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Results and discussion, The ACh con ten t  of CTNM, 
VNC and blood and its d iurnal  var ia t ions  in t he  3 t issues 
are shown in the  Figure.  I t  is ev iden t  t h a t  ACh con ten t  is 
less in the  blood while it  is more  in the  cent ra l  nervous  
t issues;  there  even the  CTNM had  a higher  con ten t  t h a n  
the  VNC. ACh con ten t  of the  blood was less in t he  early 
morn ing  hours  and  gradual ly  rose dur ing d a y t i m e  and  
reached  a m a x i m u m  at  16.00 h. Thereaf te r  the  con ten t  
decreased again and came to m i n i m u m  at  08.00 h the  n e x t  
day. A similar  increase in ACh con t en t  was also shown by  
CTNM bu t  the  m a x i m u m  was found at  an earlier t ime  
i.e. a t  12.00 h. The con ten t  decreased a t  16.00 and 20.00 h 
and  reached  a m i n i m u m  by  midnigh t .  The ACh con ten t  
of t he  VNC, however ,  showed no such diurnal  var ia t ions ,  
t hough  i t  was seen to  f luc tua te  a t  var ious  t imes  of tile day.  

The ACh con ten t  of a r t h ropod  nervous  t issues is 
general ly high and the  ACh con t en t  of the  nervous  t issue 
of the  insects  is 5-50 t imes  more  t h a n  t h a t  in t he  ver te-  
b ra te  nervous  t issue a. The ACh con ten t  in the  scorpion 
nervous  sys t em is also high. Bu t  compared  to  the  ACh con- 
t en t  in the  nervous  t issues of c rus taceans  1 and  insects  ~ it is 
ev iden t  t h a t  ACh con ten t  in scorpion is less t h a n  t h a t  in 
insects  and more  t h a n  t h a t  in crustaceans.  The con ten t  in 
scorpion is h igher  t han  t h a t  in Limulus where  only 15.2 
fxg/g wet  weight  are repor ted  in the  ven t ra l  nerve  cord e. 
I t  is oi  in te res t  to note  t h a t  blood ma in ta ins  a lower level 
of ACh t h a n  the  nervous  tissue, and such a s i tua t ion  was 
repor ted  in c rus taceans  earlier 1. 

Var ia t ions  in ACh con t en t  of the  nervous  t issues of 
a r th ropods  are shown earlier in re la t ion to  develop- 
m e n t t ,  ~5, t e m p e r a t u r e  accl imat ion ~6 CO 2 and  DDT 
treatment16,17 and  seasons ~s. The p resen t  s t u d y  shows 
t h a t  it  undergoes  d iurnal  var ia t ions  also. I t  is of in teres t  
to  note  tha t ,  while such var ia t ions  are shown in CTNM 
and blood, no such changes  are seen in VNC and  there  is a 
t ime lag of 4 h ill the  occurrence of max ima l  quant i t i es  
be tween  CTMN and blood. Pe rhaps  ACh is syn thes ized  in 
CTNM and  released into the  blood at  a la ter  t ime,  and  the  
ACh syn the t i c  processes in VNC m a y  no t  va ry  diurnal ly.  

Diurnal  var ia t ions  in electrical ac t iv i ty  in the  cent ra l  
nervous  sys t em of scorpion are shown earlier~2, ~9, In te r -  
estingly,  the  per iod  of max ima l  electrical ac t iv i ty  in the  
cord is the  same as the  per iod of max ima l  ACh con ten t  
in the  blood. This suggests  the  possibi l i ty  t h a t  h igher  

amoun t s  of ACh in the  blood migh t  be responsible  for 
greater  electrical  ac t iv i ty  in the  VNC. Such a correla t ion 
be tween  the  a m o u n t  of ACh released and  the  level of ner -  
vous ac t iv i ty  was also shown earlier in the  cockroach 2~ 31. 

F r o m  the  p resen t  inves t iga t ions  i t  m a y  be suggested 
t h a t  t he  neu rohormone  p roduced  dur ing  dayt ime,  resul- 
t ing  in the  e n h a n c e m e n t  of electrical  ac t iv i ty ,  migh t  be 
ACh ~2. 

