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of t he  acrosome (Figure 1) and  t he  enzyme  ac t iv i t i es  in  
H 1 and  H~ were h ighe r  t h a n  4W. 

A t  a h y a m i n e  c o n c e n t r a t i o n  of 0 .05% (0.025% f ina l  
concen t ra t ion) ,  m a x i m u m  e n z y m e  release was o b t a i n e d  
f rom buffa lo  acrosome w i t h  m i n i m u m  d a m a g e  to o the r  

spe rm organelles.  The  d i s t r i b u t i o n  of 6 enzymes  in wash-  
ings a n d  ac rosomal  p r e p a r a t i o n s  s h o w n  in t h e  Tab le  are 
based  on t h e  ca lcu la t ions  of 1 ml  of semen.  Compared  to 
r a m  semen 8, buffa lo  ac rosomal  ex t r ac t s  h a d  lower act i -  
v i t ies  of acid p h o s p h a t a s e ,  f l -N-ace ty lg lucosaminidase  a n d  
hya lu ron idase .  Th i s  was  p r o b a b l y  due  to lower concen t r a -  
t ion  of Spermatozoa  in buf fa lo  semen  1~. T h e  levels of 
hya lu ron idase ,  however ,  were close to  those  found  in bu l l  
ac rosome 1~. CHAUHAN an d  SRIVASTAVA 15 h a v e  e s t i m a t e d  
t h e  acid p h o s p h a t a s e  a n d  G P T  in buffa lo  s emina l  p lasma,  
b u t  t h e i r  va lues  were lower t h a n  found  b y  us. G O T  has  
been  shown  to be  assoc ia ted  on ly  w i t h  s p e r m a t o z o a  a n d  
i ts  leakage  in to  ex t race l lu la r  f luid could be  a n  i ndex  of 
spe rm cell d a m a g e  ~6. H ighe r  cen t r i f uga t i on  speed used b y  
us to  s epa ra t e  t h e  s emina l  p l a s m a  f rom t h e  s p e r m a t o z o a  
could be a f ac to r  c o n t r i b u t i n g  to  h ighe r  e n z y m e  ac t iv i t i es  
in  buffa lo  s emina l  p lasma.  Ary l  su lpha t a se  was e s t ima ted  
in r a m  acrosome3, b u t  i t s  levels in  buffa lo  ac rosome are 
v e r y  high.  YANG et  al. 17 has  s t a t e d  t h a t  th i s  e n z y m e  
ac t iv i ty ,  besides  others ,  m a y  p l ay  a n  i m p o r t a n t  role in 
t h e  p e n e t r a t i o n  of spe rm t h r o u g h  t h e  zona  pel lucida,  
because  t h e  l a t t e r  is r i ch  in organic  su lpha te .  The  levels  
of a lka l ine  p h o s p h a t a s e  h a v e  n o t  been  r epo r t ed  in acroso- 
real  ex t r ac t s  of a n y  o t h e r  species. 

c) Buffalo sperm stained after 90 min incubation with hyamine. 
• 900. The cells have lost their acrosomes. 
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Summary. An ecdysone  20-hydroxy lase  e n z y m e  s y s t e m  t h a t  conve r t s  ~-ecdysone to  20 -hydroxyecdysone  was p r e p a r e d  
f rom the  m i d g u t  of t he  t obacco  h o r n w o r m  p repupa .  This  pa r t i a l l y  pur i f ied  e n z y m e  is N A D P H  d e p e n d e n t  a n d  is 
localized in t he  m i t o c h o n d r i a l  f r ac t ion  of t he  m i d g u t  t issue. 

