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ABSTRACT

PART 1: PROSPECT HILL VIRUS

Hemorrhagic fever with renal syndromes (HFRS) are acute diszases in
humans caused by viruses in the Hantavirus genus of the Bunyaviridae
family. The severity of HFRS, caused by a specific hantavirus is related
to its scrotypc which is related to its rodent host. There are four
antigenically distinct serotypes recognized in the Hantavirus genus.  Each
antigenically distinct scrotype was isolated from a different  rodent
specics.  Scrotype 1 includes Apodemus derived strains like Hantaan virus
strain 76-118 (Hantaan) which is associated with the scevere form of
HFRS. Serotype 2 includes Rattus derived strains like Sapporo rat virus
strain SR-11 (SR) that are gencrally associated with a moderate although
potentiaily still fatal form of HFRS. Scrotype 3 includes Clethrionomys
derived strains like Puumala virus strain Hallnas B1 (Halinas) which is
associated with a milder form of disecase. Secrotype 4 includes Microtus
derived strains like Prospect Hill virus, strain Prospect Hill-1 (PH) that
have not been linked to any discase in man.

Genomic analyses reveaied PH virus has three RNA segments farge
(L), Mcdium (M) and Small (8), like all Bunyaviridae, with relative
molecular masses (Mp) of 2.2 X 106, 1.3X 10% and 0.6 X 109 respectively.

Complementary DNA representing the genomic M RNA segment of the
PH virus was cloned and its nucleotide sequence determined.  The PH
virus: M RNA scgment consists of 3707 nucleotides. As with other
Bunyaviridae the 3’ and 5’ termini are inversely complementary and could

possibly allow the M RNA segment to form a circular structure. The PH



virus M RNA segment has a single long open reading frame (ORF) in the
viral complementary-sense RNA with a coding capacity of 1142 amino
acids with a predicted My of approximately 126 K. This protein is the
putative glycoprotein precursor that would be cleaved into the two viral
envelope glycoproteins G1 and G2, The predicted gene product of the PH
virus M scgment was compared with the corresponding gene products of
Hantaan virus, SR virus and Hallnas virus. There was 74% and 79% amino
acid sequence similarity between the G1 and G2 proteins of PH virus and
Hallnds virus respectively.  In contrast, there was only 50% amino acid
sequence similarity between the G1 proteins of PH virus and SR virus or
Hantaan virus, Howcver, the G2 proteins of SR virus and Hantaan virus
were more closely related to the G2 protein of PH virus with amino acid
sequence similarity of approximately 62%.  The G1 proteins of all four
viruses had three potential asparagine-linked glycosylation sites conserved
and there was one conserved site in the G2 proteins. Hydrophilicity plots
of the four virus glycoprotcins were very similar. The region of greatest
hydrophilicity was conscrved in the Hallnas virus, SR virus and Hantaan
virus, and was located ncar the C-terminus of the G1 protein.  In
contrast, thc region of greatest hydrophilicity in the PH virus
glycoprotein precursor was located closer to the N-terminus of the Gi
protcin. Our data demonstrate that despite differences in the serotypic
profiles and virulence of PH virus and Hallnds virus, their G1 and G2
proteins arc closcly related.

Complementary DNA representing the genomic S RNA segment of the
PH virus was also cloned and its nucleotide sequence determined. The PH
virus S RNA segment consists of 1675 nucleotides and like the PH virus

M RNA scgment the 3' and 5° termini are inversely complementary.
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Analysis of the PH virus § RNA scquence also revealed an encrpetically
stable hairpin structure near the 5 end of the virion RNA which may
serve as a transcription termination signal.  ‘The PH virus § RNA segment
had a long ORF in the viral complementary-sense RNA that  could
potentially encode a 433 amino acid (49K) nucleocapsid (N) prowin. The
predicted gene product of the PH virus S scgment was compared with the
corresponding gene products of Hantaan virus, SR virus and Hallnas.
There was 79.9% amino acid sequence similarity between the N proteins of
PH virus and Héllnas virus. In contrast, there was only approximately
62% amino acid scquence similarity between the N proteins of PH virus
and SR virus or Hantaan virus. However, the N proteins of SR virus and
Hantaan virus were more closcly related to cach other with an amino acid
scquence similarity of approximately 83%. Comparisons between the amino
acid scquences of these four virus N proteins revealed the Hantavirus N
protcin could be divided into two conserved regions and one non-
conscrved region.  The first conserved region includes the first 233 amino
acids of the N protcin and these four viruses have 57.3% amino acid
sequence  similarity in this region.  The sccond conserved region s
composed of the last 124 amino acids at the C-terminus. The four virus
N proteins have 79% amino acid sequence similarity in this region.  In
between these two conserved regions is a non-conserved region in which
the four virus N protcins only have 10.4% similar amino acid sequence.
Hydrophilicity plots of the four virus N proteins were very similar.
However, the region of greatest hydrophilicity in the PH virus and
Héllnas virus profiles was in the C-terminal half of the N proteins.  In
contrast, the region of highest hydrophilicity in the SR virus and Hantaan

virus profiles was located near the N-terminus of the N protcins.
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A sccond smaller ORF was recognized in the viral complementary-
sense S RNA of PH virus, and could potentially encode a 90 amino acid
(10.5K) protein.  ‘This is very similar in size to the NSg protein coded for
by the S RNA segments of some bunyaviruses. Although this sccond ORF
was not obscrved in the viral complementary-sense S RNA of SR virus or
Hantaan virus it was observed in Hallnas virus. This sccond ORF in the
viral complementary-sense S RNA of Hallnds virus was identical in
position and size to the onc in PH virus and the putative NSg proteins
these ORFs could potentially encode had 50% amino acid sequence
similarity.  This putative PH virus NSg gene was expressed using the
baculovirus cxpression system in Spodoptera frugiperda 9 (SF9) cells. The
putative PH virus NSg protcin was cxpressed to reasonable levels in this
system. ‘The partially purified putative NSg protein was used to raisc
specific  antibodics  in  rabbits. Although these antibodies could
immunoprecipitate this protein from SF9 cells it was not able to detect
this protein in PH virus infected Vero celis. Therefore, at this time
there is no evidence that PH virus or Hallnds virus cxpress a second
protcin using their S RNAs,

Our data demonstrate that despite differences in the serotypic
profiles and virulence of PH virus and Hallnas virus, their .“-, G2 and N
proteins are closcly related. We conclude that PH virus ant  dallnas virus
may have evolved along a separate cvolutionary pathway in the Hantavirus

genus from SR virus and Hantaan virus,



PART 2: HUMAN IMMUNODEFICIENCY VIRUS IYPE 1 rer AND  pif
PROTEINS

Human Immunodeficicney virus type 1 (HIV-1) has been identificd as
the etiologic agent of acquired immunodeficiency syndrome (AIDS) and
related disorders.  HIV-1 displays a high degree of genctic complesity.
In addition to encoding the gag, pol and env proteins cha wieristic of all
replication-competent  retroviruses, HIV-1  encodes  at  least  six  other
proteins (vif, uvpr, vpu, tat, rev and nef). ‘These nine viral proteins are
cncoded by more than 20 distinct mRNA species that are derived from
post-transcriptional processing of the initial full length viral transcript.

Two HIV-1 proteins, rev and vif, that are normaily expressed only at
low levels in infected cells were expressed to high levels in inscet cells
using recombinant baculovirus vectors. Scra  from  HIV-1 infected
individuals, with different symptoms of discase, were tested for the
presence of antibodies that would recognize the rev or vif proteins of
HIV-1.

Antibody against rev was found in scra from some individuals in all
stages of HIV-1 infection, although somewhat fewer ARC and  AIDS
paticnts had rev antibody in comparison to hcaithy donors or healthy
donors at risk.  Since rev antibodics were found in HIV-1 infected
individuals in all stages of discase, detection of rev antibodics is of no
prognostic value.

In contrast, antibody against vif was found only in scra from healthy
donors or healthy donors at risk, but were not present in the sera of
ARC or AIDS patients. This result is consistent with the suggestion that

production of vif antibodics carly in the HIV-1 infection may be partially
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protective and delay the progression to ARC and AIDS. Another
explanation is that vif antibodies are produced carly during the HivV-1
infection and disappear as the discases progresses to ARC and AIDS.
‘These results differ with some previous results.  However, even if vif
antibodies are not usually present in ARC or AIDS patients the finding
that sera from somc HIV-l1-seroncgative individuals and 20% of
Schistosoma  mansoni-infected  HIV-1-scronegative  individuals  have
antibodies that cross-react with the vif protein  severely limits  the
prognostic valuc.

Although the HIV-1 zif protein is poorly immunogenic, antibodics that
recognize this protein were raised in rabbits.  This anti-vif serum is
presently being used in a study to determine if zif is a virion associated

protein,
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CHAPTER 1: INTRODUCTION

PART 1: LITERATURE REVIEW OF HANTAVIRUSES

1. HISTORY OF HEMORRHAGIC FEVER WITH RENAL SYNDROME

Hemorrhagic fever with renal syndrome (HFRS) may have existed in
Asia for at lcast 1,000 years, since a description of HFRS was recorded in
a Chincse medical book written in approximately 960 AD (Lee, 1982a). In
1932 the Russians obscrved a new discase similar to HFRS in people living
along the lower Amur river basin in the Soviet Far East.  Thereafter,
there were yearly outbreaks of this discase along the Amur river
(Smorodintsev et al, 1959). When the Japancse army invaded Manchuria
there were 12,000 cases of this disease among their 1 million troops (Ishii
et al., 1942; Nakazawa, 1966). Russian and Japanecsc rescarchers studying
this discasc independently defined its clinical and cpidemiological features.
They determined that it was infectious and was probably caused by a
virus, Both groups found human volunteers could be infected by
intravenous or intramuscular injections with blood or urine from infected
patients if thc samples were taken early during their illness (Kasahara et
al, 1944; Smorodintsev, 1944). They were unable however, to establish an
infection in experimental animals.

In 1951 United Nations troops fighting ncar the front in Korea began
contracting an acute hemorrhagic fever. ‘The course of this severe and
often fatal discase, which became known as Korean Hemorrhagic fever
(KHF), was unusual. Patients developed cardiovascular instability, shock

and renal failure, and physicians recognized this was a disease previously
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unknown in the Western world (Smadcl, 1953). During the Korean war
over 3,200 cases were confirmed among all United Nations troops with a
mortality of 10-15% (Sheedy et al, 1954).  American efforts, although
more cxtensive than the Russian or Japanese oncs, failed to establish the
discase in expcrimental animals or tissue culture (McClure and ley, 1954).
HFRS became the major infectious discase problem for the Korcan army
after it took control of the demilitarized zone.  After 1961 HIERS began
occurring more often in the civilian populaton and farther south than the
endemic arca previously recognized during the war (Lee, 1982b; Lee and
Lee, 1988).

Hemorrhagic fever discases very similar to HFRS have been reported
throughout Europe and Asia.  These include Hemorrhagic nephroso-
nephritis or HFRS in the Soviet Union (Smorodintsev ¢t al, 1944;
Smorodintsev et al., 1959), Songo fever or cpidemic hemorrhagic fever
(EHF) in China (Ishii et al, 1942; Kasahara et al, 1944; Nakazawa et al.,
1966), ncphropathia cpidemica (NE) in Scandinavia (Myhrham, 1951),
epidemic ncphritis or EHF in Eastern Europe (Gajdusck, 1962; Gaon et al.,
1986) and EHF in Japan (Tamura, 1964). War nephritis, which had
symptoms similar to HFRS was reported among British soldicrs in World
War I and in Northern armics during the American Civil War
(Abercrombie, 1916; Bradford, 1916; Lee, 1982b).

In 1982 the World Health Organization (WHO) recommended that all
the above discases with different names be referred to as "hemorrhagic

fever with renal syndrome (HFRS)" (World Health Organization, 1983).
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2. ETIOLOGY

Virus Isolation

A major breakthrough in the study of HFRS throughout the world
was achicved in 1976 with the isolation of the ctiologic agent of KHF
from the lung tissue of the striped field mouse Apodemus agrarius (lee
and lee, 1977; lee et al, 1978). ‘This virus is now officially known as
Hantaan virus (Karabatos, 1985). The prototype Hantaan virus strain 76-
118 (Hantaan) was adapted to Fisher and Wistar rats (Lce er al, 1981c)
and subscquently adapted to the continuous ccll lines; A549 (human lung
carcinoma cclls) and the E6 clone of Vero 76 cclls (a clone of African
green monkey kidney cells) (French et al, 1981; McCormick et al., 1982).
Adaptation to cell culture was quickly followed by an immunofluorescent
antibody assay (IFA) for scrological diagnosis of infection which has
identificd Hantaan virus or antigenically related viruses throughout the
world in several gencra of rodents and inscctivores (van der Groen et al,,
1980).

Hantaan and related viruses were identificd as members of the
Bunyaviridae family on the basis of thecir morphological and biochemical
characteristics (McCormick et al, 1982; White et al, 1982; Hung et al.,
1983a 1983b, 1985; Schmaljohn and Dalrymple, 1983; Schmaljohn et al,
1983, 1985; Elliot et al, 1984). Viruses classified in the Bunyaviridae
family have the following characteristics: virus particles are spherical,
90-100 nm in diameter; are enveloped with glycoprotein  surface
projcctions; virions contzin three unique segments of single-stranded
negative-sense RNA in the form of circular ribonucleoprotein complexes

and a transcriptase cnzyme (Elliott, 1990). The viruses replicate in the



cytoplasm and mature by budding into smooth-surface vesicles in or near
the Golgi region (Bishop et al, 1980). The presence of a tripartite
single-stranded RNA genome with a negative polarity in Hantaan  and
rclated viruses was particularly strong evidence for classification  of
hantaviruses in the Bunyaviridac family since this is the only animal virus
family known to possess an RNA genome with three segments (Schmaljohn
et al, 1983). Complement  fixation and ncutralizing  tests  using
monovalent and polyvalent antisera prepared against 172 bunya and
bunya-like viruses revealed that there was no  cross-reactivity between
Hantaan virus and viruses in the other four Bunyaviridac genera
(Bunyavirus, Nairovirus, Phlebovirus and Uukuvirus) (lce and van der
Groen, 1989). Viruses in the other four Bunyaviridac genera are
transmitted by biting arthropods (mosquitoes, gnats, ticks, ctc.) (Bishop
and Shope, 1979). In contrast, Hantaan and related  viruses are
transmitted by several genera of rodents and inscctivores (van der Groen
et al., 1986). The 3'-terminal nucleotide sequences of the three genomic
RNA segments is specific for cach genus in the Bunyaviridae family (lable
1) (Clerx-van Haaster and Bishop, 1980; Obijeski et al, 1980; Parker and
Hewlett, 1981; Clerx-van Haaster et al, 1982a, 1982b). ‘The 3'-terminal
nucleotide sequence of the RNA segments of Hantaan and related viruses
differed from the corresponding sequences of the other four Bunyaviridace
genera (Schmaljohn and Dalrymple, 1983). Because of these differences
between Hantaan and related viruses and viruses in the other four
Bunyaviridae genera it was proposed that Hantaan and related viruses be
classified in a new Bunyaviridae genus. The genus name Hantavirus was
proposed and has been accepted by the International Committee on

Taxonomy of Viruses (The Exccutive Committce on Taxonomy of Viruscs,



Table 1. Genus specific 3’ terminal consensus nucleotide sequences of
Bunyaviridac vRNA scgments.

