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The effectiveness ot polyethylene glycol as a fusogenic 

agent tor avian erythrocytes was evaluated. Parameters 

aftecting the efficiency of fusion included number of pre-

fusion washes, age of cells, length of exposure to enzyme 

solutions at varied pH values, composition of wash solutlons 

and molecular welghts of polyethylene glycol. Fusion was 

measured as the percentage of vislble polykaryons. Maximal 

fusion obtained using polyethylene glycol was approximately 

60-70%. Other methods of cell fusion (lysolecithin, Sendai 

virus, high calcium concentration at high pH) were compared 

to polyethylene glycol. All other means yielded lesser 

amounts of tused products. A photographic comparison of the 

various methods is presented, and possible mechanisms ot 

fusion are discussed. 
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INTRODUCTION 

The concept of cell fusion has been considered feasible 

since the knowledge that sperm and ovum fuse during the cre

ation of a developing organism (Longo and Anderson, 1970). 

The fusion of gametes, however, is a highly specialized event 

resulting from the union of cells which have differentiated 

to their present forms to facilitate such fusions and thereby 

continue the propagation of the species. 

Somatic cell fusion has also been observed to occur in 

nature. Muller (1838) is generally credited as the first to 

report the existence of multinucleated somatic cells, having 

observed these structures within the body of a tumor. Several 

years later, polynucleated cells were noted in bone marrow, 

providing the first evidence that multinucleate cells occur 

during the normal development of an organism (Robin, 1849). 

Other reports of multinucleated cells in both normal tissue 

(Virchow, 1858) and in diseased tissue (Rokitansky, 1855; 

Virchow, 1858) as well as the first description of an actual 

cell fusion process in myxomycetes (deBary, 1858) preceded the 

classical works on multinucleated cells by Langhans (1868, 1870). 

The process of somatic cell fusion in vertebrates went 

undetected until the last quarter of the 19th century when the 

formation of multinucleated blood cells in frog lymph nodes 

was reported (Lange, 1875). Later, the fusion of phagocytic 

cells was considered characteristic of cellular defenses 

(Metchnikoff, 1884). 



While the in vivo process of cell fusion was becoming 

increasingly well known, an in vitro procedure was sorely 

lacking. When Lambert (1912) reported multinucleated cells 

in tissue cultures, an in vitro cell fusion system was discov

ered and cytonuclear mechanisms in cell fusion were elucidated 

shortly thereafter (Fell and Hughes, 1949). 

With the advent of the electron microscope, researchers 

looked at the fusion process in greater detail. It was soon 

learned that membrane fusion, the mechanism involved in cell 

fusion, was actually an event that occurred far more often and 

with much greater regularity than had been previously imagined. 

It is now known, for example, that membrane fusion is involved 

in such necessary cellular activities as secretion (Amsterdam 

et al., 1969), release of lysosomal enzymes (DeDuve and Wattiaux, 

1966), and phagocytosis and pinocytosis (Roizman, 1962). To 

study the mechanisms of these membrane fusions, however, it 

became necessary to identify the factor(s) that caused the 

membrane interactions. Since multinucleated cells were often 

found in pathological tissues, causative agents of disease 

were first examined for the role they played in cell fusion. 

The association of multinucleated cells with viral-induced 

pathologies can be traced back to the early 1870's when such 

cells were reported to be found at the periphery of smallpox 

pustules (Luginbuhl, 1873; Weigert, 1874). Later reports also 

associated multinucleated cells with chickenpox (Unna, 1896) 

and measles-infected tonsils (Warthin, 1931). These associa

tions lead to the first studies of virus-induced fusion of 

tissue culture cells (Enders and Peebles, 1954). In searching 
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for a means of propagating measles virus in vitro, Enders 

and Peebles noted the formation of giant masses of cells 

which were described to contain numerous nuclei (syncytium) . 

Subsequent studies noted the presence of multinucleated 

cells in infections caused by mumps virus (Henle et al., 

1954), infantile croup virus (Chanock, 1956), and a virus of 

the para-influenza group (Marston, 1958). 

Using the hemagglutinating virus of Japan (HVJ; Sendai 

virus), a type of para-influenza virus, Okada (1958) demon

strated that cells in suspension may be fused at will. 

Subsequent studies showed that inactivated virus also worked 

(Okada, 1962), certain cells fuse better than other cells (Okada 

and Tadakoro, 1963; Okada and Muryama, 1965 a, b,), fusion can 

be inhibited by antiviral serum (Okada et al., 1964), and 

that fusion requires both calcium (Okada and Muryama, 1966) 

and an energy source (Okada et al., 1966). 

Many viruses were tested for cell fusion capabilities and 

a list including Rous sarcoma virus (Moses and Kohn, 1963), 

Newcastle disease virus (Kohn, 1965), visna virus (Harter and 

Choppin, 1967), monkeypox virus (Crandell et al., 1969), 

plus numerous others (Poste, 1972) was found to have cell 

fusing abilities. Through the use of these agents, the 

technique of cell fusion rapidly moved from a laboratory 

curiosity to a powerful new tool. Studies with cells genetically 

hybridized by cell fusion (Harris and Watkins, 1965) soon 

led to the use of these hybrids in cytogenetic (Harris et al., 

1969; Poste, 1970, 1971), subcellular component (Greenham and 

Poste, 1971), malignancy (Klein et al., 1971; Bregula et al., 
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1971; Wiener et al., 1971), and virus rescue (Shevliaghyn 

et al., 1969; Wiblin and Macpherson, 1973) analyses. 

The use of virus-induced cell fusion, however, was 

found to have its drawbacks. Studies in plasma membrane 

structure and function were very often conducted on erythro

cyte membranes due to the simplicity of their composition and 

their availabil1ty. The use of viral cell fusion very often 

resulted in massive amounts of lysed rather than fused cells, 

an unwanted etfect of the virus' hemolytic properties. Also, 

in maLignancy and virus rescue studies, the appearance of 

viral antigens or even whole vir1ons would often make accurate 

data analysis virtualLy impossible. These needs for newer 

more sophisticated techniques initiated searches tor other 

methods of fusion. 

The first step toward chemically-induced cell fusion 

was made in 1969 using lysolecithin (LL) to fuse hen erythro

cytes (Howell and Lucy, 1969). The resulting polykaryons were 

highly unstable and quickly lysed to leave empty ghosts, but 

if the LL action was stopped by the addition of glutaraldehyde, 

the polykaryons could be visualized (Poole et al., 1970). 

