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This  spec ia l  i s sue  i s  ded ica t ed  t o  Professor  Koji Nakanish i  for  t h e  p r e - c e l e b r a t i o n  

of his  7 5 t h  b i r thday .  On this  occasion, I  would  l ike  to expres s  m y  g rea t  e s t e e m  for  

Professor  Nakanish i  who,  o v e r  s o  m a n y  years ,  has  l abo red  s o  h a r d  in t h e  w o r k  of 

th is  field. A l though  it is beyond  m y  power ,  I  would  be  mos t  h a p p y  to con t r ibu te  a  

s u m m a r y  of his  d is t inguished  a c h i e v e m e n t s  in t he  latest  scient if ic  d e v e l o p m e n t ,  

i.e., s t r u c t u r a l  s t u d i e s  of b ioac t ive  molecules  a n d  des ign  of highly sens i t i ve  

spec t roscopic /chemica l  methods .  Professor  Nakanishi  is a n  ac t ive  cen tenn ia l  

p ro fe s so r  of Columbia Univers i ty  in New York a n d  still one  of t h e  m o s t  p r o d u c t i v e  

chemis t s  in t h e  wor ld .  He has  been  also no ted  a s  t h e  bes t  magic ian  a m o n g  

chemists .  

For m a n y  years ,  Professor  Nakanishi  has  been  a  l eade r  i n  t h e  isolat ion a n d  

s t r u c t u r e  d e t e r m i n a t i o n  of biologically i m p o r t a n t  n a t u r a l  products .  He h a s  

des igned n e w  a d v a n c e d  methodology for  s t r u c t u r e  d e t e r m i n a t i o n  on  

submic rosca l e  of d i v e r s e  complex  organic molecules.  The  e s sence  of h is  w o r k  is 

to des ign  combined  spec t roscopic /chemica l  der iva t iza t ion  m e t h o d s  of h igh  

sens i t iv i ty ,  t h u s  m a k i n g  it possible to s t u d y  na tu ra l  p roduc t s  and  b ioac t iv i ty  

b e y o n d  t h e  convent ional  l imit  imposed  by  the  minuscu le  q u a n t i t y  of m a t e r i a l  o r  

complexi ty  of t he  p rob lem.  This t r e n d  is man i fe s t ed  in all  his  s t u d i e s  wh ich  has  

so lved  t h e  m o s t  chal lenging p rob lems  tha t  h a d  e luded  clarification fo r  m a n y  

years .  T h e  isolat ion a n d  chemica l / s t ruc tu ra l  m e t h o d s  h e  d e v e l o p e d  h a v e  
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prov ided  n e w  tools for  t h e  s t u d y  of na tu ra l  p roduc t s  a n d  h a s  p r o m o t e d  them t o  a  

h ighe r  level. He has  m a d e  ou t s t and ing  and  p ioneer ing  cont r ibut ions  in a  v a r i e t y  

of spec t roscopic  techniques .  

I. S p e c t r o s c o p i c  m e t h o d s .  

His n a m e  (KN) b e c a m e  k n o w n  th rough  publicat ion of his  IR m o n o g r a p h  

( q u e s t i o n / a n s w e r  fo rma t )  in 1 9 6 2 .  He co -au tho red  a  book on  CD ( 1 9 8 3 )  

summar iz ing  t h e  basics  a n d  theo ry  of exci ton chiral i ty CD, a  m e t h o d  h e  s t a r t e d  in 

1 9 6 9  w i t h  N. Harada  (his  f o r m e r  s tuden t ,  Professor  of Tohoku Universi ty);  h e  

also co -au tho red  a n d  co-edi ted  a  book cover ing  va r ious  a spec t s  of CD ( 1 9 9 4 )  a n d  

ed i t ed  a  book on  NMR in t h e  lec ture  fo rma t  (1990).  The  m e t h o d s  deve loped  by  

h im h a v e  grea t ly  e x p a n d e d  the  feasibi l i ty l imit  of s t ruc tu ra l  a n d  mechanis t ic  

s t u d i e s  of b ioac t ive  molecules.  

a .  N u c l e a r  O v e r h a u s e r  e f f e c t  (NOE) a n d  o t h e r  NMR m e a s u r e m e n t s :  KN 

p e r f o r m e d  the  f i rs t  p ioneer ing  applicat ions of t h e  NMR p h e n o m e n o n  wide ly  

k n o w n  today  as  NOE in n a t u r a l  p roduc t s  s t r u c t u r e  d e t e r m i n a t i o n s  (ginkgolides,  

1967) .  Whi le  A n e t  and  Bourne publ i shed  t h e  f i rs t  p a p e r  on NOE (1965) ,  KN 

i n d e p e n d e n t l y  e n c o u n t e r e d  th is  effect  du r ing  the  s a m e  t ime,  a n d  d e m o n s t r a t e d  

i ts  e n o r m o u s  potent ia l i ty  for  s t r u c t u r e  d e t e r m i n a t i o n  of complex  organic  

molecules. This  g a v e  r i se  to n e w  spectroscopic m e t h o d s  and  appl ica t ion  of gene ra l  

applicabil i ty,  especial ly for  t a rge t s  which  canno t  ye t  be  so lved  by  X-ray  

crys ta l lography.  

