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Summary 

Red cells of different species respond differently to the t reatment  with the 
membrane mobility agent, A2C, with respect to both the A2C interaction and 
the subsequent cell-cell interaction. Depending on whether both, one or neither 
of the processes are effective, some red cells (e.g., nucleated Leghorn hen red 
cells, rat red cells) fuse easily, some (human red cells) show morphological 
changes but do not  fuse, and others (nucleated Rock hen red cells) show little 
or no response. Mixed fusion (i.e., between fusible cells of  different species) is 
readily obtained, indicating that  no species-specific recognition sites are 
required for A2C-induced fusion. 

The potential for fusion is a transferable characteristic. In the presence of 
fusible cells, A2C induces both heterologous and homologous fusion of  other- 
wise 'non-fusible' cells. 

Electron micrographs of  fusing cells after t reatment  with A2C reveal 'onion- 
ring' structures ('whorls'), free of intramembranous protein particles but differ- 
ent from the smooth appearance of A2C particles. Whorls are considered to 

* T o  w h o m  r e p r i n t  r e q u e s t s  s h o u l d  be  a d d r e s s e d .  
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arise from fusion-potent membrane areas. Fusion is apparent at multiple sites 
along the contact  line between apposed membranes.  The postulated appearance 
of  vesicle-like structures along the fusion line (Kosower,  E.M., Kosower,  N.S. 
and Wegman, P. (1977) Biochim. Biophys. Acta 4 7 1 , 3 1 1 - - 3 2 9 )  is confirmed 
by micrographs. The mechanism of this fusion process is discussed and com- 
pared to other types of fusion process. 

Introduct ion 

Membrane fusion is one of  the most  ubiquitous cellular events, mediating 
such common biological phenomena as fertilization, phagocytosis and exocy- 
tosis [1--7].  Fusion can be induced by viruses or chemicals [8--14].  Membrane 
mobili ty agents are a class of  lipid-related molecules, designed to promote  lipid 
disorder. When added to cells, they increase the mobili ty of  membrane compo- 
nents [15--17].  Their dispersion in aqueous media produces small particles 
which can be incorporated into the membrane.  A member  of this class, A2C, 
promotes  fusion for red cells in some strains of  chicken [18,19].  

A2C 

CH3(CH2)TCH---CH(CH2)TCOOCH2CH2OCH2CH2OCH3 

We now report  a wide range of responses, after the t reatment  with A2C, 
for cells of a variety of  mammalian and avian species, some cells are fusible, 
others not.  Moreover, mixed fusion, i.e., be tween fusible cells of  different 
species, can readily be obtained indicating that species-specific recognition sites 
are not  necessary for the fusion. Moreover, the potential  for fusion is transfer- 
able: fusion can be induced in otherwise non-fusible cells treated in the pres- 
ence of  fusible cells. 

Some of  the morphological aspects of  the fusion process have been investi- 
gated and are reported and interpreted in relation to the mechanism proposed 
for fusion processes, including A2C-induced fusion [20].  

Materials and Methods 

Heparinized blood from various species was centrifuged, the plasma and 
buf fy  coat  removed and red cells washed twice with 150 mM NaC1 and once 
with buffer (pH 5.7) containing sodium acetate (76 mM), NaC1 (70 mM), CaC12 
(2 mM) and Dextran T-70 (100 mg/ml). Cells were then resuspended in the 
same buffer to a hematocri t  of  6--8% and mixed with an equal volume of A2C 
suspension (0.5 /zl/ml) in NaC1 (150 mM) (dispersion through sonication has 
been described previously [20]) .  Flomol F20C ( 2 . 1 0  -3 pmol /~mol  A2C) in 
methanol  was mixed with A2C, the methanol  removed with a stream of  N2, 
NaC1 (150 mM) added, and the F20C-A2C suspension was used to follow the 
interaction of  A2C particles with cells, using fluorescence microscopy.  

Cell suspensions were incubated at 37°C and mixed gently every 5--10 min. 
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Aliquots were removed at intervals for observation by light, phase or fluores- 
cence microscopy on wet  preparations. Samples were also air-dried on glass 
slides, stained with Wright-Giemsa and used for photography.  The percentage 
of cells hemolysed was determined by spectrophotometr ic  measurement of  
hemoglobin concentration at 540 nm in the supernatants of  centrifuged sam- 
ples. Aliquots were fixed for electron microscopy (scanning, thin-section, and 
freeze-fracture) in a fixative containing 1% paraformaldehyde,  1% glutaralde- 
hyde and 1% tannic acid in phosphate buffer (100 mM, pH 7.2). 

