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S t u d i e s  on  the  S t r u c t u r e  of C o l l a g e n  I I I L  O n  

the  P r e s e n c e  of a - K e t o  A c i d s  in C o l l a g e n  

S e v e r a l  p a p e r s  ~-5 m e n t i o n e d  t h e  p r e s e n c e  o f  c a r b o n y l  
c o m p o u n d s  i n  c o l l a g e n .  T h e  o n l y  o n e  g i v i n g  s o m e  e v i d e n c e  
a b o u t  t h e  s t r u c t u r e  o f  o n e  of  t h e s e  c a r b o n y l  c o m p o u n d s  
is  t h a t  of  GALLOP e t  al .  4,6. D u r i n g  o u r  s t u d i e s  x,6 o n  
d i g e s t i o n  o f  c o l l a g e n  b y  v a r i o u s  e n z y m e s  ( p r o n a s e ,  p e p s i n ,  
t r y p s i n ,  c h y m o t r y p s i n } ,  i t  b e c a m e  e v i d e n t  t h a t  s e v e r a l  
c a r b o n y l  c o m p o u n d s  a p p e a r  a m o n g  t h e  d i a l y z a b l e  b r e a k -  
d o w n  p r o d u c t s .  T h e  n a t u r e  a n d  a m o u n t  o f  t h e s e  c a r b o n y l  
c o m p o u n d s  a r e  d e s c r i b e d  in  t h i s  c o m m u n i c a t i o n .  

A c i d  s o l u b l e  a n d  i n s o l u b l e  c o l l a g e n  w e r e  p r e p a r e d  
a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  RUBIN e t  a L L  T h e s e  
c o l l a g e n s  w e r e  d i g e s t e d  b y  p e p s i n  a n d  p r o n a s e  a c c o r d i n g  
t o  DRAKIg e t  al.  s. 

T h e  c a r b o n y l  c o m p o u n d s  w e r e  d e t e r m i n e d  b o t h  i n  t h e  
u n d i a l y z a b l e  t r e a t e d  c o l l a g e n  a n d  i n  l o w - m o l e c u l a r  
w e i g h t  p e p t i d e  m i x t u r e .  

T h e  p e p t i d e - c a r b o n y l  c o m p o u n d s  m i x t u r e  w a s  s e p a -  
r a t e d  b y  m e a n s  o f  c o n t i n u o u s  p a p e r  e l e c t r o p h o r e s i s  in  
p y r i d i n e - a c e t a t e  b u f f e r  ( p H  6.3 # == 0.1). T h e  c a r b o n y l  
c o m p o u n d s  w e r e  c o n c e n t r a t e d  o n  t h e  p o s i t i v e  s ide  of  t h e  
s h e e t ,  w h e r e  n o  p e p t i d e s  w e r e  p r e s e n t .  

T h e  c a r b o n y l  c o m p o u n d s  w e r e  c o n v e r t e d  t o  c o r r e -  
s p o n d i n g  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e s  a n d  w e r e  s e p a -  
r a t e d  b y  m e a n s  o f  T L C  o n  s i l i ca  gel .  T h e  f o l l o w i n g  
s o l v e n t  s y s t e m s  w e r e  u s e d :  (1) F o r  a l u m i n a  l a y e r s :  
b u t a n o l - p y r i d i n e - a c e t i c  a c i d - w a t e r  (30:  20:  6:  24) ( s o l v e n t  
A) ,  a n d  t o l u e n e - p y r i d i n e - e t h y l e n e  c h l o r o h y d r i n e - 0 . 8  M 
a m m o n i a  ( 1 0 0 : 3 0 : 6 0 : 6 0 )  u p p e r  p h a s e  ( s o l v e n t  B) .  (2) 
F o r  s i l i ca  l a y e r s :  s o l v e n t  A,  s o l v e n t  13, c h l o r o f o r m -  
b e n z y l a l c o h o l - a c e t i c  a c i d  ( 7 0 : 3 0  : 3), n - b u t a n o l - p y r i d i n e  
(10 :1 ) ,  n - b u t a n o l - a c e t i c  a c i d  (10 :1 ) ,  a n d  n - b u t a n o l -  
a c e t o n e  (10 : 1). 

