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for conve r s ion  of orot ic  acid to  p y r i m i d i n e s  r ema ins  
unaf fec ted .  Th i s  o b s e r v a t i o n  implies  t h a t  t h e  depress ion  
of R N A - s y n t h e s i s  in i r r ad i a t ed  r a t  rece iv ing  a c t i n o m y c i n  
I)  m i g h t  be  associa ted  w i t h  i n h i b i t i o n  of ye t  a n o t h e r  
crucia l  e n z y m e  func t i on i ng  in th i s  p a t h w a y .  
T h u s  t he  p r e sen t  f indings  sugges t  t h a t ,  bes ides  changes  
a t  t he  t r a n s c r i p t i o n a l  level  1-3, w h o l e - b o d y  exposure  of 
r a t s  to  X - r a y s  also causes  a s ign i f ican t  s t i m u l a t i o n  in t h e  
syn th s i s  of r ibonuc leo t ides  in liver.  Inc rease  a n  R N A -  
syn thes i s  a n d  acce le ra ted  ra tes  of f o r m a t i o n  of r i bonu-  
cleoside precursors  could p r o b a b l y  be i n t e r l i n k e d  as c an  
be  con j ec tu r ed  f rom t he  above  f indings  a n d  also o t h e r  
r epo r t s  11, 13. The  levels of r ibonuc leo t ides  are n o t  e l eva ted  
s ign i f i can t ly  in  t he  l iver  of i r r a d i a t e d  r a t  as c o m p a r e d  

to those  f rom n o n - i r r a d i a t e d  ones. Th i s  could poss ib ly  
be due  to increased  d e m a n d  for nuc leo t ides  to  m e e t  t he  
e n h a n c e d  r a t e  of RNA-syn the s i s .  M a n d e l  a n d  coworkers  la 
h a v e  shown  t h a t  ill r egene ra t i ng  r a t  l iver,  a l t h o u g h  t h e r e  
is no  increase  in t he  levels  of r ibonucleos ide  precursors ,  
t h e  enzymes  respons ib le  for t he  syn thes i s  of r i bonu -  
cleosides are s ign i f i can t ly  ac t i va t ed .  

11 F.T.  Kenney, W. D. Wicks and D. L. Greenman, J. cell. comp. 
Physiol. 66, suppl. 1, 125 (1965). 

12 E. Bresnick, Meth. Cancer Res. 6, 347 (1971). 
13 P. Mandel, M. Wintzerith, N. Kline-Pete and L. Mandel, Nature 

798, 1000 (1963). 
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Summary. The  p r e sen t  work  compares  t he  t ax i s  of Papilio demoleus l a rvae  to d i f fe ren t  coloured solut ions.  The  l a r v a l  
pos i t ive  taxis ,  i.e., a t t r a c t i on ,  is m a x i m u m  for yel low colour  a n d  decl ines w i t h  t he  increase  or decrease  in t he  wave-  
l e n g t h  of m a x i m u m  l igh t  t r ansmiss ion .  Red  a n d  b lu i sh-green  colours repel  t he  la rvae .  

