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of composit ion CI~HlaN~O2, C14H16N, CsHsNaO2, C~0H~N~, 
C~HsN and C~H~Ns) and comparison wi th  the  mass 
spectra of l l a ,  15-dideutero-, 19,20-dihydro-,  and 3, 12- 
dihydroroquefort ines .  I n  the  dideutero-compound,  the 
first  and th i rd  f r agment  ions are increased by  two mass 
units, the  four th  and s ixth by  one mass unit,  while the  
second and f if th remain  ur~changed. 

S t ruc ture  I proposed for roquefor t ine  contains  the  same 
ring sys tem as the  dethio  der iva t ives  of sporidesmins ~~ 
vert ici l l ins u, and chaetocin 1~, bu t  arises by  coupling of 
t r yp tophan  and dehydrohist idine.  Oxaline s is the  only 
o ther  fungal  metabol i te  known to conta in  a dehydro-  
his t idine unit ,  which has a c i s  double bond. The  stereo- 
chemis t ry  of the  3,12 double bond in roquefor t ine  re- 
mains to be established. Also the  conf igurat ion of the 
11 a pro ton  re la t ive  to the  5 a pro ton  or the  side chain 
a t  posit ion 10b could not  be determined f rom coupling 
constants  observed at  240 MHz for the  11, 11 a CH~ �9 CH 
grouping ( J n . n ~  = 5 Hz, J ~ , , ~  = J ~ , ~  = 12.5 Hz). 

The minor  metabol i te  isofumigaclavine A, C~sH~N~O ~ 
(found: C, 72.32; H, 7.41; N, 9.40. Calc. for C~sH2~N~O2: 
C, 72.45; H, 7.43; N, 9.39%), had  m.p .  190-193 ~ (from 
benzene), [~]~ -- 54.1 ~ (c 0.67, CHCla), l ~ x  (95% EtOH)  
226 (log e 4.42), 277 (sh, log e 3.77), 283 (log e 3.81), and 
293 (log e 3.75) nm, vmax (CHCla) 3495, 1743, 1605 cm -~, 
and pr incipal  mass spech-al peaks a t  m/e 298, 239, and 
154. The  ~H NMR-spec t rum (CDCI~) confirmed the  pre- 
sence of an aceta te  group (d 2.22 ppm), and a mul t ip le t  
a t  5.18 p p m  indicated tha t  i t  was secondary;  CH~CH 
(0.97d, J = 7 Hz) and N-CHa (2.46s) groups were also 
present.  Alkaline hydrolysis  yielded isofumigaclavine B, 
C~H~0N~O ~, m.p .  278-282 ~ (dec.), whose mass spec t rum 
was v i r tua l ly  ident ical  wi th  t h a t  of the  clavine alkaloid 
umigaclavine  B 2, a. In  addi t ion to fumigaclavine B, low 

yields of isofumigaclavine B were also obta ined dur ing 
hydrobora t ion  of agroclavine ~ under  certain conditions. 
Thus the  two compounds  are stereoisomers (III). The 

s tereochemis t ry  of fumigaclavine  B has been established 
by  Bach  et  al. ~. 

The  metabol i tes  of Penicillium roque]orti were readily 
de tec ted  by  TLC on silica gel layers (Schleicher & Schiill 
F 1500/LS 254) developed wi th  c h l o r o f o r m - m e t h a n o l -  
c. a m m o n i u m  hydroxide  (85: 15: 1; v /v /v) .  De tec t ion  was 
by  spraying wi th  50% H2SO 4 and hea t ing  a t  abou t  100 ~ 
for 10 min ;  roquefor t ine  formed a blue spot  and iso- 
fumigaclavine  A a mauve  spot  a t  respect ive Rf  values of 
approx ima te ly  0.46 and 0.62. 

Roquefor t ine  possesses neurotoxic  propert ies  14. W h a t  
appears  to be roquefor t ine  has been recent ly  isolated as 
roquefor t ine  C f rom Penicillium roque/orti by  OI~MOMO 
et  al. ~5, who did no t  propose a s tructure.  Isofumiga-  
clavines A and B m a y  be the  same as their  roquefort ines  
A and B, a l though different  s t ruc tura l  formulae were 
suggested 15. 

10 W. D. JAMIESON, R. RAHMAN and A. TAYLOR, J. chem. Soc. (C) 
7969, 1564. 

11 H. )/[INATO, IV[. IViATSUMOTO and T. I{ATAYAMA, J. chem. Soc. 
Perkin I 7973, 1819. 

l~ D. HAUSER, H. P. WEBER and H. P. SIG% Helv. chim. Acta 5,3, 
1061 (1970). 

is N. J. BACH, H. ]~. BOAZ, ]~. C. KORNFELD, C.-J. CHANG, I-L G. 
FLOSS, ~;. W. HAGAMAN and E. WENKERT, J, org. Chem. 39, 1272 
(1974). 

