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Riassunto. Misure di d i f f raz ione  ai  R a g g i - X  sui poli-  
pep t id i  s in te t i c i  (Pro-Leu-Gly)n  e (Pro-Phe-Gly)~ per-  
m e t t o n o  di suggerire  u n a  s t r u t t u r a  o r ig ina t a  da l l ' avvo l -  
g imen to  di u n a  s ingola  c a t e n a  a fo rmare  u n a  t r ip l a  elica. 
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I1 conf ron to  t r a  i d a t i  o t t e n u t i  dagl i  a u t o r i  e quel l i  
r i p o r t a t i  in  l e t t e r a t u r a  ind ica  c h e l a  p re senza  di p ro l ina  in 
pos iz ione  1 ~ necessar ia  m a  non  suff ic iente  e che ino l t re  
i m p o r t a n t e  la n a t u r a  del res iduo in posiz ione 2. 
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Sex Pheromones of the Armyworm Moth, Spodoptera exempta (Wlk. 

The  a r m y w o r m ,  Spodoptera exempta (Wlk.) (Lepi- 
dop te ra ,  Noc tu idae)  is a serious pes t  of cereals  a n d  
grasses wh ich  occurs  in  Africa,  Ind ia ,  Malaysia ,  I n d o n e s i a  
a n d  Aus t ra l ia .  A s y n t h e t i c  sex p h e r o m o n e  would  p rov ide  
a va luab l e  a id  to  i ts  control .  W e  h a v e  found  t h a t  v i rg in  
female  S. exempta produce  two  c o m p o u n d s  wh ich  are 
p o t e n t  o l fac tory  s t i m u l a n t s  for t he  ma le  mo th .  T h e y  h a v e  
been  iden t i f i ed  as (Z) -9 - t e t r adecen- l -y l  a ce t a t e  (I) and  
(Z) -9 , (E) -12- te t radecadien-1-y l  a ce t a t e  (II) a n d  h a v e  
b e e n  shown  to  a t t r a c t  ma le  m o t h s  u n d e r  l a b o r a t o r y  
condi t ions .  

As on ly  a smal l  n u m b e r  of m o t h s  was avai lable ,  gas 
c h r o m a t o g r a p h y  (GC) c o m b i n e d  w i t h  e l e c t r o a n t e n n o g r a m  
(EAG) record ing  1 was  used for t h e  iden t i f i ca t ion  of t he  
phe romones .  E x t r a c t s  of 1-day-old  v i rg in  female  and  
male  m o t h s  were p r e p a r e d  a f te r  a 3 h da rknes s  t r e a t m e n t .  
The  las t  3 to  4 a b d o m i n a l  s egmen t s  were c l ipped a n d  
e x t r a c t e d  w i t h  d i c h l o r o m e t h a n e  for 15 m i n  a t  r oom 
t e m p e r a t u r e  w i t h o u t  m a c e r a t i o n ;  t he  so lven t  was re- 
m o v e d  b y  p i p e t t e  a n d  c o n c e n t r a t e d  to 1 t ip  equ iva len t /~ l .  

B o t h  ma le  a n d  female  m o t h  p r e p a r a t i o n s  were m a d e  for 
E A G  recording.  The  e x t r a c t s  were c h r o m a t o g r a p h e d  on  
po la r  and  n o n - p o l a r  p a c k e d  GC co lumns  a n d  t h e  c o l u m n  
ef f luen t  spl i t  75% to  t h e  f l ame ion i sa t ion  de t ec to r  and  
25% to  t he  t e s t  insec t ' s  a n t e n n a ;  GC peaks  a n d  E A G  
responses  were r ecorded  s imul t aneous ly .  The  female  m o t h  
d id  n o t  r e spond  to  a n y  c o m p o n e n t s  of e i the r  ma le  or 
female  e x t r a c t  (c.f.e). Male m o t h s  r e sponded  only  to  
female  e x t r a c t :  two  responses  were o b t a i n e d  to t h e  
e f f luen t  f rom a po la r  column,  b u t  f rom a n o n - p o l a r  
co lumn  the  2 o l fac tory  s t i m u l a n t s  (des ignated  S(i) a n d  
S(ii)) emerged  as a s ingle p e a k  (Table  I). T he  a m o u n t s  of 
t he  2 c o m p o u n d s  in a female  t ip  e q u i v a l e n t  were 4 ng  S(i) 
a n d  a p p r o x i m a t e l y  0.2 ng  S(ii), 

