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Table II. Catches of male Choristoneura rosaceana with various cis- 
TDAC/cis-TDAL mixtures 

Bait (100 [zg) Mile 56 
July 4-July 17 

cis-TDAC 8 (2) 
cis-TDAC/cis-TDAL (100/1) 64 (2) 

(10/1) 35.5 (2). 
(i/i) 16 (2) 
(1110) 4.5 (2) 
(I/100) 15 (2) 

cis-TDAL 0 (2) 

Figures indicate c~c~/trap; figures in brackets = number of traps. 

Table III. Catches of male Choristoneura [umiJerana in traps baited 
with various isomer mixtures of TDAL 

Bait (100 [zg) Mile 56 Tbessalon 
July 7-July 17 July 2-July 12 

trans-TDAL 16.3 (3) 
trans-TDAL/cis-TDAL (100/1) 107 (2) 50 (2) 

(10/1) 147.5 (2) 58 (2) 
(1/1) 22 (2) 7 (2) 
(1/10) 5.5 (2) 0.5 (2) 
(1/lOO) i (2) 1 (2) 

cis-TDAL 0 {2) -- 

Figures indicate ~c~/trap; figures in brackets = number of traps. 
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A t  th i s  t i m e  i t  is conc luded  t h a t  c i s - l l - t e t r a d e c e n a i  is 
a p o t e n t  a t t r a c t a n t  for ma le  Choristoneura con/lictana. 
Ver i f i ca t ion  of t h i s  c o m p o u n d  as t he  p r i m a r y  c o m p o n e n t  
of t h e  Sex p h e r o m o n e  of th i s  insect ,  and  e luc ida t ion  of 
a n y  s econda ry  componen t s ,  m u s t  awa i t  t he  resul t s  Of 
l a b o r a t o r y  s tud ies  now in progress.  

F r o m  the  field t e s t s  c o n d u c t e d  a t  Thessa lon  and  Mile 
56 severa l  i n t e r e s t i ng  inferences  m a y  be  m a d e  rega rd ing  
t he  s e x  p h e r o m o n e  sys t ems  of 2 o the r  Choristoneura 
species, t h e  obl ique  b a n d e d  leafrol ler  Choristoneura rosa- 
ceana.and t h e  spruce  b u d w o r m  Chor is toneura/umi /erana .  
t~OELOFS a n d  ARM 6 iden t i f i ed  c i s -TDAC as t he  sex a t -  
t r a c t a n t  of t he  red b a n d e d  leafroller,  Argyrotaenia  velu- 
t inana. The  same c o m p o u n d  was l a t e r  s h o w n  to  be  t h e  
sex a t t r a c t a n t  of t h e  obl ique  b a n d e d  leafrollerTi These  
species h a v e  ove r l app ing  seasonal  and  d iu rna l  cycles, and  
share  t he  same  hos t  p lan t s ,  a n d  t he  a u t h o r s  were uncer -  
t a i n  as to  h o w  specif ici ty was effected.  A r e inves t i ga t i on  
of t he  sex p h e r o m o n e  s y s t e m  of t he  r ed  b a n d e d  leafroller  
ha s  revea led  t h a t  dodecyl  a ce t a t e  and  a smal l  a m o u n t  of 
t rans -TDAC are seconda ry  c o m p o n e n t s  in  t h e  b l end  s. 
As shown  in Tab le  I I  t h e  add i t i on  of a p p r o x i m a t e l y  1~ 
of c i s - T D A L  to  t h e  p r i m a r y  C. rosaceana p h e r o m o n e  
d r a m a t i c a l l y  increases  a t t r a c t a n c y .  I t  is p o s t u l a t e d  t h a t  
a r e i n v e s t i g a t i o n  of e x t r a c t s  f rom female obl ique  b a n d e d  
leafrollers would  revea l  t he  presence  of c i s - T D A L  as a 
s e c o n d a r y  c o m p o n e n t ,  and  a f u r t h e r  m e a n s  of ef fec t ing 
speci f ic i ty  (Table  II) .  

