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ABSTRACT

Two approaches were taken to examine the role of viral proteins in
virus-host cell interactions. The first approach was to examine the
molecular mechanism of vesicular stomatitis vi£u$ {vsv) induced cell
fusion. The second approach involved the analysis of human parainfluenza
virus 3 (HPIV3) virion compoﬁents, intracellular viral components, the
primary gtructure of the viral genes and the amino acid sequence of certain
viral proteins. |
X Characteristically, cultured cells rapidly die'when infected with V&v,
Thus, the typical cytopathic effect of a VSV infection is cell roundipg and )
degeneration. However, when viral protein synthesis was inhibited early in
infection, both Indiana and New Jersey serotypes of VSV induced cell
fusion. Pulse-chase experiments were done to determine the rates of
synthesis and transport of each viral protein. The viral protein most
rapidly transported from the cell was the M protein, Therefore, inhibition

. faf protein synthesis would have the greatest effect on the intracellular
pocl of M protein. A temperature-sensitive mutant, defective in the M
prctein, was the only mutant of five. complementation groups which
spontaneously induced <cell fusion at the non-permissive temperature. 1In
conclusion, VSV-infected cells fuse when the intracellular pool of
fuﬁctional M protein is reduced and G protein is present on the cell
surface,

The second part of this research dealt with the analysis of human
pa}ainfluenza virus 3 (HPIV3). Initially, the virion components were
examined. The genome of HPIV3 was shown to be a linear RNA molecule with a
molecular weight of 4,6&106. The virion contains seven major viral
proteins. " Three proﬁéins with molecular weights of 195,000, 87,000 and

67,000 are associated with the nucleocapsid and have been designated L, P

s
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and | NP respectively. A protein of molecular weight 35,060,‘ designated M
protein, was associated wiﬁh the envelope components of the virion and
aggregated in -15; salt buffer. Three glycoproieins which labeled with
[14C]-glucosamine wefe designated HN, FO and Fl' and had molqpular weights
of 69,000, 60,000 and 46,000, respectively. The HN protein was associated
with thg virus envelope, had intrambleqular disulfide bonds, and did not

form disulfide-linked multimers. F, was derived from a complex of two

1
disulfide-linked‘polypeptides (Fl,z)' Fl,2 had an electrophoretic mobility
similar to that of FO under non-reducing conditions.,

Five monocistronic viral mRNA species were identified in infected
cells and corresponded to five viral structural proteins (P,HN,NP,F and’
M}. In aédition, two structurally bicistronic mRNA species were identified:
a NP/P mRNA and a M/F mRNA. M protein was translated in vitro from the M/F
bicistronic mRNA, f

The nucleotide sequence of HPIV3 hemagglutinin-neuraminidase (HN) gene
was determiﬁed using cDNA clones derived from both HPIV3 genomic and
messenger RNA. The HN mRNA contains.1882 nucleotides not including the poly
(A) tail. The HPIV3 mRNA has one large open reading frame that codes for a
polypeptide of 572 amino acids with a deduceﬁ molecular weight of 64,178.°
Potential polymerase recognition signals for the HN and L genes are located
in the flanking regions. The HN protein of HPIV3 shares some common
features with the previously sequenced HN proteins of Sendai virus and
simian virus 5. These features include: a N-terminal membrane anchor, four

1

regions of highly conserved aminc acid sequence and conserved positions for

”

the cysteine residues. The relationship of the HN sequences 1is closest

between Sendail virus and HPIV3., The hydropathy profile of the HPIV3 HN

4

‘protein indicates that the HN protein may be a transmembrane protein.
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CHAPTER 1 INTRODUCTION

1.1 HISTORICAL AND LITERATURE REVIEW OF VESICULAR STOMATITIS VIRUS

v

Vesiculér stomatitis virus (VSV) causes disease in cattle, pigs ang
Hbrses (Brown and Crick, 1979; Emerson, 1985). In cattle, manifestations of
this disease include an inability to eat, frothing, excessive salivation
-—and ulceration of the mouth (Brown and Crick, 1979). The disease cauéed by
VSV is regarded as a disease of the Western_Hemisphere since there are few
. occurrences reported outside of this area {Brown and Crick, 1979). Although
VSV is not-a human pathogen, the economic impact of the disease in cattle

and swine is considerable. -
VSV is classified as a member of the family Rhabdoviridae (Matthews,
1982). The Rhabdoviridae family consists of 3 genera. VSV is the prototype

of the Vesiculovirus genus. The genus Lyssavirus is comprised of rabies-

like viruses and the third genus is comprised of piant rhabdoviruses. VSV
can be further classified into two serotypes, designated as Indiana or New '
Jersey. Unless it is specified the VSV referred to in this thesis belongs
to the Indiana serotype.

1.1.1 The virion structure of Vesicular stomatitis virus

The virions of VSV have a bullet shaped outline (Stone et al., 1961,
Howatson and Whitmore, 1962) with a particle length of 160-180 nm (Murphy
and Harrison, 1979). VSV is composed of 74% protein, 20% 1lipid, 3%

carbohydrate, and 3% RNA (Wagner, 1975). Each virion contains a single

-~ strand of RNA which can not serve as but which is complementary

to wviral messenger RNA's (mRNA) Whitmore, 1963; BHuang and
Wagner, 1966; Huang et al., 1970¢; Mudd and Summers, 1970). A RNA-dependent
RNA polymerase, needed for the synthesis of viral mRNA's, must accompany

the genome of VSV into the cell (Emerson and Wagner, 1972).
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From the point of view of both structure and function, VSV can/ be -
divided into two units: the ribonucleoprotein complex (RNP) and the
envelope, There are two stages in the fﬁrmation of the RNP coméléx. First,
the genomic RNA of VSV is surrounded with the nucleocapsid (N} protein to
form a helical nucleocapsid (Blumberg et al,, 1981). Then the helical
nucleocapéid associates with the L and the NS proteins (Kang and Prevec,
1969; Wagner et al., 1970; Cartwright et al., 1970; Bishop and Roy, 1972).
The L and the NS proteins of VSV make up the active RNA-dependent RNA
polymerase (Emerson and Wagner, 1972), The functions of the envelope of VSV
are to -érotect the RNP from degradation and to aid in the entry of the
genomic RNA into the host cell (Bishop et al., 1975). The envelope consists
of a lipid bilayer studded with lecoprotgigg on the external surface and
lined internally— by the membrane (M) protein (Cartwright et al., 1969;
Schloemer and Wagner, 1975; Landsberger and Compans, ‘1976;. Dubovi and
Wagner, 1977). In the virion the M protein is sandwiched between the lipid
bilayer and the RNP complex. Presumably, the M protein serves as a link
between the envelope and the RNP (Dubovi and Wagner, 1977).

1.1.2 Vesicular stomatitis virus replication

A, Viral Attachment and Penetration ,
The glycoprotein (G protein) of VSV mediates attachment of the virion

to the host cell receptors {Kelly et al., 1972; Wiktor et al., 1972}. The
nature of the receptor on the host cell is unknown. However, VSV infects a
wide range of cell types so the receptor must be a common componént of the
eukaryotic cell plasma membrane. Phosphotidylserine is a candidate for the
receptor for several reasons, It ié a common component of a number of cell
membranes. Moreover, it inhibits both binding of VSV to membranes and
plaque formation of VSV, Additioﬁally, phosphotidylserine-containing

liposomes will bind to VSV (Schlegel et al., 1982; 1983).



The mechanisms of penetration angd uncoatipg of VSV are unclear. The
prevailing thought is that after attachment to .clathrin-coated regions on
the lcéll, the virus is ingested into the cell by endocytosis of coated
vesicles (Matlin_et al., 1981; Scblegel et al,, 1982). Once the vesicle is
interﬁalized, ;the pH within the vesicle drops, triggering the membrane

~fusion activity of VvsV. The G protein 6f VSV is responsible for this pH-
depéndent membrane fusion activity (Hughes et al., 1979a; Handa et al.,
1982; Mifune et al., 1982; qurkiewicz and Rose, 1984; Riedel et al.,
1984)., Once the pH drops, the G protein induces fusion of the viral and
vesiFle membrdne - which results in entry of the VSV nucleocapsid intc the
cytoplasm {Mifune et al., 1982).

B. ENA Transcription

As scon as the infecting virhs uncoats, transcriptioﬁ is initiated by
the viral RNA-dependent RNA polymerase. Transcription begins at the 3' end
of "the genome with the synthesis of a small RNA product (48 base leader
sequence) (Colonno and Banerjee, 1976). The small RNA product does not
contain a 5'~terminal 7-methylguanosine nor a 3'~terminal polyadenylate
sequence. In contrast, the viral mRNA's proéuced have both these features
(Abraham et al,, 1975; Moyer et al., 1975)., Transcriptional mapping studies
have shown -ﬁhat transcripti&n begins at the 3 end of the genome and -
proceeds in a sequential manner toward the 5' end of the genome'(Ball and

. White, 1976). The amount of mRNA produced decreases as the distance to the
gene from the 3' end of the genome increases. Thus, the order of mRNA
preduction from most abundant to least abundant is N, NS, M, G, and L (Ball
and white, 1976). ‘ ‘

C; Genome Replication

- ——

The replication of the genome of VSV is coupled to translation of the

A4

f .

-
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N, NS and L proteins (Wertz and Levine, 1973; Wertz, 1980). Replication of

VSV RNA occurs in two stages. First, a full length RNA strand complementary

to the genomic RNA is synthesized and the N protein associatés with the RNA
to form a nucleocapsid (Blumberg et al., 198l). 1In the second stage of

"replication; the complementary RNA is used as a template to generate a/gﬁll
1gqgth genomic RNA, Immediately after synthesis, the genomic. RNA is
surrounded with N ﬁrotein. The mechanism involved in swiﬁéhingf viral
transcription to viral replication has not been determined. Possibly,
contrdl of genome replication is determined by an interaction between the N
protein and leader RNA (Blumberg et al., 1981).

D. Pf;tein Synthesis

Translation of the {five viral- MRNA's occurs immediétely after
tranécription. VSV nmRNA's are. efficiently translated throughout‘ the
infectious cycle. " The small leader RNA, pfoduced during transcripﬁion, is
not translated. Regulation of viral protein synthesis occurs at the
transcriptional level rather than at the translational leve1.< Thus, N
protein is the most abundant protein and the L protein is the least
~abundant protein synthesized (Hsu et al., 1979).

Synthesis of .the G protein is carried out on membrane bound poly;
ribosomes (Knipe et al., 1977a). The G protein remains associated with the
membrane throughout synthesis, glycosylation, processing and transpo;t to
the plasma membrane of the cell (Knipe et al., 1977a; Rothman and Fine,
1980). Once the G protein reaches the plasma membrane it is.inserted 80
thaé. the carboxyl terminus extends into the cytoplasm but the bulk of the
protein is located on the external surface of the membrane (Emersoﬁ, 1985).

The other . .four VSV proteins are translated on cytoplasmic polyribosomes

(Morrison and Lodish, 1975).

7



s
)

E. Virion Assembly

Assembly of the virion occuré only when membrane-assaciated G protein,
soluble M protein ana the RNP complex come together at a discrete site on
the membrane (Knipe et al., 1977a). The exact mechanism of assembly has n ﬁ
been worked ouﬁ; However, it 1is likely that the M protein promote
clustering of the G protein; at numerous membrane sites, followed b
binding of the RNP and budding of the virion (Reidler et al., 1981; Wilscn
and Lenard, 198l1). .

1.1.3 Temperature sensitive mutants of vesicular stomatitis virus

Temperature sensitive (ts) mutants of VSV can be divided into five
groups on the basis of complementation studies. These mutations are
conditional lethal mutations. Therefore, at the non-permissive_temperature
very little pfogeny virus is prodﬁced. Each of the complementation groups
can be phenotypically linked to a specific protein of VSV (Indiana) as
follows: I-L protein (Hunt et al., 1976), II-NS-proteimy III-M protein, IV-
N protein, and V-G protein (Pringle, 1877).

1.1.4 Cytopathic effects induced by vesicular stomatitis virus

Virus-induced changes in cells, known as cytopathic effects (CPE) have-
been used since the 'éarly 1950's ‘as a diagnostic tool for the
idenﬁificatioﬂ of viruses (Malherbe, 1985). The cytopaﬁhic reffects
characteristic of viral infections include: swelling or shrinkage of cel%s,
cell fusioh (syncytial formation or polykaryocytosis), lysis or-necrosis of
the cells, inclusion formation (intranuclear or cytoplasmic), distortion or
displacement - cf the nucleus, nucleolar alterations, vacuolation of the
cytoplasm,- or various combinations of these changes (Craighead, 1978;

McIntosh, 1985; Malherbe, 1985). The cytopathic effects associated with

common viral infectious agents are outlined in Table 1 (Craighead, 1978).



T. ONE: CYTOPATHIC CHANGES ASSOCIATED WITH COMMON

\ VIRAL INFECTICUS AGENTS

!
Cytopathic effect

Necrosis

Inclusicns
intranuclear

intracytoplasmic

Multinucleated Giant cells
(Polykaryocytosis)

Cytomegaly

Cytoplasmic modifications and
vacuolation

1

Qf\
¥

Table modified from Craighead, (1978).

Infectious Agents

Enteroviruses
Herpesviruses
Arboviruses

Rhabdoviruses

Herpesviruses
Adenoviruses
Papovaviruses

Rabies virus
Poxviruses
numerous other viruses

Paramyxoviruses
Herpesviruses
Myxoviruses

Herpesviruses
Adenoviruses
Papovaviruses

"Slow" viruses -
Hepatitis viruses

., SV40
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VSV _is a cytocidal virus which quickly kills the infected host cell in
tissue culture, éhus, the predominant cytopathic effect o!;w vsv, a

P .
rhabdovirus, is necrosis (Table 1). Cell death resulting from VSV infection

can follow one of two c;urses of cytopathology. A rapid cellular response
oécurs if the cells are infected with VSV at a multiplicity of infection of
greater than 200 plague fofming units/cell. This course of cytopathology
does not require active viral synthetic functions (Baxt and Babianian,
1976a) The second course of cytopathology is slower and does require
replication of the vxruE (Bé&t and Bablanian, 1976a) Unless otherwise
specxfled, this t§§51s deals with the seébnd slower -course d?a VSV
cytopathology. The observed result of a VsV 1nfect10n of cultured cells is
cell swelling and rounding, leading to a rapid destruction of the cells due
to disruption of the membranes (Baxt and Bablanian, 1976a; Marcus and
Sekellick, 1974; Murphy ang Harrison,7i979). This chgractgristic cytopathic
change.in the infectedhcell has long been used as a morphological indicator

of VSV infection,

In addition to morphological changes in infected cells, VSV infection

"also causes an efficient inhibition of the cellular RNA, DNA and protein

;

synthesis (McGowan and Wagner, 1981;1 viral transcription, but not
replication, is requifed for inhibition of macromoclecular synthesis and for
cell killing ({(Marcus and Sekellick, 1974; Marcus et al.,, 1977).
Transcription of only a small portion of the genome {probably the leader
sequence) is required for the inhibition of RNA synthesis (Weck et al.,
1979). The kinetics of inhibition of cellular RNA and DNA synthesis are
identical (Hcsoan and Wagner, 1981) Thus, it is likely that the same VSV
function shuts off both cellular DNA and RNA synthesis, viral 1quct10n

can proceed without cellular RNA and DMA synthesis but must utilize thé

cellular protein synthesis machinery. Clearly, there are different



requirements for the inhiﬁition of protein synthesis than for either'DNA or
RNA- synthesis, Transcription of at least the N gene, and possibly the Ng“
gene, is required for inhibition of céllular protein synthesis {Marvaldi et
al., 1978). Furthermore, it is possible that cellular protein synthesis is
not inhibited until the'N and NS ﬁRNA's are translated (Marvaldi et al.,

1978).

1.1.5 Vesicular stomatitis virus induced cell fusion

Virus-induced cell fusion (polykaryocytosis) is the formation of a

multinucleat 11 throhgh the fusion of two separate cells,. as a result
of viral infaction (Poste, 1970; 1972). A number of enveloped RNA and DNA
viruses indnée cell fusion (Poste, 1970; 1972; Takehara, 1975; Nishiyama et
ai., 1976). There are two types of virus-induced cell fusion, designated
fusion ffom within and fusion from without. Fusion from without can be
produced by either infectious or inactivated virioné and does not have a
requirement for«neither viral protein synthesis or replication (Poste,
1972). Characteristically, fusion from without requires a high multiplicity
of infection and occurs in a short period of time (Poste, 1972). In.

contrast, fusion Ffrom within occurs at low multiplicity of infection and

takes longer, In addition, both infectious wvirus and viral protein -

synthesis are reqﬁired for fusion from within (Poste, 1972). Production of
progeny virus. is not .a requirement for‘ fusion from within because
conditional lethal mutants grown under non-permissive conditions can still
mediate cell fusion (Poste, 1972). Little is known about the molecular

mechanisms  involved in virus-induced cell fusion, However, viral

glycoproteins are involved in both fusion from without (Scheid apd Choppin,

1874; 1976) and fusion from within (Chany-Fournier et al., 1977; Manservigi

et al., 1977; Hughes et al., 1979a). :

»

&



VSV and some of its temperature sensitive mutants do not always show
the ty;ical cytoly%ic reéponse but rather induce cell fusion ih s;ecific
host cells (Takehara, 1975; Nishiyama et al., 1976; Chany-Fournier et al.,
1977; Hughes et al., 1979a; Handa et al., 1982). éor example, VSV (Indiana)
induces marked cell fusion in two clonés of BHK-21 cells but shows the
typical cytolytic ‘effect in LLC-MK2 cells, L cells and Hela cel%§
(Takehara, 1975}. Furﬁhermore, vsv (New Jersey} induces a high level of
polykaryocytosis' in mouse L cells and a much lower level'of cell fusion in
BHK-21 cells (Nishiyama et al., 1976), Temperatute sensitive mutants of VsV
:(Indiana), ts 052(II) and ts G31(III) induce cell fusion in rat XC cells
(Chany-Fournier et al., 1977; Handa e£ al., 1982). The mutant ts G31(III)
also induces poiykaryocyte formation in mouse Ehrlich ascitic tumor cells
and in murine neurcoblastoma cell lines N-i8 and N-2A (Hughes et al., 1979%a;
Handa et al., 1982). Clearly, ; specific combination of host cell.and virus
is regquired for vsV-induced cell fusion., Additionally, VSV-induced cell
fusion requires a low multiplicity of infection and viral protein synthesis
(Takehara, 1975; Nishiyama et‘al;, 1976; Chany-Fournier et al.,' 1977;
Hughes et al.; 1979a; Handa et al,, 1982), Thus, V5V infections of specific
host cells results in cell fusion from within. Environmental factors may
influence VSV-induced cell fusion. For instgnce, if the pH of the medium is
lowered to below 6.0, VSV infection can result in cell fusion (White ét

al., 1981). -

The molecular mechanism of VSV-induced cell fusion has not “been
determined, However, at least one viral protein is involved. A CDNA clone
encoding the VSV glycoprotein gene has been expressed in a stable cé%} line
(Florkiewicz and Rose, 1984; Riedel et al., 1984). In the presence Sfﬁlow
pH (5.5), the cells expressing the G protein at the cell surfgce fused

(Florkiewicz and Rose, 1984). Cell fusion could be prevented by incubation
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of éhe cells wiﬁh é monoclonal antibody dirécted against the G protein
{Florkiewicz and Rose, 1984). Clearly, the G protein of VSVJLromoteé cell
fusion in the absence of the other viral proteins (Florkieﬁicz and Rose,
1984; Rigdel et al., 1984). However, othe£ factors hust al;o be involved in
VSv-induced cell fﬁsioh. Indeed, G protein is expressed at the cell surféze
during a cytolytic infection yet cell fusion does not occur. Furtﬁermore,
at physiclogical pH, G protein expressed on the cell surface aoes not

result in cell fusion (Florkiewicz and Ros&, 1984}, Further work is needed

to identify other factor(s) involved in VSV-induced cell fusion.

1.2 HISTORICAL AND LITERATURE REVIEW OF HUMAN PARAINFLUENZA VIRUS 3

1.2.]1 Taxonomy of the Parainfluenza Viruses

The parainfluenza viruses belong to the family Paramyxoviridae, genus

Paramyxovirus (Kingsbury et al., 1978). The family Paramyxoviridae includes

two other genera, Morbillivirus and Pneumovirus, Table 2 outlines some of

the human and animal viruses in each genus. The four parainfluenza viruses

are separated on the basis of setological differences. In this study
comparisons wWill be made between human parainfluenza virus 3 and the other

members of the family Paramyxoviridae.

1.2.2 Clinical significance of human parainfluenza virus 3 infections

Huran parainfluenza virus 3 (HPIV3) was first isolated from children
with 'acute_ respiratory disease in 1956 (Chanock, 1956; Chanock et ‘al.,
1958). HPIV3 has been shown to cause pneumonia, bronchiolitis and croup
{Chanock et al.,.l9§§; 1959; Parrott et ai., 1962; Glezen and Denny, 1973).
In fact, HPIV3 ranks second 6n1y to respiratory syncytial virus (RSV) as a
éause of lower respiratory tract disease in infanté {(Parrott et al,, 1962;

Glezen and Denny, 1973). HPIV3 infections characteristically occur early in

s -



TABLE TWO: PARAMYXOVIRIDAE
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activity

Genus Charactéristic # Human Related Animal
Feature Viruses viruses
Paramyxovirds Virions contain membrane PIVl Sendai virus
fusion, hemagglutinin and . {murine)
neuraminidase activities
PIV2 Simian virus 5
{canine and simian)
PIV3 Shipping fever
‘ virus (bovine)‘ :
’ PIV4 -
- Newcastle
disease virus
(avian)
Morbillivirus Virions lack measles Canine
’ neuraminidase activity distemper
virus
" Pneumovirus Virions lack respiratory -
' hemagglutinin and syncytial
neuraminidase virus
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life. Serological “evidence indicates that at least 60% of ‘children aSé——
infected by five months of age and that 88% or more are infected by 2 years
of age (Parrott et al., 1962). when évery individual of‘a population is
followed from birth, infection rates of 75%“to 100% aré found for children
in the first two years of life (Glezen et al., 198l; Hope-Simpson, 1981).
Re-infection with HPIV3 occurs commeonly in children and adults kWelliver et
al., 1982; Glezen gﬂi)ii., 1984}, The combination of high infection rates=’:
eérly in life, coupled with high freguency of re-infection suggests that

HPIV3 spreads efficiently from person to person. These characterist}Qs make

~

&

HPIV3- infections particularly troublesome in semi-closed populations such
as nurseries or pediatric hospitalewards .(Mufson et al., 1973). For
example, in a number of outbreaks of HPIV3 infeq;ions, in nursery schools,

virtually every susceptible individual was infected (Chanock et al., 1963).

1.2.3 The virion structure of Paramyxoviruses

A

Despite the clinical significance of HPIV3 infections, the virus has
not*been examined in any detail at the molecular level, However, extensive
work has been carf?%ﬁ?out on other paraglyxoviruses such as Sendai virus {a
murine parainfluenza virus 1), ,simian virus 5 (F canine parainfluenza virus
2}, and Newcastle disease virus (an avian parainfluenzg virus). These three
viruses have been found to be structurally and functionally similar. ?hus,
for iliustrative purposes Sendal virus is gegerally used as an example of
the paramyxoviruses.