4 d i s t i n c t  s p o t s  h a v e  b e e n  s e p a r a t e d  a n d  i d e n t i f i e d :  
¢¢-ke tog lu ta r i c  a c i d ;  ~ - k e t o i s o v a l e r i c  a c i d ;  p y r u v i c  a c i d ;  
a n d  a n  a l d e h y d e  o f  u n k n o w n  c o m p o s i t i o n ,  p r o b a b l y  
t h e  s a m e  a s  d e s c r i b e d  b y  ROJKIND e t  al.  3 ( a c c o r d i n g  t o  
U V - s p e c t r a ) .  

W e  m e a s u r e d  t h e  U V - s p e c t r a  of  2 , 4 - d i n i t r o p h e n y l -  
h y d r a z o n e s ,  p - n i t r o p h e n y l h y d r a z o n e s  a n d  p - b r o m p h e n y l -  
h y d r a z o n e s  o f  i s o l a t e d  c a r b o n y l  c o m p o u n d s .  AU t h o s e  
w e r e  i n  e x c e l l e n t  a g r e e m e n t  w i t h  s p e c t r a  o f  m o d e l  c o m -  
p o u n d s .  

T h e  f i n a l  e v i d e n c e  w a s  o b t a i n e d  f r o m  r e d u c t i o n  o f  
2, 4 - d i n i t r o p h e n y l h y d r a z o n e s  b y  t i n  a n d  h y d r o c h l o r i c  a c i d  
t o  c o r r e s p o n d i n g  a m i n o  ac id s ,  T h e s e  a m i n o  a c i d s  w e r e  
s e p a r a t e d  o n  a n  a m i n o  a c i d  a n a l y z e r  9 a n d  t h e  p r e s e n c e  
o l  g l u t a m i c  ac id ,  a l a n i n e  a n d  v a l i n e  c o r r e s p o n d i n g  t o  
, ¢ -ke tog lu t a r i e ,  p y r u v i c  a n d  a - k e t o i s o v a l e r i c  a c i d s  w a s  
c o n f i r m e d .  
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2 ,4-DNPH reactive substances in collagen 

Sample Collagen Dialyzable pcptides Sum in the whole 
collagen molecule 

aldehyde keto- pyruvic keto- total aldehyde keto- pyruvic keto total alde- keto 
glutaric acid isovaleric keto glutaric acid isovalerie keto hyde acids 
acid acid acids acid acid acids 

Soluble 1.75 - - - 2.50 . . . . .  (2) (3) 
tropoeollagen 1.97 (2) + + + 2.89 (3) . . . . .  

2.10 - - - 2,39 . . . . .  

Buffalo fish 1.59 0.78 0.60 0 1.85 (2) . . . . .  (2) (2) 
tropocollagen 1.68 (2) 0.83 (1) 0.91 (1) 0 . . . . . .  

1,92 0.60 0.91 0 . . . . . .  

Pepsin treated 0.79 - - - 0.69 0.49 0.60 0.60 - - (2) (3) 
tropocollagen 0.82 (1) - - - 0,81 (1) 0.75 (1) 0.81 (1) 0.60 (1) - (2) 

1.09 - - - 0.47 . . . . .  

Pronase treated 0,60 0 0 0 0 0.87 0.60 0.76 0.60 - (2) (3) 
tropocoUagen 0.77 (1} 0 0 0 0 0.80 (1} 0.73 (i) 0.78 (1) 0.43 (1) (3) 

0.88 0 0 0 0 . . . . .  

Pepsin treated 1.20 - - 0 1.15 0.93 0.60 0.78 - - (2) (4-5) 
insoluble 1.07 {1) + + + 1.45 (2) 0.87 (1) 0.47 (I) 0.80 (1) - (2} 
collagen 0.93 - - 0 1.63 0.90 0.60 - - - 

Pronase treated 1.20 0 0 0 - 1.05 1.95 0.88 1.68 - (2) (5) 
insoluble 0.68 (1) 0 0 0 - L08 (1) - (2) - (1) - (21 (5) 
collagen 0.90 0 0 0 . . . . . .  

The values are expressed as moles of carbonyl compounds per tropocollagen molecule; molecular weight of tropoeollagen is considered 265000. 
The values in parentheses are rounded values from experimental values; the experimental values are from 2-3 independent determinations 
and all respective values are preseated in the Table. 



