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Bi oact ive substances of marine an i m a Is : 
polyoxygenated substances 

Yoshimasa Hirata 

F a c u l t y  of  Pharmacy, M e i j o  U n i v e r s i t y ,  Tempaku, Nagoya 468,  J a p a n  

A b s t r a c t  - The s y m b i o s i s  a n d  f o o d  c h a i n  i n  t h e  f i e l d  o f  m a r i n e  
m i c r o o r g a n i s m s  and a n i m a l s  w i l l  be  d i s c u s s e d .  Many polyoxygenated  
b i o a c t i v e  s u b s t a n c e s ,  which  show c h e m i c a l l y  and b i o l o g i c a l l y  i n t e r -  
e s t i n g  p r o p e r t i e s ,  have been i s o l a t e d  f rom m a r i n e  a n i m a l s .  R e c e n t l y ,  
some s y m b i o t i c  m i c r o o r g a n i s m s  a s s o c i a t e d  w i t h  m a r i n e  a n i m a l s  have 
b e e n  p r o v e d  t o  p r o d u c e  some p h y s i o l l o g i c a l l y  a c t i v e  c o m p o u n d s  
i n c l u d e d  i n  t h e  h o s t  a n i m a l s .  E s p e c i a l l y  m a r i n e  s p o n g e s  a r e  re- 
g a r d e d  as  r i c h  s o u r c e s  f o r  t h e s e  c o m p o u n d s ,  w h i c h  w o u l d  b e  o r i g i -  
n a t e d  f r o m  d i n o f l a g e l l a t e s  a n d  b l u e  g r e e n  a l g a e  by s y m b i o s i s  a n d  
food  cha in .  Thus,  t h e  b i o a c t i v e  compounds of  t h e  sponges  have been 
found i n  some k i n d s  of nudibranches .  t h e  f e e d e r s  of  t h e s e  a n i m a l s .  

INTRODUCTION 

The c h e m i c a l  s t u d i e s  on t h e  c o n s t i t u e n t s  of  t h e  t e r r e s t r i a l  o r g a n i s m s ,  p a r t i c u l a r l y  on t h o s e  
of m i c r o o r g a n i s m s  and p l a n t s ,  h a v e  l o n g  been c a r r i e d  o u t :  t h e  deve lopment  i n  t h i s  f i e l d  h a s  
been r e m a r k a b l e  owing t o  t h e  p r o g r e s s  of t h e  c h e m i c a l  i n s t r u m e n t a t i o n s  a f t e r  t h e  World War 
11. Much work on t h e  c o n s t i t u e n t s  of  a n i m a l s  s u c h  as v i t a m i n s ,  hormones,  and pheromones 
h a s  a l s o  been r e p o r t e d .  

I n  t h e  e a r l y  s t a g e  i n  t h e  h i s t o r y  of n a t u r a l  p r o d u c t  c h e m i s t r y  i n  J a p a n ,  t h e  s c i e n t i f i c  
i n v e s t i g a t i o n s  on t h e  c o n s t i t u e n t s  of m a r i n e  o r g a n i s m s  had been per formed:  s t u d i e s  on sodium 
g l u t a m a t e  ( A j i n o m o t o )  f r o m  a sea t a n g l e  by I k e d a  a n d  on  t e t r o d o t o x i n  f r o m  p u f f e r  f i s h  by 
Tahara  were p u b l i s h e d  a t  t h e  s t a r t  of  2 0 t h  c e n t u r y  ( r e f .  1) .  

I n  t h i s  l e c t u r e  t h e  r e c e n t  r e s u l t s  on t h e  s t u d i e s  of  po lyoxygenated  b i o a c t i v e  s u b s t a n c e s  f rom 
m a r i n e  o r g a n i s m s ,  i n  p a r t i c u l a r  m a r i n e  a n i m a l s ,  which  have  been a c t i v e l y  done i n  J a p a n  w i l l  
be  summarized. 

CHARACTERISTIC FEATURES OF SUBSTANCES FROM MARINE 
ORGANISMS 

The l i v i n g  envi ronment  of  m a r i n e  o r g a n i s m s  d i f f e r s  much f rom t h a t  of  t h e  t e r r e s t r i a l  organ-  
isms: t h e  f o r m e r s  l i v e  i n  water and t h e  l a t te rs  l i v e  i n  t h e  a i r .  I n  t h e  sea t h e  v ; t ion of  
t h e  e n v i r o n m e n t s  s u c h  a s  t h e  t e m p e r a t u r e  o c c u r s  t o  a r e l a t i v e l y  s m a l l  e x t e  z F o o d s  a n d  
n u t r i t i o n s  are  o b t a i n e d  f r o m  t h e  s u r f a c e  of  t h e  body i n  s o m e  m a r i n e  or -ganisms,  a n d  a r e  
a q u i r e d  by s y m b i o s i s  i n  many o t h e r  m a r i n e  organisms.  Owing t o  t h e  d i f f e r e n c E s  i n  t h e  l i v i n g  
c o n d i t i o n s  between terrestr ia l  and m a r i n e  o r g a n i s m s  d e s c r i b e d  above as w e l l  as many o t h e r  
f a c t o r s ,  t h e  c o n s t i t u e n t s  i n  t h e  m a r i n e  o r g a n i s m s  d i f f e r  c o n s i d e r a b l y  f r o m  t h o s e  of  t h e  
terrestr ia l  organisms.  
(1) The  m a r i n e  o r g a n i s m s  (among o t h e r s  a l g a e )  c o n t a i n  a b u n d a n t l y  h a l o g e n a t e d  o r g a n i c  

compounds, i n  p a r t i c u l a r  brominated  compounds (So f a r  few f l u o r o  compounds have been 
d e t e c t e d . ) .  The g u a n i d i n e  compounds are abundant  i n  mar ine  organisms.  