b. S e c o n d  d e r i v a t i v e  U V  a n d  F T I R  d i f f e r e n c e  s p e c t r o s c o p y  (1985) :  T h e  

t echn ique  of second d e r i v a t i v e  UV a n d  FTIR di f ference  spec t roscopy,  explo i ted  

for  t he  f i r s t  t ime  du r ing  s t ruc tu ra l  s tud ie s  of mi tomyc ine  / DNA a d d u c t s  h a s  

p roved  to be  a  highly sens i t ive  tool for  microscale s t ruc tu ra l  s tudies .  

c. T h e  e x c i t o n  c h i r a l i t y  c i r c u l a r  d i c h r o i c  m e t h o d  (ECCD) (1969-p resen t ) :  

KN p ionee red  a n d  deve loped  the  exciton chiral i ty circular  dichroic me thod ,  
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which  is based  on  t h e  nonempir ica l  coupled  oscillator t h e o r y  deve loped  in t h e  

1930s .  First i n t roduced  a s  t h e  d ibenzoa te  chiral i ty m e t h o d  for1,2-glycols  (1969) ,  

it ha s  con t inued  to m a k e  progress,  especial ly in recent  years ,  s o  tha t  it ha s  n o w  

become  appl icable  to a lmos t  a n y  t y p e  of compound,  cyclic, acyclic, a n d  e v e n  

biopolymeric.  

The  crucial  f inding  of ma jo r  theore t ica l  ( 1 9 9 7 )  a n d  pract ical  i m p o r t a n c e  w a s  

m a d e  tha t  en t i r e  CD c u r v e s  can  be  r e p r e s e n t e d  by  p a i r - w i s e  add i t i on  of all  

i n t e rac t ing  ch romophores .  Namely, t he  CD of a  mu l t i ch romophor i c  s y s t e m ,  

i n d e p e n d e n t  of w h e t h e r  t h e  c h r o m o p h o r e s  a r e  identical  ( 1 9 8 1 )  o r  d i f f e ren t  

(1986) ,  is r e p r e s e n t e d  by  s u m m a t i o n  of t he  CD of all pa i rwi se  in terac t ing  

ch romophor i c  s y s t e m s  (1983) .  In t e rac t ion  of d i f ference  c h r o m o p h o r e s  a r e  

especial ly i m p o r t a n t  because  in th is  case, t h e  en t i r e  CD c u r v e  becomes  

charac ter i s t ic  for  t ha t  c o m p o u n d  (as  in IR). No except ion  w a s  found  in 9 0  cases  

s tud ied  (1990) .  T h e  b i ch romophor i c  CD approach  h a s  b e e n  e x t e n d e d  to 

d e t e r m i n e  t h e  r e l a t ive  and  abso lu t e  conf igura t ions  of f lexible acyclic 1 ,2 -  a n d  

1 ,3-polyols ,  and  mixed  1 ,2-1 ,3-polyols  and  aminopolyols  conta in ing  f ive  

cont iguous  chiral  c e n t e r s  (1992- ) .  The  pa i rwi se  addi t iv i ty  pr inc ip le  e n a b l e s  t h e i r  

con f igu ra t ions  to be  d e t e r m i n e d  by  1- o r  2 - s t e p  der iva t iza t ions .  A n u m b e r  of 

n e w  r e d - s h i f t e d  c h r o m o p h o r e s  h a v e  b e e n  dev i sed  for  de r iva t i za t ions  of h y d r o x y l  

a n d  p r i m a r y  a m i n o  g r o u p s  (1992-) ;  t hese  c h r o m o p h o r e s  can  be used  fo r  n a t u r a l  

p roduc t s  w i t h  pre-exis t ing  ch romophores  s ince t h e  red  sh i f t  p r e v e n t s  t h e  

in t roduced  c h r o m o p h o r e s  f rom coupling to the  original  chromophores ;  t h e  r e d -  

sh i f ted  c h r o m o p h o r e s  also enab le  one  to use  ECCD wi thou t  i n t e r f e rence  f r o m  

c o n t a m i n a n t s  f r e q u e n t l y  p r e s e n t  in biochemical  prepara t ions .  

The  f i r s t  appl ica t ion  ( 1 9 8 5 )  of second d e r i v a t i v e  CD disclosed tha t  w h e n  t h e  

i m m u n o s u p p r e s i v e  drug ,  rapamycin ,  b inds  to its b inding  p ro t e in  (FKBP), a  sub t l e  

change  in d r u g  confo rma t ion  leading  to increased  t r i ene  p l ana r i ty  occurs. I t  is 

th is  t r i ene  moie ty  tha t  is involved  in t h e  b inding  of t h e  r a p a m y c i n  FKBP complex  
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to  t h e  el ici tor  protein,  a  r e q u i r e m e n t  for  immunosuppres s ion .  I m p o r t a n t l y ,  it w a s  

found  tha t  th is  change  is res t r ic ted  to ac t ive  r a p a m y c i n  de r iva t ives .  Such 

minuscule  changes  would  h a v e  been  difficult, if not impossible,  to  be  de t ec t ed  by 

NMR o r  X-ray. M e m b r a n e  bound  sphingolipids a r e  regula tors  of cell funct ion  a n d  

exe r t  a n  e x t r e m e  va r i e ty  of i m p o r t a n t  activities; t h e  CD of de r iva t i zed  

sphingol ip id  es tab l i shes  t h e  re la t ive  and  abso lu t e  conf igura t ion  (1991) .  

