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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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Response of the almond moth and Indian meal moth trapped with different brands of detergent at granary of Hwa-shan 

Chemical treatments* Numbers trapped Replicates 
(with spermatophore) 

Average No. per trap 
(per cent of females with 
spermatophore) 

Sex ratio, M/F 
(per cent of females) 

1. Detergent water (alkyl benzene 1624 
sulfonate in water 0.125-2.5 g/l) (1611) 
2. Soap water (sodium salt of 1042 
stearate in water 0.125-6.25 g/l) (1009) 
3. Tween-20 in water 598 
(Polyoxyethylene sorbitan (574) 
monolaurate in water 0.62-1.84%) 
4. Soap powder and motor oil 
(20 grail) 
5. Phenol in wate r (0.12-0.62%) 

6. Water (0.8 1) 

7. Blank detergent water 
(2.5 g/l) 

8. Blank water (0.8 1) 

243 21"* 77.33 11.57 0.15 
(99.20) (86.98) 

354 21"* 48.76 16.86 0.34 
(96.83) (74.64) 

146 10 59.80 14.60 0.24 
(95.99) (80.38) 

51 234 10 5.10 23.40 4.59 
(41) (80.39) (17.67) 
50 24 4 12.50 6.00 0.48 
I46) (92.00) (67.50) 
56 15 6 9.33 2.50 0.27 
(50) (89.28) (78.87) 
85 20 4 21.25 5.00 0.24 
(84) (98.82) (80.95) 
73 38 7 10.43 5.43 0.52 
(66) (90.41) (65.77) 

*Treatments 1-6 baited with pheromone (2 rag), 7 and 8 without pheromone. ** In order to see if there is a correlation between the female 
Catch and detergent, different concentrations 15 of the detergent have been tried. Results were negative, so the individual data were combined, 
and therefore more replicates were obtained in these 2 groups. 

also work  there .  The expe r imen ta l  condi t ion  of our s torage 
house was 25.86 + 0.75~ and  90.75 i 2.06% rh. U n d e r  
these  condi t ions ,  the  de t e rgen t  solut ion evapora tes  ap-  
p r o x i m a t e l y  40 ml  per  day.  Several  days  later,  we found 
t h a t  t he  phe romone  t r aps  in our  s torage house did ca tch  
a large n u m b e r  of females as well as males.  We b rough  
back  the  insects  caugh t  to the  labora tory ,  dissected the  
females and  coun ted  the  spe rmatophores .  The results  
showed t h a t  mos t  of the  females  a t t r a c t e d  had  spe rma to -  
phores,  which  means  t h a t  t h e y  were fertil ized. These re- 
sults  were qui te  d i f fe rent  f rom t h a t  of t he  spodop te ran  
insect ,  no fert i l ized females  were caugh t  by  the  de te rgen t  
wa te r  t r a p  in cabbage  fieldsla, la. Then  we t r ied using 
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Attractive properties of the sex pheromones of the almond moth and 
Indian meal moth with 3 different killing agents expressed as per- 
centages of the mean. Control group was obtained by hand catch. 
The shaded area represent percentages of fertilization and the bar 
for standard errors. A Sticky paper, B motor oil, C soap powder 
water, D hand catch. 

