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Sever~ chemic~ co-~eatmen~ were used to ~wer the threshold concen~ations of po~(~hy~ne ~ycol) 
(PEG) req~red to induce fu~on between turkey erythrocytes and between human erythrocytes. Concanava- 
fin A was used ~ c o ,  unction with 25% (w/w) PEG to ~duce turkey erythrocyte fu~o~ The fu~on 
percen~ge ~creased with increa~ng concen~ations of concanavalin A and the duration of concanav~  A 
~eatmenL In sam~¢s with ~gh percen~ges of fu~o~ numerous hemispheric~ in~amembrane p a ~ i d ~ e e  
zones (bub~e~ ~ the ~asma membrane were reveMed by ~eez~ac tu re  dec~on m~roscopy. Howeve~ 
concanav~in A ~eatment ~d not f a i l , a t e  fu~on between human erythrocytes even at 35% PEG, ~though 
dight ~amemb~ane panicle p~c~ng was obse~ed under t~s con~t~n. Spermidine (0.05% w/v),  
~ic~oroacetic a~d (100 raM) and ethan~ ~% v/v)  were found to promote fu~on of human erythrocy~s ~ 
25% PEG. In all ¢f these case~ in~amembrane panicle p~c~ng was obse~ed by ~ e e z ~ a c t u r e  dec~on 
m~roscopy ~ the presence of PEG. When a p h i d  ~on~ o~y ~han~ caused a ~ight in~amembrane 
panicle p~c~n~ N~ther ~methyls~fox~e (2% v / ~ ,  ~sophosphatidy~holine 0ysoPC, ~15 mM), nor 
polylysine (mol. wt. 1000-4000, ~05% w / Q  promoted fu~on cf human erythrocy~ ~ 25% PEG. None of 
these chemic~ ~eatments, ~on~ or ~ com~nafion with PEG, caused in~amembrane particle p a ~ n ~  We 
conclude th~ the positive ~ ~f c h e m ~  ~e~ments on PEG-~duced cell fu~on is dosdy rda~d to the 
formation of ~amembrane  partide~ree zones on the ~asma membrane. 

I n ~ ~  

High-molecula~wdght polymers of poly(ethyl- 
ene glycol) (PEG) are commonly used to fuse a 
wide variety of cells, such as plant protoplas~ [1], 
hen erythrocytes [2], human erythrocytes [3] and 
other mammalian cells [4]. Usuall~ aqueous solu- 
tions of PEG in excess of 35% are required to 
induce call aggregation and fufion; maximum fu- 
fion effidency occurs at a PEG concen~ation 

* To whom correspondence should be addre~e& 

between 40 and 50%. If the concen~afion of PEG 
is bdow 35%, no fufion can be induced [5]. 

Many factors contribu~ to the fusogenic e~ 
ficacy of PEG [6,7]. The creation of in~amem- 
brane partid~kee zone~ and the osmotic swdfing 
of calls a~er the formation of b~ayer contacts 
during the PEG ~eatment are confidered key steps 
in PEGqnduced fufion of cell membranes [8]. At 
low concentrations of PEG, in~amembrane pa~ 
f i d ~ e e  zones were not observed [~ and no fu- 
fion occurred. Howeve~ when treated with high 
concentrations of PEG, turkey erythrocytes were 
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haemAysed [3]. Thus, turkey erythrocy~s could 
not be fused with PEG Mone [10]. 