Using p o r p h y r i n s  a s  ch romophores  ( the i r  in tense  Soret  bands ,  ca. 4 2 0  nm,  E 

350,000) ,  h is  g roup  has  succeeded  ( 1 9 9 5 )  in secur ing  s t rong  coupling b e t w e e n  

c h r o m o p h o r e s  4 0 - 5 0  A apa r t .  The  ECCD m e t h o d  out l ined  a b o v e  l eads  to a  vas t  

unexp lo red  a r e a  wi th  exci t ing possibilities for  hioscience, e.g., b iopo lymer  

conformation,  i n t e rna l  interact ion,  molecular  association. Abso lu t e  conf igura t ions  

of a  s ingle  chiral  cen te r  ( 1 9 9 6 - )  can  be  d e t e r m i n e d  by us ing  t h e  s tacking  

p rope r t i e s  of po rphyr ins ;  th is  will  ex t end  applicat ion of CD to  unexp lo red  areas .  

MO calculat ions of (I) a n d  UVIVIS c u r v e s  (1995-) .  Excellent a g r e e m e n t  is s e e n  

b e t w e e n  e x p e r i m e n t a l  a n d  theore t ica l  CD and  UVIVIS c u r v e s  of h ighly  complex  

sys t ems .  This  success vas t ly  e n h a n c e s  t h e  role of t h e  exci ton chi ra l i ty  m e t h o d  

since it is poss ib le  to e s t i m a t e  t h e  confo rma t ion  of mu l t i ch romophor i c  s y s t e m s  

f r o m  CD curves .  

Fluorscence de t ec t ed  exci ton coupled  CD (1997-) .  This  me thod ,  a  r ecen t  

a c h i e v e m e n t  (J.G. Dong, Ph.D. thesis,  1 9 9 7 )  e n h a n c e s  t h e  sens i t iv i ty  of exc i ton  

coupled  CD by 5 0  to 100-fo ld .  Undoub ted ly  this  f inding  will  h a v e  a  p r o f o u n d  

effect  on  f u t u r e  d e v e o p m e n t  of t h e  CDmethod  including appl ica t ions  dea l ing  w i t h  

b iopolymers .  

d.  CD-pKa  m e a s u r e m e n t s  t o  d e t e r m i n e  a d d u c t  l i n k a g e  p o i n t s :  W h e n  

two  ch romophores  a r e  spa t ia l ly  close, t h e y  g ive  r ise to i n t ense ly  coupled  CD 

(ECCD). This  is t h e  case  wi th  the  d -guanos ine  (dG)/  b e n z p y r e n e  a d d u c t  (1976) .  

Since t h e  UV of dG changes  wi th  pH, t h e  coupled CD s p e c t r u m  also changes  w i t h  

pH. This  change  a l lowed m e a s u r e m e n t  of t h e  pKa of t he  d-G moie ty ,  which  in 
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t u r n  d i sc losed  t h a t  d -G w a s  a t t a c h e d  t o  t h e  a r o m a t i c  h y d r o c a r b o n  m o i e t y  t h r o u g h  

t h e  p r i m a r y  a m i n o  group .  T h e  pK could  n e i t h e r  b e  m e a s u r e d  b y  t i t r a t i on  o w i n g  

t o  t h e  l im i t ed  s a m p l e  q u a n t i t y ,  n o r  by  UV o w i n g  t o  t h e  d o m i n a t i o n  of s p e c t r a  by  

t h e  s t r o n g  non -d i s soc i a t i ng  h y d r o c a r b o n  c h r o m o p h o r e ;  i n  con t r a s t ,  t h e  i n t e n s e  CD 

r e q u i r e d  so lu t i ons  m o r e  d i l u t e  t h a n  for  UV m e a s u r e m e n t s .  

e  S e q u e n c i n g  o f  s t i c k y  m e m b r a n e  b y  t a n d e m  m a s s  s p e c t r o m e t r y  (MS):  

Thi s  i s  a  m e t h o d  w i t h  a  1 0 0 - f o l d  s ens i t i v i t y  of c o n v e n t i o n a l  p e p t i d e  E d m a n  

d e g r a d a t i o n  t h a t  a l l ows  s e q u e n c i n g  w i t h o u t  c h r o m a t o g r a p h i c  s e p a r a t i o n .  T h e  

t r a n s m e m b r a n e  s e g m e n t  of m a n y  m e m b r a n e  pro te ins ,  e x e m p l i f i e d  b y  r e t i n a l  

p ro t e in s ,  a r e  amph iph i l i c .  Consequen t l y ,  t h e  p e p t i d i c  f r a g m e n t s  r e s u l t i n g  f r o m  

e n z y m a t i c  o r  chemica l  c l e a v a g e  a r e  s t i cky  a n d  no to r i ous ly  d i f f icu l t  o r  i m p o s s i b l e  

t o  s e p a r a t e  by  c o n v e n t i o n a l  c h r o m a t o g r a p h i c  m e t h o d s .  By us ing  a  t a n d e m  f o u r -  

s e c t o r  m a s s  s p e c t r o m e t e r ,  h i s  g r o u p  h a s  s u c c e e d e d  in d e t e c t i n g  n i n e  ou t  of t e n  

p e p t i d e s  ( t h e  s i ng l e  u n d e t e c t e d  f r a g m e n t  i s  a  m i n o r  t e t r a p e p t i d e ) .  T h i s  w a s  t h e  

f i r s t  c a se  of a  m e m b r a n e  p r o t e i n  be ing  s e q u e n c e d  (pa r t i a l l y )  w i t h o u t  s e p a r a t i o n  

of t h e  p e p t i d e s  ( 1 9 9 5 ) .  

