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Table III. Experiment with 2,E-11'-(SH,~C)-farnesoI (2) 

Lytta Isotope Life-time Total Cantharidin 
vesicatoria after activity 
(couples) copulation (dpm) dmp/mg 

(h) 
Total activity 8I-I[I~C 
(dpm) 

Incorpora- Transferred Transferred 
tion rate" total activity cantharidin 
(%) (%) (%) 

aH 36 3.1 • 10 ~ 33 856 • 224 
14C 9.3 • 105 3 500 • 3 
aH 36 1.5 • ~ 28 021 i 36 
~4C 3.2 • 10 ~ 2 873 ~ 9 

(1.69 • 0.011) x 10 ~ 9.67 • 0.07 3.6 
(1.75 • 0.001) • 105 13.9 
(1.40• 0.002) • 106 9.75 • 0.04 3.0 32.8 45.2 
(1.44 • 0.004) x 10 "~ 11.4 25.5 45.0 

�9 See Table I. 

Table IV. Experiment with E,E-2-14C-methylfarnesoate (3) 

Lytta Life-time Total Cantharidin Incorporation Transferred 
vesica#orie after activity rate" total activity 
(couples) copulation (h) (dpm) dpm/mg Total activity (dpm) (%) (%) 

7 ~ 31 1.0 • 10 s 2 3507 • 114 (1.18 • 0.006) • 106 1.1 
31 3.0 • 106 9 486 • 3 (4.74 • O.OO2) x 105 O.5 2.9 28.7 

See Table I. 

Transferred 
cantharidin 
(%) 

males ,  10.3% is t r a n s f e r r e d  in to  t h e  female  sex o rgans  
d u r i n g  t he  s h o r t  l a s t ing  copula t ion .  

The  resu l t s  in  T a b l e  I show t h a t  93-98~/o of t h e  can-  
t h a r i d i n  b iosyn thes i zed  f rom 2-(~H,l~C)-mevalonate  (in- 
j ec t ion  24-30 h pr io r  to  copula t ion)  is t r a n s f e r r e d  f rom 
the  ma le  Lytta to  t h e  females  d u r i n g  a c o p u l a t i o n  per iod  
of 20-24 h (in p a r t i c u l a r  t h e  ~H/~C-ra t io  of t he  i so la ted  
c a n t h a r i d i n s  f rom the  males  a n d  females  are  equal) .  Of 
t h e  t o t a l  a c t i v i t y  (100%) p r e s en t  a f t e r  copula t ion ,  on ly  
33 .0 -52 .6% was  found  in t h e  female  Lytta. T h e  h i g h  r a t e  
of i n c o r p o r a t i o n  of 18 .6 -36 .7% of 2-14C-mevalonate is 
r emarkab le ,  a n d  i t  would  a p p e a r  t h a t ,  in  t h e  male,  t he  
b iosyn thes i s  of c a n t h a r i d i n  is s t i m u l a t e d  d u r i n g  copula-  
t ion.  B o t h  e x p e r i m e n t s  p rov ide  s t rong  ev idence  aga ins t  
t h e  t r a n s f e r  of an  i n t e r m e d i a t e  species, fo rmed  f rom me-  
v a l o n a t e  d u r i n g  t h e  c a n t h a r i d i n  b iosynthes i s ,  to  t he  female  
a t  copula t ion .  

I n  f u r t h e r  e x p e r i m e n t s  E, E-11'-(SH, l~C)-farnesol (2) 15 
a n d  E ,E-2-11C-methy l fa rnesoa te  (3)12 were in jec ted  in to  
ma le  L. vesicatoria f rom Sicily (1972-1974) d u r i n g  copula-  
t ion .  Af te r  an  ave rage  copu la t i on  t i m e  of 20 • 2 h, t he  
couples  separa ted .  The  males  a n d  females  were k e p t  al ive 

s e p a r a t e l y  for 30-40 h a n d  t h e n  processed.  The  resu l t s  of 
these  e x p e r i m e n t s  are p r e sen t ed  in Tab les  I I I  a n d  IV. 