Sim1lar results were obtained using mouse fibroblasts except 

that these polykaryons could be maintained for up to several 

hours after the add1tion of de-fatted serum albumin (Poole 

et al., 1970). The lifet1me of the LL-formed polykaryons 

was extended to three days by Croce et al., t1971), us1ng 

mouse and human cells and stopping the LL reaction with fetal 

bovine serum, however, the yield of polykaryons was less than 

one half that obtainable by Sendai virus fusion. Attempts to 
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increase the yield and durability of LL-fused cells by incor

porating the LL into microdroplets of fat gave somewhat 

dubious results, the products s~owly lysing over a ninety 

hour period and appearing at only twice the rate ot 

spontaneously fused cells (Ahkong et al., 1972). 

Other chemicals were tested for their cell fusing abil

~ties and the list rap~dly became ponderous. Fatty ac~ds, 

esters, retinol and a-tocopherol, compounds varying in chain 

length trom 10 to 2~ carbons long, were found to cause cell 

fus~on ~n vary~ng degrees (Ahkong et al., 1973). Although 

the polykaryons were sufficiently stable to permit photomicro

graphs to be taken, the cells were not viable past several 

hours. Similarly, a variety of surface active, ~ipid-soluble 

adjuvants were tested for their fusion properties and the long

er chained compounds were found to be h~ghly fusogenic (Ahkong 

et al., 1974). The authors, however, made no mention of cell 

stability or viability, although photographic evidence of 

their existence was provided. 

The trend of chem~cally-induced cell rusion took an abrupt 

turn toward more simp~e chemica~ fusogens when it was reported 

tnat avian erythrocytes would fuse in the presence of high 

calcium concentrations at high pH values (Toister and Loyter, 

1971). Using a pH of 10.5, a hign concentration of calcium, 

and sequential incubation of cells at two different temperatures, 

erythrocyte fusion was reported. Although the fused cells were 

reported to be viable tor up to four hours (usually lys~ng 

within one), this work could not be repeated by Poste et al. 

(1~74). 
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Proponents of virus-~nduced cell fusion soon developed 

a means ~or the viral fusion o~ avian erythrocytes using 

divalent cations to reduce viral-caused hemolysis (Toiser 

and Loyter, 1970). At concentrations of ., 0 mM, it was claim

++ 
ed Mn offered 100% inhibition of cell lysis, thereby 

resulting in highly stable polykaryons (Toiser and Loyter, 1970). 

This effect has been reported several times (Toiser and Loyter, 

1972; Zakai et al., 1974) although other researchers have 

not yet been able to confirm this (Poste et al., 1974). 

Working with plant cell culture- and leaf-der~ved proto-

plasts, Kao and Michayluk (1974) reported cell fusion to be 

caused by high molecular weight polyethylene glycol (PEG). 

Numerous cell fus~ons with prolonged cell viability were 

found to occur with a heterokaryon ~ormation reaching as high 

as 10% of the cell population. This technique was later 

modified for animal cells and a preliminary report of the 

technique's efficiency has been presented elsewhere (Hartmann 

et al., 1914). 

With the varied assortment of fusing techniques available, 

as illustrated in Fig. 1, it is o~ten difficult to choose which 

is best. To answer this question, an examination of the major 

methods of cell ~usion techniques was performed. The present 

study was conducted in three parts: First, a more detailed 

ana thorough development of the PEG-induced cell fusion tech-

nique as applied to animal cells; second, examination of three 

other currently used cell ~usion techniques, namely, LL-, high 

calc~um and high pH-, and v~ral-induced cell fusions; and ~in-

ally, a photomicrographic examination and crit~cal comparison 
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of the sequences ot events in all of the methods tested. 
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FIG.-1. Methods of cell tusion currently in use. 
Lysolecithin, R=palrnitic or stearic acids: calcium ion concen
tration=0-40 rnM; polyethylene glycol, n=33 (1500 PEG)-455 
(20,000 PEG); Sendai virus, A=hernagglutin and neurarninadase
containing protein, B=hernolysis-, cell tusion-, and infection 
initiating-prote~n, C=envelope, D-capsorneres, E=ribonucleic 
acid (RNA) . 
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MATERIALS AND METHODS 

Cells. Erythrocytes were taken from mature chickens by 

venic or cardiac puncture and collected in an equal volume ot 

acid citrate dextrose solution (ACD, Table 1). Cells (CRBC) 

were kept at 4 c until ready for use, at which time they were 

pelleted at 140 x g (Phillips-Drucker model L-708, L-780 

head) 1n a 15 ml conical glass tube. The cells were resus-

pended by vigorous pipetting with a Pasteur pipette in 20 

times the packed cell volume of ACD solution and recentrifuged. 

The resulting layer of white cells was removed from the 

surface by aspiration, and the washing procedure repeated 

twice more, unless otherwise noted. After the last wash the 

cells were diluted to a concentration of 2% (approximately 

6 10
8 

. 0 X cells/ml) . 

Fusogenic agents . Polyethylene glycol solutions were 

made trom 1500, 3000, 6000 (MC/B Chem1cals, Raleigh, NC), 

and 20,000 (Aquacide, Calbiochem, San Diego, CA) molecular 

weight PEG. All solutions were made as 33% (w/v) concentra-

tions in calcium and magnesium free phosphate buffered saline 

(CHF-PBS, Table 1). ·rhe solutions were sterilized by filtra-

t1on, except 20,000 PEG, and stored in sterile dropper bottles 

at room temperature. 

The enzyme solutions used in the PEG experiments contain-

ed both protease (type VI, Sigma Chemical, St. Louis, MO) 

and trypsin (1 :250, Difco Labs, Detroit, MI). Both the enzymes 

were first solub1lized in CMF-PBS (protease, 20 mg/ml and 

trypsin, 50 mg/ml. The solutions were then centrifuged at 
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10,000 rpm for 30 min (Sorvall RC2-B, SE-12 rotor) and ster

ilized by filtration with a 0.45 u filter (Millipore Corp., 

Bedford, MA). The trypsin solution was diluted as needed with 

sterile CMF-PBS to a working concentration of 10 mg/ml, while 

the protease was used at the stated concentration. Both work

ing solutions were kept at 4 C until ready for use but never 

longer than 10 days. Trypsin stock solutions were stored at 

-70 c. 

Grade 1 lysolecithin (LL), prepared by phospholipase A 

action on egg lecithin, was obtained from Sigma Chemical Co. 