Genus Terminal segquence
Bunyavirus 3'-UCAUCACAUGA
Nairovirus 3'-AGAGAUUCU
Phlebovirus 3 ' =-UGUGUUUC
Uukuvirus 3'-UGUGUUUCU

Hantavirus 3'-AUCAUCAUCUG




1987).

After the first prototype Hantavirus was isolated other hantaviruses
antigenically similar to the prototype virus were also  isolated  from
paticnts with KHF in Korea (lee and lee, 1977 lee et al., 1978), and
EHF in China (Yu-tu, 1983) and the Far Eastern Soviet Union (Tkachenko
et al,, 1983, 1984; Dantas et al., 1987).

Between 1981 and 1983, 67 Hantavirus strains were isolated from
different rodent genera and locations in China (Yen ef al., 1984). Several
hantaviruses have been isolated from Apodemus flavicollis, including the
Fojnica and Pletvice strains in Yugoslavia (Gligic et al, 1986). These
viruses were isolated from areas where severe forms of HEFRS had been
observed. The Porogia strain was isolated from a paticnt with scvere
HFRS in Greece (Antoniadis et al., 1987),

Puumala virus, the ctiologic strain of mild HFRS, NI, was isolated
from the bank vole Clethrionomys glareolus in Sweden (Yanagihara et al.,
1984b, 1984c; Niklasson and leDuc, 1984), in the Luropean USSR
(Tkachenko et al, 1983; Tkachenko et al, 1984; Gavrilovskaya et al,
1983) and in Yugoslavia (Gligic et al., 1986).

Five hantaviruses were isolated in Belgium all from C. glareolus
(Yanagihara et al, 1984b; van der Groen et al, 1983) in an arca with
clinical cases of mild HFRS.

In the United States the hantaviruses Prospect Hill and Leaky were
isolated from the mcadow vole Microtus pennsylvanicus and from Mus
musculus respectively (Lee et al, 1982¢; lee et al, 1985a; Back et al.,
1988).

Several hantaviruses have been isolated from Rattus species, in Korea

(Lee et al., 1982a), in China (Song et al, 1983), in Brazil (ILeDuc et al.,
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1985), in Japan (Sugiyvama ef al, 1984; Arikawa et al, 1985b) and in the
United States (LeDuc et al, 1984; Tsai et al, 1985; Childs ¢t al, 1988)
and some have been associated with disease,

Hantaviruses have also been isolated from laboratory rats in Japan
(Kitamura et al, 1983) and Korea, and from rat tumors in Japan
(Yamanishi et al., 1983) and England (Lloyd and joncs, 1986).

Antigenic Relationships between Hantaviruses

Hantaviruses have presently been divided into four antigenically
distinct scrotypes by the immunofluorescent antibody, immune adherence
hemagglutination,  hemagglutination  inhibition, and plaque reduction
ncutralization tests (Lee et al, 1985b; Sugiyama et al, 1987, Arikawa et
al, 1989). Each antigenically distinct serotype was isolated from a
different rodent genus and the serotype of the rodent isolate was
dependent on the reservoir host genus and not the geographical region in
which the virus was isolated (Lee et al, 1985b, Arikawa et al., 1989),
Scrotypes were suggested based on the prototype virus of each major
rodent genus.  Scrotype 1 included Apodemus-derived strains, scrotype 2
included Rattus-derived strains, serotype 3 included Clethrionomys-derived
strains, and serotypc 4 included Microtus-derived strains (Lee et al,
1985b; Yanagihara and Gajdusck, 1987).

There is some cvidence however, that there may be other scrotypes
not yet fully characterized (Lee et al., 1985b).

Virion Morphology

All other Bunyaviridae are spherical with a mean diameter of 95 nm
varying between 75 and 115 nm (Elliott, 1990). Hantaviruses however, are
generally larger, with a mean diameter of 122 nm and also have a greater

variation in size (75 nm to 200 nm) (Hung et al, 1983b, 1985).



Hantaviruses are also more polymorphic than other Bunyaviridae in that
clongated and rod forms have been observed (Hung et al., 1985).

Like other Bunyaviridae particles the Hantavirus particle consists of
four structural protcins: two internal  proteins,  the  transcriptase
component (I protein)  with  a  relative  molecular  mass (Mp)y  of
approximately 200 K, and the nucleocapsid protein (N) with a M, of
approximately 50-53 K, and two surface glycoproteins, designated as Gl
and G2 with My’s of approximatcly 68-72 K and 56-57 K respectively, that
arc inserted in the viral membrane (Schmaljohn et al,, 1983; Schimaljohn
and Dalrymple, 1983, 1984; Elliott et al, 1984; Schmaljohn et af., 1986a;
1986b).

Bunyaviridac have a ribonuclcoprotein core composed of three circular
nuclcocapsids (Bouloy et al, 1973/74; Pettersson and von Bonsdor(f, 1975,
Samso et al, 1976; Obijeski et al, 1976b; Hewlew et al., 1977, Pardigon
et al., 1982). It has been demonstrated that hantaviruses also have three
scparatc nuclcocapsids (Schmaljohn et al, 1983) but it has not been
determined if they are circular.  The Bunyaviridac nucleocapsids are
composed of three single-stranded RNA species which form 1-2% of the
particle by weight and cach of these segments is associated with N
protein (2100 molecules/particle) and L protein (25 molecules/particle)
(Obijeski et al., 1976a).

The Hantavirus ribonucleoprotein core is surrounded by a membrane
bilayer approximately 4 nm thick (McCormick et al, 1982; White et al,
1982; Hung et al, 1983a, 1983b). The viral membrane bears two surface
glycoproteins which give the virus a knobby appearance (McCormick et
al, 1982; White et al, 1982; Hung et al, 1983a, 1983b, 1985).

Ultrastructural studies using negative-stain clectron microscopy  revealed

S



Hantaan virus had a surface structure composed of a grid-like pattern of
morphologic subunits not scen in any other Bunyaviridac or any other
animal viruses (Martin et al, 1985). Bunyaviridae do not encode an
internal matrix protcin so the virion structure is thought to be stabilized
by direct interaction between  the internal nucleocapsids with the
membrane or with the cytoplasmic domain of the inserted glycoproteins
(Pettersson and von Bonsdorf, 1987; Talmon et al., 1987).

Hantavirus Morphogencsis

Generally, maturation of Bunyaviridac occurs by budding into smooth
vesicles at or near the Golgi complex (Lyons and Heyduk, 1973; Murphy
et al., 1973; Kuismanen et al.,, 1982, 1984; Smith and Pifat, 1982). During
maturation the glycoproteins accumulate in the Golgi complex  which
causes a progressive vacuolization (Kuismancn et al., 1984). This cffect is
mediated only by the glycoproteins (Gahmberg et al., 1986a).
sccumulation of the viral glycoprotein in the Golgi does not block the
ability of the Golgi to plycosylate and transport authentic  cell
glycoproteins (Gahmberg et al, 1986b). Although some G1 protcin has
been detected on the surface of infected cells, virions bud into the Golgi
vesicles where they are transported to the cell surface and rcleased by
exocytosis (Elliott, 1990).  Expression of Hantaan virus and Phlebovirus
proteins in vaccinia virus vectors indicates that Golgi targeting is an
inherent property of the glycoproteins (Matsuoka et al., 1988; Pensicro et
al, 1988). This Golgi targeting signal however, has not been determined.
Bunyaviridac maturation, including that of hantaviruses, can be inhibited
by the monovalent ionophore monensin (Cash, 1982; Kuismanen et al,
1985; Schmaljohn et al, 1986a) which inhibits intracellular transport of

membrane glycoproteins by blocking the release of secrctory vesicles from
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Golgi membranes and also interferes with fusion of Golgi vesicles with
the plasmalemma (Tartakoff and Vassalli, 1978). Morphological studics on
hantaviruses cmploying thin-section and immunoclectron microscopy have
indicated that hantaviruses mature in cisternae  of the endoplasmic
reticulum in contrast to other viruses in the Bunyaviridae (Hung et al,
1983a, 1983b, 1985). It appears that Hantavirus morphogencsis is more
complex than that of other genera in the Bunyaviridac family, in that
litle or no association with the Golgi complex was observed, budding

through cytoplasmic vesicles was rarcly observed and large viral inclusion

bodies were observed (Hung et al, 1983b, 1985, 1987). ‘Three types of

inclusion bodies were found in infected cells; granular, granulofilamentous,
and filamentous (Hung e. al, 1987). The granular type were spherical
and 500-2,000 nm in diameter. The most common  were  the
granulofilamentous type which were pleomorphic and measured 2,500-7000
nm. The least common were the filamentous type of inclusion body which
occasionally spanncd the cntire length of the infected cell. Inclusion
bodics were found only in the cytoplasm of infected cells and were ofien
associated with rough endoplasmic reticulum and Golgi cisternae (Hung ef
al., 1987). Immuno-staining revealed these inclusion bodics were composed
of viral antigen and ultrastructurally it was determined these inclusion
bodies were cither virus aggregates or accumulations of virus-related
precursors (Hung et al, 1987). Another feature of Hantavirus infected
cells was the presence of a viral antigen layer on infected cells (Hung et
al., 1985). This viral antigen layer was approximatcly 40 nm thick and
was found on the inner surface of membranous vesicles and on

invaginated cavitics of plasma membranes (Hung et al., 1985).
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Genome Qreanization and Viral Proteins

Hantaan virus was shown to have a tripartite single-stranded RNA
genome  with a ncegative polarity (Schmaljohn and Dalrymple, 1983
Schmaljohn et al, 1983). The three genomic RNA segments, large (L),
medium (M), and small (S) have molecular weights of approximately 2.2,
1.3 and 05 X 106, respectively (Yoo and Kang, 1987a). The results of
¢DNA cloning and nucleotide sequence determination of various genome
segments  has  yielded precise information on  their size and coding
capacity.

The I, RNA segment of two hantaviruses, Hantaan virus and Scoul
virus strain 80-39 (Scoul) have been cloned and the nucleotide sequence
determined (6,530 bases) (Schmaljohn, 1990; Antic et al, 1991b). The
Hantaan virus and Scoul virus L RNA segments can encode, in the viral
complementary sense, cither 2,150 or 2,151 amino acids respectively
(Schmaljohn, 1990; Antic et al, 1991b). These protcins have calculated
M's of approximately 247 K which is similar in size (>200 K) to the L
protcin (polymerase) detected in purified Hantaan virus particles (Elliott
el al, 1984). The nucleotide scquence of the L segment of only one
other virus in the Bunyaviridae family has bcen reported: Bunyamwera
virus, a member of the Bunyavirus genus (Clliott, 1989). The L protein
potentially encoded by the Bunyamwera L RNA segment was shown to
have a small region with amino acid similarity to part of the PB1
polymerase protein of Influenza virus (Elliott, 1989). The Seoul virus
polymerase protein was also similar to the Bunyamwera virus polymerase
protcin and Influenza virus PB1 polymerase protein in a small region (46
amino acids), but not to the polymerase proteins of LCMV, measles virus,

Newcastle discase virus, parainfluenza virus, respiratory syncytial virus,
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Sendai virus, rabies virus or VSV (Antic et al, 1991b). Work on the in
vitro transcriptase activity in Hantaan virus revealed that the polymerase
(L) protein was an RNA-dependent RNA polymerase absolutely dependent
on the presence of manganese divalent cations  (Schmaljohn and
Dalrymple, 1983).

The M RNA scgment of at least one discase causing Hantavirus within
scrotypes 1, 2 and 3 has been cloned and the nucleotide sequence
determined. Thc Hantaan virus (serotype 1), SR virus (serotype 2), Biken
1 virus (B-1) (scrotype 2), Scoul virus (scrotype 2) and Hallnas virus
(scrotype 3) M RNA segments were shown to consist of between 3,616
and 3,682 bases (Schmaljohn et al, 1987b; Yoo and Kang, 1987b; Gicbel ef
al, 1989; Arikawa et al, 1990; Izegawa et al., 1990; Antic et al, 1991a).
These virus M RNA scgments contzin single long open reading frames
(ORF), in the complementary sense, which can encode a glycoprotein
precursor consisting of 1136-1148 amino acids with a predicted Mg of
approximatcly 126 K (Schmaljohn et al, 1987b; Yoo and Kang, 1987b;
Gicbel et al., 1989; Arikawa et al., 1990; lzegawa et al, 1990; Antic et al,,
1991a). This precursor is cleaved into the G1 and G2 proteins.  Amino
acid sequencing of the N-termini of the Hantaan virus G1 and G2 proteins
established the gene order as 5-G1-G2-3' (Schmaljohn et al., 1987b).
Amino acid scquencing also demonstrated that Hantaan virus and SR virus
have signal peptides of 18 and 16 amino acids respectively, preceding the
G1 protein (Schmaljohn et al. 1987b; Arikawa et al, 1990). Asparagine-
linked sugars are associated with both the G1 and G2 proteins and the
majority are of the high mannose type (Elliott et al, 1984; Schmaljohn et
al, 1986a). The Mp's of the unglycosylated G1 and G2 proteins are

approximately 62 K and 54 K respectively, whereas the glycosylated G1



and G2 proteins migrate between 68 K to 72 K and 56 K to 57 K
respectively (Elliott et al,, 1984; Schmaljohn et al, 1986a). The M, of
the unglycosylated G1 protein (62 K), cstimated on gels, is smaller than
the calculated My of this protein (70.3 K) as determined by its amino acid
composition. To cxplain this discrepancy it was suggested that there is a
small intergenic region, which is removed by cleavage, between the
carboxy terminus of the G1 protcin and the amino terminus of the G2
protcin (Schmaljohn et al, 1987b). The Hantaan virus envelope
glycoproteins were demonstrated to have hemagglutinating  activity  (Tsai
et al, 1984; Okuno et al, 1986) and can induce ccll fusion at low pH
(Arikawa et al., 1985a). It is not presently known however, whether the
fusion property is aszociated with G1, G2 or both. Work with monoclonal
antibodics (MAbs) has identified neutralizing sites in both the G1 and G2
protcins and whereas all ncutralizing MAbs inhibit hemagglutination some
MAbs to G2 inhibit hemagglutination but do not neutralize virus
(Yamanishi et al, 1984; Dantas et al, 1986; Arikawa et al, 1989).
Comparison of seven hantaviruses using a radioimmunoprecipitation assay
demonstrated that G1 was the lcast cross-reactive protein and the G2
protcin was only weakly cross-reactive (Shesberadaran et al., 1988).