( 2 )  Among t h e  m a r i n e  o r g a n i s m s  t h e r e  are many s p e c i e s  of b l u e  g r e e n  a l g a e  and d i n o f l a g e l -  
l a t e s .  They produce  s t r u c t u r a l l y  and b i o l o g i c a l l y  i n t e r e s t i n g  compounds: some of them 
become s y m b i o t i c s  t o  other o r g a n i s m s  s u c h  as sponges  and produce  m e t a b o l i t e s ,  which  a r e  
i s o l a t e d  a s  t h e  b i o a c t i v e  c o n s t i t u e n t s  o f  t h e  h o s t  o r g a n i s m s .  
A s  t o  t h e  o r i g i n  o f  t h e  c o n s t i t u e n t s  o f  m a r i n e  o r g a n i s m s ,  i t  m u s t  be  c o n s i d e r e d  t h a t  
t h e s e  c o n s t i t u e n t s  are produced by t h e  s y m b i o t i c s  and a r e  a c c u m u l a t e d  i n  t h e  o r g a n i s m s  
by t h e  food  c h a i n .  

( 4 )  Many m a r i n e  o r g a n i s m s  c o n t a i n  w a t e r - s o l u b l e  c o n s t i t u e n t s ,  p a r t i c u l a r l y  polyoxy o r  po ly-  
e t h e r  s u b s t a n c e s .  The c h a r a c t e r i s t i c  f e a t u r e s  of  t h e s e  p o l y o x y g e n a t e d  c o m p o u n d s  a r e  
t h a t  t h e y  show i n t e r e s t i n g  c h e m i c a l  r e a c t i v i t i e s  a n d  b i o a c t i v i t i e s ,  i n  p a r t i c u l a r  
t o x i c i t y .  

(3) 

I w i l l  d i s c u s s  polyoxygenated  b i o a c t i v e  s u b s t a n c e s  such  as t o x i c  s u b s t a n c e s ,  t e t r o d o t o x i n s  
a n d  p a l y t o x i n s  a n d  p o t e n t  a n t i n e o p l a s t i c  s u b s t a n c e s ,  h a l i c h o n d r i n s  a n d  a m p h i d i n o l i d e s .  
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TETRODOTOXINS 

P u f f e r  f i s h  i s  known t o  be  d e l i c i o u s  and a l s o  t o  be  s t r o n g l y  t o x i c ,  S c i e n t i f i c  i n v e s t i g a t i o n  
on t h e  t o x i c  c o n s t i t u e n t  o f  p u f f e r  f i s h  h a d  b e e n  c a r r i e d  o u t  s i n c e  t h e  b e g i n n i n g  o f  t h i s  
c e n t u r y  ( r e f .  1). I s o l a t i o n  o f  t h e  t o x i n  was d i f f i c u l t ,  b e c a u s e  t h e  t o x i n  w h i c h  h a s  h i g h  
o x y g e n  c o n t e n t  i s  i n s o l u b l e  i n  o r g a n i c  s o l v e n t s  e x c e p t  f o r  water i n  t h e  i m p u r e  s t a t e ,  
a l t h o u g h  i t s  m o l e c u l a r  w e i g h t  i s  n o t  l a r g e .  I n  1 9 5 0 ,  h o w e v e r ,  t h e  c r y s t a l l i n e  t o x i n  was 
i s o l a t e d  f r o m  t h e  o v a r i e s  o f  r u b r i p e s  r u b r i p e s  by Yokoo ( r e f .  2) .  The  s t r u c t u r e  
d e t e r m i n a t i o n  o f  t h e  t o x i n  w a s  a l s o  d i f f i c u l t  b e c a u s e  o f  t h e  h i g h  o x y g e n  c o n t e n t  a n d  t h e  
u n p r e c e d e n t e d  u n u s u a l  s t r u c t u r e .  L a r g e  s c a l e  i s o l a t i o n  o f  t h e  t o x i n  c o u l d  be  r e a l i z e d  by 
employing  t h e  i o n  exchange r e s i n  ( A m b e r l i t e  I R C  50). The  a v a i l a b i l i t y  of t h e  NMR (60 MHz) 
s p e c t r o s c o p y  a s  w e l l  as t h e  X-ray d i f f r a c t i o n  method u s i n g  computer  l e d  t h r e e  r e s e a r c h  groups  
( T s u d a ' s ,  Woodward ' s  a n d  o u r  g r o u p s )  t o  t h e  s u c c e s s  i n  d e t e r m i n i n g  t h e  s t r u c t u r e  o f  t h e  
t o x i n  i n  1962, t h e  r e s u l t s  of  which were  d i s c l o s e d  a t  t h e  T h i r d  I n t e r n a t i o n a l  Symposium on 
t h e  C h e m i s t r y  o f  N a t u r a l  P r o d u c t s  i n  Kyoto  i n  1 9 6 4  ( r e f .  3,  4 ,  5 ) .  The s y n t h e s i s  o f  t h e  
t o x i n  was a c h i e v e d  by K i s h i  and h i s  c o w o r k e r s  i n  1972 ( r e f .  6). 

When t h e  t o x i n  once becomes c r y s t a l l i n e  a f t e r  p u r i f i c a t i o n ,  u n e x p e c t e d l y  it is  i n s o l u b l e  i n  
water e x c e p t  t h a t  it is  s o l u b l e  i n  a c i d i c  w a t e r ,  a l t h o u g h  it c o n t a i n s  hydroxyl  g r o u p s  and a 
g u a n i d i n e  group.  