14 Experiments carried.out at the Institut de Recherches Scientifi- 
ques sur le Cancer, Villejuif, France by C. FRAYSSlZr and CHRIS- 
TIAtr FRAYSSlNET showed that the LDh0 (i.p., male mice) was 
15-20 mg/kg. Doses of 50-100 mg/kg caused prostration and an 
atonic posture. The prostration would be interrupted for a few 
seconds by opisthotonoid seizures which could be brought about 
by noise or a tap on the cage. Death followed within a few hours. 
At doses of 10 mg/kg convulsions were replaced by simple con- 
tractions and the state of prostration by equilibrium disorders 
during movement. 

15 S. OHMOMO, T. SATO, T. UTAGAWA and M. ACE, Agric. biol. Chem. 
39, 1333 (1975). 

Transfer oECantharidin (1) During Copulation1 from the Adult !Male to the Female Lytta vesicatoria 
(' Spanish f l ~ s ~  ~ 

J. R. SIERRA a, W.-D.  WOGGON and H. SCHMID ~ 

Organisch-Chemisehes Institut der Universitiit ZCirich, Riimistrasse 76, CH-8001 Zi~rich (Switzerland), 19 June 1975. 

Summary. Adul t  males of the  'spanish fly'  Lytta vesicatoria (Meloidae, Coleoptera) are able to biosynthesize canthar id in  
(1) ' in copula '  af ter  inject ion of E,E-11'-(~H,l~C)-farnesol and 2-14C-methylfarnesoate. Dur ing  mat ing,  the  canthar i -  
din biosynthesized in the  males is t ransferred to the  females, who are unable to biosynthesize can thar id in  f rom any  
terpenoid  precursors. Af ter  in ject ion of (SH,14C)-cantharidin into mMes dur ing copulation,  more than  10 ~o is t ransferred 
into the  female sex organs. Males injected with  2 - ( a H , l ~ C ) - ~ e  24-30 h prior to copulat ion t ransferred 93-98% 
of the biosynthesized can thar id in  to the  females dur ing mat ing.  After  mat ing,  the  males cont inue to produce can~hari-  
din. I t  seems t h a t  in the  male the  biosynthesis  of can thar id in  is s t imula ted  dur ing copulat ion.  

Insects  of the  fami ly  Meloidae conta in  the  physiolo- 
gicMly i m p o r t a n t  substance can thar id in  (1). We have  
inves t iga ted  Lytta vesicatoria f rom Sicily and found t h a t  
the  adul t  males Lytta conta in  an average  of 1.8yo can- 
thar id in  (calculated f rom d ry  weight),  whereas  the  fe- 
males f rom the  same popula t ion  (1975) conta in  only 1.0% 
(see also 5-8). 

Ear l ie r  invest igat ions  have  shown that ,  when I~C- 
acetate,  -mevalona te  or -Iarnesol is in jected into aduI t  
male  Lytta vesicatoria, i t  is, as a rule, incorporated into 
can thar id in  by  an a m o u n t  of 1% s-~0. Female  insects 
which are only  14 days  old and are of the  same popula t ion  
did not,  however ,  incorporate  the  above precursors a t  

a]lS, n, 1~. In  view of these findings, the  quest ion was 
earlier raised as to where the  can thar id in  found in female 
Lytta actual ly  came from lK Some of i t  is p robab ly  of 
la rval  origin la, bu t  the  fur ther  possibilities exist  t h a t  
freshly ha tched  female Lytta are still able to produce 
canthar idin ,  or t h a t  can thar id in  is t ransferred f rom the  
male  to female insects dur ing copulat ion.  The  sex organs 
of male Meloids are par t icu lar ly  r ich in canthar id in  5,1~ 
According to CARREL 14, the  canthar id in  conten t  of freshly 
ha tched  male  Epicauta amaicha (Meloidae), cu l tured  in 
the  laboratory ,  appears  to rise s teeply dur ing the  first  
7 days, whereas  in the  female insects the  level  remains  
more or less unchanged.  Compared  to the  level  before 
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Table I. Experiment with sodium-2-(SH,l~C)-mevalonate 
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Lyttavesicatoria Isotope Total Cantharidin Incorporation Transferred 
(couples) activity ra te ,  total activity 

(dpm) dpm/mg Totalact iv i ty  (dpm) 3H/I~C (%) (%) 

Transferred 
cantharidin 
(%) 

8H 6.5 • 106 1 087 -t- 9 (5.51 :L 0.045) • 104 2.12 4- 0.02 0.68 
~4C 1.2 x 100 512 ~ 7 (2.60 :L 0.035) • 104 1.45 
SH 1.6 • 106 14 025 ~ 133 (7.14 ~ 0.067) • 103 2.32 ~: 0.03 8.83 19.8 92.8 
I4C 5.9 • 105 6 035 ~ 113 (3.07 ~ 0.057) • 105 17.14 33.0 92.3 

~H 5.5 • l0 s 715 • 14 (3.23 :[: 0.063) • 104 2.27 • 0.04 0.35 
1~C 9.9 • 10 ~ 315 =1: 3 (1.42 ~ 0.013) • 10 ~ 0.67 
SH 3.5 • 106 38 000 -4- 134 (1.72 ~- 0.066) • 10 s 2.24 • 0.01 19.02 38.9 98.3 
laC 1.1 • 10 ~ 16 952 ~: 65 (7.66 :~ 0.029) • 10 ~ 36.04 52.6 98.2 

�9 Radioactivity of cantharidin obtained from the experiments • 100 divided by the activity found after work-up in the water- and methylene 
cblorid-phase ~ total activity. 