Severa l  insec ts  h a v e  been  repor ted  to show d i f fe ren t  
o r i e n t a t i o n a l  responses  to  d i f fe rent  colours  (Mazokhin-  
P o r s h n y a k o v l ) .  B u t  t he re  are ve ry  few repor t s  on  th i s  
w i t h  respec t  to  l ep idopte rous  larvae.  G6tz  2 and  H u n d e r t -  
m a r k  a s tud ied  the  o r i e n t a t i o n a l  responses  of t he  l a rvae  
of c e r t a i n  l ep idop te rans  to  d i f fe rent  colours.  Meisner  and  
Ascher  4, t h o u g h  r epo r t i ng  a t t r a c t i o n  of t h e  l a rvae  of 
Spodoptera littoralis to va r ious  colours, s tud ied  t h e i r  role 
in the  l a rva l  feeding.  E lec t rophys io log ica l  s t u d y  of colour  
pe rcep t ion  b y  Bombyx mort l a rvae  was u n d e r t a k e n  b y  
I s h i k a w a  ~. I n  t he  course of our  s t u d y  of t he  role of v isua l  
s t imul i  in  d e t e r m i n i n g  t he  r e l a t ionsh ips  b e t w e e n  va r ious  
p l a n t s  and  Papilio demoleus larvae,  t he i r  o r i e n t a t i o n a l  
responses  to  d i f fe ren t  colours  h a v e  been  t e s t ed  a n d  t he  
resu l t s  are g iven  here.  
Material and methods. Newly  emerged  l a s t  (fifth) i n s t a r  
l a rvae  of Papilio demoleus were t a k e n  f rom cul ture ,  ma in -  
t a i n e d  as descr ibed  before~, and  s t a r ved  for 4 -6  h before  
t e s t ing  t h e i r  o r i e n t a t i o n a l  responses  to  d i f fe ren t  colours.  
The  sources of gt imuli  used were 0.1% aqueous  so lu t ions  
of ce r t a in  dyes  mixed  in d i f fe ren t  p r opo r t i ons  to  give 
d i f fe rent  colonrs  (table).  E a c h  so lu t ion  was  fi l led in a 
th in-wal led ,  r e c t a n g u l a r  glass t r o u g h  wh ich  was 75 m m  
long, 20 m m  h i g h  a n d  5 m m  in dep th .  I t s  i wal l  (75 • 20 
mm)  was e x t e r n a l l y  l ined w i t h  a wh i t e  f i l ter  p a p e r  to  
fo rm a ref lec t ing  surface  for t h e  l igh t  i nc iden t  t h r o u g h  t h e  
oppos i te  t r a n s p a r e n t  wall.  
The  o r i e n t a t i o n a l  response  of t h e  l a rvae  was  s tud ied  on  a 
grid b y  t he  m e t h o d  deve loped  b y  S a x e n a  e t  al  7. T he  gr id  
cons i s ted  of 13 l ong i t ud i na l  r ibs  i n t e r sec t i ng  17 t r a n s -  
verse  r ibs  a t  r i g h t  angles a t  a b o u t  2 cm d is tance .  T h e  grid 
was p laced  f l a t  on  a h o r i z o n t a l  f luorescen t  w h i t e  screen,  
u n i f o r m l y  i l l umina t ed  f rom u n d e r n e a t h  b y  2 20 W fluo- 
r e scen t  l ights .  The  glass t r o u g h  c o n t a i n i n g  t h e  des i red  
coloured so lu t ion  was p laced  ve r t i ca l ly  on  1 side of t he  
cen t r a l  t r a n s v e r s e  r ib,  pa ra l l e l  to  it, a t  1 c m  d i s t ance  f rom 
i ts  cen t r a l  in t e r sec t ion  w i t h  t he  cen t r a l  l o n g i t u d i n a l  r ib.  
The  cen t re  of t he  glass t r o u g h  was held  a t  t h e  level  of t i le 
c en t r a l  l ong i t ud ina l  r ib  and  t he  colour  of i t s  so lu t ion  could 
be  seen t h r o u g h  its t r a n s p a r e n t  wall  fac ing t he  cen t r a l  
in te rsec t ion .  

