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The  e x a m i n a t i o n  of T r i t o n  X 114 t r e a t e d  a n d  a t  37~ 
s e d i m e n t e d  mic rosomes  (figure ld)  revea ls  large areas  
of e x t e n d e d  m e m b r a n e  sys tems ,  m o s t  of w h i c h  fo rm 
whor l s  of 20 a n d  more  layers .  O t h e r  regions  c lear ly  show 
long  c o n t i n u o u s  m e m b r a n e o u s  s t ruc tu res .  Microsomal  
vesicles could  no  longer  be  obse rved  in t h i s  p r e p a r a t i o n ;  
t h e  ab i l i t y  to  fuse comple t e ly  a m o n g  each  o t h e r  exis ts  
u n d e r  these  e x p e r i m e n t a l  condi t ions .  
I n  add i t ion ,  i t  shou ld  be  n o t e d  t h a t  d i v a l e n t  ca t ions  as 
Ca++ or  M n  ++, w h i c h  h a v e  been  shown  to  induce  fusion 
of  cells ~6 a n d  ar t i f ic ia l  m e m b r a n e  sys t ems  17, are n o t  
r equ i red  for fus ion of microsomes .  
The  t a b l e  shows t h a t  the  s e d i m e n t a t i o n  of microsomes  
a t  37 ~ h a d  no  a p p a r e n t  effect  on  the  specific p h o s p h o -  
l ip id  c o n t e n t  (per m g  mic rosoma l  pro te in)  a n d  t he  qual i -  
t a t i v e  compos i t i on  of t h e  mic rosomal  p h o s p h o l i p i d s  
cons i s t ing  of l y s o p h o s p h a t i d y l  choline,  p h o s p h a t i d y l  cho-  
line, p h o s p h a t i d y l  e thanolamir le ,  p h o s p h a t i d y l  serine + 
p h o s p h a t i d y l  inosi tol ,  a n d  sph ingomye l in .  T he  va lues  
for  mic rosomes  g iven  in t he  t a b l e  are in  good a g r e e m e n t  
w i t h  those  p rev ious ly  found  in our  a n d  in o t h e r  l abora -  
tor ies  ls-20. Therefore ,  t he  fusion a t  37~ is sure ly  n o t  
i nduced  b y  l y s o p h o s p h a t i d e s  which  arise f rom endogenous  
phospho l ip id s  b y  a p h o s p h a t i d e  acyl -hydro lase .  
More  p r o b a b l e  is., however ,  t h a t  an  increase  in t he  
f lu id i ty  of t h e  m e m b r a n e  lipids, as d i r ec t ly  obse rved  a t  
t he  l ipid phase  t r a n s i t i o n  (a round  25 ~ b y  e lec t ron  spin  
resonance ,  X - r a y  d i f f rac t ion  a n d  N M R  s tud ies  12-~4, is 
one  of t h e  p re requ i s i t e s  for t he  fusion of mic rosomal  ves-  
icles a t  37 ~ 
Helen ius  a n d  S imons  ~1 h a v e  s u m m a r i z e d  ev idence  t h a t  
w h e n  sma l l  a m o u n t s  of d e t e r g e n t  are  a d d e d  to biological  
m e m b r a n e s ,  some of i t  wilI be  i nco r po r a t ed  in to  t h e  
m e m b r a n e .  This  is in  a g r e e m e n t  w i t h  s e d i m e n t a t i o n  
e x p e r i m e n t s  car r ied  ou t  in our  l a b o r a t o r y  in order  to  
s t u d y  t he  r e l a t ionsh ip  be tween  fusion and  so lubi l iza t ion  
of m i e r o s o m a l  vesicles 22. I t  is, therefore ,  r easonab le  to  

a s sume  t h a t  i n c o r p o r a t i o n  of smal l  a m o u n t s  of d e t e r g e n t  
in to  t he  m i c r o s o m a l  m e m b r a n e s  w i t h o u t  d i s r u p t i n g  t h e m ,  
ha s  a m a r k e d  effect  on  t he  phys i ca l  s t a t e  of t he  m e m b r a n e  
ma t r ix .  F u r t h e r m o r e ,  m e m b r a n e s  c o n t a i n i n g  d e t e r g e n t  
w i t h i n  t h e  h y d r o p h o b i c  core should  be  more  f luid t h a n  
n a t i v e  m e m b r a n e s ,  because  t he  v i scos i ty  of T r i t o n  X 114 
(2.6 poise) ~3 is lower  t h a n  t he  a p p a r e n t  effect ive  v i scos i ty  
of t he  m e m b r a n e  f luid phase  (3-10 poise) 24-2v. Cons i s t en t  
w i t h  t h i s  view, a n d  in good a g r e e m e n t  w i t h  our  in te r -  
p r e t a t i o n  of t he  fus ion of mic rosomes  a t  37~ is ou r  
o b s e r v a t i o n  t h a t  t he  ab i l i ty  of mic rosoma l  vesicles to  
fuse comple te ly  a m o n g  each o t h e r  exis ts  in  t h e  presence  
of 0 .03% (w/v) T r i t o n  X 114 ( T r i t o n / p r o t e i n  r a t io  of 2). 
