In the chromatograms 
cystine was always completely destroyed during the phenol-ammonia run.) A very 
strong lanthionine spot was observed in the chromatograms. We were able to separate 
this spot from the others successfully by one-dimensional chromatography using the 
phenol-ammonia system. The lanthionine content was roughly estimated by running 
alongside each other chromatograms of epicuticle hydrolysates and of hydrolysates of 
potassium cyanide-treated wool samples with known lanthionine contents. The former 
gave a stronger lanthionine spot than the reference sample with highest content, viz., 
4.4% lanthionine (see below). 

Serine gave a weaker spot than glycine, contrary to the picture of wool hydrolysates. 
I t  is known, however, that  the hydroxy amino acids are not stable to alkali 5 and they 
might have given rise to increased amounts of glycine and alanine. (The chromatograms 
of bronfine-treated epicuticle hydrolysates showed glycine and serine spots of about 
equal intensity.) 

A tyrosine spot was detected in the chromatograms. The presence of aromatic 
amino acid residues in sodium sulphide-treated epicuticle preparations was confirmed 
by an examination of the ultraviolet absorption spectra, which showed absorption bands 
in the 29 o m/, region in contrast to the flat curve of the bromine-treated membranes. 

Histidine, usually not seen in ninhydrin-developed chromatograms of wool hy- 
drolysates, showed up as a fairly strong spot. The presence of rather large amounts of 
this amino acid was confirmed by spraying the chromatograms with PAULY'S reagent. 
The lysine spot was also stronger than in chromatograms of wool; this applies to both 
kinds of epicuticle preparations. Thus it can be concluded that  the epicuticle protein 
contains different relative amounts of the basic amino acids as compared to those of 
ordinary keratin, which are reported to occur in the proportions arginine: lysine: 
histidine 12 : 4 : i. 

Resistance to sodium sulphide solutions 

In the preparation of epicuticle obtained by dissolving wool in sodium sulphide 
about 0.7% of the weight of the wool remained undissolved. I t  seemed interesting to 
investigate whether thio-ether linkages can be responsible for the insolubility of proteins 
on sodium sulphide attack. To this purpose potassium cyanide-treated wool samples 
containing 5 to 8% lanthionine were incubated with o.15 M sodium sulphide solution 
in the same way as the wool used for epicuticle preparations. Only about 2 % of the 
samples remained undissolved under these conditions. Moreover, it appeared that  the 
proteins dissolved by the action of sodium sulphide on untreated wool and reprecipitated 
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by addition of acetic acid to the dialyzed solution furnished considerable amounts of 
lanthionine on hydrolysis. 

Ovokeratin, which is known to withstand the dispersing action of several reducing 
denaturants  ~2, was also subjected to the action of sodium sulphide under the conditions 
used to prepare epicuticle from wool. In  this case we found that  I3% remained un- 
dissolved. The residue contained 13% nitrogen. 

Resis tance to p a p a i n  attack 

As it has been reported that  epicuticle preparations are extremely resistant to the 
action of enzymes, it seemed interesting to investigate whether thio-ether linkages are 
responsible for this behaviour. 
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Fig. I. Influence of Time of T r e a t m e n t  wi th  Papain  on the Loss in Weight  of the Wool 

. . . . . .  un t rea ted  wool 

. . . . .  wool boiled at  p H  8 for 4 hours  
. . . . . .  wool boiled at  p H  IO for I hour  
- -  wool boiled wi th  o.I  M potass ium cyanide for 3o minutes  

GEIGER et al. n introduced thio-ether linkages in wool by treating reduced wool 
with an aliphatic dihalide and showed that  the stability of these products toward 
enzymes is greatly enhanced. 