E a c h  l a r v a  was a l lowed to m o v e  on  t h e  cen t r a l  t r a n s v e r s e  
r ib  t o w a r d s  t h e  c e n t r a l  i n t e r sec t ion  f rom the  p reced ing  
in te rsec t ion .  On r each ing  t he  in te r sec t ion ,  t i le l a r v a  m i g h t  
con t inue  to  m o v e  fo rward  or t u r n  a n d  m o v e  on t he  cen-  
t r a l  l ong i t ud ina l  r ib  t o w a r d s  t he  coloured  so lu t ion  on one 
side or t o w a r d s  t he  oppos i te  b l a n k  side. The  n e x t  l a r v a  
was t h e n  t e s t ed  f rom t h e  oppos i te  d i rec t ion .  On t he  basis  
of 10 tes t s  in  each  repl ica te ,  t he  pe rcen t ages  of t he  l a rvae  
m o v i n g  fo rward  (F), t u r n i n g  t o w a r d s  t he  s t imu lus  source 
(S) and  t o w a r d s  t he  b l a n k  side (B) were recorded.  The  
difference (S-B)  b e t w e e n  the  pe r cen t ages  of t he  l a rvae  
t u r n i n g  t o w a r d s  t he  s t imu lus  source a n d  the  b l a n k  side 
would  show t h e i r  o r i e n t a t i o n a l  preference,  i ts  pos i t ive  
va lues  i nd i ca t i ng  t he  a t t r a c t i o n  a n d  nega t i ve  va lues  re- 
pu l s ion  of t he  l a rvae  b y  t he  coloured  solut ion.  E a c h  ex- 
p e r i m e n t  was  r e p e a t e d  f ive t imes.  
Results and discussion. The  m a x i m u m  p e r c e n t a g e  (92%) 
of t he  l a rvae  t u r n e d  t o w a r d s  the  yel low coloured  solut ion,  
t he  oppos i te  b l a n k  side d r a w i n g  on ly  4 %  la rvae  a n d  t he  
r e m a i n i n g  ones  m o v i n g  fo rward  on  t he  gr id  ( table).  Con- 
sequen t ly ,  t he  o r i e n t a t i o n a l  preference  of t he  l a rvae  for  
t he  yel low so lu t ion  was t he  h i g h e s t  (88%).  W i t h  t he  de-  
crease in t he  r ange  of w a v e l e n g t h s  for m a x i m u m  t r a n s -  
miss ion  of l igh t  t h r o u g h  d i f fe ren t  co loured  solut ions ,  t h e  
p e r c e n t a g e  of l a rvae  t u r n i n g  a n d  showing  o r i e n t a t i o n a l  
preference  t o w a r d s  t h e  so lu t ions  decl ined.  Thus ,  t he  lar -  
va l  preference  for t he  ye l lowish-green  so lu t ion  was 7/s , for 
t h e  greenish-ye l low 2/a , for  t h e  g reen  2/5 a n d  for  t he  green-  
i sh-b lue  1/a of t h a t  for t h e  yellow. A f u r t h e r  decrease  in 
t h e  w a v e l e n g t h  for m a x i m u m  l igh t  t r a n s m i s s i o n  r e su l t ed  
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Orientational responses of last (fifth) instar larvae of Papilio demoteus to different coloured solutions~ 

EXPERIENTIA 34/1 

Dye solutions b Colour Spectral region Larvae turning/moving (%) �9 
(nm) for maxi- (mean :k SE) 
mum light S B 
transmission 

Orientational 
preference 

Methylene blue 
Methylene blue + auramin O (4:1, v/v) 
Methylene blue + auramin O (3 : 2, v/v) 
Methylene blue + auramin O (5:5, v/v) 
Methylene blue + auramin O (2 : 3, v/v 
Methylene blue + auramin O (1:4, v/v) 
Auramin O 
Auramin O + acridin red (1 : 1, v/v) 
Aeridin red 

blue 430-450 22 -- 8.6 36 ~: 6.0 -- 14 
bluish-green~ 440-460 32 4- 3.7 20 • 5.5 -- 12 
greenish-blue a 470-490 46 • 8.1 22 i 2.0 24 
green 480-510 46 4- 8.1 14 4- 4.0 32 
greenish-yellow o 490-520 70 :t: 6.3 12 4- 2.0 58 
yellowish-green* 500-530 80 4- 3.2 4 4- 2.5 76 
yellow 530-650 92 -t- 3.7 4 4- 2.5 88 
orange 600-650 64 4- 4.0 22 • 3.7 42 
red 620-650 12 4- 3.7 42 4- 2.0 -- 30 

Each solution was presented in a rectangular glass trough (75 • 20 • 5 ram) on one side of the larvae on the grid. b Each dye was used as 
0.1% aqueous solution, c The colour was more bluish and less greenish, a The eolour was more greenish and less bluish, e The colour was 
more greenish and less yellowish, f The eolour was more yellowish and less greenish, g The remaining percentages of larvae moved forward. 
h Calculated as the difference (S-B). S, B, percentages of the larvae turning towards the stimulus source (coloured solution) and the opposite 
blank side respectively. 

