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I. INTRODUCTION

The retrovifuses (also called RNA tumor viruses or oncorna-
viruses) are a group of enveloped animal viruses, some members of
which are capable of causing cancer in animals. This group of
viruses is characterized by having ribonucleic acid as genetic
material and an enzyme capable of reverse transcribing this RNA into
a douhle stranded DNA that subsequently becomes integrated into the
host cell genome. The chromosomally integrated DNA form of the
viral genome is commonly called the "provirus" or the "nroviral DNA",

There are several good introductory references concerning
these viruses. A thorough description of the historical development
of this field by one of its pioneers can be found in Oncogenic
Viruses (1). A modern account of the biclogy of these viruses is

detailed by a group of authors in The Biologv of Animal Viruses C2Ye

The molecular biology of this field is introduced by John Tooze in

The Molecular Bioloqy of Tumor Viruses (3). A major updating of the

molecular biology of tumor viruses took place at the Cold Spring
Harbor Symposium on the subject in 1974 (4). David Baltimore's summary
of this meeting nicely integrated the prevailing concepts (5). The
field was updated again in 1976 at the ICN-UCLA symposium (6,7).

The proteins of the murine leukemia viruses are the
subject of several reviews. Recent reviews by Strand et al. (8)
and Boloanesi et al. (9,10) are particularly useful. The work on
proteolytic processing of precursors to mature virus proteins has

been reviewed by Shapiro and August (11). The literature on the



various antigenicities found in viral proteins has been reviewed by
Lilly and Steeves (12).

Retroviruses have been associated with malignant neoplasia
in numerous vertebrate species and can he isolated from the tissues
of these species (1,13-16). Indeed, retrovirus-specific proviral
DNA sequences appear to be present in all vertebrate genomes and
are inherited bv offspring from their parents (13-16). UWhen viral
nucleic acid sequences from different species are examined for
homology by molecular hybridization, they cah be arranged in a
phylogenv which parallels the taxonomic phylogeny of those species
(13-16). This result indicates that the viral seauences are ancient
occupants of animal genomes and not the result of horizontal
transmission between species. However there are several exceptions
(16).

Much of the genetics and biochemistry of the retroviruses
has been elucidated with the avian viruses. The work in the avian
system has been facilitated by the availability of large amounts of
virus for biochemical and immunochemical analyses and numerous
conditional lethal and deletion mutants for genetic analyses (17).
Some of these tools are now available in the murine system. Present
information indicates that there are several important differences
between the avian and mammalian retroviruses. The need to know how
the mammalian viruses operate is of obvious importance and justifies
a more thorough analysis of the murine system. This thesis deals

solely with the murine leukemia viruses (MuLVs) which are members



of the retrovirus group.

A. Structure and Morphology of Retroviruses.

The murine leukemia viruses are chemically composed of
60-70% protein, 20-30% lipid, 2% carbohydrate and 1% RNA (18).

The major RNA component of these viruses is a single
stranded molecule which sediments at 60-70S (5,19-22). This 60-70S
RNA denatures into two 35S subunits which comprise the viral genome.
The 35S subunits are thought to be‘identica1, which suggests that
the viral genome is diploid (5,20-22). The 35S subunits also possess
features which are characteristic of eukaryotic messenger RNA (mRNA),
i.e., they are polyadenylated at the 3' end and have the 7-methyl
guanosine "capped" 5' end. In addition, they can be directly translated
by ribosomes (section I,E).

In virus producing cells, viral mRMA is transcribed from
the integrated proviral DNA and viral proteins are synthesized in
the cytoplasm on the host protein synthetic machinery, The viral
RNA genome and core proteins are partially assembled at or near the
cellular plasma membrane. The maturing'virion "buds" from the cell
surface, acaquiring 1£s envelope from the cell membrane (18).
Structural maturation is completed in the virion after it has left
the cell (23-25).

