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ABSTRACT

The successful infection of selected type c RNA murine retro
viruses F-MuLV I-5, AKV 623, MCF 98D13, MCF 247 and AKR 6 into 

Mus dunii cells was examined from an intra- and extracellular

perspective to distinguish between an acid pH dependent endocytic

entry pathway, leading to uncoating in an acidic intracellular 

vesicle, and a neutral pH plasma membrane entry mechanism. An

indirect focal immunofluorescence assay was used to quantitate 

productive infection in cell culture monolayers with elevated

lysosomal pH. Infectivity was not significantly altered in those

cells infected with retrovirus stocks in the presence of the

lysosomotropic weak bases chloroquine, amantadine, CH^NH^ and

NH Cl. Lysosomal pH was significantly altered by the concentrations 4
of lysosomotropic to inhibit 90% of vesicular stomatitis virus

plaque formation by cellular lysis. An optimum fusion pH for

F-MuLV I was determined by use of a series of controlled media 

on Mus dunii and XC cell monolayers. The physiological pH of 7.6 

found to be the optimum fusion pH indicates an alternative to an 

acid dependent entry mechanism. The findings of these experiments, 

taken together, suggest a penetration mechanism for type c RNA 

murine retroviruses which involves fusion of the viral envelope

with the cytoplasmic membrane at the cell surface.
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INTRODUCTION AND LITERATURE REVIEW

Retroviruses are enveloped RNA viruses which possess a membrane 

similar to a cellular phosholipid membrane surrounding their nucleic 

acid containing core or nucleocapsid. This membrane has three functions 

1) it is important in the assembly of virus particles in the infected 

cell, 2) it protects the genome and nucleocapsid during the virus’ 

extracellular phase in the replication cycle and 3) is responsible 

fro infectivity, delivering the nucleocapsid into the host cell for

replication. It is the last of these processes that is of greatest 

interest in determining an entry mechanism for enveloped viruses.

Viral infection of cells involves the attachment of the virus

particle to the cell surface and entry of certain components of the 

virus particle into an intracellular site where replication of the

viral genome, nucleocapsid and envelope can occur. The viral envelope 

and nucleocapsid must be shed in an event known as uncoating, allow

ing the viral genome to be transcribed and to produce viral gene 

products for assembly into new virions. The movement of the viral

genome across a double membrane barrier, from within the virus

particle and into the cell, is essential to successful infection
a and thereby plays a decisive role in determining host range and 

pathogenicity of a virus.

Two alternative routes of entry of enveloped viruses have been 

recognized (16): fusion of the viral envelope with the plasma membrane
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directly at the cell surface and endocytosis, also known as viro- 

plexis. By means of these two routes, two locations where penetration 

of the viral genome can occur are recognized: the cellular plasma 

membrane and an intracellular vacuole. In both cases a fusion of

the viral envelope with a cellular membrane is required for the 

viral genome to cross the double membrane barrier that separates

the viral genome from the cytosol of the host cell. In the direct 

fusion model, once the viral membrane has fused with the cellular

membrane, the virus core is uncoated and enters the cytoplasm. 

Following the route of endocytosis, viral particles are bound to 

receptors on the cell surface and are endocytosed by receptor med

iated endocytosis (8). The endosome content is collected in the

lysosomes where hydrolytic enzymes degrade certain components of 

the viral particles, causing cleavages in viral envelope proteins

and activating low pH dependent membrane fusion between the viral 

membrane and the lysosomal membrane. Fusion with the lysosomal

membrane allows uncoating and presents the viral genome into the

cytoplasm for replication.
Penetration through the plasma membrane is exemplified by Sendai 

virus, a paramyxovirus, which is known to fuse its envelope with 

the plasma membrane (16). This fusion is dependent upon certain viral 

proteins contained in the envelope membrane, denoted as F^ and F£ 

proteins which are sulfhydryl-linked glycoprotein cleavage products 

of an original F spike protein (11). Spike proteins such as the 

F proteins are ubiquitous among enveloped viruses and are responsible

for association of the virus with cell surface receptors.

The best studied example of penetration at an intracellular location
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is the Semliki Forest virus, a togavirus (10). Helenius et al.

have shown that after binding to microvilli, viral particles are 

taken up into clathrin coated vesicles and routed through endosomes

to secondary lysosomes. The acidic environment of the lysosome 

induces fusion of the viral envelope and lysosomal membrane, result

ing in the release of the viral genome into the cytoplasm.