Of t h e  t o t a l  c a n t h a r i d i n  b iosyn thes i zed  f rom radio-  
ac t ive  precursors  2 a n d  3 b y  t he  ma le  Lyt~c~ d u r i n g  a n d  
a f te r  copula t ion ,  t h e  pe rcen tages  found  in t h e  females  
were 45 .0% and  28 .7% respect ive ly .  A compar i son  of 
these  va lues  w i t h  those  for t o t a l  a c t i v i t y  t r a n s f e r r e d  f rom 
male  to  female  d u r i n g  copu la t ion  only, show t h a t  t h e r e  is a 
p re fe ren t i a l  t r ans f e r  of c a n t h a r i d i n  a t  copula t ion .  The  
fac t  t h a t  t h e  va lue  is lower,  c o m p a r e d  to  t h a t  in  exper i -  
m e n t  t ,  shows t h a t  t h e  male  insec ts  c o n t i n u e  to  syn thes ize  
c a n t h a r i d i n  a f t e r  copu la t ion  f rom labe l led  precursors  sti l l  
p r e sen t  in  t h e i r  bodies.  I n d i c a t i o n s  sugges t  t h a t  c a n t h a -  
r id in  is s to red  in t he  accessory  g lands  of t he  male  sexua l  
organs.  Our  obse rva t i ons  d e m o n s t r a t e  t h a t  a n  a l m o s t  
comple te  t r a n s f e r  of c a n t h a r i d i n  occurs  a t  copula t ion .  T h u s  
i t  appea r s  v e r y  l ike ly  t h a t  these  g lands  are t he  si te  of 
c a n t h a r i d i n  b iosynthes i s .  

15 S. HAUFt'E, Diploma Thesis University Ztirich 1975. 
16 M. G. P~TER, G. SNATZKE, F. SNATZKE, K. N. NAGARAJA~ and 

H. SCHMID, Helv. chim. Aeta 57, 32 (1974). 

Amino Acid Requirements of the Bug Dysdercus similis Freeman (Hemiptera: Heteroptera) 

JYOTSNA SIN~H i 

University o/Saugar, Department o/ Zoology, Sagar (M. P., India), 76 July 1975. 

Summary. The  amino  acid r e q u i r e m e n t s  for moul t ing ,  g r o w t h  a n d  d e v e l o p m e n t  of Dysdercus similis h a v e  been  in-  
ves t iga ted .  The  insects  could n o t  m o u l t  a n d  r each  m a t u r i t y  w h e n  g iven  10 essent ia l  a m i n o  acids only. However ,  if 
t hese  were s u p p l e m e n t e d  e i t he r  w i t h  g lu t amic  acid, glycine or a spa r t i c  acid g r o w t h  and  m o u l t i n g  was found  to  be  
normal .  Dysdercus has  a n  u n u s u a l  s y n t h e t i c  m e c h a n i s m  for c o n v e r t i n g  ty ros ine  in to  pheny la l an ine .  

A n u m b e r  of paper s  deal  w i t h  t h e  amino  acid require-  ha s  been  m a d e  to  e luc ida te  t h e  role of d i f fe rent  a m i n o  
m e n t s  of insec ts  2-6. Stil l  we k n o w  v e r y  l i t t l e  a b o u t  t h e  acids du r ing  t h e  m o u l t i n g  cycle of Dysdercus similis. 
amino acid requirements and their role in the growth and Mc~terial and methods. Nymphs and the adults of D. 
moulting physiology of insects v-9. Therefore an attempt similis were collected from the fields and reared all the 
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year round in the laboratory on moist cotton seeds. The 
experimental insects were sorted out, marked, and kept 
in separate bottles. Cotton swabs soaked with amino 
acid so lu t ions  were g iven  to  t he  insec ts  daily.  The  ex- 
p e r i m e n t s  were c o n d u c t e d  in 3 sets. 

