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INTRODUCTION 

As shown in our previous publications 24, 25 the main constituent of epicuticle prep- 
arations obtained from wool by treatment with sodium sulphide or bromine is protein. 
This same conclusion was reached by ZAHN sl. The low nitrogen content of our prepara- 
tions further seemed to indicate the presence of carbohydrate. In fact LAGERMALM AND 
GRAL~N 15 claim to have demonstrated the presence of a sugar in epicuticle hydrolysates. 
Moreover these authors suggest that  the carbohydrates are to be considered as true con- 
stituents of the epicuticle whereas the protein part  of the preparations might for a great 
part  consist of contaminations. 

BOLLIGER AND McDoNALD 8 found that hair contains considerable quantities of 
glycogen, which can be extracted with water. As it was difficult to detect the glycogen 
histologically 4 in the hair, it was assumed that  it is loosely bound to the hair keratin. I t  
seems improbable, however, that  epicuticle preparations still contain glycogen, because 
this substance would have dissolved during the treatment used for their isolation. An- 
other water-extractable carbohydrate found in hair by BOLLIGER AND PETERS 5 consists 
of pentose, probably ribose. 

As far as is known to us, no other investigations have demonstrated the presence of 
carbohydrates in wool. I t  is known, however, that  especially the medulla of some hairs 
contains non-proteinaceous constituents, e.g. steroids ~. The elementary composition of 
scoured wool indicates that  no major constituents apart from wool keratin are present. 
If the whole carbohydrate content is assumed to be concentrated in the epicuticle, it 
should account for less than o.2 % of the wool weight. By the methods used to obtain 
epicuticle preparations an enrichment of the carbohydrate occtlrs. Further  enrichment, 
although accompanied by some loss in quantity,  can be obtained by the use of papain- 
treated 2~ wool. 

Several sensitive methods have been developed to detect small amounts of carbo- 
hydrate in the presence of protein. In the orcinol method ~ the yellow colour of some 
hydrolysates is a disturbing factor and the colours developed are very unstable; further- 
more the time dependence of the absorption is difficult to interprete with sugar mix- 
turesXL Better  results were obtained with the anthrone reagent of DREYWOOD 7 using a 
modification of the method of TREVELYAN AND HARRISON s~. The present investigation 
deals with the carbohydrate content not only of epicuticle preparations but  also of egg 
shell membranes, because the latter resemble the epicuticle of wool in many respects. 
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A further object of the present investigation was to identify the sugars obtained by 
hydrolysis of carbohydrate-containing epicuticle preparations. As drastic means are 
needed to dissolve the epicuticle and most sugars are decomposed by hot concentrated 
acids, we tried to find conditions by which as much as possible of our epicuticle prepara- 
tions was dissolved without destruction of the sugars. The latter were investigated by 
paper chromatography after removal of the amino acids and peptides by the use of 
ion-exchange resins. 

METHODS 

Determination o[ carbohydrate 
The  a n t h r o n e  r eagen t  7 ha s  been successful ly  used  for t h e  d e t e r m i n a t i o n  of c a r b o h y d r a t e s  by  

a n u m b e r  of a u t h o r s  e.g.~,*,xs,xg, 98,~8. The  colour  d e v e l o p m e n t  is no t  t he  s ame  for equ imolecu la r  
a m o u n t s  of different  sugars .  For  e x a m p l e  ga lac tose  gives a b o u t  ha l f  as  m u c h  colour  as glucose TM. 
The  m e c h a n i s m  of t he  colour  d e v e l o p m e n t  seems  to  involve  t he  p rev ious  fo rma t ion  of h y d r o x y -  
m e t h y l f u r f u r a l  f rom hexoses  and  fur fura l  f rom pen toses  3,38. The  ve loc i ty  of these  reac t ions  depends  
on t he  s t r u c t u r e  of t he  s t a r t i n g  sugar .  The  fur fura l  c o m p o u n d  fo rmed  reac t s  wi th  t he  a n t h r o n e  
rapidly,  fo rming  a green colour  wi th  a m a x i m u m  a t  625, subs.  6o8 m/~. 

I n  t he  following, resu l t s  are  expressed  in glucose equ iva len t s ,  because  it  was  found  t h a t  t h e  
m a i n  suga r  p re sen t  in epicuticle  h y d r o l y s a t e s  was glucose.  