However ,  t he  mic rosoma l  m e m b r a n e s  are solubi l ized if 
t he  T r i t o n  X 114/pro te in  r a t io  is increased  to 4 (figure 2). 
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Summary. The  yel low s t r ips  on  t he  cut ic le  of social wasp  workers  become  p h o t o c o n d u c t i v e  fol lowing i r r ad ia t ion  w i t h  
l ight ,  t h e  effect  be ing  pe r fec t ly  revers ible .  

The  in f luence  of l igh t  on  t he  b e h a v i o r  of social  wasps  
h a s  b e e n  s tud ied  b y  severa l  i nves t iga to r s  2-v a n d  i t  is 
n o w  wel l -known t h a t  sun l i gh t  p lays  a c e n t r a l  role in  
t h e  d i u r n a l  a c t i v i t y  of these  insects.  W e  s tud ied  t he  
pho toe l ec t r i c  p rope r t i e s  of t he  cut ic le  of va r ious  species 
of wasps  col lected f rom d i f fe ren t  count r ies ,  and,  for  
c o m p a r a t i v e  purposes ,  also t he  pho toe lec t r i c  p roper t i e s  
of t h e  h o n e y b e e  cuticle.  W e  c o n c e n t r a t e d  m a i n l y  on t he  
b r o w n  a n d  yel low cu t i cu la r  s t r ips  on t h e  dorsa l  surface  
of t he  a b d o m e n ,  because  these  are  m o s t  f r e q u e n t l y  
exposed  to  l ight .  As is k n o w n  7, severa l  ye l low s t r ips  
a n d  spo ts  occur  on  t he  cut ic le  of Vesp inae  a n d  Pol is t inae .  
These  are  in t e r spe r sed  w i t h  b r o w n  or d a r k  s t r ips  a n d  
t o g e t h e r  give t he  wasp  i ts  cha rac t e r i s t i c  color. F r o m  
a n  ear l ier  s tudY we suspec t ed  t h a t  t he  yel low s t r ips  
a re  ill some way  connec t ed  w i t h  p h o t o c o n d u c t i o n  because  
they shine ill the darkness of the natural nest and also 
fluoresce under UV-illumination. 

I n  t he  ear ly  p u p a l  s tages  the  yel low s t r ips  are n o t  easi ly 
d i f f e ren t i a t ed  f rom t h e  o the r  s tr ips,  b u t  become  c lear ly  
d i s t ingu i shab le  before  eclosion. In  Vespa orientalis a n d  
severa l  o t h e r  ho rne t s ,  2 of t h e  a b d o m i n a l  segments ,  
n a m e l y  t he  3rd a n d  4th,  are  especia l ly  su i t ab le  for 
p h o t o c o n d u c t i v i t y  d e t e r m i n a t i o n s  because  t h e i r  an t e r i o r  
ha l f  is b r o w n  a n d  t h e i r  pos te r io r  ha l f  is m o s t l y  yellow. 
I n  o t h e r  species, t he  colored a b d o m i n a l  s egmen t s  m a y  
differ  in n u m b e r ,  size, p a t t e r n ,  etc. 