The virions of the paramyxoviruses are roughly spherical, but vary in
both size and shape (Matsumoto, 1982). They range in diameter from 150 to
300 nm (Matsumoto, 1982}. The composition of the simian virus 5 (Sv5S)
virion as a percentage of dry weight was determined to be 73% protein, 20%
lipid, 6% carbohydrate and 1% RNA iilenk and Choppin, 1969). Newcastle

disease virus has-a similar composition. Sendai virus contains one large
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single stranded RNA'genome with é molecular weight® of approximgtely 5x106
(Barry and Bukrinunskaya, 1968; Blair and Robinson, 1968; Kingsbury et al.,
1970; Kolakofsky et‘al., 1974b). The genomé cof Sendai virus cannot serve as
a messenger RNA and is complementary to Sendai virﬁs messenger RNA (Chanock
and McIntosh, 1985). Like V5V, Sendai virus must carry a RNA—dependent RNA
polymerase within the virion for virus ;eplication (Chinchar'and Portner,‘
1981). - - 3
Virions of Sendai virus are composed of two functionally separate
entities, the ribonﬁcleoprotein complex (RNP) and the envelope, The
ribonucleoprotein complex consists of the viral genomic RNA surrounded by
three proteins, the L, P, and NP proteins (Mountcastle et al., 1970; Stone
et al,, 1972), The L (large) protein and the P (phosphoprotein) are present
in ‘minor amounts on the RNP (Lamb et al., 1976). The NP (nucleocapsid}
proféin is the most abundant component of the RNP complex {Lamb et al.,
1976). The L, NP, and P proteins héve all been shown to be invblved in RNA
polymerase activity (Mountcastle et al., 1970; Stone et al., 1972; Chinchar
and Portner, 1981; Hamaguchi et .al., 1983). The envelope' of the

. -
paramyxoviruses consists of a lipid bilayer studded externally with two

F-r

types of glycoproteins and lined internally with the M (membrane) protein

(Lamb and Mahy, 1975). The M protein, located between the envelope and the-
RNP, playsl a central Eole in viral assembly and budding (Choppin and
Compans, i9§0; Shimizu and Iﬁhida, 1975; Yoshida et al., 1979}). The two
glycoproteins (HN and F proteiﬁs) of Sendai virus, 1located on the external
surface of the virus membrane, are believed to be_transmembrane proteins
(Lyles, 1979). ’

The HN (hemagglutinin/neuraminidase) protein is present on the surface.

of the virion as a dimer Jjoined by disulfide bonds -in the hydrophilic
4 ¥ v

I~
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region and by hydrophobic bonds at the base (Scheid et al., 1978; Choppin’
and Scheid, 1980; Markwell and Fox, 1980). The HN proteins of Sendai virus;
NDV and SV5 are believed to be oriented with the N-terminus insefted into
the membrane (Schuy et al., 1984; Blumberg et al., 1985; Heibert et al.,
1985a; sShioda et al., 1986)., The F (fusion) glycoprotein is involved in
virus-induced hemolysis, membrane fusion and initiation of infection (Homma
and Ohuchi, igTB; ggheid'and Cﬁoppin, 1674; 1976). The active fusion
protezﬁ (Fl,z) of Sendal virus is formed by proteolytic cleavage of an

inactive precursor (FO) to form two disulfide linked proteins (F. and FZ)

1
(Scheid and Choppin, 1974; 1976).

1.,2.4 Paramyﬁovirus replication

"The HN glycoprotein is responsible for adsorption to ;he neuraminic
acid residues of the host céll receptors (Scheid and éhoppin, .1974).
Presumably,ﬁ the RNP complex enters the cell after fusion of the viral and
cellular membrane. This fusion of membranes is independéﬂt of pH (Nagai et
al.,r {983). Furthermore, Sendai virus replication is not inhibited if
endocytosis of the virus‘@ﬁgp lysosomal Qesicles is blocked (Nagai ét, al.,
1983). Once the RNP has gaiﬁed access to the cytoplasm the viral genome is
transcribed without losiﬁg its proEein coat (Stone et al., 1971). IEs
genetic information is coord%gately exprgssed as a series of mRNA's
transcribed frdm the virél genéme. The entire genome of‘Sendai virus has
been sequenced and the gene order hasmbeen found to be 3'-NP-(P+C)-M~F-HN~
I~5' (Shioda et al., 1986). FEive of the Sendai virus mRNA species
specifying the L, HN, F, NP and M proteins are monocistronic and a sixth
MRNA is polycistronic specifying the P, d, and C' proteins (Giorgi et al.,'
1983, Shioda et al., 19837, The C aqd C' proteins are Sendai virus specific
non-structural proteins (Lamb and”Choppin, 1978; Dethlefsen and Kolakofsky,

1983). an equivalent 'protein to the Sendai virus C protein is also
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produced in SVS5; this protein is designated V (Paterson et al;, 1984a).
Reéent evidence suggests that the C pfotein is translated from a second
open reading frame in the P mRNA (Giorgi et al., 1983; Shioda et al.,
1983). T

After transcriptioﬁ the viral mRNA's are translated. The two
glycopfotéins of NDV are synthesized on thé rough endoplasmic reticulum
{Nagai et al?, 1976). They are then transported, via smooth intracellular
membranes, to the plasma membrane (Nagai et al., 1976}, It is not clear
where synthesis of the other proteins occurs. Presumably, synthesis occurs
in association with cytoplasmic polyribosomes. Aftef translatién, the M
protein immediately incorporates into the plasma membrane (Nagai et ai.,
1976). As a rgsult, intracellular pools of the M protein remain low (Nagai
et al:, 1976). After synthesis, the NP and P proteins of Sendai virus
rapidly associate with the viral RNA (Portner and Kingsbury, 1976).
However, in contrast to the M protein, intracellular pools of the NP and P
protein accumulate during infection (Portner and Kingsbury, 1976).

Replication and transcription may be regulated by the NP protein of
Sendai virus (Carlsen et al., '1985). Viral protein synthesis is required
for RNA replication since addition of cycloheximide to an infected cell
inhibits replication (Rcbinson, 1971; Carlsen et a%,, 1985). In contrast,
transcription does not require protein synthesis (Caflsen et al., 1985).
The RNA replicase of the Paramyxoviruses has not been identified.
Furthermore, the RNA-dependent RNA polymerase cannot simultaneously serve
as a transcriptase and a replicase (Choppin and Compé;s, 1975). Genomic RNA
replicates using a full length complementary RNA as a template (Carlsen et
ai., 1985).

The first step in paramyxovirus assembly is the insertion of the viral



glycoproteins into the membrane of the host (Klenk et al., 1970}). The ™
protein is then selectively asséciated with the plasma membrane regions
containing the viral glycoproteins (Nagai et al., 1976). Finally, the RNP
complex associateé with the regién of the membrane containing the M
protein. Subsequently, the virion is formed by the process of budding
{Matsumoto, _1982). Sendai virus nuclgggapsidé packaged into the. virion
contain either genomic sense or anti-genomic sense RNA (Kolakofsky and
Bruschi, 1975). However, virions containing genomft'séﬁ;e negative strand

RNA predominate,

1.2.5 The role of the glycoproteins of the paramyxoviruses in the immune

response of the host

Antibodies to the viral surface (gfyco)proteins are important for the .
development of immunity to infection {Choppin and Scheid, 1980). For the
paramyxoviruses, two glycoproteins form spikes on the external surface of
the v%ral lipid bilayer. The larger glycoprotein (HN) is responsible for
hemagglutinin and neuraminidase activities and for adsorption of the wvirus
to the host cell (Scheid et al., 1972L, The other glycorrotein '(F) 1is
involved in hemolysis and in virus induced membrane fusion (Homma and
Ohuchi, 1973; Scheid and Choppin, 1974; 1976). Presumably, the HN and F
proteins are the critical antigens'recognized by the irmune system of the
host. }ndeed, if antiserum, directed against either the HN or F pfotein, is
mixed with the virus priof to inoculation of the cells, then the
infectivitx of the virus is neutralized (Merz et al., 1980; 1981). However,
if a few cells are infected and then the antiserum added, the anti-mN
antibody fails to inhibit the spread of the virus (Merz et al.,  1980;
1981). ©On +the other hand, if anti—F antiserum is added after a few cells
are infected, spread of the infection¢,is completely inhibited. The

interpretation of these experiments is that although any released virus is
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neutralized by the anti-HN antiserum, _spread of the infection by cell
fusion between adjacent cells is not sfopped. In contrast, anti-F antibody
completely inhibits . the spread of the virus by both neutralizing the
released virus 'and preventing spread of infection by fusion of. adjacent
cells (Merz et al,, 1980; 1981). These studies suggest that anti-HN
ant ies alone may not be sufficient to protect against a parainfluenza
virus i fection. Furthermore, protection against parainfluenza virus
infectioﬁs may be ‘Sri§ically dependeﬁt on the development of anti-F
antibody.

~1.2.6 The immune response of .the host to infection by huﬁan parainfluenza

virus 3
. Immuniﬁy to HPIV3'infection, shortness of the duration 6f illness and
lesgh severe symptoms correlates to the presence of - serum neutralizing
antibodies (Chaﬁock et al., 1963). The correlation of immunity to
néutgalizing'.antibody is partial because one third of infants and children
with a high level of serum antibody still become infected (Chanock et al.,
1963). During the first four months of life the risk of infection by{HéIVé
is inversély related to theaievel of neutralizing antibody present in the
cord sera at birth (Glezen,- cited in Chanock and McIntosh, 1985). This
correlation is not absolute because some infants with a moderately high
level of %aternally—derived ‘antibody become infected with HPIV3. The
importance of the secretory immune system in protection against HPIV3 has
‘not been addressed. However, for HPIV1 and HPIV2 a strong correiation
exiéts between resistance to infection or illness and higher levels of
‘secretory -IgA neutralizing antibodies in the respiratory tra&t mucosa

(Smith et al., 1966; Tremonti et al., 1968).

Infection with HPIV3 leads to the developmen& of antibodies against
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the Hﬁ apd F giycoproteins (Kasel . et al., 1984). However, in serum
specimens taken either after primary. infection or from cord serum-'
immediately-after_birth, the anti-HN antibody titre was consistenply higher
than the anti-F antibody titre (Kasel et al}, 1984). It is only after
repeated eXposure to the virus that infants show a rise in the level” of
anﬁi—F antibody. Inqeed! low anti—F.Fitres may apbount for the incomplete
immunity which develop_s@fter HPIV3 int;ec‘t‘:ion. The poér immune response to
the F protein may be due to low amounts of F protein on the surface of the
virus., Thus, repeated exposure _to the virus is needed to stimulate an
immune response to the F protein. However, the relationship between
protection and the level of F antibody is ?ot vet clear. An altern jve
explanation for ﬁhe high frequency of reinfection amoﬁg infants aﬁd youn
children could be a poor local immune response. In adults the‘résponse to
infection is an inqrease.iﬁ local secretory IgA antibody which neutralizes
thé infectivity of tﬁe virus (Smith et al., 1966; Tremonti et al., 1968).
.However, in young infants undergoing primary infection, the locéi- Igh
aﬁtibody response may be weak or ineffective in neutralizing the virus
'(Yanégihara and McIntosh, 1980). This factor coupled with a poor serum
immune response to the F antigen may lead to poor resistance to . infection
in infants even after the initial exposure to HPIV3,

Formalin-inactivated viral vaccines against the parain%luenza viruses
have not been suécessful. Indeed, higher infection rates occur in the
vaccinated populations thanlin the unvaccinatgd populations (Chin-et al.,
1969; Fulginiti et al., 1969;¢ve11a et al., 1969): However, these vaccines
are antigenic as indicated‘ by the development of hemagglutination-
inhibiting antibodies and complement-~fixing antibodies (Chin et al., 1969;
Fulginiti et al., 1969; Wvella et al,, 1969). Two characteristics of the

vaccines may account for their failure to protect against infection. One
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characteristic is that the vaccines fail to elicit a local secretory IgA.
response {Chanock and MéIntosh, 1985). Anotheér characteristic of formalin-
in%étivated vaccines is that the antigenic structure of the F protein is
altered (Orvell and Norrby, 1977; Chanock and McIntésh, 1985). An
alteration in the antigeni structure of the F protein could lead to an
incomplete immune response.-and to immunopathological“processes (Orvell and
Norrby, 1977). ’
HPIV3 infections pose a major clinical problem because they’ cause
serious lower respiratory tract infections in infants and young <children,
are readily transmissible and are likely to recur. Yet, no effective
immunoprophylaxis is available. Clearly, a strateqy for ;ﬁé;prevention of

-

HPIV3 infections by immunological or antiviral means is needed.

1.3 ‘The Role gg_viraliGlycoproteins_ig Interactions Between the Virus and

Host Cell .

Viral glycoproteihs play a multifaceted and critical role in the
initiation of viral infection and the response of a host to that infection.
For every enveloped virﬁs in which adsorption and membrane fusion has been
investigated, the wiral glycoproﬁein(s) mediate these functions (Choppin
and Scheid, 1980; wWiley, 1985). Membrane fusidn may occur at the cell
surface such as that mediated by the fusion‘pgotein of Sendai virus (Homma
and Chuchi, 1973; Scheid and Chqppin, 1974;. 1976). Alternatively, yiruses
like vesicular stomatitis virus, influenza virus, and Semliki forest virus,
which undergo receptor-mediated endocytosis, have a gl&coprotein which
fuses the virus membrane and the vesicle membrane intracellularly.(Marsh
and Heienius, 1980; Matlin et al., 1991; 1982). The fusion activity of

thgse Viruses is activated by the acidic pH of the vesicle (White et al.,
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1983), The ability‘of'viruses to undergo multiple cycles 6f replicaéioh, to
spfead‘iﬁhthe host and to cause disease are dependent on repeated rounds of
adsorption and penetration (Choppin and Scheid, 1980). Therefore,- the
involvement of viral glycoproteins in adsorption and penetration suggests
.that ‘these proteins play a role in the pathogenegis of viral inf¥ctions.
Additionally, viral glycoproteins can directly cause cytoggihic effects
{Holmes and Choppin, 1966; Homma and Ohuchi, 1973; Scheid and Choppin,
1974; McShff;; an? Choppin, 1978; Dietzschold et al., 1983). However, not
only are viral gyycoprotelns Jlrulence factors but they are also the most
.obv1ous and acce551ble antigens for the immune response of the host to
recognize (Sissons and Oidstone, 1985). The importance  of wviral
glycoproteins as antigens stems from their presentation on the surfaces of
infected ce%%s and the gi?foh (Sissons and Oldstone, 1985). The external
presentation allows#iral glycoproteins to stimulate numerous immunological
responses, especially the induction of virus neutrallzlng antibodies
(Choppin and Scheid, 1980; Crumpacker 1980; wiley, 1985).

In spite of the crigical role that viral glycoprotejrs play in
infection, only recentLgl is information emerging on the specific
involvement of glycoproteins in virus-host céll interéctions. The focus of
my study was on ﬁhé ;nvolvement of viral glycopfoteins in virus-host cell
‘interactions. Two model systems were examined to gain insight into virus-
hoét cell interactions. .One as;éct of this thesis examines the molecular
mechanisms of vesicular stom;titis virus (VSV) induced cell fusion. The
other aspect of this thesis deals with the analysis of human parainfluenza
virus 3 (HPIV3): virion components, intracellular viral—specificFéomponents

and ‘the primary structures of the viral genes and proteins. Identification

i
of the viral glycoproteins, elucidation of their biosynthesis, analysis of

y - ' _{j\.—/
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their primary structure and their relationship to other viral components™ -
are important first steps toward understanding their fole in virus-host
cell interactions.

1.4 STATEMENT OF OBJECTIVES

- . N .
A 1. To characterize the requirements for VSV-induced cell fusion with

specific emphasis on the modulating factors of membrane fusion.
- s

B 1. To characterize the structural components of the virions of HPIV3

{viral genomic RNA(s) and proteins).
2; To characte;izeéﬁhe viral specific intracellular components of virus
infected cells (viral sﬁéhlflc RNA's and proteln ). TN
3.. To elucidate the nucleotide sequence of the gene codlng for the

hemagglutinir-neuraminidase protein of HPIV3,
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CHAPTER 2: MATERIALS AND METHODS -

2.1 The Study of Cell Fusion Induced by Vesicular Stomatitis Virus

b

2.1.1 Cells and viruses

The VSV Ihdiana (Heat Resistant variant) used in this study, which
will be referred to as VSV (IND-HR}, was provided by Dr. L., Prevec,
McMaster University, Hamilton. VSV Indiana (New Mexico), was provided by
C.H. cCalisher, The Center for Disease Control, Fort Collins. This isolate
originated'from an Aedes species at Rancho De Aliguin, New Mexico in 1966.
VSV Indiana (Glasgow) was obtained from Dr. C. Pringle, Glasgow, Scotland.
vsv Néw.Jersey (Concén) was isolated in Concan, Texas !n 1949 from material
harvestgd from the dental pad of an infected cow. It was obtained from Dr.
ﬁ. SimpSon, Rutgers University, who received it from Dr. R.R. Wagner,
Univefsity of Virginia. Further desc;iptions of these virus stains can be
found in Clewley et al. (1977).

u Baby hamster kidney cells (BHK-21) dérived from .clone 21, were
obtained:from the American Type Culture Collection. Cultﬁres of rat cells
transformed with the B77 strain of avian sarcoma virus [R(B77)] were
originally obtained from Dr. waard Temin, McArdle Laboratory, University—
of Wisconsin, Madison. All cell lines were grown in Dulbecco's modified
minimal essential medium (DMEM) (Grand Island Biological Co.) supplemented
with 5% heat treated fétal bovine serum (Grané Iéland Biological Co.}. ‘The
formulations of DMEM and the other tissue culture media used in these

studies are outlined in Appendix 1.

>

deficient media

2.1.2 Growth of cell cultures in amino

The concentrations of amino acids in the media were varied by adding a
concentrated amino acid mixture to a medium lacking amino acids. The medium

lacking amino acids contained Earle’s balanced salt_.solution (50ml), sodium
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bicarbonate (2.54 g), minimal essential medium vitamins (20mlL), 0.2 M iw
glutamine (5ml), heat-treated fetal bovine serum (25ml) and distilled H,0
(3§5ml). The normal concentration of amino acids was obtained with :the
addition of 20ml of a minimal essential medium amino acids mixture. Earle's

balanced salt'solution, minimal essential medium vitamins, fetal. bovine

Sserum and minimal essential medium amino acids mixture were all obtained

\3
from Grand Island Biological Co. The formulations of these preducts sare

cutlined in Appendix 1. .To prepare amino écids deficient media containing
/5, 1/10, 1/20 or 1/30 of the normal amino acids concentration, 4, 2, 1,
or 0.67 ml respectively of the minimal eésential amino acids mixture was
added to the medium lacking amino acids. Tﬂe amount of distilled H.O was

2
adjusted to bring the volume up to 500ml.

Twelve hours before infection, medium in th;}cuitures was removed and
replaced with medium containing thé appropriate concentratibﬁ of amino
acids. The cells were infected with VSV at a multiplicity of infection
(MOI) of 1. After the 1 hour adsorption period, fresh medium containing the

appropriate concentrations of amino acids was added to the cell cultures,

Microscopic examinations of the cultures were made every four hours.

2.1.3 Inhibition of host cell specific protein synthesis
g o o

~Duplicate s&ts of cultures were prepared in media containing. either
the normal concentrations of amino acids or 1/20 of - the rnormal
concentration of amino acids. The compositions of these media are detailed
in Section 2.1.2. To one set of cultures, actinomycin D (Mérck, Sharp, ahd
bome) was added to yield a final concentration of 1 ug/ml. Twelve hours.
after the addition of actinomycin D the cultures were infected with VSV at
a MOI of 1. After the 1 hour adsorption period, fresh medium containing thew
appropriate concentrations of amino aC1ds and actinomycin D was added/bat¥

to the cultures, The other set of cultures did not receive actinomy01n D

-

/ S ————
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but was treated in an identical manner. Microscopic examinations of the

cultures were carried out at 18 hours after infection.

»

2.1.4 Inhibition of total protein synthesis

Puromycin and cycloheximide were purchased from Aldrichﬁchemical Co.
DMEM containing one of the inhibitors at a concentration of 0, 1, 1.0, 50,
or 100 ug/ ml was added to the cell monolayers 15 hours prior to infection. .
Immediately before infection, the cells were washed once with phosphate
bﬁffered saline to remove any residual inhibitor remaining in the ‘mediﬁm.
The cells were infeéted with VSV at a MOI of ' 1. Fresh.'DMEM free of
inhibitors was added to the cultures after the adsorption period of 1 hour,

Photographs were takeﬁ at 12 and 24 hours after infection.

To détermine‘the levels of’proteiﬁ synthesis in each of the cultures
the following procedure was used, Cell cultures were grown in the presence -
of either purdﬁycin' (at a concentration of either 1 or. 100 ug/mi} or
cycloheximide (at a céncentration of f, 10, 50, or 100 ug/ml) for 15 hours
prior to infection." Control cu}tures containing neithér‘ inhibitor were
grown in parallel. Tﬁé cells were infected with VSV at an MOI of 1 with an
adsorption period of 1 hour. Fresh medium containing 5 uCi/ml of [3Hj~amino
acids mixture (Amersham Corp., see product TRK 440 for details on specific
activities of éﬁé individual émino acids) was added to the cultures after
the adsorption period. Twelve hours after the addition of the radioactive
amino acids, the cells wére scraped from the plates and washed with 2. ml of
phdsphate—buffered- saline., The cells were pelleted by gentrifugation at
3000 x g for 20 minutes. The supernatant was carefully drained and 1 ml of
10% SDS was added to the pellet., A 10 ul aliquot of the lysed pellet was
mixed with 40 ulsof bovine serum albumig_(Sigma)(IOmg/ml) and 2 ml of 10%

trichloroacetic acid (TCA). The sample was precipitated on ice for 10

-\1
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minutes and centrifuged at 3000'x g for 10 minutes.\ The pellet was
resuspended in 5% TCA and precipitated on icé for 10 minutes. The sample
was .éentrifuged ‘at 3000 x g for 10 minutes and drained. QThe pellet was
solubilized with 2 ul of 2 N NaOH and difﬁted to 40 ul with.Hzo. The sample
was counted in io-ml of Aquasol (New England Nuclear) zusing a liquid
scintillation counter (Beckman). -

2.1.5 Preparation of pulse-labeled viral proteins for kinetic study

Cells were grown for 18 hours in DMEM, containing 5% heat-treated
fetal bovine serum and 2 ug/ml of actinomycin D and then infected with vsv
at a MOI of 1. After the 1 hour adscrption, }Ethionine—free Eagle's
modified minimal essential medium (Flow Labofatories) was added to .the

3

‘cultures which were then incubated for 1 hour. [ 5S]—methionine (1000

Ci/mmol, Amersham) was added to the cultures to yiéld:a f;nal'concentration
6f 3.5 uCi/ml. ,The cells were incubated in the presence Jk-ﬁhe radioactive
label for '3 hours. The me&ium containing the radioactive label was removed,
and &he .cells washed with'frgsh medium. Mediunt%ontaining an excesé of
unlabeled methionine was added to the cultures to begin the chase period,
Hourly duting the chase pericd, saﬁples were taken, The extracellular virus
* was harvested by centrifugaéidh-df;;he culture medium at llB,OOO Xx g, for
90 minutes at 40 C. The virus pellet was resuspended in 30 ul of 0.00625 M
Tris—HCl‘[pH 6.8). To obtain intfa&eiiular proteins the cell monoiayer was
scraped from the plaFe, washed in 2 ml of phosphate—buffered sa}ine\“and———~\\
pelleted by centrifugation at 3000 x g for 10 minutes. The pellet was
resuspended in iml of electrophqresis sample buffer (0.00625 M Tris-HCl [pH
6.8], 4% sodium dodecyl'sulfate (SDS), 4% dithiothreitol, 0.02% bromophenol
blue, and 20% glycerol}. The intracellular and extracellular viral specific.

proteins were analyzed in SDS-polyacrylamide gels as outlined in section

2.1.6.
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. N
2.1.6 Analysis of viral proteins by Sﬁé-polyacrylamide gel electrophoresis.’

