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F u s i o n  of  m i c r o s o m a l  v e s i c l e s *  
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Summary: Studies  which  indica te  the  fusion of ra t  l iver microsomal  vesicles show t h a t  the  ra te  of fusion of microsomal  
vesicles, as revealed by  e lec t ron microscopic examina t ions ,  is d e p e n d e n t  on t h e  fusion t e m p e r a t u r e  and  the  a m o u n t  of 
de t e rgen t  p resen t  in t he  microsomal  suspension.  

The impor t ance  of m e m b r a n e  f luidi ty  for fusion of a 
va r i e ty  of sys tems  involv ing  whole cells 1, i solated m e m -  
branes  9, and  phosphol ip id  vesicles 3, 4 has  recen t ly  been  
suggested.  However ,  q u a n t i t a t i v e  expe r imen ta l  da t a  are 
no t  ye t  avai lable  to  allow comple te  eva lua t ion  of the  
role of m e m b r a n e  f lu id i ty  in the  fusion react ion,  and  
fu r the r  s tudies  are requi red  to  clarify the  complex  in- 
f luence of the  phys ica l  s t a t e  of the  lipids for m e m b r a n e  
fusion. 
In  ~his paper ,  we r epo r t  expe r imen t s  which  d e m o n s t r a t e  
a re la t ionsh ip  be tween  the  e x t e n t  of fusion of ra t  l iver 
microsomal  vesicles and  the  fusion t e m p e r a t u r e  as well 
as the  a m o u n t  of de t e rgen t  p resen t  in t he  microsomal  
suspension.  
Materials and methods. Female  Wis t a r  ra t s  (AF/Han. )  
weighing a b o u t  180 g and  fas ted  for 12 h were used.  
Liver  microsomes  were p repa red  essent ia l ly  by  the  m e t h o d  
of Schneider  5 modif ied  as descr ibed earl ier  s. 
For  fusion exper iments ,  microsomes  (20 mg protein)  
were m i x e d  a t  0~ e i ther  w i th  133 ml 0.1 M sucrose 
buffered  wi th  0.01 M Tris-HC1 p H  7.4, or w i th  133 ml 
of the  same solut ion conta in ing  in addi t ion  0.03% (w/v) 
Tr i ton  X 114 (Tr i ton /pro te in  ra t io  of 2). Af te r  10 min  
of incuba t ion  (0~ the  suspensions  were cent r i fuged a t  
105,700 •  (max) for 60 m i n  (Spinco ro tor  30) a t  0~ 
or 37~ respec t ive ly .  The resul t ing pel lets  of t he  4 
samples  were cooled in ice and  subsequen t ly  f ixed over-  
n igh t  a t  4~ in 1% OsO 4 in twicedis t i l led  water ,  t h e n  
s ta ined  for 1 h in 0.5% aqueous  u rany l  ace ta t e  before 
d e h y d r a t i o n  t h r o u g h  graded  acetones  and  p ropy lene  
oxide,  and  were  e m b e d d e d  in E p o n / A r a l d i t e L  U l t r a t h i n  
sect ions were con t r a s t ed  wi th  methanol ic  u rany l  ace ta te  
and basic lead c i t ra te  and  examined  in a Phi l l ips  300 
e lec t ron microscope.  
Pro te in  was assayed  b y  the  b iure t  m e t h o d  of Bode  et  al. s. 
The phosphol ip ids  were ex t r ac t ed  wi th  ch loroform/  
m e t h a n o l  2 : 1 (v/v) 9, s epa ra t ed  by  1-dimensional  TLC 10 
and  d e t e r m i n a t e d  b y  inorganic  p h o s p h a t e  analysis  n .  

Phospholipid content and composition of microsomes sedimented at 
different temperatures 

Components Microsomes sedimented at 
O~ 37~ 
Specific % Specific 
content* content* % 

Total phospholipids 883 :t= 51 100 906 4- 56 100 
Lysophosphatidyl choline 14 :t= 3 1.6 14 -t- 3 1.5 
Sphingomyelin 35 :t: 3 4.0 37 :t= 3 4.1 
Phosphatidyl choline 507 :t= 38 57.4 519 4- 40 57.3 
Phosphatidyl serine + 
phosphatidyl inositol 123 :t= 8 13.9 125 • 10 13.8 
Phosphatidyl ethanolamine 204 :k 15 23.1 211 -4- 14 23.3 

Both analyses were always carried out with the same microsomal 
preparation. *nmoles phospholipid-P/mg protein; n = 5. 