Concanavafin A is an agNutinating factor 
known to promote ~tachment  of fipid verities to 
eukaryofic cells before PEGqnduced fufion [11]. 
DimNh~sulfo~de (DMSO) and lysoPC are lipid- 
sMuble fusogens. It has been reported that DMSO 
induces hen erythrocyte fufion [2] and lysoPC 
induces phosphAipid vefide fufion [121. The 
polyamine~ spermine and spermidine have been 
used as modulato~ to promote aggregation and 
fufion of ce~aln vefide types [13,1~. Trichloro- 
acet~ and as a chao~op~ ion pro~des a highly 
e f ~ N e  means for resolution of membranes and 
increafing the water solubility of particula~ pro- 
tNns [15]. Ethanol is known to pene~a~  the core 
of the bHayer and disorder biomembranes [16]. In 
this stud~ we invesfiga~ if and how the threshMd 
concentration of PEG necessary to induce fufion 
of turkey and human erythrocytes can be lowered 
by a combined ~eatment with these chemicals. 
From the concerted actions of one of these chem- 
~Ms with PEG, we hope to fu~her our under- 
standing of the factors conuolling PEGqnduced 
membrane fufion. 

M m ~  ~ d  M ~ h ~ s  

Chemica~ 
PEG (mA. wt. 800~ was purchased from Fisher 

Sdentific Compan> Concanavafin A (Con A) was 
purchased from Ve~or Laboratorie~ F luor~cdn  
isothiocyanam (FITC)-Con A w ~  purch~ed ~om 
E.Y. Laboratori~. Sp~mi~ne  ~om ANric~ p a y  
( > ~ n ~  (mA.wt. 1000-4000) ~om Ngma. lysoPC 
k o m  Avanti Biochemicals, N m m h ~ s u l ~ d e  
(DMSO) and tficNoroacetic add ~om Fisher Sd- 
entific CompanD 

Chemical ~eatmen~ and fusion of e~rocytes  
Turkey and human erythrocytes were washed 

three t im~ ~ Hankg bNanced-sNt sAution [17], 
then settled on Ndan  N u ~ c o a e d  Nass coverslips. 
Un~mched  calls were ~moved by washing with 
bNanced salt sNution. The coversfip, with an at- 
tached monAay~  of cells, was incubated in a 
petf i~sh contaiNng the chemical agents at 37°C 
for 15 to 30 rain, followed by washing once with 
bManced~alt sAution. The coverslip was gently 

immersed into a sub-fuMon concentration of 25% 
(w/w) PEG in balanced-sNt solution and ~t  stand 
for 5 min, then washed once with bManced~alt 
solufiom and incubated at 37°C in bManced~Mt 
solution for 1 h. A~er that, the percentages of 
fused cells on the cover~ips were counted by 
phase microscopy [18]. Different protocols were 
employed to optimize the conditions for turkey 
and human erythrocytes as observed by light mi- 
croscopy. For turkey e r y t h r o c y ~  the sam~s on 
the coverslip were fixed with 2% (v/v)  ~utara ld~ 
hyde for 30 rain, rinsed and dried. The dried 
samples were observed in the fight microscop~ 
and mulfinudeated calls were scored. The un- 
nucleated human erythrocytes are loo small to be 
observed in this manner. In order to increase 
contrasL the wet covershp was inverted over a 
supporting microscope sfide, bfidNng over the 
space b~ween two grease-attached coverMips on 
the Mide. The cells were observed with dark-field 
light opt~s [8]. FITC-Con A was used to label 
concanavalin A recepto~ in the membrane. Cells 
were incuba~d in the 200 ~ g / m l  FITC-Con A at 
37°C for 20 min, washe& and observed in a 
fluorescence microscope. 

Freeze-fractu~ e&aron microscopy 
SamNes without PEG were rapid~ frozen by 

the sandwich m e ~ o d  [19]. About 0.1 ~1 of the 
samNe was sandwiched between two tNn copper 
plmes and q ~cN y  plunged in hq~d  propane 
without cryopro~manL Sampl~ with PEG were 
concen~ated by centrifugation (1500 × g, for 3 
min). The p d ~ t  of calls with PEG were places on 
g a d  cups (BMze0 and ~ozen in l ~ d  propane. 
The s a m ~  w~e  f f a ~ u ~ d  at - l l 0 ° C  in a 
PAaron E 7500 unit. 

