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ABSTRACT 

red f o r  t h e  s tudy  of J H  metabolism and JH-protein i n t e r a c t i o n s  as w e l l  a s  J H  
radioimmunoassay i n  i n s e c t s .  The p r o g r e s s  i n  t h e  s y n t h e s i s  of t h e s e  l a b e l e d  
compounds f o r  t h e  l a s t  f i v e  y e a r s  is reviewed,  i n c l u d i n g  t h e  p r e p a r a t i o n  o f  
p h o t o a f f i n i t y  l a b e l s ,  e n a n t i o m e r i c a l l y  en r i ched  J H  I and J H  I1 wi th  3H l a b e l s ,  
and r a d i o i o d i n a t e d  ana logs  of J H  I ,  methoprene and phenoxyphenyl e t h e r  i n s e c t  
growth r e g u l a t o r s  (IGRs). Experimental  d e t a i l s  are g iven  f o r  t h e  e f f i c i e n t  
s y n t h e s i s  of  two 3H-labeled p h o t o a c t i v a t a b l e  J H  ana logs ,  EFDA and EFTP, t h e i r  
p h o t o l y s i s  i n  methanol,  and t h e i r  compe t i t i ve  b ind ing  a s s a y s  performed on t h e  
Manduca s e x t a  J H  b ind ing  p r o t e i n s  ( J H B P ) .  

Radiolabeled j u v e n i l e  hormone ( J H s )  and l a b e l e d  J H  d e r i v a t i v e s  are r e q u i -  

-- - 

INTRODUCTION 

J u v e n i l e  hormones ( J H s )  are s y n t h e s i z e d  and s e c r e t e d  i n  i n sec t s  by t h e  

p a i r  of neu rosec re to ry  o rgans ,  t h e  co rpora  a l l a t a ,  and have a v a r i e t y  of b io -  

l o g i c a l  e f f e c t s  du r ing  t h e  i n s e c t s '  l i v e s .  ' T h e t w o  pr imary e f f e c t s  of juve- 

n i l e  hormones a r e  (i) morphogenetic e f f e c t ,  i . e . ,  t h e  r e g u l a t i o n  of t h e  growth 

and development of l a r v a e  and p reven t ion  o f  metamorphosis,  and (ii) gonadotro-  

ph ic  e f f e c t ,  i . e . ,  t h e  r e g u l a t i o n  o f  r e p r o d u c t i o n ,  p a r t i c u l a r l y  v i t e l l o g e n e s i s ,  

i n  many a d u l t  i n s e c t s .  The mode of  a c t i o n  o f  t h e  hormones i s  n o t  w e l l  under- 
s tood on  a molecular  l e v e l ,  and i t s  s tudy  forms one o f  t h e  main themes i n  o u r  

c u r r e n t  r e s e a r c h  on j u v e n i l e  hormone b ioo rgan ic  chemis t ry .  

of t h e  " i n h i b i t o r y  hormone" i n  t h e  mid-l930 's .*  H e  p r e s e n t e d  evidence t h a t  a 

blood-borne,  hormonal f a c t o r  from t h e  co rpora  a l l a t a  of t h e  blood-sucking bug 
-- Rhodnius p r o l i x u s  se rved  t o  p reven t  metamorphosis of t h e  l a r v a e .  

soon a l t e r e d  t o  " j u v e n i l e  hormone" a f t e r  t h e  a c t i v e  r o l e  of t h e  hormone i n  pro- 
ducing l a r v a l  c h a r a c t e r s  i n  a d u l t s  was r ecogn ized .3  Based on t h e  p i o n e e r i n g  

work o f  W i l l i a m s ,  who r e p o r t e d  high l e v e l s  of  J H  a c t i v i t y  i n  t h e  abdomens of  

a d u l t  male Hyalophora c e c r o p i a  moths,4 and t h e  p r e d i c t i o n  of Bowers 5 &. on 

t h e  s t r u c t u r a l  s i m i l a r i t y  of  n a t u r a l  J H  t o  s y n t h e t i c  methyl l 0 , l l - e p o x y f a r n e -  

~ o a t e , ~  t h e  s t r u c t u r e  of J H  I (1) was determined by R i S l l e r  55 &. i n  1967 t o  

be methyl (~,~)-10,1l-epoxy-7-ethyl-3,1l-dimethyl-2,6-tridecadienoate. 
I t  was n o t  long b e f o r e  t h e  two major homologs were c h a r a c t e r i z e d  : J H  I1 (2) 
by Meyer e t  &.,' and J H  I11 ( 3 )  by Judy g 
J H  0 (4)';nd 4-Me-JH I ( ? ) lo ,  were r e c e n t l y  i d e n t i f i e d  by Bergot  

The h i s t o r y  of J H  r e s e a r c h  can be t r a c e d  back t o  Wigglesworth 's  d i scove ry  

The term was 

6 

The o t h e r  minor homologs, 

s. 

Address correspondence t o  t h i s  a u t h o r .  Fellow of  t h e  A l f r e d  P.  Sloan Founda- 
t i o n  (1981-1985) and C a m i l l e  and Henry Dreyfus Teacher-Scholar  (1981-1986).  
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I t  shou ld  be  noted  t h a t  J H  I11 had been s y n t h e s i z e d  by Bowers g.' i n  ad- 
vance o f  i t s  i d e n t i f i c a t i o n  a t  t h e  most common j u v e n i l e  hormone. Indeed ,  J H  

111 i s  t h e  on ly  JH i n  insec ts  o u t s i d e  t h e  o r d e r  Lepidoptera ."  However, t h e  
p re sence  and  p r o p o r t i o n  o f  t h e s e  homologs i n  an i n s e c t  w i t h i n  t h i s  o r d e r  i s  
s t i l l  s p e c i e s  dependent ,  

FIG. 1. 

While t h e  i n v e s t i g a t i o n  on t h e  s t r u c t u r e s  o f  t h e  hormones w a s  under way, 

numerous JH ana logs  (JHAs) o r  juveno ids  were c h a r a c t e r i z e d  and s y n t h e s i z e d  

Fa rneso l  (5)  was t h e  f i r s t  pu re  compound i d e n t i f i e d 1 3  i n  1961 t o  pos- 
sess t h e  s i m i l a r  b i o l o g i c a l  e f f e c t s  as t h o s e  of j u v e n i l e  hormones found by 

Wigglesworth.  L a t e r ,  t h e  famous "paper  f a c t o r " 1 4  was r e l a t e d  t o  juvabione  

(2 )  l5 o r  dehydrojuvabione  (S) , l 6  a s  shown i n  FIG. 2 .  

fnrnasol (6) Juvab i ano (7) Oahydrajuvab i on0 ( 8 )  

FIG. 2 .  

Some of t h e  JHAs found were more a c t i v e  and more s t a b l e  than  t h e  n a t u r a l  hor- 
mones. Thus,  compounds marke tab le  a s  i n s e c t  growth r e g u l a t o r s  and p e s t  c o n t r o l  

a g e n t s  were produced, a l though  t h e s e  have f a l l e n  s h o r t  of be ing  t h e  much-heral-  
ded " t h i r d  g e n e r a t i o n  o f  p e s t i c i d e s "  p r e d i c t e d  by Wil l iams .  l 7  Anti-  j u v e n i l e  
hormone ana logs  (AJHAs) were a l s o  exp lo red  because  of a less c r i t i c a l  t i m i n g  

i n  a p p l i c a t i o n ,  a s h o r t e r  r e sponse  t i m e ,  h igh  e f f i c a c y  i n  c o n t r o l  of l a r v a l  

p e s t s ,  and a d d i t i o n a l  i n h i b i t o r y  e f f e c t s  on i n s e c t  r e p r o d u c t i o n .  I t  was shown 

t h a t  t h e  u l t i m a t e  r e s u l t  o f  A J H A s  should  be  t h e  same a s  t h a t  o f  s u r g i c a l l y  re- 
moving t h e  co rpora  a l l a t a  from e a r l y  l a r v a l  i n s t a r s . 1 8 a ' b ' c  

r e s e a r c h  has  p rogres sed  t o  meet t h e  c h a l l e n g e  o f  e l u c i d a t i n g  t h e  d e t a i l e d  regu-  

l a t i o n  of macromolecular e v e n t s  by examinat ion  o f  t h e  hormone-protein and 

S i n c e  t h e n ,  t h e  
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receptor -gene  i n t e r a c t i o n s  on a molecu la r  l e v e l .  

Accord ingly ,  a t  t h e  e a r l y  s t a g e s  o f  t h e  r e s e a r c h ,  t h e  a p p l i c a t i o n  o f  

r a d i o l a b e l e d  J H  and J H  ana logs  i n  t h e  b i o l o g i c a l  s t u d i e s  focused  main ly  on 

t h e  b i o s y n t h e s i s ,  d i s t r i b u t i o n ,  and metabolism o f  J H s  and J H A s ,  as summarized 

by Hammock and Q u i s t a d ”  and Jenn ings  Most o f  t h e  l a b e l e d  compounds 

covered  i n  t h e s e  r ev iews  were o f  low s p e c i f i c  r a d i o a c t i v i t y ,  t h a t  i s ,  less  
than  one ’H o r  1 4 C  a tom-equiva len t  i n c o r p o r a t e d  i n t o  each  molecu le  as a r e s u l t  

of t h e  s y n t h e t i c  d e s i g n  and t h e  a v a i l a b i l i t y  of t h e  s o u r c e  of t h e  r a d i o l a b e l .  