The  p h o t o v o l t a i c  p o t e n t i a l  a n d  t he  p h o t o c u r r e n t  were 
m e a s u r e d  w i t h  a K e i t h l e y  d ig i ta l  e l ec t rome te r  Model  616 
whose  s ens i t i v i t y  is ill t he  r ange  of 10-1-10 -11 A a n d  
10-~-10+2 V a n d  105-1012 ~.  H o o k u p  of t he  cut ic le  s t r ips  
to  t he  e l ec t rome te r  was  accompl i shed  v ia  copper  wire, 
0.05-0.1 m m  ill d i amete r ,  b o t h  ends  of w h i c h  were 
smea red  w i t h  a sma l l  a m o u n t  of col loidal  s i lver  pa inL  
Test insects were various hornets and wasps, both pupae 
and adults, and the measurements pertained to the 
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te rgi tes  of the  abdomina l  segments .  The live insects  
were f i rs t  anaes the t i zed  w i t h  ether,  while the  dead  insects  
were deep frozen or alcohol preserved.  The source of 
l ight  was a microscope incadescen t  bulb  50 W, 220 V 
whi te  l ight.  The p h o t o c u r r e n t  was also measured  under  
i r rad ia t ion  wi th  a laser He-Ne  b e a m  of 5 mW,  Model  132, 
Spec t ra  Physics .  
In fo rma t ion  on the  smal les t  i n t ens i ty  a t  which  measurab le  
changes  of cu r ren t  w i th  i r rad ia t ion  occur was ob ta ined  
t h r o u g h  a Power  Meter,  Model 212, Coheren t  Radia t ion ,  
Palo  Alto. 
The specimens  were i l lumina ted  and the  changes  in 
cu r ren t  measured  over  a 2-rain-period, b o t h  during,  and 
10-15 min  a f te r  the  exposure  to l ight.  The m e a s u r e m e n t s  
were pe r fo rmed  by  app ly ing  a var iable  ex te rna l  bias 
f rom 0.05 V to  1.6 V. The cur ren t  p roduced  unde r  
pro longed i r rad ia t ion  (10-20 min) and the  va r ia t ion  in 
the  cu r ren t  b y  a fu r the r  exposure  to l ight  darkness  
(30/30 sec) were also measured .  
The cur ren t -vo l t age  charac te r i s t ics  in the  da rk  were 
likewise de t e rmined  and it was found  tha t ,  due to high 
res is tance values  (10L10 s ~), the  rect i fying proper t ies  
were not iceable  only  when  low vol tages  were applied.  
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Fig. 1. The dependence of the ratio between the resistance at the 
initial value R and the Inaximal resistance R .... as a function of 
time, during and after irradiation with light on the yellow strip of a 
hornet worker (Vespa orientalis). Light is switched off after 2 rain, 
and shortly afterwards, the resistance reverts to the initial value. 

Effect o/brie[ illumination. Shor t  t e r m  (2 min) i r rad ia t ion  
wi th  or w i t h o u t  the  appl ica t ion  of ex te rna l  bias of t he  
cuticle invar iab ly  resul ted  in an increase of the  resis tance.  
Once the  l ight  was swi tched  off, however ,  there  was an  
essent ia l  difference be tween  the  yel low str ips  and  the  
b rown  pa r t s  of the  cuticle in t h a t  t he  cu r ren t  t h r o u g h  
tile former  bu t  no t  t h r o u g h  the  l a t t e r  increased again 
and  af ter  10-20 min  r eve r t ed  to the  s t a r t ing  level. The 
changes  in the  res is tance  wi th  t ime following appl ica t ion  
of a vol tage  of 1.6 V to the  'yel low s t r ip '  of Vespa off- 
entalis are p resen ted  in figure 1. The cur ren t  var ies  
slowly in the  absence of l ight.  The smallest ,  still de tec t -  
able change  in the  cu r r en t  occurred a t  a whi te  l ight  
i n t ens i ty  of 0.5 ~xW af ter  2 min of i r radia t ion.  
Tile res is tance t h ro u g h  the  b rown  pa r t s  of the  cuticle 
con t inued  to  increase following swi tch-off  of the  l ight  
and,  only af ter  a ve ry  long per iod (days), a t t a ined  a 
sa tu ra t ion  value or began  to  decrease.  Such ' i r reversible '  
change  of the  res is tance  in b rown pa r t s  of the  cuticle was  
observed  also for ho rne t  pupae  and old queens.  
Effect o/ prolonged illumination. During  10-20 min  of 
i l luminat ion,  the  res is tance  in the  yellow str ips  f i rs t  
increases to a m a x i m a l  value,  t hen  decreases to a sa tu ra -  
t ion value. The sa tu ra t ion  of the  res is tance  versus  t ime  
in a measured  yellow st r ip  of Vespa orientalis is repre-  
sen ted  in figure 2. This  sequence of even ts  is typ ica l  
only  for the  yel low str ips  of workers .  In  b rown s t r ips  
of all the  tes ted  species exposed  to p ro longed  i l luminat ion,  
the  res is tance increases to a ve ry  h igh  value and, a l t hough  
it drops  again af ter  the  l ight  is swi tched  off, th is  requires  
a ve ry  long t ime  and  the  max i ma l  value reached  is 
cons iderably  higher  t h a n  the  s t a r t ing  value of the  
res is tance  of yel low strips.  