Hydrolysis 
I t  is k n o w n  t h a t  suga r s  are  des t royed  b y  t he  ac t ion  of concen t r a t ed  s t r ong  acids  a t  h igh  

t e m p e r a t u r e  (e.g.X6). H i gh  t e m p e r a t u r e s  are  also des t ruc t ive  when  us ing  d i lu ted  acids  2°, and  m a y  
cause  some  decompos i t ion  even  u n d e r  neu t r a l  condi t ions  s°. Pen toses  and  ke tohexoses  are  more  eas i ly  
des t royed  t h a n  a ldohexoses  x~,38. I t  s eems  t h a t  t he  use  of i N acid for no t  more  t h a n  2 hour s  a t  
ioo  ° C is genera l ly  accep ted  as permiss ib le  in the  case of t he  hexoses .  However ,  some  c a r b o h y d r a t e s ,  
e.g. cellulose, are  n o t  comple t e ly  h y d r o l y s e d  b y  th i s  t r e a t m e n t  and  require  t h e  use  of c o n c e n t r a t e d  
acid. Concen t r a t ed  acids  t e n d  to cause  ester i f icat ion and  revers ion  b u t  s u b s e q u e n t  d i lu t ion  and  
boi l ing nullifies t hese  effects, Such  a comb i ned  hydro lys i s  wi th  sulfuric  acid ha s  been ex t ens ive ly  
used  in t he  cellulose field, e.g. in t he  modif ica t ion  of H:~GGLUND AND BRATT ll, and  excel lent  yields 
of glucose h a v e  been repor ted .  C oncen t r a t ed  hydrochlor ic  acid a t  3 7 ° C  is used  in t he  BERGIUS 
process  1 for wood sacchar i f icat ion.  

LAGERMALM AND GRAL]~N 1~ used  20 or 36 % hydrochlor ic  acid a t  ioo ° C for io  hour s  to dissolve 
the i r  epicut icle  p r epa ra t i ons  for c a r b o h y d r a t e  analys is .  W e  found  t h a t  glucose and  galac tose  are 
des t royed  unde r  these  condi t ions .  

However ,  excel lent  recover ies  of glucose (as e s t i m a t e d  b y  the  a n t h r o n e  method)  were ob ta ined  
wi th  c o n c e n t r a t e d  s t r ong  acids  a t  m o d e r a t e  t e m p e r a t u r e s .  Wool  was  no t  comple t e ly  dissolved by  
t he  su lphur i c  acid hydro lys i s  of H•GGLUND AND BRATT 11, b u t  comple te  d isso lu t ion  was  ach ieved  in 
c o n c e n t r a t e d  hydroch lor ic  or  h y d r o b r o m i c  acid a t  37 ° C wi th in  16 hours ,  p rov ided  t he  m i x t u r e  was  
v ib r a t ed  ". The  hydro lys i s  of wool in io  N hydrochlor ic  acid a t  37 ° C ha s  been s tud ied  by  GORDON, 
MARTIN AND SYNGE s, who  found  t h a t  a f te r  24 hou r s  a b o u t  a th i rd  of t he  pep t ide  bonds  has  been 
hydro lysed .  The  epicut icle  p r e p a r a t i o n s  p roved  s o m e w h a t  more  r e s i s t an t  t h a n  wool to t he  d isso lv ing  
ac t ion  of s t r ong  acids,  for e x a m p l e  i t  was  found  t h a t  a b o u t  15 % of t he  organic  m a t t e r  of s o d i u m  
su lph ide  t r ea t ed  p r e p a r a t i o n s  was  no t  d issolved by  IO N hyd rob romic  acid a t  37 ° C af te r  16 hours .  
I t  seems  improbab le ,  however ,  t h a t  a n y  c a r b o h y d r a t e  would n o t  be dissolved u n d e r  these  condi t ions .  

EXPERIMENTAl. PART 

Carbohydrate present in epicuticle preparations 
The wool tops used for the preparation of our epicuticle samples contained 0.05 % 

carbohydrate (glucose equivalents found by the anthrone method). The slight amounts 
of cellulose fibres always present in wool are considerably enriched by the procedures 
used to obtain epicuticle preparations. Especially if wool is used which has previously 
been treated with papain 2s, high carbohydrate contents are found. This can be explained, 
however, on account of the small yield obtained in this case; under the electron micro- 
scope the membranes were very thin and had a damaged appearance. 

* W e  used  a Miiller "Vibro  Mischer" .  
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A convenient way to remove foreign matter  from epicuticle suspensions consists of 
filtration through coarse sinterglass filters. By this method the carbohydrate content of 
our epicuticle preparations has been reduced to o.6-o.7 %. It was found by microscopical 
examination (staining with zinc chloride-iodine), that at least part of this carbohydrate 
content was due to the presence of (damaged) cellulose fibres. 