(St. Louis, MO). The LL solutions were prepared freshly be

fore use both according to Howell and Lucy (1969) and a mod

ification of Croce, et al., (1971). Ten mg of LL powder was 

first dissolved in 100 ul of absolute ethanol and subsequently 

diluted with 9.9 ml of minimal essential medium (MEM) contain

ing 5 mg/ml of bovine serum albumin (BSA) . The solution pH 

was adjusted to pH 7.2, filter sterilized with a 0.45 u 

filter and kept at 4 C when not in use. 

The calcium fusion solution was prepared according to 

Toister and Loyter (1973) by the addition of cac1
2 

to a final 

concentration of 40 mM in a high KCl medium (Table 1) which 

was buffered to pH 10.5 with 40 mM glycine-NaOH. The solution 

was sterilized by filtration and stored at 4 C until needed. 

Sendai virus used in the fusion procedure was obtained 

from the American Type Culture Collection, stock number VR-105. 

The virus was diluted to a 10-
1 

concentration of the stock 

suspension in MEM supplemented with 0.1% BSA and 0.1-0.25 ml 

was injected into the allantoic cavity of 10 day old embryon-
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ating chicken eggs. After 48-96 hrs of incubation at 37 C, 

the allantoic fluid was harvested and centrifuged for 30 min 

at 5000 x g and 0 C (Sorvall RC2-B, SS-34 rotor). The super-

natant fluid was removed and centrifuged at 28,000 rpm (Beckman 

L5-40, Rotor 30) for 2 hr at 0 C, after which the supernatant 

fluid was removed and the pellet resuspended with ten times 

its volume of MEM containing 0.1% BSA. The virus was passaged 

and purified in the same manner twice more before use. 

The virus hemagglutination titer was determined by Salk's 

pattern method and found to be 25,600 hemagglutinating units 

(HAU)/ml of virus suspension. 

The prepared virus was sterilized by filtration and stored 

in sterile glass tubes at -70 C until required. 

Wash solutions. The solutions used in the washing por-

tion of the PEG fusion sequence are listed in Table 1. All 

solutions were sterilized either by autoclaving at 15 psi for 

20 min or by filtration through a 0.45 u filter. They were 

stored at room temperature unless otherwise noted. 

Determination of cell fusion. Cell fusion was determined 

by the observation of a cytoplasmic mass containing two or more 

nuclei. The amount of cell fusion was expressed as the percen-

tage of cells appearing as polykaryons, that is, 

amount of fusion = # fused cells 
total # cells X 100 

Free nuclei were counted as single, whole cells. A minimum 

of 1000 cells were counted and each experiment was conducted 

in triplicate. 
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TABLE 1. Composition of wash solutions used in PEG
ainduced cell fusion. Weights are g/liter. 
bMOD: modified from the original 

A: autoclaved (20 min at 15 psi) F: filtered (0.45 u Milli
pore filter) 
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HESS++ 
H~SS ++ 

HBS~_,_ vlf Ca 
Solu1.:ion ACD I<Cl CKCl ED·I'A CJ.-T..F -PES w/o Ca w/ Ca · 0. 1 11, l'-'l'P 

Toister & Toister & J:>ler;::hant, Merchant, 
Bukantz 1 Loyter 1 Loyter 1 et a1. 1 et al. 1 MOD Hanks, MOD 

Reference et al., 1946 1973 1973 196 1-i 1964 1948 

Sterilization A F F A A ]>. A F 

NaC1 4.2 3.16 .3.16 8.0 8.0 8.0 8.0 8.0 

KCl - 10.44 10.Lt4 0.2 0.3 0.4 0.4 0.4 

CaC1 2 - - 4.113 - - - 0 .l iJ 0.19 

Hgso4 ·7H2c - 0.2 0.2 - - 0.2 0.2 0.2 

Na 2HP04 · 2H20 - - - 1.15 0.073 0.06 0.06 0.06 

Glucose 20.5 - - - 0.2 1.0 1.0 l.O 

KH2P04 - - - 0.2 0.02 0.06 0.06 o.os 

EDTA - - - 0.2 
--" 
-+= Citric Acid 0.55 

Na3c2H5o7 · 
2H20 8.0 

ATP - - - - - - - 1.0 



PEG fusion procedure. A 1 ml sample of 2% washed CRBC 

was mixed with 0.25 ml of protease solution, 0.25 ml to tryp

sin solution and 0.5 ml of CMF-PBS. The cell-enzyme solution 

was put into a 60 x 15 rom Petri dish, sealed with Parafilm 

(American Can Co., Neenah, WI), and incubated at 37 C. The 

cells were then mixed gently to insure a homogeneous suspen

sion and 0.05 ml of the suspension was put on a 22 x 22 rom 

glass cover-slip which had been secured with a drop of 6000 

PEG to the bottom of another Petri dish. After allowing the 

cells to assume a monolayer-like conformation, 0.2 ml of the 

appropriate PEG solution was added in 0.05 ml quantities at 

each of the four corners of the coverslip and allowed to 

contact the cell monolayer. The Petri dish was sealed and 

incubated at 37 c, followed by dilution of the PEG solution 

with six 0.5 ml aliquots of wash solution, one every five 

minutes, and finally with three 100 ml aliquots, one every 

15 minutes. The PEG-wash solution mixture was removed with 

a Pasteur pipette before each new aliquot of wash solution 

was added. Cells were examined for fusion with either an 

American Optical Microstar microscope or a Nikon inverted 

phase contrast microscope and photographs were made with an 

accompanying Nikon 35 rom camera. 

LL fusion procedure. The LL fusion protocol employed 

was essentially that of Howell and Lucy (1969). Briefly, a 

1.0 ml sample of a 1.5-2.0% suspension of CRBC, buffered to 

pH 5.6 was warmed to 37 C and added to 0.7 ml of a solution 

containing 500-1000 g/ml of LL. The cell-LL suspension was 

incubated at 37 c and samples were withdrawn at 10 sec intervals 
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for photomicrography. After 30 sec the cells were fixed 

with glutaraldehyde and examined for fusion. 

The fusion procedure of Croce et al., (1971) was also 

tested. The cells were pelleted by centrifugation (5 min at 

140 x g) and the supernatant fluid removed. A 0.1 ml aliquot 

of LL solution (500-1000 ug/ml) was added to the top of the 

pellet, the tube gently shaken to dislodge the pellet, and 

the reaction permitted to continue for up to 1 min. The re

action was terminated by the addition of 0.5 ml fetal calf 

serum (FCS) (Microbiological Associates, Bethesda, MD) and the 

cells were examined for evidence of fusion. 

