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m y c i n '  s y r u p  (Pfizer I t a l i ana ,  S. p. A., I ta ly)  was  used for 
ora l  a d m i n i s t r a t i o n  in doses c o n t a i n i n g  75 m g  o x y t e t r a -  
cycl ine a c t i v i t y  pe r  kg r a b b i t  weight .  
Results and discussion. T he  f igure s u m m a r i z e s  t h e  va r ious  
feeding expe r imen t s .  Flies of series 1, f irst  fed on  a n  i.p.- 
in jec ted  r abb i t ,  were af fec ted  w i t h i n  a few hours .  Of t he  
103 flies (4 repl icates) ,  11 were m o r i b u n d  3-5 h a f t e r  en- 
gorgement ,  and  70 flies were dead  w i t h i n  48 h. A less 
d ras t i c  effect  was obse rved  in series 2 (55 flies), t r e a t e d  
on  the  f i f th  d a y  of t he i r  l ives;  on ly  2 died on  t he  d a y  of 
t r e a t m e n t .  I n  older  flies, t he  r eac t ion  of t he  d rug  was 
m u c h  more  de layed  and  modera te .  I n  series 3 (85 flies in 
3 repl icates) ,  t he  rise in t he  r a t e  of m o r t a l i t y  t h a t  fol- 
lowed t r e a t m e n t  on the  15 th  day  was slow, r each ing  t he  
t o t a l  of 49 dead  flies 17 days  later .  The  m o r t a l i t y  in all 
t h r ee  series was  m u c h  h igher  t h a n  t h a t  of cont ro l s  (95, 
3 repl icates ,  p < 0.005 ca lcu la ted  for d a y  5 of series 1, 
d a y  7 series 2 a n d  d a y  17 a f te r  t r e a t m e r t t  for series 3). 
Because  of lower a b s o r p t i o n  a n d  pa r t i a l  exc re t ion  of t he  
d rug  fol lowing oral  adm i n i s t r a t i on ,  flies of series 4, 
fed one d a y  a f te r  eclosion, r eac ted  less inc is ive ly  t h a n  
series 1 (96 in 4 rep l ica tes ;  46 dead  b y  d a y  10, p < 0.005). 
Pupae ,  p rogeny  of t he  fed flies, were col lected a n d  were 
found  to be of low v i t a l i ty .  On ly  17% of 71 l ived for more  
t h a n  a single week. (No n o r m a l  con t ro l  p u p a e  were col- 
lec ted  for compar ison . )  Flies m o r i b u n d  fol lowing t r ea t -  

m e n t  a n d  u n t r e a t e d  flies were e x a m i n e d  his tological ly .  
Most  of t h e  m y c e t o m e  cells in  t r e a t e d  flies were full  of 
dead ,  e longa te  and  d a r k  b rown,  bac ter io ids ,  in s h a r p  con-  
t r a s t  to  t he  blue s t a in ing  (in Maye r ' s  h a e m a l u m )  of all t h e  
bac te r io ids  in con t ro l  flies. The  af fec ted  m y c e t o m e s  were 
m a r k e d l y  v a c u o l a t e d  a n d  in d i f fe ren t  s tages  of d is in te-  
g ra t ion .  The  borde r s  of t he  g u t  were d i s rup t ed  b o t h  
t o w a r d s  t he  l umen  and  t he  haemocel .  B r o w n  bac te r io ids  
were also d ispersed in t he  haemocel .  These  h is to logica l  
o b s e r v a t i o n s  ind ica te  t h a t  d e a t h  of t he  flies was a p p a r e n t -  
ly  effected b y  d e s t r u c t i o n  of t he  m y c e t o m e  sys tem,  al- 
t h o u g h  a d i rec t  toxic  effect  of t he  t e t r a cyc l i ne  c a n n o t  be 
excluded.  
