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A n t i b o d i e s  t o  I n s e c t  C l s - J u v e n i l e  H o r m o n e  

Since the  d iscovery  by  WILLIAMS 1 in 1956 t h a t  male 
Cecropia moths  were a r ich source of the  insect juveni le  
hormone  (JH), 3 na tura l ly  occurr ing J H ' s  have  been 
characterized,  i.e., the  so called Cls -JH 12, C17-JH 23, 
and C ~ - J H  3 ~. The J H ' s  have  a t t rac ted  cont inuing 
interest ,  pract ical  as well  as academic,  in v iew of the  
possible  usage of J H  mimics  as pest  growth regulators  s. 
Research into the  mode of act ion of J H  would be grea t ly  
faci l i ta ted by  rapid,  sensi t ive quant i f ica t ion  techniques  
more simpte than  t h o s e  of bioassay 6 and gas-liquid 
ch romatography  7, and we have  sought  to develop 
immunochemica l  methods  for this  purpose. 

I n  the  fol lowing we repor t  the first  successful prepara-  
t ion s of a J H  an t ibody  which binds specifically wi th  the  
3 na tu ra l ly  occurring JH ' s ,  dis t inguishing them from 
representa t ive  J H  mimics  wi th  which binding occurs to a 
far lesser extent .  

2Vlethods and materials. The CI~-JH was coupled to 
h u m a n  serum a lbumin  (HSA) v ia  the  N-hydroxysucc in-  
imide ester to make  it  immunogenic .  The  s tabi l i ty  of the  
cr i t ical  epoxide moie ty  dur ing this process was as- 
cer ta ined by  the  chemical  methods  out l ined below. 

The N-hydroxysucc in imide  ester was prepared  by  
condensat ion of 45 mg of 10,11-epoxyfarnesic acid, 
obta ined by  hydroIysis  of Ct~-JH wi th  0.5 N N a O H  in 
50% aqueous MeOH, and 82 mg of N-hydroxysucc in imide  
in t e t r ahydrofu ran  (THF) conta ining 43 mg of dicyclo- 
hexylcarbodi imide,  to give 20 mg of the  ac t ive  ester% 
In  order to check condit ions for t he  l inking of J H  to  
protein,  21 mg of the  J H N-hydroxysucc in imide  ester was 
coupled to 25 mg of e-aminocaproic  acid in 75% aqueous  
T H F  at  p H  8.5 (pH adjus ted  wi th  0.1 N NaOH)  for 18 h 
at  room tempera ture .  The react ion proceeded cleanly, 
and the product ,  af ter  methyla t ion ,  was fut ly character-  
ized as hav ing  s t ructure  5b  by  100 MHz nuclear  magnet ic  
resonance and high-resolut ion mass spectroscopies. 

Conjugat ion of 17 mg of C~s-JH N-hydroxysucc in imide  
ester to 60 mg of H S A  was carr ied out  in 50% aqueous 
T H F  at  p H  9.5 giving a conjugate  hav ing  20 hormone 
molecules per  molecule of pro te in  as de termined  by  
spec t rophotometr ic  es t imat ion  of the  unreac ted  lysilie 
residues 1~ The conjugate  was emulsif ied in complete  
F reund ' s  a d j u v a n t  to give a f inal  concent ra t ion  of 
i m g / m l  and injected once a week for 3 weeks into rabb i t  
toepads (0.4 ml  per  rabbi t  per  week). Af te r  an in terva l  of 
1 week, the  rabbi ts  were bled for 1 month ,  boosted, and 
bled again for a 2nd month.  A pooled globul in f rac t ion of 
the  2rid mon th ' s  bleedings was used in th is  s tudy.  

The  presence of an t ibody  specific for the  hormone  was 
demons t ra ted  by  Ouchter lony  gel diffusion 11, micro- 
precipi t in  analysis 12 wi th  a J H - r a b b i t  serum a lbumin 

1 C. M. WILLIAMS, Nature, Lond. 178, 212 (1956). 
z H. R(SLLER, I{. H. DAHM, C. C. SWEELEY and B. M. TEosT, Angew. 
Chem., Int. edn. ]~ngl. 6, 179 (1967). 