Hence, t h e i r  s p e c i f i c  a c t i v i t i e s  were w e l l  below t h e  maximum a c h i e v a b l e  s p e c i -  

f i c  r a d i o a c t i v i t y  o f  2 9 . 1  Ci/mmol f o r  one  ’H a tom- incorpora t ion  c a l c u l a t e d  ba- 

sed  on t h e  h a l f - l i f e  t i m e  o f  3H ( 1 2  y e a r s ) . 2 1  

t h e s e  s y n t h e t i c  m a t e r i a l s  were racemic .  Racemic compounds of r e l a t i v e l y  l o w  
s p e c i f i c  a c t i v i t y  a r e  inadequa te  f o r  t h e  s t u d y  o f  p u t a t i v e  low-abundance h i g h  

a f f i n i t y  J H  b ind ing  p r o t e i n s  and r e c e p t o r s  which a r e  expec ted  and have been 

shown t o  have c h i r a l  b ind ing  s i t e s . 2 2  

r e d e s i g n i n g  t h e  s y n t h e s i s  of l a b e l e d  J H  homologs and J H A s .  3H-labeled c h i r a l  

J H  enan t iomers  have been s y n t h e s i z e d  i n  ve ry  h igh  s p e c i f i c  a c t i v i t y  and enan- 

t i o m e r i c  p u r i t y .  Moreover, no -ca r r i e r - added ,  s h o r t - h a l f - l i f e  r a d i o n u c l i d e s ,  

such  a s  1251, have been in t roduced  f o r  t h e  r a d i o l a b e l i n g  o f  J H  ana logs .  

newer p robes  might prove  t o  be more u s e f u l  i n  t h e  s e a r c h  f o r  J H  r e c e p t o r s .  

t h e  r ev iews  of Hammock and Quis tad2’  and Jenn ings  5 ,1.20 w i t h  t h e  l a t e s t  

r e p o r t s  on t h e  s y n t h e s i s  of l a b e l e d  JH ana logs  f o r  s t u d i e s  of t h e i r  d i s t r i b u -  

t i o n  and metabolism. W e  w i l l  a l s o  summarize t h e  s y n t h e s i s  of r a d i o i o d i n a t e d  

J H  d e r i v a t i v e s  f o r  J H  radioimmunoassay. F i n a l l y ,  w e  w i l l  d e s c r i b e  some 

J H  a n a l o g s  des igned  s p e c i f i c a l l y  f o r  t h e  i d e n t i f i c a t i o n  and c h a r a c t e r i z a t i o n  

o f  J H  b ind ing  p r o t e i n s  and r e c e p t o r  p r o t e i n s .  I n  p a r t i c u l a r ,  an  improved 

s y n t h e s i s  o f  [ l o -  HI -10 , l l - epoxyfa rnesy l  d i a z o a c e t a t e  (EFDA) and i t s  mod i f i ca -  

t i o n  i n t o  t h e  trifluorodiazopropionate ana log  (EFTP) w i l l  be  d i s c u s s e d  w i t h  

expe r imen ta l  d e t a i l s .  

&.20 

I n  a d d i t i o n  t o  t h i s ,  most of  

Our J H  r e s e a r c h  h a s  r e c e n t l y  focused  on 

These 

W e  w i l l  f ocus  o u r  a t t e n t i o n  on t h e s e  deve lopments  i n  a d d i t i o n  t o  upda t ing  

3 

RADIOLABELED JUVENILE HORMONES 

U n t i l  1984, all t h e  commerc ia l ly  a v a i l a b l e  o r  r e a d i l y  o b t a i n a b l e  J H s ,  bo th  

r a d i o l a b e l e d  and r a d i o i n e r t ,  were racemic m i x t u r e s .  The [ 1 0 - 3 H l  - l a b e l e d  r ace -  

mates produced by N e w  England Nuclear  have maximum s p e c i f i c  a c t i v i t i e s  o f  10-15 
Ci/mmol.20 Bergot  a l s o  r e p o r t e d  a s y n t h e s i s  of an u n n a t u r a l  J H  homolog, 

[ l o -  HI - e t h y l  (2~,6~)-lO,ll-epoxy-3,11-dimethyl-7-ethy1-2,6-dodecadienoate w i t h  

a s p e c i f i c  a c t i v i t y  o f  6.78 Ci/mmol by t r e a t i n g  

i n  t h e  p re sence  of NaCN.23 

n a t i o n  o f  J H  t i t e rs .  However, it h a s  been e s t a b l i s h e d  t h a t  t h e  n a t u r a l l y  oc- 

c u r r i n g ,  b i o l o g i c a l l y  r e l e v a n t  enan t iomers  of J H s  a r e  t h o s e  w i t h  a b s o l u t e  con- 

f i g u r a t i o n  o f  (1OE,115) f o r  J H  I and J H  11, and (log) f o r  J H  I I I . 24a rb ic  

The p resence  of t h e  u n n a t u r a l  enant iomer  could  l e a d  t o  c o m p e t i t i v e  d i sp lacemen t  

of t h e  n a t u r a l  ana log  o r  t o  e x c e s s i v e l y  h igh  n o n - s p e c i f i c  b i n d i n g , 2 5  w h i l e  t h e  

low s p e c i f i c  a c t i v i t y  causes  d i f f i c u l t i e s  i n  t h e  i d e n t i f i c a t i o n  o f  r e c e p t o r s  

w i th  d i s s o c i a t i o n  c o n s t a n t s  s m a l l e r  t h a n  1 nM. These problems can  b e  overcome 

by u s i n g  e n a n t i o m e r i c a l l y  e n r i c h e d  (lO_R,lls)-JHs l a b e l e d  w i t h  h igh  s p e c i f i c  

a c t i v i t y  (more than  one  3H atom i n c o r p o r a t e d  i n t o  one  m o l e c u l e ) .  

g .  
3 

[10-3~il  - J H  I1 w i t h  d r y  e t h a n o l  

The l a b e l e d  homolog was used i n  t h e  GC-MS de te rmi -  
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Enzymatical ly  s y n t h e s i z e d ,  o p t i c a l l y  pu re  3H-labeled (log, 112) - J H  I w i t h  
s p e c i f i c  r a d i o a c t i v i t y  of 5 3  Ci/mmol has  been r e p o r t e d  by u s i n g  t h e  O-methyl- 
t r a n s f e r a s e  of male Hyalophora c e c r o p i a  accesso ry  g l ands  t o  e s t e r i f y  enan t io -  

s e l e c t i v e l y  t h e  (lOg,llg) an t ipode  of  racemic J H  I a c i d  w i t h  S- [methyl- HI ade- 

nosylmethionine.26 
j u v e n i l e  hormone esterase p r e p a r a t i o n  from Manduca s e x t a  on racemic J H  I .  

Tobe $ .27a tb 'c  observed t h a t  t h e  co rpora  a l l a t a  of  t h e  cockroach D i p l o p t e r a  

p u n c t a t a  are e f f i c i e n t  s cavenge r s  o f  L-methionine and t h e y  are a b l e  t o  u t i l i z e  
even low c o n c e n t r a t i o n s  of  t h e  s u b s t r a t e  f o r  J H  I11 b i o s y n t h e s i s  a t  l i n e a r  high 
r a t e s  f o r  a t  l ea s t  2 4  h r  i n  v i t r o .  I t  i s  p o s s i b l e  t h a t  t h e  co rpora  a l l a t a  o f  

D ip lo t e ra  punc ta t a  can b i o s y n t h e s i z e  s i g n i f i c a n t  q u a n t i t i e s  ( u p  t o  0 . 6  p g  p e r  
p a i r  f o r  a 24 hr  i n c u b a t i o n ) 2 7 a  of r a d i o l a b e l e d  J H  I11 i n  v i t r o ,  even i n  t h e  
presence of o n l y  micromolar q u a n t i t i e s  of [ HI-L-met  which is  commercially 
a v a i l a b l e  w i t h  h igh  s p e c i f i c  a c t i v i t y  (60-80 Ci/mmol). However, t h e s e  enzyma- 
t i c  procedures  have t h r e e  major drawbacks : (1) t h e  l a b i l e  methoxyl- H moiety 
can cause s e r i o u s  background problems due t o  n o n s p e c i f i c  h y d r o l y s i s ,  ( 2 )  f r e -  

quent  r e p e t i t i o n  of t h e  procedure is  necessa ry  i n  o r d e r  t o  produce r e a s o n a b l e  
amounts of hormones, and ( 3 )  l a b e l e d ,  o p t i c a l l y  a c t i v e  s t r u c t u r a l  ana logs  
could n o t  be ob ta ined  i n  t h i s  f a s h i o n .  None the le s s ,  t h e  a u t h e n t i c i t y  of t h e  
hormones produced enzymat i ca l ly  should n o t  be  ignored .  

3 

The a c i d  was o b t a i n e d  i n  t u r n  from t h e  a c t i o n  of a c rude  

3 

3 

I n  1984, w e  developed a new s t r a t e g y  by a d a p t i n g  new asymmetric s y n t h e t i c  
methodology t o  t r a d i t i o n a l  s t e r e o s e l e c t i v e  J H  s y n t h e s i s .  Using t h i s  s t r a t e g y ,  
w e  syn thes l zed  both enant iomers  (lO_R,llg) and (10g,11g)  o f  JH 125 and J H  II.28 

f e r  i n  r e l a t i v e  b ind ing  a f f i n i t y  by n e a r l y  a f a c t o r  o f  100, t h e  more l i p o p h i -  
l i c  J H  I and J H  I1 enant iomers  d i f f e r  by on ly  a f a c t o r  of less than  1 0 .  T h i s  
imp l i e s  t h a t  t h e  s e n s i t i v i t y  t o  l i p o p h i l i c i t y  o v e r r i d e s  t h e  s e n s i t i v i t y  t o  
epoxide a b s o l u t e  c o n f i g u r a t i o n  f o r  t h e  J H  b ind ing  p r o t e i n s  used. However, t h e  
compe t i t i ve  a b i l i t i e s  o f  t h e  J H  I enant iomers  appeared e q u i v a l e n t  when t h e  un- 
n a t u r a l  (lOS,llg)-JH I is  used as  t h e  l i gand .  