* In general protein samples were prepared by cdmbining the sample with
ten times i;s.volume of.electrophoresié Eample buffer ( 0,00625 M Tris-HC1
[pH 6.8], 4£ SDS, 4% dithiothrei;g} [DTT], 0.02% bromophencl blue, and 20%
glycerol). The samples were heatea to 100°¢ for 1 minute just ~ prior to
loadifig and eleqtropho}esis. SDS-polyacrylamide gel electrophoresis of the
viral proteins was carried out in a 15% acrylamide-0.09% bisac;ylamidé
separating .gel with a 3% acrylamide-0.09% bisacrylamide stacking gel. The
discontinuous buffer éystem'has been previously described (Laemmli, '1970).
Blectrophoresié_ was carried out at 10 milliamperes for 12 hours. Afterm
electrophoresis, the proteins were transferred ongg Gene Screen (New
Ehgland Nuclear) hybridization transfer membrane, by electroblotting
according to the procedure of Burnette (1981). Transfer.buffer contained
0.02 M Tris, 0.15 M Glycine'and 20 % Methanol. Electroblotting was carried
out using a constant current of 200 millsamperes- for 3-5 hours., After
transfer the membrane was sprayed with EnHance (New England Nuclear), dried
and exposed to Cronex X-Ray film (Dupont) at -70%.

In orgsr to compare the relative amounts of each viral protein in a
sample; the autoradiographs .of the SDS-pol§éirylamide gels were scanned
with the gel scanning system of a DU-8B spectrophotometer (Beckman}., The
area of each viral protein peak was calculated and this was compared to the

o
total area of all the protein peaks.

2.2 Study of the Structure of Human Parainfluenza Virus 3.

2.2.T cells and virus

The continuous monkey kidney cell 1line, designated LLC-MKZ, was)

obtained from Flow laboratories, Human parainfluenza virus 3 strain C-243



27

was obtained from D.A. McLeod of the Laboratory Centre for Disease Control,
Ottawa. Strain C-243 was originally obtained from the American Type Culture
Collection (strain 47885). The identification of this virus was confirmed
by a neutfalization test. The HPIV3 specific horse antisera used in the
neutralization test— were obtained from both Flow laboratories and The
Center for Disease Control, Atlanta.

2.2.2 Buman parainfluenza virus 3 plaque assay

Approximately lxlO6 LLC-MK2 cells é§§§wgéeded into each 60mm2 culture
dish 18 hours before inoculation.'"Serial 10 fold dilutions of the virus
were prepéfed; An aliquot of each serial dilution (100 ul) was inoculated
onto monolayer cultures of LLC-MKZlcells and allowed to adsorb for one
hour. DMEM containing 0.9% noble agar (4ml) was added to each culture dish.
The infected cultures were. incubated at 37% for 4 days. One milliiiter of
a 1(8000 dilution of neutral red in phosphate buffered saline was added to

each culture, The cultures were then incubateéd for an additional 24 hours

- .

before the plaques were visualized and counted.

2.2.3 Radiolabeling of human parainfluenza virus 3 proteins

To label HPIV3 proteins, radiocactive precursors in DMEM were added to
the cultures .imhediately after the adsorptidn period of one hour. Vviral
proteins ‘were labeled with either 10 uCi/ml of [>>S}-methionine (1,295'
Ci/mmol; Amersham), 5 uCi/ml of [14C]-amino acids mixtpﬁe {300 mCi/mmol ;
Amersham), 50 uCi/ml of [32P]—orth0phosphate (10 mCi/mmol, carrier free,
Ameréham) “or 5 uCi/ml of [14C]-glucosamine hydrochloride (309 mCi/mmol;
Amersham). Virus in the culture medium was-harvested 48 hours after
infection., First, cellular debris was removed by centrifugation at 3000 x g

for 10 minutes. The virus was then pelleted by high speed centrifugation

{113,000 x g, 2 hours, 4°C). The virus pellet was resuspended in 200 ul of

&

AW,
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sample buffer (0.00625 M Tris-HCl [pH 6.8}, 4% SDS, 20% glycerol, 0.02%
bromophenol blue) with or without 4% dithiothreitol. The viral proteins
were then analyzed' by SDS-polyacrylamide gei electrophoresié {section

2.1.6).

2.2.4 Two dimensional polyacrylamide gel electrophoresis of viral proteins

-Two dimensional polyacrylamide gel electrophoresis was carried out

using essentially the saée methods as Smith and Hightower (1981). Briefly,
14 '

[77°Cl-glucosamine hydrochloride (30§ mCi/mmol, Amersham) labeled virion

proteins were electrophoresed under non-reducing conditions (sawple buffer

did not contain dithiothreitol). The gel composition and elect;ophoretic

S

conditions were as.detailed in section 2.1.6. A single lane was cut from

thg gel and scaked in buffer containing 0.5 M Tris-HCl [pH 6.8], 0.4% SDS,

-and 2% mercaptoethanol for 30 minutes. The equilibrated gel section was

then positioned on top of a 15% polyacrylamide gel containing 0.1% SDS and

. electrophoresed in’ the second dimenision. The electrophgretic conditions

were as detailed in section 2.1.6. The proteins in the gel were then

electroblotted onto Gene Screen (New England Nuclear), sprayed with EnHance

(New England Nuclear) and exposed to Cronex X-Ray Film {Dupont) at -70 ©

2.2.5 Triton x—lOO Fractionation gg the viral Proteins

Triton' X-100 fractionation of the vgrion proteins was sarried ocut as
described pfeviously for simian virus 5 and Newcastle disease virus (Scheid
et al., 1972; Sgheid and Choppin, 1973; Scheid and Choppin, 1975a).‘ irus |
was prepared as in Section 2.2.3 except the viral pellet was resuspended in
200 ul of TE buffer (0.02 M Tris-HC1 [pH 7.4], 0,001 M EDTA) coﬁgalnlng
0.002 M benzamldlne hydrochloride (Sigma) and 0. 002 M phenylmethyisulfonyl—
fluoride (Sigma). The saEP}e was aggressively vortexed to brea‘ up any
virus aggregates and then céntrifuged (10,000 x g, 5 minutes) to pellet any

remaining aggregates., Triton X-100 and KCl were added to the supernatant to

*-
A
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bring the concentration to 2% aﬁd 1 M respectively. The soluble components
were sepafated from the insoluble components by centrifugatioﬁ at 100,000 x
g for 30 minutes at 5° C. The pellet was. resuspended in 40 ul of TE buffer.
The supernatant was layered onto a 5 ml 10-25% sucrose g;adient in TE
buffef containing 2% triton X~100 and 1M kcl and centrifuged at 200,000 x g.
for 24 hours_at 5 %. The gradient was fractionated by puncturing the
bottom of the tube and collecting 200ul aliquots. Proteins were
precipitated from aliquots of each fraction with trichloroacetic acid and
counted as detailed in section 2.1.4. Two peaks of radiocactivity were
located. Ah aliquot of the lower peak was dialyzed against- TE buffer
containing no KCl., The aggregate formed during dialysis was pelleted Ly

o

centrifugation at 100,000 x g for 1 hour at 5 C. The samples were

analyzed by SDS-polyacrylamide gel electrophoresis as outlined in section

-

2.1.6. |
\

~ 2.2,.6 BExtraction and electrophoresis of viral RNA

To label HPIV3 RNA, [3H]—uridine (lO'uCi/ml, 20-30 Ci/mmol, Amersham)
was added to the culture medium at 12 hours after infection. At 24 hours
after infection the virus was pelleted from cla;ified culture medium. The
pellet was then resuspended in 200 ul of buffer containing 0.05 M NaOAc [pH
5.1], 0.1 M NaCl, 0.01 EDTA, 0.5% SDS, and 200 ug/ml of proteinase K
(Sigma). Proteinase K digestion was caf;ied out at 37° ¢ for 30 minutes.
The virion RNA was extracted twice with phenol-chloroform-isoamyl alcohol
(25:24:1 V:V) and once with chloréform—isoamyl alcohol (24:1 V:V). Two
volumes of ethanol were added to the sample and RNA was precipitated
ovg;night at -20° C. RNA was pelleted by centrifugation at 10,000 x g for

30 .minutes at 4° C. The pellet was resuspended in distilled H.,0 to give a

2
concentration of 1 ug/ml, HPIV3 RNA (5ul) was denatured with 1M deionized
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glyoxal in 0.010 M NaH,PO, and 66% dimeﬁhyl sulf9xide at 60°C for 15
minutes. Electrophoresis was carried out in a 1.0% agarosergel with 0.01 M
Ngﬂzpo4 as the electrophoresis buffer (McMaster and Carmicheal, 1977). ?re
gel was run at 100 volés constant current for 3-4 hours. Jhe gell was

impregnated with 2,5—diphen¥loxazole, dried, and exposed go Cronex X-ray

film (Dupont) at -70°C (Bonner qu Laskey, 1974}.

2.3 Human Parainfluenza Virus 3 Specific Intracellular-Components \\\\\

2.3.1 Analysis of mMRNA From Virus Infected Cells

LLC-MK2 cells were infected at a MOI of 3 and labeled with [BH]-
uridine (10 uti/ml, 20-30 Ci/mmol, Amersham ) in the presence or absence of -
5 ug/ml of actinomycin D. At 24 hours after infection the culture medium
was removed. The cell monolayers were scraped from the plates and

resuspended in 5 ml of 0.05 M Tris-HCl [pH 7.2], 0.005 M MgCl 0.025 M

9t
NaCl, 0.25 M suérose, 25 ug/ml polyvinylsulfate'(Sigma), and 30 ug/ml
spermine (Sigma); A‘}O% solution of triton X;lOO and sod{ﬁm deoxycholate
was added to the suﬁéénsion to give a final concentration of 1% fof each
detergent. The cells were lysed by Dounce homéaenization 5 x- on ice. The
sample was centrifuged at 10,000 x g for 5 minutes at 4°c., After
centrifugation an équal volume of 0.1 M NaOAc, 0.2 M ﬁac1, 0.02 M EDTA, 1%
SDS and 300 ug/ml proteinafe K was added to the supernatant. The sample was
incubated at 37 © ¢ for BO-ﬁinutes. The sample was extracted with phenod-
chlor@form—isdahyll alcohol | as outlined in section ‘“5.2.6. After
precipitation with ethanol the RNA was separated into poly (A)+ and poly
(a)” fractions using oligo (dT) cellulose chromatography as detailed by
Maniatis et al. (1982). The RNA species were then analyzed on glyoxal gels

- using the methods outlined in section 2.2.6.
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2.3.2 Ahalfsis of viral specific intracellular proteins
) _LLCJHKZ cells were infected with HPIV3 at a MOI pf 10. Sixteen hours
after infection the culture mediﬁ%‘was feplaced with fresh DMEM contéining

10 uCi/ml of [3°S]-methionine (1000 Ci/mmol, Amersham). The cells were
incubated in the presence of the radicactive label for 2 houés. The medium
was removed from the cultures. The cell.monolayers were scrapeé from the
plates, and pelleted by centrifugation at 3,000 x g for 10 minutes. The
cell pellets were resuspended in RIPA buffer (0.05 M Tris—ﬁCl (pH 7.21,

' 0.15 M NaCl, 0.1% §DS) containing 1% sodium deoxycholate and 1% triton X-
' 100. Immediately after the addition of the RIPA buffer the nuclei (were
 pelleted by centrifugation (10,000 x'g, 1 minute) in a microfuge. A 10 ul
aliquoct of the supeénatant was analyzed on a SDS-polyacrylamide gél :

- .—(Section 2.1,6). In some experiments 0.5 ug/ml of tunicamycin, an inhibitor .
of glycosylation, was édded to the culture medium at the time of infection.
The tunicamycin was maintained throughout.the'infection period. Labeling

was carried out for two hours as detailed at the beginning of this section,

2.4 Cloning of the Human Parainfluenza Genes and Analysis of Genome

Organization

»

2.4.1 Construction of human parainfluenza virus 3 specific cDNA clone bank..

The template used for synthesis of double stranded cDNA was poly (a)*
RNA isolaged from HPIV3 infected cells 18 hours after infection. Tpe
reaction ‘mixture for synthesis of the first cDNA strand contained 5 ug of
poly(a)* R, 6 ug of oligo (dT)lz_lB (Pharmacia/PL), 0.13 M KCl, 0.1M
Tris-HCl [pH 8.3], 0.010 M MgClz, 0.0025 M ditﬁiothreitol, 0.001 M deoxy-
adenosine triphosphate, 0,001 deoxycytidine triphosphate, 0.001 M deoxy-

‘guanosine triphosphate, 0.001 M deoxythymidine triphosphate, 50 uCi [32P]

or
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deoxycytidine-triphosphate (800 Ci/mmol, Ameréham) and 34 units of reverse
transcriptase (Life Sciences). Synthesis of the first CDNA strand was
carried out at 37°C for 30 minutes. Synthesis of the second ¢DNA strand was -
carried out as described elsewhere {(Gubler and Hoffman, 1983) with the
modification that the incubation was carriéd out at 15°C for 2 hours. The
products were extracted twice with phenol-chloroform-iscamyl alcochol
(25:24:1 V:V) and then extracted once with chlofdforﬁ—isoamyl‘,alcohol '
(24:1 V:V). Thé unincorporated‘label was removed from the sample by passing
it over a Sephadex G-50 column., The cDNA was precipitated with 2 volumes of
ethanol at —20 ° for 12 hours. An aliquot of the double stranded cDNA
{approximately 200 ng) was blunt end ligated into thé Sma I site of pIC 8.

Aliquots of the ligation mixture were transformed into E. coli HB 10l.

HPIV3-specific cDNA clones , pPI 3, 10, 14, 28,‘ and 47 were generously
prdvided by Dr.. %; Dimock,' University of Ottawa. HPIV3~specific cDNA
clones,. pPIg 10-5, 10-6, 10-7 and 40-1 wé?é_generously provideq bf Marie-
Jose Catéz Univefsity of Ottawa.

2.4.2. Nerthern blet analysis ég human parainfluenza virus 3 mRNA

RNA from ‘HPIV3 infected cells was isolated from the cells and
fractionated into poly (A)+ RNA and poly (A)  RNA fractions as outlined in
section. 2.3.1. Approximately 5 ug of poly (A)" RMA was .denatured "with
glyokgl and electrophoresed as desCribed in section 2.2.6. The RNA was thgh
transferred from the gel to a. sheet of nitroééllulose folloQing the
procedures of Thomas t1980).' | |

Plasmid or insert DNA was labeled with [>°P]-deoxycytidine
triphosphate (3650 Ci/mmol, Amersham) by pick translation following the
procedures of Maniatis et al. (1975). The labeled DNA was passed over a
Sephadex G-50 column to remove the unincoréﬁrgted label, Labeled DNA was

denatured by heating in a boiling water bath for 10 minutes prior to

.
[ N



3 -
‘ pybridizatioh. ‘ .
HPIV3 genomic RNA was labeled following the procedures of Maizels,
(1976). Briefly, 2.5 ug of éenomic RNA was heated for 60 minutes at 90°¢ in
25 ul of 0.05 M Tris-HCl [pH 9.5],. The partially degraded RNA was then
added to 100 uCi of gama-[’Pl-adenosine triphosphate (3000 Ci/mmol,
Amersham) which had been dried under vacuum. The labeling reaction mix
_consisted of the vifal RNA, gamma—[32P]ﬁadenosine triphosphate, 2.5 ul of
- 10x Kinase buffer ( 0.050 M Tris-HC [pH 9.5], 0.01 M MgCl,, 0002 M
dithiothrgitoi) -and ;pproximately one unit of 'I‘4 polynucleotide kinase
{Pharmacia/PL}. ?he keaétion was carried out at 37°C for 30 minutes. The
labeled RNA wés precipitated with ethanol and separated from the
'unincorporated label using a Sephadex G-100 colummn. '
- The labeled RNA or DNA molecules were_hybridized for 16-20 hours at
65°C ﬁo RNA fixed ’onto nitrocellulose strips. Hybridization buffer
contéined: 6 x SSC (1 x SSC: 0,15 M Nacl, 0.015_M sodium citrate), 100ug/ml
denatured salmon spefm DNA, 0.1% each of polyvinylpyrrolidone, bovine serum
albumiq,- Ficoll 400 énd SDS. After hybridization the nitrocellulose strips
were washed three times in 2 x SSC containing 0.1% SDS, followed by three
w?éhes in 0.2 ﬁ SSC cohtaining ﬁ.l%-SDS. Finally the nitrocellulose strips
‘were washed in 0.003 M Tris-base. All washes were of 15 minutes duration

and were carried out at room temperature.

2.4.3‘Col?ny Bybridizations

Coloﬁy hybridizations were carried out using the procedure desSEEEEQ
by Grunstein and Hogness, (1975). The colonies were transferrgd onto
Coibny/Plaque Screen (New England Nuclear). Plasmid or insert . 'wgﬁ
labeled by nick translation as described in' section 2.4.2. The

hybridization buffer’ contained 50% deicnized formamide (Sigma), 1% SDS, 1 M



agitation,

2.4.4 Hybrid selection and in vitro translation of human parainfluenza

L

virus 3 mRNA's

HPIV3-gpecific mRNA's were hybrid-selected as described by Cooper et
-al. (1981). Recombinant plasmids representing each non—homologous group of

clones were digested with Bam HI to release the inserts and filtered onto

.

3 . .
5mm nitrocellulose discs (2.5 ug of DNA per disc) in-buffer containing 3 M

+NaCl and;O.3 M Na citrate. The DNA was fixed onto the nitrocellulose discs
by baking ‘for 2 hours at 80°C. The hybridization mixtures (200 ul)
contained at‘least 2.nitrqcellulose discs{ 60-100 ug of cytoplasmic RNA,
80% deionized formamide, 0.04 M Pipes (Sigma) pH 6.4, 0.4 M NaCi, 0.001 M
EDTA, O.l§ SDS and" 30 ug wheat germ tRNA (Sigma). Hybridization'was carried
out for 18 hours at 37°C. After hybridization the filters were washed ten
.timeslin 0.15 M NaCl/ 0.015 M Nacitrate/ 0.5 % SDS at 60°C followed by two
washes .in 0.002 M EDTA pH 7.0. The final wash was carried out in 0,0002 M
EDTA pH 7.9 at 60°C for 5 minutes. The selected RNA was eluted ipto 260 ul
of H,0. To elute the RNA the tube containing the discs was'plaééd in a
boiling water bath for 60 seconds and then placed into a methanol dry ice
bath. The eluted RNA was transferred to another tube and 2 ug of wheat germ
tRNA was added, The RNA was precipitated with ethanol and resuspended in
H20 at a concentration of 1 ug/ul.

The hybrid selected mRNA was translated iﬂ.!iEEé in either wheat germ
extracts (BRL) or rabbit reticulocyte lysates (Promega Biotec) .in the
presence of 50 uCi of [355]-methionine (1000 Ci/mmol,NEN) according to the
procedures of the suppliers. The translation products were electrophoresed

on SDS-polyacrylamide gels as outlined in section 2.1.6.
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2.5 Nucleotide Sequencing of cDNA Clones

# .

2.5.1 iIsolation 25 cDNA fragments from plasmid DNA

The plasmid containing the cDNA fragment was digested with an
appropriate restriction enzyme(s). The DNA fragments were then separated in
a horizontal gel consisting of 0.8% agarose, 0.1 M Tris base, 0.1 M boric

acid and 0.003 M Na.EDTA. The electrophoresis buffer contained 0.1 M Tris

2
base, 0.1 M boric acid, and 0.003 Na,EDTA. The gel was electrophoresed for
2 hours at a constant voltage of 100 voltg. The DNA fragmenté'in the gel
were stained with 0.5 ug/ml of ethidium btﬁ%ide. étaining and all
subsequent .steps were carried out in the dark.| The DNA fragments were
_ located using an ultravioclet lamp. A slot was cut in the gel just below the
DN; fragment and DEAE membrane was inserted into the slot. The DNA fragment
was then transferred onto the membrane vy electrophoresis at a constant
voltage of 150 volts for 10 minutes. The membrane was removed from the gel
and washed twice with 1 ml of Hzo. The DNA w;;7e1uted from the membrane in
200 ul of buffer containing 0.01 M Tris—HCi [(pE 7.2], 0.001 M EDTA, and 1.5
M NaCl at 37°C for 12 hours. The buffer was then replaced with 200 ul of
fresh buffer and the remaining DNA eluFed at 56°C ;or‘l hour. Finally the
DNA was extracted once with phenol/chloroform/isoamyl alcohol and
precipitated with ethanol. ' .

5
2.5.2 Ligation of DNA fragments into M13 phage DNA

The replicative form of M13 DNA (RF DNA) was prepared according to the
procedures \Bf Messing eg al., (1983). The M)3 RF DNA was cleaved at the
" desired éite(s) using the appropriate restriézion enzyme(s). When necessary
the digeé;ed M13 DNA was treated with 6-8 units of .alkaline phosphatase

(Boehringer Mannheim) for the last 30 minutes of the restriction enzyme



36

digestion. Usually ligations wére carried out with a 1:1 ratio of insert
DNA to plasmid (DNA conéentration:lo ug/ml). The ligation ‘reaction mix
contained-.0205 M Tris-HC1l [pH 7.8]1, 0.01 M Mgclz, 0.02 M dithiothreitol,
0.001 M adenosine'triphosphate and 50 ug/ml of bovine serum albumin. One
unit of T4 DNA ligase (Bethesda Research Laboratories) was used for each
ligation, ‘The reactions were carrieﬁ out at 16°C for 12 hours. The plasmid

DNA was then used to transfect either E.coli JM 101 or JM 109 using ' the

procedures of Messing (1983). : ’

2.5.3 Generation of sequential overlapping clones.

HPIV3 specific DNA fra::ments were ligated intd Ml3mpll or M13mpl9
using the procedure outlined in section 2.5.2., These clones were used to
sequence the entire Hﬁ‘gene and flanking regions. Sequentially -shorter
clones were generated using the Cyclone System for rapid deletion
subcloning (IBI) and the Wethods of Dale et al. (1985). Briefly, single-
stranded DNA - M13 templates were prepared according to the procedures of
Meséing (1983). An oligomer RD 20 (5'-CGACGGCCAGTGAATTCCCC-3') was annealed
to;the single-stranded DNA template and the hybrid was cleaved with Eco RI.

The reaction buffer contained 0.01 M Tris-HCl |pH 7.4], 0.01 M MgCl and

2t
0.005 M dithiothreitol. BAn exonuclease digestion was used to digest the
single—strandéd DNA. The exonuclease éigestion was carried out at 37°C in
the above reaction mix with the addition of 1 ug of bovine serum albumin, 6
units of T4 DNA polymerase and a dithiothreitol concentration of 0.010 M.
The exonuclease reactions were stopped by heating to 65°%c for 10 minutes.
These conditions removed approximately 200 bases during a 5 minute
incubation. A reaction containing 15 units of terminal transfgrase (IBI)

and dééxyguanosine triphosphate (0.005 M) was carried out on the single-

stranded DNA at 3??§“§q: 10 minutes. The reaction was stopped by heating
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the mix to 65°C for 10 minutes. The RD 20 oligomer was annealed to the
sihgle—strandea DNA and the oligomer-DNA hybrid was ligated at room
temperature for 2 hours or longer. The ligation mix contained- 0.003 M
adéndsine triphosphate and 1.5 units of T, DNA ligase. The recircularized
plasmid DNA was used to transfect E. coli JM 101 using the procedures"of

Messing (1983).