The  convers ion  of ~-ecdysone (I) to  20 -hydroxyecdy-  
sone (Ia) is k n o w n  to  be  all essent ia l  s tep  in m o l t i n g  
h o r m o n e  b iosyn thes i s  2, 3. Consequen t l y  th i s  is a possible  
me tabo l i c  con t ro l  p o i n t  for m o l t i n g  h o r m o n e  synthes is ,  
t i t e r  regula t ion ,  a n d  inac t iva t ion ,  as well  as a c a n d i d a t e  
t a r g e t  s i te  for d i s r u p t i n g  t he  ecdysone  regu la ted  processes.  
P rev ious  s tudies  of t h e  m e t a b o l i s m  of t he  insec t  mo l t i n g  

.hormones  h a v e  ut i l ized a v a r i e t y  of in  v ivo  a n d  in s i tu  
t echn iques .  However ,  more  re f ined  b iochemica l  s tud ies  
are  necessa ry  to e x t e n d  our  knowledge  of t he  m e c h a n i s m s  
con t ro l l ing  t he  b io syn thes i s  a n d  m e t a b o l i s m  of t he  ecdy-  
sones a n d  t he  r e l a t ionsh ip  of t he  juven i l e  h o r m o n e s  a n d  
h o r m o n a l  chemica ls  to  t i le m o l t i n g  processes  of insects .  
W e  now r e p o r t  t he  f i r s t  in v i t ro  s t u d y  of a p a r t i a l l y  
pur i f i ed  e n z y m e  s y s t e m  t h a t  conve r t s  c~-ecdysone to 
20-hydroxyecdysone .  

The  a p p e a r a n c e  of 20 -hydroxyecdysone  as an enzymatic 
product was f i rs t  n o t e d  d u r i n g  t h e  i n v e s t i g a t i o n  of a n  
ecdysone  dehydrogenase - i somerase  in t h e  m i d g u t  of t h e  
t obacco  h o r n w o r m ,  Manduca Sexta (L.)~. E n z y m e  prep-  
a r a t i ons  f rom m i d g u t  t i ssue  were a s sayed  as p rev ious ly  
descr ibed  for  t h e  ecdysone  dehydrogenase - i somerase  
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except that '  a pH 7.8 phosphate buffer was used ~. 
Ecdysones were extracted and fractionated according to 
previously described methods 5, and extracts were ana- 
lyzed by  high-pressure liquid solid chromatography 
(HPLSC)6. The product 20-hydroxyecdysone was iden- 
tified by comparative thin-layer chromatography (TLC) 
and HPLSC (Zorbax-Sil) 7 and by NMR and mass 
spectroscopy. 
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Hornworm midgut ecdysone 20-hydroxylase showed 
the following properties: 1. An absolute requirement for 
NADPH; 2. A possible mitochondrial location based on 
activity present only in the 10,000 g pellet; and 3. 
Activity, based on our current findings, present only dur- 
ing the late 5th-larval and early prepupal stages. A 
number of the other tissues of the early prepupa was 
examined for enzyme activity and, based on TLC and 
HPLSC analyses, only the fat body possessed slight 20- 
hydroxylase activity. No activity was detected in the 
foregut, hindgut, Malpighian tubules, brain, or blood or 
in the ventral  nerve cord. However, these results may in 
part  reflect the titer of enzyme present in each tissue and 
the limitations of the analytical methods used. I t  is 
also possible tha t  the time of appearance of ecdysone 20- 
hydroxylase in various tissues may differ from that  in the 
midgut and thus it may not  have been detected. The titer 
of the midgut 20-hydroxylase during the ages in which it is 
present is appreciable and the production of 25 txg of 20- 
hydroxyeedysone from 250 ~g substrate by preparations 
from 20 prepupal midguts during the 4-hour incubation 
period was not uncommon. 

The disappearance of the midgut 20-hydroxylase activi- 
ty  during the period between the prepupal and pupal 
stages of the hornworm is particularly striking. This 
enzymic activity is detectable unti l  the time of appearance 
of 2 sclerotized bars on the dorsal thorax of the prepupa, 
which under the rearing regime used in our laboratory, 
typically indicates that  the insect will molt to a pupa 

within 24 h. Moreover, midgut ecdysone 20-hydroxylase 
activity was found to be absent on days 1, 2, 3, 4, 6, 8, 
10, 12, 14 and 16 of pupal life. 