Bioassays 2 5 ' 2 9  r e v e a l e d  t h a t ,  i n  c o n t r a s t  t o  t h e  J H  111 enant iomers  which d i f -  

25 

The s y n t h e s i s  fo l lows  known s t e r e o s e l e c t i v e  r e a c t i o n  sequences f o r  t h e  
e l a b o r a t i o n  of t h e  t r i s u b s t i t u t e d  (z)-lO o l e f i n  t o  g i v e  (2) and (g), which 
allowo t h e  i n t r o d u c t i o n  of t h e  c h i r a l  epoxide and h i g h l y  l a b e l e d  e t h y l  moiety 
l a t e  i n  t h e  s y n t h e s i s .  Thus, asymmetric e p o x i d a t i o n s  us ing  bo th  enant iomers  
of d i e t h y l  t a r t r a t e  were performed on  (9)  and (lo) t o  o b t a i n  bo th  enant iomers  
of  t h e  epoxides .  The (+)-a-methoxy-a-(trifluoromethy1)phenylacetates of  t h e  
epoxy a l c o h o l s  (11) and (12) r e v e a l e d  t h a t  t h e  enan t iomer i c  excesses  of t h e  
epox ida t ions  were b e t t e r  t han  95%.  The p r e c u r s o r s  f o r  r a d i o l a b e l i n g ,  (13) and 
(G), were prepared i n  two s t e p s  from (2) and (z). The l a b e l i n g  was p e r f o r -  
med i n  benzene under 740 torr  of  c a r r i e r - f r e e  t r i t i u m  gas wi th  1 . 2  e q u i v a l e n t  
of t r i t i u m - p r e s a t u r a t e d  (PPh3)3RhC1 p r e s e n t .  A s p e c i f i c  a c t i v i t y  of 58 Ci/mmol 
was achieved i n  t h e  l a b e l i n g  t o  g e t  (15) and (16). As w e  have seen ,  t h i s  i s  
t h e  h i g h e s t  ach ievab le  f o r  two 'H atoms inco rpora t ed  i n t o  each molecule.  2 1  

The va lue  o f  t h e  i n t e r m e d i a t e s  (11) and (12) l i e s  n o t  o n l y  i n  t h e  synthe-  
sis of c h i r a l ,  l a b e l e d  enant iomers  of J H  I and J H  11, b u t  a l s o  i n  o t h e r  t r a n s -  
fo rma t ions  of t h e  hydroxyl group. Indeed,  s t a r t i n g  from (11) and (z), w e  a r e  
a b l e  t o  s y n t h e s i z e  ( i)  t h e  1251 l a b e l e d  J H  I ana log ;  
u s e  i n  J H  radioimmunoassays; and (iii) c h i r a l  and tritium l a b e l e d  J H  I11 enan- 
t iomers .  

(ii) a n t i g e n i c  l i g a n d s  f o r  
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CH3 

H 
R 

CHn - 
>95% a. a. 

(9) R-CH, 
( 1 0 )  R-CH2CH3 

( 1 5 0 )  Clo: R. Cll: S. R-CHI. m-1. 3 (130) Clni R. Cl l i  5. R-CH, 

( 1 5 b )  Clot 5. C l l t  R. R-CH3. m-l. 3 (l3b) Cbni 5. Clli R. R-CH, 

(160) Clo: R. E l l :  5. R-CH,CH,, m-1. 3 (140) Clox R. Cllz 5. R-CHzCH, 

( 1 6 b )  Cln: 5. E l l :  R. R-CH,CH,. m-1, 3 (14b) Clor S. C l l r  R. R-CH2CH, 

FIG. 3 .  

R-CH,CH,. CH, 

FIG. 4 .  

RADIOLABELED TRACERS USED IN JH RADIOIMMUNOASSAY 
Radioimmunoassays (RIAs), first developed in the late 1950s, have since 

revolutionized the technology of quantifying submicrogram levels of hormone in 
endocrinology. The general principles of RIAs are well documented. 30afb’c 

One of the necessities for an RIA is a radiolabeled tracer, where short 
half-life y-emitting radionuclides are favored over 8-emitters. This is mainly 
due to the ease with which the former can be counted and also due to the much 
nigher specific activity the former offers. For instance, the specific activi- 
ty of 1311 is about 16,000 Ci/mmol while that of 1251 is 2 , 2 0 0  Ci/mmol, which 
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i s  s t i l l  75 times h ighe r  t han  3H and 35,000 times h i g h e r  t han  1 4 C .  

t a k e  i n t o  c o n s i d e r a t i o n  t h e  p o t e n t i a l  t e c h n i c a l  problems caused  by t h e  v e r y  

s h o r t  h a l f - l i f e  t i m e  ( 8  days )  and t h e  low commerc ia l ly  a v a i l a b l e  abundance 

( 2 0 % )  of 1311 , t h e n  1251 ( h a l f - l i f e  60  days ,  1 0 0 %  abundance i n  no -ca r r i e r - added  

form) would appear  t o  be  t h e  p r e f e r r e d  i s o t o p e  f o r  u s e  i n  R I A s .  F i n a l l y ,  t h e  

e a s e  of s u b s t i t u t i o n  of r a d i o i o d i n e  i n t o  t y r o s i n e  r e s i d u e s  of p o l y p e p t i d e s  a l -  

lows t h e  conven ien t  a p p l i c a t i o n  of r a d i o i o d i n e  f o r  t h e  p r e p a r a t i o n  of l a b e l e d  

p r o t e i n  t r a c e r s .  The most wide ly  used methods of i o d i n a t i o n ,  such  a s  i n  t h e  

chloramine-T method, i n v o l v e  t h e  o x i d a t i o n  of Na1251 i n  t h e  p re sence  o f  a pro-  

t e i n .  I n  a pH 7.5 s o l u t i o n ,  chloramine-T, t h e  sodium s a l t  of t h e  N-monochloro 

d e r i v a t i v e  o f  p- to luenesul fonamide ,  b reaks  down s lowly  forming hypochlorous  

a c i d  which consequen t ly  o x i d i z e s  Na1251 i n t o  c a t i o n i c  i o d i n e ,  1251+. 

d i n e  atom s u b s t i t u t e s  ortho t o  t h e  hydroxyl  group i n  t y r o s i n e . 3 1  

t h o s e  t y r o s i n e  r e s i d u e s  on t h e  s u r f a c e  o f  t h e  p r o t e i n  would g e t  i o d i n a t e d  more 

r e a d i l y ;  h i s t i d i n e  and t ryp tophane  r e s i d u e s  may a l s o  r e a c t .  

But ,  i f  w e  

The i o -  

Usua l ly ,  

I n  g e n e r a l ,  t h e r e  might be  behav io r  d i f f e r e n c e s b e t w e e n  l a b e l e d  and un la -  

be l ed  hormones, e s p e c i a l l y  when t h e  l a b e l  i s  o t h e r  t han  an i s o t o p e  of an atom 
i n  t h e  n a t u r a l  hormone, a s  i n  t h e  c a s e  of 1251 l a b e l i n g .  What i s  measured in 
R I A s  i s ,  however, immunochemical behav io r ,  which may o r  may n o t  be  i d e n t i c a l  

w i th  b i o l o g i c a l  a c t i v i t y .  That  i s  t o  s a y ,  i t  i s  p o s s i b l e  f o r  a modi f ied  hor -  

mone t o  l o s e  one of t h e  b iochemica l  a c t i v i t i e s ,  such  a s  t h e  a b i l i t y  t o  b ind  t o  

hormone r e c e p t o r  s i t e s ,  wh i l e  a second a c t i v i t y ,  such  a s  t h e  a b i l i t y  t.o b ind  

t o  a n t i b o d i e s ,  is u n a f f e c t e d .  For example, R I A s  f o r  ecdysone and J H  have d i f -  

f i c u l t y  i n  d i s t i n g u i s h i n g  hormonally a c t i v e  form from i n a c t i v e  m e t a b o l i t e s .  

Cons ide rab le  chemica l  m o d i f i c a t i o n s  have been employed i n  t h e  p r e p a r a t i o n  of 

l a b e l e d  t r a c e r s  w i thou t  r e g a r d  f o r  t h e  l o s s  o f  e s s e n t i a l  b i n d i n g  m o i e t i e s .  

J u v e n i l e  hormones, be ing  sma l l  molecules ,  a r e  n o t  i ndependen t ly  immunoge- 

n i c  and t h e r e f o r e  must be con juga ted  t o  a p r o t e i n  which c o n t a i n s  e i t h e r  a t y r o -  

s i n e  o r  a h i s t i d i n e  r e s i d u e  t o  e l i c i t  t h e  p roduc t ion  o f  a n t i b o d i e s .  Th i s  i s  
one of t h e  problems encoun te red  i n  t h e  J H - R I A  r e s e a r c h ,  a s  reviewed by Granger 

and Goodman32, which caused  t h e  l a g  of development o f  J H - R I A s  f o r  t h e  c r i t i c a l  

needs  i n  J H  r e s e a r c h .  We w i l l  e v a l u a t e  s e v e r a l  pathways used t o  s y n t h e s i z e  

t h e  l a b e l e d  p r o t e i n  c o n j u g a t e s .  

