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l b  w a s  p r e p a r e d  f r o m  9 b  acco rd ing  to  t he  s a m e  p ro -  
cedure  as  desc r ibed  for  t h e  p r e p a r a t i o n  of l a ;  y ie ld  of 
p u r e  l b  2 A c O H  H20 ,  95% ; m p  107-112~ [e]~0 _56 ~ 
(H20) .  
Resul ts  and discussion. F o r  the  c o m p a r i s o n  of t h e  syn -  
t he t i c  p e p t i d e s  w i t h  IB, T L C  w a s  p e r f o r m e d  a t  f i r s t  u s i n g  
fou r  d i f f e r en t  s y s t e m s .  As  s h o w n  in t h e  tab le ,  I a r evea led  
i d e n t i t y  w i t h  IB. To c o m p a r e  m a s s  s p e c t r a l ~  t h e  N- t e r -  
m i n a l  a r g m l n e  r e s idues  in 1 a a n d  1 b were  c o n v e r t e d  to  
e - N - a c e t y l - p y r i m i d y l - o r n i t h i n e s  and  t h e  C - t e r m i n u s  to  
m e t h y l  e s t e r s  a c c o r d i n g  to  t h e  p r o c e d u r e  descr ibed  in t he  
p r e v i o u s  p a p e r K  T h e  spec t r a  of t h e  d e r i v a t i v e s  f r o m  I a 
a n d  1 b ( m e a s u r e d  w i t h  a H i t a c h i  R M U - 6 L ,  70 eV, a b o u t  
200~ of s a m p l e  t e m p e r a t u r e )  s h o w e d  qu i t e  a d i f fe rence  
in t h e i r  f r a g m e n t a t i o n  p a t t e r n s .  T h e  d e r i v a t i v e  f r o m  I a 
r evea l ed  ion p e a k s  a t  m / e  777 (M+), 585, 441, 344, 197 
a n d  148, w h i c h  were  e x a c t l y  t h e  s a m e  as t hose  o b s e r v e d  
for  t h e  c o r r e s p o n d i n g  d e r i v a t i v e  f r o m  I~.  T h u s  the  
i d e n t i t y  of 1 a w i t h  IB w a s  ver i f ied  u n a m b i g u o u s l y .  T h e  
b io logica l  ac t iv i t i e s  of I s ,  I b  a n d  IB to i nduce  agg lu-  
t i n a b i l i t y  in a t y p e  cells ( H 2 2  s t ra in )  were  a s s a y e d  
acco rd ing  to  t h e  m e t h o d  r e p o r t e d  p r e v i o u s l y  4. C o n t r a r y  
to  o u r  e x p e c t a t i o n ,  e v e r y  c o m p o u n d  t e s t e d  s h o w e d  the  
a c t i v i t y  in a l m o s t  t h e  s a m e  degree  at dosages  of 
2-20  n g / m l .  
R i b a d e a u  D u m a s  et  al. e luc ida ted  t h e  who le  p r i m a r y  
s t r u c t u r e  of b o v i n e  15-caseinn, w h i c h  c o n t a i n e d  the  se- 
q u e n c e  of - A r g ( 2 0 2 ) - G l y - P r o - P h e - P r o - I l e ( 2 0 7 ) - I l e - V a l -  
OH(2091 in t h e  C - t e r m i n a l  p o r t i o n .  I t  is n o t e w o r t h y  t h a t  
t h e  p a r t  of - A r g ( 2 0 2 ) - G l y - P r o - P h e - P r o - I l e ( 2 0 7 ) -  is j u s t  
iden t i ca l  w i t h  [B. P e p t i d e s  h a v i n g  the  s t r u c t u r e  of 
H - A r g - G l y - P r o - P r o - P h e - I l e - V a l - O H  (10) ~2 a n d  H -  
G l y - P r o - P h e - P r o - V a l - I l e - O H  (11)La were  isola ted as  
b i t t e r  p r inc ip l e s  f r o m  t h e  e n z y m a t i c  h y d r o l y z a t e  of 
casein.  We  o b s e r v e d  t h a t  t h e  s y n t h e t i c  1 a a n d  1 b h a d  a 
s t r o n g  b i t t e r  t a s t e  in a l m o s t  t h e  s a m e  t h r e s h o l d  va lue  a t  