Viruses in the Bunyaviridac family do not all use the same M RNA
coding strategy. The M coding stategy of hantaviruses is similar to that
of viruses in the Unkuvirus genus in that two glycoproteins are generated
from the glycoprotein precursor.  However, the precursor protein of
viruses in the Bunyavirus and Phlebovirus genera are cleaved to generate
a third protein termed NSp, which is non-structural (Gentsch and Bishop,
1979; Fulier and Bishop, 1982; Elliott, 1985; Collett et al., 1985; lhara et
al., 1985; Battles and Dalrymple, 1988; Takchara et al, 1989). The
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precursor protein  containing these proteins could not be detected in
infected cclls suggesting cleavage is a cotranslational cvent (Pennington
et al., 1977; Lees et al, 1986). In bunyaviruses the M RNA scgment,
specifically the G1 protein, has been identified as a major determinant of
virulence and infectivity (Beaty ef al, 1981, 1982; Shope et al, 1981;
Gonzalez-Scarano et al, 1985, 1988; Jansscn et al, 1986; Sundin ef al.,
1987). It has not been determined if this is also true for hantaviruses.

The S RNA scgments of at least one discase causing Hantavirus
within serotypes 1, 2 and 3 has also been cloned and the nucleotide
scquence determined (Schmaljohn et al, 1986b; Stohwasser et al., 1990;
Arikawa et al, 1990). The Hantaan virus (scrotype 1), SR virus (serotype
2), and Hallnas virus (scrotype 3) S RNA scgments were shown 1o consist
of between 1,696 and 1,785 bascs (Schmaljohn et al,, 198Gb; Stohwasser ef
al., 1990; Arikawa et al, 1990). These virus S RNA scgments contain a
single long ORF, in the complementary sense, which can encode a protein
with a predicted My of 48 K to 49 K which is almost identical 0 the M,
of the actual Hantavirus N protein (50-53 K) (Schmaljohn and Dalrymple,
1983; Elliott et al, 1984; Schmaljohn et al, 198Gb; Stohwasscr et al,,
1990; Arikawa et al, 1990). Expression of the Hantaan virus S RNA
segment by a recombinant baculovirus demonstrated that if the first AUG
initiation codon in the ORF was removed no N protein was synthesized
(Schmaljohn et al,, 1988b). The Hantavirus N protein is the major cross-
reactive antigen between serotypes and this presumably reflects arcas of
sequence conservation on the S8 RNA segments detected with  cross-
hybridization studics (Schmaljohn et al, 1987a; Sheshberadaran et al,,

1988).

Coding strategy of the S RNA segment varics between gencra in the



Bunyaviridac family (Bishop, 1985; Elliott, 1990). Viruses in the
Bunyavirus and Phlebovirus gencra encode an N protein and a non-
structural (NSg) protein with their § RNA segments. However, the coding
strategics of the S scgments differ between these genera.  Members of
the Bunyavirus genus usc overlapping ORF's to cncode a 19-26 K N
protcin and a 10-12 K NSg protein, whercas viruses in the Phlebovirus
and Uukuvirus genera encode a 26-28 K N protein and a 29-32 K NS¢
protein using an ambisense coding strategy (Bishop, 1985; Simons et al.,
1990). ‘The function of these NSg proteins is not presently known. The
S RNA segments of viruses in the Hantavirus and Nairovirus gencra
appcar to only encode an N protein with a Mp of approximately 50 K
(David-West, 1974; Clerx and Bishop, 1981; Clerx et al, 1981; Foulke et
al., 1981; Cash, 1985; Watret and Elliott, 1985; Schmaljohn et al, 1986b;
Stohwasser et al., 1990, Arikawa et al., 1990; Elliott, 1990).

3. EPIDEMIOLOGY

Distribution

Scrocpidemiological surveys have revealed that hantaviruses are widely
distributed throughout the world, as demonstrated by the presence of
antibodics against hantaviruses in sera from humans, ficld rodeuts, urban
rats and laboratory rats (lLee and Antoniadis, 1981; Lee et al., 1981d; Lee,
1982b; lec et al, 1982b; lce et al, 1984; LeDuc et al., 1986; Lee, 1986;
van der Groen ef al, 1986; Yanagihara and Gajdusek, 1987; LeDuc, 1987).

There arc at least three forms of HFRS; severe, modecrate, and mild,
and severity of the discase is at least partially dependent on the serotype

of the etiologic agent (Table 2) (Lee and van der Groen, 1989). Serotype
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Table 2. Antigenically recognized scrotypes within the Hantavirus genus,
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Serotype Virus Host Disease
1 Hantaan 76-118 Apodemus agrarius severe HERS
2 Sappororat 11 Rattus norvegicus moderate HFRS
3 Hallnas Clethrionomys glarcolus mild HFRS (NE)
4 Prospect Hill Microtus pennsylvanicus  non-pathogenic




1 includes Apodemus-derived strains, like Hantaan virus strain 76-118
(Hantaan), which are associated with the scvere form of HFRS (Lec et
al, 1978). Scrotype 2 includes Rattus-derived strains, like Sapporo rat
virus strain 11 (SR), which arc associated with a moderate although
potentially still fatal form of HFRS (Lee et al, 1982a; Kitamura et al,
1983). ‘The severe and moderate forms of HFRS are common in Asian
countrics. In the Republic of Korea there arc several hundred cases a
year in rural and urban arcas with a case fatality rate of approximately
5% (lee, 1988b; Lee and van der Groen, 1989). In China, there are an
estimated 50,000 to 100,000 cases a year with mortality rates of 5-20%
depending on the province (Jiang, 1983; Song et al, 1984; Lee, 1988a).
Scrotype 3 includes Clethrionomys-derived strains, like Puumala virus
strain Hallnds B1 (Haillnds), and is associated with the milder form of
HFRS (NE) (Brummer-Korvenkontio et al, 1980). The majority of cases
caused by Puumala virus in Europe are mild HFRS (NE) with a mortality
rate of approximately 0.2% (Scttergren et al, 1988a). Scrotype 4 includes
Microtus-derived  strains, like Prospect Hill virus strain Prospect Hill 1
(PH), that have not been linked to any disease in man (Lee et al, 1982c,
1985a; Yanagihara et al,, 1984a, 1987).
Epidemiologic Type

There are three epidemiologic types of HFRS that are dctermined by
the location of the disease outbreak and the reservoir host of the
ctiologic agent; rural, urban, and animal room (Lee et al., 1982b).

The reservoir in rural endemic areas of Asia are field rodents,
particularly Apodemus species (Lee et al, 1981a). Although field rodents
they will invade homes during the snowy scason. There are two seasonal

pcaks of rural type HFRS, late spring and fall, when numbers of
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Hantavirus infected Apodemus mice arc usually high {lce, 1982a, 1982b).
Victims are usually 20-50 years of age and are farmers or soldiers
working or stationed in the ficld. European HFRS is also of the rural
type and the main reservoir in Scandinavia is Clethrionomys glarcolus
(Niklasson et al, 1987, Niklasson and LeDuc, 1987; Seuergren et al,
1988b). In the rest of Europe other ficld rodents are the reservoir hosts
(van der Groen et al, 1986; Tkachenko et al, 1983, 1987). Rural types of
HFRS are caused primarily by hantaviruses in scrotypes 1 and 3.

The source of urban cases of HFRS is housc rats (Rattus) (Lee et al.,
1980; Chumakov and Garvrilovskaya, 1980; Lee et al, 1982a: Song et al.,
1984; Sugiyama et al, 1984). Since 1983 there have been approximatcly
100 cases/year of urban HFRS in metropolitan arcas of Scoul and other
large Korean cities (Lee, 1989). In Japan there were several cases in the
1960's and 1980’s in urban areas of Osaka (Tamura, 1964; Morimoto et al.,
1986). In China mild cases of HFRS have occurred in several cities (lee
and van der Groen, 1989). There are cases of urban HFRS throughout
the year, but they are most frequent in fall and carly winter seasons in
temperate zones (Lee and van der Groen, 1989). Urban cases of HFRS
are usually caused by hantaviruses in scrotype 2, particularly Scoul virus
(Tamura, 1964; Lee et al., 1980; Shortridge et al., 1987).

The reservoir for animal room cases is colonized cxperimental rats,
This was decmonstrated by the presence of antibody and isolation of a
Hantavirus from cxperimental rats (Lee and van der Groen, 1989). By
1985 there had been 16 cases of laboratory infections in Korea and 126 in
Japan, with 1 fatality (lee et al, 1986a; Kawamata ef al, 1987).
Laboratory infections have also been reported in Korea, Belgium, The

Netherlands, France and Great Britain (Umenai et al, 1979; lee and
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Johnson, 1982; Lloyd et al, 1984; Ostcrhaus et al., 1984; Dournon et al.,
1984). laboratory infections can occur at anytime but arc most frequent
in winter when the air is dry. Scoul virus (scrotype 2) is a common
causc of laboratory infections.

Transmission

The infection pattern indicates that hantaviruses are spread by
acrosols. Large quantides of virus are excreted from the urine, saliva
and feces of infected mice (Apodemus agrarius) and bank voles
(Cletbrionomys glareolus) (lcc et al, 1981b; Yanagihara, 1985). Excretion
of Hantaan virus from mouse saliva and feces could be detected for one
month and in urine for up to a year. Horizontal transmission of Hantaan
virus bhas been demonstrated in Apodemus mice and is transmitted
primarily via the respiratory tract.  There is no ecvidence of direct
human-to-human transmission of the virus,

Rescervoirs

The reservoir host for Hantaan virus in rural arcas of Korea is
Apodemus agrarius; in Finland and west of the Ural mountains the
reservoir host of Puumala virus is Cletbrionomys glareolus and field mice;
in urban arcas of Korea, Japan and China Rattus and Rattus norvegicus
arc the reservoirs of Scoul virus. Colonized experimental rats are also a
reservoir for Scoul virus. Antigen from hantaviruses has been detected in
16 different rodent species and 4 different inscctivore species (Tkachenko
et al., 1983; Gavriovskaya et al., 1983; van der Groen et al., 1986).

Vectors

The identification of hantaviruses as a new genus in the Bunyaviridae

family initially suggested that it was an arthropod-transmitted virus like

all other members of this family. However, the long term viruria and
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acrosol transmission suggest that hantaviruses do not require arthropod
vectors (Traub et al, 1954; Umenai et al, 1979; lee et al, 1981a; Bishop
et al, 1980). However, it has been hypothesized that Hantaan virus can
be transmitted from ectoparasitcs on Apodemus mice (Kasahara et al,
1944). Hantaan virus has been recovered from Haemolaclaps glasgowi and
Eulaelaps stabulanis collected from Apodemus mice in China. It was also
shown that these mites and Omithonyssus bacoli and Haemolaclaps casalis
could be infected by feeding on infected rodents (Tsai, 1987). Whether
these mites can transmit hantaviruses is not known, however, they are
not required for transmission since horizontal transfer can occur between
clean mice that have not been ectoparasitized.  Also hantaviruses have

not been isolated from any arthropods or successfully grown in insecct

tissue culture cell lines,

4. CLINICAL MANIFESTATIONS, PATHOGENESIS, SERO-DIAGNOSIS,
TREATMENT AND VACCINE DEVELOPMENT

Clinical Manifestations

Before isolation of the etiologic agent of HFRS which allowed
serodiagnosis, this discase could only be¢ identified on clinical grounds.
The major manifestations are fever, prostration, vomiting, proteinuria,
hemorrhagic phenomena, shock and renal failure (Barle, 1954). The
incubation period is usually 14-21 days but can vary between 4 and 42
days. In moderatc and mild cases of HFRS the hemorrhagic phenomena
and proteinuria are often absent.

The severe form of HFRS can be divided into five distinct phascs;

febrile, hypotensive, oliguric, diurctic, and convalescent (Smadel, 1953;
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Earle, 1954; Gajdusck, 1962). In modcrate cases of HFRS the five phases
are usually of shorter duration. In mild cases of HFRS diagnosis is very
difficult on clinical grounds because renal manifestations dominate the
hemorrhagic features (Lahdevirta, 1971, 1982; Scttergren et al., 1988a).

The febrile phase lasts 3-7 days and is characterized by a high fever
(40°C), general malaise, weakness and generalized myalgia.  There is
extensive retroperitoncal or peritoneal edema resulting from extravasation
of plasma due to increased capillary permeability. Near the end of this
phase¢ conjunctival hemorrhage occurs and fine petechiac are observed in
folds of the face, neck, soft palate and anterior chest wall.

The hypotensive phase has a sudden onset and can last from hours to
2 days. Classical signs of shock including tachycardia, narrowed pulse
pressure, hypotension and cold and clammy skin are observed. In mild
cases blood pressure rcturns to normal in a few hours but in severe
forms hypotension manifests as clinical shock and one-third of deaths are
associated with irreversible shock in this phase. The pathogenic
mechanism  of hypotension likely results from plasma loss from the
vascular system duc to capillary dilation, decreased cell mass and
decreased arterial tonicity.

The oliguric phase lasts from 3-7 days. Blood pressure begins to
return to normal but about 60% of patients become hypertensive because
of their hypervolemic state. Patients suffer severe nausea and vomiting.
The bleeding becomes more severe and conjunctival, cerebral and gastro-
intestinal hemorrhaging can occur. Approximately 50% of HFRS fatalities
occur during this phase.

The diurctic phase can last days or weeks and clinical recovery is

initiatced by diuresis. Diuresis is somctimes delayed by dechydration and
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clectrolyte imbalance.  Urine output will vary between 3-6 liters a day
but urine volume, and length of this phase is related to the severity  of
the discase.