On t h e  s k e l e t o n s  o f  j u v e n i l e  hormones, on ly  two m o i e t i e s  can  be found t o  
be p o t e n t i a l  t e t h e r  p o i n t s  f o r  t h e  r e q u i r e d  c o n j u g a t i o n s ,  each  of which d e f i n e s  

a comple t e ly  d i f f e r e n t  rad io immunologica l  system : 

FIG. 5 .  
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i) Carboxy carbon : This  con juga t ion  pathway was f i r s t  exp lo red  by Lauer 

-- e t  a 1 . , 3 3  and w a s  la ter  developed w i t h  success  by Baehr 

hydrolyzed t h e  carbomethoxy moiety under mild a l k a l i n e  c o n d i t i o n s  and coupled 

t h e  c a r b o x y l i c  f u n c t i o n  t o  N-hydroxysuccinimide (NHS) i n  t h e  p re sence  o f  N , N ' -  

dicyclohexylcarbodiimide ( D C C ) .  An c-amino group o f  l y s i n e  i n  human serum 

albumin (HSA) t h e n  r e a c t e d  wi th  t h e  a c t i v a t e d  NHS ester (2) t o  produce t h e  

immunogens (E), i n  which J H  was coupled th rough  an  amide l i n k a g e .  The r a d i o -  

i o d i n a t e d  t r a c e r  (21) was made by r e a c t i o n  of  h i s t amine  wi th  t h e  a c t i v a t e d  
ester.  The JH-histamine (20) was then  r a d i o i o d i n a t e d  wi th  t h e  chloramine-T 

t echn ique  t o  ach ieve  a s p e c i f i c  a c t i v i t y  c l o s e  t o  2 0 0 0  Ci/mmol. 

g.34afb'c They 

TRACER PREPARATION J (IE) \ IMMUNOGEN PREPARATION 

f 

\ 
(19) H . S . A .  ("'/, CHLORAMINE T A 

FIG. 6. 

High t i t e r  a n t i b o d i e s  were r a i s e d  t o  JH I, J H  11, and J H  I11 immunogens, 

r e s p e c t i v e l y .  These were p a r t i a l l y  s p e c i f i c  f o r  t h e i r  r e s p e c t i v e  hap tens  so 
t h a t  t hey  can p o t e n t i a l l y  be used t o  q u a n t i f y  J H  I and J H  I11 ( J H  I1 c r o s s - r e a c -  

t i v i t y  i s  3 7 %  wi th  J H  I an t i s e rum and 0 . 9 %  wi th  J H  I11 a n t i s e r u m ) .  A s  expec ted ,  
t h e s e  a n t i s e r a  canno t  d i s t i n g u i s h  t h e  a c t i v e  J H  methyl esters from t h e  i n a c t i v e  

J H  a c i d s .  

A p a t e n t  by Delaage35 d e s c r i b e d  t h e  p r e p a r a t i o n  of l a b e l e d  a n t i g e n  f o r  J H  

radioimmunoassay which i s  composed of an  a n t i g e n - d i p e p t i d e  c o n j u g a t e ,  t h e  d i -  

p e p t i d e  be ing  a condensat ion p roduc t  o f  t y r o s i n e  and ano the r  p e p t i d e  wi th  t h e  

t y r o s i n e  group c a r r y i n g  t h e  r a d i o l a b e l  which was achieved u s i n g  chloramine-T. 
However, t h e  subsequent  a s say  was n o t  r e p o r t e d .  
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ii) Epoxy carbon : This  a l t e r n a t i v e  pathway was developed by Strambi  g - a l . 3 6 a p b , c  

v a t i z e d  i n t o  t h e  corresponding hemisuccinate  t o  be f u r t h e r  coupled t o  serum 
albumin. The r a d i o l i g a n d  (22) was ob ta ined  by coup l ing  g l y c y l - t y r o s i n e  t o  J H  

I -d io l -hemisucc ina te ,  t hen  i o d i n a t e d  (FIG.73. The advantages of  t h i s  pathway 
a r e  : (1) t h e  d i o l  i s  s i x - f o l d  more immunoreactive than  t h e  hormone i t s e l f ;  and 
( 2 )  t h e  d i o l  has  b e t t e r  s o l u b i l i t y  i n  wa te r  and chromatographic  behavior  t h a t  
is  a d j u s t a b l e  wi th  pH, s o  t h a t  bo th  t h e  d i o l  and t h e  i o d i n a t e d  d e r i v a t i v e  can 
be r e a d i l y  sepa ra t ed  from l i q u i d  contaminants .  The s e n s i t i v i t y  of  t h e  R I A  de- 
veloped through t h i s  pathway i s  comparable w i t h  t h a t  o f  physico-chemical ana ly -  

A f t e r  a c i d i c  opening of t h e  epoxide,  t h e  g l y c o l  ob ta ined  was d e r i -  

However, t h e  a n t i b o d i e s  t h u s  r a i s e d  r ecogn ized  t h e  d i o l s  of  J H  I ,  

J H  I I a n d  J H I I I  e q u a l l y w i t h  t h e  p a r e n t  epoxides .  None the le s s ,  J H  a c i d s  do n o t  
c r o s s - r e a c t  and homolog s p e c i f i c i t y  of t h e  a n t i s e r a  is  a c c e p t a b l e .  The R I A  

u t i l i z i n g  t h i s  ant iserum can measure t o t a l  J H  t i t e r  o n l y  a f t e r  d e r i v a t i z a t i o n  
t o  t h e  d i o l  forms so t h a t  c o n s i d e r a b l e  expe r imen ta l  tedium is necessa ry  t o  
o b t a i n  t i t e r  d a t a .  

F I G .  7 .  

I t  has  long been recognized t h a t  a n t i b o d i e s  can d i s c r i m i n a t e  between o p t i -  
c a l  and geomet r i ca l  isomers .  Unfo r tuna te ly  a n t i b o d i e s  t o  hydrophobic hap tens  
such as t h e  J H s  tend t o  e x h i b i t  g r e a t e r  immunologic c r o s s - r e a c t i v i t y  w i t h  s t r u c -  
t u r a l l y  r e l a t e d  hap tens  than  do a n t i b o d i e s  t o  more p o l a r  molecules  and o n l y  
commercial racemic J H s  were used i n  bo th  of t h e  psthways mentioned. The re fo re ,  
t h e  a n t i b o d i e s  t h u s  gene ra t ed  w i l l  undoubtedly c o n t a i n  v a r i o u s  popu la t ions  of 
a n t i b o d i e s  which r ecogn ize ,  i n  p a r t ,  t h e  c o n f i g u r a t i o n  around t h e  c h i r a l  cen- 
ters.  I n  a d d i t i o n  t o  t h i s ,  t h e  f u n c t i o n a l  s i tes  used f o r  t h e  h a p t e n i c  l i n k a g e  
involved impor t an t  r e c o g n i t i o n  s i tes  (es ter  o r  e p o x i d e ) ,  and it was n o t  p o s s i -  
b l e  t o  raise a n t i b o d i e s  which can r ecogn ize  b o t h  c h a r a c t e r i s t i c  f u n c t i o n a l  
groups of JHs. 

i n t e r m e d i a t e  (11) and (2) mentioned b e f o r e  a s  t h e  t e t h e r  p o i n t  t o  coup le  t o  
t h e  c a r r i e r  macromolecule so t h a t  bo th  epoxy and carbomethoxy f u n c t i o n a l i t i e s  

3 2  

These problems might be so lved  by us ing  t h e  hydroxyl moiety i n  t h e  c h i r a l  
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a r e  r e t a i n e d  as t h e  r e c o g n i t i o n  si tes f o r  t h e  a n t i b o d i e s .  T h i s  work, as w e l l  
a s  t h e  e f f o r t s  d i r e c t e d  toward s y n t h e s i z i n g  d e r i v a t i v e s  (23) t e t h e r e d  a t  t h e  

C-7 e t h y l  group (FIG. 8), are i n  p r o g r e s s  i n  our  l a b o r a t o r i e s .  

( 1  1 )  R1= H. R2- 0-protein 

(12) RI= CH,. R2- 0-protein 

(230) R,- 0-protein. RZ- H 

(23b) Rl- 0-protein. R,- CH, 

FIG. 8. 

RADIOLABELED JUVENILE HORMONE ANALOGS 
We can c l a s s i f y  t h e  l a b e l e d  JHAs i n t o  two groups : (1) t h o s e  syn thes i zed  

t o  s t u d y  t h e  d i s t r i b u t i o n ,  metabolism and environmental  f a t e s ;  and ( 2 )  t h o s e  

s y n t h e s i z e d  t o  a s s a y  b ind ing  and t h u s  t o  i d e n t i f y  J H  b ind ing  p r o t e i n s  and re- 
2 0  

c e p t o r  p r o t e i n s .  

have covered most of  t h e  compounds i n  t h e  f i r s t  group,  which i n c l u d e s  l a b e l e d  

methoprenes (c,g), hydroprene (2) , and epoxyfa rnesy l  propenyl  e t h e r  (2) 
37afb ,  as shown i n  FIG. 9 .  

The reviews by Hammock and Quistad” and Jenn ings  s. 

Here, w e  w i l l  on ly  upda te  t h e  coverage.  

FIG. 9 .  
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2,6-Di-~-butyl-4-(a,a-dimethylbenzyl)phenol was synthesized and shown to 
be an effective mosquito larvicide. Its action falls into the category of that 
of juvenoids. In order to investigate its distribution and decomposition in 
the environment and in the organisms of insects, the 14C-labeled form of this 
compound (g) was prepared from (2) ( F I G .  No specific activity or bio- 
assay results were reported. 

F I G .  10. 

In contrast to being insecticides, JH analogs, such as (30) and (s), were 
shown to prolong the life time of the 5th instar Of the silkworm (Bombyx mori), 
increase the synthesis of silk protein, and thus increase the silk produc- 
tion.39a,b,crd 

FIG. 11. 

A wide variety of J H A s  have been used in China for this purpose since 1974 
and the studies of the mechanism involved have been r e p ~ r t e d . ~ ~ ~ ' ~ ~ ~ ' ~  Labe- 
led JHAs were synthesized to study the absorption, distribution and excretion 
of J H A  in the silkworm body and the rate of decay and residue of JElA in the 
fingerling of grass carp (Ctenopharyngodon idellus), since frass and dead pupae 
of silkworms were sometimes included in the fish food.41afbfc 

Thus, l-[a,a-3H2-~-ethylphenoxy] -7-etho~y-3~7-dimethy1-2-octene (21) 42 and 
1- [a,a- H - -ethylphenoxyl -3,7-dimethy1-6,7-epoxy-2-octene (2) 43 were synthe- 
sized by similar pathways in reasonable chemical yields and specific activi- 
ties : 26.3 Ci/mmol and 21.6 Ci/mmol, respectively. The key labeling reaction 
was tritium gas reduction of acetylphenol in acetic acid with 10% Pd-C as ca- 
talyst. The synthetic schemes are shown in F I G .  12. 