0 .13-0.25 m M  (0.1-0.2 m g / m l ) .  I t  is i n t e r e s t i n g  t h a t  the  
p e p t i d e  i so la ted  as  a s e x u a l  f a c t o r  in t h e  y e a s t  h a s  a v e r y  
s imi l a r  s t ruc tu re14  to  t h a t  of b i t t e r  p r inc ip les .  
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Summary .  S t r u c t u r e s  of seve ra l  h y d r o x y l y s i n e - c o n t a i n i n g  g l y c o p e p t i d e s  de r ived  f r o m  t h e  b o d y  wal l  of t h e  sea cu-  
c u m b e r  t lave been d e t e r m i n e d .  T h e  g l y c o s y l a t e d  h y d r o x y l y s i n e s  were  all the  Y p o s i t i o n s  of G l y - X - Y  t r ip le t s .  T h e y  
are  t h o u g h t  to  be  d i s t r i b u t e d  t h r o u g h o u t  t he  p e p t i d e  chain ,  in c o n t r a s t  to  v e r t e b r a t e  sk in  col lagens .  One  g l y c o p e p t i d e  
d e m o n s t r a t e d  t h e  ex i s t ence  of t h e  s e q u e n c e  G l y - G l y - H y p  in i n v e r t e b r a t e s  for  t h e  f i r s t  t ime .  

G l y c o p r o t e i n  n a t u r e  of co l lagens  h a s  been  e s t a b l i s h e d  a n d  
m a n y  w o r k s  h a v e  been  ca r r i ed  o u t  c o n c e r n i n g  the  s t r u c -  
t u r e  a n d  b i o s y n t h e s i s  of t h e  c a r b o h y d r a t e  u n i t s  of t h e  
p r o t e i n s  ~-5. I n  o u r  p r e v i o u s  w o r k s  on  i n v e r t e b r a t e  col- 
l agens  8, 7, we o b s e r v e d  t h e  d i f fe rences  f r o m  v e r t e b r a t e s  in 
t h e  c h a r a c t e r i s t i c s  of t h e  a m i n o  acid res idues  a r o u n d  the  
g l y c o s y l a t e d  si tes.  T h e  p r e s e n t  w o r k  w a s  i n i t i a t ed  to  con-  
f i r m  w h e t h e r  s u c h  d i f fe rences  r e p r e s e n t  t he  re f lec t ion  of 
t h e  p h y l o g e n e t i c  p o s i t i o n s  of t h e  a n i m a l s  s t ud i ed  
I n  t h i s  pape r ,  we d e t e r m i n e d  t h e  s t r u c t u r e s  of col lagen 
g l y c o p e p t i d e s  f r o m  the  b o d y  wal l  of t h e  sea c u c u m b e r  a n d  
c o m p a r e d  t h e m  w i t h  t h o s e  of v e r t e b r a t e  a n d  i n v e r t e b r a t e  
col lagens .  
Mater ia ls  and methods. T h e  b o d y  wai l s  of S t i c h o p u s  ja-  
p o n i c u s  were  d e f a t t e d  w i t h  ace t one  a n d  m i n c e d  in a b len-  
dor .  T h e  p r o n a s e  P d iges t i on  w a s  p e r f o r m e d  as desc r ibed  
p r e v i o u s l y L  T h e  d iges t  w a s  t r e a t e d  w i t h  c e t y l p y r i d i n i u m  
ch lor ide  s,9 a n d  f r a c t i o n a t e d  b y  ge l - f i l t r a t ion  t h r o u g h  
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S e p h a d e x  G-507. The  m a i n  h e x o s e - c o n t a i n i n g  f r ac t ion  
was f u r t h e r  f r a c t i o n a t e d  b y  c o n v e n t i o n a l  c h r o m a t o -  
g raph ic  t e c h n i q u e s  v. 
A m i n o  acid ana lys i s  a n d  sequence  d e t e r m i n a t i o n  were  
pe r fo rmed  as descr ibed  previouslyV, 8. To t he  ser ine-  
c o n t a i n i n g  g lycopept ide ,  t he  pa r t i a l  acid hydr91ysis l~ 
w i t h  12 N HC1 a t  23 ~ for 24 h was  successful ly  appl ied.  
The  r e s u l t a n t  pep t ides  were pur i f ied  b y  h igh  vo l tage  pa-  
pe r  e lec t rophores i s  v a t  p H  3.6. A g lycopept ide  was di- 
ges ted  w i t h  C los t r id ium col lagenase  (Se ikagaku  Kogyo  
Co, Tokyo,  J a p a n )  in 0.1 M pyr id ine -ace t a t e ,  p H  6.5 for  
20 h. The  r e s u l t a n t  pep t ides  were f r a c t i o n a t e d  on a col- 
u m n  of Bio-Gel  P-2 (1.2 • 108 cm) us ing  0 . 1 M  acet ic  acid,  
and  f u r t h e r  pur i f ied  b y  p r e p a r a t i v e  p a p e r  e lec t rophores i s  
a t  p H  3.6. In  some cases, c a r b o x y p e p t i d a s e  B or c a r b o x y -  
pep t idase  y l l  was  ut i l ized to conf i rm t he  c a r b o x y l  t e r -  
m i n a l  residuesY. Glycosy la ted  h y d r o x y l y s i n e s  were char -  
ac te r ized  b y  p a p e r  e lec t rophores i s  and  b y  t he  de te r -  
m i n a t i o n  of t he  hexose  c o n t e n t " ,  7, 9. 
Results  and discussion. As shown  in t he  figure, 4 m a j o r  
g lycopep t ide  f rac t ions  were o b t a i n e d  b y  Dowex  50 chro-  
m a t o g r a p h y .  F r o m  peaks  1, 2, 3 and  4,5 hom ogeneous  
g lycopept ides  I, I I ,  I I I A  plus  I I I B  and  IV were isolated,  
respect ive ly .  