T e t r o d o t o x i n  was found t o  i n h i b i t  s p e c i f i c a l l y  t h e  sodium i o n  p e r m e a b i l i t y  of t h e  membrane 
( r e f .  7 ,  8). The main a c t i o n  of t e t r o d o t o x i n  is  p a r a l y s i s  of t h e  p e r i p h e r a l  n e r v e s .  It h a s  
b e e n  o b s e r v e d  t h a t  a n i m a l s  p o s s e s s i n g  t e t r o d o t o x i n  a n d  p u f f e r  f i s h  a r e  h i g h l y  r e s i s t a n t  
toward  t h e  t o x i n .  These  o b s e r v a t i o n s  are presumably  due t o  t h e  f a c t  t h a t  t h e  p u f f e r  n e r v e  is  
a t  l e a s t  1,000 t imes  m o r e  r e s i s t a n t  t h a n  t h e  f r o g  n e r v e .  The  t a r i c h a  n e r v e  i s  a t  l e a s t  
30,000 t i m e s  more r e s i s t a n t  t h a n  t h e  f r o g  n e r v e  ( r e f .  8). 

T e t r o d o t o x i n  was a l s o  i s o l a t e d  f r o m  t h e  C a l i f o r n i a  n e w t  ( r e f .  l o ) ,  t h e  goby f i s h  ( r e f .  l l ) ,  
t h e  a t e l o p i a  ( r e f .  12), and t h e  b l u e  r i n g e d  o c t o p u s  ( r e f .  13). R e c e n t l y  t e t r o d o t o x i n  and i t s  
c o n g e n e r s  ( t e t r o d o t o x i n s )  were i s o l a t e d  f r o m  v a r i o u s  b i o t a  ( r e f .  1 4 ) ,  f r o m  a m p h i b i a n s  t o  
b a c t e r i a  a b o u t  43 s p e c i e s  e x c l u s i v e  of  p u f f e r .  A s  d e s c r i b e d  above ,  many k i n d s  of  p u f f e r  a l s o  
c o n t a i n  t e t r o d o t o x i n  ( r e f .  15). I n t e r e s t i n g l y ,  however ,  a k i n d  of o r i g i n a l l y  t o x i c  p u f f e r  
becomes n o n t o x i c  when c u l t u r e d  i n  a l a b o r a t o r y  f o r  a l o n g  time. Now we b e l i e v e  t h a t  t e t r o d o -  
t o x i n  i s  produced n o t  by p u f f e r s  t h e m s e l v e s ,  b u t  by l o w e r  organisms.  

From t h e  J a p a n e s e  n e w t  Y a s u m o t o  h a s  i s o l a t e d  s e v e r a l  k i n d s  o f  t e t r o d o t o x i n s ,  n a m e l y  
t e t r o d o t o x i n  (TTX) (l), 4-epiTTX (2), 4,9-anhydro-4-&TTX (3) ,  6-epiTTX (4), 4,9-anhydro-4- 
epi-6-epiTTX ( 5 ) ,  11-deoxyTTX ( 6 ) ,  11-deoxy-4-epiTTX (7), a n d  4,9-anhydro-4-e~&-ll-deoxyTTX 
(8) ( r e f .  16) .  I n  t h e  f u t u r e ,  o t h e r  k i n d s  of  t e t r o d o t o x i n s  w i l l  b e  f o u n d  i n  n a t u r e .  The  
b i o s y n t h e s i s  of  t e t r o d o t o x i n  w i l l  be  a problem of  g r e a t  i n t e r e s t .  

1 TTX H OH OH CH20H 3 4,9-anhydro-4-&TTX OH CH20H 
2 4-&TTX OH H OH CH20H 5 4,9-anhydro-4-&-6- 

6 11-deoxyTTX H OH OH CH3 8 4,9-anhydr0-4-&- 
4 6-&TTX H OH CHZOH OH epiTTX CH20H OH 

7 ll-deoxy-lr-&TTX OH H OH CH3 11-deoxyTTX OH CH3 

F i g .  1. T e t r o d o t o x i n  a n a l o g u e s  from t h e  J a p a n e s e  newt Cynops e n s i c a u d a  ( r e f .  1 6 )  

PALYTOXI N S  

P a l y t h o a  t u b e r c u l o s a  ( C o e l e n t e r a t a ,  Z o a n t h i d a e ) ,  a s p e c i e s  o f  h e x a c o r a l l i a  l i v i n g  on  t h e  
c o r a l  r e e f s  i n  t r o p i c a l  a n d  s u b t r o p i c a l  r e g i o n s ,  c o n t a i n s  p a l y t o x i n  (9) w e l l - k n o w n  as t h e  
most p o w e r f u l  t o x i n  among t h o s e  o b t a i n e d  f rom m a r i n e  a n i m a l  s o u r c e s  (LD5o i n  dog i s  25ng/kg 
i . v . ) ( r e f .  1 7 ) .  The t o x i n  h a s  b e e n  f o u n d  t o  be  e x t r e m e l y  a c t i v e  a g a i n s t  c a r d i o v a s c u l a r  
systems,  p a r t i c u l a r l y  t h e  c o r o n a r y  a r t e r i e s  ( r e f .  18). F u r t h e r m o r e ,  PTX i n d u c e s  p r o f o u n d  
v a s o c o n s t r i c t i o n  a n d  i n c r e a s e s  i n  s y s t e m a t i c  b l o o d  p r e s s u r e  ( r e f .  1 9 ) .  T h i s  t o x i n  i s  
s t r o n g l y  p o s i t i v e  i n  t h e  i r r i t a n t  and tumor-promoter  t e s t i n g s ,  b u t  i s  n e g a t i v e  i n  t h e  tes t  of  
i n d u c i n g  ODC ( o r n i t h i n e  d e c a r b o x y l a s e )  a c t i v i t y  ( r e f .  20). 
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Palythoa tuberculosa (50 kg) 
I ex t rac ted  w i t h  75% EtOH 

I 
Aqueous Ext rac t  

CM-Sephadex C-25 colunm 
e l u t e d  with phosphate buf fer  (pH 4.6) 
d e s a l t e d  by a TSK-G3000S column 

I I1 
Palytoxin (9) HPW (MCI g e l  Q R - 3 0 ,  

phosphate buf fer  (pH 6.9) 