3 
2 E  

Juvenile hormone-protein interactions are involved at all levels of titer 
regulation, biosynthesis and transport, excretion and metabolism, and cellular 
mechanisms of action. The interaction of JH with binding proteins controls the 
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4 

FIG. 1 2 .  

J H  t i t e r  r e g u l a t i o n  and d e l i v e r y  of t h e  hormone t o  t a r g e t  s i t e s ,  wh i l e  t h e  

i n t e r a c t i o n  o f  J H  w i th  r e c e p t o r  p r o t e i n s  i s  b e l i e v e d  t o  be  a key f a c t o r  i n  t h e  

hormonal r e g u l a t i o n  of gene e x p r e s s i o n  i n  i n s e c t s .  The f o l l o w i n g  e v e n t s  have 

been p o s t u l a t e d  f o r  t h e  i n t e r a c t i o n  o f  J H  w i th  r e c e p t o r s : 4 4  (1)  b i n d i n g  o f  J H  

t o  a cy top la smic  r e c e p t o r ,  ( 2 )  t r a n s l o c a t i o n  of t h e  hormone-protein complex t o  

t h e  n u c l e u s ,  ( 3 )  b i n d i n g  of t h e  complex t o  an  a c c e p t o r  s i t e  on n u c l e a r  chroma- 

t i n ;  and ( 4 )  a c t i v a t i o n  of t r a n s c r i p t i o n  t o  g i v e  new mRNA. Bu t ,  t h e  s e a r c h  f o r  

t h e  J H  r e c e p t o r s  has  been d i f f i c u l t ,  l a r g e l y  due t o  t h e  l a c k  of o p t i c a l l y  p u r e  

probes  l a b e l e d  w i t h  v e r y  h igh  s p e c i f i c  r a d i o a c t i v i t y .  I n  a d d i t i o n  t o  t h i s ,  

t h e  m e t a b o l i c  d e g r a d a t i o n  o f  t h e  probe  and more i m p o r t a n t l y  t h e  d i s s o c i a t i o n  of 

t h e  p robes  from t h e  r e c e p t o r s  have caused  problems.  

An i o d i n e  atom can  be used  a s  a s t e r i c  m i m i c  of  a methyl  group.  A s  w e  
have a l r e a d y  d i s c u s s e d ,  t h e  i n t r o d u c t i o n  of t h e  s h o r t - h a l f - l i f e  y - e m i t t e r s  c an  

i n c r e a s e  t h e  s p e c i f i c  a c t i v i t y .  Thus,  s e v e r a l  r a d i o i o d i n a t e d  j u v e n i l e  homone 

a n a l o g s ,  (s-s), have been s y n t h e s i z e d  i n  ou r  l a b o r a t o r i e s  a s  expe r imen ta l  

J H  r e c e p t o r  probes  (FIG. 1 3 )  (G. Pres twich ,  W .  Eng, M. Boehm and J. McKew, 

unpubl i shed  r e s u l t s ) .  The s y n t h e t i c  d e t a i l s ,  b i o l o g i c a l  a c t i v i t i e s  and b ioche -  

mica l  r e s u l t s  w i l l  be r e p o r t e d  i n  due cour se .  

by t h e  s y n t h e s i s  of l 0 , l l - e p o x y f a r n e s y l  d i a z o a c e t a t e s  (EFDA, 41) ,44 which i s  a 
J H  p h o t o a f f i n i t y  l a b e l  w i t h  t h e  d i a z o a c e t a t e  mimicking t h e  carbomethoxy group 
i n  t h e p a r e n t  hormone (FIG.14). The diazoacetatemoietyhasbeen shownto  b e e a s i l y  

i n c o r p o r a t e d  i n t o  s u b s t r a t e s  w i t h  minimal s t e r e o e l e c t r o n i c  p e r t u r b a t i o n .  The 
b ind ing  a f f i n i t y  o f  EFDA f o r  t h e  hemolymph J H  b i n d i n g  p r o t e i n s  o f  E .  s e x t a  was 
de termined  a s  4 0 %  r e l a t i v e  t o  J H  145 o r  a s  h igh  a s  200%46b,  and t h e  H- labe led  

form has  been e x t e n s i v e l y  used  a s  a p h o t o a f f i n i t y  l a b e l  f o r  J H  b i n d i n g  p r o t e i n s  
i n  t h e  hemolymph of Locus ta  m i g r a t o r i a  and Leucophaea maderae as  w e l l  a s  

The problems of l i g a n d  d i s s o c i a t i o n  from t h e  b ind ing  p r o t e i n  were s o l v e d  

3- 
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F I G .  13 

Drosophi la  K c  c e l l s .  4 6 a ’ b f c ’ d ‘ e  

invo lv ing  3H-EFDA were a l s o  performed on t h e  hemolymph J H  b ind ing  p r o t e i n s  from 
t h e  budworm H .  v i r e s c e n s ,  t h e  cabbage looper  T. g ,  and t h e  gypsy moth 

- L. d i s p a r . 2 9 -  The r e s u l t s  from t h e s e  b ioassays  showed t h a t  even a t  concen t r a -  

t i o n s  below 10  nM, EFDA was a b l e  t o  bind s p e c i f i c a l l y  t o  t h e  J H  b ind ing  pro- 

t e i n s  and modify them c o v a l e n t l y  upon being i r r a d i a t e d  f o r  as s h o r t  a s  5 t o  

2 0  sec a t  254 nm. Using 

p r o t e i n  o f  g, sexta was p u r i f i e d  t o  homogeneity and i t s  N - t e r m i n a l  amino a c i d  

sequence was determined up t o  t h e  35th r e s i d u e , 4 7  t h u s  confirming t h e  sequence 

of t h e  f i r s t  e i g h t e e n  r e s i d u e s  r e p o r t e d  by Pe te r son  The photomodifi-  

c a t i o n  of p r o t e i n s  by EFDA i s  expected t o  occur  v i a  acy lca rbene  and t h e  co r -  

responding r ea r r anged  alkoxyketene,  as shown i n  F I G .  14 : 

Competi t ion a s s a y s  and p h o t o a f f i n i t y  l a b e l i n g  

3H-EFDA a s  a t r a c e r ,  t h e  hemolymph J H  b ind ing  

Insertion / 

FIG.  14.  
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The use  of [10-3H]-JH I11 as a n a t u r a l  l i g a n d  f o r  p h o t o a f f i n i t y  l a b e l i n g  

of  JH-binding p r o t e i n s  was r e p o r t e d  by Stupp and P e t e r . 4 9  

i n  t h e  s t u d y  i s  thought  t o  be  d i a l k y l a c r y l a t e .  

esters o c c u r s  a t  a r a t h e r  low wavelength o f  240-250 nm, and t h e  r e a c t i o n s  of 

t h e  e x c i t e d  s t a t e  l e a d  u s u a l l y  t o  d i m e r i z a t i o n  and po lymer i za t ion .  I n  t h e  m i -  
croenvironment where t h e  e x c i t e d  s t a t e  f a c e s  f u n c t i o n a l  groups Of t h e  p r o t e i n  

i n  a c l o s e  geomet r i ca l  r e l a t i o n s h i p  due t o  h igh  a f f i n i t y  b i n d i n g ,  p roduc t  f o r -  
mation may be d i f f e r e n t  and l e a d  t o  c o v a l e n t  a t t achmen t  o f  t h e  r e a l  b ind ing  

s i t e  of t h e  p r o t e i n s .  A f t e r  prolonged i r r a d i a t i o n  (15 min) a t  254 nm, up t o  

3 .2% of t h e  r a d i o a c t i v i t y  was found bound c o v a l e n t l y  t o  t h e  p r o t e i n s ,  wh i l e  30% 

of  t h e  bound coun t s  were non- spec i f i c  binding.  A t  t h e  same t i m e ,  t h e  s t u d y  

a l s o  showed t h a t  even w i t h  on ly  7 min  i r r a d i a t i o n  a t  254 nm, t h e  b ind ing  a b i -  

l i t y  o f  g. sexta J H  b ind ing  p r o t e i n s  reduced by 4 4 % .  Our  experiments  have 
concluded t h a t  3H-EFDA i s  a s u p e r i o r  l i g a n d  t o  n a t u r a l  J H s  f o r  p h o t o a f f i n i t y  

l a b e l i n g  j u v e n i l e  hormone b ind ing  p r o t e i n s .  50 

The chromophore used 

The n -n*- t r ans i t i on  of a c r y l i c  

I n  s p i t e  of t h e  s u c c e s s  i n  t h e  b ind ing  p r o t e i n  s t u d y ,  s e v e r a l  f a c t o r s  

have prevented EFDA from being t h e  probe f o r  t h e  s e a r c h  f o r  J H  r e c e p t o r  pro- 

t e i n s .  F i r s t ,  it shows no J H  e f f e c t  both i n  v i t r o  and i n  v ivo  w i t h  Manduca 

s e x t a  o r  Leucopheae madera. Second, it l a c k s  t h e  d e s i r e d  o p t i c a l  p u r i t y  and 

high s p e c i f i c  a c t i v i t y ,  mainly due t o  t h e  des ign  of  s y n t h e s i s .  The t h i r d  

f a c t o r  is  t h a t  E F D A ' s  p a r e n t  hormone, J H  111, i s  n o t  p r e s e n t  i n  t h e  hemolymph 

of tobacco hornworm g. sexta which i s  t h e  i d e a l  i n s e c t  f o r  e n d o c r i n o l o g i c a l  

s tudy .  The re fo re ,  t h e  s y n t h e s i s  of (g), an J H  I1 p h o t o a f f i n i t y  l a b e l  w i th  
d e s i r e d  h igh  o p t i c a l  p u r i t y  and s p e c i f i c  r a d i o a c t i v i t y ,  has  been completed 

i n  ou r  l a b o r a t o r i e s 5 1  and t h a t  of ( G ) ,  an J H  I ana log ,  is  a l s o  underway. 