R e s ~  

When turkey erythrocytes were ~eated with 
45% or higher concen~ations of PEG, more than 
75% of the cells lysed. When calls were treated 
with 40% of lower percentages of PEG, most 
individual cells remained intact. This confirms the 
previous observation [10] that turkey erythrocytes 
cannot be induced to fuse by PEG alone. Con- 
versely, human erythrocytes can be induced to 



Fig. 1. Fusion of turkey erythrocytes after pretreatment with 

various concentrations of concanavalin A followed by treat- 

ments with 25% PEG. (A) Control, treated only with PEG, no 

fusion is observed. (B) After pretreatment with 5 pg/ml con- 

canavalin A, fused cells (arrowed) can be seen. (C, D, E) After 

pretreatment with, respectively, 10, 15 and 20 pg/ml con- 

canavalin A, pronounced cell fusion (arrowed) results. Bar 

represents 20 pm. 

fuse by treatment of 35% and higher concentra- fusion of either turkey or human erythrocytes, 
tions of PEG. although agglutination was observed in both kinds 

Treatment with concanavalin A only, even at of cells in suspension. The phenomenon was more 
high concentrations (200 pg/ml), does not lead to pronounced in turkey erythrocytes than in human 
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TABLE I 

CONCANAVALIN A EFFECTS ON PEG-INDUCED F U ~ O N  

IME in~amemb~ne p a ~ d e ;  n.d., none d~ec~d. 

Sam~e T ~ m e m  A~lutination Fufion IMP ~ f i b m ~ n  

T u ~  ery t~oc~e  PEG + + + n.d. No p~ching 
Con A + + n.d. I M ~  b u b ~  
Con A +  PEG + + + + yes ~ I M ~  b u b ~  

Human e ~ r o c ~ e  PEG + + + yes b Small p ~ c h ~  ~ 
Con A + n.d. No pa~hing 
Con A + PEG + + + yes b Sm~l p a ~ h ~  ~ 

" Quantitative resul~ are plot~d in Figs. 2 and 3. 
b Only at 35% or higher PEG ¢oncen~adon. 

erythrocytes (Table I). Bright fluorescence was 
observed around the FITC-Con Aqabeled turkey 
erythrocytes, and only a weak periphery could be 
seen around human erythrocytes. No capping on 
~ther  type of erythrocyte was observed by fluores- 
cence microscop~ 

Different concen~ations of concanava~n A 
were used in conjunction with 25 and 30% PEG to 
investigate any synergistic effects on fufion. In no 
case did the concanavafin A ~eatment  result in 
enhancement of the fufion efficiency to human 
erythrocytes. In contrasL concanavalin A treat- 
ment facil~ated turkey erythrocyte fufion. The 
fused cells showed no boundary between calls, 
making it easy to discern the fused cells from the 

unfused cells on a ldan blue-coated glass cover- 
slips (Fi~ 1). The fufion percentage increased 
with concanavafin A concentration. Howeve~ if 
cells were ~eated with 25% PEG only, there was 
no fufion. When the concentration of concanava- 
~n A was raised from 5 ~ g / m l  to 20 ~ g / m l ,  the 
fufion percentage of the cells rose from 35% to 
85% (Fig. 2). The maximum fufion percentage is 
perhaps fimited by the percentage of cells in con- 
tact on the cover sfip. Obviou~y, pre~eatment  
with concanavafin A leads to a ~gnificant increase 
in fufion by PEG. Similar results with 30% PEG 
are also shown in Fig. 2. The fu~on percentage 
rose more rapidly in 30% PEG compared with in 
25% PEG, at the same concentrations of con- 
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Fi& 2. A plot of the fu~on percentage of turkey erythrocytes 
as a function of the concanavalin A concentration. The 
erythrocytes were co-treated with concanav~in A and, respec- 
t ivd~ 25% PEG (a) or 30% PEG (O). The extent of fu~on 
was quantitated as ' fu~on percentagC which is the number of 
fused cells divided by the tot~ number of cells presenL times 
100. At ~ast 1000 calls were counted per sampl~ 
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Fig. 3. A plot of fu~on percentage of turkey erythrocytes as a 
function of the PEG concentration, after pre~eatment with 7.5 
(a), 10 (©), and 15 ([]) ~g /ml  concanavafin A. The fuMon 
percentage was defined as described in Fig 2. 