Insec t s  were fed on:  1. a) Es sen t i a l  a m i n o  acids (arge- 
nine,  h i s t id ine ,  lysine,  t r y p t o p h a n e ,  pheny la l an ine ,  
me th ion ine ,  th reon ine ,  leucine, isoleucine,  val ine),  b) Non-  
essent ia l  a m i n o  acids (serine, ~-alanine,  f l-alamine,  
g lu t amic  acid, glycine,  a spa r t i c  acid, ty ros ine ,  cys t ine ,  
prol ine,  hyd roxypro l ine ) ,  c) All 20 a m i n o  acids. 2. All  
essent ia l  a n d  one non-es sen t i a l  amino  acid. 3. All  a m i n o  
acids were g iven  o m i t t i n g  in each  e x p e r i m e n t  a d i f fe rent  
one of t he  essent ia l  a m i n o  acids. The  resu l t s  r epo r t ed  
were checked  in 3 to  5 series of obse rva t ions .  

Results. I n  t h e  f i rs t  e x p e r i m e n t  n y m p h s  k e p t  in  3 
s epa ra t e  bo t t l e s  were p r o v i d e d  e i the r  w i t h  t he  essent ia l  
amino  acids, t he  non-es sen t i a l  amino  acids  or all t h e  20 
a m i n o  acids. The  n y m p h s  fed on  all 20 amino  acids grew 
a n d  m o u l t e d  to  t he  a d u l t  stage,  whi le  in  t h e  o t h e r  2 
bo t t l e s  t h e y  died  w i t h i n  3 to  7 days.  

I n  t he  second set  of expe r imen t s ,  t h e  insec ts  were 
p rov ided  w i t h  t h e  10 essent ia l  plus  1 of t he  non-es sen t i a l  
a m i n o  acids. I n  these  c o m b i n a t i o n s  t h e  n y m p h s  died  
before  r each ing  t he  m a t u r a t i o n  stage,  excep t  in  t he  
p resence  of g l u t a m i c  acid, glycine,  and  a spa r t i c  acid. 

I n  t h e  3rd se t  of e x p e r i m e n t s  t h e  omiss ion  t e s t  was  
appl ied,  i.e. all amino  acids were g iven  b u t  for t h e  omis-  
s ion of one of each  of t h e  essent ia l  amino  acid. T he  omis-  
s ion of each  one of t h e  essent ia l  a m i n o  acids s t opped  
g r o w t h  a n d  mou l t ing ,  e x c e p t  w h e n  p h e n y l a l a n i n e  was 
o m i t t e d  a n d  ty ros ine  was g iven  in place of pheny la l an ine .  
However ,  t y ro s ine  could replace  p h e n y l a l a n i n e  only  w h e n  
added  in h ighe r  q u a n t i t y ;  o the rwise  t he  insec ts  died be-  
fore r each ing  m a t u r i t y .  I n  t he  absence  of pheny la l an ine ,  
a few insec ts  su rv ived  a n d  r eached  m a t u r i t y  to  some 
ex ten t .  

Discussion. Dysdercus r ea red  on ly  on  essent ia l  a m i n o  
acids or  on  non-es sen t i a l  a m i n o  acids could no t  r each  
m a t u r i t y .  These  o b s e r v a t i o n s  are  in  accordance  w i t h  t h e  
resu l t s  of p rev ious  s tud ies  on  a m i n o  acid r e q u i r e m e n t s  of 
insects,  w h i c h  genera l ly  grow poor ly  or n o t  a t  all  w i t h  
on ly  t he  essent ia l  a m i n o  acids p rov ided ,  even  w h e n  these  
are g iven  a t  h i g h e r  concen t r a t i ons ,  as was  n o t e d  in t he  
silk w o r m  Bombyx mori lo, t h e  a p h i d  Myzus persicae 6 a n d  

many others. Exceptions to this include the fl0ur beetle 
Tribolium con/usurn ~1, the b011 weevil Anthonomos gran- 
dis ~ and the red banded leaf roller Argyrotaenia veluti- 
n a n a  4. 