By virtue of their morphology as seen with the electron
microscope, retroviruses can he classified as type-A, type-B, type-C
or type-D particles (18,26,27). The murine leukemia viruses are

type-C particles. The envelope of the type-C virion consists of a



unit membrane, the outer surface of which is lined with knob-like
structures. Immediately within the envelope is a hexagonal core
shell, with an outer capsid made up of subunits, Within the cansid
layer of the core shell lies a core membrane (28). Within the
capsid and the core membrane is the ribonucleoprotein nucleoid
which appears as a spherical, centrally located, filamentous

structure (18).

B. The Murine Leukemia Virus Genome.

The MuLVs have three known genes which are called "gag",
"pol" and "env" (5), The current genetic and physical maps of the
genome, order the genes as follows: 5'-gag-pol-env-c-polyA-3'
(29-31). The region designated "c" is common to both leukemia and
sarcoma viruses but its function is not known (32,33).

Genetic complexity analysis (hybridization kinetics)
indicates that the 35S RNA subunits are about 3x10% daltons (5,20-22).
This would mean that the total information content of the genome is
sufficient to encode only about 300,000 daltons of protein. The
total molecular weight of the known viral encoded proteins is
approximately 230,000, Therefore, most of the coding capacity of

the genome has already been accounted for in virion proteins (8-10)

C. Murine Leukemia Virus Protein Nomenclature.

In the sections to follow (E, F and G) the literature on
the biosynthesis and subsequent function of the viral proteins is
surveyed, The nomenclature is that suggested by a committee of the

National Cancer Institute (34). The proteins are designated "p";



the glycoproteins "gp", followed by a number indicating the apparent
molecular weight in daltons. The precursors to viral proteins are
designated "Pr" or "gPr", followed again by the apparent molecular
weight with a superscript indicating the viral gene region which
encodes the precursor. The products of the gag and pol regions are
described briefly (sections E and F) as background to discussion of
these proteins in chapter III. The major portion of the work
presented in this thesis involves the product of the env gene and
this is reviewed thoroughly in section G.

D. General Methodology.

Host protein synthesis is not inhibited when cells are
infected with RNA tumor viruses and the synthesis of viral proteins
constitutes only a very small percentage of the total., For this
reason, studies of viral protein metabolism require the use of
antisera to selectively precipitate viral proteins from the vast
excess of cellular proteins. The mechanisms of virus protein
precursor synthesis and processing have been revealed largely by
immune precipitating viral products from pulse-labelled host cells
and by cell-free translation of viral mRNAs., The immune precipitated
viral products are generally analyzed by electrophoresis in poly-
acrylamide gels in the presence of sodium dodecyl sulfate (SDS).

E. Expression of the gag Gene,

1. Bjosynthesis of the MuLV Core Proteins.

The gag gene encodes the proteins of the virus core,

p30, p15, pl2 and pl0. These proteins possess many of the group-



specific antigens of the virus, historically giving rise to the name
"gag". Translation of full genome length 35S mRNA yields 65,000
dalton (Pr659%) and 75,000 dalton (Pr759%)polyproteins (11,35-47),
In some MulLVs Pr759% is subsequently glycosylated and appears on
the cell surface (48), whereas in other viruses it may be degraded
or converted to Pr659%9 (37). It's function is not clear. Pr659%
is processed, via successive intermediate proteolytic steps, to
form the core proteins. Apparently, Pr657% is assembled directly
into budding virions and cleavage to form the mature core proteins
takes place predominantly in extracellular virions (23-25). Virus
particles are reported to contain a specific proteolytic factor
which carries out this cleavage (49). Analysis of processing
intermediates has led to the ordering of the protein sequences in
Pr65929 as follows: NHp-pl5-p12-p30-pl0-COOH (50,51),

2. The Proteins of the Murine Leukemia Virus Core.

pl5 is located in the exterior core of the virus (23,
52-54), A recent model for virus assembly suggests that pl5, by
virtue of its location at the amino-terminus of Pr657%9, may be
involved in recognition of the virus glycoprotein in the cell
membrane and contribute to the organization of a virus bud (23).

