
15.6. 1973 Speeialia 729 

Use of Synthetic Sex Attractant of Larch Bud Moth Zeiraphera diniana (Gn.) in Monitoring Traps 
under Different Conditions, and Antagonistic Action of cis-Isomere 1 

Low concen t r a t ions  of syn the t i c  trans-11-tetradecenyl 
ace ta te  (TTA) are h igh ly  a t t r a c t i v e  to  males  of the  larch 
bud  m o t h  Zeiraphera diniana in field tes t s  2. All evidence 
avai lable  speaks  in f avour  of t he  hypo thes i s  t h a t  the  
subs tance  is ident ica l  w i th  the  na tu ra l  sex a t t r a c t a n t  
emi t t ed  by  the  females  of th is  species ~, 3. Both ,  syn the t i c  
TTA and  the  na tu ra l  pheromone ,  have  no aphrodis iac  
ac t iv i ty  in t he  males,  bu t  are specific a t t r a c t a n t s  w i th  
act ion on d is tance  only  a. Ne i the r  the  cis-isomere of t he  
subs tance  (CTA) nor  t he  alcohols of t he  two  isomeres  
p roved  to  be a t t r a c t i v e  to  Z. diniana in field tes t s  2. 
However ,  CTA and  its alcohol were a t t r ac t i ve  to  males  of 
Zygaena lransalpina ~ (Lepidopte ra :  Zygaenidae) .  

F ie ld  t r aps  w i th  fresh rubbe r  s toppers  t r e a t ed  wi th  
10 ~g or 1 ng of TTA proved  to  be mos t  a t t r ac t i ve  to  
males  of Z. diniana, whereas  a large a m o u n t  of 5 mg of 
TTA per  s toppe r  never  a t t r a c t e d  any  males  and  2 mg  per  
s toppe r  only  a f te r  40 days  had  elapsed. However ,  
100 ~g of T T A ,  which  ini t ia l ly  was less a t t r ac t i ve  t h a n  
vi rgin  females,  became  as a t t r ac t i ve  or be t t e r  wi th in  a 
m o n t h  of exposure  in a t r ap  ~. The resul ts  indica te  t h a t  in 
t he  course of a m o n t h  the  ra te  of evapora t ion  of TTA f rom 
rubbe r  s toppers  is r educed  to abou t  10% of the  ini t ial  
value.  

E x p e r i m e n t s  were m a d e  in order  to  f ind ou t  w h e t h e r  or 
no t  t he  add i t i on  of oil as an a d j u v a n t  would  reduce t h e  
ra te  of evapora t ion  of TTA f rom rubbe r  s toppers  and  thus  
pe rhaps  allow b o t h  a s tead ie r  and  pro longed release of the  
a t t r a c t a n t .  I n s t ead  of d i lu t ing  TTA wi th  ace tone  and  t h e n  
app ly ing  i t  to  rubbe r  s toppers ,  the  subs tance  was d i lu ted  

wi th  olive oil or paraf f in  oil. The  presence  of oil ev iden t ly  
reduced  the  ra te  of TTA evapora t ion .  Field tes t s  conduc ted  
in 1971 in a forest  w i th  a mode ra t e ly  h igh  popu la t ion  
dens i ty  of Z. diniana in the  uppe r  E n g a d i n  (1900 m above  
sea level) showed t h a t  the  o p t i m u m  concen t ra t ion  of TTA 
could be 10 t imes  e leva ted  wi thou t  loss of a t t r ac t iveness  
(Table I). 0 l ive  oil and  paraf f in  oil gave the  same resul ts  
a t  th i s  a l t i tude.  However ,  paral lel  t es t s  conduc ted  in a 
larch fores t  w i th  a ve ry  low popu la t ion  dens i ty  near  
Tr immis  (750 m above  sea level) showed t h a t  paraf f in  
oil is the  b e t t e r  a d j u v a n t  unde r  these  w a rmer  c l imat ic  
condi t ions .  W i t h i n  6 days,  3 t r aps  con ta in ing  vi rgin  
females  cought  35 males,  whereas  the  same n u m b e r  of 
t r aps  w i th  10 ~g of TTA in paraf f in  or olive oil c augh t  40 
and  17 males respect ively .  Prac t ica l ly  ident ical  resul ts  
for the  f i rs t  two  types  of t r aps  were  ob ta ined  in 1972 
(Table II ,  Ju ly  8-19). 