As p r e l im ina ry  e x a m i n a t i o n  of t h e i r  GC b e h a v i o u r  
sugges ted  t h a t  S(i) a n d  S(ii) were ace t a t e s  of C1~ un-  
s a t u r a t e d  alcohols,  t h e y  were c o m p a r e d  d i rec t ly  w i t h  
s y n t h e t i c  samples  of t he  k n o w n  sex p h e r o m o n e s  of o the r  
Spodopteea species w h i c h  are  all  c o m p o u n d s  of t h i s  
t y p e  a-6 (Table  II) .  The  resu l t s  i nd i ca t ed  t h a t  S(i) was  a 
t e t r a d e c e n y l  a ce t a t e  and  S(ii) was  a t e t r a d e c a d i e n y l  
a c e t a t e  in  w h i c h  t he  two  double  bonds  were m e t h y l e n e  
i n t e r r u p t e d .  I n  a n  a t t e m p t  to  e s t ab l i sh  t he  pos i t ions  and  
con f igu ra t i ons  of t h e  double  b o n d s  in t he  t w o  compounds ,  
female  t ip  e x t r a c t  (0.5 ~1), a r ange  of t e t r a d e c e n y l  
a ce t a t e  i somers  ((Z)- a n d  (17;)-7, -8, -9, -10, -11 a n d  -12) 
and  all  4 s te reo isomers  of 9, 12 - t e t r adecad ieny l  a c e t a t e  
were r u n  t h r o u g h  t h e  G C - E A G  l ink  on  s u p p o r t - c o a t e d  
open  t u b u l a r  co lumns  (50 I t  C a r b o w a x  20M, Apiezon  L 
a n d  D E G S  r u n  i s o t h e r m a l l y  a t  150, 165 a n d  141~ 
respect ive ly ,  w i t h  a h e l i u m  flow of 4 ml /min) .  All  s y n t h e t i c  
samples  were c h r o m a t o g r a p h e d  a t  a load ing  of 2 ng. Only  
(E) -10- t e t r adeceny l  ace t a t e  a n d  (Z) -9 - t e t radeceny l  a ce t a t e  
(I) c o - c h r o m a t o g r a p h e d  w i t h  S(i), a n d  on ly  t h e  (Z)-9 
i somer  el ici ted a n  E A G  response  a t  th i s  loading.  Only  
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Table I. GC retention temperatures of the olfactory stimulants S(i) and S(ii) in female moth extract and corresponding male antennal responses 

Sample Retention temperature EAG response Retention temperature EAG response 
(~ Column A (mV) (~ Column B (mV) 

Dodecanyl acetate 155.0 147.6 
Tetradecanyl acetate 172.5 164.6 
Hexadeeanyl acetate 191.4 182.8 

S(i) 4ng 175.8 1.3 ~ 163.0 
S(ii) ca. 0.2 ng 183.0 0.4 } 1.7 

Column A: 21/2~ Carbowax 20 M on Chromosorb G AW DCMS, temperature programmed at 4~ from 120-200~ with N 2 flow 25 ml/ 
min. Column B : SE 30 (other conditions as for Column A). 
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Table If. GC retention temperatures of the S. exempts olfactory stimulants S(i) and S(ii) and of known Spodoptera spp. sex pheromones 

Sample Retention temperature (~ Column A Retention temperature (~ Column C 

Tetradecanyi aceate 172.9 133.0 

(Z)-9-Tetradecenyl acetate 176.3 137.8 
(Z)-9, (E)-12-Tetradecadienyl acetate 183.2 144.9 
(Z)-9, (E)-ll-Tetradecadienyl acetate 189.0 145.5 
Olfactory stimulant S(i) 176.2 137.5 

S(ii) 183.4 144.8 

Column C: EGSS-X (other conditions as for Column A in Table I). 

