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C n N ~ , J ' ~  d col|a~jen and 9e|atin during a~ety|ation 

GREE.~, A_'~G _~_~'~ L ~  r fomad tha t  t r ea tmen t  of bovine hide powder with  a mixture  
of acetic axSd ~ ~ n e ~  ~ am~ydride caused acetvlat ion of the anfino groups and, more 
slowly, ~ l h ~  ~ s .  A re la ted method  using e thyl  acetate ,  acetic anhydr ide  
and i ~  ~ ~ ~ reported-% The acetylat ion of kera t in  (human hair) with hot  
I6 % (vpv') ~ m~h~nffari~ie in acetic acid was r e p o s e d  to result  in a product  t ha t  
showed less _-~t~ommlt~¢tion in aq. LiBr than  did not -ace ty la ted  kerat in  3. The 
method  off ~ ~ ~ r  has been used to modify collagen for t ann ing  studies a-6. 
CASSEL JL~a~ ]kItK~7~r~.~ ~ treed it to  s tudy  the roles of the  amino and  hvdroxvl  groups 
in the  ~ off ~ t t  (bovine corium), and  found tha t  ace ty la ted  corium showed 
redmx~ ~ ~lt p H  2- I2 .  The reduced swelling a t  low pH was a t t r ibu ted  to a 
reduced ~ ~ ¢ l~rge  due to blocking of amino groups, and  at  high pH to 
b l ~  off t h e  lh~l~,xFll groups which would otherwise ionize. The  la t te r  cannot  be 
correct bocam~ ~ t i ¢ '  kydroxyl  groups of proteins are not t i t ra tab le  at  pH IZ, 
and  ~ ~ ~- ]h  ~ l k i m g  a t  t h a t  pH undoub ted ly  hydrolyzed all the ester groups. 
Comple~  ~ off 0Uacetyl groups of ace ty la ted  collagen was accomplished by 
GRE.E-~ 4tg ~_~t mm~ ~ ][~_-&CKBURN AND PHILLIPS ° under  similar conditions. 

~ ~ _ x m ~ e c [  t ha t  t r e a t m e n t  of gelatin by  the method  of GREEN" et a l .  t 

resttl£~l in  a n  ~ product ,  and  proposed t h a t  cross-linking occurs th rough 
f o r m ~ m  off ~ ~ _  We had  s imultaneously made the  s~ame observation,  and 
obtairamd ~ Star ~ cross-links. KENCVlL~'GTON, in a pr iva te  communicat ion,  
has  ~ ~ ~ lira a~o has  found amide cross-linking in ace ty la ted  gelatin. 
We p r  _~m~ ~ ~ separately,  as our evidence relat ing to the quest ion of ester 
cross~Ymir~ imrv~v~ d a t ~  o,x ester-like links in the  original collagen at  variance with 
d a t a  of 

~ ,  ~ e r c i a I  flake gelatin swells bu t  does not dissolve readily 
in ho t  ~-a~r .  ~ t[ov several days  at  5o ~ gradual ly  brings the  gelatin into solution. 
The "o~igi$~ ~ ~ in wate r  at  50 ° in a few minutes.  The acety la ted  gelatin 
has  t tm ~ o i m r t i e s  ~2~¢a~ of a polymer l ightly cros.~-linked. The reduced swelling of 
acety'la~e~ ~ f~0m~ by CASSEL AND McKENSA ~ can be explained by cross- 
linkiaxg_ The  ~ndi~aecll s~-inkage of ace tv la ted  kerat in  may  also be explained by 
cross~linlki~o a l f lm~l~  ~ e  have not  sought  proof in this case. A reasonable mechanism 
for c x ~  ~ ~  of z steps" (i) react ion of acetic anhydr ide  with protein 
c a r b o x ~  . g ~ l ~  ~to ~ mixed anhydr ides '  (2) reaction of the  mixed anhydr ides  
wi th  a m i t ~  ~ h ~ x ~ _  g~oups to form intermolecular  (an d perhaps intramolecular)  
a_m__ide ~ ~ ~ .  :~m-;de cross-links were indicated by the observat ion tha t  the 
r e a g e ~  ~ff Gm~,-x ~ ~d. ¢ioes not insolubi!ize gelat in in which the amino groups pre- 
viously ~ ~ ~ t e t I  in wate r  at  pH 9- In the  same way  we had  found earlier 
t h a t  ~ ~ t i o ~ x  of gelatin is due to the formation of amide cross-links m. 