The reaction of wool with papain was studied by MIDDLEBROOK AND PHILLIPS is, 
SCHOBERL AND HAMM 25, GEIGER et al. 11 a n d  I3LACKBURN 3. MIDDLEBROOK AND PHILLIPS ls 

used sodium bisulphite to act ivate the papain and determined the opt imum conditions 
for digestion by crude papain preparations. SCHOBERL AND HAMM 25 studied the action 
of cyanide-activated papain on wool. According to GEIGER et al. n neither untreated 
wool nor wool alkylated after reduction is at tacked by solutions of crystalline papain. 
They used cyanide as an activator, though not at opt imum conditions of pH and 
temperature.  The temperature  especially seems low, viz. 20 ° to 25 ° C. These authors 
stress the importance of preventing bacterial growth. BLACKBURN 3 made an examination 
of the products formed when wool is hydrolysed by papain and sodium bisulphite, 
following the procedure of MIDDLEBROOK AND PHILLIPS. He states that  wool which has 
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TABLE I 

Total S Cystine-S Time Loss in weight Total N ~4 mino N 
be]ore papain be]ore papain o /papain  o/wool (as % in filtrate ir~ /iltrate 

treatment treatment treatment o] original) (rag) (rag) 

Normal wool 3.38 2.98 
2 i i  2o 4.7 
4 27 41 8.3 
6 33 49 9.6 

Wool boiled 2.79 1.6o . . . .  
a t  pH 8 2 13 22 4.4 
for 4 hours 4 17 27 5.3 

6 19 31 7.1 

Wool boiled 2.24 0.96 . . . .  
a t  pH IO 2 12 20 3.2 
for I hour 4 12 21 3.4 

6 19 31 4.6 

Wool boiled i .92 0.75 . . . .  
wi th  o.I M KCN 2 5 9 2.0 
for 3 ° rain 4 io 16 3.3 

6 13 21 3.7 

Papain  solution . . . .  3 1.5 

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

l i n k a g e s  is a t t a c k e d  b y  p a p a i n  a n d  b i s u l p h i t e  a t  a n  i n c r e a s e d  r a t e .  I t  s e e m e d  of i n t e r e s t  

to  us  to  r e p e a t  t h e  e x p e r i m e n t s  of BLACKBURN a n d  i n c l u d e  a n  e x a m i n a t i o n  of t h e  

b e h a v i o u r  of p o t a s s i u m  c y a n i d e - t r e a t e d  woo l  t o w a r d  p a p a i n  a n d  b i s u l p h i t e .  P o t a s s i u m  

c y a n i d e  spec i f i ca l ly  c o n v e r t s  t h e  d i s u l p h i d e  b o n d s  i n t o  t h i o - e t h e r  l i n k a g e s  in  c o n t r a -  

d i s t i n c t i o n  t o  t h e  m o r e  c o m p l i c a t e d  a c t i o n  of a l k a l i  s . 

i g samples of wool tops (untreated, boiled a t  pH 8 for 4 hours or at  pH IO for i hour and 
boiled with o,i M potassium cyanide for 30 min) were t rea ted  with 3 ° ml of a 0.0679'0 papain 
solution, containing 1% sodium bisulphite, a t  a pH of 6.8 and  a tempera ture  of 65 ° C for 2, 4 and 
6 hours. The papain used had been purified by  the salting-out procedure of BALLS AND LINEWEAVER 1. 
TO prevent  bacterial growth a crystal of thymol  was added to the  papain solution. At  the end of 
the t r ea tment  the wool samples were filtered off, washed in water  and dried to determine the loss 
in weight. Aliquot samples of the filtrate were used to determine the  nitrogen and amino nitrogen 
in solution by  s tandard Kjeldahl and Van Slyke procedures. 

T h e  r e s u l t s  o b t a i n e d  a re  s u m m a r i z e d  in  T a b l e  I a n d  F ig .  I .  I t  c a n  b e  seen  t h a t  t h e  

i n c r e a s e d  r a t e  of p a p a i n  a t t a c k  o n  a l k a l i - t r e a t e d  woo l  as  o b s e r v e d  b y  BLACKBURN a is 

r e s t r i c t e d  to  t h e  f i rs t  t w o  h o u r s .  A f t e r w a r d s  t h e  r a t e  s lows  d o w n  c o n s i d e r a b l y ,  e s p e c i a l l y  
in  woo l  p r e t r e a t e d  a t  p H  IO, a n d  r e m a i n s  f a r  b e h i n d  t h e  r a t e  of a t t a c k  of u n t r e a t e d  

wool .  P o t a s s i u m  c y a n i d e - t r e a t e d  wool  d i s so lves  m u c h  s l o w e r  s t i l l .  I t  c a n  b e  s een  f u r t h e r ,  