3 A. S. MEYER, H. A. SCHNEIDERMAN, ]~. HANZMANN and J. H. Ko, 
Proc. natn. Acad. Sci. 60, 1853 (1968). 
K. J. JUDY, D. A. SCHOOLEY, L. L. DUNHAM, M. S. HALL, B. J. 
BERGO% J. B. SIDDALL, Proc. natn. Acad. Sei., in press. 

5 C. M. WILLIAMS, Scient. Am. 217, 13 (1967). 
s j .  j .  MEXN and M. BEROZA, Insecr Juvenile Hormones, Chemistry 

and Action (Academic Press, New York 1972). 
v K. H. DA~M and H. R6LLER, Life Sci., Part II, 9, 1397 (1970). 
8 R. C. LAUER, P. SOLOMON, K. NAKANISHI and B. F. ERLANGER, 
Fedn. Proc. 32, 500 (1973). 

9 G. W. ANDERSON, J. E. ZIMMERMAN and F. M. CALLAILAN, J. Am. 
chem. Soc. 86, 1839 (1964). 

10 A. F. S. A. HABEEB, Analyt. Biochem. 14, 328 (1966). 
11 E. A. KABA2 and M. M. MAYER, Experimental Immunochemistry, 

2rid edn. (Charles C. Thomas, Springfield, Illinois, Illinois 1967), 
p. 72. 

12 E. A. KABAT and M. M. MAYER, p. 85. 

(a) The 3 

a) 

naturally occurring juvenile hormones and radioligands employed 

R, 2 - -  ~ COOMe 
0 / 

T 

C O O M e  
0 / 

1 C18-3H RI=Et R2=Et 
2 C17-3H R1 = Et R2= Me 
3 C16-]H R1 = Me R2=Me 

- -  , - -  0 

11 O ~  ~ C ' N  HCH2(CT2)2COOCH3 

(b) Compounds (DL) which compete with Cls Cecropia Moth juvenile hormone for antibody 

(b) 3 C~6-JH 

2 C17-_]H 

O 
C\  

5 NH(CH2)nCO2M e 
an=5 

O bn=5 O 

6 ~ J ~ ~ ~ ~ O E t  

,  o_C>t 
O 

MEOW. ~ . ~ .  ~ ~ [/]L.__ 
8 / v v v ~ v  ~ "O-iPr 

O 
M e O ~ s _ E  t 



15.5. 1974 Specialia 559 

(c) Compounds (DL) which do not compete in the Cls and C16 systems 
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conjugate ,  and  inhib i t ion  of p rec ip i t a t ion  in t he  presence  
of free hap ten .  

The specif ic i ty  of the  ant ibodies  was s tudied  by  radio- 
i m m u n o a s s a y  compe t i t ion  expe r imen t s  ~a using com- 
mercia l ly  avai lable  C~s-JH ~4 (14.1 Ci/mmole) and  the  
rad ioac t ive  C~6 der iva t ive  11. This der iva t ive  was p repa red  
by  coupl ing the  C16-JH N-hydroxysucc in imide  es ter  
(1.2 mg) wi th  t r i t i a t ed  y -aminobu ty r i c  acid (250 ~zCi 
d i lu ted  to  1 Ci /mM) using the  same condi t ions  as for t he  
previous  coupl ing w i t h  s -aminocaproic  acid;  the  free 

Table I. Moles of hapten displacing 50% of 3H-Cts Cecropia moth ju- 
venile hormone bound to antibody 

Compound ~ Moles ( • 10 -1~ b Factor o 

2 2.0 1.0 
3 4.0 2.0 
5a 15.0 7.5 
6 115.0 57.5 
7 182.0 91.0 
8 (extrapolated) a 305.0 152.5 
9 (extrapolated) a 365.0 182.5 