canava~n A. At 5 ~ g / m l  concanavalin A, the 
fu~on percentage in 30% PEG is almost twice as 
high as in 25% PEG. The fu~on percentage as a 
function of various concentrations of PEG with 
the pretreatment in 7.5, 10, and 15 ~ g / m l  con- 
canavalin A is shown in Fig. 3. The fu~on per- 
centage declined with the decreasing PEG con- 
centrations, with apparent changes of flope at 10% 
and 25% PEG. Thus the fu~on percentae of turkey 
erythrocyte depends on the concentrations of both 
concanavalin A and PEG. Fig. 4 summarizes the 
data presented in Figs. 2 and 3. This 3-variable 
plot shows that the combined effect of con- 
canavalin A and PEG is not ~nea~ 

The fu~on percentage is also a function of the 
duration of ~eatment with 20 ~ g / m l  concanava- 
~n A (Fig. 5). After the post-treatment with 25% 
PEG, the fu~on percentage rose with the increas- 
ing incubation time in concanavalin A at room 
temperature. 

Freeze-fracture dectron microscopy was used 
to investigate the ul~astructural alteration during 
concanavalin A and PEG-induced fu~on. Human 
erythrocytes treated with 20 # g / m l  concanavalin 
A or 25% PEG are indistinguishable from control 
cells. N~ther  concanavalin A nor low concentra- 
tions of PEG cause any observable structure 
changes of the human erythrocyte membrane. By 
con~asL small hemispherical zones (bubbles) 
which were intramembrane part ide-~ee appeared 
on the turkey erythrocyte membranes treated with 
concanavalin A alone. The formation and ap- 
pearance of these bubbles varied with the con- 
centration of concanavalin A. Fig. 6A shows un- 
treated turkey erythrocyte membranes with a 
seemingly random di~ribution of in~amembrane 
particles. When the sample was treated with 2.5 
~ g / m l  concanavalin A, rda t ivdy small, flat 
plaques of particle-denuded areas could be seen 
(Fig. 6B). The small smooth bubbles began to take 
shape in the treatment with 10 ~ g / m l  of con- 
canava~n A (Fi~ 6C). Dominant, hemispherical 
in~amembrane panicle-free bubbles were seen 
over a~ membrane areas in samples treated with 
20 ~ g / m l  of concanava~n A (Fig. 6D). The de- 
gree of bubble formation correlates with the in- 
creafing fufion percentag~ suggesting that these 
in~amembrane particle-free bubbles play an im- 
po~ant  role in the PEGqnduced turkey erythro- 
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Fi~  4. The ~vafiable  plot shows that the combined effe~ of 
concanavalin A and PEG induced fu~on of turkey erythro- 
cytes. 

cyte fufion. These bubbles perfis~d during the 
p o s ~ e a t m e n t  in 25% PEG (Fig. 7). The herni- 
sphefic~ bubbles on the P-face are all convex 
(Fi~ 7A), and on the E-face are all concave (F~.  
7B). The concanavalin A~nduced formation of 
in~amembrane p a r t i d ~ e e  bubbles is Mso t im~ 
dependent. The degree of bubb~ formation in- 
creases from 1 to 20 min of concanav~in A treat- 
ment, corresponding to the increase of fufion per- 
centage shown in Fig. 5 ~esul~ not shown). 
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Fi~ 5. A plot of the fufion percentage of turkey erythrocytes 
as a function of the incubation time in  20 g g / m l  concanavalin 
A at room ~mpera ture  prior to ~ e ~ m e n t  with 25% PEG. The 
fufion percentage was defined as described in Fi~ 2. 