pl2 is a phosphoprotein located in the virus core
that binds specifically to homologous viral RMA. There is no
binding demonstrable between heterologous pl2 and viral RNA, The
stoichiometry of the interaction indicates that each RNA molecule

binds fewer than fifteen molecules of pl2. The phosphorylation of



nl2 influences the extent but not the specificity of the hinding
(55-58).

p30 is the major core protein of the virion, consti-
tuting 10-20% of the total virus protein (8). Amino terminal
sequence analysis of several MulLV p30s showed complete homoloay
through twenty-four residues with the exception of position four
(59,60). The role of p30 in MuLV host range is discussed in
section E3 helow.

pl0 is located in the virus core and has a non-specific
single strand nucleic acid binding activity. In vitro binding is
strongly affected by salt concentration (61). Its position at the
C-terminus of the Pr659% suggests a role for pl0 in organizing the
viral RNA genome into the assembling virus bud (23).

3. Murine Leukemia Virus Tropism.

p30 appears to have a role in determining some of the host
range properties of the ecotropic MuLVs (ecotropic MuLVs are those
able to infect only mouse cells). The ecotropic MulLVs can be divided
into three categories based upon their ability to grow on NIH Swiss
cells (M-type) or Balb/c cells (B-type). N-tropic viruses initiate
infection more efficiently on N-type cells, whereas B-tropic viruses
show a reciprocal pattern. NB-tropic viruses infect both cell types
equally well (62). MuLVs are genetically stable in terms of their
tropism. However by forced passage through resistant host cells,
N and B-tropic viruses can be adapted to become NB-tropic. The N

to NB adaptation was made in vivo with Friend virus (63), whereas



B to NB adaptation has only been accomplished in vitro (€4,65), The
mechanism of this adaptation is not clear. Adaptation of N to B or
vice versa has not been reported. A sinqle mouse gene (called Fv-1)
controls the susceptibility of host cells to infection by the different
classes of ecotropic MuLVs., The Fv-1 gene has two alleles termed Fy-17
and Fv-1P. N and B-type cells are homozygous (Fv-1"/" and Fyv-1°/P)

at this locus and resistance to infection is dominant (64). Several
lines of evidence indicate that the tropism restriction occurs after
virus penetration of the cell and before integration of the provirus
(66-63).

A class of MulLV with dual sensitivity to Fv-1 restriction
has recently been described (69). Rein et al. used a line of cells
which shows no host range restrictions. They dually infected these
cells with both N- and B-tropic viruses. The progeny from such a
mixed infection were sensitive to Fv-1 restriction in both N-type
and B-type cells. Upon cloning, the dually restricted progeny
virions were shown to be genetically either N- or B-tropic. Therefore
Rein et al. concluded that the dual sensitivity was a phenotypic
property endowed by a factor (possibly a protein of the virus) which
is not an integral part of the viral gencme. In other words, the
individual virions released from the mixedly infected cells each
contained a mixture of proteins encoded by the two different viral
genomes. These "phencotypically mixed" virus particles were unable
to efficiently infect either N-type or B-tvpe cells. Therefore, it

was concluded that the host-cell restriction mechanism involves



interaction hetween a c2llular inhibitor and one of the viral proteins
(69,70).

Hopkins and her co-workers have isolated NB-tropic variants
from B-tropic MulLY clones and have examined the p30s (65,71). They
found slightiy smaller p30s in the NB-tropic viruses. They were also
ahle to distinquish the size of p30s from N and B-tropic viruses (72).
In recombinants between N and B-tropic viruses, selected for N-tropism,
they found that the p30 always segregated with the tropism marker
(72). These experiments strongly suggest that p30 is a determinant
in the tropism of ecotropic MulVs.