Structures of glycopeptides derived from the body wall of the sea 
cucumber 

Glyco- Structure 
peptide 

I 

I I  

I I I A  

I I I B  

I V  

Gly-Ala-Hyp-Gly-Pro-Hyl*-Gly-Glu 
Thr-Gly-Pro-Hyl*-Gly-Pro-Hyl*-Gly-Glu-Pro-Gly-Gln- 
Thr-Pro 
Gly-Gly-Hyp-Gly-Ser-Hyp-Gly-Ser-Hyl*-Gly-Ser-Arg 
Gly-Ala-Hyl*-Gly-His 
Gly-Gln-Hyl*-Gly-Glu-Arg 

* The disaccharide, glucosylgalactose is attached to this residue. 
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Separation of" glycopeptides derived from the body wall of the 
sea cucumber by Dowex 50X2 chromatography. A column (1.9 • 
38 em) equilibrated with 0.2 M pyridine-acetate, pH 3,1, was eluted 
with the same buffer. At the position indicated by the arrow, the 
linear gradient elution was started with pH 3.1 buffer (500 ml) and 
2 M pyridine-acetate, pH 5.0 (500 ml). Each fraction contained 5.5 ml 
and 0.3 ml-portions were analyzed for carbohydrate 7. The first peak 
was not studied in the present work. 