Calcium-high ~ fusion procedure. The procedure of 

Toister and Loyter (1972) was utilized. Red cells were wash

ed and suspended to a 5% concentration in a high KCl medium 

buffered to pH 10.5. The suspension was incubated for 30 min 

at 37 C with shaking (100 rpm) and then cooled to 0 C in an 

ice bucket. An equal volume of KCl buffered medium contain

ing 40 mM cac12 (CKCl) was added to the cell suspension and 

the final suspension left in the cold for 20 min to facilitate 

agglutination. The suspension was gently shaken at 37 c for 

30-45 min and the cells were examined for fusion. 

Sendai virus fusion reaction. Two procedures for fusion 

with Sendai virus were employed. The first was that of 

Toister and Loyter (1970) which utilized divalent cations to 

reduce hemolysis. Briefly, a 1.0 ml sample of CRBC, pH 7.8, 

was incubated for 30 min at 37 c with gently shaking. The 

cells were cooled to 0 c and 0.33 ml of a virus solution 

(approximately 8000 HAU) and 0.66 ml of a buffer solution 

1 6 



(pH 7.8) containing 20 mM cac1
2 

were added and permitted to 

react in the cold for 20 min. The agglutinated cells were 

transferred to 37 C for 30 min and examined for the presence 

of fused cells. 

The second procedure was that of Bachi and Howe (1972). 

A 3 ml sample of 0.2% CRBC was mixed with 1 ml of virus stock 

(25,600 HAU/ml) and held at 4 C for 1 hr with occasional 

shaking. The cells were pelleted, the supernatant fluid re-

moved and replaced with 1 ml of CMF-PBS containing 0.5% FCS, 

and the cells incubated at 37 c. Samples were tested at in-

tervals for evidence of fusion. 
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RESULTS 

PEG-induced fusion. The PEG-induced fusion sequence was 

examined in three parts. The treatment of cells prior to the 

addition of PEG, the PEG treatment step itself and the wash

ing step to remove the PEG were each examined in detail and 

the results presented here. 

The cells were initially tested for their ability to fuse 

after following the basic procedure outlined in the Materials 

and Methods section. The cells were washed 3x in ACD solution, 

exposed to enzyme solution at pH 6.1 for 1 hr, and treated with 

PEG. After washing 6-10x (1 ml washes) with ACD solution, a 

low percentage of fusion was found. 

Using the same procedure as above, the effect of cell 

age upon fusion was tested. Freshly drawn CRBC were found not 

to fuse to any appreciable amount, even after prolonged expos

ure to enzyme. Cells pre-incubated at 4 C for as little as 

2 hr, however, were found to fuse to a much higher extent. 

As cell age increased, the amount of observed fusion decreased, 

although the amount of fusion exhibited by 5 day cells only 

varied 15% from that of the 2 hr cells (37% polykaryons vs 52% 

polykaryons, respectively). These results are summarized in 

Fig. 2. 

The number of cell washes required for optimal fusion 

conditions was examined (Fig. 3). Minimal washing produced 

little fusion as did 4 or 5 washes, while cells washed 3 times 

in ACD solution exhibited the greatest amount of fusion. Cells 

treated with CMF-PBS, Hank's balanced salt solution with cal-
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FIG. 2. Effect of cell age (maintained at 4 C) on 
PEG-induced cell fusion. 
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FIG. 3. Number of pre-enzyme treatment washes re
quired for optimal PEG-induced cell fusion. Cells 
washed with 20 packed cell volumes of ACD solution at 4 C 
by vigorous pipetting and pelleted by centrifugation at 
140 X g. 
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cium (HBSS w/Ca++), or Hank's without calcium (HBSS w/o Ca++ 

fused less than those in ACD solution, and cells washed with 

a solution of ethylenediamine tetraacetate (EDTA) were highly 

unstable and readily lysed. 

The length of enzyme treatment as well as the pH of the 

enzyme solution constituted one of the most important steps of 

the fusion sequence (Fig. 4). Enzyme treatment of cells at 

6.1, 7.2 and 7.8 pH values showed varying levels of fusion 

with maximal fusion occurring at 120, 160 and 180 min respect

ively. Enzyme treatment at a pH of 6.1 resulted in the prod

uction of 23% multinucleated cells at 0 min, 2-3% at 60 min, 

and a marked drop in fusion at 180 min, probably due to cell 

lysis upon the addition of PEG. The enzyme treatment of cells 

at pH 7.2 also caused a lowered amount of fusion at 60 min, 

after an initial peak at 30 min; thereafter a linear increase 

in the percentage of fused cells was observed. Enzyme treat

ment of pH 7.8 initially resulted in 29% polykaryon formation 

which dropped to a low of 19% polykaryon formation at 60 min 

and rose to a value of 70% polykaryons at 180 min. 

An optimal reaction of PEG with red blood cells could 

be obtained only if the cells had been allowed to settle onto 

a coverslip. If the PEG was added while the cells were still 

in suspension, the fusion level was minimal and the cells were 

washed away in later stages of the procedure. A settling 

time of 1 1/2-2 min provided the best interaction of cells with 

PEG. 

An examination of the amount of time required for PEG 

contact with the enzyme treated CRBC indicated that for up to 
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FIG. 4. Cell fusion profiles obtained by enzymatic 
(protease-2.5 mg/ml, trypsin-1 .25 mg/ml) treatment of CRBC 
at pH 6. 1 (b) , 7. 2 <•) , and 7. 8 ( 0) • 
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30 min of PEG exposure the amount of fused products increased 

rapidly. However, after 30 min of PEG treatment, the rate of 

increase in fused products was very small (Fig. 5). Subse

quent microscopic analysis of cells incubated for varying 

periods of time demonstrated that pronounced cellular distor

tion did not become apparent until after 30 min of treatment 

with the fusogen. No cell fusion was observed when PEG was 

removed soon after addition to cells. 

The molecular weight of the PEG solution utilized was 

another parameter which affected the amount of fusion obtained 

(Fig. 6). PEG solutions of 1500 and 3000 molecular weight 

(mol wt) caused 15% and 30% polykaryon formation but the pro

ducts readily lysed. Most notable, however, is that the diff-

erence in fusing capacities of the four compounds cannot only 

be explained on the basis of their different sizes; the fusion 

variance between 3000 and 6000 PEG is far greater than that 

between 6000 and 20,000 PEG. A property of the PEG solutions 

that perhaps correlates with the observed results is the osmot

ic strength of the various PEG solutions, presented in Table 2. 

