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ABSTRACT

Pseudotyping is an event that occurs in a mixed infection in which the RNA genome 

encoding an envelope protein (SU) is encapsulated in a viral structural particle containing

the SU protein of a different virion. Utilizing cell culturing experiments, the Moloney

ecotropic Murine Leukemia Virus (MuLV) and two polytropic MuLVs, one corresponding

to each antigenic subclass, an attempt was made to create an in vitro system to study the

pseudotyping phenomenon.

This research resulted in an in vitro system that closely mimics the in vivo system.

It enabled the determination of the extent of pseudotyping that occurs in mixed infection

and assessed the effects of pseudotyping on viral infectivity. The development of this in

vitro system will allow more efficient studies of this pseudotyping phenomenon by serving

as an accurate model of study.
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INTRODUCTION

Retroviruses are unique microbial agents which establish a chronic infection of

host cells by utilizing a single-stranded RNA genome which is converted to DNA and

incorporated into the host chromosome. Retroviruses induce a variety of diseases and are

widely distributed among vertebrate species. Amoung the diseases induced by

retroviruses are malignant neoplasms, nervous system disorders, and immunological

disorders. These disorders are observed in mice infected with murine retroviruses,

generally termed murine leukemia viruses (MuLVs) and also in humans by the

retroviruses HTLV and HIV. Retrovirus infection in mice has been extensively studied

and provides models for retrovirual infection in humans. In mice, MuLVs can exist as

endogenous viruses carried in the germ line and transmitted vertically from generation to

generation or they can exist as exogenous viruses which are transmitted horizontally by

infection amoungst mice.

RETROVIRAL STRUCTURE

The general structure of a retrovirus consists of an external surface envelope with

glycoprotein projections which enclose a virion containing structural viral proteins as

well as reverse transcriptase. The genome of a retrovirus consists of two identical single

strands of RNA which are bound noncovalently to each other near their 5' ends. Each

RNA subunit is approximately 3.5-9.0 kb in length. There are two classes of genes 

• within the genome: those genes essential for viral replication and those genes which
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enhance oncogenicity of the virus but are not essential for replication (v-onc. genes).

Most retroviruses do not induce transformations in tissue culture and thus do not contain

these oncogenes (10).

RETROVIRAL ENVELOPE

Initial infection and entry of a retrovirus into a host-cell is mediated by the

interaction between the viral envelope glycoprotein and a host-cell surface receptor (10).

The surface glycoprotein will recognize the viral receptor on the host-cell surface and

subsequently induce a conformational change that allows the fusion between the viral and

cellular membranes allowing the capsid of the virus to enter the cell (1). Different

retroviruses utilize different host-cell receptors to enter the cell (5). There are three host-

range classes in inbred mouse strains: 1) ecotropic, 2) xenotropic and 3) polytropic. The 

ecotropic virus will infect only murinal cell lines. Xenotropic viruses will infect only

heterologous species (e.g. mink cells) and not murine cell lines. Polytropic viruses will

infect both murine and heterologous species (8).

REPLICATION

Replication of the retrovirus is catalyzed by an RNA-dependent DNA polymerase

termed reverse transcriptase. This enzyme converts the single-stranded RNA genome

into a double-stranded proviral DNA. Once created, the provirus is then integrated into

the host DNA where it is then transcribed and translated with the host genome. Due to
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the error associated with reverse transcriptase, point mutations may occur altering the
S
0 make-up of the integrated pro virus and causing it to be non-infectious (10).

There are three specific viral genes required for the functioning of the retrovirus.

These are the gag, pol, and env genes. The gag gene encodes the core proteins. The pol

gene encodes for reverse transcriptase, and the env gene encodes for the viral envelope

proteins. All of these are present in properly functioning retroviruses (10).