,Ck 1 p a k  2 d a k  3 
e lu ted  w i t h  phosphate buf fer  (pH 4.6) 
desa l ted  by a TSK-G3000S column PTX (9) DeoxyFTX (13) Hmm (10) 

NeoFTX (12) BishmPSX (11) 

e l u t e d  w i t h  H 0 I e lu ted  with 7& EtOH 
DEAE-Sephadex A-25 column 

I e l u t e d  with phosphate buf fer  (pH 6.9) 
CM-Sephadex C-25 column 

TSKk3000S COlUmn 

p a l y t o x i n s  (ca .  500 mg) 

Scheme 1. I s o l a t i o n  of p l y t o x i n s  

I s o l a t i o n  and s t r u c t u r a l  d e t e r m i n a t i o n  of PTX were a l s o  r e p o r t e d  by Scheuer  and Moore ( r e f .  
17, 21), whose r e s u l t s  are n o t  d e s c r i b e d  h e r e  owing t o  t h e  l i m i t a t i o n  of  t h e  s p a c e  provided.  
We have i s o l a t e d  PTX as t h e  main t o x i c  c o n s t i t u e n t  o f  t h e  Okinawan P a l y t h o a  t u b e r c u l o s a  pos- 
s e s s i n g  e g g s  and have  d e t e r m i n e d  i t s  s t r u c t u r e  ( r e f .  22). F u r t h e r ,  we have  i s o l a t e d  s i x  con- 
g e n e r s  o f  PTX (10, 11, 12, 13, and 14), which were d i f f i c u l t  t o  s e p a r a t e  owing t o  t h e i r  chro-  
m a t o g r a p h i c a l l y  similar p r o p e r t i e s  and t h e i r  s t r u c t u r e s  were e l u c i d a t e d  i n  1981 ( r e f .  23). 
(1) P u r i f i c a t i o n  o f  PTXs was e x t r e m e l y  d i f f i c u l t ,  b e c a u s e  t h e y  are u n s t a b l e  and  s o l u b l e  o n l y  
i n  w a t e r ,  and have h i g h  m o l e c u l a r  w e i g h t s ,  and i n  a d d i t i o n  t h e y  are a m i x t u r e  of congeners .  
F o r t u n a t e l y ,  t h e  p o r o u s  p o l y m e r  r e s i n  became a v a i l a b l e ,  w h i c h  c a n  b e  u s e d  f o r  e f f i c i e n t  
s e p a r a t i o n  of p o l a r  compounds i n  aqueous  s o l u t i o n s .  The u s e  o f  t h e  porous  polymer r e s i n  made 
p o s s i b l e  t h e  s e p a r a t i o n  o f  PTXs as  well as  t h e  workup of t h e  p e r i o d a t e  o x i d a t i o n  o f  PTX. 
(2)  The s t r u c t u r a l  e l u c i d a t i o n  of PTX c o u l d  n o t  be a c h i e v e d  s o l e l y  by u t i l i z i n g  t h e  NMR and 
mass s p e c t r o s c o p y  because  of t h e  s t r u c t u r a l  c o m p l e x i t y  and t h e  h i g h  m o l e c u l a r  weight .  PTX 
was s u b j e c t e d  t o  o z o n o l y s i s  o r  t o  p e r i o d a t e  o x i d a t i o n  on  t h e  porous  polymer r e s i n ,  and t h o s e  
o x i d a t i o n  p r o d u c t s  were s e p a r a t e d  and t h e i r  s t r u c t u r e s  were e l u c i d a t e d  by t h e  NMR and mass 
s p e c t r a l  means as well as by t h e  X-ray d i f f r a c t i o n  method. On t h e  b a s i s  of t h e  i n f o r m a t i o n  
o b t a i n e d  f rom t h e  p a r t i a l  s t r u c t u r e s  of  t h o s e  o x i d a t i o n  p r o d u c t s  d e s c r i b e d  above,  t h e  whole  
s t r u c t u r e  of PTX c o u l d  f i n a l l y  be d e t e r m i n e d ,  
(3) The m o l e c u l a r  w e i g h t  of  PTX was d e t e r m i n e d  by t h e  p lasma d e s o r p t i o n  mass s p e c t r o s c o p y  
(PDMS) i n  c o l l a b o r a t i o n  w i t h  M a c f a r l a n e  i n  1980 (ref.  2 4 ) .  
( 4 )  A v a i l a b i l i t y  o f  h i g h - f i e l d  N M R  (600, 400,  a n d  2 7 0  MHz) made p o s s i b l e  t h e  s t r u c t u r a l  
d e t e r m i n a t i o n  of  PTX. 
( 5 )  The  a b s o l u t e  c o n f i g u r a t i o n s  o f  e a c h  o x i d a t i o n  p r o d u c t  m e n t i o n e d  a b o v e  (c f .  item ( 2 ) )  
c o u l d  be d e t e r m i n e d  by compar ison  of t h e  o x i d a t i o n  p r o d u c t  w i t h  t h e  compound having  t h e  known 
a b s o l u t e  c o n f i g u r a t i o n s ,  t h e  l a t t e r  be ing  s y n t h e s i z e d  s t e r e o s p e c i f i c a l l y  f rom t h e  m a t e r i a l  
w i t h  t h e  e s t a b l i s h e d  a b s o l u t e  c o n f i g u r a t i o n s  ( c o l l a b o r a t i o n  w i t h  K i s h i ,  1 9 8 2 ) ( r e f .  2 5 ) .  