For thin-sectioning, the cells were post  fixed with 1% phosphate-buffered 
OsO4, dehydrated,  embedded in epoxy resin and sectioned. Sections were 
stained with uranyl acetate and lead citrate and studied with the electron 
microscope. For scanning electron microscopy,  the cells were placed on a 
nucleopore filter membrane and similarly post-fixed with OsO4. They were 
then dehydrated in graded alcohol, brought to critical-point drying with Freon 
13, sputter-coated with AuPd and studied. For freeze-fracture, drops of  fixed 
cell suspension were placed on a specimen holder, quickly frozen in Freon 22, 
and brought to the temperature of  liquid N2. They were fractuted in Balzers 
instrument at a pressure of  1 • 10 .6 Torr and a temperature of - - l l 0 °C .  They 
were then replicated with platinum and carbon, the replicas cleaned with 
Clorox and studied. 

To verify the entry of  AzC into the cell membrane, red cells were incubated 
With F20C-A2C, following which the cell suspension was analyzed in a Becton- 
Dickinson laser fluorescence-activated cell sorter operated at a laser power  
level of  400 mW and using a sample size of  200 000 cells. The cell size and 
fluorescence distribution were analyzed separately then combined. 

Results 

The treatment  of  avian red cells with A2C under conditions suitable for 
fusion gave results which depended upon the genetic or species origin of  the 
cell. The oval, nucleated red cells of  Leghorn hens and of  turkey became spheri- 
cal within 20--40 min of  the start of  incubation, and fused within 50--70 min 
to form binucleated and multinucleated cells followed eventually by lysis of 
large multinucleated syncytia. Neither shape changes nor cell-cell fusion were 
observed in cells from Barred Rock hens under similar conditions. Observation 
of  Rock hen red cells in the presence of  F20C-A2C showed that the fluorescent 
particles approached the cells, either stuck to them or bounced off, and that 
those which remained attached had no further effect  on the red cell, i.e., 
f luorescent red cells could not  be seen. In contrast, Leghorn red cells appeared 
as fluorescent rounded cells after a similar t reatment  [ 20 ]. 

Incubation of  non-nucleated mammalian cells with A2C led to pronounced 
morphological changes visible by light microscopy. Membrane investigations 
were followed by spherocytosis and clumping of  cells. After 20--30 min, rat, 
mouse,  and guinea-pig cells gaverise to fused cells, a process which continued 
until they eventually formed large syncytia and lysed. In contrast, human red 
cells underwent  invagination and spherocytosis but  did not  readily clump or 
fuse, there being less than 5% fusion and little hemolysis after 60 min exposure 
to AzC. That the morphological alterations of  human cells resulted from the 
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incorporation of A2C was confirmed by the observation of  fluorescent sphero- 
cytes after the exposure to F20C-A2C. The fluorescent human cells gave a size 
distribution in the laser cell sorter identical to that  expected for human red 
cells. The distribution of fluorescence, either separately or in combination with 
the red cell size distribution, gave a single peak, indicating that  the F20C-A2C 
had been incorporated into the cell membrane. 

Rabbit red cells exhibited a response to A:C treatment  intermediate between 
rat and the human red cells, some morphological changes and a modest  degree 
of fusion being noted within 60 min. 

To determine whether or not  the A2C-induced fusion was species-specific, 
mixtures of fusible cells from different species were treated. Easily identifiable 
fusible avian cells were mixed with fusible mammalian cells and treated with 
A2C. Both mixed and homologous fusions occurred in the mixtures of cells 
with almost equal frequency. 

When mixtures of fusible cells and non-fusible cells were treated with A2C, 
three fusion combinations were observed: fusible cells with fusible cells; fusi- 
ble cells with non-fusible cells; and most remarkably, non-fusible cells with 
non-fusible cells. No fusions were observed upon treatment  of mixtures of non- 
fusible cells with non-fusible cells. 