2.5.4 DNA sequencing
D e

gf DNA sequencing was done using the dideoxynucleotide chain termination

method of Sanger et al. (1§77)4.}The M13 sequencing kit and [35

S }-deoxy-
adenosine. triphosphate were purchased from Amergham. Single-stranded DNA -
templates were prepared according to the proceduresﬂcf Messing (1983). DNA
templates' were annealed with the M13 sequencing primer l(S'-
GTAARACGACGGCCAGI-3') at 60°C for one hour. To the annealéa,t;enplate 15 uci.
of [BSSlfdeoxyadenosine triphosphate ( 600 Ci/mmol, Amersham) aﬁdullunitlof
Klenow fragment liAmersham) were added. This sample was split into Four™
al}quots and one aliquot was added to each of the four~ deoxynucleotide ’
tfiphosphate/dideoxynuc1eotide triphosphate mixes. The sequencing reacéion
volume was 4.5 ul. The composition of the four mixes are outlined in
Appendix 2. The sequencing reactions were carried out at room temperature
for 15 minutes at which time 2 ul of chase solution (Appendix 2) was added.
The reactions were terminated after a 15 minute incubation.

Samples were electrophoresed using a 37cmx 40 cm x 0.02 cm
sequencing gel (IBI}. The gel consisted,of 7 M urea, 8% acrylamide, 0.4 %
bis-acrylamide made up in electrophoresis buffer (0.1 M Tris base, 0.1 M
boric acid, 0.003 M EDTA). To catalyze the polymerization of the gel 60 ul
of 10 % ammonium persulphate (Biorad) and 20 ul of N,N,N',N'-tetra-
methylethylené%iamine (Biorad) were added to 40 ml of the gel mix.

Electrophoresis was carried out for two hours at a constant power of 50
" '

e T
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watts,

2.5.5 Computer Analysis of HN Gene sequence and Gene Product

cOméuter analysis was done using an IBM XT computer and 'DﬁA/Protein
Sequence Analysis Software"™ (IBI) as described by Pustell and Kafatos
(1982a; 19B82b; 1984)..The sequence analysis program was used to‘manipulaté
the nucleotide sequence of the HN gene, to generate an amino acid seqﬁence
from the nucleotide séquence and to search for homologies between HN genes
of différent paramyXoviruses. In addition, this program was used to
evaluate the hydropathy of the HN proteins of HPIV3, Sendai viruf/,and
simian virus 5. The methods used in the evaluation of protein hydropathy
were thoée of Kyte énd Doolittle (1982}). ?he program used a hydropathy
scale in which eaéh amino acid was assigned a vélue that reflécted tpe
relative hydrophilic}ty or hydrophobicity of the amino acid. The hydropathy
plot was simply a running average of the hydropathy scale for each 9
consecutive ‘amino acids at each position in the protein (Kyte and
Doolittle, 1982), The midpoint line ?rinted on éach plot represented the
graﬁd average "of the hydropathy of the amino acid compositions found in

most sequenced proteins (Kyte and Doolittle, 1982).

'
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CHAPTER 3: RESULTS

3.1 HOST CELL-VIRUS- INTERACTIONS: A study of cell fusion induced by

vesicular stomatitis virus (VsvV).

Y

s
-

3.1.1 Cytopathic effects caused by vesicular stomatitis virus

VSV infections of mosp'cell lines produce a rapid cytolytié response,
which includes rounding and degeneration of infected cells. The cytopathic
effects caused by VSV are to some extent a reflection of the inﬁeéE;é host.
For example, L~cells, BHK-21 cells, and R(B77) cells showed a typical'.
cytolytic effect when infected with VSV {(Figure 1), 1In .contrast, Rat-1
cells formed polfkaryocytes and chick embryo fibroblasts formed vacuolar
ghosts when infected‘with VsV (Figure 1). R(B77} cells are avian sarcoma
_virus transformed Rat-1 cell, ye;\R(B77) and Rat-1 cells differed in their
respdnse to VSV infection. R{B77) and BHK-2]1 cells weré éelected for this -
study because they showed a typical cytolytic response when infected by
VsV, | |

3.1.2 Vesicular stomatitis virus-induced cytopathic effects-in cells grown

iﬂ amino acid defic¢ient medium.

Initially it was observed that VSV infected cells grown in amino acid
deficient medium formed polykaryocytes.' To examine this effect, BHK-21 and
R(B77) cells were drown, before and after infection, in normal medium, or
medium containing 1/5, 1/10, 1/20, or 1/30 of the normal amino acid
concentration. As a control uninfected BHK-21 and R(B77) cells were also
grown in amino acid deficient medium. Neither of these cell lines
spontaneocusly formed polykaryocytes when grown inlamino 'acid_ deficient
medium, VSV (IND—H%) infected cells grown in medium containing the normal
concentrations of amino acids showed the typical CPE of rounding and

degeneration (Figqure 2). However, VSV (IND-HR) infected cells grown in



Figure 1. Cytopathic effects caused by vesicular stomatitis virus
in various cell lines. The control cultures (Cont.) were not
infected. The infected cultures (Infeét.) were infected at an ﬁOI
of 1. Note thé polykaryocyte formation in vesicular stomatitis
virus infected "Rat-1 cells and the lack of polykaryocyte

formation in infected BHK-21 and R(B77) cells, Magnification in

all photographs was 200 x. ' -
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Figure 2. Cytopathic effects caused by vesicular stomatitis virus .
when  infected cells were grown in amino acid deficient media.

Vesicular stomatitis wvirus-infected cells were grown in eithe£

normal = DMEM or DMEM containing 1/10 or 1/20 of the normal amino

acid concentration. The second photSQraphs in lower panels were

taken at higher magnification, The bar rep;esented 0.5um in all

-, photographs. o <
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medium containing 1/5 to 1/30 of the normal concentrations of amino acids
formed polykaryocytes (Figure 2). The size and number of éolykaryocytes
formed varied according to the concentratibn of amino acids. For éXample,
when VSV infected cells were grown in medium containing Qﬁs of the normal
concentration of amino acids,_ 30-40% of the cells fused, in contrast, when

VSV infected cells were grown in wedium containing 1/30 of the normal

concentration of amino acids, §0—90% of the cells fused.

Al

To demonstrate that cell fusion was not an unique cytopatﬁic effect of
the 1Indiana serotype of VSV (IND~HR), the experiment was repeated with -
another serotype (VSV N.J. [Concén]) and different strains of VSV (VSV IND
[HR, New Mexico, Glasgpw]). All serotypes and strains tested induced cell
fusion in either BHK-21 or R(B77) cells grown in medium containing 1/20 of
the normal concentration of amino acids. Thus, VSV-induced cell fusion was
neither strain nor setotype dependent.

Defective interfering (DI) particles are known to interfere with the
replication of standard virus (Cooper and Bellett, 1959). Thus, the
presence of DI particles in the stock virus or generation of DI particl;é
may alter the VSV-induced cytopathic effects. To determingd whether DI
particles in the viral stocks were responsible for cell fﬁsion, BHK-21
cells grown in amino acid deficient medium, were infecéed: with wvirus
containing no detectable level of DI particles (i.e. lOQ'MOI ‘progeny of
VSV[IND-HR]}. The same level of cell fusion was obsefved' in cultures
infected with either the progeny or parent virus. This indicated that
defective interfering particles were not involved in VSV-induced cell

PRy

fusion.

To determine if synthesis of host proteins was involved in VSV-induced

cell fusion, BHK-21 cells were grown in amino acid deficient medium
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cohtaining 1 ug/ml of actinomycin D. A 12 hour treatment wihh actinomycin D
(an inhibitor of DNA dependent RNA synthesis) should inhibit hvér 90% of
the synthesis of host proteins. Actinomycin D hreatment did not affect the
formation 6f VSV-induced polykarydcytes when the infécteé cells were grown
in medium containiqg 1/20 of’the normal cohcehtration of amino acids. In
additioh, when VSV infected cells were grown in médium containing normal
concentrations of amino acids and actinomycin D, the cells rhpidly‘rounded
up and degenefated. Thus, the synthesis ofi?ost cell proteins was not
required-for-the formation of VSV-induced polykaryocytes‘

3.1.3 Induction of polyg\ryocytes by vesicular stomatitis virus infection

as a result of 1nh1b1tign of v1rai“prete;n synthesis. -

\
- The effect that nhlbltlon of viral protein synthe51s had on  VSsv-

1nduced polykaryocyt051s was determined b%)grOW1ng the "cells in the
presence of either cycloheximide or puromycin, VSV infected BHK-21 cells
formed polykaryocytes when treated with as little as 1 ug/ml  of either
cycloheximide or puromycin (Table 3, Figure 3). R(B77) cells treated with
either inhibitor also fused when infected with VSV, but a higher
conceritration of inhibitor was required for fusion to occur (Table 3).
Uninfected celis, however, did not fuse as a result of treatment with
either puromycin”_or cycloheximide. Thus, inhibition of viral protein
synthesis played a role in VSV—ihduced cell fusion, To determine the level
of protein synthesis at éach concentration of inhibitor, duplicate cultures
were labeled with a mixture of [BH]-amino acids at the time of infection.
At 12 hours after infection thé amount of label incorporated was
determined. A comparison of the level of [3H]—amino acid incorpofation in
VSV infected BHK-21 sand R(B77) cells is shown in Table 3. R(B77) and
BHK-21 cells responded differently to the two inhibitors. BHK-21 cells were

inhibited to a greater extent than were R{B77) cells (Table 3). The level

N

L )
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Figurel 3. Cytopathic  effects caused by, vesicular stomatitis _ é
‘virué when BHK-21 cells were grown in the ﬁresence of ‘
cycloheximide. A: infected ‘éells grown in the absence of

cyclohéximide. B, C, and D: iﬁfected cells grown in presence of 1,

10, and 100 ug/ml'of-cycloheximide respectively. All photdgraphs

were at thé same magnification. The bar in photograph D

represented 0.5 um.

g
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of inhibition of protein'synthesis at which VSv-induced éolykaryocytosis
also varied. In BHK-21 cells, VSV infection caused cell fusion when protein
synthe51s was inhibited by as little as 38% (Table 3:1 ug/ml of puromycin).
In contrast, VSV-induced cell fusion occurred in R(B??) cells only when
hjgrotein synthesig wéS inhibited by ggeater-than 60% (Table 3: 50 ug/ml
CYCthEXImldE, 100 ug/ml puromycin). VSV-induced polykaryocytosis occurred
in both cell l1nes when proteln synthesis was inhibited by 90% (Table 3),
Thus, cell fusion occurred even at a low level of viral protein synthesis,
,\\Ag the concentratlon of inhibitor increased, the size and number of
polykaryocytes increased {(Figure 3), -Clearly, VSV-induced polykaryocvt051s
~

was dependent on the levéldof viral'proteip synthesis,

3.1.4 Effect of total inhibition of protein synthesis on vesicular

stomatitis virus-induced cytopathic effects

Having established”_that inhibition of viral protein synthesis was
involved in VSv-induted cell fusion it was important to determire if the
inhibition must occur before, during or after adsorption. To explore this
problem, induction of cell fusion after' VSV infaction was examined when 100

y
ug/ml of cyclohexiﬁdde was added at various inteé als before and after
infection (Figure 4). Cells treated with cyclohe:;iide at 1 or 2 hours
before infectioﬁ or at 1.hour after infection showed only minor cytopathic
effects (Figure 4). Thus, early viral protein synthesis was required for
the infectibn to proarcss. When cycloheximide was added at 2, 3, E, or 5
hours after infection, the majoéity of the cells fused (Figure 4}. Indeed,

"if wviral protein synthesis was inhibited at 2 to 5 hours after infection

.- the predominant cytopathic effect was cell fusion.



‘Figure 4. Vesicular stomatitis virus-mediated cytopathic effect
whgn cylohekimide was added at various,times during inféption.
A1l photographs were taken at 12 houés after infection. The
control culture (CONT) did not receive cycloheximide. The
cytopathic effect of vesicular stomatitis virus on BHK-21 cells
that received‘ cycloheximide 1 and 2 hour before infection was
identical to that shown for the culture that received

cycloheximide at 1 hour after infection.
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©°3.1.5 Intracellular synthesis and extracellular appearance of virus

'specific proteins,

To determine which viral protein might be most affected by inhibition
of protein synthesis the rates of synthesis and transport of eagh viral
protein was studieﬁ in a pulse—chase experiment. \GSV\\iifi:ted BHK-21
cells were grown at 30°%C for 1 hoyx,, labeled with [3581 methidnine for 3
hours and the label was chased with an excess of unlabeled methionine for
3 hours. After the addition of the unlabeled methionine hourly samples were
taken, The profiles of intracellular viral proteins present in the cells
at each hour during the chase period are shown in,Eigqre 5 (lanes 6 to 9).
To quantitate the amournt of [3551-methionine labéléd protein répresented by
each band, the autoradiograph of the gel was scanned with a Beckman DU-8B
spectrdphotometer gel scannihg system. For each sample the area of the all
viral protein peaks was determined. This area represented the total amount
of viral proteiﬁ in the sample. The area of individual viral protein peaks
were compared to the total area to determine the percentage that each viral
protein contributed to the total viral protein (Table 4). At the beginning
of the chase pericd the most prominent intracellular viral protein was the
N protein, accounting for 71% of the total intracellular viral protein
(Figure 5, lane 6, Table 4). During the chase, the actual amount of the N.
protein remained éonstant, but its percentage of the total intracellular
viral protein increased to 87% (Table 4). The percentage of the total
intracellular viral protein remained constant for the G and NS ' proggins
during the chase period at approximately 3% and 1%, respectively. As a
percentage of intracellular viral‘brﬁfein, both the L ard the M protein
dropped during the chase period. The reductiQn in the percentage of M

protein was the most dramatic, dropping from 19% to 8% of the total

\ intracellular viral protein (Table 4).



- —

Figure 5. SDS-polyacrylamide gel electrophoresis of pulse labeled
virion-associated and | intracellular proteins of vesicular

stomatitis virus (IND-HR). Cells were pretreated for 18 hours with

actinomycin D and infected at a MOI of 1. At 1 hour after

adsorption the cells were labeled with EBSS]-méthionine for 3
hours, washed and the radioac;ivity was chased with non-
ragioactive methioniqe. Lanes: 1, standard vesicular stomatitis
virus (IND-HR) proteins; 2, 3, 4, and 5, virion associated
proteins at 0, 1, 2 and 3 hours after the pulse respectively; 6,

7, 8, and 9, intraééiluiar proteins at 0, 1, 2, and 3 hours after

the pulse respectively.

49
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'TABLE FOUR: Pulse-chase analysis of vesicular stomatitis virus proteins labeled

Lan
with [3°S]-methionine. . -

Percentage of IBSS]-methiohine incorporated

into viral proteinsa

Intracellular viral-specific

Virion-associated proteins ) proteins.

Time of .

chase (hr) 0 1 2 3 0 1 2 3

% . ‘ /—’—1\,

protein : j/. —~

L 1.5 1.4 2.3 4.2 6.2 7.2 8.4 0.2
G EE.G 11.1 18.0 . 18.2 3.1 5.1 7.7 3.3
NS 0.4 0.4 0.5 0.9 0.7 4.0 . 2.6 1.1
N - 41,1 46.3 40.4 37.2 71;3 65.0 69.5 86.8
M 45.4 40.8. -38.8 39.5 18.7 18.7. i1.8 B.6

2 The autoradiograph from Figure 6 was scanned with the gel-scanning system
of a Beckman DU-8B spectrophotometer« At each time point the area of all
the viral protein peaks was determined. The percentage incorporation into
each viral protein was determined from the area of an individual peak
divided by the total area and multiplied by 100.



The virion-associated proﬁeins at 0,-1, (2 ;nd 3 hours of chase are
shown in Figure 5 {(lanes 2 to 5). At the beginning of the chase period all
the structural proteins were ?Ep:estnted (Figure 5 l§ne 2). However, the M
protein accounted for the highest percentage (45%j of the total wvirion-
associated proteins (Table 4). During the chase, the pefcentage of M
protein dropped signiffcantly from 45 to 39% (Table 4). These findings
indicated that the actual amount of.ﬁ~protein remained épproximately the
same during the. chase period, whereas the amounts of the other proteins
increased.

The pombination of a rapid disappearaﬁce of intracellular M protein
and the rapid appearance of M protein in the virion confirmed the findings
of Kang and Prevec, (1971} that the M protein was the protein most rapidly
~ packaged into tﬂe progeny virions. - Consequently, compared with the other
viral proteins, inhibition of viral protein synthesis would first affect

the intracellular pool of M protein. "

3.1.6 Formation of polykaryocytes by temperature sensitive mutants of

vesicular stomatitis virus at the non-permissive temperature.

To determine if a spécific viral protein was directly involved in
VsV-induced cell - fusion, temperature sensitive (ts) mutants from each
complementation group were used to infect BHK-2IMcells grown at either the
permissive (31° C) or the non-permissive k40 ) temperature. The mutant ts
G31 (III) induced cell fusion in cells grown at either the permissive or
the non-permissive températures (Table 5). However, a much greéter
percentage of the cellé fused at the non-permissive temperature (Table 5).
None of the other temperature sensitive mutants induced cell fusion at
either temperature (Table 5). Furthermore, at the non—pefmissive

temperature 6nly infection with ts G31 (III) resulted in anxigﬁetectable



TABLE FIVE: Cytopathic effects in BHK-21 cells caused by )
temperature sensitive mutants of vesicular stomatitis

virus
Cytopathic effect®
vsv Complementa- 310C(Permissive) 4OOC(Non-permissive)
Mutant ticn group T '
' 12 h PI 26 h PI | 12 hPI 24 h PI

Gll4 I 50% R R+D NC NC
G23 II 50% R « R+D NC NC
G31 III 50% R 5% PK K 70% PK
G44 v 508 R R+D NC NC
.045 v . 80% R 4 R+D NC NC
IND-HR WP 708 R R+D 80% R R+D

R+D, rounding and degeneration; NC, no cytopathlc effect;
PK, polykaryocyte formation.

b PI, post-infection; WT, wild type.
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cytopathic effect (Table 5). The matant ts G31 is a complementation group
{

IIT mutant which has.a temperature sensitive defect in the M protein

(Lafay, 1974; Knipe et al., 1977b; Hughes et al., 1979b).

Figure 6 shows an analysis of intracellular and virion—associated
proteins of ts G31 (III) produéed at permigéive (31° ¢) and non-
permissive (40O C) temperatures. Intracellularl&, less virai protein was
made at the non-permissive temperatire compared to the permiss;ve
temperature (Figure 6, lanes 3 and 4). However, the G, NS, N and M proteins
accounted for approximately the same percentage of the total viral proteins
at both the permissive and non-permissive temperatures {(Figure 6, lanes 3
and 4, Table 6). Only the percentage of total intracellular viral protein
of the L protein dropped at the non;permissive temperature (Figure 6, Table
6). Less virion-associated protein was produced at the non-permissive
temperature than at the permissive temperature (Figure 6, lanes 5 and 6).
As a percentage of the total virion-associated protgins, the G protein
remaingd approximately the same at the permissive-,and non-permissive

temperatures (Table 6). The N protein produced at the non-permissive

temperature accounted for a greater percentage of the virion-associated

proteins n at the permissive temperature (Table 6). The percentage of
t otal virion-a iated proteins dropped for three proteins (M, NS, and

L) at the non-permissive temperature (Table' 6}. Clearly, at the non-
permissive teméerature the L protein of ts G31 (III) was not synthesized as
efficiently as at the permissive temperature. Moreover, although synthesis
of the NS and M proteins was occurring at the non-permissiye temperature
these ﬁroteins were not as efficiently assembled into the progeny virus.

3.1.7 Summary of the study on cell fusion induced by vesicular stomatitis

virus,

.Q 2 ) .
Five highly cytoly%é%;#?iains of both Indiana and New Jersey serotypes



Figure 6. Analysis of intracellular and virion-associated proteins

- of ts G31 (III}). BHK-21 cells were pretreated with actinomycin D .

and infected at a M0l of 1. The infected cultures were incubated
at 31°C for 3 hours. After this period} the cultures were dividedr
finto two groups. One group was incubaﬁed at 40°C and the other
group wag sincubated at 31°C. The cells were incubateé :for an
additional hour and then were labeled with 3.5 uCi/ml of [°°S]

methioniné.' The cells were labeled for. 4 hours, harvested,

fractionated into viral or intracellular compenents and then

]

N

electrophoresed on a-° 12% SDS-polyacrylamide gel. Lanes: 1,
vesicular stomatitis virus (IND-HR) standard proteins; 2, mock-—
infected BHK-21 cells; 3, ts G31 (III) intracellular p§9teins
generated at . non-permissive temperature; 4, ts G31 (IIi)
intracellular proteins ggnerated at the permissive tempe;atgfe;
5,- virion associated proteins of ts G31 (III) produced at non
permissive temperature; 6, virion associated proteins of ts G31

(III) produced at permissive temperature.
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TABLE SIX: Analysis qf the viral proteins of ts G31 (III) produced in
BHK-21 cells grown .at either the permissive or non-
permissive temperatures

55

Percentage { 355 ]-methionine
incorporated into viral protein

Intracellular viral- Virion-associated
. N specific proteins proteins
dncubation 40 31% 40% 31%
te*wature .
Viral .
Protein
L 0.3 4.8 . 0.4 6.3
G 13,2 12.5 12.7 7 . 11.5
NS 12.0 8.1 1.2 3.6
N | 46.4 ©47.3 52.1 38.4
M 28.1 27.3 33.6 40.2
a

The autoradiograph from Figure 7 was scanned with the gel-scanning
system of a Beckman DU-8B spectrophotometer. The percentage
incorporation into each viral protein was determined from the area of
an individual peak divided by the total area and multiplied by 100.

-



of VSV were shdwn.to indu;e'Cell fusion in BHK~21 and R(B77) -cells. This
changé in cytdpathié¢ effect occu;réd when viral Aprotein synthesig ‘was
inhibited--gfter the eclipse period of viral replication. Pulse-chase
experiments showed that inhibition of protein syntﬁesis led to a reductiqn
in the intracellular pool'of M protein in comparison to the oﬁher. Qiral
proteins. A temperature sensitive ﬁutant defective in the M protein (ts°'
G3l) was the only mutant of the f{ve VSV complemeritation groups to
spontaneously induce polykaryocytes at the non-permissive temperature,
Therefore, M protein influences the membrane fusion acktivity of vsv.

3.2 STRUCTURE OF HUMAN PARAINFLUENZA VIRUS 3.
a

The involvement of the M protein in VSV-induced membrane fusion
highlights the necessity of studying all the viral components involved in a
biological function rather than concentrating on a single component. The

complexity of virus-host cell interactions is sometimes lost<93*we try to

focus in on the elements involved. Thus, a ﬁecessary first step 1in  the
study of virus-host cell interaction is the characterization of all the
viral components. The second-'part ef this thesis deals with the
characterization of the components of human parainfluenza virus 3.

3.2.1 Selection of growth parameters for human parainfluenza virus 3

A difficulty encountered when working with HPIV3 has been low virus
yields from cultured cells (Guskey and Bergtrom, 1981). To overcome this
problem it was necessary to find a cell line which' yiél@ed high wvirus
titres. Previously, primary rhesus monkey kidney cell cultures have been
thg most widely used for detection and quantitation of parainfluenza
viruses (Frank et al., 1979; Hawthorne and "Albrecht, 1981). However,

primary cell cultures were not used in this study because they are

\
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expenéive and difficult to maintain. Contihuoue linesfbf monkey kidney
cells (LLC-MX2, GMK, AH-l, BSC-1 and VERO) have been usee to grow

 parainfluenza Viruses (Hawthorne and Albrecht; '1981; Orstavik, 1981). To
identify a cell line which produces higﬁ yields of HPIV3, four cell lines,
all continuous monkey kidney cells (LLC-MKZ, RE2A, E6 and VERD) were
infected with HPIV3. Of the four cell lines testeq, HPIV3 infected LLC-HK2
&115' continually gave the highest titre of bet\:eeen _7.6x106. and 6x10 8
P.F.U./ml. lAccording&y, LLC-MK2 cells were eelected ;s the cell line for
| uproduc:inn £ dPIVC on the basis of the_ﬁigh virus titres produced. |
, To P growth kinetics of HPIV3 in LLC-MK2 cells,:.a growth
cgfvé was wrowmiinred, Figure 7 shogs the growth curvek?f HPIV3 in.LLC-MK2
cé'ns hf’ected' at a multiplicity of infection (MOI) of 3. A titre of 9x10’
P.F. U Jml was achleved 24 hou re after infection, ‘With a lower MOI of 0.1
P.F.U./cell, hzgrer viral yields of between 2x108 and 6x108 were obtained.
# Once the maximﬁm titre was ;eached: at rapproximately 24 hours after
1nfect10n , it was maznta1ned until S 72 hours after- the infection.