9 n= 1 
10 n= 2 
11 n= 3 OH 
12 n= 1, t c  

13 n= 1, Y= %H2CH=CHCH=CH2CH2- 
t t s  HvL$g 14 n= 1, Y= 'ICH2CH=CHCH=CHCHOHCH2- 

X= 

M 
F i g .  2. S t r u c t u r e s  o f  p a l y t o x i n s  
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It is  u n c e r t a i n  whether  PTXs a r e  produced by t h e  P a l y t h o a  sp.  o r  no t .  There  are a number o f  
P a l y t h o a  sp.: The Okinawan P a l y t h o a  t u b e r c u l o s a  shows s t r o n g  t o x i c i t y  o n l y  when i t  p o s s e s s e s  
e g g s ;  t h e  H a w a i i a n  P a l y t h o a  t o x i c a  i s  t o x i c  t h r o u g h o u t  t h e  year a n d  i t s  t o x i c i t y  i s  much 
s t r o n g e r  t h a n  t h a t  of t h e  Okinawan P a l y t h o a  t u b e r c u l o s a .  These f i n d i n g s  are presumably  due 
t o  t h e  d i f f e r e n c e  i n  t h e  c o n t e n t s  of PTXs a n d  i n  t h e  v a r i e t y  o f  PTXs. I t  i s  i n t e r e s t i n g  t o  
n o t e  t h a t  a k i n d  o f  PTXs was found i n  t h e  a l g a  Chondr ia  armata Kuzing Okamurai  c o l l e c t e d  a t  
t h e  Yakushima i s l a n d  of  J a p a n  ( r e f .  26): t h i s  f i n d i n g  i s  i n t e r e s t i n g  i n  c o n n e c t i o n  w i t h  t h e  
o r i g i n  of  PTXs. R e c e n t l y ,  c a u s a t i v e  f o o d  p o i s o n i n g  o c c u r r e d  by p a r r o t  f i s h e s  i n  A i c h i  
p r e f e c t u r e  i n  J a p a n  ( r e f .  2 7 ) ,  by t r i g g e r  f i s h e s  i n  M i c r o n e s i a  ( r e f .  28), a n d  by c r a b s  i n  
P h i l i p p i n e s  ( r e f .  2 9 ) ,  a n d  a l l  t h e  cases were f o u n d  t o  b e  c a u s e d  by PTXs. The  c a u s a t i v e  
p o i s o n i n g  d e s c r i b e d  a b o v e  i s  c o n s i d e r e d  t o  be  d u e  t o  PTXs c o n t a i n e d  i n  t h e  P a l y t h o a  s p . ,  
which t h e  f i s h e s  and t h e  c r a b s  took  as f o o d s  ( f o o d - c h a i n ) .  

POLYETHERS FROM MICROORGANISMS AND SPONGES 

D i n o f l a g e l l a t e s  a n d  b l u e  g r e e n  a l g a e  h a v e  b e e n  w e l l  known t o  p r o d u c e  b i o l o g i c a l l y  a n d  
c h e m i c a l l y  i n t e r e s t i n g  m e t a b o l i t e s  and much a t t e n t i o n  h a s  been p a i d  t o  t h e s e  microorganisms 
( r e f .  30) .  

Tachibana ,  Scheuer ,  T s u k i t a n i ,  and S c h m i t z  and t h e  co-workers  i s o l a t e d  o k a d a i c  a c i d  (15) f rom 
H a l i c h o n d r i a  o k a d a i  K a d o t a  a n d  i t s  s t r u c t u r e  was e l u c i d a t e d  by X-ray c r y s t a l l o g r a p h i c  
a n a l y s i s  ( r e f ,  3 1 ) .  From a d i n o f l a g e l l a t e ,  a t  t h e  same t i m e ,  S c h m i t z  o b t a i n e d  
a c a n t h i o f o l i c i n  w h i c h  i s  r e g a r d e d  a s  t h e  9 , l O - s - s u l f i d e  of o k a d a i c  a c i d  ( ref .  32). 
D i a r r h e t i c  S h e l l f i s h  P o i s o n i n g  (DSP), w h i c h  i s  c a u s e d  by i n g e s t i o n  o f  b i v a l v e s  f e e d i n g  o n  
t o x i c  d i n o f l a g e l l a t e s ,  h a s  been one  of  t h e  most  w i d e l y  o c c u r r e d  n a t u r a l  food  p o i s o n i n g s  f rom 
m a r i n e  source .  R e c e n t l y ,  Yasumoto and t h e  coworkers  i s o l a t e d  seven  compounds c l a s s i f i e d  i n t o  
t h r e e  g r o u p s  f r o m  t h e  d i n o f l a g e l l a t e  w h i c h  c a u s e s  d i a r r h e t i c  s h e l l f i s h  p o i s o n i n g  a n d  
d e t e r m i n e d  t h e i r  s t r u c t u r e s .  One o f  t h e  t h r e e  g r o u p s  i n c l u d e s  o k a d a i c  a c i d  ( r e f .  33), a n d  
i t s  c o n g e n e r s  (16 a n d  1 7 ) ( r e f .  3 4 ,  35). O t h e r  t w o  g r o u p s  i n c l u d e  p e c t e n o t o x i n - 1  (18), -2 
(19), a n d  -3 ( 2 O ) ( r e f .  3 6 ) ,  a n d  y e s s o t o x i n  ( 2 l ) ( r e f .  3 7 ) ,  r e s p e c t i v e l y .  A l t h o u g h  o k a d a i c  
a c i d  was o r i g i n a l l y  i s o l a t e d  a s  a n  a n t i t u m o r  s u b s t a n c e  f r o m  H a l i c h o n d r i a  o k a d a i ,  t h e  
p r a c t i c a l  u t i l i t y  of  t h i s  s u b s t a n c e  can  n o t  be e x p e c t e d  owing t o  i t s  t o x i c i t y .  Some o t h e r  
b i o l o g i c a l  a c t i v i t i e s  s u c h  as  t u m o r  p r o m o t i n g  a c t i v i t y  h a v e  b e e n  f o u n d  f o r  o k a d a i c  a c i d .  
S y n t h e s i s  of o k a d a i c  a c i d  h a s  been made by I s o b e  and t h e  c o w o r k e r s  ( r e f .  38). 