F. Expression of the pol Gene.

1. The Biosynthesis of Reverse Transcriptase.

The "pol" gene encodes the viral polymerase, an RNA
dependent DNA polymerase (RDDP). The polymerase is derived from
a 200,000 dalton precursor which contains "gag" and “"poi" antigens
(PrZOogag'poz) (40,45,47)., An in vitro translation system programmed
bv 355 viral RNA can be made to enhance production of pr200ded-pol
by addition of suppressor tRNA's (47). This implies that Pr2009ag-pol
is formed intracellularly by read-through of an inefficient termina-
tion signal situated between gag and pol sequences on the 35S mRNA,

2. Peverse Transcription.

The murine reverse transcriptase is a single poly-
neptide of about 70,000 daltons (5,73). 1In addition to its DNA
polymerase activity, the protein has a ribonuclease H activity

which deqgrades the RNA moiety of an RNA-DNA hybrid (74,75). The
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murine polymerase is characterized by specific primer, template and
cation reauirements (73-75). The reverse transcriptase synthesizes
a single strand DNA complement of the viral genome, and then degrades
the RMA in the hybrid and synthesizes the second strand of the DNA
provirus (76). The provirus is then integrated into the host cell
aenome (77,78). Current evidence indicates that there is a sinqle
site on the provirus where integration occurs but many sites in the
host cell DNA which can accommodate integration (79,80). The
precise detai]é of this process are not vet known.

There is a report in the literature that p30 can
complex with reverse transcriptase and stimulate polymerase activity.
This is intriquing in light of the probable role of p30 in viral
tropism (81).

G. Expression of the env Gene.

1. Biosvnthesis of the Virus Envelope Proteins.

‘The "env" gene encodes the protein components of the
viral envelope gp70* and pl15E (the suffix E is used to differentiate
this protein from the core protein pl5).

Evidence indicates that the envelope proteins are
derived from a 90,000 dalton precursor (gPr90%”?) which is translated

from a subgenomic 22S mRNA, Van Zaane et al. (46) have isolated

*The term gp70 is used here, generically, to mean the viral envelope
glycoprotein. In section I,G3 the term gp€9/71 will be introduced.
For purposes of this discussion they can be considered synonymous.
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polvA containing mRNA from Rauscher MulV infected cells and separated
it according to size on sucrose gradients. The gradients were
fractionated and each fraction was injected into Xenopus laevis
oocytes which are ahle to faithfully translate exogenous mRNAs, The
resulting virus-specific translation products were analyzed by immuno-
precipitation followed by electrophoresis in polyacrvlamide gels in
the presence of SNS. Envelope related products, aPro0™, gp70 and
pl5E, were all synthesized in response to 225 mRNA onlv. The 35S
mRMA fractions from the same gradients only directed the synthesis

of gag proteins and of gag-pol (section I,E). These results also
demonstrate that Xemopus ococytes are able to cafry out the appropriate
glycosylation and processing reactions, Previous work by this group
demonstrated a 70,000 dalton "env" related product, in a reticulocyte
cell-free protein synthetic system directed by 225 mRNA, which may
have been the unglycosylated form of gPr90°™” (44), The avian
retroviruses also use a 225 mRNA for envelope protein synthesis
(82,83).

The derivation of the 22S mRMA is a fascinating
problem. The integrated provirus is co-linear with full genome
length 35S viral RNA (79) and direct transcription of the provirus
yields the 355 mRNA. Recently, an avian 22S RNA has been shown,
by RNAse Ty oligonucleotide mapping, to have oligonucleotides from
its 5' end in common with those from the 5' end of the 355 RNA (84).
These 5' oligonucleotides are not found anywhere else in the RNAs.

The remaining oligonucleotides in the 225 RMA come from the 3' end
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of the 35S RNA. This indicates that two non-contiquous reqions of
the viral genome are joined in the 22S RNA. The RNA "snlicing"
phenomenon nov observed in numerous eukaryotic systems (85-89) seems
to be operating here as well. The indications are that the 225 RNA
is derived from the 355 RNA by splicing out the gag and pol regions
whi]e‘fetaining some portion of the 5' terminus.