~ ' ~ r  off es ter  cross-links accompanying the  amide links was investi-  
ga ted  b y  ~se o f f h ~ e .  Flake gelatin,  bovine corium or bovine achilles tendon 
was ~ mirth ~ e t i e  a c i d -  acetic anhydr ide  (4o :6o, v/v) for 5 days  at  room 
t ~ ~  ~ ~ ~  in acetic acid for 2 h, in 4 changes of acetone and  6 daily 
ctmaages off ~ ~r~e~r. T~ne pieces of gelatin or collagen were then  soaked for 24 h 
in  4 M ~ L - ~  ~ ~ i~ 3 M NHzOH at pH 8.6 for I6 h at  room tempera ture .  
This t r e a t m m ~  ~-~ttecl~ m dissolution of all the gelatin and  about  5 ° % of the  corium 
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or tendon.  Similar  t r e a t m e n t  of n o n - a c e t y l a t e d  gela t in ,  cor ium or t e n d o n  dissolved 
all of the  gela t in  a n d  8o-9  ° % of the  corium. The  solut ions  and~ insoluble ma te r i a l s  
were d ia lyzed a t  4 ° aga ins t  a large vo lume  of 1 %  acet ic  acid for I or 2 days  and  
then  aga ins t  wate r ,  w i th  mixed  ion-exchange  resins in the  ou te r  c o m p a r t m e n t ,  t o  
remove  hvd roxv lamine .  The  same  resu l t s  were  ob ta ined  w h e t h e r  a m i x t u r e  of H + 
a n d  O H -  or of ~qa+ a n d  C1- resins were used, or if acet ic  acid  was  not  used before t h e  
resin. The  solut ions  were freeze-dried a n d  t he  insoluble ma te r i a l  was  air-dried.  The  
soluble por t ions  were  a n a l y z e d  for h y d r o x a m i e  ac id  by  the  m e t h o d  of BERGMANN 
AND S E G A L I 1 ;  t he  insoluble por t ions  were not  ana lyzed .  There  was  no increase  in 
h v d r o x a m i c  acid con ten t  in the  acet '¢ la ted mate r i a l s  as c o m p a r e d  wi th  the  controls  
(Table I). A p p a r e n t l y  t he re  were no es te r  cross-l inks in the  soluble pa r t s  ; t he  insoluble 
p a r t s  canno t  con ta in  es ter  cross-l inks a f te r  t he  h y d r o x y l a m i n e  t r e a t m e n t ,  b u t  m a y  
h a v e  had  such l inks before. I t  is p robab le  t h a t  the  large por t ion  of a c e t y l a t e d  collagen 
t h a t  is insoluble in h y d r o x y l a m i n e  con ta ins  amide  cross-links. 

T A B L E  1 

H Y D R O X A M A T E  C O N T E N T  O F  A C E T ' ~ L A T E D  T E N D O N ,  C O R I U M  A N D  G E L A T I N  

S a m p l e  H y d v o x a m a t ¢  (mo les l  x o 5 g)  

T e n d o n ,  a c e t i c  c r o s s - l i n k e d ,  z r u n s  
T e n d o n ,  c o n t r o l  
C o r i u m ,  a c e t i c  c r o s s - l i n k e d ,  

3 s a m p l e s ,  4 r u n s  
C o r i u m ,  c o n t r o l  
G e l a t i n .  a c e t i c  c r o s s - l i n k e d .  2 r u n s  
G e l a t i n .  c o n t r o l  

o.4,  0 .5  
0 .  5 

0.5,  0 .4 ,  0 .7 ,  0 .5  
o. 3 
o.5,  o .7  
0. 4 

As the  h y d r o x a m a t e  va lues  for t h e  soluble controls  are as l i t t le  as o n e - t e n t h  
those  r epo r t ed  by  o thers  for different  col lagens x2, x3 we c a n n o t  exclude  t h e  possibi l i ty  
of some es ter  cross-l inks un t i l  the  d i sag reemen t s  h a v e  been  expla ined.  The  p resen t  
h v d r o x a m a t e  va lue  for the  cont ro ls  are  s o m e w h a t  smal ler  t h a n  :~e h a d  r e p o r t e d  p re -  
v iously  14. The  molecu la r  we igh t  of the  solubil ized cont ro l  cor ium collagen (completely  
gela t in ized,  of course) was  found  to be a b o u t  34" lO3 b y  sed imenta t ion-d i f fus ion  and  
30" IO n by  osmotic  pressure.  The  molecu la r  we igh ts  were  d e t e r m i n e d  using ace t a t e  
buffer con ta in ing  0.5 M NaCtO, ,  a t  3 o°, to  p r e v e n t  aggregat ion .  These  va lues  cor- 
r e spond  to a b o u t  1~ of an  ind iv idua l  col lagen molecule,  neg lec t ing  the  possibilits, 
of b ranch ing .  If the  b r eaks  ind ica t ed  b y  the  molecular  we igh t  represen t  the  presence 
of ester- l ike l inks in the  original  cor ium, the i r  n o n - a p p e a r a n c e  as hydxoxama te s  max" 
be due to loss by  dialysis  or to decomposi t ion .  The  b reaks  m a y  also resul t  f rom t h e  
ac t ion  of the  a c e t y l a t i n g  m i x t u r e  on t h e  prote in .  T h e  s imi la r i ty  be tween  the  osmotic  
a n d  s ed imen ta t i on  molecu la r  we igh t s  sugges ts  t h a t  the  non-d ia lyzab le  m a t e r i ~  is 
fair ly homogeneous .  

T h a t  only abou t  5 ° % of the  a c e t y l a t e d  corium, compared  to 80-9o % of t h e  
control ,  dissolved in h y d r o x y l a m i n e  is ind ica t ive  of non-un i fo rmi ty  in th is  matea~M. 
At w h a t  levels of o rgan iza t ion  these  differences arise is not  yet  knovcn. I t  was  not~ 
t h a t  squares  of cor ium af ter  cross-l inking,  h y d r o x y l a m i n e  t r e a t m e n t ,  washing,  a n d  
dr~qng in air  were  of nea r ly  the  same a rea  as  before t r e a t m e n t ,  bu t  were th inner ,  m o r e  
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brittle, translucent,  and had grainy surfaces. Cross-linking of corium or tendon with 
a water-soluble carbodiirnide, followed by t rea tment  with perchlorate resulted in 
products of which only 30 % could be dissolved in hydroxylamine.  Amino acid analyses 
showed little difference between the soluble and insoluble portions of corium or tendon 
cross-linked with either anhydride or carbodiimide. 

The function of the acetic acid in the acetylating mixture was proposed by 
GREEN et al. ~ to be of a catalytic nature.  Our observations suggest that  its function 
is to swell the collagen or gelatin to permit penetration of the anhydride. Flake gelatin 
in acetic anhydride did not swell and was not acetylated, while freeze-dried gelatin, 
which is porous, was 50 % acetylated, under the same conditions. 
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