Table III. Comparison of male moth antennal responses to natural 
and synthetic olfactory stimulants 

Sample EAG response (mV) 

Run I Run 2 

Female tip extract containing S(i) 4 ng 1.0 1.1 
S(ii) ca. 0.2 ng 0.4 0.4 

(Z)-9-Tetradecenyl acetate, 4 ng 1.0 1.0 
(Z)-9, (E)-12-Tetradecadienyl acetate, 0.2 ng 0.6 0.4 

All samples were chromatographed on Column C (Table II). Weights 
quoted are for the amount of sample injected onto the GC column. 

(Z)-9 , (E)-12- te t radecadienyl  ace ta te  (II) co-chromato-  
g raphed  wi th  S(ii) on all 3 columns,  and  th is  was the  
only  diene isomer  which  caused an an t enna l  response.  

The potencies  of c o m p o u n d s  (I) and (II) were shown to 
be comparab le  w i th  those  of the  na tu ra l  o l fac tory  
s t imu lan t s  by  recording  E A G  responses  of t he  same male  
m o t h  to  female  ex t r ac t  and  to  cor responding  a m o u n t s  of 
compounds  (I) and  (II) (Table I I I ) .  In  a l abo ra to ry  
b ioassay  involv ing  a t t r a c t i o n  of male  m o t h s  into a t r ap  7 
a m i x t u r e  of (I) (50 ng) and  (II) (2.5 rig) a t t r a c t e d  40 -60% 
of the  t e s t  moths .  I t  was concluded t h a t  these  2 compounds  
cons t i tu t e  t he  female sex p h e r o m o n e  of S. e;;empta, 
a l though  field tr ials  are needed  to  conf i rm th is  and  to 
de t e rmine  the  exac t  func t ions  of the  2 componen t s .  

Phe romones  (I) and  (II) are also p roduced  by  female 
S. eridania 4 bu t  in a d i f ferent  ra t io  f rom t h a t  found  in 
S. exempta. The diene (II) has  been found in S. litura 6 in 
combina t ion  wi th  a con juga ted  diene, and  in S. exiguah; it  
has  also been repor ted  to  be a t t r ac t i ve  to male  S. d olichos s. 
The mono-ene  (I) has been  isolated f rom S. /rugiperda a 
and forms p a r t  of t he  phe romone  complex  of S. littoralis 2. 

Zusammenfassung.  Es wurden  mi t  gas -chromatogra -  
ph i scher  E l e k t r o a n t e n n o g r a m m - M e t h o d e  (Z)-9-tetradece- 
nyl-  1-acetat  nnd  (Z)-9, (E)- 12- te t radeeadienyl-  1-acetat  als 
die Sexual lockstoffe  weibl icher  Spodoptera exempta 
(Wlk.) ident i f iz ier t .  
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H o w  H o m o l o g o u s  are  the  a and ~ S u b u n i t s  of  C - P h y c o c y a n i n  ? 

In  recen t  years  i t  has  been  d e m o n s t r a t e d  t h a t  C- 
phycocyan ins  are composed  of two types  of subuni t s  
(~ and  fl) which  a lways occur in a 1:1 ratio.  The na tu re  
of these  subuni t s  - t h e y  are b o t h  single po lypep t ide  
chains  - was clearly es tabl ished by  analysis  of the i r  
amino terminals ,  molecular  weights  and  amino  acid 
composit ion1-7.  As soon as the  resul ts  of the  amino  acid 
analyses  of those  subuni t s  were available,  a considerable  
homology  b e t w e e n  the  two chains  was an t i c ipa t ed  owing 
to the  fact  t h a t  the i r  amino  acid composi t ions ,  t h o u g h  
no t  identical ,  show remarkab le  analogies, e.g. the  high 
con ten t  of glycine and  alanine.  This  holds  for t he  C- 
phycocyan ins  of all t ypes  of blue green algae which  have  
so far been  inves t iga ted  in th is  respect~-L However ,  a 

h igh degree of homology  was no t  found  when  large 
chromophore-con ta in i l lg  pep t ides  of bo th  chains  f rom 
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