The primary translation product of the 22S mRMNA is a
glycosylated polyprotein precursor (gPro09”?) which is subsequently
processed to vield gp70 and pl5E (90). The details of this process
have been revealed by immunoprecipitation of pu1se—1abe11ed'ce11
extracts with monospecific antiserum to gp70. The in vivo labelling
results are consistent with the in vitro translation data (37,46,91,
o

The biosynthesis and glycosylation of this viral glvco-
protein precursor (gPr90env) appears to be typical of N-glycosylated
membrane glycoproteins in general and is carried out by the host cell
synthetic machinery. Glycoproteins are synthesized on membrane bound
polvribosomes (93-95) of the rough endoplasmic reticulum (RER),
Radiolabelled gPr90®™ is found in cells after very brief labelling
periods with radioactive amino acids and it is believed that the
nascent polypeptide chain is glycosylated while it is still bound
to ribosomes. Unglycosylated gp70 related products are only found
when cellular glycosylation is inhibited with 2-deoxy-qlucose (94,
95). During synthesis the nascent polypeptide chain is passed

through the membrane to the extracytoplasmic side of the rough
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endoplasmic reticulum. The presence of an amino-terminal "signal"
peptide, rich in hydrophobic amino acids, enables the nascent
polvpeptide to cross the membrane (94-96). On the extracytoplasmic
side of the RER the "signal" pneptide is removed and "core" carbo-
hydrate structures are added to the polypeptide (97,98). The "core"
carbohydrate structure is an oligosaccaride consisting of N-acetyl-
glucosamine and more than five mannose residues. This core is
enzymatically transferred (99,100) en bloc from a lipid carrier
(e.q., dolichol phosphate or retinyl phosphate) to the glycosylation
site on the protein. The structure of the site on the protein is
typically NHg-Asn-X-?ﬁ?-COOH (X is a variable amino acid) (93,99).
N-acetvlglucosamine of the core structure is joined in an N-glycosidic
1inkage to the asparagine side chain (93). A competent glvcosylation
site requires either a serine or a threonine residue two positions

to the carhoxyl side of the asparagine. Recently, in vitro membrane
protein synthetic systems have been developed which are able to
glycosylate and sequester nascent polypeptide chains in membrane
vesicles (94,95,101,102). These systems should allow molecular
dissection of these events.

Processing of the glycoprotein precursor gProg®™
involves further glycosylation as well as proteolysis, The newly
formed glycoprotein, now associated with the membrane, miqrates via
the smooth endoplasmic reticulum to the Golgi apparatus (103).
During this transit, sugar residues may be added or removed from

the alycoprotein (97). However, terminal sugar addition occurs in
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the Golgi apparatus (93,104). While the mature an70 molecules contain
the terminal sugars fucose and sialic acid (N-acetylneuraminic acid),
these are absent from qProd™’(92). At some point during these
alycosylation events gPr90%™ is proteolvtically cleaved to vield
gp70 and pl5E which contains no carhohydrate. These two components
are found disulfide bonded together in the virus envelope and on

the cell surface (105,106). The uncleaved precursor is not found

on the cell surface, so the cleavage is a requirement for appearance
on the plasma membrane (107). The relationship of the carbohydrate
processing and the proteolytic event(s) is not known.

The glycoproteins also enter newlvy formed lipoprotein
membrane in the Golgi apparatus. This new membrane buds off the
Golgi as small vesicles which travel to the plasma membrane and
fuse with it, causing the new glycoproteins to be incorporated into
the plasma membrane with their carbohydrate moieties facing the
extracellular side (108),

2. The Biology of gp70.

The envelope glycoprotein component of mammalian RNA
tumor viruses plays a major role in MuLV infections and possibly
in malignant transformation.