The cytopathic effects DIOdL ed by Hgivg in LLC-MK2 cells dld not
become & nt until 10 hours aftet infection. Polykaryocytes were first
x#mervedfin these cultures at iz_hours after tl.2 infection. The number and
'si;e.iof the bolykaryocytes increased until 55 hours a?ter infection at

_ which time ﬁhe cells'staeted.te found up. .The nuclear hembranes' in the
polykaryocytes remained distinct until 1§ hours after'infecﬁion'*at which
‘Ftime they also began to fuse: The prodominant cytopathlc effect observed
‘between S5 and 72 hths after infection was roundlng and degeneration of

the cells, ' : _ .
9 o o/

3.2.2 Human ra:alnfluenza V1rus 3 genomic RNA

To de-e;mlne the molecular weight of HPIV3 -genomic RNA, inFected
., cells were Iabeied:‘with.[BH]-uridine between 12 and 24 hours after the

. .-
T -
-~ - .
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Figure 7. -Growth curve of human parainfluenza virus 3 in LLC-MK2
cells. iCell cultures (7x10% cells) were infected at a MOI of 3.

Samples were assayed for infectivity-by plaque assay on LLC-MK2

- cells.
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infection. The virus _was isolated. Genomic RNA was extracted from the

isolated virus, denétured with glyoxal and analyzed in a 1% agarose gel
(Figure B8}. The molecular weight of the genomic RNA was determined using
ribqéomal_RNA's and vesicular stomatitis virus genomic RNA as markers. The
molecular weight of the genome of HPIQB was estimated to be 4.6 x lO6

3.2.3 Structural proteins of human parainfluenza virus 3

HPIV3 proteins were labeled w;ph,[3581—methionin§1 harvested 48 hours

after infection, and analyzed by ;Egs—polyacrylamidegél electropﬁoresis

14

(Figure 9). Proteins of known moleculér weights (7 °C labeled high -molecular

weight standarjs, Bethesda Research Laboratories, = Inc.) were

-

electrophoresed in the same gel to determine the molecular WEiéhES -of
the wvirion proteins. The virions of HPIV3 conta%ned seven major proteins
with mélecular weights of 195,000, 87,000, 69,000, 67,000, 46,000, 44,000,
and 35,000 (Figﬁre 9, lane 2). On longer exposure of the autoradiograph two

minor proteins with molecular weights of 60,000 and 20,000 were found in

the wvirion. Three proteins with molecular weights of 69,000, 60,000 and

46,000 were labeled with (14C)-glucosamine. These proteins were considered
to be glycoproteins (Figure 9, lane 4). \

Since the electrophoretic profile of HPIV3 was similar :Eo that of
other mammalian parainfluenza viruses (Shibuta et al. 1979; Morein et al.,
1983; Scheid and Choppin, 1974), the six\major proteins were tentatively
designated as L, P, HN, NP, F and M, as indicated in Figq;e 9. The nature
of the protein of M.W. - 44,000 is unknown. Cellular actin, with a similar
molecular weight, has frequently been repérted to. bé' associated with
virions of other paramyxoviruses {Lamb et al., 1976; Guiffre et‘él., 1982;
Cowley and Barry, 1983; Morein et al.,'lBqu. It is likely that the minor

60,000 protein labeled with [14C]-glucosaminercorresponds to the F, protein

"

t *



Figure 8. Agarose gel electrophoresis of genomic RNA of
human parainfluenza virus 3 after glyoxal‘ denaturation. (A)
Autoradioqraph of I3H] uridine labeled vesicular stomatitis virus
genomic RNA (lane 1) and human parainfluenza virus 3 genomic RNA,
isolated from two different preparations of virus (lanes 2 and 3).
(B)_Ethidium bromide stained gel. Agarose gel electrophoresis;, of
ribosomal markers (Ianes 1 and 4), human parainfluenza virus 3
genomic RNA‘ (léne 2) and vesicular stomatitis virus genomic -RNA

{lane 3).
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Figure 9. Polyacrylamide gel analysis of human.parainfluenza virus

3 proteinb. Lanes: 1, 14C—arnino acid labeled myosin (M.W.

'200,000), 'phosphorylase B (M.W. 92,500), bovine serum albumin

(M.W. 68,000), ovalbumin (M.W. 43,000), chymotrypsinogen (1.0,
125,700) and B-lactoglobulin (M.W. 18,400); 2 and 3, [°°S]-
methionine labeled.h&mén parainfluenza virus 3 proteins; 4, [;46]—
glucosamine labeled human parainfluenz? Qifus 3 proteins,
Electfophoresis was carried out in 15% poiyacpylamide gels
containiqg 0.1% SDS. Thg molecular weights of the proﬁeins are

. . : é
indicated on the gel (K denotes x 103).

s ’
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of other paramyxoviruses.

HPIV3 infected LIC-MK2 cells were grown in the presence of [32P]-
orthophosphate to determine if any of the HPIV3 proteins were
phosphorylated. Five of the seven viral oroteins were labeled with [329]_
orthophosphate, the P, HN, NP, F and M proteins (Figure 10}. Pfesﬁmably,
phosphorylated protg}ns are involved in genome replication., However, the.
significance of these phosphorylated proteins has not been explored.

3.2.4 Disulfide bonding of the viral proteins

To examine which HPIV3 proteins participate in intramolecular

358]—methionine or [14C]-glucosamine labeled wvirion

disulfide bonding, |
proteins were separated by SDS-polyacrylamide gel electropho;esis under
either reducing conditions or non-reducing conditions {Figure 1}). On the
basis of protein band intensity, it appeared that the NP protein (protein
c) migrated to the same position. under reducing and non-reducing

FJ
conditions {Figure lla, lanes 1 and 2). This suggested that intramolecular

disulfide Qé??g did not occur in the structure of NP protein; In contrast,
intramolecular disulfide bonds 6ccurred in the M and b proteins because
they migrated to different positions under non-reducing conditions than
under reducing condié‘ons (Compare lanes 1 and 2 in Figure 1lla). Likely,
the M protein corrgsponded to protein e under non-reducing conditiong
(Figure 1la, lane 1). The migration of P protein under non-reducing
conditiqns was fiot firmly gstablished. The P protein under non-reducing
conditions may  have cofresponded to protein b or one of the faintly
labeled proteins between proteins b and e, Protein a did not correspond to
the P protein under non-reducing conditions because protein: a is
glycosylated (Figure lla, lane 1 dnd Figure llb, lane 1}.

To faciiitate the identification of the glycoprotein species, both one

and two dimensional non-reducing gel systems were used, Under non-reducing-
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© Figure 10. SDS-polyacrylamide gel electrophoresig of the
phosphdrylated proteins of human parainfluenza Yirus 3. [32P]—
orthophosphate labeled human parainfluenza virus 3 broteins were’\’>
analyzed in 15% polyacrylamide gels. Human parainfluenza virus 3
proteins labeled with [BSS]—methionine were co—electrophoresed as ;

molecular weight markers. -

%
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Figqure 11. | ShS-polyacrylamide gel electrophoresis of human
parainfluenza virus 3 'proteins in the presence or absenqe of a

reducing agent. Gel a: {BSS];methionine labeled proteins. Gel b:
[;4C]—glucosamine—labeled proteins, Lané¥: 1, proteins
electrophoresed without dithiothreitol in sample buffer (non-

reducing conditiohs); 2, dithiothreitol was added to  sample

buffer (reducing conditions). Predominant bands in the sémples

electrophoresed without dithiothreitol have been designated a

through e.

-
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conditions HPIV3 glycoproteins resolved inté three proteins (Figure 1lb,
léne 1), labeled protein a and protein d. Protein band d_cbnéained a major
slower migrating protein and a minor fastef migtating protein., In the two
dimensional ;;i systeﬁ {Figure 12), protein band @ migrated in the
reducing aimension aé a major triangular-shaped spot and two minor faster
migrating spots. The molecular weight of the priahgular—shaped spot
corresponded to that of Hﬁ protein. Furthermore, the two faint spots
migrated to the same position as FO and Fl under reduq}ng conditions
(Figure 1§l;’fThese findings demonstrated that protein band d (Figure ila
and llp) was composeqd oﬁ?HN,‘.FO and Fl )2 with ‘HN being the major slower
migrating protein. \This implied that both FO and cleaved Fl proteins were
presént iﬁ Ehe virion. It also indicated that HN was not present as - a
Gisulfide linked dimer on the EPIV3 virion. Thé&nqture of the high
molecular weight protein (Figure 1lb; lane 1) represenped by prgiein band -
a é;;tagknown. Protein)a was not a glycoﬁfakein dimer linked by disUlfiae
bonds because protein ﬁith the molécular weight of HN or FO .did not apbear
following reduction. Furﬁhermore, in two'dimenéional gels, protejha_wag
loéated on the diaéonél,- which indicaégd that disulfide,boﬁds

\] ’
effect the migration of this protein.

id* not

9

3.2.5 Location of the structural proteins in the virion.

The énvelbpe proteins of Sendai virus, -simian virus 5 (SV5) and

Newcastle disease virus (NDV) have been separated from ndcléocapsid .

- proteins by disrupting virions with Triton X-100 in the preserice of 1 M KCl

& " .
(scheid et al., 1972; Scheid and Choppin, ;973; Hosaka et al., 1974; Lamb

and Mahy, 1975). A similar procedure was used to determine the location

. of each of the proteins in ‘the HPIV3 virion. Fiqure 13 (lane 1) shows the

A

‘electrophoretic pattern of virion proteins of HPIVB‘labeled with '{3551-

3 . - . -

L



. Y
Figure 12. Two dimen§iona1 polyacrylamide gel analysis of human
parainfluenﬁg_wyirus J proteins labeled with [14C]—glucosamine.
> )
Radioactivé%zﬁ_labeled virion proteins were electrophoresed in the

first ‘dimension (horizontal) undgf non-reducing conditioné. A
single lane was cut from the gel,. soaked for 30 minutes in buffer
containing 0.5 M Tris-HCl1l pH 6.8, 0.4% SDS, 2% mercaptoethanol,
positioned on a 15% polyacrylamide gel containing 0.1% SDS, and

electrophoresed in the second dimension (vertical), ‘The black dot

indicates the origin. The dpper gel shows the position of proteiﬁs'

after electrophoresis under non-reduced conditions in the first

dimension. Marker lanes in the second dimension indicate the

positions of pfoteins after electrophoresis under reduced

¢conditions, Both [14C]—glucosamine and [3

labeled proteins have been used as markers,

SS]—methionine,
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Figure 13, Location of human parainfluenza virus 3 proteiﬁs in the
virion. [3SS]—methionine labeled human parainfluenza virus 3
proteins were analyzed by SDS-polyacrylamide gel electrophoresis
after various treatments. Lanes: 1, total virion proteins; 2,
pelleted nucleocapsid.pfoteins after treatment with 2% Triton X-
100 and 1 M KCl; 3; soluble envelope camponents after treatment
with 2% Triton X-100 and 1 M KCl; 4, Upper peak fraction after 10
to 25% sucrose gradiént velocity ultracentrifugation; -5, lower

peak fraction after sucrose gradient velocity sedimentation; 6,

low salt aggregate pelleted from lower peak fraction.
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methionihe. To.solubilize the envelope components, virions were disrupted
with 2% Triton X-100 and 1 M KCl. After ultracentrifugation, the pfoteins
associated with_the soluble portion and the pellet were analyzed by SDS-
polyacrylamide gel electrophoresis. Proteins in the pellet (Figure 13, lane
2) resembled those in the intact virus except for a large reduction in the
amounts of HN and M relative to other proteins. Both gb and Fl proteins
were associated with the pelleted nucleocapsid material and not the soluble

envelope . fraction. The predominant protein bands in the soluble portion

(Figure 13, lane 3) were the HN and M protein bands. Some NP protein was '

found'in the soluble fraction (Figure 13, lane 3) but was greatly reduced
in amount compared with gither the pelleted nucleocapsid material or the
. total NP protein., The envelope components were further separated by
sucrbse gradient velocity sedimentation. Two peaks were obtained. The
upper peak (Figure 13, lane 4) contained predominantly HN‘protein ﬁith some
NP protein and a trace of M protein. The lower peak contained mainly M

protein, with a trace of HN and NP proteins (Figure 13, lane 5}. When the

fractions in the lower peak were pooled, dialyzed to remove the salt, and.

ultracentrifuged, only the M protein was pelleted (Figure 13, lane 6).

3.2.6 summary of the structural components of human parainfluenza virus 3.

The genomic RNA and virion proteins of HPIV3 were characterized. The

genome of human parainfluenza virus 3 was found to be a linear RNA molecule

with a molecular weight of approximately 4.6 X 106. Seven major and two

minor proteins were associated with the virus particles of HPIV3, Three
protéins of molecular weights 195,000, 87,000, and 67,000 were éssociated
with_the nucleocapsid of the virion. Thesé proteins were designated L, P,
and NP, Tespectively. Three proteins labeled with [14C]-glucosamine had

molecular weights of 69,000, 60,000, and 46,000. These proteins were

designated HN, Fg and Fl respectively. The HN protein had intramolecular -
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disulfide bonds, but did not participate in disulfide bonding to form
dimers. A protein of M.W. 35,000 associated with the envelope components of
the virion and aggregated in low salt buffer. This protein was desigﬁated

M protein.

3.3 VIRAL SPECIFIC INTRACELLULAR CI*@HJNENTS

3.3.1 Virus specific intracellular RNA's.

To identify HPIV3-specific intracellular RNA's, infected LLC-MK2 cells
were labeled with [3H]-uridine in the presence or absence of actinomyéin D
RNA. was extracted and fractionated by oligo(dT) cellulose chromatography
into poly(A)+ and poly(A)” fractions. RNA from each fraction was denatured
with glyoxal and electrophoresed on a 1.5% agarose gel, A strong RNA band

corresponding in size to HPIV3 genomic RNA (M.W. 4.6xlO6

; 15Kb)} was readily
detected in the Eoly(A)_ RNA fraction from infected cells (Figure 14).
Relativély less geﬁomic RNA was found in HPIV3 infected cells which were
not treated with actinomycin D (Figure 14)., In the poly(A)+ fraction of
HPIV3 infected cell RNA, several RNA species were found which presumably
represented HPIV3 mRNA's (Fiqure 14, 15}). Figure 15 shows the poly(A)+
fraction of infecﬁéd cell ﬁNA that was electrophoresed for an extended
period to enhance the separation of the RNA species. Varying amounts of
HPIV3 gencmic size RNA (M.W. 4.6x106, 15 Kb) were always found associated
with the'poly (A)+ RNA fractions even after several cycles of heating and
oligo(dr) cellulose chromatography (Figures 14, 15). This RNA is likely
present- due to a sandwich effect in . which the poly {A)+ RNA binds to the
column - and the genomic RNA binds to the poly (A)+ RNA, Following transfer
to nitrocellulose, all of these polyadenylated RNA spécies hybridized with
[3%p]-labeled HPIV3 genomic RNA (Figure 16, lane 1). Clearly, the five RNA

sbecies shown in Figure 16 (lane.l) are all polyadenylated HPIV3 specific



Figure 14. Agarose gel electrophoresis of RNA isolated from human

parainfluenza virus 3-infected cells. Human parainfluenza virus 3-

infected LLC-MK2  cells were labeled with 3H—uridine in the

‘presence or absence of actinomycin D. Cytoplasmic RNA  was

isolated and separated into Poly (A)' and Poly (A)” fractions.
Aliquots of each fractidn, containing equal number of counts, were
treated with glyoxal and electrophoresed on a 1.5% agarose gel.
Vesicular stomatitis wirus (IND-HR) mRNA's wefe included in a
parallel lane as molecular weight markers. The molecular weights

of the human parainfluenza virus 3 RNA species are indicated.

- f
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Figure 15. Agarose gel electrophoresis of polyadénylated RNA
isolated from human parainfluenza virus 3 infected LLC-MK2 cells.

" The sizes of human parainfluenza virus 3 RMA species are indicated

in kilobases (Kb).

N
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Figure 16. Northern blot analysis of human parainfluenza virus 3
polyadenylated RNA. Poly (A)+ RMNA was isolated from actinomycin D
treated LLC-MK2 cells infected with human parainfluenza virus 3.
The RNA samples were denatured with glyoxal, eleetrophoresed on a
1.2% agarose gel and transferred to nitrocellulose. ‘Individual
strips were hybridized with 32P—labeled genomic RNA (lane 1) or
with nick-translated :gcémbinant DNA's: pPI 47 (lane 2), pPI 28

(lane 3), pPI 3 (lane 4), PpPI 14 (lane $5) and pPI 10 (lane
6).

“\S\ .

72



e RN
S A o
T ke

sl
F-%‘-‘-:'-"
At A

., ‘_-.;po‘
Py

s
®



RNA species and likely mRNA's.

3.4 CLONING OF HUMAN PARAINFLUENZA VIRUS 3 GENES AND STUDY QE THE GENOME

ORGANIZATION

3.4.1 Constructibn of cDNA libraries

A bank of HPIV3-specific clones used in my study was p;qvided by Dr.
K. Dimock, University of Ottawa. This bank of clones was generated using |
polyadenylated RNA  isolated iom LLC-MK2 cells. 18-24 hours after
infection. Oligo (dT) was used to prime cDNA synthesisi and established
methods were followed for the synthesis of double stranded cDNA (Maniatis
eth al. 1982). .Fractions of cDNA with an average size of 1.2-1.3 Kilobase
pairs (Kbp) were selected by Sepharose 4B chromatography. The cDNA was
ligated into plasmid pBR322 using Bam HI linkers and the ligation mixture
was used t6 transform E. coli RR1. - Another bank of HPIV3 specific clones
was constructed by the author. The second bank of HPIV3 mRNA-specific cDNA
clones was constructed by direcﬁ blunt end ligation.of double-stranded cbDNA
“into the Sma I site of pUC 8. . N
HPIV3 specific clones from both banks were identified by colony
hybridizat;on with 32P-labeled fragments of geﬁomic HPIV3 RNA, Roughly 5%
of the transformants contained viral-specific sequences. HPIV3 specific
inserts” from the first cDNA clone bank were igolated, nick—tranélated~and
used to identify related clones by cross-hybridizat@on (Dimock and C%té,
personal éoﬁmunication). In this manner, five distinct groups of clones
which contained noﬁ~£omolog6us : viral sequences were identified.
Representatives of each of these five groups were used to screen the second
bank of clones. 'ééch clone in the second library hybridized uniquely to a
representative of one of the five non-homologous groups of clones from the

first bank.i These results indipated that none of the five groups
. . -
AN -

“ ‘ .
N
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contained cloned fragments of the same HPIV3 gene, ' generated by internal
Bam HI cleavage of cDNA during linker digestion. In all, 112 HPIV3 specific
clones from both mRNA derived clone banks, . were screened in this manner,
The total number of clones in each group is listed in Table 7.

3.4.2 Coding assignments of viral-specific mRNA's.

To correlate each group of clones to a specific HPIV3 mRNA species, a
nick-translated plasmid nrepresenting each group (A-E, Table 7) Qaé
hybridized to Northern blots of polyadenylated RNA isolated from HPIV3

' infected cells. Each plasmid hybridized strongly to A different mono-
cistronic species of mRNA (Figure 16, Lanes 2-t). In addition, all the
representative plasmids hybridized to genomic RNA (data not shown). Two
species of bicistronic Eranscripts were also detected. One of these

6

transcripts (M.W, 1.3x10 or 3.8 Kb) contained sequences which

correéponded to clones pPI 3 (Figure 16, 1lane 4) and pPI 14 (Figure 16,
lane 5). This bicistronic transcript was reldtively abundant in infectéd

cells, The molecular weight of this transcript (1.3x10%) approximated the

sum of the two monociétron{c transcripts (M.W. 4.6x105, 8.0x105) which

hybridized to pPI 3 and pPI i4 (Table 7). A second larger bicistronic

transcript was detected only upon prolonged exposure of the autoradiograph

{data not shown). This RNA species hybridized to both clone pPI 47 (group
A, Table 7) and clone pPI 28 (group B, Table 7). The molecular weight of

this transcripﬁ“(l.leOs) again approximated the sum of the smaller mMRNA'S

(M.W. 6.4x10°, 8.2x10°) which hybridized specif¥eally to clone pPI 47 and

-~

clone pPI28 (Table 7). Bicistronic transcripts Mmilar to these are -
dgsgéhed in cells infected with other paramyxoviruses (Collins and Wertz,

1983; Paterson et al., 1984a; Udem and Cook, 1984; Wilde and Morrison,

&

A

1984; Bellini et al., 1985).

-~

To as‘igq) a viral gene product to both‘the mRNA species and the

»
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TABLE SEVEN: Assignments of HPIV3 MRNA clones?
2 ' : Agproximate Size of
Clone Number of Representative size of major mRNA(S) Gene
group clones cleone insert hybridized _6 assignment=
{Kbp) (Kb) {(M.W.x10 )
A .59 pPI47 . 1.5 1.9‘ 0.64 \ NP
B . ° 21 -  ppI28 1.0 2.4 0.82 P
c 16 PPI10 1.0 2.4 0.82 ° HN
D 9  pPI3 1.0 1.3 0.46 M
E 3 pPIl4 1.6 2.3 0.80 . F
D+E - . pPI3+pPIlY . ‘3.8 1.3 M/F
A+B - PPI47+pPI28 - 4.3 1.5 NP/P

Analysis of two banks of cDNA clones derived from Human Parainfluenza
Virus 3 mRNA .are presented in this summary. One clone bank was
generously provided by Dr. K.Dimock, University of Ottawa.

Determined by cross-hybridization using two independent clone banks; one \\.
constructed in pBR322 and the other in pUCS.

/ ' .
Determined by hybrid selection and in vitro translation.

Non-homologous groups of clones-hybridizing to mRNA of the same size.
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groups of clones, in vitro translation of hybrid-selected quﬂis was
carried oﬁt. ‘ Representative plasmids'(pPI 3, 10, 14, 28, and 47) from
each group of clones gﬁ-E) were digested with Bam HI and the DNA fixed to
nitrocellulose discs. Total cytoplasmic RNA frbé ﬁéiVB infected cells was
hybridized tc¢ the plasmid DNA fixed on the _nitrocellgiose discs. After
several washes, bound RNA was eluted and‘translated in vitro in both wheat

germ extracts and rabbit reticulocyte lfgates in the presence of 358—

methionine. The translation products were electrophoresed on  SDS-
polyacrylamide gels and visualized by flu;roéraphy. The products of the in
vitro translations of hybrid selected RNA are shown in Figure 1l7a. Clone
pPI 47- (group A) contains sequences which selected a mRNA that directed
synthesis of the NP protein, Similarly, clones"'pP‘I 28 (Group B) and pPI 3
(Group D} were assiénedA to P apd—M genes réspectively. NP, Pand M MRNA' s

were  translated efficiently in both in vitro translatiorf systems.