15.8. 1967 Speeialia 611 

Our  f u r t h e r  e f for t  was  to  q u a n t i t a t e  t he se  resul ts ,  a n d  
these are  s u m m a r i z e d  in t h e  T a b l e  io. 

Zusammen[assung. Aus d a m  n a t i v e n  16slichen u n d  un -  
16slichen Ko l l agen  w u r d e n  dre i  Ketosi~uren,  u n d  zwar  
Brenz t r aubensAure ,  m-Ketoglutars~iure u n d  c¢-Netoiso- 
va le r i ans~ure  isoliert .  Diese  K e t o s ~ u r e n  h l tu fen  s ich in  

den  p e r i p h e r e n  G e b i e t e n  des Kol lagenmolek i i l s  (in Telo- 
pep t i den )  ~,s an.  
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Anthocyanins of Dioscorea alata L. 

The  g r ea t e r  yam,  or  w a t e r  yam,  Dioscorea alata L., is 
an  i m p o r t a n t  food c rop  in p a r t s  of S o u t h - E a s t  Asia,  a n d  
has  been  i n t r o d u c e d  b y  c u l t i v a t i o n  to  m a n y  o t h e r  t r op i ca l  
COuntries, i nc lud ing  W e s t  Afr ica.  T h e  f lesh  of t h e  ed ib le  
t ube r s  of m o s t  cu l t i va r s  is whi te ,  b u t  some  c o n t a i n  a 
purp l i sh - red  p i g m e n t .  T h e  whole  t u b e r  m a y  be  deep ly  
coloured, or  t h e r e  m a y  be  on ly  a t h i n  s.c. co loured  layer ,  
the  g rea t e r  p a r t  of t h e  t u b e r  be ing  f a i n t l y  p i n k  or  w h i t e :  
the  leaves  a n d  s t e m s  of t h e  g rowing  p l a n t  also are  some-  
t imes suf fused  w i t h  p i g m e n t .  These  t y p e s  h a v e  b e e n  
sepa ra t ed  as d i s t i n c t  species, D. atropurpurea Roxb . ,  D. 
Purpurea R o x b .  a n d  D. rubella Roxb .  x, b u t  a re  n o w  
genera l ly  r e g a r d e d  s i m p l y  as va r i e t i e s  of D. alataa. T h e  
P igmen t  is usua l ly  a s s u m e d  to  be  a n  a n t h o c y a n i n ,  b u t  
no i n f o r m a t i o n  as  to  i t s  c o m p o s i t i o n  a p p e a r e d  in  t he  
l i t e ra tu re ,  a n d  t h e  a u t h o r s  a re  u n a w a r e  of  r e p o r t s  of  
a n t h o c y a n i n s  in  a n y  of t h e  Dioscoreaceae .  

T u b e r s  of a pu rp le - f l e shed  f o r m  of D. alata g r o w n  on 
t he  U n i v e r s i t y  F a r m ,  Legon,  h a v e  b e e n  e x a m i n e d  for  t h e  
presence  of a n t h o c y a n i n s .  T h e  p i g m e n t s  were  e x t r a c t e d  
b y  h o m o g e n i z i n g  20 g of pee led  t u b e r  in  100 m l  of 
m e t h a n o l i c  1% HC1 for 5 min .  T he  suspens ion  was  lef t  
Overnight ,  t h e  e x t r a c t  f i l te red  off a n d  t h e  whole  process  
repeated .  The  c o m b i n e d  e x t r a c t  was  s h a k e n  w i t h  a n  
excess of pur i f i ed  e ther .  T h e  p i g m e n t s  were  s e p a r a t e d  as 
an  aqueous  c o n c e n t r a t e ,  w a s h e d  success ive ly  w i t h  l i gh t  
pe t ro l eum a n d  benzene ,  a n d  t h e n  e x h a u s t i v e l y  e x t r a c t e d  
With e t h y l  ace t a t e .  

~ ' u r t he r  pu r i f i c a t i on  a n d  s e p a r a t i o n  of t h e  a n t h o c y a n i n  
p i g m e n t s  was  u n d e r t a k e n  b y  p a p e r  c h r o m a t o g r a p h y  s. 
The  pu r i f i ed  e x t r a c t  was  b a n d e d  o n  seve ra l  shee t s  of 
W h i t m a n  No.  3 p a p e r  a n d  deve loped  w i t h  I : 1 n - b u t a n o l -  
2 N  HC1. 3 d i s t i n c t  co loured  b a n d s ,  1 b e i n g  m u c h  s t r o n g e r  
t h a n  t h e  o thers ,  appea red .  