Fig. 6. Freeze-fracture electron micrographs showing the hemispherical intramembrane particle-free bubbles in the membrane of 

turkey erythrocytes after treatment with various concentration of concanavalin A: (A) control. 0 pg/ml. (B) 2.5 pg/ml, (C) 10 

pg/ml and (D) 20 pg/mI. Bar represents 0.2 pm. 

Several membrane disrupting agents, such as such as poly(L-lysine) were also used to investigate 
DMSO, lysoPC, trichloroacetic acid and ethanol; if there are any synergistic effects on the PEG-in- 

polyamines such as spermidine, and polypeptides duced cell fusion, and if the enhanced fusion 

TABLE II 

COMBINED EFFECTS OF PEG (25%) AND OTHER MEMBRANE ACTIVE AGENTS ON HUMAN ERYTHROCYTES 

IMP. intramembrane particles; -, none detected. 

Chemicals Concentration 

Used Lytic 

IMP aggregation Fusion 

- PEG + PEG (%) 

DMSO 

LysoPC 

Poly(L-polysine) 
Spermidine 

Tricholoroacetate 

Ethanol 

2% (v/v) >2% _ _ 

0.15 mM >1 mM _ _ 

0.05% (w/v) _ _ 

0.05% (w/v) _ _ ++ 30% 

100 mM _ _ ++ 7% 

4% (v/v) _ + ++ 12% 



Fi~ 7. Freeze-fracture dect~on m~rographs showing turkey 
erythrocytes pretreated in 20 #g/ml concanava~n A, washed 
and freeze-fractured in the presence of 25% PEG. All hemi- 
spherical bubbles on the P-face are convex (A) and all those on 
the E-fa~e ~re concave (B). The arrows indicate expanding 
in~amembrane parfid~free bubbles into adjacent membrane 
areas. The arrowheads indica~ the possible fufion rites be- 
tween two adjacent cell~ The E-face of the top cell and the 
P-face of the bottom cell are marked by let~rs. Bar represen~ 
0.2 ~m. 

effects are a result of bflayer disruption, dectro-  
static interaction, or attachment. Table II sum- 
marizes the effects of these chemicM agents on 
human erythrocyte. None of these chemicals cause 
fufion of turkey erythrocytes. 

DMSO [2] and lysoPC [1~ are known as ~pid- 
soluble fusogens. In ~eeze-~acture samples of hu- 
man erythrocytes treated with sublytic concentra- 
tions of DMSO or lysoPC (2% w / w  or 0.15 mM, 
respectivdy), no aggregation of in~amembrane  
p~rfides was observed prior to PEG (25%) ~e~t- 
ment (F~.  8A), nor in 25% PEG ~one  (Fig. 8B). 
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Also, fu~on was not found in calls treated with 
DMSO and ~soPC,  and posV~eMment with 25% 
PEG (TabM IO. ~miMr ~ s u l ~  w e ~  found in 
samples ~eamd with p o l y ( ~ n O  0.05% w / ~ .  

Human erythrocytes Weald  with sublytic con- 
centrations of spermi~n  (0~5%) and trichloro- 
acetate (100 mM) show no aggregation of in- 
t ramembrane p~rtides prior to PEG (25%) t ~ m -  
ment (F~s.  8C, BE). However, during the post- 
we~ment  with 25% PEG, small # a q u ~  of smooth 
intramembrane par t id~denuded  membrane w ~ e  
observed (Figs. 8D, 8F). The PEG-induced fuMon 
was 30% and 7%, respe~Ne~,  in human erythro- 
cy~s  treated with spermid~e and t r i c h M r o a c ~  
a d d  (TabM II). EthanM ~eatment  Mone caused 
minor ~ a m e m b r a n e  p a r t i t e  pMchings, but the 
degree of p ~ c ~ n g  increased dramatically in 25% 
PEG. 12% fu~on was ob~rved  when ~ h a n ~  was 
used in c o ,  unction with PEG. 