The  spruce  b u d w o r m  Choristoneura fumi /erana  was 
t he  f i rs t  l ep idop t e r an  species shown  to  possess a n  alde- 
h y d e  as a female  p roduced  sex a t t r a c t a n t .  The  e luc ida t ion  
of t he  p h e r o m o n e  s t r u c t u r e  as t r a n s - T D A L  ~ was followed 
b y  a r e p o r t  t h a t  t r a n s - T D O L  a n d  t rans -TDAC exh ib i t ed  
s ign i f ican t  i n h i b i t o r y  a c t i v i t y  in t he  field w h e n  mixed  
w i t h  t he  b u d w o r m  phe romone~  Resu l t s  (Table  I I I )  f rom 
Mile 56 d i spu te  t he  isomeric  i n t eg r i t y  of t he  b u d w o r m  
phe romone ,  a n d  place t he  o p t i m u m  a m o u n t  of cis i somer  
be tween  1% and  9%.  The  t r end ,  also b o r n e  ou t  b y  t h e  
Thessa lon  da ta ,  ind ica tes  t h a t  g rea t e r  t h a n  9 %  of t he  
cis c o m p o u n d  reduces  t he  ef fec t iveness  of t h e  a t t r a c t a n t .  

Adenyl Cyclase Activity of Mouse Liver Membranes after Incubation with Endotoxin and Epinephrine 

MILDRED A. D~NLON a n d  R. I. WALKER 

Immuno logy  Divis ion,  Exper imen ta l  Pathology l)epartment ,  A r m e d  1~orces Racliobiology Research Inst i tute ,  Bethesda 
(Mary land  2007d, USA) ,  I September 7975. 

Summary .  A d e n y l  cyclase a c t i v i t y  in  i so la ted  mouse  l iver  cell m e m b r a n e s  was s t i m u l a t e d  two-fo ld  b y  endo tox in .  
F u r t h e r m o r e ,  e n d o t o x i n  i n h i b i t e d  ep i neph r i ne  i n d u c t i o n  of a d e n y l  cyclase ac t iv i ty ,  a p p a r e n t l y  t h r o u g h  i n t e r r u p t i o n  
of t h e  phospho l ip id  m o i e t y  of t h e  e n z y m e  complex.  

E n d o t o x i n ,  a l ipopo lysacchar ide  (LPS) e x t r a c t e d  f rom 
g r a m - n e g a t i v e  b a c t e r i a  1, has  a n  a f f in i ty  for t h e  phos-  
phol ip id  po r t i on  of cell m e m b r a n e s  2-4. Il l  t h e  l iver,  t h e  
i n t e r ac t i on  of e n d o t o x i n  w i t h  cell m e m b r a n e  phospho l ip ids  
could in te r fe re  w i t h  t he  syn thes i s  of adenos ine  3 ' , 5 ' -  
m o n o p h o s p h a t e  (cyclic-AMP), a c o m p o u n d  essent ia l  in  
l iver  c a r b o h y d r a t e  me tabo l i sm.  Indeed ,  in  vivo,  e n d o t o x i n  
decreases  t o t a l  b o d y  c a r b o h y d r a t e  b y  80% 5'6 and  a 
m a r k e d  dep le t ion  of l iver  g lycogen ha s  been  s h o w n  to be  
a c o n t r i b u t i n g  fac to r  in  t he  l e t h a l i t y  of e n d o t o x e m i a  7. 

I t  was  h y p o t h e s i z e d  t h a t  if e n d o t o x i n  i n t e r ac t s  w i t h  
cell m e m b r a n e s ,  i t  m a y  a l t e r  t h e  a c t i v i t y  of a d e n y l  cy-  
clase, a n  e n z y m e  loca ted  w i t h i n  t h e  p l a s m a  m e m b r a n e .  
To d e t e r m i n e  if e l ldo tox in  a l t e red  t he  a c t i v i t y  of l iver  

cell a d e n y l  cyclase,  t he  a m o u n t  of cyclic A M P  fo rmed  was 
a sce r t a ined  a f t e r  t he  ill v i t ro  conve r s ion  of 14C-adenosine 
labe led  A T P  to l~C-labeled cyc l ic -AMP b y  a d e n y l  cyclase.  
Addi t iona l ly ,  t he  mod i fy ing  ac t ion  of L P S  on ep ineph r ine  
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2 I. CIZNAR and J. W. SHANDS, JR., Infect. Immun. d, 362 (1971). 
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J. W. SHANDS, JR., J. Infect. Dis. 728, $197 (1973). 
5 L. J. BERRY, in Microbial Toxins. V. Bacterial Endotoxins (Eds. 