-.. / BH 
CY' ' 0.. 

R 9  15 Okadaic  a c i d  0" H H  R1 R 2  O H  R 

HO 
' H  

"OR1 

16 Dinophys is toxin-1  H CH3 
17 Dinophys is toxin-3  A c y l  CH3 

, 
R 

18 Pectenotoxin-1  CH20H 
19 Pectenotoxin-2  

2 1  Yessotoxin  

F i g .  3. DSP s u b s t a n c e s  o r i g i n a t e d  from d i n o f l a g e l l a t e s  

Konosu i s o l a t e d  a p o l y e t h e r  m a c r o l i d e ,  goniodomin A (22)  as a n  a n t i f u n g a l  component f rom a 
d i f f e r e n t  k ind  of  d i n o f l a g e l l a t e  ( r e f .  39). Moore and h i s  c o w o r k e r s  i s o l a t e d  f i v e  a n t i t u m o r  
compounds, s c y t o p h y c i n  A,  B, C (23), D and E f rom t h e  c u l t u r e d  terrestr ia l  b l u e  g r e e n  a l g a e  
( r e f .  40). They are s t r u c t u r a l l y  and b i o g e n e t i c a l l y  r e l a t e d  t o  t h e  m a r i n e  n a t u r a l  p r o d u c t s ,  
s w i n h o l i d e  A (24) f r o m  t h e  s p o n g e  ( r e f .  41)  a n d  u l a p u a l i d e  A ( 2 5 ) ( r e f .  4 2 ) ( s i m i l a r  t o  
kabi ramide  C ( r e f .  4 3 ) )  from eggmasses  of  nudibranch .  
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2 3  Scyptophycin  C 

Me0 

2 4  Swinhol ide  A 

2 5  U l a p u a l i d e  A (similar t o  Kabiramide A) 

F i g .  4 .  P o l y e t h e r  m a c r o l i d e s  f rom a microorganism,  a sponge  and a nudibranch  

Sponges t o g e t h e r  w i t h  c o e l e n t e r a t e s  are major  o r g a n i s m s  i n  t h e  c o r a l  r e e f s  and have a l a r g e  
number of v a r i e t y .  Sponges a r e  i n t e r e s t i n g  o r g a n i s m s  i n  v iew o f  t h e  f a c t  t h a t  t h e y  keep  many 
s y m b i o n t s  ( m i c r o o r g a n i s m s  occupy t h e  40% volume of  t h e  h o s t  s p o n g e s  i n  some cases). 
Chemica l  s t u d i e s  on  s p o n g e s  have  been made e x t e n s i v e l y ,  because  v a r i o u s  k i n d s  of sponges  are 
f o u n d  a n d  n o v e l  c o m p o u n d s  h a v e  b e e n  i s o l a t e d .  S t r u c t u r a l l y  a n d  b i o l o g i c a l l y  i n t e r e s t i n g  
c o n s t i t u e n t s  of  sponges  h a v e  been i s o l a t e d ,  and,  i n  p a r t i c u l a r ,  t h e r e  have been o b t a i n e d  many 
b i o a c t i v e  p o l y e t h e r s  a n d  p o l y e t h e r  m a c r o l i d e s  s u c h  a s  o k a d a i c  a c i d .  Some o f  t h e m  are  
c o n s i d e r e d  t o  be  o r i g i n a t e d  from s y m b i o s i s  o r  food c h a i n .  

For example ,  p o t e n t  a n t i n e o p l a s t i c  s u b s t a n c e s  have been i s o l a t e d  and t h e i r  s t r u c t u r e s  have  
b e e n  d e t e r m i n e d :  t a d e n o l i d e  ( 2 6 )  by S c h m i t z  ( r e f .  4 4 ) ,  l a t r u n c u l i n  A ( 2 7 ) ( r e f .  4 5 ) ,  a n d  
s w i n h o l i d e  A ( 2 4 ) ( r e f .  4 1 )  by Kashman.  F u s e t a n i ,  H i g a  a n d  Kashman a n d  t h e i r  c o w o r k e r s  
r e p o r t e d  i s o l a t i o n  of  b i s t h e o n i l i d e  A ( 2 8 )  a n d  B f r o m  a s p o n g e  T h e o n e l l a  s p .  a s  t h e  e g g  
development  i n h i b i t o r  of  s t a r f i s h  o r  sea u r c h i n  (The s t r u c t u r e  o f  b i s t h e o n i l i d e  A was r e v i s e d  
f rom t h e  p r e v i o u s l y  proposed  monomeric m a c r o l i d e  s t r u c t u r e  ( m i s a k i n o l i d e  A) t o  i ts d i m e r i c  
m a c r o l i d e  s t r u c t u r e  ( r e f .  46)).  
e s p e c i a l l y  a n t i t u m o r  s u b s t a n c e s .  

T h i s  assay s y s t e m  is v e r y  u s e f u l  i n  s e a r c h  f o r  b i o a c t i v e ,  

0. 2 6  T a d e n o l i d e  

r3°T 0 UYJ-r OMe 

2 8  B i s t h e o n i l i d e  A ( M i s a k i n o l i d e  A) 
2 7  L a t r u n c u l i n e  A 

F i g .  5 .  A n t i n e o p l a s t i c  s u b s t a n c e s  from sponges  
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Okadaic 
acid (15) 

HALICHONDRINS 

A black sponge Halichondria okadai Kadota commonly found along the coast of Japan is well- 
known for containing okadaic acid. We have isolated eight new compounds, halichondrins (29 - 
36) together with known okadaic acid from this sponge by using the porous polymer resin. We 
have also isolated glycookadaic acid, which consists of okadaic acid and glycine, and okadaic 
acid congeners from the sponge. 