Using osmotic strength as a parameter, the differences observed 

among the various molecular weights of PEG become more easily 

understood. 

The removal of the PEG fusing solution constituted one 

of the most important steps of the fusion sequence. Removal 

of the PEG solution too quickly resulted in no fusion, re

gardless of the length of enzyme treatment or incubation 

time with the PEG. The wash solution had to be added slowly 

to permit gradual removal of the fusogen; further, some wash 
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FIG. 5. Cell fusion obtained at varied incubations 
with PEG (mol wt 6000). Cells and PEG incubated at 37 c. 
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FIG. 6. Effect of molecular weight of PEG on cell 
fusion. All solutions were 33% (w/v) made in CMF-PBS and 
applied at 37 C for 30 min. 
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TABLE 2.b Physical properties of PEG solutions. 
ain CMF-PBS, aged solutions at 23 c. 
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mol wt PEG 

1500 

3000 

6000 

20000 

concentration 

33% 

II 

II 

II 

molarity 

0.222 

0 • 111 

0.055 

0.017 

32 

ionic strengtha 

0.517 

0.406 

0.350 

0.312 

a,b 
pH 

2.8 

4.3 

4.7 

7.8 



solutions were better than others in yielding fusion products. 

Results ranged from a low of 0% fused products (CKCl at pH 

++ 
10.5) to a high of 49% polykaryons (HBSS w/Ca ) • Most wash 

solutions were similar in their fusing abilities, giving approx-

imately 25-35% fused products. Surprisingly, the addition of 

adenosine triphosphate (ATP) to the final wash solution failed 

to increase the yield of fused products, even though the energy 

stores available through ATP are well known. The results of 

the wash solution experiment are listed in Table 3. 

The PEG-induced cell fusion, under optimal conditions, 

yielded fusion frequencies of 60-70% polykaryons (Fig. 7d). 

After final washing, however, these cells were found to slowly 

lyse after an initial, apparently stable period of 4-6 hrs. 

After a 12 hr period at room temperature, virtually no fused 

cells could be found on the coverslip. Storage of the fused 

products at 4 C increased the lifetime of the cells to 24-36 

hrs, after which they were also found to have lysed. Cells 

treated with glutaraldehyde (1% in 0.1M phosphate buffer, pH 

7.0) were able to retain their fused configuration for 4-7 

days although they too slowly lysed during this time period. 

This phenomenon appears to be due to a fundamental incompat-

ability between the CRBC membrane structure and the PEG fusion 

technique and shall be discussed more thoroughly in another 

section (see Discussion) . 

LL-induced cell fusion. The results of the LL-induced 

cell fusion experiments are essentially in accord with those 

presented by other workers (Howell and Lucy, 1969i Poole, et 

al., 1970). Erythrocytes treated with LL solutions (final 
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TABLE 3. Effect of various wash solutions on PEG
induged cell fusion. asolution compositions given in Table 
1. at 23 C. ccalculated from photographs. 
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solution 
a J2Hb % J20l,:Lkar:r:ons 

EDTA 6. 1 12 

ACD 6 . 1 33 

ACD 7.8 31c 

CMF-PBS 6. 1 23 

CMF-PBS 7.8 33c 

CKCl 10.5 0 

CKCl 7.8 24 

HBSS wjo Ca++ 7.2 36 

HBSS w/ Ca++ 7.2 49 

w/ 
++ 

HBSS Ca 
0.1% ATP 7.2 33 
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FIG. 7. Sequence of PEG-induced fusion. One day 
cells washed three times in ACD at 4 C, treated+~ith en
zyme 90 min at pH 7.8 and washed with HBSS w/Ca • 
a, normal CRBC; b, CRBC after enzyme treatment; c, M 
mycelial-like stage of CRBC with PEG; d, fused cells. 
Phase contrast. Magnification, 625X. 
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concentrations 500 ug/ml) rapidly lysed after only 30 sec 

exposure to the fusogen. Lessening the amount of LL in the 

reaction mixture slowed the lytic process but not sufficiently 

to view fused products. This effect was noted with LL concen-

trations as small as 50 ug/ml, although a concentration of 

5 ug/ml appeared to have no effect on the cells. Increasing 
1 0 

the concentration of CRBC to 50% (1 .5 x 10 cells/ml) only 

served to block the effect of the LL by covering affected cells 

with masses of whole cells. Similar results were seen using 

either saline dissolved LL (Howell and Lucy, 1969) or ethanol/ 

MEM dissolved LL (Croce, et al., 1971). 

The lytic action of LL on CRBC was stopped with the add

ition of glutaraldehyde (4 C) at various time intervals. If 

the reaction was terminated after 20-30 sec, fused cells could 

be found. These cells were present in small quantities and 

the membranes surrounding the fused cells were very difficult 

to visualize. 

C 
++ _a_, ~ 10.5-induced cell fusion. The procedure of 

Toister and Loyter (1971) as conducted in the present work 

yielded no fusion products. Alterations in the incubation 

. ++ . . 
per~od, strength of Ca ~n the CKCl solut~on, or pH of the 

CKCl solution did not result in the appearance of fused cells. 

Cells agglutinated rapidly when they were removed from incu

bation at 37 C, chilled and CKCl was added, however, the cells 

remained clumped even after continued shaking at 37 c. Micro-

scopic examination of the cells revealed masses of clumped 

cells with distorted membranes (Fig. Be), and a small cellular 

fragment resembling a fused cell was seen (Fig. 8d). No 
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nuclei could be distinguished and the size of the fragment 

(approximately 10 u diam) was too small to be several cells 

fused into one. 

Virus-induced cell fusion. Sendai virus initiated a 

rapid and completed hemolysis reaction on the CRBC when cell 

fusion was attempted without the use of divalent cations to 

inhibit lysis. Only by using extremely concentrated CRBC sus

pensions to provide a high CRBC/virion ratio could cell fusion 

be visualized (Fig. 9d). These cells were extremely few in 

number and very short-lived, none having been observed after 

30 min of incubation with the virus at 37 C. 

Wh S d . ' d C ++ . dd d h CRBC en en a~ v~rus an a ~ons were a e to t e , 

f . b d d . f ++ no us~on was o serve . Increase concentrat~ons o Ca 

appeared to prevent the hemolysis of cells, but no fusion was 

++ 
then observed. When the Ca concentration was lowered to a 

point that permitted aggregation, the cells were rapidly lysed 

with no apparent fusion. Only aggregates of cells could be 

seen with microscopic examination (Fig. 9c). 