The convalescent phase requires 2-3 months and while mild ancemia
can persist, recovery is the rule.  Glomerular filtration rate, renal blood
flow and urinary concentration ability return to about 70% of normal
within 6 months.

Pathogenesis

The pathogenesis of a hantavirus infection in humans is  not
understood. A primate model for this discase does not cxist although
Yanagihara et al (1988) demonstrated that some cynomolgus  monkeys
(Macac fascicularis) and a chimpanzee (Pan troglodytes) showed mild
symptoms of acute nephropathy when infected with PH virus.  ‘The
mechanism(s) by which hantaviruses produce capillary dysfunction is
unknown.

Human material obtained from autopsicd patients  or  biopsicd
specimens demonstrated hantavirus antigen in the pititary, brain, spleen,
kidney and liver. The kidney subcortical medullary  vessels  werc
congested in Chinese HFRS patients dying in the febrile or hypotensive
phases but no tubular damage was obscrved. As the discase progressed
vascular congestion occurs in the intertubular spaces and was followed by
progressive tubular damage (Yanagihara and Gajdusck, 1987).

Scveral groups have attempted to infect various rodents  with
hantaviruses. A lethal suckling mouse model for hantavirus infection was
developed (Tsai et al., 1982; Yamanouchi et al, 1984; Kurata et al, 1983;
Kim and McKee, 1985; McKee et al, 1985) and ribavirin therapy showed

limited success in suckling mice (Huggins et al, 1986). It was shown that
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both humoral and cellular immunity were required to protect mice against
Hantaan virus infection, and ‘I cells possessing L3 TQ4 Lyt 2%+ markers
were especially important in clearing virus in vivo (Asada et al, 1987,
1988, 1989; Tamura et al, 1989). Cross-reactive studics with cytotoxic T
lymphocytes (CTLs) suggests that CTLs may recognize epitopes common to
all hantaviruses whereas cpitopes that clicit ncutralizing antibodies were
shown to be mainly specific to each virus (Asada et al, 1989; Zhang et
al, 1989). Using a hamster challenge model it was demonstrated that to
induce protective high titer antibody responses against Hantaan virus, an
animal required exposure to both the G1 and G2 cnvelope glycoproteins
(Schmaljohn et al., 1990).

Serological Testing

Scrological diagnosis of HFRS is the mecthod of choice and can be
made by dcmonstrating a risc in titer of specific immunofluorescent
antibodies (IFA) and neutralizing antibodics against hantaviruses.  IFA
and neutralizing antibodies appear during the first weck of discase and
pcak by the end of the second weck. IFA antibodics can be detected
with Apodemus lung scctions (Lee et al., 1978) or A594 and Vero EG cells
(van der Groen and Beelaert, 1985) infected with Hantaan virus. Several
mcthods such as hemagglutination inhibition, complement fixation, immune
adherence  hemagglutination, enzyme-linked immunosorbent assay (ELISA)
and solid-phase radioimmunoassay are also now available (Yanagihara and
Gajdusck, 1987). To identify the specific hantaviral agent, plaque
reduction ncutralization with reference prototype hantaviruses is the
reccommended technique (Tanishita et al, 1984; Tsai et al, 1984;
Schmaljohn et al., 1985; Arikawa et al., 1985; lece et al, 1985b; Takenaka
et al., 1985).
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Treatment

The trcamment of patients is mainly supportive since there is no
specific measure or drug treatment for HFRS. However, HERS patients in
China and Korea were recently treated with ribavirin within seven days
after onsct of fever and this reduced mortality and shortened the course
of the illness (Lee and van der Groen, 1989). Hemadialysis during the

oliguric phase has also proved useful (Cohen, 1982; Lee, 1982b).

Vaccine Development

Production of a vaccine for HFRS has been a definite goal, but
development of a Hantavirus vaccine has been hampered by the slow
growth and lowtiter replication of hantaviruses in cultured cells, the
requirement for a high level containment facility to grow the virus and
the lack of an animal model to test the cfficacy of a potential vaccine.
Presently, inactivated Hantaan virus-infected mouse or rat  brain
preparations have been tested in North and South Korea (Yan, 1985; Kim
and Ryu, 1988; D. ]J. Suh, J. W. Song and H. W. Lce, Virus Information
Exchg. Newsl. 6, 131). Inactivated Hantaan virus grown in tissuc
culture is under development and testing in Japan and China (Yamanishi
et al, 1988; U. -X. Yu and Z. -Y. Zhe, Virus Information Exchg.  Newsl.
0, 131).

5. STATEMENT OF OBJECTIVES

All  the hantaviruses that have previously been  molecularly
characterized cause a human discase, whereas PH virus is known to be
non-pathogenic (Yanagihara et al,, 1984a, 1987). Therefore, a comparison

between pathogenic and non-pathogenic viruses may lcad us to map



domain(s) responsible for  pathogencesis. Furthcrmore, scquence

comparisons of Asian, European and North American isolates of Hantaviius

could

reveal the cevolution of this group of viruses, and PH virus

represents one of the North American isolates.

D

2)

3

4)

5)

6)

To develop an assay to monitor the progress of a PH  virus
infection in tissuc culture and determine the best times to harvest
the virus and extract its RNA.,

To clone the PH virus M RNA scgment and determine its nucleotide
sequence.

To compare the putative gene products of the PH virus M RNA
segment with the homologous gene products of discase causing
hantaviruses from scrotypes 1, 2 and 3.

To clone the PH virus S RNA segment and detenuiine its nucleotide
sequence.

To compare the putative gene product of the PH virus § RNA
segment with the homologous gene product of discase causing
hantaviruses from serotypes 1, 2 and 3.

To express the potential gene product of the sccond overlapping
open reading frame on the viral-complementary S RNA of PH virus,
and determine if this gene product is expressed in PH virus

infected Vero cells.
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PART 2: HUMAN_IMMUNODEFICIENCY VIRUS IYPE 1 rer AND  pif
PROTEINS

1. GENERAL DESCRIPTION OF HIV-1

Human Immunodeficicncy virus type 1 (HIV-1) has been identified as
the etiologic agent of acquired immunodeficiency syndrome (AIDS) and
rclated disorders (Barrc-Sinoussi et al, 1983; Broder and Gallo, 1984;
Gallo et al, 1984; Popovic et al., 1984; Sarngadharan et al., 1984). HIV-1
displays a high degree of genetic complexity. In addition to encoding the
gag, pol and env structural proteins characteristic of all replication-
competent retroviruses, HIV-1 encodes at least six other prowins.  ‘Two
of these proteins zat and rev, are essential trans regulators of viral gene
expi2ssion, while two other proteins - and vif are important for the
morphogenesis and  release of infectious virions (Dayton et al,, 19806,
Cullen and Greene, 1990). The roles of the proteins nef and epr is not
clear and both are dispensable for HIV-1 replication in cell culture (Kim
et al, 1989; Ogawa et al, 1989; Cohen et al, 1990b). Recent -lata
suggest however, that upr is a virion structural protein whose expression
moderatcly enhances the rate of viral replication (Ogawa et al, 1989,
Covhen et al, 1990a, 1990b). These ninc viral protcins are cncoded by
more than 20 distinct mRNA species that are derived from  post-
transcriptional  processing of the initial full length  viral transcript
(Mucsing et al, 1985; Felber et al, 1990; Robert-Guroff et al., 1990;
Schwartz et al., 1990a, 1990b).
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2. HIV-1 rev PROTEIN

The HIV-1 rev protein is 116 amino acids in length and is encoded by
two cxons put together in a double-spliced mRNA approximately 2 Kb in
length (Arya et al, 1985; Feinberg et al, 1986; Sodroski et al, 1986).
The rev protein is required for expression of the gag, pol, env, vif and
vpr proteins which require unspliced or single-spliced mRNA (Feinberg et
al., 1986; Sodroski et al,1986; Knight et al, 1987; Malim et al, 1988;
Sadaic et al,1988; Terwilliger et al, 1988; Hadzopoulou-Cladaras et al,,
1989; Garret et al, 1991). In the absence of rev the gag, pol and env
proteins are not produced, and the virus is replication defective (Sodroski
et al., 1986; Terwilliger et al., 1988).

Function of the HIV-1 rer Protein

Expression of rev protcin during HIV-1 replication causcs a switch
from small multiply-spliced mRNAs, which encode regulatory proteins, to
singly-spliccd or unspliced mRNAs, which encode structural proteins, by
inducing export of the mRNAs from the nucleus to the cytoplasm before
complete splicing can occur (Malim et al, 1988; Chang and Sharp, 1989;
Emcrman et al,, 1989; Felber et al,, 1989; Hammarskjold et al, 1989). The
rev protein also increases the halflife of these larger mRNA species
(Felber et al, 1989). The mRNA transport function is caused by rev
reacting with a cis-acting, highly structured 234 nuclcotide target
sequence, the rev responsive clement (RRE), located within the cnvelope
gene of HIV-1 (Rosen et al, 1988; Dayton et al, 1989; Emerman ef af,
1989; Felber et al, 1989; Hammarskjold et al, 1989; Malim et al, 1989b).
The rev protcin was shown to react with the RRE by direct binding

(Dayton et al., 1989; Zapp and Green, 1989; Heaphy ef al., 1990; Malim ez
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al., 1990; Olscn et al, 1990). The regulation of mRNA transport from the
nucleus induced by the rev protein is dependent on the fact that HIV-1
mRNA species use suboptimal splice sites (Chang and Sharp, 1990).

The HIV-1 rev protein is localized in the nucleus (Cullen et al., 1988;
Felber et al., 1989) and is spccifically associated with nucleoli (Cullen ef
al., 1988; Kubota et al., 1989; Cochranc et al, 1990: Venkatesh ef al.,
1990). Rev is directed to the nucleus by a basic streich of amino acids
(amino acids 25-50) that is rich in argininc residucs (Malim et al., 1989,
Perkins et al., 1990).

The rev protein is a phosphoprotein (Hauber et al., 1988; Cochrance et
al., 1989b) and is phosphorylated on two scrine residues by a specific
serine kinase localized in the nucleus (Cochrane et al, 1989b). However,
the rev protein does not require phosphorylation to be functionally active

(Hauber et al., 1988; Cochrane et al., 19894, 1989b; M:.lim et al., 1989a).

3. HIV-1 vif PROTEIN

The HIV-1 2if gene is located between the pol and env genes as a
single cxon that could encode a 192 amino acid protein (Ratner et al,
1985; Wein-Hobson et al, 1985). The HIV-1 vif protcin is cncoded by a
singly-spliced mRNA of approximately 5 Kb and is rev dependent (Garret
et al, 1991). Becausc vif is rev dependent it is a late gene like gag, pol,
and env.

Function of the HIV-1 vif protcin

Using HIV-1 mutants deficient for vif expression it was demontrated
that »if was required for the ecfficient transmission of cell-free virus in

culture (Fisher et al, 1987; Strebel et al, 1987). ‘These vif deficient



proviruses appear to cxpress all other proteins to normal levels and
release virus from the celi at normal cfficiency.  Although the relcased
virions are morphologically identical to virions released from vif* HIV-1
infected cells, they were found to be approximatcly 1,000 times less
infectious  (Fisher et al, 1987; Strcbel et al, 1987). Intcrestingly, the
absence of vif does not appear to affect the efficiency of direct cell to
cell spread of HIV-1 (Fisher et al., 1987; Strebel et al., 1987). Strebel et
al. (1987) demonstrated virus of normal infectivity could be gencrated by
transcomplementation. This suggested that vif was required for
absorption, penetration, cndocytosis, or uncoating and suggests vif is
virion-associated (Strcbel et al, 1987). Presently, vif has not been
demonstrated to be a virion-associated protein.

Recently the HIV-1 gif protein was found to have some amino acid
sequence similarity with cysteine proteases (Guy et al, 1991). When the
vif protein and env protein (gpl160) were co-cxpressed in mammalian cells
the cnvelope protein gpl120 was released into the medium (Guy et al,
1991). Immunoflucrescence and immunogold techniques showed that the
vif protcin was localizing in the Golgi apparatus and on the surface of
vesicles (Guy et al, 1991). If a cysteine protcase inhibitor was added or
gp160 was cxpressed alone, gpl20 was found to accumulate in the cell
(Guy et al, 1991). Size analysis of the protcins showed the cnvelope
protein gp4l was approximately 1 K smaller when expressed with 2if (Guy
et al, 1991). Using antiscra raiscd against synthetic peptides, Guy et al
(1991) showed that the extreme C-terminus of the gp4l protein was
cleaved when cexpressed with the vif protein but only in the absence of
the cystcine protcase inhibitor. The env protein recognizes the CD4

molecule at the cell surface and then enters the cell via pH-independent
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membrane fusion involving gp41 (Stcin et al, 1987). ‘Therefore, it has
been postulated that virions posscssing gp41 proteins that have not been
correctly processed by wif may be unable to enter the cell cfficiently

(Guy et al., 1991).
4. STATEMENT OF OBJECTIVES

The baculovirus expression vector system used to express the putative
NSs protcin of PH virus, was cmployed to cxpress two important
regulatory protecins, rev and vuif, of HIV-1. Expressed rev and vif was
used to study the prevalence of antibodies against rev and/or vif in HIV-
1 infected individuals in order to determine the cfficacy of these proteins

as prognostic markers for the progression of AIDS.

1) To express the rev and wvif proteins of HIV-1 to high levels in
inscct cclls using recombinant baculovirus vectors.

2) To test sera from HIV-1 infected individuals, with different
symptoms of discase, for the presence of antibodies that would
recognize the rev or vif proteins of HIV-1.

3) To wuse partially purified HIV-1 w2if protein to raisc specific
antibodies in rabbits that could eventually be used to determine if

vif is a virion-associated protein.
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CHAPTER 2: MATERIALS AND METHODS

1. PROSPECT HILL VIRUS PRODUCTION

Virus, Cells and Media

Prospect Hill (PH) virus (strain Prospect Hill-1), provided by Dr. J.M.
Dalrymple (USAMRIID, Frederick, MD), was propagated in Vero EG cells
(ATCC 1008, CRL 158G). Ceclls were grown and maintained at 37°C in
Dulbecco’s modified Eagle medium (DMEM) (Dulbecco and Freeman, 1959),
supplemented with heat-inactivated fetal bovine serum (FBS) (10%) (v/v)
and L-glutamine (2mM) (Gibco, Grand Island, NY) (completc DMEM).