From 600kg of the sponge the largest amount of a halichondrin (norhalichondrin A (29)) was 35 
mg, and halichondrin B (32) was isolated in the crystalline state (12 mg), which shows the 
most potent antitumor activity and the lowest toxicity. Although the most abundant 
norhalichondrin A is not crystalline, its crystalline pbromobenzyl ester was subjected to 
the X-ray crystallographic analysis, which disclosed the structure: the absolute 
configuration of norhalichondrin A was determined by the CD study on the di-p-bromobenzoated 
derivative (1985 - 1986)(ref. 47). 

From the results of the in vivo animal testing halichondrin B was proved to have potent 
antitumor activity and low toxicity. Since the content of halichondrin B in the sponge is 
low and its synthesis would be difficult owing to its complex structure, the clinical use of 
halichondrin B can not be expected at present. Because halichondrins are considered to be 
produced by the symbionts of the sponge, we are trying to search for the symbionts, to 
separate them, and to cultivate them. 

separated by HPLC 
1) LiChroprep RP-8 (size C) 

solvent, 40% MeCN-H20 
2) LiChroprep RP-8 (size B) 

solvent, 20% MeCN-H20 
3) LiChroprep RP-8 (size P.) 

Halichondria okadai Kadota (600 kg) 

crushed and extracted with MeOH 
filtrated and concentrated 

Aqueous Extracts 

BuOH Extracts 

70% Aqueous MeOH Solution 

I extracted with "-BuOH 

I concentrated 

i 
concentrated Hexane 

chromatographed on TSK G3000S column 
Physiologically Active Substances 

I 4 

eluted with 
40% EtOH 

I eluted with 50% EtOH I eluted with 60% EtOH 
An Oily Material 

separated by HPLC 
1) LiChroprep RP-8 (size C) 

solvent, 40% MeCN-H20 
2) LiChroprep RP-8 (size A) 

solvent, 30% MeCN-H20 

A Glassy Material 
separated by HPLC 

YMC Pack A212 (C-8) 
solvent, 25% MeCN-H20 

Norhalichondrin A (29), 35.0 mg Halichondrin B (32), 12.5 mg 
B (30), 4.2 mg Homohalichondrin B (35), 3.1 mg 
C (31), 2.4 mg 

Homohalichondrin A (34), 17.2 mg 
B (36), 2.1 mg 

Halichondrin C (33), 7.2 mg 

Scheme 2. Isolation and purification of halichondrins 
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Me Me 

29 
30 
31 

Norhalichondrin A R1= R2= OH 2 

Norhalichondrin B R1= R2= H 
Norhalichondrin C R1= H, R2= OH 

Me Me 

32 Halichondrin B R= H 
33 Halichondrin C R= OH 

H 
h e  

34 Homohalichondrin A R1= R2= OH 
35 Homohalichondrin B R1= R2= H 
36 Homohalichondrin C R1= H, R2= OH 

Fig. 6. Structures of halichondrins 

CIGUATOXIN 

Historically, mankind has suffered from poisoning caused by ciguatoxin. Symptoms of 
ciguatera poisoning are: nausea, diarrhea, headache, temperature reversal and so on. Chemical 
studies on ciguatoxin have been done by the Scheuer's group (ref. 48). They have isolated 
pure ciguatoxin and determined the molecular weight, molecular formula, and the partial 
structures. 

Three difficulties of ciguatoxin studies can be pointed out. 
1. 
2. 
3. 

Extremely low and variable concentration of the toxin in fish. 
Variation in toxicity in seasons and places. 
Structural complexity of the toxin 

Molecular Weight 1111.7 
Molecular Formula C53H77N024 or C54H78024 

A red snapper, Lutjanus w, is a very common ciguateric fish in Okinawa. Poisoning caused 
by this species has been frequently observed. Viscera of a red snapper are suitable as 
sources of siguatoxin. The content of the toxin is very low, but it is possible to obtain 
the toxin constantly. A spectroscopic comparison of the Okinawan toxin with the ciguatoxin 
investigated by Scheuer (less polar ciguatoxin) was successfully performed. Structural 
studies of ciguatoxin are currently in progress. 
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SYMBIOSIS AND FOOD CHAIN 

A s  d e s c r i b e d  p r e v i o u s l y ,  f u r t h e r  r e s e a r c h  on t h e  m e t a b o l i t e s  o f  t h e  m a r i n e  a n i m a l s  must  be  
c a r r i e d  o u t  c o n s i d e r i n g  both  s y m b i o s i s  and food c h a i n .  I n  f a c t ,  some m a r i n e  m i c r o o r g a n i s m s  
have been proved t o  produce  some n a t u r a l  p r o d u c t s  p r e v i o u s l y  o b t a i n e d  f rom h o s t s  o r  h i g h e r  
a n i m a l s .  F o r  e x a m p l e ,  F u s e t a n i ' s  g r o u p  i s o l a t e d  k a b i r a m i d e  A - E ( 2 5 ) ( r e f .  4 3 ) ,  w h i c h  h a s  
t h e  s k e l e t o n  similar t o  t h a t  o f  s w i n h o l i d e s  (24) b u t  p o s s e s s e s  t h e  n o v e l  t r i s - o x a z o l e  m o i e t y ,  
as  a n t i f u n g a l  m a c r o l i d e s  from t h e  e g g  masses o f  n u d i b r a n c h .  L a t e r ,  t h e s e  c o m p o u n d s  were 
f o u n d  t o  h a v e  e g g  d e v e l o p m e n t  i n h i b i t o r y  a c t i v i t y .  A t  t h e  same t i m e ,  t h e  S c h e u e r ' s  g r o u p  
i s o l a t e d  two new compounds u l a p u a l i d e s  (25) ( re f .  42) s t r u c t u r a l l y  similar t o  k a b i r a m i d e s  f rom 
t h e  e g g  o f  n u d i b r a n c h .  R e c e n t l y ,  t h e  F a u l k n e r ' s  g r o u p  a l s o  o b t a i n e d  a compound,  
h a l i c h o n d r a m i d e  similar t o  k a b i r a m i d e ,  from a sponge of  t h e  South  P a c i f i c  Ocean ( r e f .  49). 
It is  r e a s o n a b l e  t o  c o n s i d e r  t h a t  t h e  o c c u r r e n c e  of  compounds of  t h i s  t y p e  from nudibranch  
and a sponge is due t o  food c h a i n ,  because  nudibranch  e a t s  sponges.  Scytophycin  A - E, t h e  
s k e l e t o n  of which is  similar t o  t h a t  of  t h e  above ment ioned  compounds, were i s o l a t e d  f rom a 
terrestrial  b l u e  g r e e n  a l g a  by Moore and h i s  c o w o r k e r s  ( r e f .  40). 