Comparison of cell fusion techniques. The PEG cell fusion 

technique appears to be the one system of the four tested that 

caused the least cellular damage. Photomicrographs of the 

three major sequences in PEG-induced fusion clearly indicate 

a minimum of plasma membrane distortion from that observed in 

normal cells (Fig. 7a-d). Even in the mycelium-like state 

observed when PEG was added to the cell suspension (Fig. 7c), 

there is a smooth continuous membrane apparent at all times. 

The high yields possible with this system are also evidenced 

(Fig. 7d) . 

39 



++ 
FIG. 8. Cell fusion reaction of Ca , pH 10.5. 

Calcium concentration, 10 mM. a, normal CRBC; b, CRBC after 
30 s exposure to KCl medium, pH 10.5 at 37 C - arrow= blebs 
in membrane; c, clumped CRBC after CKCl addition and 30 min 
incubation at 37 C note highly distorted membranes (arrow) ; 
d, "fused" product - compare size to erythrocyte nucleus 
(arrow). Magnification, a-c, 3150x; d (phase contrast), 625x. 
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Cell fusion by LL solutions was notably less gentle in 

its action on the cells than PEG. Membranes exposed to LL 

could be seen to dissolve away in periods of less than 1 min, 

usually taking only 30 sec (Fig. 10a-c). Examination at high 

magnification indicated that a membrane interface was still 

present after LL treatment in some cases (Fig. 11c). The 

lysed cells were incapable of fusion and some evidence of nu-

clear damage was apparent (Fig. 11c). Cells fused with glu-

taraldehyde 20-30 sec after LL treatment, however, were seen 

to be either aggregated or fused into large bodies in which 

numerous nuclei could be distinguished (Fig. 12). In fact, 

addition of glutaraldehyde to the LL treated cells formed a 

gelatinous suspension of cells which gave the appearance of 

fused cell products. Without glutaraldehyde treatment, however, 

material which resembled fused cells was not formed. 
++ 

Fusion attempts with high concentrations of Ca at pH 

10.5 resulted in cells with highly distorted membranes. A 

30 sec incubation of cells with KCl buffer at pH 10.5 was 

sufficient to cause the appearance of blebs or protrusions 

at the cell surface. As incubation of the cells progressed, 

so did the deterioration of the membranes (Fig. 8b). Add-

ition of the CKCl medium merely aggregated the membrane-dis-

torted cells into a single unit (Fig. 8c). There were no 

fused cells even after prolonged treatment (Fig. 8d). 

Virus-induced fusion was unobservable except in the 

highly specialized instance mentioned above. Cells were 

immediately clumped after addition of virus followed by cell-
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FIG. 9. Cell fusion by Sendai virus. a, normal CRBC; 
b, clumped cells after addition of virus (without calcium); 
c, CRBC agglutination after addition of 8000 HAU and 10 mM 
cac1 2 . Note tight packing of cells, some nuclear distortion 
(n) and dissolution of membrane (m); d, cell fusion result
ing from high CRBC/virion ratio. cell concentration, 50%; 
viral titer, 8000 HAU. Lysed cells' membranes visible (em) 
as well as several apparently fused cells (arrows) . Phase 
contrast. Magnification, a-c, 625x; d, 315x. 
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ular lysis (Fig. 9a-c). After a 60 min period, virtually all 

cells were lysed. Fusion, when observed, was very minimal 

and surrounded by fragments of membranes from lysed cells, 

(Fig. 9d) • 

These results are summarized in Table 4. 
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FIG. 10. Effect of LL on CRBC. a, normal CRBC; b, 
10 s after addition of LL; c, 30 s after LL addition. Note 
membrane halos around cells in (c) (arrows) • cell concen
tration, 2%. final LL concentration, 500 ug/ml. Phase 
contrast. Magnification, a-c, 625x. 
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FIG. 11. Effect of LL on CRBC. Same sequence as 
Fig. 10. Note nuclear distortion (granularity, pocking) in 
(c). Membrane halos barely visible. Magnification, a-c, 
1400x. 
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FIG. 12. Cells fused by LL. Note the extremely thin 
membrane surrounding cells. 2% CRBC suspension and 500 ug/ml 
LL (final concentration). Reaction stopped after 23 sec with 
ice-cold glutaraldehyde. Magnification, 3150x. 
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TABLE 4. Comparison of fusion methods. 
*without fixation 
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method 

viral 

lysolecithin 

high (Ca++ 
pH 10.5 

polyethylene 
glycol (PEG) 

fusing action 

little observed fusion; 
large cell aggregates; 
much cellular distortion 

no observed fusion* 
membranes rapidly 
dissolved, many free 
nuclei 

large cell aggregates; 
no observed fusion; 
much membrane distortion 

high yields of fused cells; 
no noticeable membrane or 
cellular distortion 
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product 
stability 

unstable due to 
hemolytic action 
of virus 

products not 
viewable without 
immediate 
glutaraldehyde 
fixation 

none 

fused products 
not stable for 
more than 12 
hours 



DISCUSSION 

The use of polyethylene glycol for the fusion of plant 

(Kao and Michayluk, 1974) and animal cells (Hartmann et al., 

1974a,b; SeGall and Hartmann, 1974) has been established and 

shown to yield equal or better results than other methods 

reported. When the basis of the other protocols are examined 

in detail, the observed results are understandable. 

Four of the five of the methods tested herein employed 

erythrocytes that had been exposed to 4 c. The effects of 

lowered temperatures on cells are not entirely known but dem

onstrated alterations have been shown to include depolymerized 

microtubules, both in erythrocytes (Benhke and Forer, 1967, 

Benhke, 1970; Barrett and Dawson, 1974) and in other cells 

(Tilney, 1965; Tilney and Porter, 1967), and "frozen" membrane 

lipids (Chapman and Wallach, 1968; Hubbell and McConnell, 1969; 

Kornberg and McConnell, 1971; Devaux and McConnell, 1972; 

Scandella et al., 1972). 

Depolymerization of microtubules does not affect the shape 

of the mature CRBC (Barrett and Dawson, 1974), but the resulting 

loss of the "marginal bundle" (Meves, 1911; Fawcett, 1959) does 

affect the shape of thrombocytes (Benhke, 1970) and perhaps 

may effect an increase in red cell pliability. Such an altered 

pliability would permit increased membrane-membrane interactions 

should two cells come in contact with one another. The effects 

of increased membrane-membrane interactions have been demon

strated by Okada (1958} who used increased cell concentrations 
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to obtain higher yields in the virus-induced fusion of cells. 