Virus Production and Radiolabelling of Viral RNA

To propagate PH virus, Vero cclls in 100 mm tissue culture dishes
(Nunc/GIBCO/BRL Life Technologies Inc., Burlington, Ontario) were
infected with a multiplicity of infection (MOI} between 0.03 and 0.005
pfu/cell and maintained at 35°C in a humidified Shel-lab incubator (John's
Scicntific Inc., Toronto, Ontario) with 5% CO3. The medium on the cells
was changed 4 days post-infection and PH virus was harvested 8, 12, and
15 days after infection. Labelling of PH virus RNA was accomplished by
adding 100 uCi of [5,6-3H]-uridine (1 mCi/ml, 40-60 Ci/mmol, Amersham,
Arlington Hcights, I1) to the medium of cach plate 4, 8, and 12 days
after infection.  Tissue culture fluid containing the virus was harvested 8,
12 and 15 days after infection. Tissue culture fluid was clarified by
centrifugation for 30 min at 3,000 g at room temperature (Damon/IEC,
model HN-S, Needham Heights, MA).  Virus particles in clarified tissue
culture fluid were pelleted by centrifugation for 2 h at 81,000 g at 4°C in

a Beckman SW 28 rotor (Beckman, Cedar Grove, NJ).



Assay for PH Virus Production

Vero E6 cells in 100 mm tissuc culture plates were infected with PH
virus as described above or mock infected.  After a 1 h adsorption at
37°C cach culture dish was given a final volume of 10 ml of complete
DMEM containing 100 uCi of [5,6-3H|-uridinc. The tissue culture dishes
were incubated at 37°C which was constant for the assay. At 1, 2 and 3
days after infection 1 ml of tissue culture fluid was harvested from each
dish and replaced with 1 mi of fresh complete DMEM containing 10 uGi
of [5,6—3H]-uridinc. On day 4 postinfection all of the medium was
removed and 1 ml was used in the assay, Each plate was given 10 ml of
DMEM containing bovine scrum albumin (BSA) (2%) and 100 uCi of |5,6-
3H]-uridinc. Medium was removed and replaced on days 5, 6, 7, 9, 10, 11
and 12 as described for days 1, 2 and 3 cxcept the medium contained 2%,
BSA instcad of 10% FBS. Medium was removed and replaced on day 8 as
described for day 4. The 1 ml sample removed cach day was centrifuged
at 14,000 g for 3 min. Some of the supernatant (800 pl) was removed,
diluted in 10 ml of cold PBS (137 mM NaCl, 8.1 mM NaaHPO4, 2.7 mM
KCl, 1.5 mM KH2PO4, 0.9 mM CaCly, 0.5 mM MgClp) and centrifuged at
165,000 g for 1 h at 4°C in a SW41 rotor (Beckman). ‘The supernatant
was discarded and the pellet was washed by resuspending in 10 ml of cold
PBS and centrifuged as before.  After discarding the supernatant the
pellet was resuspended in 200 ul of STE (10 mM ‘Iris, pH 8.0, 100 mM
NaCl, 1 mM EDTA) containing 0.5% Triton X-100 and mixed with 10 ml of
agucous counting scintillant (ACS) (Amersham).  The radioactivity was
measured in a liquid scintillation counter (LKB, Model 1214 Rackbeta,
Sweden). Duplicate plates were sct up for both the PH virus infected

sample and mock infected controls. The counts per minute/ml (cpm/ml)



from duplicate cultures were averaged and then plotted.

2. PREPARATION OF RNAs

Extraction and Purification of PH Virus RNA

Virus pellets were resuspended in a total of 450 pl of STE buffer (10
mM °Iris, pH 8.0, 100 mM NaCl, 1 mM EDTA), then mixcd with 450 ul of
2X NENS buffer (200 mM NaCl, 20 mM EDTA, 100 mM sodium acetatz, pH
5.1, 1% SDS) containing 500 pg/ml of proteinasc K (Bochinger Mannheim,
Laval, Quecbec) and incubated at 37°C for 30 min. Virion RNA was
extracted with one volume of phenol-chloroform-isoamyl alcohol (25:24:1)
and re-extracted with chloroform-isoamyl alcohol (24:1). If the virion
RNA was rcquired for gels or Northern blots it was precipitated by
adding three volumes of cold ethanol and stored overnight at -20°C or at
-70°C for at least 60 min. ‘The RNA was pelleted by centrifugation in a
microcentrifuge at 14,000 g for 30 min at 4°C. However, if the PH virus
RNA was to be used for cDNA synthesis it was purified after the
extraction steps.  The purificaton of PH virus RNA was based on the
procedure of Chirgwin ct al. (1979). In a typical experiment, a 2.7 ml
solution of PH virus RNA was mixed with 2.918 g of CsCi, and layered on
a 1 ml cushion of 57 M CsCl buffered with 25 mM Na-acctate (pH 5.5).
RNA was pclicted by centrifugation for 18 h in a2 SW 50.1 rotor
(Beckman) at 121,000 g at 25°C.  Pelleted RNA was resuspended in H20
by bricf heating at 68°C, and then ethanol precipitated.

Alternatively, the virus pellets were dissolved in a total of 3 ml of 4
M guanidinium thiocyanate stock containing 100 mM 2-mercaptocthanol

and buffered with 25 mM Na-citrate, pH 7.0. This was layered on a 1.2
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ml cushion of 57 M CsCl buffered with 25 mM Na-acetate (pH 5.5)
(Chirgwin ct al. 1979). The PH virus RNA was pelleted by centrifugation
for 12 h in a SW 50.1 rotor at 121,000 g at 20°C. Pelleted RNA was
resuspended in H20 by brief hcating at 68°C, and then  cthanol
precipitated.

Extraction _and Purification of Intracellular RNA from PH Virus Infected

Cells

Vero E6 C1008 cells were infected with PH virus and maintained as
described above. At 8 or 9 days postinfection the cell monolayers were
washed once with cold PBS (137 mM NaCl, 8.1 mM NapHPO4, 2.7 mM KCl,
L5 mM KH2PO4, 0.9 mM CaClp, 0.5 mM MgCly), the cells were seraped
off the plates, resuspended in PBS and pelleted by centrifugation at 3,000
g at room temperature (Damon/IEC, model HN-S).  Pellieted cells were
dissolved in 3 mi of a 4 M guanidinium thiocyanate stock containing 100
mM 2-mercaptocthanol and 25 mM Na-citrate, pH 7.0, and layered on a
1.2 ml cushion of 5.7 M CsCl buffered with 25 mM Na-acetate (pH 5.5).
The intracellular RNA was pelleted by centrifugation for 12 h in 4 SW
50.1 rotor at 121,000 g at 20°C. Pelleted RNA was resuspended in HyO
by bricf heating at 68° C, and then cthanol precipitated.

Agarose Gel Electrophoresis of Viral RNA

Viral RNA was prepared for agarose gel clectrophoresis by denaturing
with a buffer containing 0.9 M dcionized glyoxal, 50% DMSO and 10 mM
NaH2PO4, pH 7.0 at 60°C for 20 min. The RNA was clectrophoresed in
1.5% agarosc gels prepared in 10 mM sodium phosphate buffer, pH 7.0.
Gels were clectrophoresed for 4 h at 100 volts with continuous
recirculation of the buffer (McMaster and Carmichacl, 1977).

For fluorography, the gels were fixed for 1 h in 30% methanol and
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10% glacial acctic acid. After fixing, gels were given two 30 min washes
in 100% methanol and then impregnated with methanol containing 3% PPO
for at least 12 h. The PPO was then precipitated in the gels by soaking
in H2O for 1 h. Gels were then dried with the Bio-Rad Model 583 Slab
Dryer (Bio-Rad, Mississauga, Ontario) and cxposed to Cronex X-ray film

(DuPont, Wilmington, DE) at -80°C (Bonner and Laskey, 1974).

3. BLOTTING AND HYBRIDIZATION OF NUCLEIC ACIDS

Northern Blots

After clectrophoresis the RNA was electroblotted onto a GeneScreen
Plus membrane (New England Nuclear Research products  (NEN),
Missisauga, Ontario) in TAE blotting buffer (12 mM Tris, 6 mM Na-
acctate, 0.3 mM EDTA, pH 7.5) at 10 volts for 1 h then 40 volts for 2 h.
The membrane was placed in 50 mM NaOH for 30 sec to reverse the
glyoxzl reaction. ‘The membrane was then ncutralized by placing in a 1X
SSC buffer (150 mM NaCl, 15 mM Na-citrate. 200 mM Tris, pH 7.5) for 30
sec.

Colony Blotting of Bacterial Plasmid DNA

Bacterial transformants were inoculated onto Colony/PlaqueScreen
membranes (NEN) on LB plates (1% Bacto-tryptone, 0.5% yeast extract, 1%
NaCl, 1.5% Bacto-agar) containing 100 ug/ml of ampicillin. After an
overnight incubation at 37°C the bacterial colonies were lysed on the
membranc with alkali using the method of Grunstein and Hogness (1975).

Dot Blotting of RNA or DNA

RNA or DNA to be blotted was first denatured in 0.5 N NaOH and

then ncutralized with 1/10 volume of 10 M NHg-acetate.  Aliquots of
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different dilutions of the nucleic acid were loaded into wells and vacuum
blotted onto a GeneSercen Plus membrane pre-soaked in 1 M NHg-acetate
containing 0.02 N NaOH using a Bio-Dot vacuum blotter (Bio-Rad).  Each
well was rinsed twice with 1 M NHg-acctate containing 0.02 N NaOH and
the membranc was dried at room temperature overnight.

Nick Translation

DNA was nick translated using a modified procedure of Rigby er al,
(1977). Approximately 1 pug of DNA was incubated in Nick ‘Translation
(NT) buffer (50 mM Tris, pH 7.2, 10 mM MgSO4, 0.1 mM dithiothreitol
(DTT), 50 ug/ml of BSA). To this mixture was added 30 pmol cach of
dGTP, dATP, dCTP, dTITP, 100 uCi of |a-321’|dA'l'l’ (800 Ci/mmof,
Amersham), 440 pg of dcoxyribonuclease | and 20 units of E. coli DNA
polymerase 1 (Pharmacia Biotechnology, Uppsala Sweden).  ‘This solution
was then incubated at 15°C for 60 min. The labelled DNA was passed
through a Scphadex G-50 column to remove unincorporated nucleotide
triphosphates.

Nucleic Acid Hybridization

GeneScreen Plus membranes or Colony/PlaqueScreen membranes were
prehybridized in 1 M NaCl, 10% dextran sulfate, 1% SDS and 400 pg/ml
denatured salmon sperm DNA.  During prehydridization membranes were
incubated for at least 6 h at 65°C if DNA was bound to the membrane or
60°C if RNA was bound to the membrane. After prehydridization a
specific denatured nick translated DNA probe was added to the solution
and hybridization continued for 16 h at the same temperatures described
above. Membranes were then washed twice (30 min cach) in 2X SSC (300
mM NaCl, 30 mM Na-citrate, 400 mM ‘Iris, pH 7.5) and 0.1% SDS and
once (30 min) in 0.1X SSC (15 mM NaCl, 1.5 mM Na-citrate, 20 mM ‘Tris,
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37
pH 7.5) and 0.1% SDS, all at room temperature. A final wash was
performed for 30 min in 0.1X SSC and 0.1% SDS at 65°C if DNA was
bound to th¢ membrane or 60°C if RNA was bound to thec membrane,

After air drying membranes were exposed to Cronex X-ray film at -80°C,

4. PLASMID PREPARATION AND ELECTROPHORESIS OF DNA

Small-Scale Isolation of Plasmid 1INA (Miniprep)

Bacterial cultures were grown for 5-6 h at 37°C in 2 ml of LB
medium (1% Bacto-tryptone, 0.5% yecast extract, 1% NaCl) containing 100
pg/mi of ampicillin,  Miniprep isolation of plasmid DNA was done usil.g
the alkaline lysis method (Birnboim and Doly, 1979) with modifications by
Morclle (1989). Pelleted miniprep DNA was resuspended in RNase A (200
pg/ml) to remove RNA.

Large-Scale Isolation of Plasmid DNA (Maxiprep)

A sced stock of bacterial cultures was first grown for 5-6 h at 37°C
in 5 ml of LB medium containing 100 ug/ml of ampicillin. This seed stock
was used to inoculate 1 liter of LB medium and incubation was continued
at 37°C for 12-16 h. Bacteria were lysed and plasmid DNA extracted
using the lysis by alkali mecthod (Maniatis et al, 1982). Closed circular
plasmid DNA was purified by centrifugation to cquilibrium in CsCl and
cthidium bromide (EtBr) gradicnts in a vIi 65 rotor (Beckman) at 325,000
g for 16 h at 20°C. EtBr was removed from the plasmid DNA by several
extractions with H20 saturated n-butanol. Plasmid DNA was precipitated
using standard mcthods and was quantitated by measuring the Optical

Density (OD) at wavelengths of 260 nm.



Agarosc  Gel  Electrophoresis _of DNA and  Purification _of _DNA__from

Agarose Gels

DNA was electrophoresed in agarose gels in ‘IBE buffer (89 mM I'ris,
89 mM boric acid, 2 mM EDTA, pH 8.0). DNA samplcs were prepared for
clectrophoresis by mixing with a 1/10 volume of DNA loading buffer (445
mM Tris pH 8.0, 445 mM boric acid, 10 mM EDTA, 0.i% Bromophenol
Blue, 0.4% Xylene Cyanol FF, 50% glycerol). To photograph the DNA,
gels were stained with EtBr (lug/ml in Hp0) and visualized with a short-
wave ultraviolet (UV) light.

DNA fragments were isolated from agarose gels using a modification
of the "freeze squecze" method (Tautz and Renz, 1983). DNA was
visualized with a long-wave UV light in the gel after EtBr stining. 1DNA
bands of interest were cut out from the gel and placed in a 500 gl
microcentrifuge tube that had a 21 gauge needle hole in the top and

bottom. The gel slice was pelleted at 10,000 g into a decapped 1.5 ml

microfuge tube. The agarose in the 1.5 ml wbe was mixed with 100 gl of

0.3 M Na-acetate (pH 5.2) and placed in a 500 pl microfuge tube with a
21 gauge needle hole in the top and a 21 gauge ncedle hole in the bottom
plugged with silanized glass wool. After placing this tube in a decapped
L5 ml microfuge tubc the sample was frozen at -70°C for 20 min. After
freezing thc sample was pelleted at 10,000 g through the glass wool for 5
min. Centrifugation was repeated twice more in fresh 1.5 ml tubes for 4
min and 3 min. The cluted samples were pooled, extracted three times
with H2O saturated n-butanol, and the DNA was cthanol precipitated.