Zusammen/assung. Beim si idindischen Skorpion Hetero- 
metrus/ulvipes zeigt der  Gehal t  an Acety lchot in  folgende 
Ver te i lung : N e rv en k o mp l ex  des Cepha lo thorax  > ven t ra -  
ler Ne rvens t r ang  > Blu t ;  er unter l ieg t  tageszei t l ichen 
Schwankungen  im N e r v e n k o m p l e x  des Cepha lo thorax  
und  im Blur. Aus der zei t l ichen Versch iebung  der  Maxima  
wird abgelei tet ,  dass  der  N e rv en k o mp l ex  des Cephalo- 
t h o rax  Acety lchol in  p roduz ie r t  und  dieses an das Blur 
abgibt .  
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H y d r o l y s i s  o f  S e x  P h e r o m o n e  b y  t h e  A n t e n n a e  o f  

Degrada t ion  of bombykol ,  (E)-10, (Z)-12-hexadecadien- 
1-ol, ill and /or  on the  an t enna  of Bombyx mori (L.) has  
been  d e m o n s t r a t e d  ~-5. However ,  d ihyd robombyko l  and  
t e t r a h y d r o b o m b y k o l  were similarly degraded  by  Bombyx 
antennae ,  indicat ion of a relat ive lack of enzymat ic  
specificity.  A similar lack of specifici ty was indica ted  by  
the  enzymat i c  degrada t ion  of bo th  the  phe romone  of 
Porthetria dispar (L.) ~ (disparlure);  (Z)-7,8-epoxy-2- 
me thy loc tadecane) ,  and its precursor,  ((Z)-2-methyl-6- 
octadecene),  by  male  an tennae .  E n z y m a t i c  degrada t ion  
of the  phe romone  of the  cabbage looper (Trichoplusia ni 
Htibner) ,  (Z)-7-dodecen-l-ol  acetate)  by  isolated prote ins  
p re sumab ly  released f rom olfactory  sensilla has  also been  
demons t ra t ed% s, however ,  the  phe romone  seemed to be 
degraded  more  slowly t h a n  o ther  isomers and analogs of 
the  phe romone  9. In  th is  repor t ,  evidence is p resen ted  t h a t  
demons t r a t e s  in vivo a specif ici ty for phe romone  by  
degrada t ion  of enzymes  on the  an t enna  and legs of male  
T. Hi. 

T r i c h o p l u s i a  ni  1 

For  mos t  of these  tes ts  an t ennae  of live in tac t  m o t h s  
were briefly d ipped  in a 1 mg /ml  (4.42 • 10 -3 M) sonicated 
suspens ion  of p h e r o m o n e  in water .  No more  t h a n  10 insects  
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Table I. Comparison of in vivo degradation of pheromone with 6 isomers and analogs on the antenna and legs of male T. ni during 4-see 
incubations 

Uptake and degradation by antenna. Uptake and degradation by legs 

Chemical Unchanged chemical Alcohol/antenna Ratio Unchanged chemical Alcohol/leg Ratio 
recovered/antenna recovered/leg 
(~g) (ng) (~xg) (ng) 

(Z)o5-dodecen-l-ol acetate 18.4 69.4 0.6 163.1 610.1 0.7 
(Z)-7-dodecen-l-ol acetate 25.6 118.1 1.0 40.3 865.8 1.0 
(Z)-8-dodecen-l-ol acetate 30.1 36.4 0.3 68.1 183.5 0.2 
(Z)-9-dodecell-l-ol acetate 27.3 <12.5 0.1 116.6 168.1 0.2 
(E)-7-dodecen-l-ol acetate 16.6 37.8 0.3 48.1 138.4 0.2 
Dodecan-l-ol acetate 17.9 60.8 0.5 18.4 107.9 0.1 
(Z)-7-dodecen-l-ol butyrate 24.1 29.0 0.2 54.5 161.4 0.2 

�9 A total of 30 antennae and legs were used for each test. 