The effects of  A:C treatment  on red cells from several species as seen by 
light microscopy are shown in Fig. 1, and the results are summarized in Tables 
I and II. The combined cell size and fluorescence distribution of  human red 
cells, obtained with the laser cell sorter, are shown in Fig. 2. 

Electron microscopy was used to obtain additional information about the 
membranes of  fusing cells, Membrane changes were seen in cells undergoing 
homologous and heterologous fusion. Rough cell surfaces with distorted, 
drawn-out membrane connecting the fusing spherocyte cells were seen in 
scanning electron microscopy, especially in rat cells (Fig. 3). Portions of mem- 
brane protruded from the surface in regions not  undergoing fusion. A probable 

Fig.  1.  E f f ec t s  o f  A2C on  av ian  cells, and  on  a m i x t u r e  of  av ian  and  m a m m a l i a n  cells. (A)  Th ree  L e g h o r n  
h e n  red  cells:  fus ion  in  eaxly s t ages  (X1500) .  (B) R a t  red  cells + Bar red  R o c k  h e n  red  cells:  m i x e d  fus ion  
is s h o w n .  N o t e  the  s y n c y t i u m  cons i s t i ng  of  a c y t o p l a s m i c  m a s s  c o n t a i n i n g  re la t ive ly  f ew nuc le i  o f  t h e  
n u c l e a t e d  hen  cells (X 600) .  
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T A B L E  I 

A 2 C - I N D U C E D  M E M B R A N E  F U S I O N  I N  N U C L E A T E D  A N D  N O N - N U C L E A T E D  R E D  C E L L S  

P e r c e n t  o f  t o ta l  ce l l  p o p u l a t i o n  i n v o l v e d :  0 ,  < 0 . 5 % ;  +, 1 (} - -25%;  ++ ,  2 5 - - 5 0 % ;  + + + ,  5 0 - - 7 5 % ;  + + + + ,  7 5 % .  

F o r  d e t a i l s  o f  m o r p h o l o g i c a l  charges  see  t e x t .  D e t e r m i n a t i o n s  of  %lys4s  w e r e  m a d e  at 6 0  m i n  and  e a c h  
f igure  r e p r e s e n t s  t w o  to  f ive separate  e x p e r i m e n t s .  

S p e c i e s  t e s t e d  M o r p h o l o g i c a l  + F u s i o n  %lysis 

c h a n g e s  ( p m  and  range)  

A v i a n  

L e g h o r n  h e n  + + + +  + + + +  9 1 . 1  ( 8 5 . 2 - - 9 7 )  

Barred R o c k  h e n  0 0 8 . 1 5  ( 6 . 7 - - 9 . 7 )  
T u r k e y  ( c o m m o n  b a r n y a r d ,  Meleagris gallopavo) + + +  + + +  6 2 . 5  ( 5 8 - - 6 7 )  

M a m m a l s  
H u m a n  + + +  0 1 0 . 6  ( 6 . 5 - - 1 4 . 1 )  

Rat  (Wistar) + + + +  + + + +  8 2 . 9 5  ( 8 0 . 5 8 - - 8 5 . 3 )  
M o u s e  ( B a l b / c )  + + + +  + + + +  8 0 . 5  ( 7 6 - - 8 5 )  

G u i n e a - p i g  + + +  + + +  5 8 . 5  ( 4 8 - - 6 9 )  

R a b b i t  ( N . Z . )  ++  + 1 7 . 8  ( 1 5 . 6 - - 2 0 )  

correlate of  these protrusions was the onion-ring structures (whorls) observed 
in the membranes of  fusing cells in freeze-fractured replicas. The onion-ring 
structures appeared to be free of  intramembranous particles (Figs. 4A and B). 
Micrographs of  A2C particles obtained by freeze-fracture technique revealed 
that such particles lacked structure altogether, exhibiting a smooth appearance 
(Fig. 5). 

The thin section of  fusing cells indicated that membrane changes involved 
membrane loss through both internalization and externalization (Fig. 6). 
Internalized membrane fragments were seen as areas of  multiple, small vesicles. 
Externalized membrane fragments were seen as densely stained, lipid-rich 
vesicles. The fragments were seen in areas not  undergoing fusion (Fig. 6), and 
probably correspond to the onion-ring structures seen in freeze-fractured 
replicas (Fig. 4). 