Preparation of Competent Cells

The JM101 strain of £ coli (Yanisch-Perron et al, 1985), provided by

Dr. P. lau (Biotechnology Institute, National Rescarch Council of Canada,
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Montreal, Qucebec), was made competent for DNA transformation using the
method of Simanis (1985). Bricfly, 13 colonies of JM101 cells were picked
off freshly streaked SOB plates (2% Bacto-tryptone, 0.5% yeast extract, 10
mM NaCl, 2.5 mM KCl, 10 mM MgClp, 10 mM MgSO4, 2% Bacto-agar) and
used to inoculate a 125 ml culture of SOB medium. This culture was
incubaied at 37°C with moderate agitation wuntil the cell density reached
4.7 X 107 cells/ml (OD at 550 nm of 0.45.0.55). Cells were collected,
chilled on ice for 10-15 min and pclleted at 1,000 g for 13 min at 4°C,
Pelleted cells were resuspended in 42 ml of ice cold RF1 buffer (100 mM
RbCl, 50 mM MnCl2.4H20, 30 mM, K-acctate, 10 mM CaCl3.2H20, 15%
(w/v) glycerol, pH 5.80) and incubated on ice for 15 min. Cells were
pelicted as described above, resuspended in 10 ml of ice cold RF2 buffer
(10 mM MOPS, 10 mM RbCl, CaCl».2H70, 15% (w/v) glycerol, pH 6.8) and
incubated on ice for 15 min. Cells were distributed in 0.5 ml aliquots,
flash frozen in liquid nitrogen and stored at -70°C. JM101 cells prepared
this way routincly gave transformation cfficiencies of 2 X 107/ug of
circular pUC19 (Pharmacia Biotechnology) plasmid DNA.

The RR1 strain of E. coli was made competent as follows. A 10 ml
culture of 2X YT medium (1.6% Bacto-tryptone, 1% ycast extract, 0.5%
NaCl) was inoculated with RR1 cells and was incubated overnight at 37°C
without shaking. The overnight culture was used to inoculate 100 mi of
P medium (20 mM KPO4 pH 7.0, 15 mM (NH4)2504, 1.8 uM FeSO4, 10 mM
MgSO4, 1% casamino acids, ©.25% glucose) which was incubated at 37°C
with shaking until the CD at 600 nm was 0.3-0.4. The cells were then
cooled on ice and pelleted at 1,300 g for 10 min at 4°C. Pelleted cells
were resuspended in 100 ml of ice cold 10 mM NaCl and centrifuged as

above. The cell pellet was resuspended in 50 ml of ice cold 50 mM
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CaClp, placed on ice for 15 min and pelicted as before.  The cell pellet
was resuspended in 10 ml of freeving buffer (50 mM CaClp, 16% glycerol),
distributed in 0.5 ml aliquots, quick frozen in an ethanol/dry ice bath and
stored at -70°C. RRT cells prepared this way  routinely  yiclded
transformation cfficiencies of 5 X 105/,ug of circular pAcYM! plasmicd
DNA.

E. coli strain DH5a¢ competent cells, library cfficiency, were purchased
from Bethesda Rescarch faboratorics (BRL) (Gaithersburg, MD).,  These
cclls gave transformation efficicncies of 1 X 108/pg of circular puCIY
plasmid DNA.

Transformation of Competent Cells

Trarsformation of competent cells with plasmid or phage DNA was
carricd out according to standard procedures (Maniatis ef al, 1982). A
tube of competent cells was thawed on ice and 200 yl of cells was placed
in a 15 ml Falcon polypropylene tube (Fisher Scientific, Nepean, Ontario).
Less than 10 pl of plasmid DNA was added o the cells and the mixture
was placed on ice for 30 min. The cells were "heat shocked” by
incubating at 42°C for 45-90 scc. The transformation mixture was placed
on ice for 2 min, mixed with 800 ul of LB (1% Bacto-tryptone, 0.5% ycast
extract, 1% NaCl) or SOC medium (30B, 20 mM glucose) and incubated at
37°C for 50 min. The transformation mixture was then diluted and 100 pl

was spread on the appropriate plates (LB or SOB) containing 100 ug/ml of

ampicillin.
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5. CLONING OF THE PROSPECT HILL VIRUS GENOME

Synthesis of Oligonucleotide Primers for Cloning

"Inless otherwise stated, all oligonucleotide primers for cloning were
synthesized using an Applied Biosystems Model 380B DNA synthesizer
(Applied Biosystems, Mississauga, Ontario) at the University of Ottawa
Biotechnology Rescarch Institute,

Construction of a Prospect Hill Virus cDNA Bank

PH virus RNA, purified by pelleting through CsCl, was used as a
template for the synthesis of ¢DNA as described (Gubler and Hoffman,
1983).  First strand cDNA synthesis was done in a reverse transcriptase
reaction mixture containing 1 mM dTTP, 1 mM dCTP, 1 mM dGTP, 200
uM dATP, 100 mM Tris (pH 5.4), 130 mM KCl, 10 mM MgCl, 1 mM DTT,
20 units of RNasin (Promega Biotcc, Madison, WI), 50 uCi of ja-32p]
dATP (800 Ci/mmol), and 40 units of AMV reverse transcriptase
(Pharmacia Biotechnology). Approximately 10 ng of viral RNA and 200 ng
of random primers (Pharmacia Biotechnology) wer.:: used and the reaction
mixture was incubated for 1 hr at 42°C. The c¢DNA was converted to
double-stranded DNA by adding 1/10 volume of 10X NT buffer (50 mM
Tris, pH 7.2, 10 mM MgSOy4, 0.1 mM DTT, 50 ug/ml of BSA), 2 units of
RNase H (BRL) and 30 units of E. coli DNA polymerase . The mixture
was incubated for 2 hr at 15°C and then terminated by the addition of
EDTA and SDS to final concentrations of 50 mM and 1% respectively,
‘The double-stranded ¢DNA was size fractionated through a Sepharose 4B
column, and fractions containing large ¢DNA molecules were collected.
The double-stranded ¢cDNA was either blunt-end ligated into the Smal site

of pUC19 or was first ligated to phosphorylated Pstl linkers (New
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England Biolabs, Beverly, MD), digested with the restriction endonuclease
Pstl (Pharmacia Biotechnology), then ligated into the Pstl site of pUCH,
Ligaticns were done in ligation buffer (50 mM ‘Iris, pH 7.8, 10 mM
MgClz, 20 mM DTT, 1 mM ATP, 50 ug/ml BSA) containing 10 units of T4
DNA ligase and were incubated at 15°C for 12-16 h. This DNA was used
to transform competent £ coli JM101 cells prepared using the method of
Simanis (1985). Ampicillin resistant colourless colonies were picked from
LB plates (1% Bacto-tryptone, 0.5% yeast extract, 1% NaCl, 1.5% Bacto-
agar) containing 100 pg/ml of ampicillin, 100 mM PTG (BRL) and 2%
Biuo-gal (BRL) (Messing, 1983).

Molecular Cloning of the 5'° and 3 Termini_of the PH _virus M _RNA

Segment

The 5° terminus of the PH virus M RNA segment was cloned using
the polymerase chain reaction (PCR) using primers MP62 and MPG6).
Primer MP62 had 18 nuclcotides complementary to viral M RNA (5'-
CAGCTGCAGGTGTAGGCACTGGAT, Fig. 4, nucleotide positions 2379-2396,
measuring from the 3' end of M genomic RNA) and was uscd for first
strand cDNA synthesis, using PH virus M RNA as template, as described
above,  Primer MPG61 had 16 nucleotides identical to the predicted S
terminus of virion M RNA (5-CAGCIGCAGTAGTAGTAGACICCGC)
(Schmaljohn ct al., 1985). Prediction of the 5' terminus was based on the
usually observed inverse complementarity between the 3' and 5' termini of
Hantavirus RNA scegments {(Schmaljohn et al,, 1980b, 1987b). ‘Thc cDNA
was amplified by PCR performed with the Geneamp kit and method
provided by Perkin-Elmer Cetus Corp. (Norwalk, CI). Briefly PCR was
done by mixing first-strand cDNA with 50 ng of MPG2 and MP61 in 100
ul of the PCR rcaction buffer (10 mM ‘Tris-HCl pH 8.3, 50 mM KCl, 2.5



mM MgCly, 100 pg/ml of gelatin) containing 200 gM of cach dNTP and 5
units of Tag DNA polymerase (Perkin-Elmer Cetus Corp.).  The sample
was hcated to 94°C for 2 min and then subjected to 30 cycles of PCR; 1
min at 94°C (denaturation), 2 min at 55°C (anncaling), and 3 min at 72°C
(extension) using a DNA thermal cycler (Perkin-Elmer Cetus Corp.). The
72°C cextension step was prolonged for another 7 min at the end of the
30th cycle. Both primers had Pstl sites at their 5° ends (sequence shown
underlined) so the resultant clone M5 could be inserted into the Pstl site
of pUC19.

To obtain 3’ terminus of the PH virus M RNA, 2 ug of total cellular
RNA from PH virus infected Vero E6 cells, extracted 9 days post-
infection, was mixed with 500 ng of primer MP63 which had 18
nucleotides complementary to the PH virus M mRNA (5-CAGCTGCAGAT-
TGAAGCATGTGCCTIC, Fig. 4, nucleotide positions 0608-625, measuring
from the 3’ end of the PH virus M genomic RNA) and 500 ng of primer
MP61 which had 16 bases identical to the 3' end of PH virus M RNA (5'-
CAGCTGCAGTAGTAGTAGACTCCGC, Fig. 4) (Schmaljohn et al, 1985) in
100 ul of the PCR reaction buffer (10 mM Tris-HCl pH 8.3, 50 mM KClI,
2.5 mM MgClp, 100 pg/ml of gelatin) containing 200 uM of cach dNTP, 32
units of AMV reverse transcriptase and 5 units of Tag DNA polymerasc.
‘The sample was incubated at 42°C for 60 min, heated to 94°C for 2 min,
and then subjected to 40 cycles of PCR as described previously except
the cxtension time was not prolonged until after the 40th cycle. Both
primers were constructed with Pst] sites at their 5 ends (sequence shown
underlined) for the purpose of cloning. However, the resultant PCR
product had an internal Pstl site so the DNA fragment M3’ was blunt-end

ligated into the $mal site of pUC19 instead.
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Molecular _Cloning of the 3" and 5° lermini of the PH virus S RNA

Scgment

The 3" terminal clone of the PH virus § RNA was obtained with PCR
using two specific oligonucleotide primers MP11 and MP12.  Primer MPI1
has 21 nuclcotides complementary to the 3° terminus of the PH virus 8
RNA (Fig. 12) (Schmaljohn et al, 1985), and was used for first strand
cDNA synthesis as previously described.  Primer MP12 has 20 nucleotides
complementary to PH virus § ¢DNA (Fig. 12, nucleotide positions 497-516,
measuring from the 3’ end of the PH virus S genomic RNA).  The ¢DNA
of the § genomic segment was amplificd by PCR in 100 gl of the PCR
reaction buffer containing 200 gM of cach dNTP, 100 ng cach of primers
MP11 and MP12 and 5 units of Tag DNA polymerase.  The sample was
heated to 94°C for 3 min and then subjected to 30 cycles of PCR as
described previously for the 5° end of the PH virus M RNA segment
except the anncaling temperature was 50°C.  Both primers had Pstl sites
at their 5° ends (Fig. 12) so the resultant DNA fragment PS3, could be
inserted into the Pstl site of pUC19.

The 5' terminal clone of the PH virus S RNA was prepared in
essentially the same way as the 3 terminual clone. Two  specific
oligonucleotide primers MP13 and MP14 were prepared.  Primer MP13 had
20 nuclcotides complementary to the PH virus § RNA scgment (Fig. 12,
nucleotide positions 1451-1470, measuring from the 3 end of the PH virus
S genomic RNA).  Primer MP14 had 8 nucleotides identical to the
predicted 5' terminus of PH virus S RNA (Fig. 12). Prediction of the 5°
terminus was again based on the usually observed inverse complementarity
between the 3' and 5' termini of Hantavirus RNA segments (Schmaljohn et

al., 1986b, 1987b). Primer MP13 was used to make first strand ¢DNA as
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described  above, and this cDNA was amplified by PCR using the
conditions previously described for the 3’ end of the PH virus S RNA
segment using 50 ng cach of primers MP13 and MP14. The Pstl sites at
the 5' ends of these primers (Fig. 12) allowed insertion of the DNA

fragment PS5 into the Pstl site of pUC19.

6. DETERMINATION OF NUCLEOTIDE SEQUENCES

Subcloning into the Bacteriophage M13

The replicative form (RF) of Mi3mpl8 and M13mpl9 (Pharmacia
Biotechnology) were  digested with Pstl or with EcoRl (Pharmacia
Biotechnology) and Hindlll (Pharmacia Biotechnology) and then
dephosphorylated with alkaline phosphatase.  Purified DNA fragments were
ligated into the avwpropriately cleaved M13 RF DNA and used to transform
competent £, coli JM101 cells. Recombinant phage plaques were identified
by their colourless appearance in the presence of 2% Bluo-gal and 100 mM
IPTG (Messing, 1983). Colourless M13 plaques were used to inoculate 2
ml cultures of 2X YT medium (1.6% Bacto-tryptone, 1% yeast extract, 0.5%
NaCl) and were incubated at 37°C for 7 h with vigourous shaking.
Bacterial ccells were then removed from the medium by centrifuging at
10,000 g for 5 min. To 18 ul of the supernatant was added 2 u! of 10X
loading buffer (0.5% bromophenol blue, 2% EDTA, 50% glycerol, 2% SDS).
These samples were then electrophoresed in a 0.8% agarose gel in TBE
buffer (89 mM Tris, 89 mM boric acid, 2 mM EDTA, pH 8.0) for 5 h at
100 volts. Comparison of the migration of wild type M13 phage DNA
with recombinant phage DNA confirmed the presence of DNA inserts

(Messing, 1983). These supernatants were the recombinant phage stocks



and were stored at-70°C,

Preparation of Single-Stranded M13 DNA for Sequencing

A single colony of E  coli strain JM101, from a M9 plate, was
inoculated into 2X YT medium and was grown overnight at 37°C with
vigorous shaking. 50 ul of this overnight culture was used to inoculate
12 ml of 2X YT medium and this culture was grown at 37°C with vigorous
shaking. After 1 h, these cells were infected with 50 ul of recombinant
phage stock and incubated at 37°C with vigourous shaking for 7 h. After
incubation samples were centrifuged at 13,000 g for 10 min in a JA-20
rotor (Beckman). The supernatant was mixed with 0.67 ml of 40% PEG-
8000, 0.67 ml of 5 M Na-acctate (pH 7.0) and incubated for 1 h a1 4°C.
Recombinant phage was pelleted at 13,000 g for 15 min in the JA-20
rotor. The supernatant was discarded and the phage pellet was allowed
to dry for 1 h. The phage pellet was resuspended in 600 g! of 20 mM
Tris-HCl buffer (pH 7.2) and extracted once wits one volume of phenol
saturated with 100 mM ‘Tris-HC| buffer (pH 8.0), twice with onc volume
of phenol-chloroform-isoamyl alcohol (25:24:1} and re-extracted twice with
chloroform-isoamyl alcohol (24:1). The aqueous phase was combined with
0.5 volumes of 8M NHg-acetate, 2 volumes of ethanol and precipitated
overnight at -20°C.  The phage DNA was pelleted at 10,000 g in a
microcentrifuge, washed with 70% cthanol and dried in a Speed  Vac
Concentrator (Savant Instruments/Emerston  Instruments  Inc,,  kichmond
Hill, Ontario). The DNA was resuspended in H20 and the yield was
detcrmined by measuring the OD at 260 nm. 100-120 gg of recombinant
phage DNA was routincly obtained with this method.