t h a t  a b o u t  18 % of t h e  d i s s o l v e d  n i t r o g e n  is i n  t h e  f o r m  of a m i n o  n i t r o g e n ;  BLACKBURN 3 

f o u n d  I 5 %  for  t h e  p r o d u c t s  s o l ub l e  a t  p H  4. T h e  n i t r o g e n  c o n t e n t  of  t h e  d i s s o l v e d  

p r o d u c t s  r e m a i n s  f a i r l y  c o n s t a n t  a n d  e q u a l s  t h e  n i t r o g e n  c o n t e n t  of  t h e  wool .  T h i s  h a s  
a lso b e e n  f o u n d  b y  SCHOBERL AND HAMM 25 w h o  u s e d  c y a n i d e - a c t i v a t e d  p a p a i n .  
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PREPARATION OF WOOL SAMPLES WITH KNOWN LANTHIONINE CONTENT 

In order to obtain wool samples with known lanthionine content we treated wool 
with potassium cyanide. According to the literature s, 9, 2, this reaction proceeds smoothly 
as follows : 

R-CH~-S-S-CH~-R + KCN -~ R-CH2-S-CH~-R + KCNS (i) 

For each reacted cystine bond equivalent quantities of lanthionine residues and thio- 
cyanate are formed. 

As determination of lanthionine itself is very difficult, we determined the decrease 
of total sulphur and of cystine sulphur of the wool and the amount of thiocyanate 
formed in the solution. 

The wool was  t r e a t e d  as descr ibed by  FARNWORTH, NEISH AND SPEAKMAN 9, 26, 5 g samples  of 
degreased  wool y a r n  were t r e a t e d  w i t h  15o ml  o.1 mola r  p o t a s s i u m  cyan ide  (pH lO.6) a t  6 6 ° C  
for 3o, 60 and  12o minu tes .  I n  a n o t h e r  e x p e r i m e n t  5 g tops  were boiled w i t h  o . i  molar  p o t a s s i u m  
c y a n i d e  d u r i n g  30 minu tes .  The  wool  was  f i l tered off and  i ts  su l phu r  2 and  cys t ine  TM con ten t s  were 
d e t e r m i n e d .  The  f i l t ra tes  con t a ined  t h i o c y a n a t e  which  was  d e t e r m i n e d  by  a modified ferric thio-  
c y a n a t e  p rocedure .  The  excess  cyan ide  did no t  inf luence colour  format ion.  This  is in ag reemen t  
w i t h  a s t a t e m e n t  of WooDs  AND MELLON 28. We  used an excess of i ron (III) n i t r a t e  in d i lu ted  ni t r ic  
ac id  to  o b t a i n  the  bes t  resu l t s  TM. The colour  was  measu red  a t  45o m/2 because  the  absorp t ion  m a x i m u m  
is sh i f t ed  to  th i s  shor te r  w a v e  l eng th  by  us ing  an excess of iron. The na tu re  of the  coloured complexes  
of ferric i ron and  t h i o c y a n a t e  has  formed the  sub jec t  of m u c h  con t rove r sy  in the  past ,  b u t  has  been 
c leared  up b y  n u m e r o u s  pub l i ca t i ons  of the  l a s t  decade 17. 

CUTHBERTSON AND PHILLIPS s showed already that the thiocyanate formed during 
treatment of wool with potassium cyanide is roughly equivalent in amount to the 
sulphur lost by the wool. 

The results of our determinations are summarized in Table II .  As can be seen from 
this table there exists a remarkable agreement with the amounts expected according 
to equation (i). I t  has to be taken into account that part of the wool dissolves during 
the treatment (about 3% of the weight after two hours at 66 ° C) and also that the 
values of the decrease of disulphide sulphur may be low because of loss of cystine during 
hydrolysis*. Therefore, the value of the thiocyanate sulphur may be the most reliable 
for the estimation of the lanthionine content. The nitrogen content of the wool was 
found to remain constant during the reaction. I t  seems that no side reactions take place 
next to the reaction of equation (I). 