I t  h a s  been  sugges ted  t h a t  su l faqu inoxa l ine ,  wh ich  im- 
pa i r s  t he  f e c u n d i t y  of t se t se  flies, could  be  cons idered  for 
con t ro l  of t se t se  flies in  the  wild s, 9. The  resul t s  of l abora -  
t o r y  e x p e r i m e n t s  p r e s e n t e d  here  show t h a t  the  t e t r a -  
cycl ines shou ld  also be  v iewed  as p o t e n t i a l  tools  for th i s  
control .  The  d rug  could be  a d d e d  to t he  fodder  or  d r ink -  
ing w a t e r  of domes t ic  an imals .  I t  is nonpo i sonous  and  
should,  in  t he  r i g h t  dosage, kill  t se t se  flies se lec t ively  a n d  
quickly .  

8 A.M. Jordan and M. A. Trewern, Nature, Lond. 245, 462 (1973). 
9 A.M. Jordan and M. A. Trewern, Ent. exp. appl. 19, 115 (1976). 
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Summary. L-amino - e t hy l - cys t e i ne  c lear ly  i nh ib i t s  rep l ica t ion  of Mengovi rus ;  a n o t h e r  R N A - v i r u s  (vesicular  s t o m a t i t i s  
virus)  is comple t e ly  insens i t ive .  P r o t e i n  syn thes i s  is no t  impai red ,  b u t  no ac t ive  v i ra l  R N A - p o l y m e r a s e  is de tec ted .  

I n  p rev ious  s tudies ,  we h a v e  looked for t he  ac t ion  of a 
4-sulfur  ana logue  of L- lysine (AEC) on  the  m e t a b o l i s m  of 
m a m m a l i a n  cell cu l tu res  ~. I n  th i s  p a p e r  we r e p o r t  t he  
effects of AEC on the  rep l i ca t ion  cycle of Mengovirus .  
Materials and methods. L929 cells were grown a t  37 ~ in 
Eag le ' s  m i n i m a l  essent ia l  m e d i u m  (MEM) c o n t a i n i n g  8% 
of calf s e r u m  (CS). Mengov i rus  a n d  Vesicular  S t o m a t i t i s  
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Fig. 1. Replication of Mengovirus (�9 and VSV (o) ill presence 
of AEC. 

Virus  (VSV) were r ep l i ca ted  on  L929 cells. T i te rs  of 
s tocks  v i ruses :  Mengovirus ,  3.8 • 109 P F U / m l ;  VSV,  
2.7 X 109 P F U / m l .  ~3H]-Uridine (specific a c t i v i t y  27 
Ci /mmole)  and  E14C]-protein h y d r o l y s a t e  (specific ac t iv -  
i ty  50 m C i / m a t o m )  were o b t a i n e d  f rom the  R a d i o c h e m i c a l  
Centre ,  A m e r s h a m .  A c t i n o m y c i n  D was p u r c h a s e d  f rom 
Sigma.  S-( /3-aminoethyl ) -L-cys te ine  HC1 was syn thes ized  
t h r o u g h  t h e  c o n d e n s a t i o n  of L-cys te ine  and  tS-bromo- 
e t h y l a m i n e  b y  t he  m e t h o d  of Caval l in i  e t  a l )  
Results. 1. Dose-response  curve.  B a r e l y  conf luen t  mo-  
no laye r  of L cells in 60 m m  plas t ic  dishes were t r e a t e d  
w i t h  d i f fe ren t  c o n c e n t r a t i o n s  of AEC 24 h before  infect ion.  
Af te r  r e m o v a l  of t he  media ,  cu l tu res  were infec ted  w i t h  
Mengov i rus  (30 PFU/ce l l ) .  Af te r  i n c u b a t i o n  for 1 h a t  
37 ~ t h e  m o n o l a y e r s  were  carefu l ly  washed  3 t i m e s  
w i t h  PBS .  5 ml  of f resh  m e d i u m  c o n t a i n i n g  the  ap-  
p r o p r i a t e  a m o u n t  of AEC were a d d e d  to each  p las t ic  
dishes  a n d  i n c u b a t i o n  a t  37 ~ was c o n t i n u e d  for 24 h. 
The  cu l tu res  were f rozen and  t h a w e d  4 t imes  to release 
t he  in t r ace l lu l a r  virus ,  a n d  a f t e r  low-speed c e n t r i f u g a t i o n  
t h e  v i rus  in  t he  clarif ied s u p e r n a t a n t s  was  t i t r a t e d  b y  a 
p l a q u e  assay.  