The resul ts  of t e s t s  wi th  d i f fe ren t  concen t ra t ions  of TTA 
in paraf f in  oil conduc ted  in 1972 in T r immis  (4 t r aps  per  
concent ra t ion)  are c o m p u t e d  in Table  II .  The resul ts  
show t h a t  a rubbe r  s topper  t r ea t ed  wi th  1 ~1 of paraf f in  
oil con ta in ing  100 ~g of TTA a t t r a c t s  more  males  t h a n  
virgin females  for a t  least  70 days.  At  the  end of the  
season when  one female t r a p  caught  23 males  per  29 days,  
8 t r aps  furn ished  wi th  f reshly  t r ea t ed  rubbe r  s toppers  
caugh t  192 or an average of 24 males / t rap .  F o r m  th is  i t  

Table III. Comparison of attractivity of traps containing virgin 
females only (control) or temales and a rubber stopper with different 
concentrations of CTA, indicating antagonistic effect of CTA 

Table I. Male captures in traps in the Engadine baited with either 
2 virgin females of Z. diniana (control) or rubber stoppers treated 
with 1 ~zl of acetone or olive oil containing different concentrations of 
TTA 

Dose of TTA/stopper (rag) Diluted with 
Acetone Olive oil 

Trap with 2 ~  and Period (1972) 
30.8.-6.9. next 22 days 

Control 42 154 
1 ~g CTA 66 -- 

10 p~g CTA 2 22 
100 ~g CTA 0 9 

1 46 23 
10 -1 46 216 
10 -~ 236 239 
10 -s 184 41 

Control (2~) 93 

3 traps per variant. 

Table IV. Antagosnism of CTA to TTA for 2 periods 

The females were replaced each fortnight. For the combination of Trap with 100 ~xg of 
Img of TTA and oil, 2~xl of a 50% solution of TrA in oil were applied. 

Period (1972) 
6-28 September next 29 days 

Table II. Male captures in Trimmis during different time intervals in 
traps baited with different concentrations of TTA in paraffin oil or 
virgin females of Z. diniana (see Table I) 

Dose of Period 
TTA/stopper (rag) 8-19 July next 31 days next 40 days 

10 -1 -- 125 432 
10 -2 40 53 -- 
10  -3  8 8 -- 
10 -4 2 -- -- 

Control (2~) 34 77 316 

4 traps per variant; dashes = not tested. 

TTA 51.3 (3) 23 (1) 
TTA + CTA 2.3 (3) 0.25 (4) 
empty trap 1 (4) 

Figures indicate males/trap; figures in brackets = number of traps. 
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m a y  be  deduced  t h a t  a t  low p o p u l a t i o n  dens i ty ,  u n d e r  
t he  c l imat ic  cond i t ions  of Tr immis ,  T T A  t r a p s  a t t r a c t  a 
m a x i m u m  n u m b e r  of ma les  of Z. diniana for a whole  
season. Vi rg in  females  on  t he  o the r  h a n d  a t t r a c t  a smal le r  
n u m b e r  of males  a n d  h a v e  to  be  rep laced  each  fo r tn igh t .  