TABLE II 

Duration 
o/treatment Temperature Decrease Decrease Thiocyanate-S Lanthionine 

in rain o C o/total S o/disulphide-S in solution % 

3 ° 66 0.35 0.62 0.33 2.1 
6o 66 o.5o o,88 o.49 3. i 

12o 66 0.78 1.2o o.65 4.4 

3 ° ioo  1.3I 2.28 1.2o 7.9 

SOME PROPERTIES OF OVOKERATIN 

Egg-shell membranes consist for the greater part of a very resistant type of protein. 
They do not readily dissolve in sodium sulphide solutions 1~ arid resemble the epicuticle 
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preparations in this respect. Most of the information o n t h e  properties of the egg-shell 
membranes  can be found in the book by  ROMANOFF AND ROMANOFF 2s. 

The chemical composition of the membranes has been studied extensively. Ac- 
cording to CALVERY 6 they consist of pure keratin, because arginine, lysine and histidine 
occur in the proportions 12 : 4: i. However, different figures for these amino acids are 
given by  PLIMMER AND ROSEDALE 21. MORAN AND HALE 2° state that  the egg-shell 
membranes contain mucin apart  from keratin, on account of histochemical evidence. 
According to ROMANKEWITSCH 22 several authors believe that  the membranes contain 
chitin. Probably the controversies arise from different methods of purification of the 
membranes:  some investigators wash them only in water  or salt solution, whilst others 
clean them thoroughly, e.g. by enzyme treatment .  

No special precautions were taken to purify our preparations. Under the polarizing 
microscope some patches of birefringent protein could be observed adhering the non- 
birefringent sheets of ovokeratin fibres in these samples. Preliminary histochemical 
experiments carried out in our laboratory by J. ISINGS with cross-sections of the inner 
and outer membrane seemed to confirm the observations of MORAN AND HALE. 

The nitrogen content was found to be 15.9 % (the values reported in the literature 
vary  from 13.2 to 16.6%). 

The amino-acid composition was studied by  paper  chromatography of the hy- 
drolysates. The results agreed with the older amino-acid analyses mentioned in the 
literature 23, but  the following additional information was obtained: 

In our paper chromatograms a weak tyrosine spot was detected. I t  has been 
assumed by  several authors that  tyrosine is absent, because the membranes do not 
react with Millon's reagent. Others state tha t  2.5-3 % tyrosine is present. 

Serine and threonine were observed by  us in fair amounts and the valine spot was 
very strong. We found a rather  high histidine content, visible after ninhydrin sprayiug 
and appearing very strongly with Pauly 's  reagent. We believe that  the ovokeratin 
contains several per cents, of this amino acid, contrary to the value of 0.9% given by  
CALVERY 6. 

No lanthionine was found in the hydrolysates. Indications of the presence of sugars 
were found, but  none of glucosamine. 

DISCUSSION 

The chemical evidence obtained by  paper chromatography of hydrolysates of 
epicuticle protein shows that  this protein resembles wool keratin in many  respects. The 
preparations obtained by dissolving the non-epicuticle parts  of the wool in sodium 
sulphide solution contain tyrosine. I t  has been suggested by  others that  this amino acid 
does not occur in the epicuticle itself, because the epicuticle is not stained by  PAUL¥'S 
reagent. However, we do not think a staining of the extraordinary thin membranes to 
be visible. From the well-known fact tha t  wool damage can be ascertained with PAULY'S 
reagent it can merely be concluded that  the undamaged epicuticle is impermeable to 
diazotized sulphanilic acid. On the other hand, we found evidence of a rather  high 
histidine content of our epicuticle preparations and also of ovokeratin, which has al~o 
been reported to give a negative reaction with PAULY'S reagent. The high histidine 
content of our epicuticle preparations might be explained by  assuming tha t  it originates 
from the least soluble part  of the wool keratin, because the basic properties of histidine 
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residues might  hamper  its dissolving in the (alkaline) sodium sulphide solution. 
However,  the much  more basic arginine residues apparen t ly  are no t  enriched in our 
epicuticle preparat ions.  The ra ther  high hist idine conten t  of t h e - - a l s o  very r e s i s t a n t - -  
ovokera t in  seems in teres t ing  in connect ion with the composit ion and  properties of the 
epicuticle protein.  