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F igure  1 shows t h a t  a t  18 v.g/ml (a c o n c e n t r a t i o n  which  
h a s  no  effect  on  t h e  hos t  cell) 2, t he re  is a 75% reduc t i on  
in t he  v i rus  yield.  Moreover ,  a l inear  r e l a t ionsh ip  b e t w e e n  
t he  c o n c e n t r a t i o n  of A E C a n d  t he  r educ t i on  of t he  v i rus  
p r o d u c t i o n  is found.  To rule  ou t  t he  poss ib i l i ty  t h a t  th i s  
r e d u c t i o n  was caused  b y  a toxic  effect  on  t he  h o s t  cell, 
t h e  same e x p e r i m e n t  was  r epea t ed  us ing  V S V  (20 P F U ]  
cell). The  v i rus  was t i t r a t e d  fol lowing t he  p rocedures  
g i v e n  above  a n d  t he  resu l t s  are shown in t he  same  f igure 1. 
I t  is c lear  t h a t  AEC has  no  effect  on  V S V  rep l i ca t ion  a n d  
t h a t  c o n c e n t r a t i o n s  comple t e ly  ha rmles s  to  V S V r e s u l t e d  
in an  a l m o s t  comple te  i n h i b i t i o n  of Mengov i rus  repl ica-  
t ion .  
2 .Revers ib i l i ty  and  t i m e - c o u r s e  of Mengov i rus  sens i t i v i ty  
to  AEC. The  fol lowing e x p e r i m e n t  was  devised  to de ter -  
mine  w h e t h e r  or n o t  t h e  ac t ion  of A E C was conf ined  to  
a p a r t i c u l a r  per iod  d u r i n g  t he  rep l ica t ion  cycle of Mengo-  
virus .  Fo r  these  e x p e r i m e n t s  we used a h ighe r  dose, be t  
cause  in t he  s h o r t  l i fe- t ime of v i rus  th i s  dose was ineffec- 
t ive  on  t h e  cel lular  m a c r o m o l e c u l a r  syn thes i s  2. L-cells 
were in fec ted  w i t h  Mengov i rus  (10 PFU/ce l l )  a n d  adsorp-  
t i on  was  a l lowed to  p roceed  a t  37 ~ du r ing  1 h. The  cells 
t h e n  were carefu l ly  w a s h e d  3 t imes  w i t h  P B S  and  t he  
cu l tu res  rep len i shed  w i t h  5 ml  of f resh p r e w a r m e d  MEM. 
A t  d i f fe ren t  t imes  t h e r e a f t e r  300 ~g/ml  Of A E C were 
a d d e d  a n d  i n c u b a t i o n  p roceeded  for a t o t a l  of 10 h ( the 
end  of t he  a d s o r p t i o n  per iod  be ing  t ime  0). The  v i rus  
yie ld  was  d e t e r m i n e d  b y  p l aque  fo rmat ion .  No differ-  
ences  were obse rved  in t he  effect  of A E C added  immedi -  
a t e ly  before  i n c u b a t i o n  or as la te  as 6 h a f t e r  t he  end  of 
t he  a d s o r p t i o n  per iod ;  in  eve ry  case t h e  i n h i b i t i o n  was 
g rea t e r  t h a n  90% of t he  u n t r e a t e d  controls .  To look for 
t h e  r eve r s ib i l i t y  of th i s  effect, Mengovi rus - in fec ted  L- 
cells were  i n c u b a t e d  w i t h  f resh med ium,  a n d  A E C (300 
[xg/ml) was  added  a n d  r e m o v e d  a f t e r  2 h,  t he  'pulse-  
pe r iod '  beg inn ing  a t  0.2 a n d  4 h a f t e r  t h e  end  of t he  
adsorp t ion .  Once again,  no  dif ference was obse rved  in t he  
i n h i b i t o r y  effect  of AEC,  wh ich  in all  cases was g rea te r  
t h a n  90%.  These  resu l t s  ind ica te  t h a t ,  on  one h a n d ,  t he  
ac t ion  of AEC is i r revers ib le  a n d  a n  exposure  of t h e  
in fec ted  cu l tu res  (as s h o r t  as 2 h) is suff ic ient  to  p r e v e n t  
Mengov i rus  m u l t i p l i c a t i o n  while, on  t he  o t h e r  hand ,  
t h e y  sugges t  t h a t  t he  t a r g e t  of A E C is e i t he r  a v e r y  la te  
s tep  in t he  rep l i ca t ion  cycle of Mengov i rus  or, a l t e r na t i ve -  
ly, t h a t  t h e  c o m p o u n d  can  i nd i s c r i m i na t e l y  in te r fere  
w i t h  v i rus -d i rec ted  synthes is .  