W h e n  the  essent ia l  a m i n o  acids were s u p p l e m e n t e d  
w i t h  a spa r t i c  acid, g l u t a m i c  acid or glycine, g r o w t h  and  
m o u l t i n g  of D. similis was found  to  be normal ,  s imi la r  to  
t he  s i t u a t i o n  in Bombyx mori, where  o p t i m a l  g r o w t h  oc- 
cu r r ed  w h e n  t he  essent ia l  amino  acids were s u p p l e m e n t e d  
w i t h  e i t he r  a spa r t i c  or g l u t a m i c  acid 10. Likewise,  eys t ine  
was found  to  be  a n  essent ia l  c o m p o n e n t  for Aedes ~ and  
glycine for  Pseudosarcophaga 14. I n  t he  p r e sen t  s tudy ,  
e i the r  g lu t amic  acid, glycine or a spa r t i c  acid were found  
to be  ind i spensab le  for o p t i m a l  g r o w t h  a n d  d e v e l o p m e n t  
in D, similis. 

I t  h a s  been  obse rved  in m a n y  insec t  species t h a t  t he re  
exis t  u n u s u a l  s y n t h e t i c  m e c h a n i s m s :  for  ins tance ,  t h e  
ab i l i ty  of Phormia to  use cys t ine  ill p lace  of m e t h i o n i n e  ~5, 
a n d  of Aeries to use ty ros ine  in place  of p h e n y l M a n i n e  13, 
t h o u g h  accord ing  to SING~I a n d  BROWN 16, t y ros ine  c a n n o t  
replace  p h e n y l a l a n i n e  in Aedes aegypti. I n  t he  p r e s e n t  
s tudy ,  i t  has  been  obse rved  t h a t  in  D. similis p h e n y l -  
a l an ine  can  be  r ep laced  b y  tyros ine .  
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Production of fl-Ergokryptine by a Strain of Claviceps purpurea (Fr.) Tul. in Submerged Culture 

1V~. BIANCHI, A.  1V~INGHETTI a n d  C. SPALLA 

Farmitalia S.A., Viale Bezzi 24, C.P. 3075, 1-20746 Milano (Italy), 21 July  7975. 

Summary. A s t r a i n  of Claviceps purpurea, labe l led  231 F.I . ,  p roduced  in s u b m e r g e d  cu l tu re  1200 tzg/ml of a m i x t u r e  of 
pep t id ic  a lkaloids  composed  for 30% b y  f l -ergokrypt ine .  Cu l tu ra l  media ,  cond i t ions  of cu l tu re  a n d  d e v e l o p m e n t  
fea tu res  of a t yp i c  f e r m e n t a t i o n  are  repor ted .  

The  e rgo t  a lka lo id  f l -e rgokrypt ine  was i so la ted  in 
1967 f rom se le ro t iaL  Whi l e  i t  is well  k n o w n  t h a t  severa l  
e rgo t  a lkaloids  can  be p roduced  b y  s t r a in s  of Claviceps 
in  s u b m e r g e d  cu l tu res  2, 3 t h e  p r o d u c t i o n  of fl-ergokryptine 
in  these  cond i t ions  ha s  n e v e r  been repor ted .  

In  t he  course of a n  i n v e s t i g a t i o n  of s t r a ins  i so la ted  f rom 
sclerot ia  of Claviceps purpurea, a s t r a i n  able  to  p roduce  
f l -e rgokrypt ine  in  s u b m e r g e d  cu l tu re  was ob ta ined .  The  
s t ra in ,  label led  231 F.I . ,  was  g rown on s l an t s  of m e d i u m  
T2 a t  28 ~ for  8 days  a n d  t h e n  t r a n s f e r r e d  in to  300-ml 

E r l e n m e y e r  f lasks c o n t a i n i n g  50 ml  of t he  i nocu lum 
m e d i u m  TG. The  f lasks were i n c u b a t e d  4 days  a t  24 ~ 
on  a r o t a r y  s h a k e r  o p e r a t i n g  a t  225 r p m  w i t h  a 3 c m  
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