We a t t emp ted  to demons t ra te  the presence of l an th ionine  residues. So far this has 
not  been successful, because the sodium sulphide- t reated epicuticle preparat ions  conta in  
thio-ether  l inkages formed by  the act ion of the sodium sulphide, whilst in  the bromine-  
t rea ted prepara t ions  any  lan th ion ine  residues present  would have been oxidized and  
conver ted  in to  uns tab le  oxidat ion products.  

I t  does no t  seem very  l ikely tha t  l an th ionine  residues are responsible for the 
resistance of epicuticle preparat ions  to sodium sulphide, as can be concluded from our 
exper iments  with potass ium cyanide- t rea ted  wool. On the other hand,  the rate of papain  
digestion of such wools remains  far beh ind  tha t  of un t r ea t ed  wool. The increased rate 
of decomposi t ion of a lkal i - t reated wool by  papa in  dur ing  the first two hours could be 
explained by  the increased accessibili ty resul t ing from swelling dur ing  the pre t rea tment .  
The observed resistance of sodium sulphide- t reated epicuticle toward enzymes might,  
at least par t ly ,  be due to the presence of thio-ether  linkages. 

I t  has been found in our labora tory  tha t  resistance toward t rypsine is qui te  different 
in the two types of epicuticle prepara t ions  studied2L 

For  the es t imat ion  of the l an th ion ine  conten t  of potass ium cyanide- t rea ted  wool, 
the es t imat ion  of th iocyana te  l iberated dur ing  prepara t ion  has proved very useful. I t  
seems as if the react ion of wool with potass ium cyanide proceeds unambiguous ly  ac- 
cording to equa t ion  (I), at  least dur ing  the first stages. 

A subsequent  publ ica t ion  of this series will deal with the carbohydra te  par t  of the 
epicuticle preparat ions,  and  an overall discussion will be postponed unt i l  then.  

SUMMARY 

An investigation was made of the amino-acid composition of epicuticle protein and of ovo- 
keratin. Paper chromatograms of hydrolysates of epicuticle preparations resemble those from wool 
keratin. One of the differences was a higher histidine content. 

As a result of modifications during the chemical separation of the epicuticle membranes, the 
presence of lanthionine residues in the original epicuticle protein could not be ascertained. 

Wool samples with known lanthionine content were prepared by treatment of wool with 
potassium cyanide. The behaviour of these samples toward sodium sulphide and toward papain 
was studied. 

RI~SUMI~ 

On a dtudi4 les acides amin6s dont se compose la prot6ine de l'dpicuticule et de l'ovok~ratine. 
A l'aide de la chromatographie sur papier on a pu constater que les hydrolysats de l'6picuticule et 
de la laine se ressemblent fortement; cepcndant ceux de l'dpicuticule contiennent plus d'histidine. 

A cause des modifications que la substance prot6inique subit pendant la sdparation chimique 
de l'~picuticule, il a dtd impossible de constater la presence de rdsidues lanthionine dans l'~picuticule 
originale. 

A l'aide du cyanure de potassium des dchantillons de laine contenant un pourcentage connu de 
lanthionine ont 4t6 pr6par4s. La r~sistance de ces dchantillons contre le sulfure de sodium et la 
papaine a ~t~ 6tudide. 
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Z U SA MME N FA SSUNG 

Das Eiweiss der Epikut iku la  der Wolle gleicht in seiner Aminos~urenzusammense tzung  dem 
~vVollkeratin, wie durch  Papierchromatographie  der I-Iydrolysaten nachgewiesen wurde. Line der 
Differenzen war  ein h6heres Hist idingehalt .  Zum Vergleich wurde auch Ovokerat in  untersucht .  

Infolge chemischer Umwand lungen  wXhrend der Isolierung der Ep iku t iku lamembranen  liisst 
sich nicht  aussagen ob das urspriingliche Epikut ikulaprote in  Lanthioninbr i icken enthXlt. 

Durch  Behandlung  rnit Kal iumcyanid  wurden  Wollproben init bekann tem Lanth ion ingeha l t  
dargestellt.  Das  Verhal ten derart iger Wollproben gegen Natr iumsulf id  und gegen Papain  wurde  
untersucht .  
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