When membrane lipids are held at 4 C, the entire fluid 

mosaic structure is immobilized (Singer and Nicolson, 1972), 

including the embedded protein components. The ability of the 

proteins to move is well documented: Studies using viral 

receptors (Birdwell and Strauss, 1974), labelled antibodies 

(Frye and Edidin, 1970: Edidin and Weiss, 1972) and labelled 

lectins (Nicolson, 1971, 1972: Nicolson and Blaustein, 1972; 

Nicolson and Singer, 1971) have all demonstrated transitions 

either from isolated clusters of cell surface markers to the 

formation of large aggregates ("caps") or the reverse. 

However, it should be noted that intact human erythrocytes do 

not exhibit redistribution or capping effects, (Loor et al., 

1972). This immobility is attributed to a peripheral protein 

complex, spectrin, and the spectrin is bound to the integral 

proteins on the cytomplasmic side of the membrane (Nicolson 

and Painter, 1973), thereby obstructing the movement of the 

components in the intact cell. 

Enzyme treatment of the CRBC is imperative for fusion to 

occur in the PEG system. Cells treated with trypsin and pro

tease have not been seen to exhibit any adverse signs; indeed, 

after Northrop (1926) demonstrated that intact red cells were 

impermeable to trypsin and pepsin, it was clearly shown that 

as much as twenty four hours in the enzyme had no effect on 

the cell permeability, a reliable indicator of the cell via

bility (Ballentine and Parpart, 1940). Similarly, prolonged 

exposures of red cells to protease is routinely used in mem

brane structure analyses, studies that often depend on the 
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ability of a cell to retain its integrity to accuragely deter

mine the position of its proteins (Bender et al., 1971; 

Phillips and Morrison, 1971; Bretscher, 1971a, b). Cook and 

Eylar (1965) have shown protease to be effective in removing 

most of the surface carbohydrates of the cell in the form of 

a glycopeptide consisting of sialic acid and peptides. Because 

sialic acid is assumed to contribute heavily to the zeta 

potential of a red cell, the removal of this component is highly 

desirable to maximize cell-cell contact. Other workers (Steck 

et al., 1970) have also shown trypsin to be effective in remov

ing sialic acid from the red cell surface, although not as 

completely as protease. 

The effect of different lengths of exposure times of the 

cells to the proteolytic enzymes is very pronounced. In all 

cases (varied pH values) the characteristic pattern of an in

termediate, then low, and finally maximal amount of observed 

polykaryons was seen as the cells were exposed to the enzyme 

for longer and longer lengths of time. This effect appears 

to be the result of enzyme binding to substrate first in mini

mal amounts then saturating the available sites and finally 

detaching from the protein when no substrate remained. Initially 

there would be little steric effect to interfere with the 

fusion reaction but as more and more enzyme attached, there 

would be no cell-cell interaction due to the enzyme-enzyme 

interference. As the enzymes eluted though, cell membranes 

would again become exposed for interaction and the sequence 

would precede as normally expected. 
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The "activation" of the cell fusion systems appears to 

require heat. The lipid structure of the membrane must be 

fluid for the LL to be inserted; similar processes must occur 

with the other systems. The Sendai virus hemolysis and cell 

fusion factors (Scheid and Choppins, 1974) are optimally 

active at normal physiological temperatures and the base 

catalyzed saponification of lipid occurs faster at higher 

temperatures. Interaction of PEG with CRBC is greater at 37 C 

than at room temperature, an effect probably related to the 

fluidity of the membrane. 

The actual mechanics of the cell fusion reactions are 

unknown. Although many schemes have been postulated for 

each system, little can be stated with certainty. This 

is especially true in the case of viral cell fusion, a phen

omenon well known for twenty years, yet still an area of con

flicting reports. When Okada (1958) reported cell fusion by 

Sendai virus he suggested that fusion is actually a compensa

tion of the cell to a viral-induced injury. Later, a four 

step sequence of Sendai virus fusion was postulated - viral 

adsorption (at 4 C) , disconnection of cell surface (at 37 C) , 

the energy requiring reconnection of membranes across two 

cells, and finally, giant cell formation (Okada et al., 1966). 

Kohn (1965), however, suggested that fusion induced by New

castle disease virus might actually be part of a process re

lated to viral entry into the cell and also showed the mem

branes (viral and cellular) to be important to cell fusing 

ability (1967). In working with visna virus, Harter and 
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Choppin (1967) also pointed out the requirement of a membrane 

for fusion and suggested the virus was capable of altering 

the membrane with resultant fusion. 

The energy requirement of the fusion reaction was pointed 

out by Okada (1966), who demonstrated the ability of all the 

nucleotriphosphates to supply the needed energy. Kohn (1967), 

however, showed that ATP added to cells actually inhibited the 

fusion reaction but other nucleotriphosphates could supply 

the necessary energy. 

Electron microscopic studies of cell fusion began to 

reveal the actual fusion process in great detail. A multi

step procedure consisting of agglutination, close contact of 

cell membranes, breakdown of cell membranes between viral 

particles, formation of cytoplasmic bridges between cells and 

engulfment of virions, and finally cell rounding, was first 

suggested (Hosaka and Koshi, 1968). Alternate proposals inclu

ded the creation of cell membrane discontinuities at the point 

of virus contact (Howe and Morgan, 1969; Apostolov and Almeida, 

1972). The current explanation of membrane fusion consists of 

a four step procedure - contact, induction, fusion, and stabil

ization of the new membranes (Peste and Allison, 1973). 

Other mechanisms have been studied in lesser detail. 

Lysolecithin was first suggested to work by insertion of its 

wedge-shaped molecule into a membrane to produce a disorder in 

the packing of the lipid molecules (Lucy, 1969). A later 

theory suggested LL to cause a transition in lipid array from 

a bilayer to micelle configuration (Lucy, 1970). The micelles 

in the membranes of two adjacent cells were suggested to 
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interact with reformation of the membranes to form one contin-

uous structure around the whole cell. There is little evidence, 

however, to suggest a cause for the reformation of a stable 

membrane when the lysolecithin is still present (Poste and 

Allison, 1973). 

++ . 
The Ca - h1gh pH system of fusion reportedly works by 

point saponification of membrane lipids to create instability 

in cell membranes. When in contact with a second cell, the 

membranes would join their damaged areas to produce a single 

cell with a complete intact membrane (Toister and Loyter, 1971). 

The strenuous conditions employed, however, appear more than 

sufficient to saponify the whole lipid fraction of the cell 

membrane. 