Numerous examples of both mechanisms of viral entry have been

documented. For certain viruses, such as vesicular stomatitis virus, 

evidence for both fusion at the plasma membrane (9) and for endo-

cytosis (17) exists. It has been observed that lysosomotropic 

agents block productive infection of vesicular stomatitis virus in 

cell culture (27). Weakly basic lysosomotropic agents, when present

in a tissue culture medium, have been shown to be taken into lyso-c- 

somes, causing cytoplasmic vacuolation (20) and an increase in lyso

somal pH (21). This increase in lysosomal pH hinders an acid pH 

dependent fusion of viral envelopes with lysosomal membranes, inhi

biting an endocytotic entry mechanism and blocking infection by the 

virus. This has been interpreted as evidence for lysosomal involve

ment in productive entry of vesicular stomatitis virus into cells.

Recent studies have shown that at low pH vesicular stomatitis virus, 

as well as Semliki Forest virus and influenza virus, can fuse cell

membranes in tissue culture, creating polykaryons (30). This again 

suggests a low pH, lysosomal pathway of infectious entry for these

viruses into cells.
The process by which retroviruses enter cells is less clear.

From electron microscopic studies both membrane penetration (18) 

and viroplexis (6) have been suggested. It has been shown that these
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viruses bind to the cell surface by means of attachment of the 
viral glycoprotein gp70 to receptors located on the cell surface 

(7). Steps in the uncoating process following viral adsorption

to the cell surface are not well defined.

Polykaryon formation in tissue culture monolayers, producing 

multinucleated giant cells with short viability, has been recognized

as a characteristic of successful infection of certain cell lines

with many enveloped RNA viruses. This process of plasma membrane

fusion appears to be mediated by mechanisms common to those of 

viral penetration. Recent work has shown a physiological pH (7.6) 

to produce optimum fusion in cell cultures infected with murine 

retroviruses of the Friend-Maloney-Rauscher group (25).

In this paper, the relationship of these findings about enveloped 

virus infection mechanisms is correlated to cellular infection by

RNA retrovirus particles. Adjustments of tissue culture media pH 

and intracellular lysosomal pH are used as tools to observe the

infectivity of viral particles in controlled environments and the 

effect this controlled pH environment has on viral membrane fusion

ability and subsequent infectious entry into cells.



MATERIALS AND METHODS

Cells

A tail skin line from Mus dunii was derived by M. R. Lander and

S. K. Chattopadhyay (1981). Mus dunii fibroblast cells (hereafter 

refered to as dunii cells) were provided by Dr. John L. Portis of 

the Rocky Mountain Laboratories, Hamilton, Montana. These cells

were maintained in RPMI 1640 medium plus 10% fetal calf serum sup

plemented with 200 units/ml of penicillin G to protect against

bacterial contamination.

A rat tumor cell line chronically infected with Rous sarcoma 

virus, XC cells (12), was provided by Dr. Bruce Chesebro of the

Rocky Mountain Laboratories. These cells were maintained in McCoy’s 

5A modified medium plus 5% fetal calf serum supplemented with 200

units/ml penicillin G.

All cells were maintained at 37 C in a 5% CO2 humid atmosphere 

unless otherwise stated.

Viral Stocks

All viral stocks were obtained through Rocky Mountain Laborato

ries from various sources. AKV 623 (Gross Leukemia virus) and AKR

6 were provided by Dr. John L. Portis. Friend Leukemia virus (F-MULV)

strain I”5. -was provided to the Rocky Mountain Laboratories by 

Dr. S. Gisselbrecht, Laboratoire d'Immunologie et Virologie des 

Tumeurs, Hopital Cochin, Paris, France. Mink cell focus forming
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(MCF) virus strains 98D13 and 247 were provided by Dr. Richard 

Buller of the Rocky Mountain Laboratories. Vesicular Stomatitis

virus was supplied by Dr. Donald Lodmell of the Rocky Mountain

Laboratories.

Virus stocks of ecotropic virus were prepared from chronically 

infected dunii or NIH/3T3 cells as previously described (4). Xeno-

tropic viral stocks were prepared from chronically infected mink 

lung cells (CCL-64) using the same method.