m o t o r  oil ins tead  of de t e rgen t  wa te r  in the  p h e r o m o n e  
t r ap  in the  s torage house. Most  of the  insects  thus  at-  
t r a c t ed  were males again. This  means  t h a t  there  is a close 
re la t ionship  be tween  the  de t e rgen t  wa te r  and the  fert i l ized 
females.  In  order  to  realize the  t rue  sex ra t io  in t he  no rma l  
popula t ion  of tile 2 pests,  we have  r a n d o m  sampled  in- 
sects  ou t  of the  s torage house b y  hand.  The sex ra t io  of 
these  r a n d o m  sampl ing  was used as a control  group in the  
following exper iments .  The t r aps  eactl con ta in ing  1 mg of 
the  syn the t i c  phe romones  and  e i the r  s t i cky  paper ,  m o t o r  
oil or de t e rgen t  wa te r  were placed on the  top  of rice 
packages  in the  s torage room a t  a dens i ty  of abou t  1 t r a p  
per  6 m 3. The results  of 5 repl icates  were summar ized  and  
s ta t i s t ica l ly  analyzed in the  figure. The t rue  rat io of the  
pes ts  (male/female) w a s  1.2 (figure, group D), a lmos t  
ident ical  w i th  the  da t a  of B r a d y  et  al. s. Among  these  
h a n d - c a u g h t  females,  only  hal f  were fertil ized. In  group 
A and B more males  were caugh t  because the  sex phero-  
mones  which  we used in the  exper imen t s  were originally 
secre ted  by  calling females,  Therefore,  h igher  pe rcen tages  
of males  were a t t r ac t ed  to the  s t icky  paper  and  m o t o r  oil 
t raps .  Whi le  half  of the  females  caugh t  by  these  2 phero-  
mone  t r aps  were a l ready  fertilized, possibly t h e y  were  
caugh t  by  chance while flying. On the  o the r  hand ,  the  in- 
sects a t t r a c t e d  by  phe romone  t r aps  wi th  de te rgen t  wa te r  
were mo s t l y  females  (group C) and 90% of t h e m  were 
fertilized~ The da t a  of th is  group was s ignif icant ly  dif- 
fe rent  f rom o ther  groups,  and  our first  obse rva t ion  has  
been confi rmed.  For  clarif icat ion of w h e t h e r  the  de t e rgen t  
powder  conta ins  any  chemical  cons t i tuen t s  to  lure t he  
females,  d i f ferent  b r a n d s  of de te rgen t s  were used wi th  
2 mg of sex phe romones  as a t t r ac t ion  t raps .  W a t e r  alone 
was used as contro l  t rap .  T h e  d a t a  gained in these  a t -  
t r ac t ion  abi l i ty  t e s t  are p resen ted  in the  table.  F r o m  th is  
table,  i t  is easy to see t h a t  the  difference be tween  the  sex 
ra t io  of the  insects  caugh t  by  di f ferent  b rands  of de ter -  
gents  w i th  wa te r  and  m o t o r  oil were s ta t i s t ica l ly  signifi- 
can t  (p > 0.05, t - tes t ) ,  whereas  t he  difference be tween  the  
inklividual groups which  con ta ined  wa te r  -were no t  signi- 
f icant  (p<0.05) .  The to ta l  n u m b e r  of insects  caugh t  b y  
wa te r  (control) in each  t r ap  was also far less t h a n  t h a t  of 



15.4. 1977 Specialia 455 

soap wa te r  t raps .  The reason for th is  difference was prob-  
ab ly  due to the  fact  t h a t  the  surface tens ion of pure  wa te r  
is too h igh  to  kill or to t r ap  the  a t t r ac t ed  insects.  Close 
examina t i on  of the  wa te r  phe romone  t rap,  shows a large 
a m o u n t  of scales on the  water ,  indica t ing  t h a t  t r a p p e d  
insects  can  easily escape. We measured  the  surface tens ion 
of the  de t e rgen t  solut ions used and  found a s ignif icant  cor- 
relat ion be tween  the  insect  number s  caugh t  and  wa te r  
surface tension.  If t he  surface tens ion  of the  de te rgen t  
water  in our  t r ap  is h igher  t h a n  71.2017 d y n / c m  (0.05 g/ 
800 ml) no m o t h s  are caught .  The best  resul ts  are ob- 
t a ined  when  the  solut ion has  a surface tens ion  f rom 
70.8427 d y n / c m  to 69.6460 d y n / c m  (0.5 g/800 ml to 1.5g/ 

800 ml). In  the  second exper iment ,  we t r a p p e d  more male  
m o t h s  because the  a m o u n t  of female p h e r o m o n e  used was 
double  t h a t  of the  first  exper iment .  So the  percen tage  of 
females  in the  table  was lower t h a n  t h a t  in the  figure. In  
conclusion,  i t  is ev iden t  t h a t  gravid  females  are a t t r a c t e d  
by  water ,  p ro b ab l y  because t h e y  need it for egg ma t u ra -  
t ion.  Thus  low h u m i d i t y  is a l imi t ing fac tor  for the  life of 
insects  pes t s  in a s torage houses.  The resul t  m a y  have  
some evo lu t ionary  or prac t ica l  impor t ance  in the  s t u d y  
of s torage pests16. 