Tes ts  w i t h  t h e  cis-isomere (CTA) c o n d u c t e d  a t  T r i m m i s  
in 1972 ind ica t e  t h a t  t h i s  s u b s t a n c e  is a s t rong  a n t a g o n i s t  
of t h e  n a t u r a l  p h e r o m o n e  a n d  s y n t h e t i c  TTA.  Male 
cap tu re s  of t r a p s  fu rn i shed  w i t h  2 v i rg in  females  (controls)  
or 2 v i rg in  females  and  a r u b b e r  s toppe r  t r e a t e d  w i t h  1 ~1 
of pa ra f f in  oil and  d i f fe ren t  concen t r a t i ons  of CTA are  
c o m p u t e d  in Tab le  I I I .  These  resu l t s  i nd i ca t e  t h a t  100 ~g 
of CTA i n  pa ra f f i n  oil comple t e ly  or a l m o s t  comple t e ly  
a n t a g o n i z e  t h e  ac t ion  of t he  n a t u r a l  p h e r o m o n e  of 2 
v i rg in  females  for  a b o u t  4 weeks. T he  9 males  t r a p p e d  
d u r i n g  t he  pe r iod  S e p t e m b e r  6-28 m a y  h a v e  been  c a u g h t  
acc identa l ly ,  as i nd i ca t ed  b y  t he  resu l t s  of Tab le  I V  
(last  co lumn) .  A n t a g o n i s m  of CTA a n d  T T A  is s h o w n  b y  
t he  resu l t s  of Tab le  IV.  T he  f ind ings  f u r t h e r  s t r e n g t h e n  
t h e  h y p o t h e s i s  t h a t  T T A  is t he  n a t u r a l  p h e r o m o n e  of 
Z. diniana. 

The  resu l t s  p r e s e n t e d  ill t h i s  p a p e r  show t h a t  1 txl of 
a 10% so lu t ion  of T T A  in pa ra f f i n  oil appl ied  to a r u b b e r  
s toppe r  p r e sen t s  a power fu l  lure  for males  of Z. diniana. 
Because  of i t s  long l a s t i ng  super ior  effect  i t  c an  more  t h a n  
on ly  replace  v i rg in  females  in m o n i t o r i n g  t raps .  CTA a t  a 
r e l a t ive ly  low c o n c e n t r a t i o n  ha s  p r o v e d  to  be  such  a 

power fu l  a n t a g o n i s t  of t he  female  p h e r o m o n e  of Z. 
diniana t h a t  i t  m a y  be  cal led a t r u e  s y n t h e t i c  a n t i p h e r o -  
mone.  I t  is hoped  t h a t  t h e  s u b s t a n c e  can  be  used to  
p r e v e n t  p h e r o m o n e  guided  mee t ings  of the  sexes of t he  
l a rch  b u d  m o t h  w h e n  t he  p o p u l a t i o n  dens i t y  of t he  species 
is low enough  to  p r e v e n t  chance  m e e t i n g  3. I t  m a y  t h u s  
become  a too l  for t he  con t ro l  of Z. diniana. Theore t i ca l ly  
m u c h  smal le r  q u a n t i t i e s  of CTA should  be  needed  to r e a c h  
th i s  effect  t h a n  if T T A  was used for ma le  confusion.  

Zusammenfassung.  G u m m i z a p f e n  m i t  1 tzl ! 0 t i g e r  
L 6 s u n g  yon  t r a n s - l l - T e t r a d e c e n y l a c e t a t  in  Paraff in61 
s ind w ~ h r e n d  70-100 T a g e n  a t t r a k t i v e r  fiir Mi innchen  
des LSzchenwicklers  als Fa l l en  m i t  je 2 v i rg inen  W e i b c h e n  
der  Art ,  die z u d e m  alle 2 W o c h e n  e r se tz t  we rden  miissen.  
Das  c i s - Isomer  de r  V e r b i n d u n g  is t  ein spezi f ischer  Lock-  
s toff  fiir M~Lnnchen des W i d d e r c h e n s  Zygaena transalpina 
u n d  ein s t a rke r  A n t a g o n i s t  sowohl  des na t i i r l i ehen  Weib -  
c h e n p h e r o m o n s  des L/ i rchenwicklers  wie des syn the -  
t i s chen  Lockstoffs .  

G. BE~z and  G. y o n  SALIS 

Department o/ Entomology, 
Swiss Federal Institute o/ Technology Zi~rich, 
Universitiitsstrasse 2, CH-8006 Zi~rich (Switzerland), 
2 March 7973. 

B i o d e g r a d a t i o n  of  M i c r o b i a l  L i p o p o l y s a c c h a r i d e s  

I n  a foregoing paper ,  VoEYs and  BEYAERT 1 descr ibed  
t he  i so la t ion  of a Bacillus species growing  on  a m i n e r a l  
m e d i u m  w i t h  0 .2% l ipopo lysacchar ides  (LPS) e x t r a c t e d  
f rom a Salmonella minnesota R-250 s t ra in .  