Monoclonal Antibodies

Antibody 24-8 is specific for an envelope determinant of endo

genous ecotropic viruses but not F-MuLV. Monoclonal antibody 24-8 

was used for AKV 623 titration. Antibody 48 reacts with an envelope 

determinant of F-MuLV (3). Antibodies 618 and 26-18 (24,3) are 

envelope specific and react exclusively with MCF viruses. Anti

body 24-6 is specific for xenotropic viral envelope determinants (23)

Lysosomotropic Agents

Amantadine (l-aminotricyclo(3.3.1.l)decane), chloroquine (7- 

chloro-4-(4-diethylamino-l-methylbutylamino)quinoline) and methyl-

amine (CH3NH2) were obtained from Sigma Chemical Co., St. Louis,
MO. Ammonium chloride (NH^Cl) was purchased from Fisher Scientific 
Co., Fairlawn, NJ. Stock solutions were prepared in 10 fold con

centrations and frozen for later use. Solutions were prepared in

RPMI 1640 medium plus 10% fetal calf serum and pH adjusted with

1 N NaOH or HC1 to pH 7.4, then sterlie filtered using a Millex HA 

0.45 um pore disposable sterile filter unit (Millipore Corp., Bed

ford, MA). Dilution to single strength was with RPMI 1640 medium
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plus 10X fetal calf serum.

Focal Immunofluorescence Assay for Viral Quantitation

Retrovirus stocks were quantitated by an indirect focal immuno

fluorescence assay utilizing retrovirus-specific monoclonal anti

bodies and fluorescein-conjugated goat anti-mouse immunoglobulin

prepared in our laboratory. This assay is described in detail 
4elsewhere (29). Briefly, 5 x 10 indicator cells were suspended 

in 60-mm tissue culture dishes (Corning Glass Works, Corning, NY) 

and the following day infected with dilutions of virus in tissue 

culture medium containing polybrene (1,5-dimethyl-l,5-diazurdeca- 

methylene) at a concentration of 8 ug/ml to aid in viral adsorp

tion to cellular plasma membranes. The medium was changed on days 

1 and 3. On day 4, medium was removed and the live monolayers

were incubated with 0.5 ml of monoclonal antibody tissue culture

supernatant at 4 C for 30 min. The monolayers were rinsed with 

cold Dulbecco’s phophate buffered saline solution (PBS) and 0.2 ml 

fluorescein-conjugated goat anti-mouse immunoglobulin was added

for an additional 30 minutes at 4 C. Dishes were rinsed with PBS 

as above and examined with a Leitz Orthoplan microscope with Ploem

illumination at 80x total magnification. Foci of infection were 

counted to quantitate virus in Focus Forming Units/ml (FFU/ml) as

a measure of titer.

This focal immunofluorescence assay was followed with certain

additions to assay the infectivity of retrovirus stocks in the

presence of lysosomotropic agents. These additions are as follows 

On day 2 dishes were cleared and refed with RPMI 1640 medium plus
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10% fetal calf serum containing a lysosomotropic weak base in the 

following concentrations: Amantadine 0.5 mM, Chloroquine 0.1 mM, 
NH^Cl 10 mM, and CH^NH^ 2 mM. A negative control dish was refed 
with medium containing no agent. Dishes were incubated for 1 hr 

at 37 C in a 5% CO2 atmosphere then innoculated with virus. The

• assay was carried out on day 4 and foci of infection counted in

the usual manner.

Plaque Assay for Vesicular Stomatitis Virus Inhibition of Infection

by Weak Bases

Protocol followed for this assay was similar to the preceding 

assay with exceptions made for the differences in activities of a

rhabdovirus under the same conditions as a retrovirus. A culture 
4of 5 x 10 dunii cells was suspended in 60-mm culture dishes and

on day 3 cleared and refed with RPMI 1640 medium plus 10% fetal

calf serum containing a lysosomotropic agent in the concentrations

listed above. Dishes were incubated for 1 hr at 37 C in 5% CO2 
then innoculated with virus in a series of ten 2-fold dilutions

from 1000 to 1 infectious units/ml. A negative control series 

innoculated without the addition of lysosomotropic agents was also 

used as a standard titer measurement. At 48 hrs following viral 

addition, dishes were cleared, rinsed twice with PBS, fixed for 

30 sec in absolute methanol and stained with giemsa (J.T. Baker 

Chemical Co., Phillipsburg, NJ). Plaques of lysis were counted to 

determine the standard titer from the negative control and the titer

in the presence of lysosomotropic agents. Titer was quantitated

in Plaque Forming Units/ml (PFU/ml).
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Toxicity Testing for Tolerance of Weak Base by Dunii Cells
Dunii cells were suspended as above, 5 x 10^ per fiO-mm tissue

culture dish. On day 2 dishes were refed with medium containing 

a single lysosomotropic agent in a series of five 5-fold dilutions 

in the following ranges for each agent: Chloroquine 25-0.04 mM, 

Amantadine 50-0.016 mM, methylamine 250-0.4 mM, and ammonium chlo

ride 250-0.04 mM. All media contained polybrene at a concentration 

of 8 ug/ml. Cells were examined at the end of day 3, corresponding

to the time at which the immunofluorescence assay would take place. 