In  an a t t e m p t  to  u n d e r s t a n d  the  phys ica l  s ta te  prevai l ing 
in the  yellow str ips  af ter  pro longed i l luminat ion,  the  
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Fig. 2. The dependence of the ratio between the resistance and the 
initial value of the resistance as function of time, during prolonged 
irradiation of the yellow strip of a hornet worker. 
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Fig. 3. The variation of the ratios between resistance and the initial 
value of the resistance as a function of time in the case of a yellow 
strip of a hornet worker after prolonged illumination, followed by 
switching the light off and on every 30 sec. 
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s t r ips  were sub j ec t ed  to a series of br ie f  (30 see), a l t e r n a t e  
exposures  to  l igh t  a n d  darkness .  The  v a r i a t i o n s  in t h e  
res i s t ance  d u r i n g  such  t r e a t m e n t  are r ep re sen t ed  in 
f igure 3, where  t h e y  are c lear ly  shown  to  be  respons ive  
(periodic) - t he  res i s t ance  increas ing  w h e n  t he  l igh t  is 
swi tched  off, b u t  dec reas ing  w h e n  the  l igh t  is swi tched  
on. Due  to  the  h i g h  res i s tance  values,  t he re  are also 
some slow i r revers ib le  changes ,  b u t  essen t ia l ly  we h a v e  
a revers ib le  and  t yp i ca l  p h o t o c o n d u c t i v e  effect.  W i t h  
h o r n e t  ma les ,  p u p a e  or  y o u n g  fer t i l ized queens ,  as well  
as w i t h  honeybees  exposed  to t he  same p rocedure  (i.e., 
p ro longed  i l l u m i n a t i o n  followed b y  brief,  a l t e r n a t e  l igh t -  
darkness) ,  t he re  were occas ional  changes  in t he  res i s t ance  
of a per iodic  na tu r e ,  b u t  these  were no t  cons i s ten t .  I n  
some ins t ances  t he  v a r i a t i o n  in res i s tance  wag per iodic  
on ly  for  a few cycles of l igh t -da rkness ,  a n d  t h e n  t h e  
res i s tance  increased  regardless  of a n y  f u r t h e r  i l l umina t ion .  
W i t h  l iv ing  or r ecen t l y  ki l led workers ,  t he  s a t u r a t i o n  
va lue  of t h e  res i s t ance  was a t t a i n e d  more  r ap i d l y  t h a n  
w i t h  o t h e r  spec imens  and  likewise, decrease  in res i s t ance  
u p o n  i l l u m i n a t i o n  was  cons ide rab ly  h ighe r  a n d  t i m e  of 
r e l a x a t i o n  of the  p h o t o c u r r e n t  was m u c h  shor te r .  
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Fig. 4. Model for the reversible change of the current with irradiation 
and change of the current with time during and after switching off 
the light (see text). 
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Fig. 5. Model for the reversible change in resistance after long ir- 
radiation with light (E = energy, X = distance through material). 
]For explanation see text. 

In t e re s t ing ly ,  t he  n o c t u r n a l l y - a c t i v e  wasp  Apoica pallens, 
a l t h o u g h  i t  lacks yel low s t r ips  on i ts  dorsum,  d i sp layed  
a change  of res i s t ance  w i t h  i l l u m i n a t i o n  wh ich  was v e r y  
s imi la r  to  t h a t  in wasps  possess ing yel low str ips.  
I r r a d i a t i o n  w i t h  t he  l igh t  of a He -Ne  laser  also p roduced  
t he  a f o r e - m e n t i o n e d  revers ib le  changes  of t he  res is tance,  
b u t  in  th i s  case, p ro longed  in i t ia l  i r r a d i a t i o n  was un -  
necessa ry  and  t he  l igh t  of t he  laser  was  swi tched  off 
eve ry  10 sec r a t h e r  t h a n  e v e r y  30 sec, s ince t he  longer  
exposure  r e su l t ed  in i r revers ib le  changes .  