- 

(42 :  

F I G .  15.  

(43)  

Based on t h e  p h o t o l a b e l i n g  of J H  b ind ing  p r o t e i n s  by EFDA, (42) and (43) 
might be a b l e  t o  bind t o  J H  r e c e p t o r  p r o t e i n s  s p e c i f i c a l l y  and a f f o r d  s e l ec t ive ,  
cova len t  m o d i f i c a t i o n  upon i r r a d i a t i o n .  P r o t e i n  deg rada t ion  and s e p a r a t i o n  o f  

t h e  l a b e l e d  fragments  fol lowed by amino a c i d  a n a l y s i s  w i l l  r e v e a l  t h e  a c t i v e  

c e n t e r s  o f  t h e  p r o t e i n s  and t h u s  h e l p  u s  t o  f u r t h e r  e x p l o r e  t h e  hormonal regu-  

l a t i o n  of gene e x p r e s s i o n  i n  i n s e c t s .  

Radiolabeled EFDA was f i r s t  developed a s  t h e  14C-labeled form wi th  6 2 %  
45 

radiochemical  y i e l d  by us ing  

The s y n t h e s i s  of  

s p e c i f i c  r a d i o a c t i v i t y  of  5.4 Ci/mmo1,44 and l a t e r  it w a s  improved t o  11 C i /  

[14C1 - g l y o x y l i c  a c i d  a s  t h e  r a d i o l a b e l e d  source .  

[ 1 0 3 - H 1  -EFDA was then  accomplished i n  ou r  l a b o r a t o r i e s  w i th  a 
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m r n 0 1 . ~ *  
f i cu l t - to - r emove  t o s y l  c o n t a i n i n g  by-product ,44f53 which was sugges t ed  l a t e r  

5 4 a t b  as t h e  co r re spond ing  p - t o l u e n e s u l f i n a t e  ester (44) . 

The d i a z o a c e t y l a t i o n  p rocedure  employed a t  t h a t  t i m e  a f f o r d e d  a d i f -  

(44) 

FIG. 1 6 .  

The amount of t h i s  impur i ty  v a r i e d  depending on  t h e  f i n a l  p u r i f i c a t i o n .  An 

improved d i a z o a c e t y l a t i o n  procedure  was r e p o r t e d 5 4 b ,  which prompted us t o  modi- 

f y  ou r  p r e v i o u s l y  pub l i shed  p rocedure  and h igh  p u r i t y ,  s p e c i f i c  a c t i v i t y  are 
t h e r e f o r e  r e p o r t e d  h e r e i n  f o r  t h e  s y n t h e s i s  of  [ ' H I -  and [ HI-EFDA. The major 

m o d i f i c a t i o n s  were i n  t h e  work-up of t h e  N a B  H4 r e d u c t i o n  o f  t h e  hydroxy ke tone  

(s), t h e  mesy la t ion  of t h e  d i o l  (c), and t h e  d i a z o a c e t y l a t i o n .  The EFDA 

(41) t h u s  o b t a i n e d  was shown t o  b e  f r e e  from t h e  s i d e  p r o d u c t .  The b i o a s s a y s  

us ing  t h i s  ba t ch  of 3H-EFDA r e v e a l e d  much less n o n - s p e c i f i c  Label ing  t h a n  t h o s e  

made wi th  ou r  ear l ier  procedure .  55 

d u c t s  (EFDA, and 3H-EFDA) a r e  shown i n  FIG. 1 7 .  

3 

3 

The key s y n t h e t i c  i n t e r m e d i a t e s  and pro- 

%-EFDA (41b)  m - 3  

FIG. 1 7 .  
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Diazotrifluoropropionates have been suggested to be more acid stable and 
56 undergo photolysis with substantially less rearrangement than diazoacetates. 

Thus, epoxyfarnesyl diazotrifluoropropionate (EFTP, 49) might be a better pho- 
toaffinity label than EFDA, provided that the increased steric size of the 
ester does not interfere with binding. The preparation of EFTP (2) is repor- 
ted herein. 

In our study, EFDA and EFTP were photolyzed in methanol and their diffe- 
rent rearrangement patterns were determined by NMR studies Of the reaction mix- 
ture. The NMR integrations of the methanol-trapped products, (so) and (z), 
revealed 40% rearrangement in the EE'DA photolysis. For EFTP, only 10% rearran- 
gement was found, which was indicated by the integrations of (2) and ( E ) ,  
thus confirming Chowdhry's results. 56 
i.e., EFTP would favor more carbene insertion than EFDA, in their photomodifi- 
cation of the protein binding sites in the bioassays using these probes. This 
would result in increased labeling since the acylcarbene can react with more 
residues than the ketene. 

We therefore estimated a similar pattern, 

c=o - 
COOHP 

hv (51) R-CFa 
\ 

(52 )  R-H 

(53) R-CF, 

.. R-CF, EFTP (49 )  

FIG. 18. 

However, the surprisingly lower Amax of EFTP ( 2 2 8  nm) was less in favor 
of EFTP. Furthermore, the competitive displacements of ( 10R, 115, - 
JH I from E .  Sexta JH binding proteins by EFDA and EFTP, respectively, showed 
that the concentration required for EFTP to displace JH I is 
about three times higher than that of EFDA. This is obviously 
due to the steric hindrance caused by the trifluoromethyl group. Therefore, 
EFTP is not likely to afford more efficient photolabeling of JH binding pro- 
teins than EFDA. 

EXPERIMENTAL 
_ - _ -  (2E,6E)-lO,ll-Dihydroxy-3,7,ll-trimethyl-2,6-dodecadienyl acetate (46a) 

The current batch of starting material, (2E,6E)-lO-oxo-ll-hydroxy 3,7,11- 
trimethyl-2,6-dodecadienyl acetate (g), was synthesized by Dr. C. Wawrzeficzyk 
and Dr. A.K. Singh in our laboratories from (2E,6E)-farnesol ( 6 )  . 5 2  

To a stirred solution of (45) (20 mg, 0 . 0 6  mEol) in 3 mL absolute ethanol 
was added NaBH4 (2 mg, 0 . 0 6  mmon at room temperature. After stirring for 1 
hr, 0.5 mL of 0.5 M NaH2P04 solution was added, and the reaction mixture was 
stirred for 15 min. Most of the solvent was removed in vacuo and 50 mL of 
ether was added. After extraction and washing with 3rml6rine, the organic 
layer was dried over MgS04 and concentrated in vacuo to give a quantitative 
yield of (46a) which was homogeneous by TLC Ti;O%Ac(EA)/hexane(H); Rf=0.40). 
This productwas used in the subsequent reaction without further purification. 

44,52 
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3 [ l o -  HI - ~2~,~~~-lO,ll-Dihydroxy-3,7,ll-trimethyl-2,6-dodecadienyl acetate (e) 
3 4 , 5 2  

A s o l u t i o n  of  e x c e s s  of hydroxyketone  ( 4 5 )  ( 1 2  mg, 0.039 mmol) i n  1 . 5  mL 
of a b s o l u t e  e t h a n o l  ( f r e s h l y  opened)  was a d d z  t o  a n  ampoule c o n t a i n i n g  a s t i r -  
r i n g  b a r  and 0 . 1 4  mg of  
mmol; 3.65pmol; N e w  England N u c l e a r )  and t h e  m i x t u r e  was s t i r r e d  a t  room tempe- 
r a t u r e  f o r  1 . 5  h r ,  5 d r o p s  of 0 . 5  M NaH2P04 s o l u t i o n  were a d d e d ,  and t h e  mix- 
t u r e  was s t i r r e d  f o r  15 min. S o l v e n t  was t h e n  blown o f f  w i t h  N 2  and  t h e  resi- 
due  was t r a n s f e r r e d  w i t h  1 0  mL o f  e t h e r  t o  a t e s t  t u b e  c o n t a i n i n g  1 mL of  b r i n e .  
A f t e r  washing ,  t h e  aqueous  p h a s e  was c a r e f u l l y  removed and  t h e  o r g a n i c  l a y e r  
was d r i e d  o v e r  MgS04 and c o n c e n t r a t e d  under  N 2 .  F l a s h  chromatography ( 5  t o  
10% EA/H) y i e l d e d  4 . 4  mg (0 .0148 mmol, q u a n t i t a t i v e  c h e m i c a l  y i e l d )  o f  ( 4 6 b )  
w i t h  9 2 %  r a d i o c h e m i c a l  p u r i t y  d e t e r m i n e d  by TLC. T o t a l  r a d i o a c t i v i t y  7 8 6  
m C i  ( 7 5 %  r a d i o c h e m i c a l  r e c o v e r y ) ,  s p e c i f i c  a c t i v i t y  : 1 2 . 6  Ci/mmole. 

r3H1 -NaBH4 (250 m C i  w i t h  s p e c i f i c  a c t i v i t y  of  6 8 . 4  C i /  

(2E,6E)-ll-hydroxy-lO-mesyloxy-3,7,ll-trimethyl-2,6-dodecadienyl a c e t a t e  (e) 
6475-2- 