S. KADIS, G. WEINBAUM and S. J. AJL, Academic Press, New York 
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6 L. J. BERRY, D. S. SMYTHE and L. G. YOUNG, J. exp. Med. 770, 
389 (1959). 

7 T. FUKUDA and S. AKYAMA, Jap. J. Physiol. 73, 486 (1963). 
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a c t i v a t i o n  of a d e n y l  cyclase was measured .  This  h o r m o n e  
was shown  b y  SUTHERLAND s to m ed i a t e  g lyconeogenesis  
v ia  cycl ic-AMP. 

Materials and methods. Liver  p repa ra t ions .  Livers  were 
r e m o v e d  f rom male  ( C 5 7 B 1 / 6 •  F t  h y b r i d  mice 
o b t a i n e d  f rom C u m b e r l a n d  View F a r m s ,  Cl in ton,  Ten-  
nessee. W h e n  a d e n y l  cyclase a c t i v i t y  of hepa t i c  cell 
h o m o g e n a t e s  was de t e rmined ,  t he  l ivers  were h o m o -  
genized in chi l led 50 m M  t r i s (hydroxymethyl )amino-  
m e t h a n e  ( T R I S )  buf fe r  p H  7.6. 

M e m b r a n e  pur i f ica t ions .  P l a s m a  m e m b r a n e s  were 
pur i f ied  f rom 6 g of mouse  liver.  Th i s  was  accompl i shed  
on  an  aqueous  two-phase  p o l y m e r  s y s t e m  as p rev ious ly  
descr ibed  9. 

M e a s u r e m e n t  of a d e n y l  cyclase ac t iv i ty .  A d e n y l  cyclase 
a c t i v i t y  was assayed  b y  the  convers ion  of A T P  to  cyclic- 
A M P  b y  t h a t  enzyme.  The  r eac t ion  was car r ied  ou t  in  a 
s y s t e m  c o n t a i n i n g  2.0-2.5 (0.2-0.3) m g  p ro t e in  equ i va l en t s  
of e i the r  whole  l iver  cells or pur i f ied  p l a s m a  m e m b r a n e s  
in a t o t a l  v o l u m e  of 0.25 ml. This  vo lume  c o n t a i n e d  
c o n c e n t r a t i o n s  of 25 m M  Tris-HC1 of p H  7.5, 2 m M  
8-C-14 A T P  (1 ~zCi/mole, Amersham-Sea r l e ) ,  1 m M  
un labe l ed  Cyclic A M P  (Sigma),  5 m M  MgC12, 10 m M  
theophy l l ine ,  and,  w h e n  a d d e d :  0.1 m M  L-ep inephr ine  
b i t a r t r a t e  (Sigma) solubi l ized i m m e d i a t e l y  before  use, 
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Fig. 1. Cyclic AMP formation in liver homogenate and purified liver 
cell membranes after incubation with endotoxin and epinephrine. 

800 

o_ 
:E .< 

_J 
U 

600 

U 
Z 

400 LU 
I '- 

Z 
YE 
ev 

200 
Q. 

Z 

O 
U 

O = 0.Stag LPS 

O =  SALINE CONTROL 

| I I 
15 30 45 

PREINCUBATION TIME (minutes) 

Fig. 2. Cyclic AMP formation in purified liver cell membranes acti- 
vated by NaF with or without incubation in LPS. 