3. AEC and  v i rus -d i rec ted  synthes is .  I n  v iew of these  
f indings,  i t  was  of i n t e r e s t  to  ana lyze  t he  effect  of AEC 

on  t he  v i rus - induced  pro te in ,  1RNA and  e n z y m e  syn-  
thesis,  a) L-cells f rom con f luen t  mono laye r s  were de-  
t a c h e d  w i t h  t ryps in ,  suspended  in M E M  (Sp inner  mod-  
ified) c o n t a i n i n g  4 Fg/ml  of A c t i n o m y c i n  D and  in-  
c u b a t e d  a t  37 ~ for  1 h w i t h  s t i r r ing .  Ceils col lected b y  
low-speed cen t r i f uga t i on  were in fec ted  in a sma l l  v o l u m e  
w i t h  Mengov i rus  (30 PFU/ce l l ) ,  a n d  v i rus  a d s o r p t i o n  was 
al lowed to  proceed  for 1 h a t  0 ~ W a r m e d  m e d i u m  was 
added  to t h e  cells in o rder  to  h a v e  a suspens ion  con ta in ing  
5 •  cells/ml.  [14Cl-labelled p r o t e i n  h y d r o l y s a t e  was 
added  to  0.6 txCi/ml. The  in fec ted  cell suspens ion  was  
d iv ided  in to  2 po r t i ons  a n d  to  one 300 Fg/ml  of AEC was  
added.  D u r i n g  i n c u b a t i o n  a t  37~ u n d e r  c o n s t a n t  ag-  
i t a t ion ,  a l iquo ts  were r e m o v e d  a t  d i f fe ren t  t i m e  in te rva l s  
a n d  p r e c i p i t a t e d  w i t h  a n  equa l  v o l u m e  of ice-cold 10~ 
TCA. Af te r  20 rain  in  ice, t h e  p rec ip i t a t e s  were collected 
b y  cen t r i fuga t ion ,  suspended  in 0.1 M NaOI-I, h e a t e d  a t  
60~ for 30 min,  cooled, p r e c i p i t a t e d  w i t h  50/0 TCA a n d  
col lected on  GF/C fil ters.  This  p rocedure  was  followed to  
e l imina te  t h e  spur ious  ac id -p rec ip i t ab le  r a d i o a c t i v i t y  due  
to  amino -acy l - cha rged  t R N A s .  As shown in figure 2b, 
AEC has  a l m o s t  no  effect  on  t h e  v i rus -d i rec ted  p ro t e in  
synthes is .  Of course,  th i s  t y p e  of e x p e r i m e n t  gives no  
i nd i ca t i on  of the  quality and  t h  e process ing  of t he  p ro te ins  
syn thes i zed  in the  presence  of t he  analogue,  a n d  c a n n o t  
d i s c r imina t e  be tween  biological ly  ac t ive  or a l tered,  func-  
t i ona l l y  unac t ive ,  pro te ins ,  b) Since t he  syn thes i s  of v i r a l  
R N A  is a v i rus -d i rec ted  even t ,  r equ i r ing  a t  t h e  ve ry  leas t  
t he  syn thes i s  of a n  ac t ive ,  v i ra l -coded  l~NA-replicase,  an  
analys is  of t he  p a t t e r n  of v i r a l  R N A - s y n t h e s i s  can  be  
more  useful  to  u n d e r s t a n d  t he  m e c h a n i s m  of t h e  ac t ion  of 
AEC. Fo r  th i s  purpose ,  L-cells f rom conf luen t  mono-  
layers  were t ryps in i zed  a n d  suspended ,  cel l -directed 
R N A - s y n t h e s i s  was  i nh ib i t ed  w i t h  A c t i n o m y c i n  D and  
cells were infec ted  as descr ibed  above .  The  ceils were 
d i lu ted  to  6 • 106 cel ls /ml  w i t h  p r e w a r m e d  media ,  and  
[~Hl-ur id ine  was added  to a f ina l  c o n c e n t r a t i o n  of 10 
tzCi/ml. To one ha l f  of t i le suspens ion  AEC was added  to  
a f inal  c o n c e n t r a t i o n  of 300 [xg/ml. I n c u b a t i o n  proceeded 
a t  37~ u n d e r  c o n s t a n t  s t i r r ing  and  a t  d i f fe ren t  t ime  
in t e rva l s  t h e  a m o u n t  of TCA prec ip i t ab le  r a d i o a c t i v i t y  
was  de t e rmined .  F igure  2a shows t h a t  in t he  presence of 
AEC, Mengov i rus -d i rec ted  R N A - s y n t h e s i s  proceeds  as in 