Other stages and ages examined and found to lack the 
ecdysone 20-hydroxylase activity in the midgut were: 
24-hour-old 1st-, 2nd, 3rd, 4th and 5th-instar larvae 
and 24-hour-old adult  males and females. In  addition, 
the total homogenates of 24-hour-old eggs and of 1-day- 
old and 6-day-old pupae minus the midgut lacked the 
capacity to convert e-ecdysone to 20-hydroxyecdysone. 

The results of the present in vitro studies are supported 
by in vivo studies that  indicate the presence of appreciable 
quantities of 20-hydroxyecdysone in the 5th-instar 
larva s and the prepupa of the hornworm 9 and by in 
vitro studies that  demonstrate the conversion of e- 
ecdysone to 20-hydroxyecdysone by tissues of the horn- 
worm prepupal~ they do not  provide information con- 
cerning either the biosynthesis or the source of the high 
titer of 20-hydroxyecdysone found in the pupa of this 
insect", n. Interestingly, this enzyme is similar to mam- 
malian cholesterol 20-~-hydroxylase with its activity 
dependent upon NADPH and with a possible mitochon- 
drial location t2, ~3. This similarity warrants further study, 
particularly with other substrates. 

No inference can be made as to whether this enzyme 
produces 20-hydroxyecdysone from ~-ecdysone for secre- 
tion into the blood or for the metamorphosis of the mid- 
gut ~4 itself or for excretion s. Due to the sudden appear- 
ance and disappearance of midgut ecdysone 20-hydroxyl- 
ase activity, the midgut should be investigated further 
in relation to the biochemical control of ecdysone 20- 
hydroxylase activity and as an assay organ for candidate 
insecticides designed for a hormonal mode of action. 

5 J. N. KAPLANIS, IV[. J. THoMPsosr, S. R. DUTKY, W. E. ROBBINS 
and E. L. LINDQUIST, Steroids 20, 105 (1972). 

e H. N. NIGG, M. J. THOMPSOl% J. N. I~APLAIqlS, J. A. SVOBODA 
and W. E. ROBBI~S, Steroids 23, 507 (1974). 

v M2ention of a commercial or proprietary product in this paper does 
not constitute an endorsement of this product by the U.S. Depart- 
ment of Agriculture. 

s j .  N. I{APLANIS, 1V[. J. THOMPSON, W. E. ROBBINS and E. L. 
LI~DQUIs% Steroids 20, 621 (1972). 

9 j .  N. KAPLANIS, M. J. THOMPSON, R. T. YAMAMOTO, W. E. 
ROBBIgS and S. 7. LOULOUDES, Steroids 8, 605 (1966). 

x0 D. S. KING, Am. Zool. 72, 343 (1972). 
tl j .  N. t{APLANIS, W. E. ROBBINS, IV[. J. THOMPSON and A. H. 

BAUMHOVER, Science 166, 1540 (1969). 
~2 S. Icmi,  S. OMATA and S. ]~OBAYASHI, Biochim. biophys. Acta 

739, 308 (1967). 
13 G. CONSTANTOPOULOS, P. S. SATOH and T. T. TCHEN, Biochem. 

biophys. Res. Commun. 8, 50 (1962). 
1~ K. J. JUDY and L. I. GILBERT, J. Morph. 731, 277 (1970). 

Inhibition of Prodigiosin Formation in Serra t i a  m a r c e s c e n s  by Adenosine Triphosphate 

A. O. LAWANSON and F. O. SHOLEYE 

Biological Sciences Department, University o/ f/e, Ile-Ife (Nigeria), 15 September 1975. 

Summary. ATP, inorganic phosphate and ribose inhibited prodigiosin formation in Serratia marcescens, but  adenine 
did not. ATP was not hydrolyzed by the organism during the experiment. 

Materials and methods. The Commonwealth mycological 
insti tute type collection number  89668 of Serratia mar- 
cescens was utilized. Cultures were maintained on liquid 
peptone-glycerol medium (pH 7.2) according to the pro- 
cedure of Goldschmidt and Williams 1. ATP, inorganic 

phosphate, ribose or adenine (0 to 1 ~mole/ml), sterilized 
by filteration through membrane filters, was introduced 
into the culture medium immediately after inoculation. 
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