10 m M  NaF,  or  0.5 m g  of Salmonella typhosa e n d o t o x i n  
(Difco). The  r eac t i on  was t e r m i n a t e d  a f t e r  a 10 ra in  
i n c u b a t i o n  a t  37~ b y  i m m e r s i n g  t he  t u b e s  in boi l ing  
w a t e r  for 3 min.  

Af te r  cooling a n d  cen t r i fuga t ion ,  50-100 81 of t h e  super-  
n a t a n t  were s p o t t e d  on  W h a t m a n  No. 3 paper .  ATP ,  
ADP,  AMP,  adenos ine  and  aden ine  were s e p a r a t e d  f rom 
cyclic A M P  b y  descend ing  c h r o m a t o g r a p h y  in i sopropa-  
nol - formic  ac id -wa te r  (70: 5: 30, v /v)  so lvent .  5 to  15 ~g 
of each  nucleot ide ,  nucleos ide  or base  were also spo t t ed  
on  t he  c h r o m a t o g r a m  to al low for  v i sua l i za t ion  of t he  
spots  u n d e r  UV-l ight .  The  s e p a r a t e d  cyclic A M P  was 
ident i f ied,  cu t  f rom t h e  c h r o m a t o g r a m  a n d  c o u n t e d  in a 
Nuclear -Chicago  Scint i l la t ion coun t e r  in 10 ml  of Spec t ra -  
f luor  (Amersham-Sear l e )  sc in t i l l a t ion  cocktai l .  

Results. Adeny l  cyclase response  to  endo tox in .  The  
a m o u n t s  of cyclic A M P  fo rmed  in v i t ro  w h e n  l iver  h o m o -  
gena te  was i n c u b a t e d  w i t h  e n d o t o x i n  a n d / o r  ep inephr ine  
are p r e sen t ed  in F igure  1. I n c u b a t i o n  of whole  l iver  cell 
h o m o g e n a t e s  w i t h  L P S  or ep ineph r ine  s t i m u l a t e d  ap-  
p r o x i m a t e l y  2- and  3-fold increases,  respec t ive ly ,  in 
cyclic A M P  format ion .  E p i n e p h r i n e  s t i m u l a t i o n  of 
a d e n y l  cyclase a c t i v i t y  was r educed  in t he  presence  of 
endo tox in .  W h e n  pur i f i ed  p l a s m a  m e m b r a n e s  were  used, 
responses  obse rved  in t he  h o m o g e n a t e s  were s imi la r  b u t  
smal le r  in  m a g n i t u d e .  The  e p i n e p h r i n e  response  has  been  
s h o w n  to  be decreased  in pur i f ied  m e m b r a n e s ,  a n d  i t  is 
genera l ly  a s sumed  t h a t  t h e  ep ineph r ine  r ecep to r  m a y  be  
pa r t i a l l y  i n a c t i v a t e d  d u r i n g  t h e  p l a s m a  m e m b r a n e  pur i f i -  
ca t ion  p rocedure  10-12. 

Sod ium f luor ide ac t iva t ion .  S t i m u l a t i o n  of m e m b r a n e  
a d e n y l  cyclase b y  sod ium f luor ide  resu l ted  in an  e n z y m e  
a c t i v a t i o n  cu rve  (Figure  2) in  pur i f i ed  l iver  m e m b r a n e s  
s imi la r  to  t h a t  r e p o r t e d  b y  o the r s  ha for  h e a r t  a n d  b r a i n  
adeny l  cyclase.  M e m b r a n e s  were i n c u b a t e d  w i t h  endo tox -  
in  a n d  N a F  for t he  specif ied t i m e  periods,  t h e n  labe led  
s u b s t r a t e  was added  a n d  i n c u b a t i o n  was c o n t i n u e d  for  
a n  a d d i t i o n a l  10 min .  E n d o t o x i n  in te r fe red  w i t h  t he  
sod ium fluoride a c t i v a t i o n  of pur i f i ed  mouse  l iver  p l a s m a  
m e m b r a n e s .  Af te r  45 m i n  of i n c u b a t i o n  w i t h  endo tox in ,  
sod ium f luor ide a c t i v a t i o n  of a d e n y l  cyclase was on ly  
60% of t h a t  seen in p r e p a r a t i o n s  to  wh ich  e n d o t o x i n  was 
not added .  