To a s o l u t i o n  of 32 mg ( 0 . 1 0 7  mmol) o f  d i o l  ( 4 6 a )  i n  1 mL d r y  C H 2 C l 2  w a s  
added Et3N (50 p L ,  0.45 mmol, d i s t i l l e d )  i n  0 .5  m L d r y  C H 2 C 1 2  and M s C l  ( 1 5  u L ,  
0.13 mmol d i s t i l l e d )  i n  a n o t h e r  0 .5  mL of  d r y  CH2C12. The m i x t u r e  was s t i r r e d  
f o r  48 h r  a t  room t e m p e r a t u r e  b e f o r e  t h e  s o l v e n t  was removed. TLC ( 6 0 8  EA/H) 
showed t h a t  none of t h e  d i o l  ( 4 6 a )  was l e f t  [R (46) : 0 . 4 0 ;  R f ( 4 7 )  : 0 . 4 2 1 .  
The s o l v e n t  was removed, e t h e r w a s  added and t i e a r g a n i c  p h a s e  was washed (1  M 
H C l  and  1 0 %  NaHC03(aq . ) ,  d r i e d  (MgS04) and c o n c e n t r a t e d  t o  g e t  40 mg ( q u a n t i t a -  
t i v e  y i e l d )  o f  c r u d e  p r o d u c t  which was used  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  An 
a n a l y t i c a l  sample  w a s  o b t a i n e d  by  p u r i f i c a t i o n  w i t h  a s i l i c a  g e l  column p r e -  
t r e a t e d - w i t h  E t 3 N .  
I R  ( c m - 1 )  : 3520 ( - O H ) ,  1760 ( C = O ) ,  1 1 9 0 ,  1380 (S=O) 
1 H  NMR : 6 1.26 ( s ,  6 H ) ,  1 . 6 4  ( 6 ,  3H), 1 . 7 0  ( s ,  3 H ) ,  2.05 (s, 3H) ,3 .12  ( s ,  3H) ,  

4.10 (rn, lH), 4.60 ( d ,  J=7 .4  Hz, 2H), 4.9-5 .5  ( m ,  2 H ) .  

44 ,45 ,52  ---- (2E,6E)-lO,ll-Epoxyfarnesol (e) 
5 mL a b s o l u t e  methanol  c o n t a i n i n g  e x c e s s  K2CO3 and s t i r r e d  f o r  2 h r  a t  room 
t e m p e r a t u r e .  A f t e r  removal o f  M e O H ,  e t h e r  was added and t h e  o r g a n i c  p h a s e  was 
washed ( b r i n e ) ,  d r i e d  (MgSOq) and  c o n c e n t r a t e d  i n  vacuo t o  g i v e  35 mg of  mix- 
t u r e  which  was p u r i f i e d  by f l a s h  c h r o m a t o g r a p h y 7 E ~ r e t r e a t e d ,  5 t o  20% 
EA/B) t o  y i e l d  1 9  mg of  (e) (0 .080  mmol, 9 0 %  y i e l d ) .  
l H  NMR : 6 1 . 2 5  ( s ,  3H) ,  1 . 2 9  ( s ,  3H), 1 . 6 1  ( s ,  3H), 1 . 6 6  ( s ,  3H), 2.69 ( t ,  

The c r u d e  m e s y l a t e  ( 4 7 a )  30 mg (0 .089  mmol) o b t a i n e d  above  was added  t o  

J = 6 . 1  Hz,  l H ) ,  4 . 1 2  ( d ,  J a 7 . 3  Hz, 2 H ) ,  5.15 ( m ,  l H ) ,  5.40 ( t ,  J=6.80 
Hz, 1 1 1 ) .  

3 [ l o -  HI -(2E,6E)-ll-Hydroxy-lO-mesyloxy-3,7,ll-trimethyl-2,6-dodecadienyl a c e -  - 
t a t e  ( 4 7 b )  

To a r e a c t i o n  v e s s e l  c o n t a i n i n g  0 . 5  m l  of d r y  CH2C12 s o l u t i o n  of  4 . 4  mg 
of  d i o l  (je) (0.0148 mmol) was added 4 mg of  Et3N ( 0 . 0 4  mmol) i n  0 . 5  mL o f  
C H 2 C l 2 ,  and 0.5 mL CH2Cl2 s o l u t i o n  o f  4 mg M s C l  (0 .035  mmol) and t h e  m i x t u r e  
was s t i r r e d  a t  room t e m p e r a t u r e  f o r  23 h r  b e f o r e  an  a d d i t i o n a l  1 L of  M s C l  
was added and t h e  s t i r r i n g  c o n t i n u e d  f o r  e i g h t  more h o u r s .  The m i x t u r e  was 
t h e n  d i l u t e d  w i t h  6 mL of e t h e r ,  washed (1 M H C L ,  NaHCOj(aq),  and  b r i n e ) ,  and  
d r i e d  (MgSO4). 
was removed t o  g e t  t h e  m e s y l a t e  as t h e  major  p r o d u c t ,  i d e n t i c a l  t o  (*) on 
TLC. 

-44; 5 2  
--_I- 

The s o l u t i o n  was t h e n  f i l t e r e d  t h r o u g h  MgS04 and t h e  s o l v e n t  

l 1 0 - 3 H ]  - (2g,?E) - 1 0 , l l - E p o x y f a r n e s o l  ( 4 8 b )  4 4 t 5 2  

The c r u d e  m e s y l a t e  (47b)  of t h e  above r e a c t i o n  was d i s s o l v e d  i n t o  2 mL o f  
a b s o l u t e  MeOH i n  a r e a c t i o n v e s s e l  c o n t a i n i n g  e x c e s s  K2C03 and  s t i r r e d  f o r  3 h r  
a t  room t e m p e r a t u r e .  A f t e r  removal  o f  t h e  s o l v e n t  by b lowing  w i t h  N 2 ,  5 mL of 
e t h e r  and 1 mL b r i n e  were added. The o r g a n i c  p h a s e  was washed and d r i e d  (MgSOq), 
and  t h e  s o l v e n t s  blown o f f  under  N2 t o  g i v e  ( 4 8 b )  a s  t h e  c r u d e  p r o d u c t .  T h i s  
material was i d e n t i c a l  t o  (e) o n  TLC, and w T u s e d  w i t h o u t  f u r t h e r  p u r i f i c a -  
t i o n .  
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44,45 ,52  _-_-  (2E,6E)-lO,ll-Epoxyfarnesyl d i a z o a c e t a t e  (EFDA) (s) 
To a 5 m l  d r y  CH2C12 s o l u t i o n  of e p o x y f a r n e s o l  ( 4 8 a )  ( 1 2  mg, 0 .05  mmol) 

and  1 7  mg o f  g l y o x y l i c  a c i d  c h l o r i d e  2 - t o l u e n e s u l f o n y m d r a z o n e  (0 .065  mmol) 
w a s  added 9 V L  ( 8  mg, 0 .065  mmol) of  N , N - d i m e t h y l a n i l i n e  a t  0 ° C  and  t h e  g r e e n -  
i s h  r e s u l t i n g  s o l u t i o n  w a s  s t i r r e d  a t  0°C f o r  30 min w h i l e  TLC m o n i t o r e d  t h e  
a p p e a r a n c e  of t h e  ester.  Then 22 UL o f  Et3N (20 mg, 0.20 mmol) were added  i n t o  
t h e  s o l u t i o n  which was s t i r r e d  f o r  a n o t h e r  1 h r  a t  O°C b e f o r e  b r o u g h t  t o  room 
t e m p e r a t u r e  a t  which it was f u r t h e r  s t i r r e d  f o r  1 h r .  S o l v e n t s  (20% EA/H, 50 
mL) were added  f o l l o w e d  by 3 mL of  H20. The o r g a n i c  p h a s e  was s e p a r a t e d ,  w a s -  
hed w i t h  10 mL b r i n e  and 

t i o n a l  20 m l  o f  20% EA/H. The o r g a n i c  p o r t i o n s  were combined and  d r i e d  o v e r  
MgSO4. The removal o f  t h e  s o l v e n t  f o l l o w e d  by p u r i f i c a t i o n  w i t h  f l a s h  chroma- 
t o g r a p h y  ( 5 %  EA/H) y i e l d e d  8 mg o f  ( 4 1 a )  

l H  NMR : 6 1.25  ( s ,  3 H ) ,  1 . 2 9  (6, 3H) ,  1 . 6 1  ( s ,  3H) ,  1 .70  ( s ,  3 H ) ,  1 . 9 - 2 . 2  ( b r  

UV A,,, ( h e x a n e )  : 2 4 4  nm, ~ = 1 . 5 x 1 0 4  w i t h  g/mL as t h e  u n i t  f o r  c o n c e n t r a t i o n .  

t h e  combined aqueous  p h a s e s  were e x t r a c t e d  w i t h  an  a d d i -  

(0 .026  mmol, 51% y i e l d ) .  
I R  ( c m -  ) : 3120 ( C H N Z ) ,  2100 (C=N=N),1690 ( C = O ) ,  1230, 1190 ( C - 0 )  

m ,  8 H ) ,  2.69 ( t ,  J = 6 . 3  Hz, l H ) ,  4.70 ( d ,  J=7.0 Hz, 2 H ) ,  4.75 ( s ,  l H ) ,  
5 . 1 3  ( t ,  J = 6 . 7  Hz, l H ) ,  5 .33  ( t ,  J = 6 . 9  Hz, 1 H )  