' Translation Bf the P mRNA in wheat germ extracts yielded not only the
87,000 molecular weight P protein but also at least 2 smaller polypeptides
of molecular weights 33,000 and 45,000. These proteins may have occurred

as a result of proteolytic cleavage of the P protein. Alternatively these

.

proteins may have resulted from translation initiated at alternate sites in
the same reading frame as P, as reported for SVS V protein (Paterson et
al., 1984a) or in a different reading frame, as with Sendai virus C

protein (Giorgi et al., 1983). \;he latter possibility was considered

unlikely because the largest opeﬁ rggaing frame not in frame with P protein.
would code for a protein of molecular weight 23,000 (Luk et al., 1986). In.

vitro translations were carried out using two concentrations of hybrid-

selected RNA in order to determine if the products varied accoraing tc the
guantity of RNA added. Three groups of hybrid-selected RNA (pPI 3, ' pPI 28

and pPI 47) were used, Figure 17b shows the results of these in vitro



Figure 17a. Analysis of the translation products of hybrid
selected human parainfluenza virus 3 mRNA's. Translations were

carried in wheat germ extracts containing [358]—methionine. The

translation produéts were electrophoresed on a 12.5% /éDS—

polyacrylamide gel.. Virion proteins were electrophoresed in a -’

parallel lane as markers (M.W. (P) 87,000, (HN) 69,000, (NP)
67,000, (F) 46,000, and (M) 35,000). A number of control
translations are also sﬁowﬁ. ‘These.include translations td which
no RNA, RNA from uninfected LILC-MKZ cells, or increasing amounts
of RNA frbm infected LLC-MK2 celis were added. In addition, a
control hybrfid selection was done with pBR322 alone. The last
lane is a longer exposure of the pPI 14 lane. Plasmid pPI 40 is a

member of the same group as pPI 10(HN).

T
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Figure 17b: Analysis of translation products of hybrid selected
human parainfluenza virus 3 mRNA's. Three clones (pPI 3, 28, and
47) were used to hybrid select RNA, Two different concentrations
of the seélected mRNA ( 1.0 ug and 1.5 ug) were used to direct
translation ln wheat germ extracts. Lanes: 1, translation products
frbm 1.5 ug of pBR 322 hybrid-selected RNA; 2 and 3, translétion
products from 1.5 and 1.0 ug of pPI 3 hybrid-selected RNA
respectively; 4 aﬁd 5, translation products from 1.5 and 1.0 ug
of 'pPI 28 hybrid-selected RNA respectively; 6 and 7, translatioﬁ
products from 1 5 and 1.0 ug of pPI 47 hybrid-selected RNA
respectlvely, g8 and 9, translatlog/pgpducts from 1.5 and 1.0 ug of
g£otal MRNA species respectively; 10, translation products from 1.0
ug of uninfected cellular RMNA; 11, translation products with no

RNA added; 12, human parainfluenza virus 3 virion proteins.

on,
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transiatipns. For all three hybrid-selected RNA species, as the
concentration of RNA increased so did thé amount of translation product
{(Figure 17b). “

The mRNA's selected by pPI 10 {Group C) and péI 14 (Group E) were not
translated efficiehtly by either in vitro translatiqn' system, When the
amount of hybrid selected mRNA added to the reaction mixtures was increaseé‘*
tenfold, translation 'products from wheat germ extracts could be readily
detected, Plasmid pPI 10 selected an mRNA coding for a protein with a
- molecular weight of 62,000 which migrated just below the position of the NP
protein. A - protein of this size was also found in HPIV3-infected LLC-MK2 -
cells treated with tunicamycin (Figure 1B) whereas a HN. protein of
molecular weight 69,000 was not found. The oppos;te situation arises in
HPIV3-infected LIC-MK2 cells érbwn in the abséhqg of tunicamycin, where the
HN protein was found but not the protein with a molecular weight of 64,000
(Figure 18). These results indicated that the 64,000 molecular weight
protein was the unglycosylated form of the HN protein. Thus, Group C clones
were assigned to the HN gene. Plasmid pPI 14 hybridizZed with mRNA's which
directed the synthesis of two proteins. A protein with a molecular weight
of 54,000 (migrating just above the Fl protein) 1likely was the non-
glycosylated form of the HPIV3 Fl’2 protein precursor FO' The other protein
electrophoresed to the same position as the HPIV3 M protein. As indicated
by Northern blot analysis (Figure 16), both pPI 3 (M gene clone) and pPI 14
hybridized with a larger (M.W. l.3x106, 3.8 Kb) relatively abundant
polyadenylated HPIV3 transcript. This transcript could be a bicistronic W/F
MRNA, which was hybrid selected by p§1~l4 and translated into M protein in
vitro. Translation of the M protein would be favored because the.M protein
coding sequenceé would be 5' proximal. On the other hand, the F protein

would not be translated from the bicistronic mRNA because internal

v



Figure 18. Synthesis of human parainfluenza virus 3 prcteins in
infected LLC-MK2 cells. Cells were either infected with an MOI of
10 or were mock infected. Tunicamycin treated cells were grown'in
DMEM containing 0.5 ug/ml of tunicamycin. Eighteen hours after
infection the DMEM was aspirated and MEM .containing 10 uCi/ml of
[3

cells were labeled for 2 hours, lysed and subjected to SDS-

5S]—methionine as the only source of methionine was added. The

polyacrylamide gel electrophoresis, WVirion proteins were co-
electrophoresed to serve as markers. The arrow indicates

migration of the unglycosylated form of the HN protein.
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initiation  sites are not generally used by eukaryotic translational
machinéry. Thus, the F protein is not seen ;n the M protein translation
{pPI 3f. These results are consistent with the proposed M/F gene order for
the related paramyxoviruses Sendai virus (bowling et al,, 1983; Hidaka et
al., 1984) and SV5 (Paterson et al., 1984a).

The coding assignments of the clones and HPIV3 mRNA's are summarized'

s

jnL?able 7.

3.5 CHARACTERIZATION OF THE CLONED HN GENE OF HUMAN PARAINFLUENZA VIRUS 3

3.5.1 Analysis of the ﬂucleotide sequence of the HN mRNA

Six HPiV3—specific clones were used to sequence the coding and
flanking regions of the HPIV3 HN gene. Two clones (pPI 10,40), provided
by Dr. K. Dimock of the University of Ottawa, were shown to code for HN
sequences by EE.!EEEE translations of hybrid selected mRNA (Figure 17a).
Four clones (pPIg 10-6, 10-7, 14-1, 40-1) derived from genomic RNA were
provided by M.J. Cﬁté, University of Ottawa. The genomic clones pPIg 10-7
and pPIg 10-6 hybridized to HN mRNA and to the éutative L mRNA (M.W.
2.0x106)(C6té; personal communication). These clones thus appeared to
contain.isequences from both the HN and L géne. Southern blot analysis
éhowed that genomic clone pPIg 14-1 hybridized to clones pPI 14 and pPI 40
(Caté, personal communication). Clone pPIg 14-1 therefore contained
sequences covering the F-HN flanking region. The last two clones, pPIg 40-1
and pPIé 10-5 were shown to hybridize to each other and to clone pPI.40 and
PPI 10 respectively (Caté, personal communication). Therefore, these clones
covered the entire coding region of the mRNA of the HN protein.

Each of the six HN clones was inserted into M13 phage vectors in both
orientations and sequenced using the dideoxynucleotide chain termination

method of Sanger et al. (1977). Four of the clones (pPI 10, pPI 40, pPIlg

; -
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10-5, pPIg 10-7) in M13 vectors were prepared for sequencing fusing the
technique of Dale et al,.(1985) for the generation of sequential overlapping
clones. The HN clones and their derivatives are shown in Figure 19. $> |

3.5.2 Nucleic acid sequence of the mRNA of HN protein.

' Figure 20 shows the nucleic acid sequence of'the HPIV3 HN gene in its
CcDNA form complementary to the genome (i.e. message senge). There is onlf
one large open reading frame from base 73 to base 1789. This region codes
for. 572 amino acids which have a combined M.W. of 64,178. The codon
beginning at base 73 was likely the initiation codon because it was ,
preceded by a G fesidue 3 bases upstream and was immediately fbllowed by
another G residue (Kozak, 1983). There were four potential glycosylation
sites (asn-x-ser/thr) at amino acids 308, 351, 485 and 523. The four
potential glycosylation sites are qued in Fiqure 20. '

The polymerase recognition sité of the_ﬁN gene (AGGAGTAAAG) had only a
single nucleotide difference from the polymerase rébognition site of the L
gene AGGAGCAAAG, (Figure 20) and only a two nucleotide difference from that
of the NP gene, AGGATTARAG (Dimock et al.,1986b). The polymerase binding -
site for the HN gene of Sendai, AGGGTGAAAG, was also similar to that of
HPIV3 with 3 nucleotide differences (Shioda et al., 1986).

3.5.3. ‘Comparison of deduced amino acid sequences for HN genes of human

parainfluenza virus 3, Sendai virus and simian virus 5

There were a number of similarities between the amino acid sequences
of the HN proteins of Sendai virus, SV5 and HPIV3. Figure 21 shows a
comparison of the hydropathy plots of the HN proteins of HPIV3, Sendai
virus (Blumberg et al., 1985) and SV5 (Hiebert et al., 1985a): An overall
similarity existed between the gene products of HPIV3 and Sendai virus

especially in the distribution of long stretches of hydrophilic or hydro-
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Figure 19. Restriction enzyme map of the HN gene of human
parainfluenza virus 3 and cDNA clones of human parainfluenza virus
3 RNA used to sequence the HN gene. The orientation from left to
right is 3' to 5' relative to the genomic'RNA. Arrows indicate

direction that the clones were sequenced.
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Figure 20. Nucleotide sequence of the HN mRNA 5' to 3' and the

predicted amino acid sequence of the HN protein. Nucleotide 1

(marked by the large dot) i§ the S' terminal nuclectide of the

polymerase binding sitﬁ he HN gene, Polymeraée' recognition
sites are'underlinag. Potential glycosylation sites are boxed. g

{-—) indicates location of putative stop codon.
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Figure 21. Hydropathy plots of the HN proteins of human
parainfluenza virus 3, Sendai virus and SV5. Hydropathy plots were
determined by the methods of Kyte and Doolittle, (1982). The plot
of the HN protein of Sendai virus was generated from the sequence
data of Blumberg et al. (1985)}. The pl&t of the SV5 HN protein
was generated ffom the sequence data of Heibert et al. (1985a).
The plots ére presented with the amino-terminus on the left hand

side and the carboxyl-terminus on the right hand side.
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phobic regions. There was much less similarity between the hydropathy
p}ofiles of SV5 and those of either Sendai virus or HPIV3 HN gene products
(Figure 21). All three viral HN gené prbduets had a long hydrophobic
stretch of amino acids located nééf the N~terminal end of the protein,
However, SVS lacked the hydrophilic N-terminal amino acids that were found
in both fova and Sendai virus BN gene products. The HN gene product of
HPIV3 had a potential transmembrane region near the N—terminal end of the

molecule and lacked a similar region near the C-terminal .end of the

molecule, HPIV3 HN therefore followed the pattern of the HN gene products

of Sendai virus, SV5 and Newcastle diséase virus in having only one
potential signal and anchor region located at the N-terminus of the
polypeptide. | |

In éddition to the similarities between the hydropathy plots of Sendail
virus and HPIV3 HN gene products, there was a close correlation in the
- positions of;éértain amino acids. Ali the cysteine residues of the HFIV3 HN

protein were located within 2 aminoc acids of those found in the Sendai

virus HN protein (Figure 22). Only 3 cysteine residues, located at the N-

terminal end of Sendai viﬁﬁs HN protein, were not represented in the HN

protein of HPIV3 (Figuré 22). The positions of the cysteine residues in the
HN molecules of SVS5 and Sendal virus were similar if the sequence was
positioned for best fit {Shicda et ai., 1986), Sut the relationship was not
as close as with HPIV3 and Sendai virus, Three cysteine residues were
conserved in all three amino acid sequences at positions 159, 363 and 535
along ﬁhe HPIV3 HN protein. The positions of the proline residues in tﬁe
HN proteins of HPIV3 and,éendai virus-also corresponded, although not to
the same extent as the cysteine-residues.(Figure 22). Nonetheless 72% éf
the HPIV3 proline residues were within 2 amino acids of those found in
Sendai virus (Figure 22), 1In comparison, 5B8% of the SV5 proline. residues

[ s
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Figure 22. Locations of tﬁe cysteine residues, proline‘residues
and potential glycosylation siﬁes within the HN proteins of Sendai
virus and human parainfluenza virus 3. Locations of the cysteine
and proline residues are denoted by vertical bars. Locations of
the potential glycosylation sites are denoted by Y's. Sendai virus
HN protein gene sequénce data from Blumbefé’et al., (1985). The
maps are pfesented with the amino-terminus on the left hand side

" and the carboxyl-terminus on the right hand side.

87

ht

»



i | | | I
00% o0oY ooe 002 & 00!l
LI LS ? EAldH
£0}|S UO|}BjASODAID
%
XK x N ) SNHIA
) IVANIS
LI T . miTTT I rri1—m u,_ | 4] TTOTTTOITH T1
eAldH
senpjsel Mc__oi
T, LI R O I B 1T =11 i | \ T T .T SAHIA
N - IYANIS
T |IIRE] T 1 | | T Rl ﬂ>—ﬂ_I
sanpisel au|g)sA)
T T'TT ¥ T 1 H | T T i w:m_\’
, IVAONDS



88
- were located within 8 amino acids of those found in Sendai virus and 41%‘o£
HPIV3 proline residues were located within 6 amino acids of those in SV5 HN
protein.

Given the high degree of homology between the HN proteins of Sendai
virus and HPIV3 it was interesting that only one of the HPIV3 glycosylation
sites was within 20 amino acids of a counterpart in Sendai virus kFiqure
22). In general,. four of the five Sendai virus and four out of six SVS
potential glycosylation sites occurred in the C-terminal end of the
protein. This corresponded.to the location of t;e glycosyiation sites 1in
_the HN of HPIV3 in that all four sites are located in the C-terminal ‘half

of the polypeptide.

3.5.4. Highly conserved regions of the BN proteins of human parainfluenza

virus 3, Sendai virus and s¥mian virus 5

| Shiéda et al., (1986) identified 2 regions that are highly conserved
between the HN proteins of Sendai virus and §V5, A comparison of the
hemologous reqionsjﬁf the Sendai virus and(ivs HN proteins to those found
in the HN protein of HPIV3 (Figure 23) showed these two regions were also
highly conserved in HPIV3. The degree of homology between Sendai vifus and
HPIV3 was 5-15% greaterlthan between Sendai virus and SV5. 1In addition to
these two regions, two othe;rregions of high homology between Sendai virus

W . ,

and HPIV3 were identified (figure 23). Region C was 72% homologous and
region D, the C-terminal end of the polypeptide, was 78% homologous to the
correspbnding sequence in Sendai virus BN (Figuré 23).

3.5.5 Highly conserved regions of the L proteins of human parainfluenza

virus g and Sendail virus.

In the course of sequencing the flanking regions of the HPIV3 HN gene

some of the sequence the L gene waé determined. Figure 24 shows the highly



Figure 23. Highly conserved regions of the HN proteins of human
parainfluenza virus 3 and Sendai virus. Numbers indicate the amino
acid positions., Asterisks denote identical amino acid residues in
the sequence. Sendai BN amino acid sequence from .Shieda et al.,

(1986).
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Fiqure 24: Nucleotide- sequence of the 5' end of the human
p;;;lgé\uenza virug .3 L gene and deduced amino acid sequence.
Underlijed amino acids aie identical to the amino acids in the N~
terminal end of Sendai virus L protein, The Sendai virus L protein

amino acid sequence used for this comparison, was from the data of

shioda et al., 1986). Nucleotide 1 {marked by an asterisk) is the

"5' terminal nucleotide of the polymerase binding site.
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4

conserved regions between HPIV3 and Sendai virus which occurred at the
amino terminal end of the L proteins. From amino acid 11 to 26 there was
100% homology. Interestingly, this region was preceddd by a completely non-
homologous stretch of 8 amino acids., The polymerase binding sites of the
HPIV3 L gehe_(AGGAGCAAAG) diffefed from Sendai virus L gene polymerase
binding site (AGGGTGAATG) by four nucleotides (Shioda et al.,1986) and from
the NDV L gene polymer?Se binding site (ggTGGCAAKG) by only three
nucleotides (Chambers et al., 1986).

3.5.6 summary of the sequence of the BN protein gene

The nucleotide sequence of the HPIV3 HN protein gen€é was determined
using cDNA clones derived from both HPIV3 genomic RNA and mRNA. The HN mRNA
contained 1882 nucleotides not including the poly (A) tail. The HPIV3 mRNA
had one large open reading frame that coded for 572 amino acids 'with_ a
deduced molecular weight of 64,178, Potential polymerase recognition
signals for the HN aﬁd L genes were located in the flanking regions. The HN
protein shared some ccommon features with the preﬁiously sequenced BN
_proteins of Seﬁaai virus and simian virus 5. These features included: a N-
terminal membrane anehor, four fegions of highly conserved amino acid
.Ssequence and strong conservation in the pbsitions of the cysteine residues.
The hydropathy ptofiiekof the HPIV3 HN protein indicated that it may well

be a transmembrane protein,
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CHAPTER 4: DISCUSSIOI\}

In this project two systems were explored to gain insight into .virus-
host cell interactions. In the ﬁirst part of this study the molecular
mechanism involved in VSV-induced cell fusion was investigated. In the
second part of this work the components of the HPIV3 virion were analyzed
with special emphasis on the glycoproteins. These two seemingly distinct
lines o inves}igation yielded complementary résulté&which“ demonstrated __
the importance #f the molecular configuration of the'virion glycoproteins
in virus-host é;ll interactions.

VSV is among the most extensively studied. animal viruses. Its
structure and replication are understood in great detaii. However, there
are a nu@?er of unanswéred questions concerning the early stages of
infection and tike chemizgl nature of the receptor(s) which bind vsv
{Choppin and Scheid, lQ&Dfi VSV contains a single glycoprotein which, like
the glycoprotein(s) ‘!of! other enveloped “viruses, forms spike-like
projections on the surface of the virion and is empedded in the wviral
membrane by a hydrophobic anchor. The G pr&tein is the only protein located
on the externél surface of the virion and is involved in adsorption (Kelly

/“
et al., 1972; wWiktor et al., 1972). The mechanism of penetration is a

subject of controversy.chvsv virions enter ceils by either phagocytosis

(Simpson et al., 1969; Dahlberq, 1974; Fan and Sefton, 1978) or by fusion
| of the viral and cell membranes {(Heine and Schnaitman, 1969)}. The current
hypothesis is that VSV virions are engulfed in phagocytic vesicles and
enter the cell by receptor-mediated endocytosis (Matlin et al., 1981;
Schlegel et al., 1982).n The pH in the vesicle drops, triggering the
membrane fusion activity of the G protein ( Handa et al., L382; Hughes et

al., 1979a; Florkiewicz and Rose, 1984; Riedel et Wl., 1384). This fusion

event merges the;hembranes of the virus and vesicle (Mifune et al., 1982).
J/
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Through. this process the genome of VSV gains entry into the cytoplasm\f:§‘“

- tpe target cell. Support for the pH dependence of VSV-induced membrane
fusion coﬁes from thé observatioﬁtthat‘agents known to increase the pH in
lysosomal vesicles, inhibit the‘ uncoéting‘of the virus (wWhite é£ al.,
1981). Furthermore, at the cell }embrane, expression of the G protein will
not induce cell fusion unless the pH is below 5.5 (%lorkiewicz and Rose,
1984: Riedel et al., 1984). However, highly cytolytic strains of Vsv,
induced cell .fusion'w;en the viral protein éynthesis‘;as inhibited after
' infection. Thus,u the. membrane fusion activity of WSV is active at the
-surface of the target cell at physiological pH. It washglso shown that both
the M protein and the Ggprotein were involved in VSV-induced.cell fusion.
It has 5een observed _gtgt YSV induced cell fusion 1is strictly
-dependeﬁt _op both the strain of VSV used and the host invélﬁqd (Chany-
Fournier et al., "1877; Handa et al., 1982). However, it was shoﬁn in this
projegt‘ that when protein synthesis.was modified , cell fusion was not
dependent on the strain of VSV used. Thus, VSV has cell fusion"activity
under certain conditions. Diffe;enceé betweeﬁ\ﬁTBfT) and BHK-21 cells in
their tendency to form polykaryo;?tes (Figure 2 and Table 3) indicated that
the host cell influences VSV-induced cell fusion. However, what ;ole the
host cell plays is not ciear. Previous studies of VSV-mediated cell fusion
also show that host-associatéd factors are involved, with susceptibility of
the host membrane to fusion being the most important feature (Poste,. 1970;
1972). ;thbition of the synthesis of host proteins, by treatment with
actinomycin D, did not affect the vSv-mediated cell fusion or other
cytopaihic effects, - Clearly, the fusion potential of the host cell is not
- affected by host proteins. It should be emphasized that the differences in

VSV-induced cell fusion between R{B77) and BHK-21 cells, reported in this

TN
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study, are minor cémpared with the all-or-none response reported previously
(Nishiyama'et al., 1976;'Chany—Fournier et al., 19%7; Handa et al., 1982).

A series of experiments were performed to determine when and how much,

inhibition of protein synthesis was needéé for VSV to induce cell fusion,

"Figure 4 reveals that total inhibitioh of protein |synthesis before or
during the eclipse pericd of viral replication prevented polykaryocyte
formation. When cycloheximide is added immediately after infection ;nd
maintained during infectioﬁ, .viral replication will be blocked (Chany-
Fournier et al., 1977:; Hughes et al., 197%a). Thus, the lack of cytopathic
effects . in cells ;Feated with éycloheximide one hour after infection
(Figure 4} could be due to lack of viral replication. On the other hand, if
protein synthesis was blocked after the gclipse period, VSV-infected cells
were predisposed to polykaryocyte formation (Figure 4; Nishiyama et al.,
1976). An interpretation of these results was that sOme' viral protein
synthesis was required for vSv-induced cell fusion. Furthermore, it seemed

"that proteins synthesized for the assembly of the virus were critical in
the mechanism of cell fusiocn.

There have been a number of repofts on the pH dependénce of V&vV-
induced cell fusion éWhite e£ al., 1981; F%orkiewicz and Rose, 1984; Riedel
et al., 1984). The threshold of pH dependence for cell fusidn as a result

“of VSV infection is reported to be pH 6 (White et al., 1981). Likely there
waé little pH dependence on the VSV-induced cell fusion observed in my
study because the experiments were conducted in media of physiological pH.
However, in these experiments one cannot completely rule out a pH
'dependence because amiﬁo acid starvation or inhibition of protein synthgsis
may result in localizéd alterations in pH of the medium or the cell
surface. VSV may inherently bhave the ability to cause cell fusion if

L3

certain conditions are met. Likely, low pH 3?8 a direct chemical effect on
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synthesis of virél pfoteins such that VSV infection results in cell fusion.

It was important to establish whether individual viral proteins were
involved in cell fusion induced by VSV. Glycoproteins of a number of
envelopeé viruses have fusion activities, specifically the F protein of the
paramyxoviruses (Choppin and Scheid, 1980) and the 82 glycoprotein of
herpes simplex virus (Manservigi et al., 1977). There is solid _evidence
that the G glycoprotein of VSV mediates cell fusion. Hughes et al. (lﬁ?Qa{
found that when glycosylation is inhibited by 0.01 M D-gluccsamine, the
process of VSV-induced cell fusion is blocked. This block'of VSv-induced
polykaryocytosis  occurs even when the glucosamine is added at a
concentration that inhibits neiéher host nor viral protein synthesis.
Honospecific antibody directed against G protein Q}so inhibits vSvV-induced
cell fusion (Hughes et al., 1979a, Handa et al., 1982). Antibodies directed
against M and N proteins did not blisr polykaryocyte formation as a result
of VSV infection (Handa et al., 1982). It is noteworthy that anti-M
anﬁibody may in fact promote cell fusion. However, this possibility was not
tested. Finally, expression of the G protein of VSV in the absence of the
other - viral proteins induces cells to fuse when the pH of the culture
medium ‘is reduced (Florkiewicz and Rose, 1984; Riedel et al., 1984).
Clearly, the G pfot in is required for cell fusion to take place.

