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a basic  buffer  s y s t e m  a t  p H  8.31~ a n d  in an  acid buf fe r  
s y s t e m  a t  p H  4.5 accord ing  to Wi l l i ams  a n d  R e i s f e l d l l ;  
100 F1 of t he  e x t r a c t  were used pe r  po lyac ry l amide  gel. 
I soperox idase  b a n d s  were de t ec t ed  in t he  gel us ing  ben -  
z idine as a h y d r o g e n  donor  in  0.2 M ace t a t e  buffer  p H  5.0. 
All  e x p e r i m e n t s  descr ibed  above  were r e p e a t e d  3 t imes.  
Results and discussion. I t  was  found  t h a t  t he  anoda l  iso- 
pe rox idase  spec t r a  of leaves  of cv. Clara  B u t t  a n d  cv. 
F a n t a s y  are s imilar .  The  same  is t r ue  for leaves  of 
cv. Wi l l i am P i t t  and  cv. P i t t ' s  Pa r ro t .  However ,  t he  p a t -  
t e r n  of anoda l  i soperoxidases  of t epa l s  of cv. Clara  B u t t  
differs d i s t i nc t ly  f rom cv. F a n t a s y  (figure 1) a n d  cv. Wil -  
l i am P i t t  f rom cv. P i t t ' s  P a r r o t  (figure 2). I t  is i n t e r e s t i ng  
t h a t  in  b o t h  p a r r o t  cu l t iva r s  ( F a n t a s y  and  P i t t ' s  Pa r ro t )  
t he  b a n d  des igna ted  in the i r  m o t h e r  cu l t iva r s  (Clara B u t t  
a n d  Wi l l i am Pi t t ,  respect ive ly)  b y  a r rows  (figures 1 a n d  2) 
was  n o t  de tec ted .  Addi t iona l ly ,  a h ighe r  a c t i v i t y  of 
pe rox idase  in t epa l s  of cv. F a n t a s y  t h a n  in the  o rgan  in 
cv. Clara  B u t t  can  genera l ly  be  observed .  The  c a t h o d a l  
e lec t rophore t i c  p a t t e r n  of pe rox idase  in leaves  a n d  tepa l s  

of CV. CV. Clara  B u t t ,  F a n t a s y ,  Wi l l i am P i t t  and  P i t t ' s  
P a r r o t  looks v e r y  similar .  I t  is possible  t h a t  t he  disap-  
pea rance  of t he  pe rox idase  b a n d  in t he  t epa l s  of t he  p a r r o t  
tu l ips  is connec ted  w i t h  t h e i r  f o r m a t i o n  f rom m o t h e r  
n o n - p a r r o t  tul ips.  
I t  was  found  p rev ious ly  b y  B a r b e r  a n d  S teward  IS t h a t  a 
specific e lec t rophore t i c  p a t t e r n  of soluble  p ro te ins  a n d  
some enzymes  exis ts  in  each  o rgan  of tu l ip  such as roots ,  
scales, leaves,  v e g e t a t i v e  ax i l l a ry  bud ,  tepals ,  an the r s ,  
and  pisti ls.  W e  conc luded  t h a t  these  obse rva t i ons  s u p p o r t  
t he  genera l  v iew t h a t  d i f f e r en t i a t i on  a n d  morphogenes i s  
are a ccompan ied  b y  t he  f o r m a t i o n  of o rgan  specific pro-  
t e ins  and  enzymes .  Our  resu l t s  i nd ica t ed  t h a t  d i f fe ren t ia -  
t ion  of lac in ia te  t epa l s  of p a r r o t  tu l ips  is a ccompan ied  b y  
a specific a n o d a l  i soperoxidase  p a t t e r n  in t he  tepals .  
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Summary. For  t he  iden t i f i ca t ion  of a p e p t i d y l  p r inc ip le  i nduc ing  sexual  a g g l u t i n a t i o n  in t he  yeast ,  2 supposed hexa -  
pep t ides  (1 a, b) were syn thes ized  b y  t he  c o n v e n t i o n a l  me thod .  The  I a ( H - A r g - G l y - P r o - P h e - P r o - I l e - O H )  revea led  
comple t e  i d e n t i t y  w i t h  t he  n a t u r a l  pep t ide  in TLC, MS and  biological  p r o p e r t y  on  agg lu t ina t ion .  The  I b showed t he  
sexua l  a g g l u t i n a b i l i t y  in t he  same degree as l a ,  t h o u g h  d i s t inc t  d i f ferences  were obse rved  in t he  chemica l  da ta .  B o t h  
I a a n d  1 b h a d  a s t rong  b i t t e r  tas te .  