CHARACTERISTICS OF MURINE LEUKEMIA VIRUSES

Murine Leukemia Viruses (MuLVs) are retroviruses which cause disease after a

long latency period and are referred to as slow transformers. Slow transformers differ

from others in that they cause long term viremia (3-12 mo) which causes neoplastic

disease after a long latency. In contrast, the acutely transforming viruses induce disease

within a few wk. Slow transformers do not contain transforming genes within their

genomes, and they do not induce morphological transformations in fibroblast tissue

cultures. An example of one of these slow transformers is the Moloney Murine Leukemia

Virus (Mo-MuLV) which causes lymphocytic leukemia in mice (3, 4).

Polytropic viruses are the resultant recombinants of ecotropic MuLVs with

endogenous retroviral sequences. Recombination events involve at least a substitution of

the env gene sequences (7). Polytropic viruses induce lymphocytic leukemia by

integrating the provirus near c-onc genes which influence cellular proliferation and will

•
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subsequently be activated by viral transcriptional regulatory sequences (8). It is not clear
s
• how many recombinations occur or how many different viruses are generated (11).

It has been shown that there are at least two subclasses of polytropic MuLVs. One

class reacts with monoclonal antibody (mAb) 516 and the other class reacts with the

monoclonal antibody HY 7. None of the polytropic viruses reacts with both mAb 516

and HY 7, however, almost all of the viruses react with mAb 514. Some polytropic

viruses may even react with mAb 514 solely. The reactivity of polytropic viruses is

believed to be determined by amino acid 173. If amino acid 173 is glutamine then the

virus will be 516+. If the amino acid is lysine then the virus will be Hy 7+. The

reactivity of a 516+ virus can be changed by changing the glutamine to lysine. However,

the reactivity of a Hy 7+ virus can not be changed in the same way and it is unclear why

(7).

Mice infected with the ecotropic Mo-MuLV exhibit approximately equal levels of

the two antigenic subclasses of polytropic viruses and in these mice the tropisms, or host

ranges, of the two classes differ as well. Hy 7-reactive polytropic viruses have a tropism

similar to that of an ecotropic MuLV. The 516-reactive viruses have a tropism which is

approximately equal for both murine and heterologous cell lines (8).

VIRAL INTERFERENCE

Retroviral infection may be interrupted by viral interference. Viral interference is

• when the cell surface receptors used by a virus have been utilized and are blocked from
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being used another time. Interference results because MuLVs which infect a cell continue

to produce surface proteins which saturate the surface receptors blocking them from

reinfection. It has been shown that all ecotropic MuLVs will interfere with each other

showing that they all utilize the same receptors. It is thought that perhaps interference

could be used to protect a host cell from infection by expression of endogenous

glycoproteins similar to retroviral envelopes (2, 12).

PSEUDOTYPING

Pseudotyping is a phenomenon resulting from a mixed viral infection in which the

RNA genome of one virus is packaged in a virion containing the surface proteins encoded

by another virus. Pseudotyping could facilitate infection of normally non-susceptible

cells and could make multiple infections by MuLVs possible by circumventing

interference mechanisms. Pseudotyping is thought to occur as a rescue mechanism for

defective viral genomes. These defective viruses may not be able to replicate properly 

because they have lost replicative genes. They are able to infect a cell and undergo

replication, however, if they are "rescued". This requires that the the defective viral

genomes be pseudotyped by nondefective virion proteins which are encoded by a closely

related replication competent virus. (8, 10).

Both of the polytropic sub-classes discussed earlier are released from the spleen 

and thymus tissues of mice as pseudotypes within ecotropic virions generating an

• ecotropic tropism. It is not clear why only the ecotropic tropism and not the polytropic
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tropism is seen in these in vivo experiments. This could be due to incorporation of more

ecotropic envelope protein into the virions. Another possibility is that the apparent extent

of pseudotyping is due to an enhanced infectivity of ecotropic virions compared to 

polytropic virions. If ecotropic virions are much more infectious than polytropic virions, 

the polytropic genomes would score much higher as ecotropic pseudotypes than as non- 

pseudotyped virions. These possible explanations need to be studied further to better

understand pseudotyping within MuLVs (8).