were used wi th  any  one suspension because con t amina t i on  
of the  homogenized  p h e r o m o n e - w a t e r  in ter face  wi th  scales 
in ter fered  wi th  phe romona l  coat ing  of t he  an t enna l  
surface. The r emain ing  phe romone  and  its metabol i te ,  
(Z)-7-dodecen-l-ol ,  were r emoved  f rom the  an t en n ae  by  
soaking in d ie thy l  e the r  (2-3 rain except  as noted) .  The 
vo lume of the  rinse solvents  was reduced  under  n i t rogen  
and  quan t i t a t i ve ly  analyzed by  gas-l iquid ch roma to -  
g raphy  (5% Carbowax  20 M on chromosorb  W 1.8 • 2 ram, 
140 ~ 20 ml  N J m i n ,  H~ f lame detector) .  S t anda rds  carried 
t h rough  th is  p rocedure  revealed an 80% recovery  of 
phe romone  and alcohol;  therefore ,  all da t a  in th is  repor t  
have  been  correc ted  to  100% recovery.  All chemicals  
were of 94 + % pu r i t y  or be t te r .  

The male  a n t e n n a  of T. n i  degraded  phe romone  to the  
cor responding  alcohol a t  2 • the  ra te  of the  female an t en n a  
(Figure). These enzymat i c  ra tes  should be considered 
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M I N  P O S T  ~ T R E A T M E N T  

Uptake and loss of pheromone by male and female antenna (X's, 
bold line right-hand ordinate) and resultant (Z)-7-dodecen-l-ol on 
male antennae (filled circles, constant line, left-hand ordinate) and 
female antennae (broken line, left-hand ordinate) after various incu- 
bation intervals. 

m a x i m u m  because the  a m o u n t  of phe romone  coated  on 
the  an t en n ae  dur ing  incuba t ion  is far above  the  physio-  
logical range.  These da t a  d e m o n s t r a t e  a difference be tween  

' sexes no t  observed wi th  B.  mor i  2, ~. E v e n  more  in te res t ing  
is t he  ex t r emely  rapid  degrada t ion  of phe romone  dur ing 
the  first  4 sec (the prac t ica l  zero t ime  in th is  procedure)  
of incubat ion .  The da t a  (Figure) show t h a t  138.2 ng of 
a lcohol /male a n t e n n a  and  35.9 ng of alcohol/female 
a n t e n n a  were formed by  zero t ime.  

Attempts to demonstrate enzymatic specificity with 
various isomers and analogs of the pheromone over time 
intervals of 5-20 rain were inconclusive because the data 
(Figure) indicated first order enzyme kinetics. It seemed 
that specificity might be demonstrable if observations 
were confined to the first 4 sec of the reaction when 
zero-order kinetics would predominate. The results of 
these studies (Table I) demonstrated that with maximum 
velocity conditions the enzyme of both the antenna and 
legs was specific for the natural pheromone. The legs 
produced 2-10 • more alcohol than the antennae for all 
chemicals employed though more substrate was available, 
probably as a reflection of the greater surface area 
(Table I). It can be concluded from these data that there 
is associated with the antenna and legs of T. ni an 
enzyme(s) that rapidly and specifically catalyzes the 
degradation of the sex pheromone to the free alcohol. 

The next problem was to determine more precisely the 
location of this reaction. A serial extraction with 3 lipid 
solvents of increasing polarity was used to successively 
remove unbound, lipid bound, and other more strongly 
(protein ?) bound pheromone and alcohol 3. In these tests 
the pheromone was compared with its geometric isomer, 
(E)-7-dodecen-l-ol acetate, because of their chemical 
similarity, because of their degradative dissimilarity 
(Table I), and because the (E)-isomer is behaviorally 
inactive 11,c.f. 12, ~3. Almost 96 ~o of the two acetate isomers 
but only 56-62% of the two alcohol isomers were removed 
by the short pentane extraction (Table II). Only about 
half (20~o) the alcohol remaining in or on the antenna 
was extracted by diethyl ether, which confirms previous 
observations 2-5. The number of pheromone molecules 
(3.5 • ~4) was remarkably similar to the number of 
alcohol molecules (2.6 • i0 z4) remaining in or on the an- 
tenna after the ether extraction. These data confirm 
previous d a t a  ~ t h a t  show a small  b u t  s ignif icant  a m o u n t  
of phe romone  and metabo l i t e  remain ing  ill or on the  
a n t e n n a  even af ter  re la t ively  vigorous ext rac t ion .  
However ,  there  was only  a small  difference in the  a m o u n t s  
of behaviora l ly  act ive  or inact ive  isomers. 
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Table II. Results of successive solvent extractions of male antennae incubated 10 min with (Z)- and (E)-7-dodeeen-l-ol acetate 