I n  f u r t h e r  inves t iga t ions ,  t h e  L P S  f rac t ions  of t he  
fol lowing bac t e r i a l  s t r a ins  were used:  Salmonella typhi- 
mur ium t y p e  W, Salmonella minnesota R-2051 a n d  
Escherichia coli. The  i m p u r e  L P S  of S. typhimurium were 
o b t a i n e d  f rom Difco and  pur i f ied  b y  t h e  h o t  p h e n o l  
m e t h o d  of WESTPHAL et al. ~. Fo r  t he  i so la t ion  of t h e  L P S  
f rom S. minnesota R-2051, t he  s t r a i n  was g rown in b a t c h  
cu l tu res  on  t h e  fol lowing m e d i u m :  bee f - ex t r ac t  10 g; 
p e p t o n e  10 g; NaC1 5 g; d is t i l led  w a t e r  1 1 (pH = 7.3). 
Af ter  24 h of g r o w t h  a t  37~ t he  cells were cen t r i fuged  
and  ace tone-dr ied .  The  L P S  were e x t r a c t e d  accord ing  to  
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. . . .  Liberation of free fatty acids (FFA) during the growth of Bacillus 
macerans on LPS from Salmonella minnesota R-2051. 
- -  = Liberation of free fatty acids (FFA) during the growth of Micro- 
coccus sp. on purified LPS from Salmonella typhimurium type W. 

t he  m e t h o d  of GALANOS et al.K Ace tone-d r i ed  cells of E. 
coli were o b t a i n e d  f rom several  b a t c h  cu l tu res  in  n u t r i e n t  
b r o t h  a n d  e x t r a c t e d  accord ing  to  the  m e t h o d  of WEST- 
eHAL et  al. ~ as modi f ied  b y  O'NEILL and  TODD 4. 

Microbia l  s t r a ins  growing on  bac te r i a l  L P S  were 
i so la ted  on  t he  fol lowing m i n e r a l  m e d i u m ,  to wh ich  
0.2% L P S  were added  as sole source of c a rbon :  (NH~)2SO 4 
1 g; K2HPO 4 1 g; NaH~PO4- 2 H~O 1.25 g; MgSO~.7  H 2 0  
0.5 g; CaC12 0.01 g; FeSO 4. 7 H~O 0.01 g; d is t i l led  w a t e r  
1 l (pH = 7.0). On t he  pur i f ied  L P S  of Salmonella typhi- 
mur ium t y p e  W, a few bac te r i a l  s t r a ins  were i so la ted  f rom 
a soil sample .  Trans fe r  of these  s t r a ins  to  a l iqu id  m e d i u m  
w i t h  t h e  same compos i t ion  resu l ted  in w e a k  growth.  
However ,  w h e n  glucose was suppl ied  as sole source of 
c a r b o n  to t he  cu l tu re  med ium,  a b u n d a n t  g r o w t h  was 
ob ta ined .  Accord ing  to  Be rgey ' s  M a n u a l  of D e t e r m i n a t i v e  
Bac te r io logy  5, a Bacillus macerans s t r a i n  could be  isola ted 
in th i s  way.  

As a resu l t  of t h i s  p h e n o m e n o n ,  f u r t he r  e x p e r i m e n t s  
were car r ied  ou t  w i t h  th i s  species. The  s t r a in  was inocul-  
a t ed  in to  t he  m i n e r a l  m e d i u m ,  c o n t a i n i n g  L P S  as sole 
source of c a r b o n  a n d  in func t i on  of t h e  i n c u b a t i o n  t i m e  - 
a t  37 ~ - t he  g r o w t h  of t he  mic roo rgan i sm a n d  t he  degra-  
d a t i o n  p a t t e r n  of t he  L P S  were followed. 

I n t a c t  L P S  and  i ts  chemica l ly  degraded  po lysacchar ide  
f r ac t ion  (p repared  b y  mi ld  acid hydrolys is )  could be  
s epa ra t ed  easi ly on  a S e p h a d e x  G 100 column.  Smal l  con- 
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