Discussbn 

We have found that sever~ chemic~ co-treat- 
ments can affect and p r o m o ~  PEG-induced call 
fu~on, thus lowering the threshold concentration 
of PEG required for cell fu~on. As found by 
prefious studies, PEG plays sever~ roles in 
mediating cell fu~on. Fi~t ,  at high concentrations 
it creates in~amembrane  p a ~ - ~ e e  zones in the 
membrane [3,8]. If cells are treated with PEG at 
c o n c e n ~ i o n s  b d o w  the criticM ~ v d  for fu~on, 
no aggregation of in~amembrane  particMs can be 
found [9]. Second, it forces dose  contact by dehy- 
d r~ ion  between the membranes of a~acen t  cells. 
The opt imum concen~ation of PEG On the range 
of 38-45%) would force the membranes as dose  
together as 5 ~ [19,20]. Third, PEG d i ~ u p ~  the 
bHayer vesicle ~ructur~  espedally in the subse- 
quent dilution and incubation s~ps  [8]. If another 
ch~nicM has a po~five effect on one or more of 
these phenomena induced by PEG, it may pre- 
s u m a b ~  p r o m o ~  PEG-induced cell fu~on upon 
co-~eatment.  

Concanavalin A is known to bind to the m~n- 
nose mo i~y  of #ycopro t~ns  of the erythrocyte 
membran~  and Mads lo ag#utinat ion b~ween cell 
and veMdes by lectin cross b r id#ng  [11]. We 
observed nother  capping nor punctated fluores- 
cence in ~ther  turkey or human erythrocytes a~er  
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~g. 8. F~ez~ffacm~ dec~on mi~og~phs of human erythrocytes showing no aggregation of int~memb~ne p a ~ s  in cells 
t~a~d wi~ 2% ( v / ~  DMSO None (A), or aft~ c ~ e N m e m  wi~ 25% PEG (B). No agg~gafion of in~amemb~ne part id~ is ~en 
in calls ~e~ed wi~ ~ ~05% ( w / ~  sp~miNne (C) or 100 mM l f i cNcroac~e  (E), but smNl Naques of smomh ~uamemb~ne 
pa~id~denuded memb~ne are obse~ed in calls ~eated wi~ these ~spe~Ne chemicals and c ~ e a ~ d  wi~ 25% PEG (D, F). Bar 
~ p ~ s  ~2 #m. 



the ~eatment with FITC-Con A, even at the con- 
centration of concanavNin A that causes bubble 
formation. Perhaps in~amembrane pa~ides  and 
concanavNin A receptors are not equivNenL and 
the bubble dimension is beyond the resolution of 
fight microscope. The inability to form caps is 
perhaps due to the characteristic cy toskd~on of 
the erythrocyte membrane impeding lhe mobility 
of concanavafin A receptors. It is interesting to 
note that the formation of hemispheficN in- 
Uamembrane p a r f i d ~ e e  'bubbleg was observed 
only with turkey erythrocytes and not with human 
cells. How concanavNin A induces the formation 
of bubbles is not dear. It may be rdated to the 
higher concen~ation of concanavalin A receptors 
or the particular structure of the cytoskdeton in 
turkey erythrocytes. It is of interest to note that 
the hemisphericN bubb~s on the P-face are all 
convex, and on the E-face are concave. It could be 
that both the concanavalin A-induced agNutina- 
tion of cells, and the formation of the in- 
uamembrane particl~free bubb~s p romo~ dose 
contact between opposing fipid b~ayers of adjac- 
ent turkey erythrocyte membranes, ~ading to 
membrane fu~on. 