con t ro l  for t he  f i rs t  21/2-3 h, t h a t  is, du r ing  t h e  logar i thmic  
phase  of RNA-syn thes i s .  T h e n  a d r a m a t i c  change  in t he  
t i m e  course of syn thes i s  is ev iden t .  Thus,  while  the  syn-  
thes is  of v i r a l  R N A  in t he  con t ro l  swi tches  on  to  the  l inear  
phase ,  t he  syn thes i s  in t he  p resence  of AEC stops.  
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Fig. 2. a Mengovirus directed RNA-synthesis in infected cells in growth medium (0) and in growth medium plus 300 Fg AEC/ml (�9 
b Mengovirus directed protein synthesis in infected cells in growth medium (O) and in growth medium plus 300 txg AEC/ml (O); c Ac- 
tivity of Mengovirus RNA-polymerase contained in infected cells in growth medium (0) and in growth medium plus 300 ~tg AEC/ml (�9 
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c) Synthes is  of the  v i rus- induced RNA-repl icase .  L-cells, 
t r e a t e d  and infected as descr ibed above in sect ion b, were 
col lected at  2-h-intervals ,  and  the  a m o u n t  of viral  R N A -  
po lymerase  in the  pos t -mi tochondr i a l  s u p e r n a t a n t  was 
e x t r a c t e d  and  t h e  ac t iv i ty  was tes ted  according to Balt i-  
more  and Frank l in  4-6, using as a marke r  [I~C]-UTP. 
Figure  2c shows tha t ,  in the  presence of AEC, the  ac t iv i ty  
of viral  t iNA-po lymerase  conta ined  in Mengovirus-  
infec ted  ceils is no t  detectable .  
Discussion. The results  p resen ted  in this  paper  clearly 
show t h a t  the  amino-acid  analogue can efficiently block 
the  repl icat ion of Mengovirus.  At  the  same concen t ra t ion  
AEC has  no effect  on the  mul t ip l ica t ion  of ano the r  (al- 
t h o u g h  r a the r  different) RNA-vi rus ,  repl icat ing in the  
s ame  h o s t  cell. This  inh ib i to ry  effect  is no t  due merely  to  
a toxic  effect  on the  hos t  cell (see figure 1). 2 o the r  con- 
s idera t ions  give addi t ional  suppor t  to th is  conclusion:  a) 
a dras t ic  reduct ion  in virus yield is ob ta ined  when  AEC 
is added  to the  incuba t ion  mix ture  jus t  a f ter  infection, 
a t ime  too shor t  to produce  a de tec tab le  effect  on the  hos t  
cell mul t ip l ica t ion  2; b) t he  lowest  concen t r a t ion  of AEC 
tes t ed  (18 ag/ml) resul ted in a reduc t ion  of 75~ of the  
virus  yield, whereas  a 10-fold grea ter  a m o u n t  of AEC, con- 

t inuous ly  p resen t  in the  cul ture  med i u m for 48 h, has  no  
effect  on the  cell 's g rowth  ~. Viral  p ro te in  syn thes i s  seems 
to  be less q u a n t i t a t i v e l y  impai red  b y  AEC (see figure 2b) ; 
b u t  no active viral  R N A  po lymerase  was de t ec t ed  in tile 
cy top la sm of Mengovi rus- infec ted  AEC- t r ea t ed  cells 
(figure 2c). This resul t  and  the  p a t t e r n  of tile viral  R N A -  
synthes is  in the  presence  of AEC s t rongly  suggest  t h a t  
the  v i rus-coded po lymerase  responsible  for the  late syn-  
thes is  of virus  R N A  migh t  be the  ta rge t  of th is  lysine 
analogue. This po in t  is of grea t  in te res t  because the  mech-  
anism responsible  for the  change  in the  ra te  of virus R N A -  
synthes is  f rom the  logar i thmic  to the  l inear phase  is a t  
p resen t  unknown.  Analysis  of the  RN A -s t ru c t u r e s  and  
the  po la r i ty  of the  chains  synthes ized  in the  presence  of 
t he  co mp o u n d  may  help  to  clarify t he  issue. W o r k  along 
these  lines is in progress.  