Micrographs of  non-fusible cells did not  show similar fragments. Sections of  
A:C-treated non-fusible avian red cells were similar to those of  an untreated 

T A B L E  I I  

A 2 C - I N D U C E D  M I X E D  F U S I O N  B E T W E E N  R E D  C E L L  M E M B R A N E S  O F  D I F F E R E N T  S P E C I E S  

P e r c e n t  o f  ce l l  p o p u l a t i o n  o f  e a c h  spec i e s  i n v o l v e d :  0 ,  < 5 % ;  + ,  1 0 - - 2 5 % ;  + + ,  2 5 - - 5 0 % ;  + + + ,  50- - -75%.  

D e t e r m i n a t i o n s  o f  % h e m o l y s i s  w e r e  carried o u t  for  o n e  e x p e r i m e n t  at 6 0  r a i n .  

M i x t u r e  of  ce l ls  t e s t e d  H o m o l o g o u s  f u s i o n  M i x e d  f u s i o n  % H e m o l y s i s  

A v i a n  M a m m a l  

L e g h o r n  + rat + + +  + + +  ++  9 0  
L e g h o r n  + gu inea-p ig  + +  4 +  + 50  
L e g h o r n  + h u m a n  + + +  + + 6 0  

Barred R o c k  + rat + +  + + +  + 80  
Barred R o c k  + guinea-p ig  + ++ + 4 0  
Barred R o c k  + h u m a n  0 0 0 5 
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Fig. 2. C o m b i n e d  cell size and  f luorescence  d i s t r ibu t ion  of  h u m a n  red  cells i n c u b a t e d  wi th  F20C-A2C and  
s tud ied  wi th  a laser cell sor ter .  The  abscissa indica tes  the  size d i s t r ibu t ion  and the  o rd ina te  dep ic t s  the  
f luorescence  d i s t r ibu t ion .  The  size d i s t r ibu t ion  co r r e sponds  to  t h a t  of  n o r m a l  h u m a n  red cells. The  
single peak  indica tes  the  presence  of  f luorescen t  c o m p o u n d  in the  cells. A smal ler  rise seen on  the  lef t  
migh t  well  arise f r o m  the  presence  of  A2C part icles  a t t a c h e d  to  b u t  n o t  y e t  i n c o r p o r a t e d  in to  the  cells. 

cell. Sections of  treated human cells revealed morphological alterations also 
evident in light microscopy (Fig. 7) but no fragments, either in the form of 
whorls or multivesiculated blebs, could be seen in freeze-fractured or transmis- 
sion electron micrographs. 

The electron micrographs indicated that fusion occurred at multiple points 
along the large contact area between fusing cells (Fig. 8A).  At high magnifica- 

Fig. 3. Scanning  e lec t ron  m i c r o g r a p h  of  fusing ra t  r ed  cells. R o u g h  surfaces ,  d r a w n - o u t  m e m b r a n e  con-  
nec t ing  the  fusing cells and  m e m b r a n e  ex t rus ions  are all visible (× 8220) .  



Fig. 4. Freeze-fractured replicas of cells fusing as a result of A2C treatment. (A) J 
structure is shown (arrow) being extruded from the membrane of a rat red cell WI 
through the cytoplasm (Cut). (B) An intramembranous particle-free region (arrow: 
nous p&icle&uddedmembrane of a Leghorn hen red cell (both X43 750). 

tion, areas of apposed membrane in tight contact could be seen (Fig. 8B). 
Within these areas, regions which correspond to channels of communication 
between the cells were noted, and these contained disordered membrane rem- 
nants (Fig. 8B). Adjacent to the channel regions and betwe Len the apposed 
membranes of the fusing cells were extracelluhu spaces, which corresponded in 
size to ‘vesicles’ (Fig. 8B). At later stages of fusion, transmission L electron micro- 

in onion-ring (whorl) 
lich is cross-fractured 
1 in the intramembra- 
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Fig.  5. F r e e z e - f r a c t u r e  rep l ica  of  an  A2C par t ic le .  N o t e  the  absence  of  s t r u c t u r e  s imi la r  to  t h a t  of  a m e m -  

b rane  or l i p o s o m e  (X 9 2 0 0 ) .  

scopy showed many points of communicat ion between the cells, with many 
vesicles between these points (Fig. 9). These membrane vesicles disappeared at 
a later stage of fusion or possibly were left as small, heavily stained remnants 
(Fig. 10). 