Interaction of the glycoprotein with a cell surface
receptor is reauired for penetration of MulLV into cells (109).
DeLarco and Todaro (110) investigated this interaction with Rauscher
MuLY (R-MuLV) gp70. They developed an assay to detect the binding
of iodinated gp70 (1251-gp70) to cultured cells and observed that
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R-MuLV 1251-gp70 bound specifically to murine cells and not to other
mammalian cells tested. Monospecific antiserum to gp70, pre-incubated
with the 1251-gp70, prevented binding to cells. The 1251-qp70
binding to murine cells was time-dependent, saturable and exhibited
first order kinetics at either receptor or gp70 excess. Calcium
jons and low pH enhanced the binding. Calculations based on the
specific activity of the 1231-gp70 indicated that there were approxi-
mately 5x105 binding sites per cell (110,111). Murine cells actively
producing ecotropic MuLVs related to Rauscher were unable to bind
the 1251-gp70, presumably because the appropriate receptors were
alreadv occupied. In other words the receptor sites were no lonager
accessible when the cell was infected with a related MulV,

The host range and interference properties of the
MuLVs are also deteyrmined by the gp70 interaction with cell surface
receptors. Ecotropic MulVs are able to infect only murine cells
while MulLVs termed amphotropic can infect cells of other species
as well., Delarco and Todaro showed that murine cells infected with
amphotropic MuLV were able to efficiently bind ecotropic 1251-gp70,
suggesting that ecotropic and amphotropic gp70s bind to different
sets of receptors on murine cells and that binding to one set does
not interfere with binding to the other (110). Furthermore, ecotronic
and xenotropic MulLVs do not interfere with infection of cells by one
another. Xenotropic MulVs only infect cells of other species.
Besmer and Baltimore (112) made pseudotvypes of vesicular stomatitis

virus (VSY) which had the VSV genome encapsulated in the envelope
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of either ecotropic or xenotropic MuLVs. Studies with these pseudo-
types showed that the interference patterns were entirely determined
by their envelone alycoprotein (112,113). Elder and his co-workers
(114) compared the tryptic peptides of ecotropic and xenotropic MulY
ap70s and observed that the different ecotropic gp70s were closely
related to one another but were distinct from the xenotropic ap70s.
In summary, the limitations on the host range of MulLYs are governed
by the interaction of the viral glycoprotein with an appropriate
cell surface receptor. Ecotropic MulLV host range is further limited
by viral tropism (section I,E3).

As mentioned above, gp70 is a component of the MulV
membrane envelope and it is also a plasma membrane constituent of
cells which are producing virus (37,115-119)., It has been proposed
that gp70 is an integral membrane protein which interacts with the
virus core structures on the cytoplasmic side and in this way plays
a necessary role in formation of a virus bud (23,120-123). However,
evidence concerning the ease with which gp70 is removed from the
virus membrane suggests that it may not be an ihteqra] membrane protein
(54,124-126). As described above, cell surface gp70 also may bind
to MuLY receptor sites and thereby block superinfection of cells with
related viruses.

Uninfected mouse cells also have gp70-1ike molecules
on their surfaces (127-129). Furthermore, normal uninfected mice
appear to harbor a family of genes for g]ycoprbteins closely related

to the MuLV envelope gp79. Such glycoproteins can be found in mouse
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serum, in epididymal fluid associated with the surface of sperm and
on the surface of normal and leukemic thymocytes (114,130-133).
Flder and his co-workers (114) compared several of these qp70s hy
two-dimensional tryptic peptide analvsis. This analysis enahled
them to directly compare the primary structure of these gp70s and
to determine relationships between them, The serum gp70s from
saeveral different strains of mice were closely related., They were,
in fact, more closely related than were the gp70s from different tissue
sources within a single mouse strain. These results are indicative
of a multi-gene family in mice which encodes for a polymorphic
population of gp70s. In addition, these endogenous gp70s are expressed
in different tissues at specific stages of differentiation (132-136).
The mouse differentiation antigen Gyy is now known to reside on the
qp70 molecule (137-139). Furthermore, mice may produce autogenous
antibodies against these glycoproteins (140-144). Both T and B
Tymphocvtes of mice have been reported to express a gp70-like antigen
on their surfaces when antigenically stimulated (136). This data
implicates viral gene sequences, in particular the env gene, in
normal mouse development.

The MuLV gp70 molecule also appears to play an important
role in leukemogenesis. The AKR mice are a "high leukemic" strain
of mice with over 90% of them dying of leukemia by five to six months
of age. The fatal leukemia is closely associated with the expression
of endogenous AKR-MuLV (145). Administration of anti-gp70 serum to

AKR mice significantly reduced the incidence of fatal leukemia with
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the greatest effect observed when mice were treated at a very early
age (146).