The  a n t h o c y a n i n  b a n d s  were  cu t  out ,  e lu ted  w i t h  5 %  
acetic acid in  m e t h a n o l  a n d  a f t e r  c o n c e n t r a t i o n  in v a c u o  
a t  30_35oC, pur i f i ed  b y  r e - r u n n i n g  in n - b u t a n o l - a c e t i c  
ac id -wa te r  (62 :12 :26 )  a n d  t h e n  in  15% aqueous  ace t ic  
acid on  w a s h e d  pape r .  A q u e o u s  s o l v e n t  was  used to  
r emove  free sugar s  4. 

T h e  pur i f i ed  e lua tes  were  c o n c e n t r a t e d  in  v a c u o  a n d  
Shaken w i t h  smal l  a m o u n t s  of 20% HC1 in  a la rge  excess  
of e ther .  T h e  p i g m e n t  was  t r a n s f e r r e d  c o m p l e t e l y  i n t o  
the  aqueous  layer,  w h i c h  was s epa ra t ed ,  t r aces  of e t h e r  
and  m e t h a n o l  r e m o v e d  in vacuo ,  a n d  t h e n  h e a t e d  on  a 
boil ing w a t e r  b a t h  for  3 min .  T h e  so lu t ion  was qu i ck ly  

cooled, e x t r a c t e d  w i t h  a m y l  alcohol ,  a n d  t h e  o rgan ic  
l ayer  w a s h e d  w i t h  wate r .  A m y l  a lcohol ic  e x t r a c t s  of t h e  
ag lycones  were  t h e n  app l ied  to  W h i t m a n  No. 1 paper .  4 
s o l v e n t  s y s t e m s  were  used for  d e v e l o p m e n t :  (1) ' F o r e s t a l  
so lven t '  - wa t e r - ace t i c  ac id-conc.  HC1 (10 : 30 : 3 v /v)  ; 
(2) Ace t ic  ac id-conc.  H C l - w a t e r  (5 : 1 : 5 vJv) ; (3) m-cresol-  
S, 5 N  H e l - w a t e r  (1 : 1 : 1 v / v ) ;  (4) n - b u t a n o l - 2 N  HC1 (1 : 1 
v/v ,  t o p  layer) .  T h e  n - b u t a n o l :  2 N He1 s o l v e n t  m i x t u r e  
was  kep t ,  whi le  t h e  p a p e r  was  e q u i l i b r i a t e d  w i t h  t h e  
lower  a q u e o u s  phase ,  for 24 h, be fore  use. 

O n  al l  t h e  c h r o m a t o g r a m s  of h y d r o l y s e d  p i g m e n t  
e x t r a c t s  on ly  a s ingle a n t h o c y a n i d i n  spo t  a p p e a r e d ;  th i s  
spo t  was  m a g e n t a  in  v is ib le  l igh t  a n d  b r i g h t  p i n k  in  
UV- l igh t .  The  R f  v a l u e  of t h i s  a n t h o c y a n i d i n  was  com- 
p a r e d  w i t h  t hose  of k n o w n  a n t h o c y a n i d i n s  4-s (see 
Tab le  I), a n d  f o u n d  to  co r r e spond  w i t h  cyan id in .  This  
was  c o n f i r m e d  b y  c o - r u n n i n g  w i t h  a s a m p l e  of cyan id in ,  

Table I. Rf values of the principal anthocyanidins and of D. alata 
anthocyanidin in different solvent systems 

Anthocyanidin Bu: HC1 'Forestal' AcOH : HC1 m-cresol: HC1 

Pelargonidin 0.80 0.68 0,55 0.82 
Cyanidin 0.69 0.50 0,34 0.69 
Peonidin 0.72 0.63 0.50 0.87 
Delphinidin 0.35 0.30 0.22 0.52 
Petunidin 0.45 0.45 - 0.75 
Malvidin 0.53 0.60 0.43 0.90 
Hirsutidin 0.72 - - - 
Anthoeyanidirt 0.69 0.50 0.35 0.70 
of D. alata 
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