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

1 IV[. E. GOLDSCHMIDT and R. P. WILLIAMS, J. Bact. 96, 609 (1968). 
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Table l.-Inhibition of prodigiosin formation in Serratig ma, rcesce~cs 
by ATP and inorganic phosphate 

ATP Free inorganic Inhibition (%) 
(~moles/ml) phosphate in 

ATP (~mole/ml) Due to ATP Due to Pt �9 
(observed) (expected) 

0 0 0 0 
0.05 0.004 0 0 
0.1 0.006 36.5 4- 0.4 4.4 
0.5 0.03 76.7 4- 0.2 50.0 
1.0 0.033 78.9 :k 0.2 53.0 

Prodigiosin was determined after 48 h of growth. Concentration of 
prodigiosin in the control cultures was 13.8 ~g/ml bacterial protein. 
Each value represents a mean of 10 determinations 4- SD. 
a p,, inorganic phosphate. 

Table II. Inhibition of prodigiosin formation in Serratie m~zrcescens 
by ribose 

Ribose Prodigiosin formed Inhibition ( % ) 
(txmole/ml) (vg/mg bacterial protein) 

0 15.64 0 
0.05 11.10 29.0 ~ 0.1 
0.1 11.15 28.7 4- 0.3 
0.5 11.04 29.4 4- 0.3 
1.0 11.05 29.4 J_ 0.4 

Prodigiosin was determined after 48 h of growth. Each value rep- 
resents a mean of 10 determinations ~ SD. 

Af te r  48 h of g r o w t h  in l igh t  (2000 lux), or  a t  i n t e rva l s  
ind ica ted ,  p rod ig ios in  was e x t r a c t e d  and  d e t e r m i n e d  b y  
t he  m e t h o d  of G o l d s c h m i d t  a n d  Wil l iams1;  inorgan ic  
p h o s p h a t e ,  where  ind ica ted ,  was  e s t i m a t e d  b y  t he  m e t h o d  
of CHEN et  al. 2; a n d  p ro t e in  was d e t e r m i n e d  b y  t he  m e t h o d  
of LowRY e t  al. a. 

Resu l t s  a n d  d i scuss ion .  W h e n  Serra t ia  maucescens was 
grown in  t h e  presence  of 0.1, 0.5 or 1.0 ~mole /ml  ATP ,  
t h e  r a t e  of prodig ios in  f o r m a t i o n  was r e t a rded ,  a n d  t h e  
m a g n i t u d e  of t h e  r e t a r d i n g  effect  increased  w i t h  increas ing  
c o n c e n t r a t i o n s  u p  to  0.5 tzmole/ml A T P  (Figure) .  Whi l e  
t h e  prodig ios in  c o n t e n t  of t h e  con t ro l  cu l tu res  a n d  those  
c o n t a i n i n g  0.1 ~mole /ml  A T P  c o n t i n u e d  to rise t h r o u g h -  
ou t  t he  96-h d u r a t i o n  of t he  expe r imen t ,  0.5 or 1 ~xmole/ 
ml  A T P  k e p t  t he  level  of prodig ios in  v e r y  low (5~o to 20~o 
of control)  t h r o u g h o u t  t he  e x p e r i m e n t ;  0.05 ~mole /ml  
A T P  h a d  no  effect  on  prodig ios in  fo rmat ion .  Such  a 
r e t a r d a t i o n  m a y  be due, a m o n g s t  o t h e r  th ings ,  to  endoge-  
nous  levels of inorganic  p h o s p h a t e  in  A T P  1, r ibose  or 
aden ine  c o m p o n e n t  of ATP ,  a n d / o r  a d d i t i o n a l  inorgan ic  
p h o s p h a t e  r e s u l t i n g  f rom A T P  hydro lys i s  b y  t h e  orga-  
nism~-7. 

The  effect  of ino rgan ic  p h o s p h a t e  on  prodig ios in  for- 
m a r i o n  was quant i f i ed .  The  a m o u n t  of free inorgan ic  
p h o s p h a t e  p re sen t  in  A T P  a t  t he  s t a r t  of t h e  e x p e r i m e n t  
was  e s t ima ted ,  and  t h e  p e r c e n t a g e  i n h i b i t i o n  expec ted  
f rom th i s  a m o u n t  was  c o m p a r e d  w i t h  t he  pe rcen t age  
i n h i b i t i o n  due  to  A T P  a f t e r  48 h of g rowth .  Tab le  I 
shows t h a t  inorganic  p h o s p h a t e  caused  26 to 32~o less 
i n h i b i t i o n  t h a n  ATP,  a t  all c o n c e n t r a t i o n s  s tudied .  
A d d i t i o n s  of 0.1, 0.5 or 1.0 ~mole /ml  r ibose caused  a b o u t  
29~o i n h i b i t i o n  in prodigios in  f o r m a t i o n  a f te r  48 h of 
g r o w t h  (Table  II) .  This  is a p p r o x i m a t e l y  equa l  to  t he  
i n h i b i t i o n  wh ich  is u n a c c o u n t e d  for b y  inorgan ic  phos-  
pha te .  

Aden ine  a t  concen t r a t i ons  of 0.05, 0.1 or 0.5 ~mole /ml  
h a d  no effect  on  prodig ios in  f o r m a t i o n  in Seevatic~. Also, 
w i t h i n  t he  48-h d u r a t i o n  of t he  expe r imen t ,  t h e r e  was no 
apprec iab le  hydro lys i s  of A T P  b y  Serrat ia .  These  resu l t s  
sugges t  t h a t  t he  i n h i b i t i o n  of prodig ios in  f o r m a t i o n  b y  
A T P  in Sevra l ia  is due  to t h e  endogenons  level  of inor-  
ganic  p h o s p h a t e  a n d  r ibose  c o n t e n t  in ATP .  
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Effect of ATP on prodigiosin formation in Serratia marcescens. 
a) control (no ATP); b) 0.05 ([imole/ml ATP); e) 0.1; d) 0.5; e) 1.0. 
SD varied between 0.3 and 0.7. 
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