11. R e t i n a l  p r o t e i n s  a n d  o t h e r  r e c e p t o r s .  ( 1 9 7 5 - )  

S t a r t i n g  f r o m  t h e  e a r l y  1 9 7 0 s ,  KN h a s  c la r i f i ed  n u m e r o u s  m e c h a n i s t i c  a n d  

s t r u c t u r a l  a s p e c t s  of r e t i n a l  p r o t e i n s  by  s t u d y i n g  t h e  e f fec t  of i n c o r p o r a t i n g  o v e r  

1 0 0  s y n t h e t i c  r e t i n a l  ana logs  i n to  t h e  apop ro t e in .  M e n y  ana logs  h a v e  b e e n  s e n t  

to l a b o r a t o r i e s  w o r l d - w i d e ,  m a k i n g  ana log  s t u d i e s  o n e  of t h e  m o s t  p o w e r f u l  too ls  

in i n v e s t i g a t i n g  t h e  e x t r e m e l y  complex  s y s t e m s  i n v o l v e d  i n  v i sua l  t r an sduc t i on :  

pho to t ax i s ,  ion t r a n s p o r t ,  etc.  Exte rna l  po in t  c h a r g e  m o d e l  f o r  t h e  r e t i n a l  

p r o t e i n s  h a s  h e l p e d  t h e  u n d e r s t a n d i n g  of t h e  pa r t i c i pa t i on  of e l e c t ro s t a t i c  

i n t e r a c t i o n s  w i t h i n  p r o t e i n  b i n d i n g  s i t e s  i n  r egu l a t i ng  t h e  a b s o r p t i o n  m a x i m a  of 

v a r i o u s  p i g m e n t s  (1979) .  T h e  "opsin shift" concept ,  i n t r o d u c e d  t o  i n d i c a t e  t h e  

i n f l u e n c e  of t h e  p r o t e i n  b i n d i n g  s i t e  on  t h e  m a x i m a  of p igmen t s ,  is n o w  a  g e n e r a l  
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t e r m  u s e d  w i t h o u t  r e f e r ence .  T h e  i nco rpo ra t i on  of r e t i na l  ana logs  i n to  t h e  

p h o t o r e c e p t o r  of t h e  m o n o c e l l u a r  e u k a r y o t i c  alga, C h l a m y d o m o n a s ,  h a s  s h o w n  

tha t ,  c o n t r a r y  to g e n e r a l  bel ief ,  i s omer i za t i on  of a l l - t r a n s  t o  1 3 - c i s  r e t i na l  i s  

r e s p o n s i b l e  fo r  photo tax is .  His g r o u p  ha s  a l so  s u c c e e d e d  i n  c lon ing  a n d  e x p r e s s i n g  

t h e  g e n e s  of f i v e  p h o t o r e c e p t o r  r h o d o p s i n s  of t h e  goldf ish (1993 ) .  S t u d i e s  w i t h  

p i g m e n t s  r e c o n s t i t u t e d  f r o m  r e t i na l s  in wh ich  d o u b l e  b o n d  i somer i za t i ons  a r e  

p r e v e n t e d ,  p r o v e d  t h a t  1 1 - c i s l a l l - t r a n s  a n d  a l l - t r a n s l l 3 - c i s  i somer i za t i ons  a r e  

e s s e n t i a l  f o r  t h e  ac t i va t i on  of, respec t ive ly ,  r h o d o p s i n s  a n d  H a l o b a c t e r i u m  

h a l o b i u m  p igmen t s .  M a n y  o t h e r  pho tophys i ca l  a n d  phys io log ica l  p r o b l e m s  h a v e  

b e e n  s o l v e d  b y  us ing  t h e s e  locked  analogs.  H u m a n  vis ion s e n s i t i v i t y  s p a n s  a  

r a n g e  of 1 0 7 , w h e r e a s  t h e  pup i l  a r e a  can  on ly  a d j u s t  t h e  l u m i n a n c e  16 - fo ld .  Th i s  

l a r g e  d i f f e r ence ,  t e r m e d  b l each ing  adap t a t i on ,  i s  l i t t l e  u n d e r s t o o d .  I n c o r p o r a t i o n  

of a  r e t i na l  ana log  w i t h  a  1 1 - c i s - l o c k e d  s t r u c t u r e  i n to  t h e  rod  cel ls  of t h e  t i g e r  

s a l a m a n d e r  l ed  t o  r e s t o r a t i o n  of b l each ing  adap t a t i on ,  a n d  t h u s  p r o v i d e d  t h e  f i r s t  

chemica l  tool f o r  i nves t i ga t i ng  t h e  m e c h a n i s m  of t h a t  p h e n o m e n o n  ( 1 9 9 0 ,  1 9 9 4 ) .  