Dishes were examined, unfixed and unstained, underan Olympus CK

Inverted microscope with phase contrast abilities. Cells were scored 

as to their drug tolerance on the basis of vacuolation and viability, 

respectively. The highest agent concentrations which induced vacuo

lation and permitted cell growth were selected for use in the focal

immunofluorescence assay titration of retrovirus infectivity in the 

presence of lysosomotropic weak bases.

pH Optimum for F-MuLV I 5 jn Dunii and XC Cells

Dunii and XC cells were seeded in six well culture plates (30-mm; 
Linbro, McLean, VA) at a concentration of 2 x 10^ cells per well.

On day 2 well were cleared of media and viral innoculations contain

ing 8 ug/ml of polybrene were added. Virus was added at a multi

plicity of infection of 10 FFU/cell to each well. Monolayers were 

incubated 15 min at 0 C in a humid atmosphere to allow for viral

binding then rinsed twice with sterile normal saline. Adjusted pH 
media were then added to each well. Dunii cell monolayers were

exposed to RPMI 1640 medium plus 10% fetal calf serum adjusted to
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pH 6.0 to 8.5 in intervals of 0.5 pH units for 3 hrs at 37 C in 

a humid, non-C02 controlled environment, so as not to influence 

the pH of the media by aiding the bicarbonate buffer reaction.

XC cells were exposed to the same conditions in the presence of 

similarly adjusted McCoy's 5A modified medium plus 5% fetal calf 

serum. Media pH adjustments were made using 1 and 5 N NaOH and

HC1. All pH measurements were made using a Beckman Expandomatic

IV pH meter. Following a 3 hr incubation period, all media were
* •removed and final pH determined. Monolayers were rinsed twice with 

PBS, fixed with absolute methanol for 30 sec and stained with giemsa 

Quantitation of cell fusion was carried out by counting the number 

of polykaryons in no less than 10 fields from the center of each

well at a total manification of 150x. Polykaryons of 4 or more

nuclei were counted. An average of no less than 20 fields was 

taken to determine the effectiveness of fusion at a given pH value.



OBSERVATIONS AND RESULTS

Toxicity Testing for Toleration of Weak Base by Dunii Cells
Lysosomotropic weak bases were observed to induce vacuolation

to an extent directly proportional to the applied concentration. 

Vacuolation was initiated in the perinuclear region and gradually 

spread outward, showing marked effects within 1 hr of application

to dunii cell cultures. Excessive vacuolation at high drug concen

trations led to a loss of characteristic fibroblast morphology in 

favor of an isometric cell shape and a loss of cell motility.

Cultures maintained at high concentrations of weak base sloughed off 

of tissue culture plate surfaces and showed levels of vacuolation 

which occupied as much as one third of the cell. Further growth 

and division in these cultures was inhibited. Cultures exposed to 

low concentrations of agents showed little or no alteration of

morphology or growth pattern. Dunii cells maintained in concentrations 

of lysosomotropic weak base that were considered suitable for use 

in viral titrations suffered less than 15% loss of the cell population 

due to sloughing off of plate surfaces and showed vacuolation when

viewed by phase microscopy. Figures 1 and 2 contrast the appearance 

of normal (Fig. 1) and vacuolated (Fig. 2) cell morphology. Figures 

3 and 4 illustrate excessive (Fig. 3) and moderate (Fig. 4) vacuo

lation. Base concentrations which were scored to be optimal under 

the protocol conditions were as follows: Chloroquine 0.1 mM, Aman

tadine 0.5 mM, ammonium chloride 10 mM, and methylamine 2 mM.