Chemical No. Recovery 1st extraction pentane 2nd extraction diethyl ether 3rd extraction 
antennae (15 sec) ether (30 see) chloroform-methanol 

Acetate recovered/ Alcohol/ Acetate recovered/ Alcohol/ Acetate recovered/ Alcohol/ 
antenna antenna antenna antenna antenna antenna 
(lxg) (rig) ([xg) (ng) (~zg) (rig) 

(Z)-7-dodecen- 80 Amount 6.26 241.41 0.18 70.80 0.13 79.53 
1-ol acetate % 95.6 61.6 2.5 18.1 1.9 20.3 
(E)-7-dodeeen- 60 Amount 7.15 135.36 0.19 53.78 0.13 51.30 
1-oi acetate % 95.7 56.3 2.5 22.4 1.7 21.3 

Each extraction was divided as nearly as possible into 2 intervals to obtain a rinse of the antennae and the container. 

The  s imples t  i n t e r p r e t a t i o n  of these  d a t a  is t h a t  t he  
deg rada t i ve  e n z y m e  of males  func t ions  to  r emove  excess 
p h e r o m o n e  f rom the  b o d y  surface  of males  resu l t ing  f rom 
e i the r  chance  c o n t a c t  w i t h  females  or long exposures  
du r ing  o r i e n t a t i o n  to a 'ca l l ing '  female.  The  female  
a n t e n n a  (and p r o b a b l y  t he  res t  of t he  body)  also degrades  
t h e  p h e r o m o n e  to t he  alcohol,  w h i c h  would  reduce  or" 
i nh ib i t  ma le  o r i e n t a t i o n  to  t h e  p h e r o m o n e  ~4, ~5 and  in th i s  
c o n t e x t  m a y  convey  spur ious  in fo rma t ion .  

If,  Oil the  o the r  h a n d ,  we specula te  t h a t  the  e n z y m a t i c  
conve r s ion  is a n  e v e n t  closely r e l a t ed  to  t he  t r a n s d u c t o r y  
process,  t h e n  some o t h e r  cons ide ra t ions  m u s t  be  men-  
t ioned .  The  ma le  perceives  t he  alcohol  t h r o u g h  a p r i m a r y  
recep to r  cell in  t h e  same sens i l lum w i t h  t he  p r i m a r y  
p h e r o m o n e  recep to r  celN~ sens i t i v i ty  to  t he  alcohol  is 
a lmos t  as g rea t  as t h a t  to  the  pheromoneS~ The  female  
also perceives  t he  phe romone ,  t h o u g h  m u c h  less sens i t ive ly  
t h a n  the  male  ~0, ~, Could th i s  di f ference be t w een  male  and  
female  s ens i t i v i t y  to  p h e r o m o n e  be  re la ted  to  t he  slower 
r a t e  of p h e r o m o n e  d e g r a d a t i o n  b y  t he  female  (Figure) ? 

Calcula t ions  based  on pub l i shed  ~7 and  u n p u b l i s h e d  
d a t a  ~0 ind ica te  the re  is a t o t a l  of a b o u t  6500 p h e r o m o n e -  
r ecep t ive  sensi l la  on  t he  T. ni  a n t e n n a .  If  t he re  are 
a p p r o x i m a t e l y  3000 o l fac to ry  pores /sensi l la  ~s ; t h e n  
ca lcu la t ion  shows the re  are a p p r o x i m a t e l y  2 • 107 pores /  
a n t e n n a .  Because  t he  resul t s  (Table  I) show t h a t  29.5 ng  
(9.6 • 101~ molecules) of a lcoho la re  formed/sec  per  a n t e n n a ,  
t h e n  1.5 • 10 ~~ molecules  of a lcohol  were p roduced  pe r  
sensil ta t r i chodeum.  Because  20% of t he  alcohol  m a y  
h a v e  been  b o u n d  to p r o t e i n  (Table  I I ,  CHCI~:MEOI-I 
ex t rac t ion)  and  if t h i s  p r o t e i n  were t he  enzyme,  t h e n  
9.8 • molecules  of p h e r o m o n e  deg r ada t i ve  enzyme  
would  be p re sen t  in  or a t  each  pore.  