Recent examination of some of the most highly leukemo-
genic strains of MuLV indicates that they are recombinants between
less leukemogenic MulLVs and furthermore that the recombination has
occurred in the env gene. An example of such a high leukemogenic
virus is the MCF virus isolated by Staal et al. (147). This virus
has host range and interference characteristics of both ecotropic
and xenotropic MulLVs. Hopkins and her co-workers (148) examined
the ribonuclease T1 oligonucleotide map of the MCF MulV and
concluded that it contained oligonucleotides characteristic of
the endogenous AKR ecotropic virus and an unknown xenotropic virus.
Elder et al. (149) applied two-dimensional tryptic peptide analysis
to the gp70 of the MCF virus and found that the MCF gp70 was a
hybrid which contained seauences characteristic of both the ecotropic
and the xenotropic gn70s. These results suggest that the highly
leukemogenic MCF virus arose by recombination between two relatively
Tow leukemogenic viruses in the env gene, The Friend spleen focus
forming virus (F-SFFV) is another example. It causes rapid
splenomegaly and leukemia (150). F-SFFV is able to transform
hematopoetic cells in the spleens of susceptible mice within forty-
eight hours of injection. Using nucleic acid hybridization techniques,
Troxler et al. (151,152) showed that F-SFFV was a recombinant, in
the env gene, between an ecotropic and a xenotropic MulLV.

The realization that some of the highly oncogenic
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murine leukemia viruses are env gene recombinants has led to specu-
lation concerning how these recombinant gp70s might be related to
pathogenesis. Some possibilities suggested by the data are that
altered MuLY gp70 expression on cell membranes may be directly
involved in leukemogenesis by interfering with cell surface
differentiation signals, by changing the properties of cell membranes,
or by altering the cellular host range properties of the virus (149).

3. The Biochemistry of gp70.

Despite their biological importance, the molecular
properties of MuLY glycoproteins are poorly understood. Methods
have been developed to isolate and purify gp70 in order to study
its biochemistry and immunology. Simple detergent (SNS, Triton
X-100, Nonidet P-40) disruption is commonly used to dissociate all
the viral proteins including gn70. A gp70 fraction can be obtained
when whole virus is denatured in 6M guanidine hydrochloride and
fractionated on a gel filtration column (153). Less severe procedures
like freezing and thawing or osmotic shock will 1iberate much of the
gp70 from the virus envelope without denaturation (124-126,141).
Isolated gp70 can be further purified on phosphocellulose columns
(124,126,154) or on lectin affinity columns (125) which bind its
carbohydrate moieties,

Purified gp70 has been biochemically and immunologically
analyzed using traditional techniques. N-terminal analysis reveals
that alanine is the amino-terminal residue in Pauscher MulV qp70

(124). The glycoprotein has not been sequenced, but an amino acid
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analysis has been reported (124). The carbohydrate composition of
gp70 has been determined by labelling with radioactive sugars and

by direct quantitation on the amino acid analvzer (92,106,124). The
major components are mannose, galactose, glucosamine and sialic
acid; small amounts of fucose and galactosamine are also found (124).
The total carbohvdrate content of gp70 has been estimated to be
approximately thirty-two percent of its mass (124), but the structure
of the carbohydrate portion is not known. Current evidence on the
role of the carbohydrate moieties in the antigenicity of agp70 is in
conflict. One group claims no involvement (155-157) while another
claims that the carbohydrate is responsible for the interspecies
reactivity of gp70 (158).

A second minor glycoprotein found in some MulVY
preparations is gp45 which is believed to be a subglycosylated form
of gp70. The amino acid compositions of gp45 and gp70 are very
similar and the N-terminal alanine is the same, but the carbchydrate
content of gn45 is estimated to be only 6% (124). Furthermore, ap70
contains the major antigenic determinants of gp45 (158).