I s o m e r i z a t i o n  of t h e  r h o d o p s i n  c h r o m o p h o r e  f r o m  11 -c i s  t o  a l l - t r a n s  in v i sua l  

t r a n s d u c t i o n  w a s  e s t a b l i s h e d  in t h e  e a r l y  60 ' s  by  G. Wald.  T h e  cr i t ical  p r o b l e m  

r e g a r d i n g  t h e  t r i gge r ing  p roce s s  had ,  h o w e v e r ,  r e m a i n e d  unso lved .  A f t e r  t e n  

y e a r s  of u n p u b l i s h e d  inves t iga t ions ,  KN's g r o u p  h a s  s u c c e e d e d  i n  e l uc ida t i ng  t h i s  

p r o c e s s  t h r o u g h  e n z y m a t i c  a s s a y s  a n d  spec t ro scop i c  s t u d i e s  of r h o d o p s i n  ana logs ,  

i nc lud ing  o n e  t h a t  i n c o r p o r a t e d  a  r e t i na l  ana log  w i t h  a  f ixed  1 1 , 1 2 - e n e  t h r o u g h  a  

b r i d g i n g  8 - m e m b e r e d  r ing.  T h e  r e s u l t s  s h o w  t h a t  t h e  p r o c e s s  r e q u i r e s  a  

c o m p l e t e  i somer iza t ion ,  i nvo lv ing  t h e  fu l l  a n d  r igid p o l y e n e  s y s t e m  a n d  t h e  

m e t h y l  g r o u p s  of 1 1 - c i s - r e t i n a l  ( 1994 ) .  

His g r o u p  h a s  d e t e r m i n e d  cr i t ical  s t r u c t u r a l  a s p e c t s  p e r t a i n i n g  t o  t h e  d i spos i t i on  

of t h e  r e t i na l  c h r o m o p h o r e s  in r h o d o p s i n  a n d  bac t e r i o rhodops in .  I n  t h e  ca se  of 

r hodops in ,  pho toa f f i n i t y  l abe l i ng  h a s  e s t a b l i s h e d  t h e  loca t ion  of t h e  r e t i na l  

c h r o m o p h o r e  i n  t h e  ini t ia l  r e s t i ng  s tage :  t h e  i onone  r ing  i s  c lose t o  o n e  of t h e  
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s e v e n  hel ices (hel ix F) and  is cent ra l ly  located (1994) .  F u r t h e r m o r e ,  t h e  

incorpora t ion  of two  r e t ina l  ana logs  w i t h  a  11,  12 - s ing le  bond  in to  ops in  a n d  

analys is  of t h e  b is ignate  CDcurve  according to exci ton theo ry  has  d e t e r m i n e d  t h e  

abso lu t e  s e n s e  of twis t  of t h e 1 2 , 1 3 - b o n d  in the  c h r o m o p h o r e  (1997) .  These  two  

f indings  a r e  critical for  calcifying t h e  c h r o m o p h o r e / o p s i n  t e r t i a r y  s t ruc tu ra l  

changes  accompany ing  t h e  visual  t r ansduc t ion  process; in connect ion  w i t h  t h e s e  

s tudies ,  his  g r o u p  has  succeeded  in p repa r ing  3 -d i azo -4 -0x0-11-c i s - r e t ina l ,  t h e  

molecule  n e e d e d  fo r  l iquid n i t rogen photoaf f in i ty  s tudies ,  t h rough  a  u n i q u e  

c h e m o e n z y m a t i c  rou te  (1997).  

111. I s o l a t i o n  a n d  s t r u c t u r e  d e t e r m i n a t i o n  o f  b i o a c t i v e  f a c t o r s .  

A l t h o u t h  t h e  ma in  focus of KN's r e sea rch  e f fo r t s  has  sh i f t ed  t o w a r d s  clar if icat ion 

of t h e  in terac t ion  b e t w e e n  b ioac t ive  molecules  a n d  r ecep to r  b iopolymers ,  t h e  

isolat ion a n d  s t ruc tu ra l  s t u d i e s  of b ioac t ive  molecules  h a v e  r e su l t ed  in m a j o r  

con t r ibu t ions  th roughou t  his  career .  The  ma jo r i ty  of c o m p o u n d s  tha t  h a v e  b e e n  

h a n d l e d  a r e  noncrys ta l l ine ,  ava i lab le  only a t  t he  mic rogram level,  and  uns table .  

I t  is t hose  charac ter i s t ics  t ha t  h a v e  p rov ided  t h e  ma jo r  i m p e t u s  for  t h e  

d e v e l o p m e n t  of n e w  isolat ion me thods ,  and  of t h e  spec t roscopic  t echn iques  wh ich  

a r e  m e n t i o n e d  f u r t h e r  on. Some r e p r e s e n t a t i v e  e x a m p l e s  a m o n g  the  m o r e  t h a n  

180  bioac t ive  c o m p o u n d s  charac ter ized  by the  Nakanishi  g roup  a r e  m e n t i o n e d  

below. 