16 We are grateful to JCRR and NSC, Taiwan, for financial 
supports. 
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Summary.  Mice inocula ted  wi th  F r i end  leukemia complex  (FLC) p re t r ea t ed  wi th  concanava l in  A are res i s t an t  to FLC 
chal lenge only  when t h e y  have  become infected wi th  the  FLC-assoc ia ted  lympha t i c  leukemia  virus (LLV). In  in ter-  
p re t ing  s ta tes  of res is tance to  FLC induced by  var ious  immuniz ing  procedures,  the  poss ibi l i ty  t h a t  i m m u n i t y  is sus- 
ta ined  by  an unrecognized L L V  infect ion should always be considered.  

The s t ra ins  of Fr iend  leukemia  complex  (FLC) used in 
d i f fe rent  labora tor ies  m a y  p re sen t  dissimilari t ies,  of which  
some (abil i ty to infect  and exer t  pa thological  effects  in 
var ious  mouse  lines) are due to the  passage h i s to ry  of the  
s t rains  2, and o thers  (concerning the  character is t ics  of the  
disease produced,  such as p roduc t ion  of splenic foci, in- 
duc t ion  of anemia  or pol icytemia,  t e n d e n c y  to  regress) 
have  less cer ta in  exp lana t ions  and are a t t r i b u t e d  to  
var ia t ions  in the  re la t ive p ropor t ions  of the  viruses form-  
ing the  complex,  to the  presence  of add i t iona l  vira l  en- 
t i t ies  or to  o ther  factors  a-5. Despi te  such dissimilari t ies,  
all FLC stocks m u s t  be assumed to conta in  a l y m p h a t i c  
leukemia virus (LLV) which is regarded as an indispen-  
sable he lper  of the  FLC c o m p o n e n t  responsable  for the  
rapidly  evolving hepa tosp lenomega ly  wi th  e ry th ro -  
leukemia charac ter iz ing  Fr iend  disease ~. This a s sumpt ion  
is no t  only  just i f ied by  the  na tu re  of t he  in te rac t ions  t h a t  
are bel ieved to  occur be tween  the  FLC componen t s ,  b u t  
f inds expe r imen ta l  suppor t  in the  fact  tha t ,  wheneve r  i t  
has  been looked for, LLV has invar iab ly  been de t ec t ed  7-12. 
L L V  is in grea t  excess over  the  o ther  component(s )  of the  
complex  7 and single infect ion of adul t  mice wi th  L L V  
results  in a chronic v i remia  wi th  s can ty  signs (slight and 
t r ans i en t  hyperp las ia  of the  spleen ~, 13,1,) t h a t  can  easily 
remain  unrecognized.  Thus  some of the  s y m p t o m s  "chat 

LLV infection and resistance to FLC in mice injected with Con 
A-treated FLC 

Treatment Presence of LLV in Spleen weight 
blood at day 0 at day +21 

Con A-FLC at day -60, Jyes (8) 198 4- 57** 
FLC at day 0 [no (10) 2121 • 318 
Con A at day -60, (12) 2324 ~= 513 
FLC at day 0 no 

*Number of mice in the group. **Mean ~= SD. 

are cur ren t ly  a t t r i bu t ed  to the  ent i re  FLC m a y  in fact  be 
due to  L L V  alone, and  the  presence  of L L V  should be 
cons t an t l y  born  in mind  when  the  resul ts  of expe r imen t s  
w i th  FLC are in te rpre ted .  Never theless ,  the  mul t iv i ra l  
na tu re  of FLC has  received adequa te  cons idera t ion  in 
cer ta in  areas of research,  s ignally in the  genet ics  of hos t  
suscept ib i l i ty  2, bu t  no t  in others .  For  is tance,  the  role of 
L L V  in the  immunodepress ive  p roper t i e s  of FLC has only  
recent ly  received recogni t ion 15. A field t h a t  requires  
par t i cu la r  awareness  of t he  complex i ty  of FLC is the  s t u d y  
of i m m u n e  responses  and  of ways  of inducing i m m u n i t y  
to  FLC, because mice infected wi th  L L V  alone become 
s t rongly  res i s tan t  in a few days  to FLC and  to FLC-  
t r a n s f o r m e d  cells 7,11,16, develope ci rculat ing an t ibodies  
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