Subcloning into the DNA Plasmid pUC19

Circular pUC19 plasmid was digested with the  restriction
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cndonuclcases Pstl or Smal and then dephosphorylated with  alkaline
phosphatasc.  Complementary DNA or agarose gel purified DNA fragments
were  bluntend  ligated into Smal cleaved pUC19 DNA and used to
transform competent JM101  cells.  Alternatively ¢cDNA  fragments were
ligated to phosphorylated Psti  linkers, digested with the restriction
endonuclease  Pstl, ligated into the Pst] site of pUC19 and used to
transform compctent JM101 cells. Cells with the recombinant plasmid
were identified by their colourless appearance in the presence of 2%
Bluo-gal and 100 mM IPTG. Colourless colonies were used to inoculate 2
ml cultures of LB medium (1% Bacto-tryptone, 0.5% yeast extract, 1%
NaCl, 1.5% Bacto-agar) containing 100 pg/ml of ampicillin. Recombinant
plasmid DNA was isolated using the miniprep method.  Plasmids of
interest were isolated in large amounts using the maxiprep procedure.

Preparation of Double-Stranded pUC19 Plasmid DNA for Sequencing

The double-stranded plasmid DNA, purified by the maxiprep procedure,
was prepared for sequencing using the alkaline-denaturation method (Chen
and Sccburg, 1985; Haltiner et al, 1985; Hattori and Sakaki, 1986).
Bricfly, 2-3 ug of double-stranded plasmid DNA was denatured in 0.2 N
NaOH for 5 min at room temperature, ncutralized by the addition of 0.4
volumes of 5 M NHg4-accetate (pH 7.5) and precipitated by placing at -70°C
for 5 min after adding 4 volumes of ethanol. The DNA pellet was washed
with 70% cthanol, dried and stored at -20°C until used.

Manual DNA Scquencing

The DNA scquence was determined by the dideoxynucleotide chain-
termination mecthod (Sanger et al, 1977) using the United States
Biochemical (Cleveland, OH) Scquenase DNA sequencing kit with [o-
355)dATP as described by the manufacturer. Briefly, 1-2 pg of M13
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single-stranded or 2-3 pug of denatured double-stranded pUCIY9 DNA was
anncaled with 8 ng of primer (pUC/M13 17-mer forward primer, pUC 21-
mer reverse primer or specific oligonucleotide primers, all synthesized as
described above, in Sequenase buffer (40 mM Tris-HCl pH 7.5, 10 mM
MgCl2, 50 mM NaCl} in a final volume of 10 ul.  The primer  was
extended and labelled by incubating at room temperature for 10 min after
the addition of 1 ul of 0.1 M DTT, 2 ul of diluted dGTP labelling mix (1.5
uM  dGTP, 1.5 uM dCTP, 1.5 pM dITP), 05 ul of |a-3SS|dA'l'i’
(>1000Ci/mmol) and 2 ul of diluted Sequenase (diluted 1:8 in ice-cold TE
buffer (10 mM 'Iris-HCl pH 8.0, ImM EITA) prior to usc. After labelling,
3.5 pl of primertemplate mixture was added to four tubes containing 2.5

ul of the appropriate A, C, G or T deoxy/didcoxy (d/dd)NTP termination

mix. The concentration of dNTP's was 80 pM and the concentration of

the chain-terminating ddNTP was 8 gM in all four twrmination mixes.
Termination reactions were incubated at 37°C for 5 min, mixed with 4 gl
of stop solution (95% Formamide, 20 mM EDTA, 0.05% Bromophenol Blue,
0.05% Xylene Cyanol FF) and stored at -20°C.

Alternatively, the DNA scquence of clones was determined by the
didcoxynucleotide chain-termination method (Sanger et al, 1977) using
Tag DNA polymerase as described by Innis et al. (1988). Bricfly, 1-2 up
of M13 single-stranded or 2-3 pg of denatured double-stranded pUCIY
DNA was anncaled with 8 ng of primer in sequencing buffer (10 mM Tris-
HCl, pH 8.5, 3 mM MgClp) in a final volume of 10 ul. ‘The primer was
extended and labelied by incubating at 37°C for 2 min after the addition
of 2 pl of dGTP labelling mix (10 uM dGTP, 5 uM dCIP, 5 uM d1TP), 1
ul of [a-3SS]dA'I’P (>1000Ci/mmol, Amersham, Arlington Heights, IL), 5 ul
of H2O and 2 ul of Tag DNA polymerase (5 U/ul). After labelling, 4 ul
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of primer-template mixture was added to four tubes containing 2 ul of the
appropriate A, C, G or T d/ddNTP termination mix. The concentration of
dNTP's was 30 uM in all four termination mixes. ‘The concentration of
the ddNTP in the specific reactions was 120 gM for ddGTP, 1 mM for
ddA’ TP, 1.5 mM ddTTP and 500 uM for ddCTP. ‘Termination reactions
were incubated at 70°C for 2 min, mixed with 2 ul of stop solution (95%
Formamide, 20 mM EDTA, 0.1% Bromophenol Blue, 0.1% Xylene Cyanol FF)
and stored at -20°C.

Urca-Polyacrylamide Sequencing Gels

Sequencing reactions were clectrophoresed on 37 cm X 40 om X 0.04
cm 6% polyacrylamide (5.7% acrylamide, 0.3% N'N’-Bis-mcthylenc-
acrylamide (Bis)) 7 M urca gels buffered with TBE (89 mM Tris, 89 mM
boric acid, 2 mM EDTA, pH 8.0). Glass plates were treated with
dimcthyldichlorosilane (BDH, Toronto, Ontario) before the gel was cast.
Electrophoresis was done with an IBI (New Haven, CT) Model STS-45
Thermoplate sequencing apparatus at a constant power of 55 watts.  After
clectrophoresis gels were dried onto Whatmann 3 mm paper using a Bio-
Rad Model 583 Slab Dryer and exposed to Cronex X-ray film at-80°C.
Automated DNA Scequencing

Automated DNA scquencing was done by B. Mah or D. McLean using
the DuPont Genesis 2000 automated DNA scquencer according to the
protocol provided by DuPont.

Computer Analysis of Nucleotide and Amino Acid Sequences

Analysis of sccondary structure of RNA, scarches for potential open
rcading frames, translation of DNA scquences, location of signal peptide
cleavage sites, hydrophilicity profiles, scarches for potential antigenic

sites, and location of potential transmembrane helices were completed
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using the PC/Gene program (Version 5.11, 1987, Department of Medical
Biochemistry,  University of Geneva,  Switzerland,  distributed by
Intelligenctics, Inc., Mountainview, CA).

Analysis of sccondary structurc of RNA was based on  Zucker's
method (Zucker and Sticgler, 1981) with modifications (Jacobsen et al,
1984).

Hydrophilicity profiles and scarches for potential antigenic sites were
done using the method of Hopp and Woods (1981).

Signal scquence cleavage sites were determined by the method of von
Heijne (1986).

The consensus sequence used to determine potential asparagine-linked
glycosylation sites was N-X-8/T-X, where X cannot be proline (P) (Bause,
1983).

Prediction of transmembrane helices was based on the method of Rao

and Argos (1980).
7. PRODUCTION OF RECOMBINANT BACULOVIRUSES

Medification of Genes for Protein Expression

The upstream and downstrecam flanking regions of genes to be
expressed in baculovirus were removed and/or modificd using site-specific
recombination directed by double-stranded crossover linkers (Sung et al,
1986). Oligonucleotides were synthesized on an Applied Biosystems Model
380B DNA synthcsizer and double-stranded crossover linkers  were
prepared by combining cqual molar ratios of complementary
oligonucleotides, heating the mix to 95°C for 3 min and cooling slowly to

room temperature. A 10 fold molar cxcess of the crossover linker was
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figated to the plasmid, containing the gene of interest, that had been
completely digested with one or two restriction endonucleases.  The
entire ligation mixture was electrophoresed on a TBE (89 mM Tris, 89 mM
boric acid, 2 mM EDTA, pH 8.0) agarosc gel and the lincar plasmid band
was  purified. This purified material was then used to transform
competent JM101 cells on LB plates (1% Bacto-tryptone, 0.5% yeast
extract, 1% NaCl, 1.5% Bacto-agar) containing 100 pg/ml of ampicillin

Cells, Yiruses and Preparation of Virus Stocks

Spodoptera frugiperda (SF9) cclls were obtained from Dr. M. D.
Summers (Texas A & M University, College Station, TX). Autographa
californica nuclcar polyhedrosis virus (AcNPV) was provided by Dr. D. H.
L. Bishop (NERC Institute of Virology, Oxford, UK). Wild type and
recombinant baculoviruses were propagated in SF9 cells at 27°C in TNM-
FH mediom (Hink, 1970; Summers and Smith, 1987) supplemented with
heat-inactivated FBS (10%) (v/v) and L-giutaminc (2mM) and containing
antibiotics (penicillin 100 u/ml, streptomycin 100 mg/ml, kanamycin 100
mg/ml) (complete TNM-FH). Stocks of recombinant viruses were prepared
by picking a virus plaque and resuspending it in 1 ml of complete TNM-
FH medium. This stock was used to infect approximately 3.5 X 106 SF9
cells in a 1-25 flask (25 cm?, Corning, Corning, NY) at an MOI of
approximatcly 0.01 pfu/cell.  Virus was propagated for 4-5 days at 27°C.
This virus stock was then used to infect 1.5 X 107 SF9 cells in a T-75
flask (75 cm?, Corning) with an MOI of 0.1 pfu/cell.  The virus
supernatant would again be harvested 4-5 days post-infection.

Preparation of the Baculovirus Transfer Vector

The baculovirus transfer vector pAcYM1 (Matsura et al, 1987) was

prepared using the maxiprep method, digested with BamHI (Pharmacia
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Biotechnology) and dephosphorylated with alkaline phosphatasc.

Insertion of the_ Putative  PH  Virus NSg Gene into  the  Baculovirus

Transfer Vector

A 281-bp Bg/ll fragment, containing the putative PH  virus NSg
gene, recovered from the plasmid PUCPHVNSg was ligated into the BamHl1
site of pACYM1.  ‘This plasmid, pAcPHVNSs, was used to  transform
competent E. coli strain RR1 cells.  Orientation of the putative PH virus
NSs genc in pAcYM1 was determined by digesting plasmids with Aval and

BamH],

Insertion_of the Human_Immunodecficiency Virus Type 1 (HIV-1) rev Gene

into the Baculovirus Transfer Vector

A 3069-bp Bgl/ll fragment, containing the HIV-1 rev gene, recovered
from the plasmid pUC19-rev3 was ligated into the BamHI site of pAcYMI1.
This plasmid, pAcYMl-rev, was used to transform competent £ coli strain
RR1 cells.  Orientation of the rev gene in pAcYM1 was determined by
digesting plasmids with Aval.

Insertion of the HIV-1 vif Gene into the Baculovirus Transfer Vector

A 592-bp BamHI fragment, containing the HIV-1 vif gene, recovered
from the plasmid pUC19-vif3 was ligated into the BamHI site of pAcYMI.
This plasmid, pAcYM1-vif, was used to transform competent E. coli strain
RR1 cells. Orientation of the wif gene in pAcYM1 was determined by
automated scquencing using the DuPont Genesis 2000 automated DDNA

sequencer.

Transfection_ of Spodoptera Frugiperda Cells with Baculovirus ‘Iransfer

Yector Constructions

SF9 cells were co-transfected with a baculovirus transfer vector

containing cither the putative PH virus NSg gene (pAcPHVNS), the HIV-1



rev gene (pAcYMl-rev), or the HIV-1 vif gene (pAcYMl-vif) and purified
wild type AcNPY DNA, using the calcium phosphate precipitation
technique (Graham and Van Der Eb, 1973) as modified for inscct cells
(Smith et al, 1983). Bricfly, 3 pg of AcNPY DNA was mixed with 3 ug
or 6 pg of plasmid DNA in 950 ul of co-transfection buffer (20 mM
HEPES, 1 mM NapHPO4, 5 mM KCl, 125 mM NaCl, 10 mM glucose, pH
7.05). The addition of 50 ul of 25 M CaCly caused the DNA in the
solution to form a fine precipitate.  This solution was mixed with 1 ml of
complete TTNM-FH media, overlaid on 1.5-2.0 X 106 celis in 35 mm tissuc
culture plates (Corning) and incubated at 27°C for 3 h. The overlay was
removed and replaced with 25 ml of complete TNM-FH media and
incubated at 27°C for 3 days. The tissuc culture fluid was then
harvested and titrated on monolayers of SF9 cells in 35 mm or 96-well
(flat bottom) tissue culture plates.