in a sl ight  repulsion of t he  larvae  by  the  coloured solut ions 
viz., bluish-green,  blue. E v e n  a rise in the  wave l eng th  for 
m a x i m u m  l ight  t r ansmiss ion  above t h a t  for the  yellow 
solut ion resul ted  in a decrease in the  o r ien ta t iona l  pre-  
ference to  42% for t he  orange solution.  A fu r the r  rise 
caused the  larval  repuls ion by  the  red solution.  
These observa t ions  show t h a t  P. demoleus larvae  can dis- 
c r imina te  be tween  d i f fe ren t  colours, some of which  a t -  
t r a c t  and  o thers  repel  t he  insects.  Cer ta in  o the r  lepi- 
dop te rous  larvae  have  also been  repor ted  to  show dif- 
ferences in the i r  o r i en ta t iona l  responses  to  d i f fe ren t  
colours 2, 8. According  to  GStz 2, a compar ison  of the  re- 
sponses  of Vanessa io larvae  to  white ,  green, b rown  and  
black revealed the i r  m a x i m u m  a t t r ac t ion  to  green when  
the  larvae were young  and  hungry ,  and to  b r o w n  or b lack  
when  t h e y  were a b o u t  to  pupa te .  H u n d e r t m a r k  8 s tudied  
the  or ien ta t iona l  responses  of Lymantria monacha larvae  
to  blue, yellow, 0bluish-green and red colours, each of 
wh ich  was given as a choice aga ins t  2-4 o the r  columns of 

d i f fe rent  shades  of grey a n d  black. His  exper iments  
showed larval  d iscr iminat ion  of these  4 colours relat ive 
to  the  shades  of grey and  black b u t  no t  re la t ive  to  one 
another .  Never theless ,  H u n d e r t m a r k  8 concluded t h a t  
L. monacha larvae  could d is t inguish  blue, yel low and 
bluish-green colours f rom grey or black, and  red was in- 
d is t inguishable  f rom black. The larvae of Bombyx mori 
were also shown by  electrophysiological  t echniques  to 
d is t inguish  d i f fe rent  colours, the i r  spect ra l  sens i t iv i ty  
curves  showing one peak  in the  near  U V  and  ano the r  
h u m p  or peak  in t he  blue-green region of the  spectrumS.  
Thus,  these  repor t s  give in format ion  on the  abi l i ty  of the  
lep idopterous  larvae  to  d is t inguish  only  a few dif ferent  
colours. In th is  respect ,  the  p re sen t  work  has advanced  
our knowledge by  showing t h a t  a lep idopterous  larva,  
e.g., t h a t  of P. demoleus, can n o t  only  dis t inguish b u t  also 
show pos i t ive  o r  negat ive  taxis  to several  d i f ferent  
colours ranging f rom blue to  red in t he  visible region of 
the  l ight  spec t rum.  

Vol tage  v a r i a t i o n  in Lilium longiflorum pis t i l s  induced  by  p o l l i n a t i o n  
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Summary. Voltage va r ia t ions  in Lilium longi/lorum pisti ls  arose 120 min  af ter  pol l inat ion wi th  pollen of the  same 
flower. No act ion p o t e n t i a l  was regis tered if pol len of Petunia hybrida was placed on the  s t igma.  A p p a r e n t l y  t he  vol tage 
var ia t ions  were evoked b y  the  ge rmina t ion  of t he  pollen grains ,  and /o r  the  p e n e t r a t i o n  of the  s ty le  b y  the  pol len tubes .  

Af te r  pol l inat ion,  t he  ovaries  of m a n y  p lan t s  show me ta -  
bolic changes  before t he  pollen tube  reaches  the  ovules 1-8. 
Apparen t ly ,  t he  ovar ies  receive an ear ly  signal con ta in ing  
in fo rmat ion  a b o u t  t he  ge rmina t ion  of the  pol len or t he  
in te rac t ion  be tween  the  pol len  tubes  and  the  t r a n s m i t t i n g  
t issue in t he  style.  The  s t u d y  repor ted  here  indica tes  t h a t  
pol l ina t ion  induces  an electrophysiological  signal. 
A b o u t  24 h af ter  anthems,  a microelec t rode  was  inser ted  
in to  t he  pist i ls  of Lilium longiflorum cv. M o u n t  E v e re s t  

(figure 1). Vol tage  var ia t ions  were recorded  monophas i -  
ca]ly on a FM tape  recorder  for abou t  6 h af ter  micro- 
e lectrode inser t ion.  Some erra t ic  electr ical  ac t iv i ty  was 
observed for less t h a n  30 min  af ter  microelec t rode  inser-  
t ion.  Pol l ina t ions  w i t h  incompat ib le  pol len f rom the  same 
f lower were made  a t  var ious per iods  a f te r  microelec t rode  
insert ion.  The vol tage  var ia t ion  observed was  qui te  
d i s t inc t  w i th  a du ra t ion  t ime  f rom 30 to 65 sec and  
an ampl i tude  of f rom --2 to  --6 m V  (figure 2). The 