10 (extrapolated) a 472.0 236.0 

~See Figure for structures of various compounds, bThe number of 
moles of hapten in 50 btl added to a tube containing 50 [xl of radioac- 
tive hormone and 100 [zl of antibody. ~ Ratio of concentration giving 
50 % displacement relative to that of best inhibitor, a 50 % inhibition 
could not be reached with the available solutions since the amount of 
EtOH introduced would interfere with the assay. (Stock solutions 
were at l~ in ethanol) 

Table II. Moles of hapten displacing 50% of aH-CI~ Manduca sexta 
juvenile hormone bound to antibody 

Compound ~ Moles ( • 10 -s) b Factor o 

3 2.5 1.0 
5a 3.0 1.2 
2 5.0 2.0 

Footnotes as in Table I. 

carboxyl group was then esterified with diazomethane. 
The antibody hapten complex was precipitated with 
sheep anti-rabbit y-globulin~K Figure b) and c) show the 
structures of the synthetic juvenile hornlone analogs 
used in the competition experiments. 

Results  and discussion. Calculat ions based on micro-  
prec ip i t in  analysis  gave an a n t i b o d y  t i t e r  a t  equivalence 
of 1.8 mg/ml .  The a n t i b o d y  when  di lu ted  3-fold bound  
45% of the  counts,  cor responding  to 0.25 picomoles,  of 
the  rad ioac t ive  ClS hormone,  while a 6-fold di lut ion bound  
45% of the  C16 der iva t ive  11. 

The resul ts  of compe t i t i on  expe r imen t s  in which  the  
rad ioac t ive  C~s-JH was displaced wi th  increasing molar  
concen t ra t ions  of unlabeled  C16-JH and  its analogs  are 
shown in Table  I. Tile only  compounds  t h a t  were  h igh ly  
act ive  as compe t i t o r s  for t he  a n t i b o d y  combin ing  si te 
were der iva t ives  of the  C1, and C17-JH's , i.e. compounds  
2, 3 and 5 (Figure). 50% inh ib i t ion  occurred at  concen-  
t r a t ions  be tween  1-5 • 10 -10 M. I t  was surpr is ing to f ind 
t h a t  a t  all concen t ra t ions  t e s t ed  the  C~7 analog was a 
s o m e w h a t  b e t t e r  compe t i t o r  t h a n  the  C1~, even  though  
the  C~6 was the  immunogen ,  p r e s u m a b l y  the  s t ruc tu re  for 
which  the  a n t i b o d y  was specific. I t  was concluded t h a t  by  
using the  rad ioac t ive  C~s l igand, we were select ing for a 
popu la t ion  of a n t i b o d y  molecules which  had  a grea ter  
a f f in i ty  for the  Cls and C17 compounds  t h a n  for the  C16 
hormone. These results could be interpreted as an example 
of an antibody population more reactive with an alter- 
native structure than with the immunizing hapten ~5. 
Subsequent experiments indicated that this was the case. 

Table II shows the results of a typical radioimmuno- 
assay competition experiment using labeled C16 hormone. 
Of all t he  compounds  tes ted ,  only  the  CI6 and  C17 com- 
pounds  showed s ignif icant  act ivi ty .  The C16-JH was twice 
as act ive  as the  C~7 analog in d isplacing 50% of t he  
counts.  Thus,  in our earlier expe r imen t s  w i th  Cls-JH,  we 
were indeed  selecting for a smal l  popu la t ion  of a n t i b o d y  
molecules which  had  a higher  af f in i ty  for C~s-JH t h a n  
for the  d e t e r m i n a n t  group of the  i m m u n o g e n  (C16-JH). 
Assuming  similar  b ind ing  affinities, it  could be calcula ted 

13 L WEINRYB, I. M. MICHEL, and S. M. Hzss, Analyt. Biochem. 45, 
659 (1972). 

~4 This material was obtained from New England Nuclear. 
15 R. RO~:QUES, J. K. INXIAN and B. MERCHANT, Int. Arch. Allergy 

42, 852 (1972). 