P r i s t i m e r i n  (1962) :  Tr i te rpene ,  t h e  f i rs t  m e m b e r  of a  w ide ly  used  

e thnobo tan ica l  ant ibiot ic .  T a x i n i n e s  (1963-66) :  S t ruc tu ra l  s t u d i e s  led to t h e  f i r s t  

de r iva t ion  of t he  t axane  ske l e ton  which is t h e  bas is  of a  n u m b e r  of e x t r e m e l y  

i m p o r t a n t  subs t ances ,  such  as  taxol. C h r o m o m y c i n s  (1963-1967) :  Elucidation of 

t h e  s t r u c t u r e  of c h r o m o m y c i n s  a n d  fou r  n e w  2 ,6 -deoxysuga r s  r e p r e s e n t e d  o n e  of 

t h e  ea r l i e s t  e x a m p l e s  of t h e  appl ica t ion  of exhaus t ive  NMR decoupl ing .  These  

ant ib io t ics  w e r e  an i m p o r t a n t  clinical an t i cance r  drug.  P o n a s t e r o n e s  (1966) :  The  
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f i r s t  i n s e c t 1  c r u s t a c e a n  mo l t i ng  h o r m o n e  to be  i so la ted  f r o m  p lan ts ;  6  k g  of 

P o d o c a r p u s  nakai i  l e a v e s  g a v e  1 0  g  of ponas t e rones ,  w h i c h  w e r e  1 0 - f o l d  m o r e  

a c t i v e  t h a n  2 0 - h y d r o x y e c d y s o n e ,  t h e  n a t u r a l  h o r m o n e .  Unti l  t h i s  f ind ing ,  t h e  

a m o u n t  ava i l ab l e  f r o m  in sec t s  a n d  c r u s t a c e a n s  w a s  e x t r e m e l y  l im i t ed .  T h e  l a rge  

n u m b e r  of p h y t o e c d y s o t e r o i d s  w h i c h  KN a n d  T. T a k e m o t o  e t  al. h a v e  i so l a t ed  i s  

n o w  c lose  t o  1 0 0 ,  a n d  t h i s  h a s  h a d  a  m a j o r  i m p a c t  on  insec t  phys io logy .  

G i n k g o l i d e s  ( 1967 ) :  Dur ing  t h e  cou r se  of t h e  s t r u c t u r a l  e l uc ida t i on  of t h e s e  

c o m p l e x  pen t acyc l i c  c o m p o u n d s  f r o m  t h e  fossil  t r e e  Ginkgo b i l o b a ,  t h e  p o w e r  of 

t h e  i n t r a m o l e c u l a r  n u c l e a r  O v e r h a u s e r  effect  (NOE) i n  s t r u c t u r a l  s t u d i e s  w a s  f i r s t  

d e m o n s t r a t e d .  T h e  g inkgo l i de s  h a v e  s ince  b e e n  f o u n d  t o  be  p o t e n t  i nh ib i t o r s  of 

p l a t e l e t  a c t i va t i ng  fac tor .  T h e  m a i n  ac t i ve  i n g r e d i e n t  i n  t h e  > 2 bil l ion $ of G. 

b i loba  e x t r a c t  sold a n n u a l l y  i s  g inkgol ide  B. 1 - M e t h y  l a d e n i n e  (1969 ) :  Meios i s  

i n d u c i n g  s u b s t a n c e  (MIS) f r o m  s t a r f i sh .  This  ha s  p l a y e d  a  cr i t ical  r o l e  i n  

u n d e r s t a n d i n g  t h e  phys io logy  of s t a r f i sh  m a t u r a t i o n .  F l u o r e s c e n t  "Y b a s e "  i n  

p h e n y l a l a n i n e  R N A  (1971 ) :  Y b a s e  a n d  congeners a r e  t h e  on ly  t r i cyc l ic  

nuc le ic  ac id  b a s e s  k n o w n .  T h e  u n p r e c e d e n t e d  s t r u c t u r e ,  i nc lud ing  i t s  a b s o l u t e  

con f igu ra t i on  w a s  d e t e r m i n e d  o n  a  to ta l  of 0 .3  mg,  a n d  ve r i f i ed  b y  s y n t h e s i s .  

A n t h e r i d i o g e n  (1971 ) :  T h e  f i r s t  f e r n  a n t h e r i d i a  f o r m a t i o n  f ac to r  t o  b e  

cha r ac t e r i z ed .  I n s e c t  A n t i f e e d a n t s  ( 1 9 7 5 - 1 9 8 2 ) :  S t a r t i n g  w i t h  t h e  

c h a r a c t e r i z a t i o n  of w a r b u r g a n a l  f r o m  a  local h e r b  a t  t h e  I n t e r n a t i o n a l  Cen t e r  of 