Discussion. The  d a t a  p r e sen t ed  in  t h i s  r e p o r t  s u p p o r t  
ou r  h y p o t h e s i s  t h a t  e n d o t o x i n  can  d i r ec t ly  s t i m u l a t e  
a d e n y l  cyclase a c t i v i t y  in mouse  l iver  cell m e m b r a n e s  in 
v i t ro .  Th i s  f ind ing  is in  a g r e e m e n t  w i t h  those  of GIMPEL 
e t  al. t* who  also d e m o n s t r a t e d  t h a t  i n j ec t i on  of Escheri- 
chia eoli e n d o t o x i n  caused  h e p a t i c  a d e n y l  cyclase to  
increase.  Th i s  increase  in e n z y m e  a c t i v i t y  d id  n o t  a l t e r  
phosphod ie s t e r a se  a c t i v i t y  ill l iver  t i ssue  15 imp ly ing  a 
d i r ec t  i n t e r a c t i o n  b e t w e e n  e n d o t o x i n  a n d  t h e  a d e n y l  

8 E. W. SUTHERLAND, T. W. RALL and T. MANON, J. biol. Chem. 
237, 1220 (1962). 

9 L. LESKO, M. DONLO~, G. V. MARXNETTI and J. D. HARE, Biocbim. 
biophys. Acta 377, 173 (1973). 

10 IV[. W. BITENSKY, V. RUSSELL and W. ROBERTSO~, Biochem. 
Biophys. Res.'Commun. 37, 706 (1968). 

11 G. S. LEVEY and I. KLEIN, J .  clin. Invest. 51, 1578 (1972). 
12 S. L. POHL, L. BIR~BAUMER and M. ROD~ELL, J. biol. Chem. 2d6, 

1849 (197i). 
is j .  p. PERKINS, in Advances in Cyclic Nueleotide Research (Eds. P. 

GREENGARD and G. H. ROBINSON; Raven Press, New York 1973), 
vol. 3, p. 13. 

14 L. P. GIMPEL, D. S. HODGINS and  E. D. JACOBSON, Clin. Res. 19, 
475 (1971). 

15 L. GIMPEL, D, S. HODGINS and  E. D. JAeOBSON, Circulatory Shock 
7, 31 (1974). 
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cyclase-membrane complex. In  addition, we found that  
epinephrine stimulation of adenyl cyclase activity was 
inhibited by endotoxin. 

Others 1~ have obtained results which conflict with those 
presented here. They found no increase in cyclic-AMP 
with endotoxin alone, but  observed an augmentation of 
the epinephrine response. In  their model, however, endo- 
toxin was injected in vivo and homogenates made. Our 
in vitro system, in contrast, permits the endotoxin to 
interact in a controlled amoun t  directly with the mem- 
brane. 

I t  is possible that  endotoxin could block epinephrine 
binding to the receptor unit. This appears unlikely, how- 
ever, because endotoxin, even at 1 mg/ml concentrations, 
does not interfere with the binding of norepinephrine to 
isolated fat cell membranes (K. KORITZ, unpublished 
data). I t  was not  possible to perform this experiment 
with epinephrine, bu t  a similar lack of interference with 
epinephrine binding may be inferred. 

A possible explanation for endotoxin inhibition of 
adenyl cyclase responsiveness to epinephrine is an inter- 
action of endotoxin with membrane phospholipids. The 
lipid portion of the membrane is necessary for adenyl 
cyclase activity since solubilized preparations of adenyl 
cyclase are unresponsive to hormonal stimulationS, ~7 
Furthermore, hormone responsiveness in these solubilized 
preparations can be restored by the addition of specific 
phospholipids 11,17. 

Endotoxin-phospholipid interaction m a y  be explained 

by the three-component model of the adenyl cyclase 

system ~a. In  this model, an intermediate phospholipid 
moiety (transducer) tunctions between the hormone 
receptor on the external surface of the plasma membrane 
and the catalytic uni t  (adenyl cyclase) on the internal 
surface of the plasma membrane. Interruption of hor- 
monal induction through transducer alteration may 
explain how endotoxin stimulates adenyl cyclase activity 
and blocks epinephrine stimulation of that  enzyme. 