Discussion 

In this study, we have shown a considerable but consistent heterogeneity in 
red cell response in different species to t reatment  with A2C. Cells from some 

Fig.  6. T r a n s m i s s i o n  e l ec t ron  m i c r o g r a p h  of  a s ample  t a k e n  f r o m  an A 2 C - t r e a t e d  m i x t u r e  o f  ra t  red  ceils 

and  Ba r red  R o c k  h e n  r ed  eens.  A n  a rea  o f  f u s i o n  b e t w e e n  t w o  r a t  r ed  cells is i l lus t ra ted .  I n t e r n a l i z a t i o n  
( a r row - h ead s )  a n d  e x t e r n a l i z a t i o n  ( a r r o w )  o f  m e m b r a n e  are  seen  in  a reas  n o t  u n d e r g o i n g  fus ion .  T h e  

heav i ly  g a i n e d  e x t e r n a l i z e d  f r a g m e n t  ( a r r o w )  is a Lipid-rich, m u l t i l a y e r e d  vesicle  ( × 8 5 0 0 ) .  



Fig.  7. T r a n s m i s s i o n  e l ec t ron  m i c r o g r a p h ( s )  o f  h u m a n  red  cells t r e a t e d  w i t h  A 2 C. T w o  s t o m a t o c y t e s  wi th  
deep ,  enc losed  i n v a g i n a t i o n s  are s h o w n  (× 6600) .  

Fig.  8. T r a n s m i s s i o n  e l ec t ron  m i e r o g r a p h s  of  L e g h o r n  h e n  red  t e n s  d u r i n g  fus ion .  (A)  A p p o s i t i o n  of  m e m -  
b r a n e s  at  mu l t i p l e  p o i n t s  ( a r rows)  is i l lus t ra ted  (× 13 500) .  (B) A fus ing  r eg ion  is s h o w n  u n d e r  h igh  m a g n i -  
f i ca t ion .  A r r o w  A ind ica t e s  an  a p p o s i t i o n  b e t w e e n  the  t w o  m e m b r a n e s .  A r r o w s  labe led  B s h o w  a t igh t  
a p p o s i t i o n  b e t w e e n  the  t w o  b i l ayers  and  the  b e g i n n i n g  o f  c ha nne l  f o r m a t i o n  b e t w e e n  the  cells. N o t e  the  
' p e n t a l a m i n a r '  s t r u c t u r e  in  w h i c h  the  t i gh t i y  a p p o s e d  o u t e r  l ayers  o f  the  t w o  m e m b r a n e s  give the  appear -  
ance  of  a dense  m i d d l e  ' l aye r '  A r r o w  C po in t s  a t  a d e l i m i t e d  space  ( ' ves ic le ' )  b e t w e e n  two  fus ing  areas.  
A r r o w  D ind ica te s  a c o m m u n i c a t i n g  channe l  in  the  p rocess  o f  f o r m a t i o n ,  w i t h  m e m b r a n e  r e m n a n t s  still 
p r e sen t  (X 150  000 ) .  
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Fig.  9. An e l ec t ron  m i c r o g r a p h  of  the  fus ing  r eg ion  b e t w e e n  a n o n - n u c l e a t e d  r a t  red  cell and  a n u c l e a t e d  

Bar red  R o c k  h e n  r ed  cell a t  a la te  s tage  o f  fus ion .  Mul t ip le  p o i n t s  o f  f u s i o n  are  vis ible  a long  a large con-  

t a c t  a rea  b e t w e e n  the  t w o  cells w i t h  an  a r ray  of  ves ic les  ( a r rows)  i n d i c a t e d  ( X l l  000) .  

species fuse easily, in others they show only shape changes but  no fusion, in 
yet  another group they show no change at all. Mixed fusion between fusible 
cells of  different species is easily obtained and in addition, 'A2C-fusible' cells 
can promote  the fusion of 'A2C-non-fusible' cells in the presence of  A2C. To 
gain more insight into fusion and non-fusion, the phenomenon was studied 
morphologically. Strong evidence was obtained in support  of  a phenomeno- 
logical description and molecular theory of  membrane (and cell) fusion 
advanced a few years ago [20].  We shall briefly review certain features of that 
description and theory in order to provide a proper background for the present 
discussion. 