In a typical VSV infection, G protein is abundantly expressed on'the
surface of infected cells, yet cell fusion does not take place. This may
well be due to a rapid destruction df the cells by insertion of the M and G
proteins into the membrane and the sequential budding of the virus from the
cell. Indeed, cell surface G protein in‘the presence of M protein or other
viral proteins will not promote fusion. The resﬁlts presented in this

thesis support this hypothesis. It was found that viral protein synthesis)

/""'———-—T-
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~must be inhibited after the eclipse period for cell fusion to.take place
(Figure 3 and 4, Table 3), at which time mﬁch of the G protein has already
been synthesiéed Thus, a reductieon in the amount of another protein mhét
~ be requ1red for VSV to cause polykaryocyt051s Support for the involvement
of another protein comes from experiments carrled out on temperature
sensitive mutants. from the five complementation groups of VSV (Table 5).
Cell fusion was induced at the non-permissive temperature by tsG3l, a
mutant of complementation group III (Table S5). The mutant ts G31 grown at
the non-permissive temperature produces a smaller émount of M protein
compared to the wild type VSV (Little and Huang, 1978). In addition, the M
protein of ts G31 had an aberrant electrophoretic mobility (Figure 65. At
the non—permissive tempetature ts G31 does not produce infectioué virus
{Hughes et al. 1979a). At the permissive temperature ts G31 induces cell
fusion in two neurobiastoma cell lines, mouse EAT cell, rat XC cells,
R(B77) cells and BHK-21 cells (Hughes‘et al., 1979%; .Handa et al., 1982;
Table 5). The properties of ts G31 support the hypothesis that if the M
pfoteinb produced during a VSV infection is non-functional, then normal
maturation cannot occur and the cells undergo fusion mediatéd by G protein.
It seemed that when non-functional M protein was present in infected
cells the G protein promoted cell fusion. But could reduced levels cf M
protein affect the cytopathic effects produced by VSV? There are
significant differences amcng the rates of transport of the five VSV
proteiné into virions (Wagner et al., 1970; Kang and Prevec, 1971; Figure
5}/ V&V M érotein is transported rapidly from the cells and incorporated
4<io virions‘(Kang and Prevec, 1971; Knipe et al., 1977b; Figure 5). If
protein syntheéié ﬁas-inhibited early in the infection, the intraéellular
pool oflM protein woﬁld be the most drastically reduced. However, G protein

is not rapidly transported from the cell into virions, Indeed, if protein
N

@
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synthesis was inhibited early in infeétion, M protein would be lost from
the cells, but G protein would élowly accumulate in the céll membran"T
Thus, if protein‘synthesis is inhibi;ed during an infection, the ratio of
G protein to M protein is disturbed and G protein mediates cell fusien,

Two models for VsSvV-induced cell fusioh can be propq§ed. Fi;§t} VsV
_infectioﬁ %ould lead to cell fusion when the intracellula£ molar ratio of G
protein to M protein is'inc}eased. Specifically, when G protein accumulates
on the membrane in the‘absence of functional M protein, the cells will
fuse. An alternative model 1is that the total aﬁount of cell surface G
protein or the'amounp of time required for the celi;'to remain in contact
with G protein on the cell surface may détermine whether the cells will
fuse. In this model any effects M protein would have might be indirect
iince M protein is required for buéd;ng, which woﬁld reduce the level of
cell surface G ﬁrotein. The pH dependénce of cell fusion as induced by
expressed G _prétein {Florkiewicz and Rose, 1984; -Riedel et al., 1984).
argues in favor of the fi}st model, If we accept the first model, then we
must accept that M protein found on the inner sufface cof 'the membrane
influences the molecular configquration of the G protein located outside of
the membrane. The influenée‘of'phe M protein on the G protein could be
mediated by an interaction bet;eén a domain on the M protein and the
membrane anchor of the G protein, During an infection, if the M pretein is
not functional, is absent or is present in low amounts this interaction
cannot take placé. fﬁus, the molecular configuration of the G protein is
altered allowing the G protein to mediate cell fusion. An acidic
environment may also alter the interaction between G and M proteins and/or

may alter the molecular configuration of the G protein itself allowing

expression of its fusion potential, An analogous situation exists with the
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M protein of Sendai virus. Markwell and Fox (1980) showed that in the

mature virion there was a close contact between the M protein and the

nucleocapsid core. During maturation, the M protein mediates an alignment

of the core to areas of the host cell membrane into which the viral

lycoproteins have been inserteds{McSharry et al., 1971; Yoshida et al.,
le%}z Heggeness et al. (1982) point out that in the abséncg of underlying
nucleocapsids the viral glycoproteins, on the surface of infected cells are

only detected with immune electron microscopy. However, once the M protein

mediates the -alignment of the nucleocapsids under the virus-modified plasma'

membrane then the glycoproteins are seen as their characteristic spikes
(Heggéness et al., 1982). <Clearly, an interaction betWween the M protein,
nucleocapsid and host membrane is important for the correct positioning of
thé glycoprotein. > .

In summary, VSV-induced cell fusion occurred if viral protein
- synthesis was }nhibited 2-5 hours after infection., Inhibition of protein
'synthesis altered the intracellular molar ratio of G protein to M protein
due to different rates of transport of these two proteins. An alteration in
the ratio between the two proteins resulted in an accumulation of the G
protein 6n tﬁ: surface Qf the plasma"membrané;kgln an absence or a re&uced

[ 4
amount of M protein, The accumulation of G protein on the membrane in an

absence of M protein led to membrane fusion. A similar situation occurred

if the M protein was non-functional rather than reduced in amounts.#

Parainfluenza viruses are important respiratory tract pathogens of

infants and children (Chanock and McIntosh, 1985). These viruses are also

increasingly important as pathogens in people over the age of 50 vyears

(van der Logt et al., 1985). Despite the clinical importance of HPIV3 '

3

infections, no effective immunoprophylakis is currently available, The ™

b
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failure of formalin-inactivated’ paramyxévirus vaccines (Chanock and
McIntosh, 19§5j and the consequences of their failure made the study qf
thé molecular biology of HPIGE-;‘ priority. An understanding of the
molecular bioclogy of HPIV3 could be used to gain insight into the né£ure of
the Qirus-host cell interaction and the antigenic properties of the wviral
‘components. This information could then be usea to devise a strategy for
the prevention of HPIV3 infections or disease by immunologicél or antiviral
means. At the start of this work little éggqfﬁown about the composition of
the HPIV3 virions and nothing was ﬁ%own about its ;enetic make up, During
the course of this project it was shown that the virion was gompoéed of 6

' structural proteins.” Three structural proteins (M, HN and F were

1,2)
associated with the viral membrane and three proteins (L, NP and P) were

associated with the nucleccapsid complex, Two df the membrane-bound

proteins are élycosylated. The virion proteins were shown to have
counterparts in virus infected cells. This was conjecture for the L proteiq
whose presence intracellularly was not firmly established. A number of
. features of the replication strategy of HRIV3 were also eluciQetea
including coding assignments of the mRNA's, polymerase binding sites,
polyadenylation signals and translation patterns of the proteins.

The genomic RNA of HPIV3 (M.W. 4.6x106)(Figure 8) was similar in size
to ‘that of the other paramyxoviruses., Measles virus RNA has a molecular
weight of 4.8x106 (Udem and Cook, 1984), RSV RNA has a molecular weight of
5x106 (Huang and Wertz, 1982) and Sendai virus genomic RNA has a molecular
weight of 5x10° (Kolakofsky et al., 1974a;b; Shibuta et al., 1979).
Shibuéa et al. (1979) found. that bovine parainfluenza virus 3 (BPIV3)
genomic RNA has an approximate molecular weight of 4.5x106. In addition to

the size similarity between the genomes of the paramyxoviruses there is

!
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also a similarity in the genetic maps of the-viruses in this family. The
" deduced gene c{rder of HPIV3 is 3'-NP-P-M-F-HN-L-5' (Dimock et al., 1985,
1986a, Spriggs “and Collins, 1986)., Three other paramyxoviruses have a
similar gene order, Sendai virus {Dowling et al., 1983), SV5 (Paterson ét
al., 1984a) and Newcastle disease virus (tDV) (Chambers et al., 1986).
Although the genetic map of canine distemper virus (CDV) has not been
combletely determined it appears to be similar to the others with the order
3'-NP-P-M-70,000-65%,000-L-5" (Russell et al., 19é5). There are, however, a
few differences in the genetic content of the paramyxoviruses. As yet a
counterpart to the SV5 short hydrophobic (SH) protein gene, located between L
the F and the HN gene, (Heibert et al., 1985a) has not beén identified in °
the other paramyxovirﬁses. For example, this gene is not found in Sendai
virus even though the entire genome has been sequenced (Shioda et al.,
'1983; 1986). Furthermore, the flanking regions between F and HN of HPIV3
were sequenced and a gene iike-the SH of SV5 was not found; Major
differences are £found in the gene order of RSV (3'—14,000~11,000—N—P-M—'
95,000-G-F-24,000-L-5") (Collins et al., 1984) suggesting that this virus
may not belong ip the same family as the bther par oviruses. However'
these results indicate that among the parfmyxov1ruses SV5) Sendai, NDV and
HPIV3, the gene order is remarkably conserved. "~

The L (large) protein of HPIV3 was associated with the nucl psid
complex of the virion (Figqre 13). Transcription of the L gene yielqﬁ a
6Kb mRNA {Cote, peréonal communication). Presumably, the L mRNA tran lates
to yield a protein of M.W. EQS,OOO. The L protein was identifiedf n HPIV3
virions (Figure 9) but was not identified in virus infected LLC—?&Z cells
(Figure 18). Using BSC-1 or CV-1 cells, the HPIV3 L protein is\ detected

intracellularly (Sanchez and Banerjee, 1985a; Wechsler et al., 1985).

Synthesis of the host proteins in BSC-1'and CV-1 cells is inhibited to a

| \
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greater extent by HPIV3 infection than in LLC-MK2 cells, which may allow a
less abundant viral protein to be detected and identified. The L mRMA was
not translated in vitro since the L mRNA is not abundant intracellularly

¥

{Figure 14; 15) and large proteins (M.W. >90,000) do not translate well in

either wheat germ extracts or reticulocyte lysétes. This has left the
identification of L mRNA to be determined by the size of the transcript and
by elimination. However, 100% homology in the N-terminal regions of the
amino acid sequence between Sendai virus and HPIV3 L protein lend further
support to the designation of the L mRNA (Figure 24). The large size of the
L protein and its low abundancé seem -to be common ameong all the
paramyxoviruses. In Sendai virus, the L protein also has a high molecular
weight (M.W. >160,000) and is the least abundant protein, being present in

[ 4

the wvirion with an average of 40 molecules (Lamb et al., 1976). The L
proteins of measles virus and CDV have been estimated to be between the
molecﬁlar weights of 160,000 and 200,000 (Rima, 1983). In addition Rima
(1983} reports that the L mRNA occurs in morbillivirus infected cells in
low abundance. The L protein of NDV is also the largest and least abundant
protein in the virion (Hightower et al., 1975).

The role of the L protein in paramyxovirus RNA synthesis has not been
" firmly established. A number of reports have implicated the L protein in
RNA transcription of Sendai virus, NDV and SV5 (Robinson, 1971; Huang et
al., 1971; Stone et al., 1972; Buetti and Choppin, 1977; Hamaguchi et al.,
1983). Likely, the P and L proteins function as the RNA polymerase for
paramyxoviruses. Evidence for this comes from studies on NDV in which the P
and L proteins were dissociated -from the nucleocépsids, and then

reconstituted to form the active transcription complex (Hamaguchi et al.,

1983). Neither protein alone formed an active transcriptase complex

7]
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(Hamaguchi et al., 1983). : . o o -

While sequencing the flanking regions of the HN gene the ;xtreme 5¢
end of the L gene was also sequenced. This sequence reveéled'the location
of the HPIV3 L gene, the polymerase binding site, an open reading frame
and a region of high homology to the Sendai virus L .gene, Interestingly,
the HPIV3 L protein aming acid sequence shows 100% homo?Sgy to the L
protein of Sendai virus from thé amino acid at position il to the "no
acid at position 26 (Figure 24; - Shioda et al., 1986), Further worimgzé\
needed to complete the sequencing of the HPIV3 L gene. However, the ﬂ;gh
homology between the Sendai virus and HPIV3 genes might'imply that this
region has an important biolegical function and has been conserved.

The second largest protein in the virion of HPIV3 was the P protein3
(Figure 9) which was found associated with the nucleocapsid complex of the
virus (Figure 13), This protein was phosphorylated (Figure ' 10), non-
glycosylated (Figure 9) and had intramolecular disulfide bonds (Figure 11).
These features correspond with those of the P proteins of other members of
the Paramyxoviridae,l‘Sendai virus, SvV5, NDV, measleg virus and CDV (Marx
et al., 1974; lStoné et al., 1972; Buetti and Choppin, 1977; Smith and
Hightower, 1981; Rima, 1983). The HPIV3 P gene was transcribed as a mRNA of
M.W. 8.2x105 with a size of 2.4Kb (Figure 16). When translated in vitro
this mRNA yielded the P protein of molecular weight 87,000 (Figure l7a).

The P protein is required for transcription of both NDV (Haﬁaguchi et
al., 1983} and Sendai virus {Deshpande and Portner, 1985). However, whether
the Igprotein must complex with P protein for transcription to take place
is not known., Molecules 6f the P protein of both NDV and Sendai virus form
trimers linked by disulfide bonds (Markwell and Fox, 1880; Smith and
Hightower, 1981). Wwhether these trimers represent an active P protein

complex has not been established. 1In fact the mcnoclonal antibody work of
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Deshpande and Portner {1985) suggesté tﬁat thg active site is located on a
protease resistant fragment of M.W. 40,000 and likely P prbtein complexes
are not necessary for the protein to be biologically active. Trimers of the
P protein liﬁked by disulfide bonds were not found in HPIV3 virions (Figure
11).

The P mRNA's of Sendai virﬁs, measles virus and SVS5 produce a second
protein product (Bellini et al,, 1985; Giorgi et al,, 1983; Paperson et
al., 1984a). For Sendai' virus and measles virus this product is the ¢
protein and fof SV5 this product is the Vv éro£ein. The second prétein
arises from a downstream AUG codon. For SV5 V protein this AUG codon is in
frame with the P prote;n and peptide maps of these two éroteins show that
the V protein is a subset of peptides from the P protein (Paterson et-
alf, 1984a). In the case of Sendai virus and measles virus, the 'sgcond
reading frame (for the C protein) is out oflframe from that of the P
protein_ (Giorgi et,él., 1983; Bellini et al., 1985). It haé also been
reported that there is a third open reading frame in Sendai virus P mRNA,
éoding for C' protein (Giorgi et al., 1983; Gupta and Kingsbury, 1985;
Shioda et aii, 1983). The hypothesis put forward‘by Gupta énd Kingsbury
(1985) is that the ribosomes scan the P mRNA from its 5' end to find
initiation codons. The ribosomes could.potentially initiate at any site
but the sélection éf the alternate initiation codons 'ié influenced by the
secondary structure of the nmRNA. |

In vitro translation of the HPIV3 P mRNA yielded the P protein of
molecular weiqht 87,000 and a smaller product of M.W. 33,000 (Figure l7a;
b). Sanchez and Banerjee (1985a) also found that HPIV3 P mRNA directed

synthesis, in vitro, of several polypeptides in addition to the P protein.

. The HPIV3 protein of M.W. 33,000 is found in virus infected LLC-MK2 cells
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as well“Eg:a protein of M.W. 21,000 (Dimock, personal communication) and
both appear- to bé viral specific proteins. The identities of these
proteins were not established, However, the possibilities are that: 1) the
protein of molecular weight 33;000 is equivalent to the C protein of
Sendai and Measles virus,' 2} the protein of M.W. 33,000 is a breakdown
product of the P protéin, or 3) the protein of M.W. 33,000 initiates out of
frame and well downstream from the P protein AUG codon. It is likely that
the protein with a molecular weight of 21,000 found intracellularly is the
equivalent of the C protein of Sendai‘virusf Sequence analysis of the P
‘ protein reveals an open reading fpamé thdt would allow translation of a
protein of M.W.- 23,000 (Luk et al., 19§6). In addition a protein with an
approximate M,W., of 23,000 has been translated in vitro from the P mRNA
(Sanchez and Banergge, 1985a,b). When poly (A)+ RNA from infected cells
is used to direct piotein synthesis, 1in vitro, the ratio of P and NP
proteins remained constant and about in equal proportion to that found
intracellularly (Figures 17a, 18). This suggested that the P mRNA is
relatiQely stabie during in vitro translation. Furthermore, when different

concentrations of hybrid selected P mRNA are translated in vitro the

ratio of the protein of M.W. 33,000 and the P pfotein remained remarkably
cdnstant (Figure 17b). This experiment was repeated using diffgrent
preparations of RNA and these did not show any variation in the ratio of
the protein of M.W. 433,000 and the P protein produced. WNote that in both
Figure l7a and Figure 17b the smaller protein of M.W. 33,000 was present as

a much stronger band than the P protein. This indicated that this protein

was “translated, in vitro, much more efficiently than P protein. These
results also indicated that the protein was not a breakdown product of the
P pretein and in fact must be translated from the P mRMA, Presumably,.'the

protein of M.W. 33,000 initiates at a downstream AUG and could use the same

-
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termination codon as the P protein. A protein with similar characteristics
to the protein 6f M.W. 33,000 is found inameasles virus (R. Lazzarini,
personal communication).’ The measles protein in‘fact initiates at an -AUG
near the middle of the P mRNA and terminates at-the‘same_stop‘codon as the
P protein..Definitive proof that HPIV3 P mRNA has an alternative reading
frame will come when the protein of ﬁ.w. 33,000 is either peptidé-mapped
or identified by immunoprecipitation

The nucleocapsid protein (NP) ig directly associated with tée RNA
genome of paramyxoviruges, is the major viral protein both in the virion
and infected cells, and confers helical symmetry to the ribonucleoprotein
core (Lamb et al., ‘1976; Mountcastle et al., 1970; Rima 1983). The NP
'protein of HPIV3 was the most ébundant protein in the virion (Figure 9),
was associated with - the nucleocapsid complex (Figure 13) and was
phosphorylated (Fiqure 10). The NP gene lof HPIV3 1is the 3! proximal gene
(Dimock et al,, 1986b), Tran;cription of the NP gene yielded a MRNA  of

M.W.6.4x10°

(Figures 14; 15; 16). When NP mRNA was hybrid selected and
transla;ed in vitro, a protein of M,W. 67,000 was synthesized which
‘corresponded exactly'in size to the native NP protein, Recently, the NP
gene of HPIV3 has been completely sequenced (Galinski et ai., 1986;

- Ganchez et al., 1986).5 Th;_NP Qene codes for a predicted 515 amino acids
with an estimated M.W. of 57,800 (Galinski et al., 1986; Sanchez et al.,
1986). This calculated molecular weight was well below that calculated by
polyacrylamide gel 'electrophoresis of the NP protein (Figure 9). This
discrepancy could result from anomalous migration of the NP  prot fﬁ’_ffﬁ
SDS-polyacrylamide gels due to intrinsic features of the protéin sich as&g}

abundance of proline residues. An alternative explahation of the

difference could be a post-translational modification of the NP protein,

—
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may account for the discrepancy in the moleculdr weight of the native

protein,

The amino acid sequence from position 1 through 420 of the HPIV3 N§
’ protein shows extensive homolegy with thé corrésponding amino acids of
Sendai virus NP protein (Sanchez et al., 1986; Galinski et al., 1986).
;Little homology occurs in the C-terminal 95 amino acids (Sanchez et al.,
1986). Sépchez and Banefjee (1986) also compare_the'sequence to that df the
more diﬁiantly related members of the Paraﬁyxov%ridae. These comparisons
. show that HPIV3 NP has no homology with RSV but limited homology with the
NP sequence of ;wo morbilliviruses, <€DV and measles virus. The areas of
greatest h&mology Eetween’the four viruses are located in the central
- pof&idn of the molecule. The carboxy-terminal regions of the ﬁwo
| morbillivirus NP proteins, 1like Sendai virus NP protein, sﬁow little
homology to the NP protein of HPIV3. Howevef, a common feature of this
fegion is that it is negatively charged (Sanchez et al., 1986). Markwell
and Fox 71980) show that a close association occurs betweeﬁ the NP aqd_ M
] proteins of Sendai viruslanq NDV during maturation of the vinion. The
association between the NP and M proteins of Sendai virus may be due to,an
interaction between the negatively charged C—tfi:ifii_ifg322_49;,,;#ur’1ﬁ;
protein and the positively charged M protein 'Morgan et al.,, 1984).
Therefore, it might be conciuded that preservation of the biological
function of the C-terminal region of the NP protein is due to a maintenance
of chgrge rather than a conservation of sequence, |
Three HPIV3 proteins were associated with the envelope of the
virion, and were designated as the M,F and HN proteins (Figure 13). The HN

and F proteins were glycosylated whereas the M protein was not (Pigure
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'8)., The envelopes of Sendai virps and Newcastle disease virus consisﬁ of a
lipidﬁﬁgilayer, external glycoprotein spikes and an inner layer of
carbohydrate-free M ptotein (RotS?Fnd Klenk, 1977). This- envelope is
acquired during ghe process of budding from the host cell surface (Rott
and Klenk, 1977). Thé available evidence from éelectiVe extraction
(McSharry et al., 1971) and chemical cross-linking studies (Markwell
and Fox, 1980) suggests that the M protein is involved in transmembrane
aésociations between the glycopro;ein spikes and the nucleocapsid proteins.

The M.gene of HPIV3 transcribed a mRNA of M.W. 4.6x10° (Figures 14}
15; 16). This mRNA directed the synthesis, in vitro, of a protein with a
molecular weight of 35,000 (Figure l7a). The M p étein iﬁ HPIV3 virions had
a M.W. of 35,000, (Figure 9), aggregated in loP salt buffer (Figure 13),
was phosphorylated (Figure 10) and appeared to have intramolecular
disulfide bonds (Figure 11). Intracellularly, a M prﬁtein was not easily
detected (Figure 18). ’The lack of® detection of the M protein
intracellularly suggests that the M protein may underge a post-
translational modification. In Sendai virus‘z;fected cells, the M protein
is found in two forms, phosphorylated and non—phosphofylated‘(Lamb et al.,
1978). Phosphorylated M protein is aléo detected‘in the virions of NDV and
Sendai virus {Smith and Hightower, 1981; Hsu and Kingsbury, 1982). Two
forms of ¢the M protein of morbilliviruses also occur ({Graves, 1981).
However, neither‘ form of the M protein 6f morbilliviruses may be
phosphorylated (Rim; et al., 1981; Rima, 1983). In all cases the migration
pattern, in SDS-polyacrylamide‘géls, of the phosphorylated M protein 1is
different f;om that of the non-phosphorylate protéin. The implication is
that phosphorylation of the HPIVI M protein/EZj

account for the differences

in the hugration of. the intracellular and virion M- protein. However, a
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protein with a M.W. of 35,000'15 immunoprecipitated from HPIV3 -infected
cells using M-specific monoclonal antibodies (Song and Seligy, personal
communication). If an 'intracellﬁlar M protein has the samé size as the
" virion M protein then it is likely that the M protein is not undérgoing a
detectable post-translational modification.