Evidence for an interaction of endotoxin with the trans- 
ducer segment of the membrane-enzyme complex comes 
from our study of endotoxin inhibition of sodium fluoride 
activation of adenyl cyclase. This activation is postulated 
to occur at the transducer (phospholipid moiety) leveNL 
As previously stated, endotoxin has an affinity for the 
phospholipid portion of cell membranes 3, 4. Since endo- 
toxin interfered with the sodium fluoride activation of 
purified mouse liver membrane adenyl cyclase, it is 
probable that  the toxin could act at the transducer level, 
which may be the phospholipid rrioiety of the membrane- 
enzyme complex. 

ls M. W. BITENSKY, R. E. GORMAN and L. Tl-IO~AS, Proc. Soc. exp. 
Biol. Med. 138, 773 (1.971). 

17 G. S. LE-r J. biol. Chem. 246, 7405 (1971). 
is W. P. WICKS, Ann. N.Y, Acad. Sci. 785, 152 (1971). 

The Choice of Oviposition Sites by the Lady Bird Beetle Adalia bipunctata (L.) 

NADIA Z. DIMETRu and M. H. MANSOUR 

Laboratory of Plant Protection, National Research Centre, Dokki, Cairo (Egypt), 22 May 7975. 

Summary. Adalia bipunctata females lay eggs on brussels sprout leaves in presence or absence of aphids, but  the latter 
furnish an additional stimulus. The glass walls of the jar attracted the adults tol lay eggs on it  to some extent. Presence 
of cemented eggs did not hinder the ovipositi0n of the adults on the brussels sprouts leaves~ 

I t  was previously known that  the odour of aphids was 
the most important  component of the stimulus pattern 
for the oviposition of many aphidophagous insects 1-3. 
Other authors4, s reported that  many coceinellid egg 
batches occurred on uninfested plant  stems. 

The aim of the present work is to assess the role of the 
host plant  as well as other substrates on the oviposition 
behaviour of A dalia bipunctata, in the presence or absence 
of aphid stimulus. 

Methods. Single pair of newly emerged A. bipunctata 
adults was confined in a glass jar, 1 kg capacity with 
muslin cloth roof. A brussels sprouts leaf cemented with 
100 aphids (Myzus persicae) was offered daily to the 
adults in the cage. Another cage containing one pair of 
adults offered 2 p lan t  leaves, one of them cemented with 
100 aphids and the other leaf was free from aphids. The 
petioles of all leaves offered were wrapped with moistened 
cotton to prevent their wilting. The cages Were illuminated 
from above with fluorescent lamps (2400 Lux) for 16 h 
day length. 

In  another experiment 80 A. bipunctata newly laid 
eggs were marked with red colour, cemented on a brussels 
sprouts leaf and offered daily to a pair of adults (40 eggs/ 
individual% In  another cage, i pair of adults were of- 
fered daily 2 plant  leaves, one of them cemented with 
80 eggs and the other leaf free from eggs. 

These experiments were repeated 10 times. The number  
of eggs laid on the plant  leaves as well as of those laid 
elsewhere in the jar were recorded throughout  the l ifeof 
each female. The relative suitability of the different sub- 
strates for oviposition was compared with that of the 
brussels leaves which were taken as the standard. This 

T--S 
was calculated as ~ x i00 where T and S being the 

number of eggs laid on the other substrates and the stand- 
ard substrate respectivelyL Values above or 'below zero 
reflected greater or lesser preference for the other ma- 
terials with regard to the  standard. 

-Results. 1. Oviposition Site selection in the iiresenee of 
aphids. The relative suitability of the different substrates 
for ovip0sition was compared 'with that  of the brussels 
sprouts p lan t  leaves. The 'data in Table I Showed that  the 
plant  leaves elicited a higher ~ovip0sitioiial~response; 
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