I n sec t  Phys io logy  a n d  Ecology, Nairobi,  Kenia  (KN w a s  o n e  of t h e  f o u n d i n g  

m e m b e r s  of ICIPE in  1969 ) ,  h i s  g r o u p  cha rac t e r i z ed  m a n y  p l a n t  c o n s t i t u e n t s  t h a t  

d e t e r  insec t  feed ing ,  t h u s  popu l a r i z i ng  t h e  concep t  of a n t i f e e d a n t s  a s  a  m e a n s  of 

p e s t  control .  B e n z p y r e n e l D N A  a d d u c t s  ( 1976 ) :  T h e  d e t e r m i n a t i o n  of t h e  fu l l  

s t r u c t u r e  of t h i s  f i r s t  p o l y a r o m a t i c  hyd roca rbon1DNA h a d  a  m a j o r  i m p a c t  i n  

c la r i fy ing  t h e  carc inogenic i ty  of p o l y a r o m a t i c  h y d r o c a r b o n s  a n d  e n v i r o n m e n t a l  

ca rc inogenes i s .  Q* N u c l e o s i d e s  f r o m  r a b b i t  l i ve r  tRNA (1976 ) :  M i n o r  b a s e  i n  

t h e  tRNAs of an ima l s ,  n o t a b l y  f o u n d  in h e p a t o m a  cells. S tud ies ,  p e r f o r m e d  on  0.6 
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mg,  s h o w e d  t h a t  t h e y  w e r e  t h e  f i r s t  nuc l eos ide s  t o  con t a in  s u g a r s ,  ga l ac to se  a n d  

m a n n o s e ,  i n  a  complex .  M i t o t i c  h o r m o n e ,  t r i g o n e l l i n e  ( 1 9 7 8 ) :  Cell 

p ro l i f e r a t i on  r egu l a to r ,  t h e  f i r s t  f a c to r  c h a r a c t e r i z e d  t h a t  a r r e s t s  t h e  cell cyc le  a t  

t h e  G2 s t age .  I n  t h e  e a r l y  d a y s  of "C NMR, it took  9 d a y s  t o  m e a s u r e  t h e  

s p e c t r u m  of t h i s  hyg roscop i c  f a c to r  ( 0 . 2 5  m g )  i so la ted  f r o m  1 6 , 0 0 0  c o t y l e d o n s  of 

g a r d e n  pea s .  B r e v e t o x i n  B  a n d  A ( 1 9 1 ) :  T h e s e  n e u r o t o x i n s  f r o m  

d inof lage l la tes ,  t h e  r e d - t i d e  toxins ,  w a s  t h e  f i r s t  m e m b e r  of mo lecu l e s  w i t h  a  s t i f f  

l a d d e r - l i k e  ske l e t on .  B io syn the t i c  s t u d i e s  s h o w e d  t h a t  t h e i r  b i o s y n t h e s i s  is 

un ique .  T h e i r  m o d e  of ac t ion  w a s  r e g a r d e d  t o  h e  spec i f ic  b i n d i n g  t o  v o l t a g e  

s e n s i t i v e  s o d i u m  channe l s ,  b u t  h i s  g r o u p ' s  f i nd ing  ( 1 9 9 5 )  t h a t  t h e  tox in  i tself  

e f f ic ien t ly  t r a n s p o r t s  Na+ t h r o u g h  m e m b r a n e s  r e q u i r e s  r e c h e c k i n g  of t h i s  

m e c h a n i s m .  C a b e n e g r i n s  (1982) :  A u n i q u e  a n t i d o t e  a g a i n s t  t h e  v e n o m  of a  

c o m m o n  s n a k e  in t h e  Amazons .  I n j ec t i on  of 1 m g l k g  of c a b e n e g r i n s  i n t o  dogs ,  

e i t h e r  15 m i n  b e f o r e  o r  a f t e r  a d m i n i s t r a t i o n  of 3  t i m e s  t h e  l e t ha l  q u a n t i t y  of t h e  

v e n o m ,  r e v e r s e s  all  of i t s  effects .  N e w  P h y t o a l e x i n s  ( 1 9 8 3 - 1 9 8 4 ) :  S w e e t  p o t a t o  

roo t s  t r e a t e d  w i t h  s p o r e  s u s p e n s i o n s  of b l ack  ro t  f ungus ,  o t h e r  fungi ,  o r  HgC12 

p r o d u c e d  t e n  n e w  c o m p o u n d s  r e l a t e d  to i p o m e a m a r o n e  w i t h  fungic ida l  a n d  

a n t i g e r m i n a t i o n  ac t iv i t i es ,  t h u s  s h o w i n g  t h a t  inocula t ion  o r  i n j u r y  p r o v i d e s  

i n t r i gu ing  m e a n s  of p r o d u c i n g  n e w  an t i f unga l  agen t s .  M i t o m y c i n  C / D N A  

a d d u c t  ( 1 9 8 3 - 1 9 8 7 ) :  Cha rac t e r i z a t i on  of s e v e r a l  adduc t s ,  i nc lud ing  t h e  l ong -  

s o u g h t  c r o s s - l i n k e d  DNA a d d u c t ,  c la r i f i ed  t h e  m o d e  of a c t i on  of t h i s  c l inical ly  

i m p o r t a n t  d rug .  Di f fe ren t ia l  s econd  d e r i v a t i v e  U V  a n d  FTIR m e t h o d s  w e r e  

d e v e l o p e d  d u r i n g  t h e s e  s t ud i e s .  P a v o n i n i n s ,  m o s e s i n s ,  p a r d a x i n s ,  d i f f e n s e  

s e c r e t i o n  of c e r t a i n  so l e s  ( 1 9 8 4 - 1 9 8 6 ) :  P a v o n i n i n s  a n d  m o s e s i n s  a r e  s a p o n i n s  

w h e r e a s  p a r d a x i n s  a r e  a m p h i p h i l i c  3 3 - p e p t i d e s .  All h a v e  b e e n  s y n t h e s i z e d .  T h e  

a m p h i p h i l i c  n a t u r e  of t h e  m i x t u r e s  l ed  t o  cha l l enges  i n  pu r i f i c a t i on .  