I t  seemed desirable to remove the cellulose contaminations from wool more quanti- 
tatively by chemical means. Some samples of technically carbonized wool were still 
found to contain o.o3 % carbohydrate (anthrone method). We therefore treated wool 
samples with sulphuric acid of 7 ° % at 38°C for 15 minutes as recommended for the 
determination of wool in fibre blends 22. As the Allw6rden reaction was still positive, no 
essential parts of the epicuticle are removed by this treatment.  The carbohydrate content 
of epicuticle preparations obtained by dissolving acid treated wool samples in sodium 
sulphide solution was less than o.4 % ; despite this low carbohydrate content, this prepa- 
ration was still found to contain a few cellulosic fibres on microscopical examination. 
Probably these contaminating fibres have entered after the acid treatment of the wool. 
As the preparing of epicuticle samples had to be accomplished in a laboratory where at 
the same time research on cellulose is performed, this could hardly have been avoided. 

The investigation of the sugars in epicuticle hydrolysates was performed after re- 
moval of the very large excess of peptides and amino acids by the use of cation-exchange 
resin ("Dowex 5o"). I t  was shown by control experiments that  all ninhydrin-reacting 
material is withheld by this resin from moderately acid solution without any substantial 
loss of sugars. In the case of hydrochloric or hydrobromic acid hydrolysates the excess 
acid was removed by repeated evaporation in vacuo. When sulphuric acid was used, the 
acid had to be removed with baryta or anion-exchange resin. This procedure needs ex- 
treme care, because alkaline conditions favour rearrangements of the sugars, and further 
because sugars are partly lost by passage througb certain types of anion-exchange resins. 
For these reasons we generally prefer the use of hydrochloric acid for hydrolysis. 

It  was found by paper chromatography that  the hydrolysates of our epicuticte 
preparations contained glucose in appreciable amounts. As the preparation contained 
cellulose, this result could be expected. It  was of interest, however, whether the hydro- 
lysates contained any other sugar besides glucose, especially whether a sugar behaving 
chromatographically like galactose was present as described by LAGERMALM AND 
GRALI~N 15. No such sugar was discerned by us, but  unfortunately glucose and galactose 
resemble each other very much, differing only in the configuration at C 4. For this reason 
they are not well separated on paper chromatograms TM and a small amount of galactose 
might be overlooked in the presence of a large amount of glucose. 

Experiments to prove definitely the absence of galactose by other methods e, 10,18, 31, 2e 
are still being continued. 

Our chromatograms also showed some faint spots of faster moving sugars. 

Carbohydrate present in egg-shell membranes (ovokeratin) 

Inner and outer egg-shell membranes were collected separately from the environ- 
ment of the air chamber of unboiled eggs. The dried samples contained 1.7 and 1.8 % 
carbohydrate (glucose equivalents), respectively, as found by the anthrone method. 

20 mg samples were hydrolysed (5 ml HC1 12 N, 37°C, 16 hours) and the protein 
degradation products removed in the usual manner by treatment with cation-exchange 
resin "Dowex 5o". The sugars were investigated by two-dimensional paper chromatog- 
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raphy. Spots showed up at the positions of galactose, glucose and mannose. An un- 
identified spot suggested the presence of a pentose or methylpentose. 

D I S C U S S I O N  

From the preceding experiments it may be concluded that the epicuticle of wool can 
be obtained practically free from carbohydrate, if sufficient precautions are taken to 
remove previously the small amount of cellulosic material always present in commercial 
wool samples. Removal of the cellulose fibres by acid treatment does not alter the essen- 
tial properties of the epicuticle layer, as may be concluded from the unimpaired All- 
w6rden reaction of the treated wool samples. 

I t  is admitted that  no method has been found to hydrolyse epicuticle preparations 
completely and at the same time prevent the decomposition of any sugars present in the 
hydrolysate. However, the major part  of the epicuticle can be brought in solution by 
treatment with concentrated acids at moderate temperatures, and it seems extremely 
improbable, that  under these conditions, the undissolved residue would contain carbo- 
hydrate and the solution none. 

I t  is difficult to explain the results obtained by LAGERMALM AND GRAL]~N 15 because 
the hydrolysis employed by these authors might lead to almost complete destruction of 
any carbohydrate present. So far we were unable to detect a sugar with the RFvalue  of 
galactose in our hydrolysates. 