Agent-promoted cell-cell fusion consists of  two distinct processes: (a) intro-  
duction of the inducing agent into the cell membrane and; (b) the fusion of  the 
membranes of  two cells. In the case of  A2C, fusion of  the dispersed particles 
(microdroplets) of  A2C with the cell membrane proceeds in the following 
stages. (1} Particles approach the cell and adhere to the cell membrane.  (2) The 
agent enters and diffuses throughout  the membrane.  (3} The cell undergoes 
morphological changes such as spherocytosis.  Cell-cell fusion, the second pro- 
cess, follows a parallel course: (1) approach and adherence of a cell t o  another; 
(2) membrane fusion; (3) morphological changes. 

Agent entry into cell membrane. Direct evidence for the entry of  the agent 
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Fig.  10. The  end  s tage of  cell-cell fus ion  b e t w e e n  t w o  L e g h o r n  hen  red cells in wh ich  s o m e  m e m b r a n e  
r e m n a n t s  ( a r row) ,  s o m e  heavi ly  s t a ined ,  are  seen  a long  w i t h  a vesicle a long  the  l ine of  fus ion  (X 30  000 ) .  

into the cell membrane has previously been obtained by the use of a fluores- 
cent probe (F20C) loaded into the A2C-particles [16,17,20,21]. In the present 
s tudy,  loading was detected in a cell sorter which showed a single fluorescent 
peak corresponding to the size distribution of red cells. Fluorescent cells could 
be seen under the microscope directly. 

Mobility of membrane components. By use of the freeze-fracture technique, 
the normal red cell membrane shows a reasonably uniform distribution of par- 
ticles that  are known as ' intramembranous particles' and are considered to 
consist of membrane proteins. Particle-free areas have been reported in associa- 
tion with fusion processes such as exocytosis of synaptic vesicles, degranulation 
of mast cells, extrusion of trichocysts, virus-induced cell fusion, myoblast  for- 
mation, etc. It has been suggested [20] that  mobility of membrane components 
is enhanced by fusion-promoting agents and that  the enhanced mobility aug- 
ments the rate of formation of particle-free areas suitable for fusion. In this 
manner, the membrane is 'activated' and becomes fusion-potent. 

We observed these particle-free areas in fusing red cells. They appear as 
whorls or onion-ring structures in areas in which membranes are not  apposed. 
These particle-free areas have been noted infrequently but have not  been 
assigned a direct role in fusion [5]. We now propose that  these whorls represent 
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a further stage in the evolution of  unutilized fusion-potent areas. This is classi- 
fied in the following scheme. 

Membrane + A2C 

'Activated'  membrane 
Prote in  m o t i o n  

A cell No apposed  cell 
Fusion , , o s e d  particle-free areas , Whorls 

These whorls have a layered, 'onion-skin' structure resembling liposomes, but  
distinct from A2C particles. The whorls, therefore, must  consist of  phospholi- 
pid and A2C but  no visible protein particle. 

Cell-cell adherence and the progress of  fusion. In the course of  fusion, cells 
approach one another closely. Pontecorvo et al. [22] have illustrated a case in 
which fusion appears to occur via the fusion of  microvilli, avoiding in a sense, 
gross contact  between the cells. The initial contact  between the particle-free 
areas is probably at one localized area but,  promoted  by 'hydrophobic  bonding'  
[20],  this can extend to multiple areas. Permeation of  water through the con- 
tact  areas leads to the formation of inverted micelles, creating a membrane 
instability which is resolved through fusion of  the bilayers and the formation of 
aqueous channels through which the internal contents  of  the two cells are in 
communicat ion [ 20]. Multiple channels may develop in a single contact  region. 
We have now documented these multiple connecting channels, which were 
separated by vesicles arranged in a linear array along the fusion line. In thin 
sections, these vesicles are two-dimensional representations of  the regions in 
which the extracellular fluid has been trapped between the membranes adjacent 
to the sites of  fusion. 