The fusion effects of PEG and concanavMin A 
can be characterized in three concentration ranges 
(Fig. 4). At PEG concen~ations < 25% and con- 
canavNin A concen~ations < 10 ~g /ml ,  fusion 
increases Nmost fineady with both concanavNin 
A and PEG, up to about 50% fu~on. In this 
region, the in~amembrane p a r f i d ~ e e  patch fo~ 
mation by the concanavafin A ~eatment and the 
depolarization and dehydration effect of PEG 
[21,2~ work hand in hand to implement fu~on. 
As the concanavalin A concentration reaches and 
exceeds 10 ~g /ml ,  in~amembrane p a r t i d ~ e e  
bubble formation (Fig. 6) greatly facilRates the 
fu~on proces~ and the fusion effidency soon re- 
aches a plateau vNue of 60-70% at a rdaf ivdy 
low PEG concenUation of 10%. The plateau vNue 
probably ~gnifies the maximum percentage of calls 
with bubbl~to-bubb~ (b~ayer/bHayeO contact 
that fuse at 10% PEG, which is the threshold 
concentration for fu~on of bilayers with ~ructurN 
defects [6]. As the PEG concentration exceeds 
25%, the fuNon percentage rises sharply at all 
concanavNin A concentration~ At this PEG con- 
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cen~ation, free water diminishes [22]. The de- 
hydration and depolarization effects of PEG cause 
p ro tdn  segregation [8] which augmen~ the in- 
~amembrane particle patching ef~ct  by con- 
canavalin A (F~.  6). At the same time, it Mso 
promotes the fufion of exposed bHayers. 25% PEG 
is the concen~ation at which s~nificant fusion of 
fiposomes occurs [6,19]. These additionN factors 
push the fufion effidency to over 80%. The vNues 
for fufion percentages have a ±5% error due to 
variation of expefimentN conditions such as cell 
source, degree of cell attachment to the cover 
sfips, and number of cell-cell contacts. 

The resul~ of this study show that a variety of 
chemicN~ e.g concanavafin A (a ~ctin), spermi- 
dine (a polyamin~, trichloroac~ate and ~hanol  
(membrane chao~ope~ can lower the threshed 
concentration of PEG required for call fusion. A~ 
of these chemicMs are able to cause the formation 
of inuamembrane p a r t i d ~ e e  zones Other in the 
~eatment with the chemicN None, or during the 
pos~treatment with PEG. Treatmenu with DMSO, 
~soPC and pNy(L-~sin~ did not ~ad to call 
fusion, nor did these ~eatmenU cause any in- 
~amembrane p a r t i d ~ e e  zone formation. The ex- 
cellent co~dat ion  suppo~s the hypothefis thin the 
creation of inUamembrane p a r t i d ~ e e  zones is 
an impo~ant s~p in PEG-induced call fufion. 
Those chemicN agents which do not create in- 
~amembrane p a a i c l ~ e e  zone~ be they bHayer 
destabifize~ cr membrane ~gNutin~o~, do not 
promote PEG-induced cell fufion. Once the in- 
Uamembrane p a ~ i c l ~ e e  zones are created in the 
membran~ even 5% PEG can trigger ~ome fusion 
events. The fufion percentage increases sharp~ 
and becomes less concanavalin A-dependent at 
> 25% PEG, which corresponds to the threshNd 
requ~ed for the fufion o f  fiposomes in the fluid 
states [6,19]. The e~dence so far pNnts to the 
scheme that fusion takes place b~ween two intra- 
membrane p a r t i d ~ e e  zones and the mechanism 
is similar, if not equivMent to th~  of fufion be- 
tween hpid b~ayer~ The additionN PEG con- 
centration (up to 45%) required for most call 
fufion work is fikdy to be a~ooa ted  with the 
prope~y of PEG, which aggregates and predpi- 
ta~s membrane proteins to expose in~amembrane 
p a r f i d ~ e e  areas. 
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