Thus carbohydrate does not form an essential part of the epicuticle. Neither is this 
the case with the ashes, which were shown ~4 to consist mainly of quartz. Small amounts 
of waxy material were sometimes encountered in our preparations, but this can be 
prevented by a thorough solvent extraction of the wool to be used for the epicuticle 
preparations. It  was shown previously ~4 that  even after an extraction with ether for 96 
hours the wool still shows an unimpaired Allw6rden reaction, and quite normal yields of 
epicuticle could be obtained from such wools. The possibility that  the sebaceous gland 
takes part  in epicuticle formation has also been ruled out on histochemical grounds 24. 

The remaining part  of the epicuticle preparations consists of protein which differs 
definitely from the bulk of the wool protein. The differences can be explained by assum- 
ing a higher degree of cross-linking .5. Lanthionine cross-linkages might be responsible for 
resistance towards papain; indeed it seems as if the epicuticle protein is partly attacked if 
the papain t reatment  precedes the treatment with sodium sulphide, while it is known, 
that  the latter introduces lanthionine residues in cystine-containing proteins. On the 
other hand only limited resistance towards the dissolving action of sodium sulphide was 
obtained by treating wool with potassium cyanide, which treatment converts a considera- 
ble part of the cystine linkages into lanthionine linkages. We did not succeed, however, in 
demonstrating definitely that  lanthionine residues are absent in the original epicuticle. 

I t  is tentatively assumed that  another type of cross-linkages, e.g., peptide, is present 
in wool epicuticle. In this connection the similar properties of ovokeratin are interesting. 
Although the egg-shell membranes contain some carbohydrate, we do not think this 
constituent to be able to exert a great influence on the properties of the protein (unless 
this carbohydrate is involved in some type of cross-linking). I t  seems more probable that  
the amounts of the basic amino acids present in both epicuticle and ovokeratin form a 
clue for further investigations in this field. Some physical methods may also be helpful in 
obtaining more information. 
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S U M M A R Y  

I t  was found  t h a t  t he  c a r b o h y d r a t e  c o n t e n t  of epicuticle p r epa ra t i ons  or ig ina tes  f rom the  
presence  of c o n t a m i n a t i n g  cellulosic fibres. Pu re r  p r epa ra t i ons  can  be ob ta ined  by  mechan i ca l  and  
chemica l  m e a n s  w i t h o u t  a l te r ing  t he  essent ia l  p roper t ies  of the  epicuticle.  

I n  con t r ad i s t i nc t i on  to the  epicuticle  of wool, ovokera t in  con ta ins  a smal l  pe rcen tage  of carbo-  
h y d r a t e .  A m o n g  t he  hydro lys i s  p roduc t s ,  galactose,  glucose and  m a n n o s e  were identif ied by  pape r  
c h r o m a t o g r a p h y .  

R g S U M t ~  

Les glucides  que  l 'on  t r ouve  d a n s  les p r6pa ra t ions  de l '6picut icule  de la laine, p r o v i e n n e n t  des  
impure t~s ;  A l 'a ide  de l ' e x a m e n  microscopique  on a pu  cons t a t e r  la presence  de fibres cel lulosiques.  
P a r  cer ta ines  m6 thode s  ch i mi ques  et  m6can iques  on a pu  ob ten i r  des p r6para t ions  p lus  pu res  s ans  
change r  les propri6t6s  essentiel les  de l '6pieut icule.  

C o n t r a i r e m e n t  g l '6picut icule  de la laine, l ' ovokdra t ine  con t i en t  une  cer ta ine  q u a n t i t 6  de glucide.  
A l 'a ide de la c h r o m a t o g r a p h i e  sur  pap ie r  on a pu  identif ier  p a r m i  les p rodu i t s  d ' h y d r o l y s e  le galactose,  
le glucose et  le mannos e .  

Z U S A M M E N F A S S U N G  

Der  K o h l e n h y d r a t g e h a l t  von  E p i k u t i k u l a p r g p a r a t e n  s t a m m t  aus  cel luloseart igen Verunre in i -  
gungen .  Es  ist  m6gl ich  re inere  P r g p a r a t e  zu b e k o m m e n  ohne  die wesen t l i chen  E i g e n s c h a f t e n  der  
E p i k u t i k u l a  zu gndern .  

I m  Gegensa tz  zur  E p i k u t i k u l a  enthi i l t  Ovoke ra t i n  e inen kle inen P rozen t s a t z  K o h l e n h y d r a t .  
U n t e r  den  h y d r o l y t i s c h e n  S p a l t p r o d u k t e n  w u r d e n  Galaktose ,  Glukose  u n d  Mannose  mi t t e l s  Pap ie r -  
c h r o m a t o g r a p h i e  nachgewiesen .  
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