T u n i c h r o m e s  (1985 - ) :  T h e y  a r e  a i r -  a n d  w a t e r - s e n s i t i v e  p i g m e n t s  f r o m  

tun i ca t e s ,  w h i c h  c o n c e n t r a t e  v a n a d i u m  a n d  i r on  f r o m  t h e  s e a  1 - 1 0  mi l l ion  fold. 
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His g roup  succeeded  in characterizat ion,  synthes is ,  a n d  clarified the i r  in terac t ion  

wi th  vanad ium.  A m p h i k u e m i n  (1986) :  This  causes  a n e m o n e  f i sh  and  sea  

a n e m o n e  symbiosis;  f i rs t  m a r i n e  s y n o m o n e  to be identif ied.  T h e  i so la t ion1 

charac ter iza t ion  involving ted ious  a s say  moni tor ing  w a s  p e r f o r m e d  0 .048  mg; 

s y n t h e s i s  accomplished.  A n d r i m i d  (1987):  Highly po ten t  a n d  spec ies-spec i f ic  

ant ibiot ic  isolated f rom a n  in t race l lu lar  symbiot ic  microorganism of a  b r o w n  

p lan thoppe r ,  a  rice pest.  This un ique  d ipep t ide  has b e e n  cha rac t e r i zed  a n d  

synthes ized .  I t s  d i scove ry  sugges ted  tha t  s y m b i o n t s  m a y  r e p r e s e n t  u n t a p p e d  

n e w  sources  of bioact ive compounds .  C r u s t a c e a n  e c d y s o n e  b i o s y n t h e s i s  

i n h i b i t o r s  (1987-1992) :  The  ecdysone  b iosynthes is  inhib i tor  (EBI) p r e s e n t  in 

c rus t acean  eye-s ta lks ,  a n d  e lus ive  for  m a n y  years ,  w a s  i so la ted  a f t e r  a  mu l t i -  

y e a r  a s s a y - m o n i t o r e d  s tudy.  This  w a s  ident i f ied  a s  3 - h y d r o x y - L - k y n u r e n i n e ,  

wh ich  is t r a n s f o r m e d  in the  mol t ing  gland to xan thu ren ic  acid, t h e  ac t ive  factor; it 

inh ib i t s  in v ivo  hydroxyla t ion  of cholesterol  to ecdysone .  P h i l a n t h o t o x i n  

(1987-) :  This  noncompe t i t i ve  inhib i tor  of nicotinic ace ty lchol ine  (nACh) a n d  

g l u t a m a t e  receptors ,  r e spons ib l e  for  muscle  cont rac t ion  a n d  t o  m e m o r y  

/Hun t ing ton  d i s e a s e / A l z h e i m e r  diseas,  respec t ive ly ,  w a s  isolated f r o m  t h e  ki l ler  

w a s p  venom.  Over 1 0 0  analogs  h a v e  b e e n  syn thes i zed .  Photoaf f in i ty  labe l ing  a n d  

s t r u c t u r e  ac t iv i ty  re la t ion  s t u d i e s  h a v e  led to a  t e r t i a r y  s t ruc tu ra l  mode l  s h o w i n g  

t h e  b ind ing  of phi lan to toxin  in t h e  channel  of t h e  nACh recep to r  (1995) .  

S p o r o g e n i c  p s i  f a c t o r s  ( 1 9 9 0 - 1 9 9 2 ) :  Six endogenous  psi fac tors  (precocious  

sexual  i nduce r )  leading  to p r e m a t u r e  spo ru la t ion  w e r e  i so la ted  f r o m  t h e  cu l tu re  

m e d i u m  of an a scomyce tous  fungus;  s o m e  h a v e  been  synthes ized .  1 4 - H y d r o x y -  

4 , 1 4 - r e t r o - R e t i n o l  ( 9 9 1 ) :  This  endogenous  g rowth  fac tor  of va r ious  

m a m m a l i a n  cells is l inked  to se lec t ive  gene  act ion a n d  d i f ferent ia t ion  a n d  is a  

n e w  seconda ry  m e s s e n g e r  t ha t  m a y  h a v e  an in t race l lu lar  receptor .  O c u l a r  a g e  

A 2 - E  (1995-) :  With age, f luorescent  g ranu le s  accumula t e  in t h e  r e t ina l  pi 'gment 

ep i the l ium.  This  is t h e  leading  cause  of b l indness  in e lde r ly  people,  and  no  



HETEROCYCLES, Vol. 47, No. 1,1998 57 

r e m e d y  exists  for it. The structure of the major pigment in the granules, A2-E, 

isolated from the aged e y e s  w a s  established by synthes is  and led to revision of 

an earlier structure proposed by Eldred. A2-E becomes  a potential target for 

devising cures for this disease.  