11
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Viral Titration in the Presence of Lysosomotropic Weak Bases

By use of the plaque assay, vesiclar stomatitis virus showed 

an average inhibition of 90.57° of infectivity and subsequent cellular 

lysis in the presence of chloroquine, amantadine, methylamine and 

ammonium chloride. Retrovirus stocks responded almost uniformly,

showing insignificant variations in titer from unmanipulated titrations 

MCF 98D13 showed significant inhibition in the presence of aman

tadine alone. All other titer values for this virus were either

inconclusive or insignificant. Table 1 compares the titer values 

of the unmanipulated virus with titer values obtained in the presence

of lysosomotropic weak bases. Figures 5 and 6 illustrate the

activity of the focal immunofluorescence assay in detecting foci

of infection in dunii cell monolayers.

Fusion Optimum pH of F-MuLV I

F-MuLV I shows a discrete peak of induced fusion capability 

in both dunii and XC cells at a physiological pH of 7.6. (Fig. 7) 

Fusion of dunii and XC cell monolayers at this pH not only initiated 

the highest density of polykaryon formation but also increased the 

average number of nuclei from 5.2 to 6.8 per giant cell.
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FIGURE 1
Normal dunii cells; negative control for toxicity test for tolerance 
of lysosomotropic agents. Note no vacuolation is observed in normal, 
untreated dunii cells.
NH.C1 treated dunii cells observed 1 hr following weak base appli
cation. Vacuolation indicates uptake of weak bases into intra
cellular vesicles.

FIGURE 2

CARROLL COLLEGE LIBRARY 
HELENA, MONTANA 59625
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FIGURE 3

Excessive vacuolation induced by chloroquine in dunii cells, Note
the isometric cell shape taken on by cells at the periphery and the 
sparseness of the culture.

Vacuolation induced by 0.5 mM amantadine in dunii cells.
FIGURE 4



15

TABLE 1

Percentage comparison
assays i

of manipulated and unmanipulated 
of viral infectivity

0.5 mM 
Amantadine

0.1 mM 
Chloroquine

10 mM
NH Cl4

2 mM 
ch3nh2

MCF 247 97% 83% 105% 92%

MCF 98D13 17% 90% 31% 46%

AKR 6 96% 122% 113% 82%

AKV 623 85% 87% 92% 85%

F-MuLV I-5 69% 91% 86% 93%

Vesicular 6% 5% 10% 17%
Stomatitis
Virus
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FIGURE 5
Dunii cell monolayer observed in direct light. Retrovirus Infection 
of dunii cells Is undetectable when viewed in this manner.

Focus of infection observed 
light source. This view of 
fescent microscopy, reveals 
lighted areas of cells on a

FIGURE 6
in dunii cell monolayer under fluorescent 
the monlayer above, examined using fluo- 
retrovirus infected cells which appear as 
dark field.
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FIGURE 7

Polykaryons/field versus pH plot of fusion density

Optimum fusion in both dunii and XC cells occured at 
the physiological pH of 7.6. This graph combines the 
results of both dunii and XC cell fusion studies with 
the virus F-MuLV I“5



FIGURE 8
Dunii cell fusion focus induced by F-MuLV I -> infection observed in 
direct light. Note the multinucleated giant cells formed by this 
fusion effect.

FIGURE 9
Fluorescein-conjugated antibody labelled dunii cell fusion focus 
viewed under fluorescent light source. Monoclonal antibody label
ing of viral envelope determinants locates sites of retrovirus 
infection when observed using fluorescent microscopy. Note that 
not every cell expressing F-MuLV envelope protein was fused into 
a polykaryon.



DISCUSSION AND CONCLUSION

This study was designed to characterize the murine retrovirus 

entry mechanism and examine the relationship of pH to this process.

This pH relationship was studied intracellularly by use of lysosomo

tropic agents and extracellularly by use of pH controlled media.

Given two well defined pathways of enveloped virus entry into cells 

(26), a procedure was drawn up to inhibit one pathway while not

interfering with the other.

The application of lysosomotropic weak bases to tissue cultures

caused an alkaline pH change in the normally acidic lysosomes while 

maintaining normal pH (7.6) in the tissue culture medium. This 

allowed a cytoplasmic membrane-viral envelope fusion mechanism to

occur. As a result of this controlled intracellular environment, 

only those viral particles which entered cells by other than an acid

dependent pathway were detected in the focal immunofluorescence 

assay. A decrease in the titer of virus on dunii cell monolayers 

would have indicated an inhibition of viral infectivity initiated 

by the elevated pH of intracellular vesicles.