It is very difficult to study the pseudotyping mechanism in vivo. The difficulty is

due to many logistical factors like the time it takes to infect and study mice in vivo, the

inability to control variables like stage of disease and equal infections, and the expense

of in vivo experiments. The goal of my research was to determine the extent of 

pseudotyping in a mixed infections in vitro and to examine the effects of pseudotyping on

viral infectivity.

The approach taken was to utilize an in vitro cell line permissive to infection with

polytropic and ecotropic virions to establish a polytropic MuLV-infected cell line. The

polytropic infected line would then be divided into two cultures and one would be

infected with the ecotroic virus to establish a mixed infection of ecotropic and polytropic

viruses. The viruses released from the polytroic MuLV-infected culture would be 

compared to the viruses released form the polytropic/ecotropic-infected culture to

• determine the extent of pseudotyping.
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Mouse cell lines are permissive to infection by both polytropic and ecotropic 

virions and can be easily infected with both types of virions because they utilize different

receptors and do not exhibit interference with one another. The extent of pseudotyping 

upon establishing a mixed infection can be quantified using a cell line, such as a mink 

cell line, which is permissive for polytropic virion infection but not permissive for

ecotropic virion infection. Polytropic genomes which are pseudotyped within ecotropic

virions would no longer be infectious for the mink cells and the infectivity should

decrease to an extent proportional to the extent of pseudotyping when compared to

viruses released from the same cell line infected with only the polytropic virus. Similar

experiments could be performed by assays on mouse cells that had previously been

infected with the ecotropic MuLV. These cells are also not permissive for ecotropic

MuLV infection because of viral interference, but they remain permissive for infection by

polytropic virions which utilize a different receptor.

Once the extent of pseudotyping of polytropic MuLVs is quantified, the effect on

polytropic virus infectivity can be examined. Assays of an uninfected mouse cell line

with pseudotyped polytropic MuLVs (ecotropic virions) compared to non-pseudotyped

polytropic MuLVs (polytropic virions) should reveal the relative infectivities of ecotropic

versus polytropic virions on mouse cells. If there is little difference in ecotropic and

polytropic virion infectivities, the titers of polytropic viruses released form the polytropic
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and polytropic/ecotropic-infected lines should be similar. However, different infectivities 

£ should be reflected in the polytropic titers on mouse cells.
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MATERIALS AND METHODS

VIRUSES

The ecotropic virus used in these experiments was a molecular clone of Mo-

MuLV. The polytropic viruses, termed MN2P-Sb and MN7P-Ta, were isolated as

biological clones by several end point dilutions on mouse cell lines using focal

immunofluorescence assays (FIA).

MONOCLONAL ANTIBODIES

The mAbs used in these experiments were mAb 516, Hy7, and mAb 538 which

react specifically with the SU proteins of the MuLVs. MAb 516 reacts with the

polytropic MuLV MN2P-Sb; Hy7 reacts with the polytropic MuLV MN7P-Ta and mAb

reacts with Mo-MuLV.

IN VITRO CELL LINES

The cell lines utilized in the FIAs described below were the mouse NIH-3T3 cell

lines and mink lung fibroblast line (ATCC, CCL164) (7). The NIH-3T3 cells were

maintained in Dulbecco Modified Eagle Medium(DMEM) with a supplement of 10%

heat-inactivated Calf Serum. The mink cells were maintained in DMEM with a

supplement of 10% heat-inactivated Fetal Bovine Calf Serum. The Moloney/NIH-3T3

(Mo/NIH-3T3) cell line was created by infecting NIH-3T3 cells with Mo-MuLV.
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VIRUS ASSAYS

Viruses released from infected cell lines were quantified using a focal

immunofluorescence assay. In these assays cells of the in vitro cell lines were seeded to a 

concentration known to reach confluency within 6 da post-seeding (NIH-3T3=1.0 x 105 

cells/60 mm tissue culture dish, mink=2.0 X 105 cells/ 60 mm tissue culture dish).