44 ,52  ( 4 1 b )  [10-3HI - (_2E,?g) - 1 0 , l l - E p o x y f a r n e s y l  d i a z o a c e t a t e  (3H-EFDA) 
To a d r y  CH2C12 s o l u t i o n  ( 0 . 5  mL) o f c r u d e  e p o x y f a r n e s o l  (48b)  i n  a 10 m l  r o u n d  
bot tom f l a s k  was added g l y o x y l i c  a c i d  c h l o r i d e  p - t o l u e n e s n o n y l h y d r a z o n e  ( 8  
m g ,  0.031 mmol) i n  0 . 5  mL CH2C12 f o l l o w e d  by 4 mg ( 0 . 0 3 3  mol) o f  N,N-dimethyl- 
a n i l i n e  i n  0 . 5  mL CH2Cl2 a t  0°C. The m i x t u r e  was s t i r r e d  a t  O°C f o r  45 min 
b e f o r e  Et3N ( 1 5  mg, 0.15 mmol) i n  0.5 mL CH2C12 was added .  The m i x t u r e  was 
f u r t h e r  s t i r r e d  f o r  1 h r  a t  O O C ,  t h e n  1 h r  a t  room t e m p e r a t u r e ,  d i l u t e d  w i t h  
5 mL EA/H ( 2 0 % )  and washed w i t h  1 mL b r i n e .  A f t e r  washing ,  t h e  o r g a n i c  p h a s e  
w a s  d r i e d  over MgSO4, f i l t e r e d  t h r o u g h  MgS04 and t h e  s o l v e n t  w a s  removed w i t h  
N 2 .  F l a s h  chromatography (1 t o  5 %  EA/H) a f f o r d e d  1 . 9  t 0.2 rng o f  (41b)  
(0.0062 mmol, 42% o v e r a l l  y i e l d  from ( 4 5 )  w i t h  > 9 0 %  r a d i o c h e m i c a l  p u r i t y  de-  
t e r m i n e d  b y  TLC. R a d i o a c t i v i t y  : 75 m E :  s p e c i f i c  a c t i v i t y  : 1 2 . 1  Ci/mmol 
( t o t a l  r a d i o c h e m i c a l  r e c o v e r y  30% from N a B 3 H 4 ) .  
l e d  ampoules  a s  5 : l  h e x a n e : t o l u e n e  s o l u t i o n .  

The p r o d u c t  was s t o r e d  i n  sea- 

---- (2E,6E)-lO,ll-Epoxyfarnesyl 2-diazo-3,3,3-trifluoropropionate (EFTP) (49) 

mmol), was a d d e d p y r i d i n e  
2-diazo-3,3,3-trifluoropropionic a c i d  c h l o r i d e  (ca. 0 .12  mmol). The r e a c t i o n  
m i x t u r e  w a s  s t i r r e d  a t  r o o m t e m p e r a t u r e  o v e r n i g h t  i n  a n  a luminium-fo i l -wrapped  
f l a s k .  Then, t h e  m i x t u r e  was d i l u t e d  w i t h  50 mL e t h e r ,  washed ( b r i n e ) ,  and 
d r i e d  (MgS04). The s o l v e n t  was removed i n  vacuo and  t h e  r e s i d u e  was p u r i f i e d  
by  f l a s h  chromatography ( 5  t o  20% EA/H) 
l i g h t  t o  g i v e  1 6  mg o f  ( 4 9 )  (0.042 mmol, 53% y i e l d ) .  
I R  ( c m - 1 )  : 2130 (C=N=N),1720 (C=O) 
l H  NMR : 6 1.25  ( s ,  3 H ) ,  1 .29  ( s ,  3H) ,  1 . 6 1  ( s ,  3 H ) ,  1.72 ( s ,  3 H ) ,  1.9-2.2 

(brm, 8 H ) ,  2.69 (t ,  5 - 6 . 2  Hz, 1 H ) ,  4 .75  ( d ,  J s 7 . 1  Hz, 2H) ,  5.12 
( t ,  J=6.7  Hz, l H ) ,  5 .33  t ,  J = 7 . 2  Hz, 1 H )  

UV Amax  ( h e x a n e )  : 2 2 6  nm, E = 1x104, w i t h  g/mL as t h e  c o n c e n t r a t i o n  u n i t .  

To a 3 m l  d r y  CHzC12 s o l u t i o n  o f  1 9  mg e p o x y f a r n e s o l  ( 4 8 a )  ( l g m g ,  0.080 
(15  mg, 0.16inmol) i n  1 mL o f  CH2C12Tollowedby 15 UL o f  

a k  room equipped  w i t h  a r e d  

P h o t o l y s i s  of  EFDA and EFTP i n  methanol  

1) I n  3 mL o f  MeOH was d i s s o l v e d  0 . 2  mg o f  EFDA ( 4 1 a )  and  t h e  s o l u t i o n  was 
s u b j e c t e d  t o  i r r a d i a t i o n a t  254 nm i n  a Rayonet p h o t o c h e m i c a l  r e a c t o r .  
A b s o r p t i o n  r e a d i n g s  were t a k e n  a t  Xmax  (249 nm) : A=1.50 (0 s e c ) ,  0.40 (20  sec), 
0.06  ( 6 0  s e c ) ,  0.06 (120 s e c ) .  

f o r  1 2  min. l H  NMR and I R  s p e c t r a  were t a k e n  b e f o r e  and  a f t e r  t h e  i r r a d i a t i o n :  
l H  NMR ( a f t e r )  : 3.45 ppm (s, 3H, 80 u n i t s )  [OCH3 i n  ( 5 2 ) ,  i n s e r t i o n ]  

I R  ( a f t e r )  : no a b s o r p t i o n  a t  2100 c m - l  ( C = N = N ) T  

c r i b e d  i n  1 ) .  The a b s o r p n o n  r e a d i n g s  were t a k e n  a t  Amax  (228 nm) : A=0.44 
( 0  s e c ) ,  0 . 2 0  (60 s e c ) ,  0 . 1 4  ( 1 2 0  sec) .  

d e s c r i b e d  i n  2 ) .  The l H x M R  and  I R  s p e c t r a  were t a k e n  b e f o r e  and  a f t e r  t h e  
i r r a d i a t i o n .  

2 )  A 3 mL MeOH s o l u t i o n  o f  0 . 5  mg o f  EFDA ( 4 1 a )  was i r r a d i a t e d  a t  254 nm 

3 . 7 7  ppm ( s ,  3H, 40  u n i t s )  [OCH3 i n  (m), r e a r r a n g e m e n t ] .  

3 )  0 . 0 8  mg o f  EFTP ( 4 9 )  was used  t o  p e r f o r m  a n  a n a l o g o u s  e x p e r i m e n t  d e s -  

4 )  0 . 5  mg o f  EFTP ( 4 9 )  was used  t o  per form a n  a n a l o g o u s  e x p e r i m e n t  as 

- 9 1 1  - 



I R  ( a f t e r )  : n o  a b s o r p t i o n  a t  2100 cm-' ( C = N = N )  
'H NMR ( a f t e r )  : 3 . 5 8  ppm ( s ,  3H, 82 u n i t s )  LOCH3 i n  ( 5 3 ) ,  i n s e r t i o n ]  , 3 . 8 5  

ppm ( s ,  3H, 9 u n i t s )  IOCli3 i n  ?z), r e a r r a n g e m e n t ] .  
4 .0-4.1 ppm [two q u a r t e t s ,  J c ~ ~ 7 . 2  H Z ,  2H, OC(O)CH(OCH3)CF3, 
a n d  O C g  (CF3) COOCH31 

2 9 , 5 2  - C o r n p e t i t i o n  B i n d i n g  a s s a y .  

andWawrze f i czyk .24 t29  A s o l u t i o n  (50  pL) o f  c o m p e t i t o r s ,  EFDA o r  EFTP 
m u c a  s e x t q  J H  b i n d i n g  p r o t e i n s  were o b t a i n e d  as  d e s c r i b e d  b y  P r e s t w i c h  

(1 x t o  1 x M I ,  i n  TK b u f f e r  c o n t a i n i n g  0 . 5 %  e t h a n o l  was a d d e d  t o  a 
6 x 50 mm PEG-coated a s s a y  t u b e ,  f o l l o w e d  b y  5 0  !JL o f  1 : 4  d i l u t e d  hemolympli 
JHBP c o n t a i n i n g  2 x M MOTFP (3-  [3,7-dimethyl-7-methoxyoctylthioll-1,1,1- 
t r i f l u o r o - 2 - p r o p a n o n e )  5 7  a s  a J H  esterase i n h i b i t o r .  A f t e r  v o r t e x i n g  a n d  i n -  
c u b a t i o n  a t  4 O C  f o r  2 h r ,  50 pL of  a 5 x M (10R,11S)-3H-JH I s o l u t i o n  i n  
TK b u f f e r  w a s  a d d e d ,  a n d  t h e  t u b e s  were v o r t e x e d  a n 3  i n c u b a t e d  3 h r  a t  4°C. 
Then ,  100  pL o f  a 1 . 1 8  DCC s o l u t i o n  was a d d e d ,  a n d  t h e  t u b e s  were v o r t e x e d ,  
i n c u b a t e d  1 5  min a t  4"C,  a n d  c e n t r i f u g e d  ( 1 2 , 0 0 0  x g ,  5 m i n ) .  Two 1 0 0  IJL a l i -  
q u o t s  were w i t h d r a w n  f o r  s c i n t i l l a t i o n  c o u n t i n g .  "Go p r o t e i n "  b l a n k s  were s u b -  
t r a c t e d  a n d  a " n o  c h a r c o a l "  sample g a v e  t o t a l  c o u n t s  p r e s e n t .  Relat ive p e r c e n t  
dpm bound  w a s  t h e n  p l o t t e d  a g a i n s t  log competitor c o n c e n t r a t i o n  a n d  t h e  v a l u e  
f o r  5 0 %  d i s p l a c e m e n t  was o b t a i n e d  g r a p h i c a l l y .  I t  was d e t e r m i n e d  t h a t  a 5 0 %  
d i s p l a c e m e n t  o f  J H  I by  EFDA was a c h i e v e d  a t  a c o n c e n t r a t i o n  o f  3 . 0  x 10-6 M ,  
w h i l e  t h a t  f o r  EFTP o c c u r e d  a t  a c o n c e n t r a t i o n  o f  8 . 6  x M. 
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