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Summary. In  the  sex phe romone  control l ing exper iments ,  no t  only large n u m b e r  of the  males of tile a lmond m o t h  and  
Ind i an  meal  moth ,  bu t  also great  n u m b e r  of oviposi t ional  females were caught .  The increased ca tch  of the  fert i l ized 
females  was due to the  presence of de t e rgen t  in the  water .  

The a lmond m o t h  Cadra cautel la  and the  Ind ian  meal  
m o t h  Plodia  in te rpunc te l l a  are serious grain pes ts  in 
s torage  house in Taiwan.  Their  biology and physiological  
ecology have  been repor ted  a-,. Al though  modern  controll-  
ing techniques ,  such as sterile male release 7, sex phero-  
mone  s and juvenile  ho rmone  9, 10 have  been  s tudied,  no 
prac t ica l  way  of control l ing the  m o t h s  is known.  In  our 
sex phe romone  a t t r ac t ion  exper iments ,  when  the  female 
sex phe romones  were used in combina t ion  wi th  wa te r  
so lven t  and soap powder ,  a great  n u m b e r  of males and 
fert i l ized females  of these 2 species n were caught .  I t  is 
h o p e d  t h a t  if we can e l iminate  large n u m b e r s  of the  
females  b y  using soap wa te r  in combina t i on  wi th  sex 
phe romone ,  even tua l ly  these  2 species cou!d be control led.  
In  the  g rana ry  at  Hwa-Shan ,  a large grain s torage house 
a t  Taipei  City, the  popula t ions  of these  2 species are qui te  
s tab le  t h r o u g h o u t  the  whole year.  In  1974, we conf i rmed 
t h a t  when  the  syn the t i c  sex phe romones  c is -9- te t radecenyl  
ace ta t e  and c i s -9 , t rans-12- te t radecadienyl  ace ta te  were 
mixed  in a po lye thy lene  cap at  a rat io of 1 : 1 to  1 : 2, the  
mix tu r e  could a t t r a c t  a large n u m b e r  of the  males of b o t h  
species 12. First ,  we used s t icky paper  fas tened  wi th in  a 
t ube  phe romone  t r ap  to immobil ize  the  a t t r a c t e d  insects.  
However ,  these t r aps  became soon useless because the  
air  of the  s torage house conta ins  much  dus t  which  de- 
creases the  holding power  of the  s t i cky  paper .  Recent ly ,  
Yush im a  and Tamaki  13 in J a p a n  have  marke t ed  a plast ic  
p h e r o m o n e  t r ap  which was originally designed for con- 
t rol l ing bigger moths ,  such as Spodop te ra  l i tura  and S. 
l i t toral is  in the  vegetable  field. In  the  box-shaped  t rap ,  
t h e y  used de t e rgen t  wa te r  for killing insects.  W e  also 

succeeded in using th is  k ind of t r ap  to ca tch  a large quan-  
t i t y  of Spodop te ra  male m o t h s  in field expe r imen t s  14. In  
order  to improve  our  t r aps  in the  s torage house,  we p u t  
several  de t e rgen t  (main ingredien t  is alkyl benzene  sul- 
fonate) wa te r  t r aps  1~ in the  s torage house to  see if t h e y  
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