CELL SEEDING PROTOCOL:

-Obtain cells and aspirate off solution 
-Add 2 mL of PBS-EDTA 
-Aspirate
-Trypsinize with 4-6 mL of trypsin, set for 2 min 
-Aspirate
-Add 10 mL of appropriate medium and wash the tissue culture dish to 

suspend the cells
-Count cells

# counted * 5.0x103 = # of cells/mL 
Divide the # desired by the actual # of cells 
= mL of suspension required

-To new tissue culture dishes add approximately 4-10 mL of medium 
depending on dish size

-Add necessary volume of suspension of cells 
-Using the light microscope, check to be sure

cells are suspended 
-Incubate at 37 C until confluent

These cells were infected, 1 da post seeding, with dilutions of supernatant according to

the following protocol:
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INFECTION OF SEEDED CELLS WITH VIRAL SUPERNATANT:8
-Make serial dilutions of the supernatant (NT-

10-5)
-Add 0.5 mL of polybrene to enhance permeability of cells 
-Add 0.5 mL of each dilution to the

corresponding dish 
-Incubate overnight at 37 C 
-Change medium 24 hr later
-Grow cells for approximately another 4 da and change the medium again 

Upon confluent infection, approximately 5 da post-infection, FIAs were performed on

these cultures according to the following procedure :

FOCAL IMMUNOFLUORESCENT ASSAY (Fig.l):

-Aspirate off media
-Rinse monolayer with 2-3 mL of PBBS-2% Fetal Calf

Serum (FCS)
-Aspirate
-Add 200-300 uL of the appropriate mAb to the cells 
-Aspirate
-Rinse three times with PBBS-2% FCS, aspirate after each rinse 
-Add 200-300 uL Fluorescein isothio-cynate-

conjugated(FITC) goat anti-mouse IgA,
IgG, and IgM (diluted 1:200)

-Incubate for 30 min at 37 C
-Rinse three times with PBBS-10% FCS, aspirate after each rinse 
-Add appropriate medium to cover cells and store at 4 C until reading with

flourescent microscopy

The FITC goat anti-mouse Ig serum detected infected cells by fluorescing mAbs

which bind to the viral envelope proteins creating foci which can be visualized and

• counted under fluorescent microscopy.

11



In experiments where a superinfected supernatant was used, the same FIA was 

performed. The only difference in these experiments was that the cultures creating the 

infected supernatant were infected once with a stock of MuLV and then infected a second 

time with a different stock of MuLV creating a mixed infection or superinfection of the

virion.

SUPERINFECTION PROTOCOL (Fig.l):

-Seed and infect cells with the first virus using the above outlined 
protocols (use undiluted supernatant)

-5-7 da later split the cells into two new dishes, one control and one for 
superinfection

-Next day infect these two dishes 
Superinfection

0.5 mL polybrene and 0.5 mL second virus
Control

0.5 mL polybrene and 0.5 mL medium 
-Change medium next day
-Approximately 5 da later change medium on these cells with the exact 

same amounts of
medium on each, take 6-hr collection, and filter with 0.45-um filter 

-Proceed with normal infection protocol (outlined
above)
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RESULTS

PSEUDOTYPING OF POLYTROPIC MuLVS IN MIXED INFECTIONS OF

POLYTROPIC AND ECOTROPIC VIRUSES.

In these experiments I initially infected mouse cell lines individually with both

polytropic MuLV subclasses, 516 and Hy7. Mink cell lines were similarly infected. I

subsequently infected both mouse and mink cell lines with the ecotropic Mo-MuLV after

sufficient time had passed to establish a confluent primary infection. Determination of a

confluent primary infection was done by utilizing an FIA on one dish from each primary

infection. Polytropically infected cells bind the appropriate mAh and will fluoresce with

the addition of FITC. Confluently infected dishes will give confluent flourescence. Since

the infections were performed at the same time all cells were at the same stage of

infection.

To maintain a control for comparison the remaining polytropic infected cell lines 

were split into two cultures. One culture would be superinfected with the ecotropic Mo-

MuLV and the other would not be infected serving as the control (Fig. 1).