Discussion and physical model. Studies  on  t he  sys t ema t i c s  
of wasps  a t  t imes  base  t he  d i s t i nc t i on  b e t w e e n  re l a t ed  
species on t he  color  p a t t e r n  of t he  wasp ~. Resu l t s  of 
t he  p r e sen t  s t u d y  would  seem to  i nd ica t e  t h a t  t h e  
cu t i cu la r  yel low str ips ,  insofa r  as t he i r  size, shape  a n d  
r e l a t i on  to  o t h e r  colored  spots  on  t h e  cut ic le  are  concerned ,  
m a y  be of f u n c t i o n a l  i m p o r t a n c e  to t he  da i ly  a c t i v i t y  
of wasps,  and  t h a t  d i f ferences  in yel low s t r ip  p a t t e r n  
be tween  t he  species express  also phys ica l  and  physio logica l  
dif ferences  t h a t  m a y  enab le  p r o p e r  ecological  a d a p t a t i o n  
of wasp p o p u l a t i o n  to  t h e i r  b io tope  a n d  a m b i e n t  c l imate .  
The  fac t  t h a t  t he  cut ic le  of d rones  and  queens ,  who  
usua l ly  do n o t  engage  in foraging,  possess less p r o m i n e n t  
p h o t o c o n d u c t i v e  p roper t i e s  t h a n  t h a t  of t h e  workers ,  
suggests  t h a t  t he  yel low s t r ips  in  workers  m a y  he lp  
t h e m  in some way  in t he i r  o r i e n t a t i o n  s,". These  m u s t  
be  associa ted  w i t h  ce r t a in  molecu la r  changes  b r o u g h t  
a b o u t  b y  l igh t  a n d  lead ing  to a r educ t i on  in t he  concen t r a -  
t ion  of free carr iers  in the  yel low str ips .  Such  r educ t i on  
m a y  resu l t  f rom compos i t i ona l  changes  imposed  b y  
p h o t o c h e m i c a l  r eac t ions  or f rom a r e a r r a n g e m e n t  of 
molecu la r  bond ings .  F r o m  the  phys i ca l  s t a n d p o i n t ,  w h a t  
is i m p o r t a n t  is t h a t  u n d e r  i l l umina t ion ,  some of t h e  
car r ie rs  c o n t r i b u t i n g  to t he  c u r r e n t  d i sappear .  The  
r educ t i on  ill t h e  n u m b e r  of car r ie rs  could be  expla ined ,  
on  t he  basis  of t he  s e m i c o n d u c t o r  b a n d  t h e o r y  1~ as 
an  a p p e a r a n c e  of t r a p  levels in  the  ene rgy  gap  u n d e r  
i l l u m i n a t i o n  due  to  changes  in the  molecu la r  s t ruc tu re .  
Indeed ,  s imi la r  changes  h a v e  been  n o t e d  in t he  op t ica l  
a b s o r p t i o n  p rope r t i e s  of some a m o r p h o u s  ma te r i a l s  u n d e r  
i r r ad i a t i on  w i t h  l igh t  n,l~. As p e r t a i n s  to  wasps,  t he  
process  is r ep re sen t ed  schema t i ca l ly  in  f igure 4. As can  
be  seen, before  t he  l igh t  is swi tched  on, the  free carr iers  
in t he  c o n d u c t i o n  b a n d s  t h a t  c o n t r i b u t e  to  t he  c u r r e n t  
are  in a t h e r m a l  equ i l ib r ium,  b u t  u p o n  i l lumina t ion ,  
t he  p h o t o m o l e c u l a r  changes  induce  t he  a p p e a r a n c e  of 
t r a p  levels in  t he  ene rgy  gap  a n d  t he  p h o t o g e n e r a t e  
carr iers  and  some of t he  equ i l i b r ium carr iers  are t r apped ,  
and  consequen t ly ,  t h e  c u r r e n t  decreases.  F u r t h e r  i r rad ia -  
t ion  wi t t l  l i gh t  will  y ie ld  t r a n s i t i o n  f rom the  va lence  
b a n d  in to  the  c o n d u c t i o n  b a n d  and  t h e  g e n e r a t e d  car r ie rs  
will p roduce  a d rop  in the  res is tance.  The  r e l axa t ion  in 
th i s  case will be r ap id  and,  u p o n  swi tch ing  off the  l ight ,  
t h e  res i s tance  will increase  r ap id ly  (figure 5). 
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