The viral envelope alycoprotein is termed gp70 because
it has an apparent molecular weight of 70,000 when electrophoresed
in polyacrylamide gels in the presence of SDS. It is recognized
that the carbohydrate on the protein causes an erroneously high
molecular weight estimate in the presence of SDS (159). The actual
molecular weight of gp70 is about 58,000 when determined by analytical

sedimentation velocity (125). The molecular weight of the polypeptide
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chain alone is thought to be about 45,000 (124).

The envelope glycoprotein of MulYs and of other mammalian
tvpe-C retroviruses freauently separates into two polydisperse
components when analyzed by polyacrylamide gel electrophoresis in
the presence of SDS (8,126,160). These components have been termed
gp69/71 because they migrate in the gels with apparent molecular
weights of 69,000 and 71,000 respectively (160). The nature of this
doublet has been an important unsolved problem, Previous studies
have indicated that these two components could not be distinguished
serologically or by tryptic peptide analysis. Elder et al. (114)
performed a two-dimensional analysis of the tyrosine containing
tryptic peptides after iodination of the gp69 and gp71 components
from Moloney MuLV (M-MuLV). They were unable to distinguish the two.
It should be noted, however, that the glvcopeptides did not migrate
in the apolar solvent used for the chromatography dimension and were
not resolved, Krantz et al. (161) performed a similar analysis for
Rauscher MuLY gp69 and gp71 with the same result. Additionally,
Krantz et al. found gp69 and gp71 to have similar immunological
reactivities. Based on these results it has been suggested that
gn69 and gp71 may contain identical polypeptide chains but different
amounts of carbohydrate (91). York presented in this thesis
indicates that this idea is not correct (section IV,A).

H. Thesis Objective and Experimental Rationale.

The objective of the work described in this dissertation

was to develop a system which could use the viral proteins as probes
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for viral gene functions. At present, a major obstacle to the under-
standing of mammalian retrovirus genetics is the paucity of conditional
lethal mutants in the murine system. What is needed is a way to
perform biochemical genetic analyses without the need for a large
repertoire of mutants.

The emeraence of a two-dimensional electrophoretic system
capable of resolving large numbers of proteins provided a powerful
tool for this work. The system, developed by Patrick 0'Farrell (162,
163), separates proteins by two independent parameters; isoelectric
point and molecular weight. In the first dimension, proteins are
isoelectric focused under denaturing conditions (9M urea, Nonidet
P-40, 2-mercaptoethanol). In the second dimension, proteins are
electrophoresed in the presence of SDS and migrate as a function of
their size. Both dimensions are performed in polyacrylamide qgel.

The result is a uniaue, highly reproducible, two-dimensional map of
the protein sample in question. These maps are sensitive to any
modifications in protein structure which will affect the net charge
or size of the protein. This system allows direct comparison of
the proteins of different virus strains as well as normal versus
mutant proteins, Mutations in viral proteins which affect their
mobility in this system are particularly useful because the altered
biological function can be correlated with the altered protein seen
in the two-dimensional separation. In this way viral functions can
be attributed to viral gene products.

The murine leukemia virus system has additional important
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features. Much effort is presently heing expended in the study of
so-called "tumor viruses" (DNA as well as RHA viruses). The idea,

of course, is to understand the mechanisms responsihle for maliagnant
transformation of animal cells. Ye feel that the RNA tumor viruses
are the pivotal experimental system because they are the only "tumor
viruses" (with the possible exception of Herpes viruses) which clearly
cause cancer in their natural host. Another important feature of

this system is that it allows manipulation of eukaryotic genes, The
MuLV packages its genes and proteins in a convenient particle which

is easily isolated and purified. The viral genome can he cloned,
mutagenized and subsequently inserted into the host cell DHA., Once
integrated into the host genome, viral genes are subject to the

normal control and expression mechanisms operating in eukaryotic
cells. An example is the case of gp70, a membrane alycoprotein which
is implicated in normal differentiation and in leukemogenesis. The
expression of gp70 is probably typical of eukaryotic membrane proteins
in general and can be used as a model for <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>