The concentrations of lysosomotropic weak bases used in viral

titrations showed marked vacuolation of dunii cells within 1 hr of

addition to monolayers. This vacuolation pattern coincides with the

findings of Yang et al. (31). By use of the plaque assay, vesicular 

stomatitis virus showed an average inhibition of 90.5% of infect

ivity and subsequent cellular lysis in the presence of chloroquine,

19



20

amantadine, methylamine and ammonium chloride, as compared to the 

results of the same assay performed in the absence of these agents. 

This result indicates that, in addition to causing vacuolation, 

the weak bases have elevated the pH in the lysosome to a level that

• is inhibitory of an acid dependent membrane fusion mechanism.

Matlin et al. (17) have reported that at pH 7.4 all cell fusion 

ability of vesicular stomatitis virus was inhibited. Given the fact

that the plaque assay may vary in accuracy by 10% in either direction, 

it can be seen that the pH 7.4 range was approximated and that a

physiological pH was maintained in the lysosomes.

The retrovirus stocks responded almost uniformly to show insig

nificant variations in titer from unmanipulated titrations of these

viruses (Table 1). The focal immunofluorescence assay procedure 

used is subject to a maximum of 15% variability in sensitivity (29).

An additional amount of variation was possibly introduced by error 

in measurement, in dilution and in application of small quantities 

of virus to individual culture dishes. With the exception of MCF

98D13, the lysosomotropic agents applied have no significant inhib

itory effect on infectivity despite the fact that lysosomal pH was

shown to be near physiological values and inhibitory of a known 

acid dependent fusion mechanism. MCF 98D13 showed a significant 

amount of inhibition in the presence of amantadine, no significant

• inhibition by chloroquine and inconclusive inhibition by methylamine 

and ammonium chloride. This specificity indicates that the drug

agent molecule itself might interact with the viral particle, caus
ing inhibition by a means not related to the elevated pH effect.

This possibility is being further investigated at Rocky Mountain
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Laboratories, Hamilton, Montana.

Using controlled pH media, extracellular pH can be controlled 

and the fusion activity of the virions observed in syncitia form

ation. F-MuLV I-5 was chosen as a representative retrovirus to 

be used in this procedue because of its high affinity to induce 

polykaryon formation. The pH value at which the most effective

penetration took place and concomitantly at which the greatest 

density of polykaryons were formed would approximate the environ

ment of the normal entry site of the retrovirus. In the case of

F-MuLV I-5} a discrete pH optimum (7.6) for syncitia formation 

was found to be in the range of physiological pH. This is distinct 

from other enveloped viruses that have been examined (30,8).

Taken together, these results indicate that murine tetrovirus 

penetration into cells is directly by a cytoplasmic membrane-viral 

envelope fusion mechanism. This hypothesis is currently being tested

by electron microscopy at Rocky Mountain Laboratories.

Syncitia formation is a common feature of infection of certain 

cells with various DNA and RNA viruses (16). The importance of mem

brane fusion to viral penetration has been demonstrated most con

vincingly in the togavirus system. Helenius et al. (10) have shown 

that cell fusion induced by Semliki Forest virus is a phenomenon

mediated by the same systems that mediate viral penetration through 

the cell membrane and into the cytosol. In addition, recent reports

indicate that this cell fusion effect may mediate cell membrane

penetration of myxo-, paramyxo- and rhabdoviruses and may be of 

general importance in the biology of all enveloped viruses (30).

It is likely, therefore, that fusion of the retroviral envelope and
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the cell membrane is a step is a step in the uncoating process.
At present the nature of the interaction of the viral envelope 

protein gp70 and the cellular membrane is not known. The first 80

amino terminal residues of this protein have been shown to be 

essential for fusion activity (25). Sequence studies (13,14,22,28)

have shown that there are only eight substitution differences be

tween AKV and either Friend, Maloney or Rauscher group retroviruses

in this sequence. This high conservation suggests even more its 

importance to penetration and the eventual production of new virions.

Studies using deletion mutants are now being carried out to locate 

the specific residues critical to this fusion mechanism.

Among the retroviruses, cell fusion has been observed in the 

Lentivirus group (15) and among certain primate viruses including 

type D retroviruses (1) and the recently recognized agent of human 

T cell leukemia (19). It is possible that these viruses employ the 

same entry mechanism described in this paper to infect cells of 

their host range. By understanding the mechanism by which retro

viruses enter cells it is possible that the spread of these agents

may be controlled.
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