Recen t ly ,  Sakura i  e t  al. 3 i sola ted a pep t i dy l  f ac to r  
n a m e d  e subs t ance - IB  ( abb r ev i a t ed  as IB) f rom e t y p e  
ceils (H15  s t ra in)  of t he  he t e ro tha l l i c  yeast ,  Saccharo-  
myces  cerevisiae,  as one of t he  ac t ive  pr inc ip les  wh ich  
induce  sexua l  a g g l u t i n a b i l i t y  in  the  oppos i te  a t y p e  cells 
(H22  s t ra in)4.  T h e y  a t t e m p t e d  to d e t e r m i n e  t he  a m i n o  
acid sequence  in t he  pep t ide  b y  mass  s p e c t r o m e t r y  a n d  
p o s t u l a t e d  a t e n t a t i v e  s t r u c t u r e  as H - A r g - G l y - P r o - P h e -  
P r o - I l e - O H  (1 a). In  the  beg inn ing ,  however ,  a n  a l t e r n a t e  
s t ruc tu re ,  H - A r g - P r o - G l y - P h e - P r o - I l e - O H  (I b) for t he  
pep t i de  could n o t  be  exc luded  due  to the  sca rc i ty  of 
samples  to  be used for t he  expe r imen t s .  The  p r e s e n t  
c o m m u n i c a t i o n  r ep o r t s  t h e  syn these s  of l a  a n d  l b  b y  
t he  c o n v e n t i o n a l  m e t h o d  and  t he  i d e n t i t y  of 1 a w i t h  t he  
n a t u r a l  IB. 
Synthesis~.  B o c - P r o - I l e - O B z l  (2) was o b t a i n e d  as a n  oil 
f rom B o c - P r o - O H  and  H - I l e - O B z l  T o s O H  b y  t h e  mixed  
a n h y d r i d e  m e t h o d  6, and  2 was c o n v e r t e d  to oi ly 
H - P r o - I l e - O B z l  HC1 (3) b y  the  ac t ion  of HC1 in A c O E t .  
Oily  B o c - P h e - P r o - I l e - O B z l  (4) was  p r e p a r e d  f rom 
B o c - P h e - O H  a n d  3 b y  t he  mixed  a n h y d r i d e  m e t h o d .  
R e m o v a l  of Boc g roup  of 4 w i t h  HC1 in A c O E t  y ie lded 
oily H - t r i p e p t i d e - O B z l  HC1 (5). Condensa t ion  of B o c -  
G l y - P r o - O H  ~ w i t h  5 gave oi ly  B o c - G l y - P r o - P h e - P r o -  
I l e - O B z l  (Ta), a n d  7 a  was c o n v e r t e d  to  c rys ta l l ine  
H - G l y - P r o - P h e - P r o - I l e - O B z l  HC1 (8a) s. Z_Arg(NO2 )_ 
G l y - P r o - P h e - P r o - I l e - O B z l  (9a) (73%, m p  99-103~ 
[ ~ 0  _58 ~ (DMF)) was o b t a i n e d  f rom Z - A r g ( N O 2 ) - O H  
a n d  8 a b y  t he  mixed  a n h y d r i d e  m e t hod .  The  9 a d issolved 
in a m i x t u r e  of A c O H - M e O H - H 2 0  was h y d r o g e n a t e d  in 

the  presence  of P d  black.  The  f i l t r a te  was  evapora t ed ,  
a n d  t he  res idue  (1 a) was  dissolved in w a t e r  and  lyophi ly-  
zed;  yield of pu re  1 a 2AcOH H20,  9 5 % ;  m p  102-108~ 
[e~0 _88 ~ (H20).  B o c - P r o - G l y - O H  (6) was  ob t a ined  f rom 
B o c - P r o - O S u  9 and  glycine.  C o n d e n s a t i o n  of 6 w i t h  5 b y  
t he  mixed  a n h y d r i d e  m e t h o d  gave  oily B o c - P r o - G l y -  
P h e - P r o - I l e - O B z l  (7b) ,  a n d  7 b  was c o n v e r t e d  to  
H - P r o - G l y - P h e - I l e - O B z l  HC1 (8 b) b y  t he  ac t ion  of HC1 
in AcOEt .  Z - A r g ( N O 2 ) - P r o - G l y - P h e - P r o - I l e - O B z l  (gb)  
p r e p a r e d  f rom Z - A r g ( N O ~ ) - O H  and  8 b  c o n t a i n e d  m i n o r  
by -p roduc t ,  and  tile pu re  9 b  (38%, m p  98-105~ [~]~ 
- 3 4  ~ (DMF)) was o b t a i n e d  b y  silica gel co lumn c h r o m a -  
t o g r a p h y  (solvent ,  CHC13 : M e O H  : A c O H  = 95 : 5 : 1). The  

Thin-layer chromatography of natural and synthetic peptides 

Solvent Carrier R 
IB l a  l b  

n-BuOH-Ac0H-H20 (4:1:5, 
upper phase) Silica gel 0.18 0.18 0.17 
n-BuOH-pyridine-Ac0H-HeO 
(15:10:3:12) Silica gel 0.59 0.59 0.57 
n-BuOH-n-PrOH-0.2N AcOH 
(2:1:3, upper phase) Silica gel 0.11 0.11 0.09 
n-BuOH-n-PrOH-0.2N AcOH 
(2:1:3, upper phase) Cellulose 0.58 0.58 0.63 
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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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