560 Specialia EXPERIENTIA 30/5 

tha t  the  an t ibody specific for the  Cls compound  const i tu ted  
no more than  4% of the  to ta l  populat ion.  

We have  thus  shov~n tha t  the present  J H  ant ibodies  
are highly specific for the  s t ructure  of the  immunogen .  
High  an t ibody specificity was demons t ra ted  in the  com- 
pe t i t ion  exper iments ,  in t ha t  the  only major  compet i tors  
of ei ther  the rad ioac t ive  Cls -JH or C16-JH (der ivat ive  11) 
were the  C~7 and C~6 epoxy compounds.  The  ant isera  used 
in these exper iments  were of compara t ive ly  low binding 
affinities;  however  the  af f in i ty  should increase wi th  
increasing t ime  of immuniza t ion  and this aspect  is 
current ly  being invest igated.  W i t h  be t te r  sera and a C16 
radiol igand of higher specific act ivi ty ,  the sensi t iv i ty  of 
t he ' r ad io immunoassay  should increase well  beyond tha t  
repor ted  in th is  paper.  I t  is obvious tha t  these techniques  
will be useful in quan t i fy ing  and screening for s t ruc tura l ly  
re la ted juveni le  hormones  in insects ~6. 

Rdsumd. Les auteurs  ont  p rodui t  des ant icorps  contre  
l ' hormone  juveni le  du parasi te  du tabac  Manduca sexta 
(C16 JH)  par  immunisa t ion  avec un conjug6 haptgne-  
prot6ine. Les ant is6rums 0nt montr6  une forte sp6cificit6 

pour  le C~ J H  et le C17 ] H  et  ils con t iennen t  tr&s vra i -  
semblablement  un groupe d 'an t icorps  ayan t  une affinit6 
plus grande pour  le C17 J H  que pour  le C16 ] H .  
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Antibodies to the Insect Moulting Hormone ~-Ecdysone 

The moul t ing  hormone of insects and crustaceae, 
fi-ecdysone 1, in conjunct ion  witt l  tile juveni le  hormone,  
regulates metamorphos is  1, and together  wi th  s imilar  
compounds  is widely  d is t r ibuted in var ious insects, 
crustaceae and plant  species 2. A rapid  and sensi t ive 
me thod  of detect ion and quant i f ica t ion  of fl-ecdysone 
would be a va luable  tool  in fur ther  invest igat ions  concern- 
ing its physiological  role. To this  end we have  sought to 
develop an immunochemica l  assay for fl-ecdysone and here 
repor t  the  successful prepara t ion  of ant ibodies  h ighly  
specific for /~-ecdysone and capable of dist inguishing it  
f rom closely related compounds.  

Methods and materials. A hapten-pro te in  conjugate  of a 
hemisuccinate  der iva t ive  of fl-ecdysone wi th .human serum 
a lbumin  was used as the  antigen. The hemisuccinate  was 
prepared by  t rea t ing  40 mg of fi-ecdysone in 20 ml  of 
t e t rahydrofuran  containing 25 ~1 of pyr id ine  witt~ 25 tzl 
of succinyl chloride (freshly distilled) at  0~ fo r  16 h. 

Excess succinyl  chloride was decomposed wi th  water  and 
the mater ia l  was purif ied by prepara t ive  layer  chro- 
ma tog raphy  on silica gel. The ~, f l -unsaturated carbonyl  
sys tem showed a U V  m a x i m u m  at  242 nm (14,500) and 
N M R  (d 0 pyridine,  d 0 pyr id ine  + conc. HC1) showed the  
product  to be an equimolar  mix tu re  of 2, 3, 22-mono- 
hemisuccinates  2. 

T r e a t m e n t  of the  hemisuccinates  wi th  N-hydroxy-  
succinimide and d icyclohexylcarbodi imide  in te t ra -  
hydrofuran  for 24 h at  4~ followed by  48 h at  room 
tempera tu re  yielded the  N-hydroxysucc in imide  ester* 3. 
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