We h a v e  c u l t i v a t e d  A m p h i d i n i u m  s p . ,  a k i n d  of  d i n o f l a g e l l a t e  s e p a r a t e d  f r o m  a f l a t  worm 
A m p h i s c o p o l o p u s  s p . ,  a n d  h a v e  i s o l a t e d  a m p h i d i n o l i d e  A (37), B (38), C (39), a n d  D ( 3 8 )  
p o s s e s s i n g  p o t e n t  a n t i n e o p l a s t i c  a c t i v i t y .  The s t r u c t u r a l  d e t e r m i n a t i o n  of  t h e s e  compounds 
h a s  b e e n  c a r r i e d  o u t  u s i n g  s p e c t r o s c o p i c  m e t h o d s  ( I R ,  FABMS, EIMS, Z D - N M R )  a n d  c h e m i c a l  
m e a n s ,  a n d  t h e  s t r u c t u r e s  d i s c l o s e d  a r e  q u i t e  n o v e l .  A m p h i d i n o l i d e  A ,  B, C ,  a n d  D p o s s e s s  
20-membered ,  26-membered ,  25-membered ,  a n d  26-membered l a c t o n e ,  r e s p e c t i v e l y .  The  25- 
membered  l a c t o n e  of a m p h i d i n o l i d e  C i s  t h e  f i r s t  e x a m p l e  a s  a n a t u r a l  p r o d u c t .  I t  i s  
i n t e r e s t i n g  t o  n o t e  t h a t  t h e  p o t e n t  a n t i n e o p l a s t i c  compounds w i t h  s t r u c t u r a l  d i v e r s i t y  as t o  
t h e  s i z e  o f  t h e  l a c t o n e  r i n g  a n d  t h e  s u b s t i t u t i o n  p a t t e r n s  were o b t a i n e d  f r o m  o n e  
d i n o f l a g e l l a t e  ( r e f .  50). So f a r ,  m a r i n e  a n i m a l s  a r e  known t o  k e e p  v a r i o u s  s y m b i o t i c  
o r g a n i s m s  and s y m b i o s i s  h a s  a n  i m p o r t a n t  r o l e  f o r  b o t h  s y m b i o t i c  o r g a n i s m s  and h o s t  a n i m a l s .  
Although s y m b i o s i s  among m a r i n e  o r g a n i s m s  is i n d i s p e n s a b l e  t o  t h e  deve lopment  of  c o r a l  r e e f s ,  
l i t t l e  is known a b o u t  t h e  s y m b i o t i c  o r g a n i s m s  because  of t h e  d i f f i c u l t y  i n  t h e i r  s e p a r a t i o n  
a n d  c u l t i v a t i o n ,  When t h e  s e p a r a t i o n  a n d  c u l t i v a t i o n  o f  t h e  s y m b i o t i c  o r g a n i s m s  c a n  b e  
c a r r i e d  o u t  r a t h e r  e a s i l y ,  t h e  s t u d i e s  on t h e  c o n s t i t u e n t s  of  t h e  s y m b i o t i c  o r g a n i s m s  w i l l  be  
r a p i d l y  deve loped .  I n  t h e  case t h a t  a u s e f u l  c o n s t i t u e n t  s u c h  as h a l i c h o n d r i n  B is i s o l a t e d  
i n  a m i n u t e  amount f rom m a r i n e  a n i m a l s  such  as sponges ,  i t  i s  d e s i r a b l e  t h a t  t h e  s y m b i o t i c  
o r g a n i s m s  are s e a r c h e d  and t h e i r  s e p a r a t i o n  and c u l t i v a t i o n  are a t t e m p t e d  and t h e i r  c h e m i c a l  
c o n s t i t u e n t s  are examined.  

H 

H 

37 Amphidinol ide A 

M 

39 Amphidinol ide  C 

38 Amphidinol ide B o r  D 
( s t e r e o i s o m e r )  

F i g .  7. S t r u c t u r e s  of  a m p h i d i n o l i d e s  

A s  i n  t h e  c a s e  of t h e  r e l a t i o n s h i p  between n u d i b r a n c h  and a sponge  d e s c r i b e d  above,  one must  
c o n s i d e r  t h e  food  c h a i n  i n  c o n j u n c t i o n  w i t h  s y m b i o s i s ,  when t h e  r e l a t i o n s h i p  and t h e  o r i g i n  
of  t h e  c o n s t i t u e n t s  o b t a i n e d  f rom b l u e  g r e e n  a l g a e ,  d i n o f l a g e l l t e s ,  sponges ,  n u d i b r a n c h e s ,  
and f l a t  worms are d i s c u s s e d .  

What is  t h e  o r i g i n  of t e t r o d o t o x i n  (TTX)? S y m b i o s i s  o r  food  c h a i n ?  Are p a l y t o x i n s  produced 
by P a l y t h o a  s p e c i e s ?  Does  H a l i c h o n d r i a  o k a d a i  p r o d u c e  o k a d a i c  a c i d  a n d  h a l i c h o n d r i n s ?  
These i n t e r e s t i n g  problems w i l l  be  s o l v e d  i n  t h e  f u t u r e .  
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