An alternative explanation of the low levels of M protein in HPIV3-
infected cei}§ is that the M protein resides in infected cells for a brief
periocd. A rapid assembly of M protein into virions{is observed for other
enQeloped viruses., For example, the NDV M protein incorporatés into the
plasma membrane immediately after synthesis and ha; a short intracel;ular
half 1life (Nagai et al., 1976). The M protein of the rhabdovirus VSV
has the shortest intracellular half-life of‘the VSV proteins (Kahg and
Prevec, 1971; Figure 55. An explanation for‘the lack of intracellular
HPIVI M protein could be that the M protein is rapidly incorporated into
the budding virus partic;és and thus transported swiftly out of the
cell. Another possibility for the lack of M protein intracellularly is
that.the M protein is unstable and is degraded in infected cells. In BHK-
21 'and LIC-MK2 cells, persistently infected with Sendai virus, the M.
protein is unstable (Roux and Waldvogel, 1982). However, the rates of
synthesis of M protein remain constant between acute and persistent
infections (Roux and Waldvogel, 1982). Thus, M .protein instability may be
a consequence of a persistent infection rather than a universal property
of the protein.

Emphasis has been placed on the role of the M protein in persistent
infections because of the involvement of the protein in assembly and
budding (Rima, 1983). Of particular interest is the role of thé'M protein
in subdeute sclerosing panencephalitis (SSPE), a persistent infection of

human brain cells by measles virus (Rima, 1983). 1In cells persistently
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infected with measles virus, the M protein is unstable, has an altered
electrophoretic mobility and/or is synthesiéed in low amounts (Rima, 1983).
Concomitant with the instability of the measles virus M protein is.a drop
in the number of viral particles released into the culture medium (Roux )
and Waldvogel, 1982; Rozenblatt et al., 1979). A reduced amount OF M
protein relative td the other proteins of measles virus is found in brain
_cells culturéd from SSPE patients and in brain cells of SSPE patients (Hall |
ané"Chéééiﬁ,‘ 1975; 1981). Baczko et al, (1984) took‘these observations one
step farther by showing EHQE both the transcription and translation of M
protein mRNA is impaired in infected brain tissue. The reasons for the
absence or reduced level of M MRNA transcription and translation are not
clear.l waever, a correlation exists between persistence, reduced

maturation of virus, and a lack of M protein production.

HPIV3 can cause persistent infections both in vitro (Hodes, 1982),

and in vivo (Gross et al., 1973; Muchmore et al., 198l; Parkinson et al.,\\»f

1980). It is not yet established if the HPIV3 M protein has any role in
the initiation or maintenance of these infections. The HPIV3 M protein
exhibited features similar to other members of the Paramyxoviridae and so
would be a prime candidate for study in HPIV3 persistent infections.

The paramyon;;;;- F protein is required for - virus induced cell
fusion, hemolysis' and initiation of infection (Homma and Ohuchi, 1973;
Scheid and Choppin, 1974; 1976; 1977). Thgse biological activities inmply
that the F protein has a role in the pathogenicity of the viruses and the
host immune response to these viruses (Choppin and Scheid, 1980). As a
result, much interest has focussed on the F protein of HPIV3. The F
glycoproteins of Sendai virus, SV5 and NDV consist of two disulfide-linked

LY .
polypeptide chains (Fl and Fz) which are derived from the precursor glyco—

—
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protein (FO) by proteclytic cleavage (Scheid‘aﬁé éhoppin, 1977). when this
"study was initiated it immediately became appérent that HPIV3 could induce
cell fusion in LIC-MK2 cells. Thus, there was little doubt that HPIV3
possessed .a fusion protein ana1099us to  the other paramyxoviruses.
Supsequently, the virion of HPIV3 was shown to contain 3 glycoproteins
 (Figure B9}. The largest of these glycoproteins (M.W. 69,000) has both
hemagglutinin and neuraminidase activities (Ray et al., 1985; Ray and
Compans, 1986; Van Wyke—Coelingh et al., 1985). The other two
giycoproteins of HPIV3 represented different configurations of the F
protein, presumably the FO uncleaved precursor (M.W. 60,000} and the
cleaved Fl protein (M.W. 46,000). The basis of this assignment was that
the Fl protein must be disulfide-linked to another polypeptide chain in
order for it to migrate under non-reducing conditions with an apparent
molecular weight of 60,000 (Figure 11; 12). The glycoprotein of M.W.
60,000 must be the uncleaved precursor 'of the Fl,z protein otherwise ° it
would dissociate into 2 polypeptide- chains and would not be visualized on
reducing gels. FurtRer support for these assignments came with the
identification ‘ of a 12-15,000 glycoprotein found associated wigh virions

of HPIV3 (Wechsler et al., 1985). The presence of both F, and F

0 1,2
proteins on the surface of the virion was somewhat surpriging as it has

been. well documented fqr' Sendai virus that the F protein was

0
biologiéally inactive (Choppin and Scheid, 1980). It should be pointed out
that the Fl was the predominant formwbf F protein=present in the HPIV3
virioq,sdith FO being almost non—existent in some virus preparations
(Compare:virus preparations in Fiqures 9 and 13). The presence of both FO
and Fl,2 on the virion is not found for either Sendai virus or SV5,
However, a small amount of Fo is detected in purified NDV and measles

virus, but again the cleaved forms predominate (Rima and Martin, 1979;
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Stallcup et al., 1979; Morrison and Simpson, 1980).
The cDNA clone pPI 14 synthesized from F.- mRNA hybridized to two HPIV3

specific MRNA's of M.W. 1.3x10°

and 8.0x10° (Fjgure 16). The mRWA of M.W.
8.0x105 was the F mRMA, (Dimock et al., 1986a; Figures 14, 16, 17a). The
mRNA of M.W. l.3x106 hybridized to clones representing both the F gene and
the M gene (Figure 16). Presumably, Fhis MRNA species was a bicistronic M/F
mRNA. The M/F RNA species was quite abundant in. HPIVS—infeéted LLC-MK2

L .
cells and appeared to fuﬁEtign as @ mRNA in vitro for the synthesis of M

protein as indicated by hybrid-select translation (Figure Efé). Translation
of the M protein from the bicistronic mRNA is predictable because the M
TRNA sequences would Bé located at the 5' end of this wRNA, However, the F
protein, likely would not bBé& translated from this -RNA species.
Po%ycistronic mRNA's 6f this type are found for the cother paramygoviéuses .
(Paterson et al., 1984a). However, this was the first paramyxovirus
polycistronic RNA translated in vitro. The implication of this finding
was that polycis;ronic TRNA' S may not just be mistakes in transcription but
may function in vivo to boost production of certain proteins. |
The translation product from the F mRNA had a molecular 'weight of
approximately 54,000 as determined by SDS-polyacrylamide gel
electrophoresis (Fiqure 17a). -Recently, the F gene of HPIV3 has been
completely sequenced (Spriggs et al.,' 1986; Cété et al., manuscript
submitted), confirming the designation of the F gene clopes. The
predicted M.W. of the unglycosylated F protein-is approximately 60,000{r
somewhat higher than the in vitro translation product synthesized.from F
MRNA of M.W. 54,000. This discrepancy is hard to explain. Howeﬁer, it may
be that the unglycosylated protein migrates anomalously in polyacrylamide

gels., Support fdr this suggestion comes from analysis of viral protein
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synthesized in. the presence of the glycosylation -inhibitor tunicamycin.
HPIV3 infected LLC-MK2 cells grown in the presence of tunicamycin produced
a protein of M.W. 54,000 (Figure 18) which may represent the
unglycosylated FO protein. An analogoué situation occurs gor the F
protein of SV5. The unglycosylated F protein of §V3, in vivo and in vitro,
has a molecular weight of 48,000 (Paterson et al., 1984b), In contrast, the
predicted M.,W, of the peptide backbone of the F protein is approximately

58,000. Thus, the unglycosylated F protein of HPIV3 synthesized in vitro

migrated faster than the actual molecular weight would suggest.

A comparison of the amino acid sequence of the F proteins of HPIV3,

pot]

Sendai virus, SV5 and RSV reveals a number of interesting common featufes.
First, HPIV3 F protein shares considerable amino acid identity with Sendai
virus (41.1%), but less identity to either SVS F protein (25.5%) or RSV F
protein (19.4%) (Spriggs et al., 1986). The reported order of decreasing
relatedness ‘to HPIV3 was: Sendai virus, Sv5, and‘RSV {Spriggs et al.,
1986). More detailéd comparisons between HPIV3, SvV5 and Sendai virus F
proteins revealed that: 1) the proteins are similar in length, 539 amino
acids (HPIV3); 529 amino acids (8V5), and 565 amino acids {(Sendai virus),
2) the locations of the cleavage sites are similar, amino acid 110 for
HPIV3, 116 for Sendéi virus, and 102 for Sv5, and 3) the locations of the
cysteine residues are highly conserved especially in the Fl subunit
(Spriggs et al., 1986; coté et al., manuscript submitted). The similarities
_ between the F proteins of HPIV3, Sendai virus and SV5 suggest a
conservation in higher order structure of the F protein.

The.sixth major strﬁctural protein of HPIV3 i¢ the HN protein. This
protein possesses both the hemagglutinin and neuraminidase activities of
HPIV3 (Ray et al., 1985; Ray and Compans, 1986; Van W&ke~Coelingh et al.,

1986). It is the first of the HPIV3 proteins to have a biclogical function
|
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_attributed to it. Tne HN protein had a molecul;%.wéight of 69,000, was
éiycqsylated,- had',intgamoleéular disulfide boﬁds and was located in the
envelopg.nof  the virion (Figures 9; 11; 13). The function and gross
structure of this protein closely parallels that of- the other
paramyxoviruses (Scheid et al., 1972; Scheid and Choppin, 1973; 1974;
1975b).. ‘

" In this study-the HN gene of HPIV3 and thé regions between the F and
HN. génes and the HN and L genes were sequenced. The single large open
feading frame in the HN sequence coded for a protein consisting of 572
amino acids with a deduced M.W. of 64,178, Two clones (pPI 10 and 40)
constructed from viral infected cell mRNA hybridized to a 2.4 Kb viral RNA
species (M.W. 8.2x105)(Figure 16). When the BN mRNA was hybrid-selected and
translated™3q vitmp it'directgd synthesis of a protein of M.W. 64,000

(Figure 17a). This protein was also found in in vitro translation products

of ﬁhe MRNA extrnacted from HPIV3 infected cells (unpublished observations)
-~ and in iﬁtrécéllular proteins isolated from HPIV3 infected tunicamycin
treated cells (Figure 18). Therefore, the proteiquf M.W. 64,00p represents
the unglycosylated HN protein of HPIV3 and the cDNA clones which hybfidize
to the 2.4 Kb mRNA contain HN gene sequences. é%e similarities between the
molecular weights of the HN proteins from in vitro translation products,
from tunicamycin treated cells, and deduced from the amino acids sequence
suggest that wunlike the HN protein of NDV, HPIV3 HN does not appear to
undergo a cleavage to form an actiVe molecule (Schuy et al., 1984).
Recently Elango et al.{1986)-published a sequence for the coding
region of the HN gene of HPIV3. The results presénted here confirmed this

sequence. Indeed, only 14 base pair differences were found in the coding

. regions of the gene. Furthermore, these differences resulted in only two .
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amino acid changes: a glycine instead of a’'serine at amino acid positidﬁ
489 and an alanine instead of a serine at position 512. The same strain of
HPIV3 was used in the two studies, Thus,:the 14 base differenégs suggested
that the viral genome was very stable unéér different growth conditions and
passage histories. These'. slight differences in growth patterns may be
enough to account for the aminc acid changes between the two sequences. 1In
any case the amino acid differences were conservative. Differences of
greater importance were found in the pbsitioning of the 3' end of the HN
mRNA. Elango et al.(1986) show that the gene ends with the sequence
CAAAG(A)n. In contrast, the BN mRﬁh saquence shown in Figure 20 ended '
further downstream wit@_the sequence iﬁT(A)n asldetermined from the HN mRNA
clone pPI 10. This position for the 3' end d%.the HN mRNA corifirmed that
found by Spriggs and Collins (1986). Using HPIV3 genomic élones (provided
by M.J. CSté; -University of Ottawa), the RNA éolymerase recognition site
for the L and HN genes, a potential polyadenylation signal‘for the HN gene
and the CTT intergenic sequence between the HN and L gene were identified
(Figure 20). - -
The accumulating evidence in recent years suggests that HPIV3 is
closely related to Sendai virus., Van Wyke et al,(1985) show that HPIV3 HN
is antigenically more closely related to Sendai viiué HN than to either
parainfluenza viruses 1,2 or 4, even though Sendai virus is a murine
parainfluenza virps. HPIV3 also resembles Sendai virus in the translation
patterns of its P protein (Sanchez and Banerjee, 1985a;b; Luk et al.,
1986). The ‘NP, P, F and HN genes of HPIV3 have extensive homologies to
their counterpart Sendai virus genes. The F genes of HPIV3 and Sendai virus
show 41% overall homolegy and regions of much higher homology (Spriggs et

al. 1986; cbté et al., manuscript submitted). The amino-terminal portion of |

the NP protein showed 70% homology to the NP of Sendai virus (Galinski et

{
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al. 1986; sanchez et al. 1986). The 1argeéE deviation between the NP gene
products of the two viruses occur in the C~terminal amino acids in which
there was virtually no homology (Gaiinski et al., ;?86; Sanchez et al.,
1986). The P genes of HPIV3 and Sendai virus show an overall homology of
40% (Luk et al,, 1986).

.Comparison of the amino acid sequences of the HN proteins of Sendai

virus and HPIV3 also revealed some striking similarities.*‘xbere was 43%

overall homeclogy between the HN protein sequences of the tﬁo
‘However, there Qere a number of highdy conserved regions with homol
up to 78%. These highly homologoué regions tend to be located towards the
C~terminus of the protein. The 30 amino acids of the C-terminus showed the
highest homology between the two gene products. Indeed, %pe .C-terminal
amino acids of the HN gene products of NDV, SV5 and Sendai virus also have
significant homolbgiesl(Chambers et al,, 1986). The conserved sequence at
the C-terminus of the HN geﬁés of HPIV3, Sendéi virus, Newcastle disease
virus and SV5, indicate a biologically significant role for this region.
Blumberg et al.(1985) compare the HN amino acid sequence of Sendai
virus to that of the influenza virus glycoproteins. They identified 2 areas
of limited but potentially significant homology between the#2 sequences.
One occurs between émino acids 163-382 of Sendai virus HN and is weakly
homologous to influenzajneuraminidase sequences. The other occurs at amino
acids 458-547 and is weakly homologous to the deduced amino acid sequence
of the‘influenza hemagglutinin. Two regions of high homology between Sendai
virus and HPIV3 HN gene products also fell into these same regions (Figure
23, region B and C). However, the homologies between the influenza virus

sequences and the HPIV3 sequences were even more limited than between

‘Sendai virus and influenza virus. Three cysteine residues are found to be

., - BN

\
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invariant between the neuraminidase genes of 3 strains of influenza and the
HN of Sendai virus (Blumberg et al. 1985). These cysteine residues were

also found in the same relative positions locations in the HPIV3 BN at

positions 214, 269, and 355.

The positions of cysteine/Tesidues were remarkably conserved between

LA
‘r;',

the Sendai virus HN protein and HPIV3 HN protein. All of the HPIV3 cysteine
residues occurred within 2 amino acids of their counterparts in Sendai
virus HN (Figure 22). The only difference<was that Sendai virus had 3 more
cysteine residues at hhe N terminus of the amino acid sequence. It shbuld
be pointed out that there was little homology between the 90 amino acids at
3
the N-terminus of Sendai virus HN and HPIV3 HN. Similarities in the
positidns of cysteine ~esidues are also found between Senda; virus HN and
the HN of SV5 (Shicda et al., 1986). Disulfide bonding occurred in the HN
protein of HPIV3 (Figures 10, 11). This result, coupled with the invariant
positions of the cysteine residues among the paramyxoviruses indicates that
these residues =play an important role in the maintenance of the three

dimensional confiquration of the HN protein by the formation of disulfide
+ bonds. | |

There was alsoc a close relationship in the positions of  the proline
residues along the backbones of Sendai virus, Sv5 and HPIV3 HN proteins
(Figure 22; Shioda et al., I986); As proline reésidues are usually found at
folds along the polypeptide backbone this correlation also suggests a
similar three dimensional configuration among all the pafamyxovirus HN
proteins,

The deduced amino acid sequence of the HN from Sendai virus and SVS5
indicates only one. hydrophobic region sufficiently long to anchor the
protein in the membrane (Blumberg et al., 1985; Hiebert et a%r, 1985a;

Shioda et al., 1986). This hydrophobic region is located near the N-



terminus of the protéin. The HN protein of HPIV3 also had a single highly -

hydrophobic region located near the N-terminus of the protein at amino

acids 45-90 (Figure 21). It has been speculated that Fhese"proteins are

‘'ofiented with the N-terminus inserted'.in ‘the membrane like the

neuraminidase protein of influenza virus (Blumberg et al., 1985; Heibert et
v .

al., 1985a; Shioda et al., 1986). Evidence for N-terminal insertion of the

HN of paramyxoviruses comes from the end'group.analysis of the HN protéin

of NDV carried out by Schuy et al.(1984). Théy reported that the amino .

termini of both HNj and HN are blocked, but that a free amino terminus was

'found. on a small clea%agéxfragment of the HN, protein. They also reported

0

that HN, and HN proteiﬁzﬁ?aﬁe different C-termini and concluded that the C-

0
terminal end of the

'protein isrexposed at the surface .of the viral
envelope., Therefore, the N;terminus of the ND% HN protein must be inserted
in the membrane,

Regions from all six genes of HPIV3 are cioned and the HN, F, NP and P
genes are sequenced, There are striking similarities between the gene
progucts of Sendai virus and HPIV3 (Elango et al., 1986; Galinski et al.,
1986; Luk et ai., 1986; sSanchez et al., 1986; Spriggs et al. 1986; Caté,
manuscript submitted). In this thesis it was shown that the HN of HPIV3
followed this pattern and was remarkably similar toAthe HN of Sendai virus,
These findings imply a close evolutiornary relationship between the ‘viruses
and s&milarities in biological’fu;ctions between corresponding protein

domains of the paramyxovirusess

There are a number of factors which indicate that viral glycdproteins
of enveloped viruses play important roles in virus-host cell interactions.
These include- their external location on the surface of virions, their

involvement in adsorption and penetration of the virus and their importance

LR
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as antigens against which neutraliéing antibodies are produced (Choﬁﬁin and
Scheid, 1980). Other viral. proteins may modulate the role of tﬁe
glycoproteiﬁs in virus-host cell interactions. The evidence présented in
RSN,
this thesis suggested that deletion of functional VSV M protein influenced
the fusion activity of the G protei§; In Sendai virus an interaction
between the M protein and the glycoproteins must occur for the latter to
attain the proper configuration in the host membrane (Heggeness et al,,
1982). How this interaction might modulate the cytopathic effects caused by
Sendai virus 1is not clear. However a role for the M protein of measles
virus in the maintenance of a persistent infection and in SSPE suggests
that the paramyxovirus M prgzéin is also involved in the vi;Llence of the
virus. The similarities:between Sendal virus and HPIV3 genes as documented
by this étudy and others (Elango et al., 1986, Galinski et al., 1986; Luk
et al,, 1986; sSanchez et al,, 1986; Spriggs et al., 1986; coté et al.,
manuscript submitted) suggest that M proteins of the two viruses would
behave in a similar manner. The hydropathy plot of the HN protein of HPIV3
{Figure 21) reveals a hydrophilic'stretch of amince acids preceding the
hydrophobic anchor sequence, ‘ﬁhile thi; stretch may be located, after

folding, on the external surface of the.membrgne it is more 1likely to be

“located on the internal surface, 1like tHat of the Sendai virus HN (Lyles,

1979). It is possible that this internal portion of the HN protein may have’

an electrostatic interaction with the M protein. Such an interaction could
conceivably alter the configuration of the HN protein on the membrane,
Therefore, the M protein of both enveloped viruses (VSV and HPIV3) may
modulate Ehe virus~host cell interaction by influencing the configuration
and éctivity of the glycoproteins on the surface of either the virion

and/or the infected cell.
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Appendix 1: Media Formulation

DULBECQOO'S MODIFIED EAGLE MEDIUM

- mg/L
INORGANIC SALTS:
cacl, (anhyd.) ' 200.00
+ Fe(N0,) ;=9H,0 0.10
KCl 400.00
-~
Km3 - e om m k- —_
Mgso, (anhyd.) 97.67
MgSO0,~7H,0 . -
NaCl 6400.00
NaHOO -
Naﬂzpo4—H29 : 125.00 _
Na,5e0;=5H,0 - )
*
VITAMINS:
Biotin -
D-Ca pantothenate 4.00
Choline chloride S 4.00
\
Folic aci@ 4,00 N
~-4i-Tnositol 7.20 ,
Nicotinamide . 4,00
Pyridoxal HC1 ) 4.00
Riboflavin 0.40
Thiamine HCI 4.00
11
* Vitamin B -

12 -



AMINO ACIDS:

~—_
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DULBECCO'S MODIFIED EAGLE MEDIUM (Continued)

L-Alanine
L—Arginine4H2,
L-Arginine-HCL
L-Aspartic acid
L—Cystine
L-Cystine-2HC]
L-Glutamic acid
L-Glutamine
Glycine

L~Histidine HCl-H

2°

L-Isoleucine
L-leucine
L-Lysine HC1
L-Methionine
L~Phenylalanine
L-Proline
L~Serine
L-Threonine
L—Tryptophane

L-Tyrosine

L~Tyrosine (Disodium salt)

-_.____’/ .

I-Valine

OTHER COMPONENTS:

D-Glucose
Phenol Red
HEPES

Scdium pyruvate

L)

105.00
105.00
146.00

3%.00 |
66.00 '
42.00

95.00

16.00

103.79 7

94.00 !

L3

1000.00C
15.00

110.00
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FARLE'S BALANCED SALT SOLUTTONS (10X)

gms/L -
INORGANIC SALTS:
CaC12 {anhyd. ) 2.00
Cac12—2H20 | | -
KC1 4,00
KH,PO, . -

MgCl, (anhyd.) -

MgCl,~6H,0 --

~ MgS0, {anhyd.) ——

MgS0,~TH,0 v 0.20 - )

NaCl - ‘ 6.80
NaHOO3 | 2.20
NaZHPO4 -
NazHPO 4-—71-120 ) -
NaHzPO 4H20 : 1.40
OTHER COMPONENTS :
' .
b~Glucose 1.00

Phenol red f - 0.01



INORGANIC SALTS:
NaCl
Boitin
D—Ca pantothenate
Choline chloride
Folic acid
i~Inositol
Nicotinamide
fyridoxal.ﬁcl
Riboflavin

Thiamine HC1

MEM VITAMIN SOLUTIONS (100X)

ma/L

8500.00
10ﬁ.00
100.00
100,00
100.00
100.00
100.00

10.00
100.00

PO
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MEM AMINO ACID SOLUTINS (50X)
AMINO ACIDS: s . e
L-Arginine-HCl ngZ0.00
L~Cystine 1200.00
L-Glutamine 14600.00
L-Histidine —_
_ L-Histidine HCl-H,0 2100.00
L-Isoleucine . 2625:00
L-Leucine = - 2620.00
L~Lysine HC1 3625.00
L-Methionine . 755,00 .
. L-Phenylalanine ‘ 1650.00
L~Threonine 2,380.00
L-Tryptophane 510.00
L-Tyrosine 1800.00 .
L-valine ~ 2340.00
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-
Appendix 2: Concentrations of deoxynucleotide triphosphates and

dideoxynucleotide triphosphates used in sequencing reactions.

4

Concentration (x 10_3M)

Nucleotide dATP/dAATP  ACTP/AACTP dGTP/dAGTP  dTTR/dATTP

triphosphates
dcTP 0.062 , 0,004 0,082 0.082
aGTP 0.062 0.082 _  0.004 0.082
drTP 0.062 0.082 0.082 0.004
AdATP 0.07
ddCTP 0.01
ddGTP AST 0.q;5 /’/
arTe - . | 0.25
Chase solution: 0.5 % 107° M AATP, dCTP, dGTP, and dTTP - '\

a
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