Table II. Transfer of (~H,14C)-cantharidin, (3H,1~C)-1 from male to female Lytta vesicatoria at copulation 

Lytta Isotope Injected eantharidin Reisolated cantharidin Original Specific 
vesicaloria body-content cantharidin 
(couples) Amount  Spec. activity SH/I*C Amount  Spec. activity a H / 1 4 C  ofcanthar idin content 

(mg) (dpm/mg) (mg) (dpm/mg) (mg) (%) 

25 ~ SH 5.42 115 619 :t= 922 10.0 ~= 0.13 15.25 36 850 --  848 10.04 =t= 0.02 10.39 1.1 
14C 11 5 2 5 ~  97 3668: t :  77 
8H 20.62 3 122 4- 73 9.97 :~ 0.04 20.06 ~ 1.0 
t4C 313 =L 7 

~Calculated for an average dry weight of 37.7 mg for a 6 and of 83.7 mg for a ~ insect respectively. 
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c o p u l a t i o n  t h e  c a n t h a r i d i n  c o n t e n t  in  t h e  s e x  o r g a n s  o f  
t h e  m a l e  i n s e c t s  w a s  f o u n d  to  be  r e d u c e d ,  w h e r e a s  in  t h e  
f e m a l e  i t  w a s  c o n s i d e r a b l y  i n c r e a s e d .  

T h u s  we  h a v e  i n j e c t e d  2-(~H, 1 4 C ) - m e v a l o n a t e  u n d e r  
C O 2 - n a r c o s i s  i n t o  m a l e  L.  vesicatoria (S ic i ly  1975) 24 t o  
30 h p r i o r  t o  c o p u l a t i o n .  A f t e r  a n  a v e r a g e  c o p u l a t i o n  
p e r i o d  o f  2 0 - 2 4  h ,  t h e  i n s e c t s  s e p a r a t e d .  T h e y  w e r e  k i l l ed  
b y  d e e p - f r e e z i n g ,  s e p a r a t e d  a n d  p r o c e s s e d  as  fo l lows :  t h e  
i n s e c t s  w e r e  c r u s h e d ,  i n a c t i v e  c a n t h a r i d i n  w a s  a d d e d  a n d  
t h e  w h o l e  m a s s  w a s  bo i l ed  u n d e r  r e f l u x  i n  2 N HC1. 
F i n a l l y  t h e  w a t e r  s u s p e n s i o n  w a s  e x t r a c t e d  e x h a u s t i v e l y  
w i t h  m e t h y l e n e  ch lo r ide .  T h e  r a d i o a c t i v i t y  of  b o t h  t h e  
w a t e r -  a n d  of  t h e  m e t h y l e n e  c h l o r i d e - p h a s e s  w a s  t h e n  
m e a s u r e d  ( s u m : t o t a l  a c t i v i t y ) .  T h e  c a n t h a r i d i n  w a s  

i s o l a t e d  f r o m  t h e  m e t h y l e n e  c h l o r i d e - p h a s e  a n d  p u r i f i e d  
u n t i l  c o n s t a n t  spec i f i c  r a d i o a c t i v i t y .  T h e  r e s u l t s  a r e  
r e p o r t e d  in  T a b l e  I.  

I n  a f u r t h e r  e x p e r i m e n t ,  (SH, l * C ) - c a n t h a r i d i n  (SH, 14C)- 
(1) i n  a c e t o n e  w a s  i n j e c t e d  i n t o  t h e  m a l e s  of  25 c o p u l a t i n g  
c o u p l e s  (S ic i ly  1975).  A f t e r  a c o p u l a t i o n  p e r i o d  of  4 - 8  h ,  
t h e  p a r t n e r s  w e r e  s e p a r a t e d  a n d  t h e  t o t a l  c a n t h a r i d i n  
c o n t a i n e d  in  t h e  m a l e  i n s e c t s  w a s  i s o l a t e d .  T h e  o v a r y  a n d  
t h e  r e c e p t a c u l u m  o f  t h e  f e m a l e s  w e r e  d i s s e c t e d  a n d  t h e  
c a n t h a r i d i n  c o n t a i n e d  in  t h e s e  o r g a n s  w a s  e x t r a c t e d .  T h e  
r e s u l t s  a r e  r e p o r t e d  in  T a b l e  I I .  T h i s  e x p e r i m e n t  de -  
m o n s t r a t e s  t h a t ,  of  t h e  c a n t h a r i d i n  i n j e c t e d  i n t o  t h e  

i III. Communication on the Biosynthesis of Cantharidin; II. Com- 
munication 16. 

2 Dedicated to Professor KURT MOTHES' (Halle/SaMe , DDR) 
75th birthday, 4.11.1975. 
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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 