Similarity to other fusion processes. Okada et al. [23--26] have shown that 
the virus-induced fusion may be divided into two stages, the virus-cell fusion 
and cell-cell fusion. The adherence of  virus to the cell membrane at low temper- 
ature (approx. 4°C) is followed by  rapid virus cell fusion on warming the combi- 
nation to 37¢C. Viral components  are incorporated and dispersed into the cell 
membrane.  Intermixing of  viral and cell phospholipids was shown by a spin- 
label s tudy t o  be a necessary step in virus-cell fusion [27].  Mobility of  mem- 
brane components  is promoted  by the fusion [28,29] and the redistribution of  
intramembraneous particles in the red cell membrane induced by Sendai virus is 
a prerequisite for cell-cell fusion [30,31].  Cell-cell fusion proceeds at multiple 
points along the contact  area [28,32].  Hence, the A2C-induced fusion is similar 
to virus-induced fusion. 

The rearrangement of  membrane components  and the formation of  particle- 
free phospholipid regions are alos associated with various 'natural '  fusion events 
[3--5,33--37].  Particle~iepleted membrane areas with a fine, fuzzy coating, or 
multilamellar whorls or multivesiculated blebs have been observed in degranu- 
lating mast cells [4,5].  The whorls are similar to those described herein. Clear, 
smooth bulges have been found in the spermatozoa undergoing the acrosomal 
reaction, and are seen especially easily in the case of  sperm activation in a capa- 
citating medium of liposomes [ 37 ]. 
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The general parallelism in the steps discerned in various kinds of  fusion indi- 
cates similarity in mechanism with only the details varying. One such detail 
involves cell-cell recognition. Mixed fusion between cells of  different species, 
described here, implies that recognition is not  critical to this type  of  fusion, 
although virus-induced fusion may require specific receptors. 

Heterogeneity in cell response and transfer o f  fusibility. The sequence of 
events associated with fusion may be interrupted or diverted. The absence of  
shape changes in non-fusible hen cells in the presence of  As C-particle adherence 
implies that the agent does not  enter the cell. Lack of  entry precludes any fur- 
ther consequences. In human cells, A~C does enter the cell, and shape changes 
ensue without  the evolution of whorls. We attr ibute this behavior to the 
relative immobility of  membrane proteins in human red cells. Ordinary molecu- 
lar mot ion leads to 'excess' lipid (phospholipid + A2C in treated cells) in local- 
ized regions. If the proteins surrounding this 'excess lipid area' are mobile, the 
area can grow in size laterally leading to the expansion of  membrane,  but  if 
the proteins are immobile, the excess lipid area can only grow in the 'vertical' 
direction (i.e., perpendicular to the cell membrane) leading to extrusion or 
invagination. Intermediate cases may also exist in which cell-cell fusion may 
depend upon the effect  of  external conditions on protein mobili ty.  In the case 
of  human red cell, therefore, the A2C-promoted fusion process seems to be 
inhibited at the stage of  membrane component  mobility. 

Heterogeneity in cell response is also observed in response to t reatment  with 
Sendai virus. Mutant  KB cells show a diminished fusion response with Sendai 
virus, apparently because of a membrane defect,  preventing viral envelope-cell 
membrane fusion [39,40].  Thus, the fusogenic agent does not  enter the cell. 
Later stages of  virus-induced fusion may also be interrupted, with saccharides 
inhibiting mot ion within the cell membrane [25],  and cytochalasin D inhibiting 
a still later stage of  fusion [26].  

Finally, we have shown that fusibility may be transferred, so that fusion 
may be induced in otherwise non-fusible cells by a factor introduced into the 
system by fusible cells. The nature of this factor is as yet  unknown.  It is clear 
that differences in membrane composit ion and structure are responsible for 
the heterogeneity in red cell response. The sodium dodecyl  sulfate gel electro- 
phoretic patterns of red cell membrane protein are similar among several spe- 
cies (human, rat, mouse) [41,42],  suggesting a gross parallelism between the 
polypeptides of the major protein fractions of  the membrane [41]. Yet, certain 
differences between the proteins composit ion of  various species have been 
demonstrated,  including the proper ty  of  aggregation to proteins of  high molec- 
ular weight, the charges on the proteins and the topography of  the glycoprot- 
teins [41--43].  In addition, differences in lipid composit ion have been found 
among various species [44]. The relationship, if any, of  these variations to the 
differences in fusibility and transfer of  fusibility is unknown.  It is interesting 
that  the transfer of  lipids from F glycoprotein-deficient influenza virus to 
human red cell membrane is promoted by Sendai virus which does contain the 
F glycoprotein [45].  It may be hoped that specific factors may be identified 
in the case of other  types of  fusion. 
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