In order to decrease the amount of variability that can exist between cultures I

treated each culture identically. The supernatants were taken without passing cells to

eliminate the possibility of unequal seeding. The cells were maintained under the exact

CORETTE LIBRARY CARROLL COLLEGE
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same conditions, fed with equal amounts of media and treated under the same time

schedules. The same protocol was followed in each experiment (Fig.l).

Upon confluent superinfection, FIAs were utilized to quantify the titers generated

in the cell lines of the polytropic MuLV-infected cultures and the polytropic/ecotropic-

infected cultures. Subsequent analysis of these data allowed for the determination of the

extent of pseudotyping that occurred.

Analysis indicated that a high degree, 85%, of pseudotyping occurred for both the

516+ and Hy7+ polytropic viruses upon mixed infection with the ecotropic virus

(Table 1).

In order to see what effect the order of superinfection might play in the

pseudotyping phenomenon I reversed the order of infection. Upon reversal of the order of

infection, the ecotropic MuLV as the primary virus to be superinfected with each of the

polytropic MuLVs, pseudotyping occurred at approximately 99%.

In each of these sets of experiments determinations were attempted utilizing the

Mo-NIH-3T3 cell line as well. This cell line was created by taking mouse cell lines and

infecting them with the moloney ecotropic virus. A mixed infection was then performed

on these cell lines following the same procedure as stated above. Since these cell lines

had been treated with an ecotropic virus from the beginning, viral interference to any

subsequent ecotropic virus should have already been established. Theoretically, only the 

• polytropic virus and the ecotropic genome pseudotyped by the polytropic virion could
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infect this cell line, much like the mink cell lines. In these cell lines a high degree of 

e pseudotyping was suggested, however, the pseudotyping phenomenon was not as high as

that which was seen in the mink cell line. This could be due to an incomplete

interference by the initial moloney ecotropic virus. Therefore, this aspect of the study 

could not be used reliably for comparison due to an inability to determine complete

interference.

THE EFFECT OF PSEUDOTYPING ON POLYTROPIC MuLV INFECTIVITY

In order to determine the effects pseudotyping may have on viral infectivity, both

polytropic subclasses were utilized in these experiments. Each polytropic virus was

studied and measured independently, in parallel. Once the extent of pseudoytyping of the

polytropic MuLVs was quantified (Table 1) we were able to determine the effect on the

polytropic infectivity.

This was done by comparing assays of the mouse cell lines infected solely with

the polytropic MuLV (polytropic virions) with assays of mouse cell lines of mixed

infection of polytropic and ecotropic MuLVs (ecotropic virions). If there is little

difference between the ecotropic and polytropic virion infectivities, the titers of

polytropic viruses released from the polytropic and polytropic/ecotropic-infected lines

should be similar.

Upon analysis a 10-fold greater infectivity for the mice cells was observed in the 

• pseudotyped polytropic MuLVs (Table 2).
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DISCUSSION

The pseudotyping phenomenon was induced in an in vitro system by using cell

culturing experiments and mixed infections of Murine Leukemia Viruses. This system 

exhibited almost complete pseudotyping of the polytropic MuLVs within ecotropic 

virions. The pseudotyping phenomenon was approximately 85%. These determinations 

of pseudotyping were done with the 516 polytropic MuLV mixed infections only. Mixed 

infections were made with both polytropic MuLV subclasses, however, because Hy7

polytropic viruses do not infect mink cells no titers were generated on the mink cell line. 

To compensate for this the Mo-NIH-3T3 cell line was created with the idea that Hy7 

reactive, polytropic viruses could infect it. However, in attempting to analyze these titers

I was unable to determine if complete interference had been established by the moloney

virus prior to the mixed infection. These Mo-NIH-3T3 titers were unreliable because 

they could represent polytropic infection, ecotropic infection, and polytropic pseudotyped 

by ecotropic rather that just the polytropic infection they theoretically should have shown.