KAISSLING ~9 e s t i m a t e d  t he  t o t a l  n u m b e r  of ' a ccep to r s ' /  
p r i m a r y  o l fac tory  r ecep to r  cell (A~oT) of Bombyx to  be  
32,300 a l t h o u g h  l a t e r  he  e s t ima tes  a larger  n u m b e r  to  be  
p r e sen t  ~s. I f  t he  e n z y m e  d e m o n s t r a t e d  here  is c o m p a r a b l e  
to  such  theore t i ca l  acceptors ,  t h e n  AToT can  be  e s t ima ted  
b y  mu l t i p ly ing  t he  9.8 • 105 molecules  of enzyme /po re  b y  
3000 pores /sensi l la  t r i c h o d e u m  (1 p r i m a r y  recep to r  
cell /sensil la t r i chodeum)  to  a r r ive  a t  t he  va lue  of 2.9 • 109 
acceptors /ce l l  in  T. hi. I~AISSLING 19 also e s t i m a t e d  a 
t u r n o v e r  n u m b e r  of 180/min  for  t he  queen  s u b s t a n c e  
recep tor  a n d  100/min  for t he  b o m b y k o l  receptor .  If, for 
compar i son ,  t h e  1.5 • 101~ molecules  of a lcohol  p roduced /  
sensil la t r i c h o d e n m / s e c  is d iv ided  b y  2.9 • 109 acceptors  
(enzyme)/cell ,  t h e  resu l t  is 5.2/sec or 310/min.  This  va lue  is 
r e m a r k a b l y  s imi lar  to  t h e  va lues  KAISSLING es t ima ted  
for t h e  queen  s u b s t a n c e  a n d  b o m b y k o l  receptors .  

Whi l e  none  of t he  isomers  or ana logs  are behav io r a l l y  
ac t ive ,  t h e y  also are  degraded ,  wh ich  would  be  essent ia l  if 
t h i s  e n z y m e  serves a role o the r  t h a n  in t h e  t r a n s d u c t o r y  

mechan i sm.  A l t h o u g h  these  e x p e r i m e n t s  are in fo rma t ive ,  
i t  should  be  k e p t  in m i n d  t h a t  t h e  levels of p h e r o m o n e  
s u b s t r a t e  used are far  above  t h e  physio logica l  r ange  of 
behav io ra l  effect iveness.  

The  d a t a  t e n d  to  conf i rm the  specu la t ion  byI~AISSLING 2O 

t h a t  t he re  is an  ear ly  a n d  a la te  i n a c t i v a t i o n  process  
associa ted  w i t h  p h e r o m o n e  percep t ion .  The  specif ic i ty  of 
the  e n z y m a t i c  a c t i v i t y  is obse rvab le  on ly  w i t h  shor t -  
d u r a t i o n  i n c u b a t i o n s  and  becomes  more  complex  w i t h  
increas ing  i n c u b a t i o n  in te rva ls .  E n z y m e  k ine t ics  would  
aid in th i s  i n t e r p r e t a t i o n ;  however ,  s u b s t r a t e  concen t ra -  
t ions  a n d  p r o d u c t  are no t  m e a s u r a b l e  a t  phys io logica l  
concen t ra t ions .  The  poss ib i l i ty  exis ts  t h a t  t he  k ine t ics  
can  be  e x a m i n e d  in v i t ro  9. 

Rdsumd. Les a n t e n n e s  du male  Trichoplusia ni (Hiibner)  
d6g raden t  la p h e r o m o n e  femelle sexuelle,  (Z)-7-dod6cen- 
1-ol ac6 ta te  en d o n n a n t  l 'a lcool  c o r r e s p o n d a n t  deux  lois 
p lus  r i t e  que les a n t e n n e s  de la femelle. L a  p h e r o m o n e  
el le-m~me est  hydrolys6e  p lu s  r a p i d e m e n t  que  6 isom~res 
et  p roches  analogues .  Les j a m b e s  d e s  males  d 6 g r a d e n t  
aussi la phe romone .  
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