Results and discussion. Figure  1 i l lus t ra tes  typ ica l  electron 
microscopic appea rance  of microsomal  pellets  ob ta ined  as 
descr ibed in 'Mater ia ls  and  m e t h o d s '  a t  d i f ferent  t em-  
pe ra tu res  and  in the  absence or presence  of de te rgen t .  
As observed  m a n y  t imes  previously ,  the  un t r ea t ed  micro- 
somes which  were s ed imen ted  a t  0~ (figure la) appear  
a t  th is  magni f ica t ion  as closed, single memb ran e - l i m i t ed  
vesicles ranging in size f rom 90 to  360 rim, some of which  
bear  a t t a c h e d  r ibosomes.  

Microsomes s ed imen ted  at  t e m p e r a t u r e s  (around 37~ 
above the  lipid phase  t r ans i t ion  t e m p e r a t u r e  13-14 show 
general  p rese rva t ion  of the  vesicular  s t ruc ture ,  a l though 
the  profiles are essent ia l ly  more  irregular  (figure lb) .  
The mos t  s t r ik ing f inding,  however ,  is the  occurrence of 
numerous  ve ry  large closed vesicles (about  1500 n m  in 
diameter)  con ta in ing  several  large and smaller  smoo th  
surface vesicles, ind ica t ing  t h a t  fusion of microsomes  
occurs under  these  expe r imen ta l  condi t ions .  
P r epa ra t i ons  of Tr i ton  X 114 t r ea t ed  and a t  0~ sedi- 
m e n t e d  microsomes  (figure lc) are charac te r ized  b y  
m e m b r a n e s  a r ranged  bo th  in long l inear a r rays  and in 
concent r ic  lamel lar  s t r ia t ions  of 2 or more  m e m b r a n e  
layers like ex t r a  m e m b r a n e  whorls  enr iched f rom E. coli 15 
Some in t ac t  microsomal  vesicles are also still  present .  
In  addi t ion ,  f locculent  mate r ia l  and  some small  homoge-  
neous densi t ies  are located  be tween  the  m e m b r a n e  
s t ruc tu res  and  these  are a s sumed  to  r ep re sen t  p a r t l y  
a l ready  solubil ized l ipoprote in  micelles and pa r t l y  a lbu-  
mins  and  globulins which  were released out  of the  vesicles. 
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Fig.  1. E lec t ron  m i c r o g r a p h s  of mic rosoma l  pellets.  Microsomes were  
sed i lnen ted  as descr ibed  in 'Mater ia l s  a n d  n l e thods '  a t  a 0 ~ or  b 37 ~ 
in the  absence  a n d  a t  c 0 ~ or  d 37 ~ in the  presence  of 0 .03% T r i t o n  
X 114 (de t e rgen t / p ro t e in  r a t io  of 2). a Or ig ina l  microsolnes ,  b G i a n t  
vesicles fo rmed  b y  fus ion of microsolnes ,  c L o n g  con t i nuous  n lem-  
b ranes  a n d  mul t i l a lne l l a r  s t r u c t u r e s  fo rmed  b y  fus ion of In ic rosomal  
vesicles, d Long  con t i nuous  m e l n b r a n e o u s  s t r u c t u r e s  a n d  m e m b r a n e  
whor ls  f o rmed  b y  comple te  fus ion of In icrosomal  vesicles. • 22,000. 

Fig.  2. E l e c t r o n  m i c r o g r a p h  of mic rosoma l  pellet .  Microsolnes were  
s e d i m e n t e d  as descr ibed  ill 'Mater ia l s  a n d  m e t h o d s '  a t  0~ b u t  in 
the  presence  of 0 .06% T r i t o n  X 114 ( d e t e r g e n t / p r o t e i n  r a t i o  of 4). 
Solubi l ized r a t  l iver  nl ierosolnes.  The  in icrosolnal  vesicles are  com-  
p le te ly  d i s soc ia ted  in to  f loceulent  m a t e r i a l  a n d  smal l  h o m o g e n e o u s  
densi t ies .  • 22,000. 
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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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Photoelectric properties of the 'yel low strips' of social wasps 
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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 