The  d i rec t  E d m a n  d e g r a d a t i o n  of g lycopep t ide  I and  i ts  
amino  acid compos i t i on  e s t ab l i shed  t he  sequence  Gly-  
A l a - H y p - G l y - P r o - H y l - G l y - G l x .  Af t e r  7 cycles of t he  de-  
g rada t ion ,  g lu t amic  acid was iden t i f i ed  on  t h e  amino  acid 
ana lyze r  7, 8. 
The  6 cycles of t he  E d m a n  d e g r a d a t i o n  for I I  showed t he  
sequence  Th r -G ly -P ro -Hy l -G ly -P ro - .  C a r b o x y p e p t i d a s e Y  
released pro l ine  (0.5 and  0.86 moles  per  mole  a f te r  1 a n d  
3 h, respect ive ly)  and  t h r e o n i n e  (0.24 a n d  0.7 moles pe r  
mole a f t e r  co r re spond ing  t ime) .  F r o m  t h e  col lagenase 
digest  of I I ,  5 pep t ides  were isolated.  These  were shown  
to  be  T h r - G l y - P r o - H y l  (Co-1), G ly -P ro -Hy l -Gly -Glu -  
P ro -Gly  (Co-2), Gly- (Thr ,  Glx, Pro),  G l n - T h r - P r o  a n d  a 
pep t ide  w i t h  t he  compos i t ion  co r r e spond ing  to t h a t  of 
p a r e n t  pep t i de  I I  m i n u s  Co-1. These  resul t s  suggested  t he  
sequence  of I I  as shown in t h e  table .  The  s t ruc tu r e  of 
I I I A  was f i rs t  ass igned as shown  in t he  t ab l e  b y  the  d i rec t  
E d m a n  me thod .  I n  order  to  con f i rm  th i s  sequence,  t he  
pa r t i a l  acid hydro lys i s  10 was ut i l ized.  3 pep t i de  f rac t ions  
were o b t a i n e d  b y  p a p e r  e lec t rophores is .  The  amino  acid 
compos i t ions  a n d  s u b t r a c t i v e  E d m a n  m e t h o d  showed 
t h a t  t h e y  were Ser-Arg,  Se r -Hy l -Gly  a n d  t he  f rac t ion  
w i t h  a compos i t ion ,  Hyp2, Serl,  Gly 4. Q u a n t i t a t i v e  re- 
lease of a rg in ine  f rom I I I A  was accompl i shed  b y  carbo-  
x y p e p t i d a s  e B diges t ion for 20 h v. The  s t r u c t u r e s  of I I I  B 
and  IV were s imi la r ly  deduced  as shown  in t he  table .  
U p o n  t h e  a lka l ine  hydro lys i s  7 each  p a r e n t  g lycopept ide ,  
Co-1 a n d  Co-2 gave  g lucosy lga lac tosy lhydroxy lys ine ,  in- 
d ica t ing  t h a t  t he  c a r b o h y d r a t e  u n i t s  l inked  to h y d r o x y -  
lysines  are all d isacchar ides .  
The  sequences  of g lycopep t ides  s u p p o r t e d  t he  v iew for t he  
ex is tence  of glyeine t r ip l e t s  in i n v e r t e b r a t e  collagens 6, 7. 
The  d i sacchar ide - l inked  h y d r o x y l y s i n e s  were all a t  t he  Y 
pos i t ions  of t he  hel ical  t r ip le t .  I n  2 cases, t h i s  residue was 
followed b y  t he  sequence  Gly-X-Arg ,  w h i c h  has  been  
found  m o s t  f r e q u e n t l y  in  col lagen g lycopept ides  f rom 
b o t h  v e r t e b r a t e  and  i n v e r t e b r a t e  e, 7, 9,12,13. I n  th i s  sense, 
g lycopep t ide  I I  was  except iona l .  The  h i g h  a f f in i ty  of 
g lycosyl t ransferase(s)  for th i s  genera l  sequence  has  been  
suggested  ~, 7, 9,12. In  t he  p rev ious  s tud ies  of i n v e r t e b r a t e  
col lagens6 ,  7, t he  amino  acids a b u n d a n t  in collagen such  
as prol ine ,  g lu t amic  acid a n d  a lanine ,  were found  in t he  
g lycopep t ide  l inkage  region,  w h i c h  is in c o n t r a s t  to  ver-  
t e b r a t e s  12. The  p r e sen t  resu l t s  are  genera l ly  in a g r e e m e n t  
w i t h  th i s  obse rva t ion ,  b u t  g lycopep t ide  I I I B  con t a ined  
h i s t id ine  in th i s  region like v e r t e b r a t e  collagen glyco- 
pep t ides  12. 
The  i so la t ion  of g lycopep t ide  I I ,  wh ich  is conce ivab ly  
der ived  f rom the  ca rboxy l  t e r m i n a l  region, suggests  t h a t  
in i n v e r t e b r a t e  col lagen t he  g lycosy la ted  hyd roxy ly s ine s  
are d i s t r i b u t e d  t h r o u g h o u t  t he  pep t ide  chain ,  a f ea tu re  
s imi lar  to  v e r t e b r a t e  b a s e m e n t  m e m b r a n e  collagen 14, b u t  
in c o n t r a s t  to  v e r t e b r a t e  Type  I collagen13. 
The  p r e sen t  s t u d y  also showed  t h e  ex is tence  of the  se- 
quence  G l y - G l y - H y p  (glycopept ide  I I I A )  in i n v e r t e b r a t e  
as well  as in v e r t e b r a t e  col lagens 15,1,. 
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