Similarly, the use of high levels of calcium to inhibit 

hemolysis during viral fusion has not met with great success. 

Originally suggested as a means to prolong the length of red 

cells fused by Sendai virus, the technique reportedly took ad

vantage of the calcium inhibition of viral hemolysin (Toister 
++ 

and Loyter, 1970). However, Ca also binds to the negatively 

charged sialic acid residues and these residues are known to 

be the receptors for the ortho- and paramyxoviruses (Gottschalk 

et al., 1972). By tying up these receptors with calcium or 

other divalent metals, viral adsorption is inhibited. Since 

adsorption is one of the prerequisites for cell fusion by 

virus, no fusion is observed. 

The mechanism of PEG cell fusion is still being inves-

tigated. In their first report, Kao and Michayluk (1974) 

suggested that the PEG acted as an intercellular attractant, 
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drawing the cells close together through hydrogen bonding 

at the hydroxyl ends of the molecule. The closeness of the two 

cells plus the external force of the very viscous PEG solution 

pressing the cells together would cause membrane-membrane in

teractions between the two cells. Because their cells were 

protoplasts, made by digestion of cell walls with cellulolytic 

enzymes, little account was made of the protein moieties of 

the membrane. Indeed, little is even known about plant cell 

membrane proteins due to the rapid regeneration of cell walls 

upon removal from the digestion medium. However, since it is 

known that many cellulolytic enzyme preparations are tainted 

with proteolytic enzymes, a condition could exist that might 

dramatically alter the fusion reaction. 

In a more recent report, Burgess and Fleming (1974) has 

shown that the actual fusion process occurs in the washing 

step of the sequence. This report strengthens the observed 

need to wash the PEG solution slowly from the interacting cells 

or little fusion will result. 

From the evidence previously reported (Kao and Michayluk, 

1974; Burgess and Fleming, 1974) and that presented herein, 

the following mechanism for PEG cell fusion is suggested. 

Digestion of the surface proteins on a cell proceeds until the 

proteins are no longer accessible to the enzymes. When the 

PEG is added to the cell-enzyme mixture, some of the enzyme on 

the cell's surface is trapped between two closely situated 

cells. The cells are held in tight juxtaposition by the ex

treme viscosity of the PEG solution and cell-PEG-cell hydrogen 

bonding. During this tight apposition the membrane lipids 
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are compressed in the region of contact, further exposing 

more protein to enzymes. As more protein is digested the 

membrane more closely approaches a state of a lipid bilayer 

until, under the force of the PEG solution, a minimal membrane 

thickness is reached. 

As the wash sequence begins, the PEG is gradually removed , 

and the membrane begins to revert to its normal thickness. 

Without the membrane-associated proteins to stabilize it, the 

two membranes shear between the cells and reform to one mem

brane along the areas of cell membranes containing sufficient 

protein to permit a stable structure. This process continues 

until all of the PEG (and supposedly enzyme) have been washed 

away. 

The model presented correlates well with all observed 

data reported on PEG fusion. The pre-treatment washes are 

required to remove sufficient calcium without entirely destroy

ing membrane integrity. Similarly, the effects of cell age 

on cell fusion is clearly explained by the increased quantities 

of calcium found in aged red cells as well as the increased 

stiffening of red cell membranes (LaCelle, 1970). Slow 

washes are required to permit re-stabilization of the newly 

formed polykaryon membrane and the increased fusion found 

with the calcium-containing wash solutions probably reflects 

the membrane stabilizing ability of the calcium ion (Reynolds, 

1972) • 

Also explained by this model is the instability of the 

newly formed erythrocyte polykaryons. As the new membranes 

are reformed, any enzymes that were trapped between the old 
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membranes are left inside the polykaryons as the old membranes 

disappear. Northrop (1926) had shown that while trypsin can-

not enter a living cell, once injected into it the enzyme 

causes rapid disintegration of the cell. Even fixation of 

the cell with glutaraldehyde could not stop this action, as 

glutaraldehyde does not alter enzyme activity. Other cells 

with more developed lysosomal and vacuole systems, such as 

plant cells or cultured mammalian cells, have no difficulty 

in digesting the entrapped enzymes, as demonstrated by their 

viability after fusion (Kao and Michayluk, 1974; SeGall and 

Hartmann , 1 9 7 4) . 

The characteristics of a particular cell fusion system 

must be carefully considered before applying it to the task 
++ 

at hand. The Ca - high pH system, because of its unrepro-

ducibility is a system not likely to gain popular acceptance. 

Similarly, the use of divalent cations to reduce cell lysis 

during viral cell fusion cannot be condoned because of the 

greatly reduced fusion obtained when the cations are added. 

Sendai virus, both infective and inactivated, has provided 

the basis for many enlightening procedures (see Introduction) 

but the problems encountered when applied to erythrocytes and 

in systems demanding virus-free cultures preclude its use. Of 

the remaining two systems, PEG and LL, the LL system has been 

far more thoroughly investigated and routine procedures for the 

fusion of cultured cells with this chemical have been publish-

ed (Croce et al., 1971; Kaprowski and Croce, 1973). Consid-

ering the almost abnormal simplicity of the red cell membrane, 

it is not surprising to find that stable fusion products can 
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be formed using other, cultured cells but not the erythrocytes. 

Indeeed, care must be exercised to insure sufficient LL is added 

to these more complex-membrane cells since they have been found 

to metabolize it back to harmless constituents by any of a 

number of pathways (Erbland and Marinetti, 1965). (Erythrocytes 

also can metabolize this chemical but only to an extremely 

limited extent and certainly not fast enough to prevent 

their lysis (Mulder and van Deene, 1965; Condrea and DeVries, 

1964). The LL, however, has not yet been extended to plant 

cell fusion and therefore could not be considered for this 

system. 

Polyethylene glycol has been demonstrated to be effective 

in animal systems, both erythrocytes (Hartmann et al., 1974a, 

b) and cultured cells (SeGall and Hartmann, 1974), and in 

plant systems (Kao and Michayluk, 1974; Burgess and Fleming, 

1974). Like LL, PEG is a cell fusion method suitable for use 

in systems requiring the absence of virus antigens or part

icles and while its procedure requires more concentrated cell 

suspensions and more time than the LL procedure, the higher 

fusion yields with PEG more than compensate for the extra 

requirements. Unlike LL, however, the PEG system is equally 

effective in either of the two kingdoms and doubtlessly in 

the future an attempt to fuse the gap between plant and 

animal cells will be made. The results and implications of 

such a fusion are open to speculation. 
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