Analysis of this data in light of this complication suggests that the 516+ and Hy7+ 

polytropic MuLVs would be pseudotyped at the same rates. This is a reasonable 

assumption because while the Mo-NIH-3T3 results are unclear they still suggested a high 

rate of Hy7+ pseudotyping. In order to make this assumption solid it is clear that more 

experiments must done with both polytropic viruses when either complete interference

• can be measured on NIH-3T3 cells or when another cell line can be used.
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Upon switching the order of the mixed infection comparable results were 

. obtained. Specifically when the ecotropic MuLV was superinfected with the polytropic

MuLVs pseudotyping occurred at approximately 99%. This slight difference could be

due to some other difference in the experiment in addition to the order of the infection,

such as unconsidered variables in the protocol. Therefore, I believe that the order of the

infection may not play a significant role in the pseudotyping event.

Utilizing the information about the extent of pseudotyping I was also able to

examine the relative infectivities of polytropic virions versus ecotropic virions. This was

fairly straightforward since all of the polytropic MuLVs were pseudotyped and a 10-fold 

increase of the pseudotyped polytropic MuLVs was found. This could mean that the

ecotropic virion is simply more infectious generating more of the ecotropic pseudotyping.

Or this could mean that there are more of the ecotropic virion particles present. In order

to make solid conclusions about this event more experiments must be performed.

Specifically, particle counts of the ecotropic and polytropic virions would enable the

determination of whether or not, in the former case, more particles were present or if the

pseudotyped virus is more efficient.

Regardless of the mechanism, the infectivity of polytropic viruses from a mixed

infection of polytropic and ecotropic viruses increased relative to an infection by

polytropic viruses alone. This is probably reflected in vivo. A 10-fold increase in

•
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infectivity, likely as a result of pseudotyping, may have profound effects on the spread 

j and subsequent induction of pathology.

Pseudotyping may play a significant role in retroviral infection. However, further

studies need to be done to examine this role. The system developed in this study could

serve as a model for these follow-up experiments. Studies should include the particle

counts mentioned previously as well as experiments utilizing the Friend MuLV and other

retroviruses which occur in mixed infection.
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Table 1. Percent pseudotyping upon comparison of polytropic infected and 
polytropic/ecotropic infected mink cell titers.

NIH-3T3 Cells Infected
with:

Titer on Mink 
Cells (Trials 1&2)

% Pseudotyped

Hy7-Reactive Polytropic 
+ Mo-MuLV

xl 0
x2 0

NA
NA

Hy7-Reactive Polytropic 
MuLV

yl 0
y2 0

0%A
0%

MAb 516-Reactive 
Polytropic + Mo-MuLV

al 6.2E+02
a2 1.0E+03

84.1%B
85.0%

MAb 516-Reactive 
Polytropic MuLV

bl 3.9E+03
b2 6.7E+03

0%A
0%

A. By definition of pseudotyping

B. 100 - the percentage found on mink cells after superinfection
100 - (x/y)100 : 100-(a/b)100

<1
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Table 2. A comparison of polytropic infected and polytropic/ecotropic infected NIH-3T3 
cell titers revealing the relative infectivity of ecotropic versus polytropic virions.

NIH-3T3 Cells infected
with:

Titer on NIH-3T3 
Cells (Trials 1-4)

Relative
Infectivity

Average Relative 
Infectivity

Hy7 - Reactive 
Polytropic + Mo-MuLV

xl 5.8E+04
x2 5.6E+04
x3 2.6E+04
x4 1.9E+04

10.0 A
13.0
11.3
6.0

10.0

Hy 7 - Reactive 
Polytropic MuLV

yl 5.8E+03 
y2 4.3E+03 
y3 2.3E+03 
y4 3.1E+O3

1.0
1.0
1.0
1.0

1.0

MAb 516 - Reactive 
Polytropic + Mo-MuLV

al 5.9E+04
a2 5.5E+04
a3 4.5E+04
a4 6.0E+04

32.7b
9.6
0.5
0.6

10.9

MAb 516 - Reactive 
Polytropic MuLV

bl 1.8E+O3
b2 5.7E+03
b3 8.8E+04
b4 8.8E+04

1.0
1.0
1.0
1.0

1.0

A. X/Y
B. A/B
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