Isolaticn and Purification of Recombinant Baculoviruses

Recombinant baculoviruses were selected using two methods.  In the
first method, SF9 cells in serum-free TNM-FH medium were seeded into
35 mm plates at a density of 1.2 X 106 cells. During cell attachment
serial 10 fold dilutions of virus were prepared. Co-transfection
supernatants were diluted from 103 to 100 while plaque picked viruses
were diluted from 102 1o 104, After cell atachment medium was
removed and 200 gl of diluted virus was added to ecach plate. Virus was
allowed to absorb for 1 h at 27°C and ther the medium was removed. A
2.5 ml overlay of 1.5% low melting. agarose in TNM-FH complcete medium
was added to cach plate.  After the agarose solidified, 2 ml of complete
TNM-FH medium was added to cach plate and plates were incubated at

27°C for 5-7 days in a humid environment (Brown and Faulkner, 1977).



Once plaques were well formed they were visually examined against a
dark background with a strong light. Clear plagques were marked and
then cxamined further with an inverted phase contrast microscope at
400X. Those clear plaques showing no evidence of polyhedra were picked
and re-titrated on SFY cells.  ‘Three consccutive plaque purifications were
usually sufficient to isolate recombinant virus free from wild type virus.

In the sccond method, a limiting dilution assay was done using a
modification of the procedure described by Kafatos et al. (1979).  The
wells in a 96 well flat bottom microtiter plate were sceded with 1.5 X 104
SF9 cells in 100 ul. A series of 10-fold dilutions was made with the co-
transfection cuiture supernatant from 1071 to 108, 100 ul of a particular
dilution was added to eachi well in a2 row of 8 wells (A-H).  The plate
was incubated at 27°C for 7 days. ‘The culiure supernatants from cach
well were then transferred to another 96 well microtiter plate and stored
at 4°C. The infected cells in each well of the plate were lysed by adding
200 pl of 0.5 N NaOH and mixing. ‘The solution was ncutralized by
adding 20 gl of 10 M NHg-acetate to cach well and mixing. The infected
cell DNA was blotted onto GeneScreen Plus membrane using a Bio-Dot
vacuum blotter. After drying the membrane was  incubated  in
hybridization buffer with a nick translated plasmid containing the gene of
interest using the hybridization method described above.  The culture
supernaant harvested from wells at a high dilution (>l()'5), where the
infected cell DNA yiclded a strong hybridization signal, was usced in a
plaque assay as described in the first method.  Cicar plaques were
selected as described previously and usually only one round of plaque

purification is required.
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Analysis of Recombinant Baculoviruses by Hvbridization

SF9 cells infected with a recombinant baculovirus were harvested 4-5
days after infection. DNA from infected cells was recovered by lysing
cells with 0.5 N NaOH. The solution was neutralized by adding 2 1/10
volume of 10 M NH4 acctate. The DNA was dot blotted onto GeneScreen

Plus membrane and hybridized as described in scection 3.

8. ANALYSIS OF PROTEINS

Radiolabeling of PH Virus Infected Cells

At 10 days post-infection PH virus or mock infected Vero cells, in
100 mm tissuc culture plates were starved with 10 ml of methionine-free
MEM (Flow Laboratorics, Mississauga, Ontario) containing 10% FBS and 2
mM L-glutamine at 35°C for 1 h. The medium was removed and replaced
with 1 ml of methionine-frece MEM coniaining 10% FBS, 2 mM L-glutamine
and 100 pCi of I.-[3SS]-mcthioninc (1066 Ci/mmol, Amersham). Cells were
labelled for 6 h at 35°C.

Radiolabcling of Recombinant Baculovirus Infected Cells

Monolayers of SFO cells, in T-25 flasks, wcre infected with
reccombinant baculoviruses and incubated at 27°C for 48 h. The cells
were starved with 5 ml of Grace’s methionine-free or phosphate-free
medium for 1 h at 27°C. The medium was removed and replaced with 1
ml of Grace's mcthionine-frec or phosphate-free medium containing 100
uCi of L-[355|-mcthioninc (1066 Ci/mmol, Amersham) or 400 puCi of [r-
32P]-orthophosphatc (8 mCi/ml, Amersham) and incubation at 28°C was

continucd for 2 h.
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Preparation of Cell Lysates

SF9 cells, in T-25 flasks, were scraped off the flask, using a rubber
policeman, resuspended in 10 ml of cold PBS (137 mM NaCl, 8.1 mM
NazHPO4, 2.7 mM KCI, 1.5 mM KH2PO4 0.9 mM CaCly, 0.5 mM MgCly)
and were pelleted at 1,000 g for 5 min. Cells were washed three times
with 10 ml of cold PBS and pelleted as before.  SF9 cells were then lysed
in  200-250 ul of SDS-polyacrylamide gel electrophoresis  (SDS-PAGE)
sample buffer (10 mM Tris pH 7.5, 10% g-mercaptocthanol, 10% SDS, 0.02%
bromophenol blue, 25% glycerol), placed in boiling water for 10 min and
stored at -20°C,

PH virus or mock infected Vero cells, in 100 mm tissuce culture

plates, were washed once with 4 ml/plate of cold DMEM. The cells were

scraped off the plates, using a rubber policeman, resuspended in 10 ml of

cold DMEM and were pelicted at 1,000 g for 5 min. Cells were washed
three times with cold PBS and pelleted.  Vero cell pellets were lysed in
400 pl/plate of RIPA buffer plus detergents (10 mM Tris-HCl pH 8.0, 150
mM NaCl, 0.1% SDS, 1% Triton X-100, 1% sodium dcoxycholate) at 4°C.
Samples were sonicated to shear the DNA and were then heated 0 100°C
in boiling water for 10 min. Samples were pelleted at 10,000 ¢ for 10
min at 4°C in a JA-20 rotor (Beckman). The supernatants were pelleted
again at 14,000 g for 30 min at 4°C in a microcentrifuge.  ‘The
supernatants were used immediately in immunoprecipitation  reactions.

Immunoprecipitations

Up to 10 gl of a baculovirus infected cell lysate was added o 900 ul
of RIPA buffer plus detergents (10 mM Tris-HCl pH 8.0, 150 mM NaCl,
0.1% SDS, 1% Triton X-100, 1% sodium deoxycholate) containing 50-100 ui

of specific rabbit antiscrum and 15 mg of protcin A Sepharose Cl-4B
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beads (Pharmacia Biotechnology).  Samples were placed at 4°C overnight
with gentle agitation.  Beads were washed 4 times in cold RIPA buffer
plus detergents.  Proteins precipitated by the antibody were removed from
the beads by resuspending in SDS-PAGE sample buffer (10 mM Tris pH
7.5, 10% p-mercaptocthanol, 10% SDS, 0.02% bromophenol blue, 25%
glycerol} and heating in boiling water for 10 min.

Up to 900 ul of PH virus or mock infected Vero cell lysate in RIPA
buffer plus detergents was mixed with 100 ul of specific rabbit sera and
15 mg of protcin A Sepharose CI-4B beads. Samples were then treated
as above,

SDS-Polyacrvlamide Gel Electrophoresis

Proteins  were  separated by SDS-PAGE in slab gels using the
discontinuous buffer system (lLacmmli, 1970). Stacking gels were
composed of 3% acrylamide, 0.08% Bis, 0.1% SDS and 125 mM Tris-HClI,
ptl 6.8. The resolving gels for the rev and vif proteins were composed of
15% acrylamide, 0.4% Bis, 0.1% SDS and 380 mM Tris-HCl, pH 8.8. Other
samples were  clectrophoresed  through a step gel system  with  two
resolving gels (12% acrylamide, 0.32% Bis, 0.1% SDS and 380 mM Tris-HCl,
pH 8.8 and 20% acrylumide, 0.53% Bis, 0.1% SDS and 380 mM Tris-HCI, pH
8.8). ‘The SDS-PAGE cicctrophoresis buffer consisted of 25 mM Tris, 190
mM glycine and .1% SDS. Protcins were denatured in SDS-PAGE sample
buffer before clectrophoresis in the Protean II Slab Electrophoresis Cell
(Bic-Rad) at 70 volts overnight or the Mini Protean II Electrophoresis
Cecll (Bio-Rad) at 80 volts for 2-3 h.

Visual identificotion of proteins was made by staining gels for 1 h in
0.25% Coomassiec blue, 50% mcthanol and 10% glacial acetic acid and

destaining by diffusion in 10% methanol and 10% glacial acetic acid.
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For fluorography, gels were fixed in 25% propanol and 10% glacial
acetic acid for 30 min at room temperature with constant shaking.  After
fixing, gels were soaked in Amplify (Amersham) for 30 min at room
temperature with constant shaking. ‘The Amplify was discarded and the
gel was dried with the Bio-Rad Model 583 Slab Dryer onto a picee of
filter paper and exposed to Cronex X-ray film at -80° C.

Elution of Protcins from SDS-Polvacryviamide Gels

Samples containing proteins of interest were denatured in SDS-PAGE
sample buffer (10 mM Tris pH 7.5, 10% g-mercaptocthanol, 10% SDS, 0.02%
bromophcnol blue, 25% glycerol) before clectrophoresis in the Bio-Rad
Protcan II Slab Electrophoresis Cell and were clectrophoresed overnight
at 70 volts. Proteins to be eluted were visualized by staining with 0.1%
Coomassic blue, 50% methanol and 10% glacial acetic acid for 25 min, and
destained for 55 min in 5% methanol and 10% glacial aceuce acid,  The
protein bands of interest were cut out of the gel and soased in volaile
ciution buffer (50 mM NH4HCGO3, 0.1% SDS) for 30 min. ‘The gel slices
were then loaded into a Bio-Rad Model 422 Electro-Eluter and the protein
was cluted out of tiie gel by clectrophoresing at 10 mA/wbe in volatile
clution buffer. The cluted sample was diluted four fold with H20, frozen
at -70°C and dried overnight in a Speed Vac Concenteator, to remove the
volatile buffer. Protein samples were resuspended in H2O, frozen and
dried. The protein sample was resuspended in H20 and stored at -20°C,

Production of Polyclonal Antiscera

Male New Zecaland white rabbits were inoculated in the muscle of
both hind legs with 40 ug of cluted protein mixed with Freund’s complete
adjuvant. After two weeks the rabbits were inoculated in the muscle of

each hind leg with 40 pug of cluted protein mixed with Freund's



incomplete adjuvant,  28-36 days after injection a small amount of blood
was removed and tested for the specific antibody using the Western Blot
Immunoassay. I the specific antibody was present in the serum  tested,
all the blood was removed by cardiac puncture.

Western Blot Immunoassay

Proteins  were  clectrophoretically  transferred  to  nitrocellulose
membranes (Bio-Rad) using the Mini Trans-blot Electrophoresis Cell (Bio-
Rad) at 100 volts for 1 h in blotting buffer (25 mM Tris, 192 mM glycine
and 20% (v/v) mcthanol, pH 8.3) (Burnctte, 1981).  Free protein binding
sites on protcin-bound membranes were blocked by incubating for 1 h in
TBS (20 mM ‘I'ris-HCl pH 7.5, 500 mM NaCl) containing 3% gclatin at
room temperature.  Following two 10 min washes in TTBS (20 mM Tris-
HCI pH 7.5, 500 mM NaCi, 0.05% twcen 20), the membrane was incubated
overnight at room temperature in antibody buffer (FTBS, 1% gelatin)
containing specific antibodies.  Unbound antibody was removed from the
membrane with two 10 min washes in TTBS (TBS, 0.05% tween 20).
Membranes were then incubated with a 1:3,000 dilution of goat anti-rabbit
IgG conjugated with alkaline phosphatase (GAR-AP, Bio-Rad) in antibody
buffer (TTBS, 1% gelatin) for 1 h at room temperature.  The membrane
was given two 10 min washes in TTBS and one 10 min wash in IBS (20
mM Tris-HCl pH 7.5, 500 mM NaCl). Antigens were visualized by
incubating membranes i carbonate buffer (100 mM NaHCO3, 1 mM MgCly,
pH 9.8) containing 0.3 mg/ml of NBT (p-nitro blue tetrazolium chloride)
and 0.15 mg/ml of BCIP (5-bromo-4-chloro-3-indolyl phosphate p-toluidine
salt) for 10-15 min. The colour development was stopped by placing the

membrane in distilled water.
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CHAPTER 3: RESULTS

PART 1: PROSPECT HILL VIRUS

1. STRUCTURAIL CHARACTERIZATION OF PH VIRUS

Characterization of the PH Virus Genome

To label the PH virus RNA, |3H]-uridinc was added w0 PHL virag
infected cells when the tissue culture medium  was exchanged for fresh
medium on days 4 and 8 postinfection. On day 11 postinfection the
RNA was extracted from pelleted virions, denatured with  glyoxal and
analyzed by agarose gel electrophoresis and  fluorography.  The three
different [3H|-uridinc labelled PH virus RNAs, Large (1), Medium (M) and
Small (8) were casily visualized (Fig. 1, lanes 1, 2).  Electrophoresis of
denatured |3H]-uridinc labelled  ribosomal RNA markers in the same
agarose gel made estimation of the relative molecular masses (My) of the
PH virus RNA spccies possible (Fig. 1, lane 3). The PH virus I, M and §
segments had M’s of 2.2 X 109, 1.3 X 100 and 0.6 X 100 respectively.
These sizes are the same as reported by Yoo (1988).

The relationship between the intensity of the |3I'I|-uridinc labelled
genomic RNA bands on the fluorographs and their molecular weights was
not lincar (Fig. 1, lanes 1, 2). This was due o a difference in the molar
ratios of the three PH virus RNA segments and was previously reported
(Yoo and Kang, 1987a).

Smaller RNA speccies were also obscerved on the fluorograph (Fig. 1,
lanes 1, 2). These smaller RNAs may well represent celinlar RNA specics

which were packaged into PH virus since these smaller RNAs were co-
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Figure 1. Flugrograph of the genomic RNA of PH virus. RNA was
labelled  with  {2?H)-uridine and resolved on a 1.5% agarose gel after
denaturation with glyoxal.  The gel was impregnated with 3% PPO, dried
and exposed to X-ray film at -70°C. lanes 1, 2, PH virus RNA; lane 3,
Lucaryotic ribosomal RNA.
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purificd with the virus in the gradient.  Also, these smaller RNAs did not
hybridize with PH virus specific DNA probes (data not shown).  Packaging
of ccllular nucleic acid in enveloped RNA viruses is a well known

phenomenon.

2. ASSAY FFOR PH VIRUS PRODUCTION

An assay was developed to measure the release of PH virus from
infected Vero cells on a daily basis (sce Materials and  Mcthods).
Infected or mock infected cells were labelled with [3H]-uridinc and the
amount of labelled PH virus released into the tissuc culture fluid was
measured cach day. On days 1 and 2 postinfection there was litde or
no release of PH virus into the medium (Fig. 2). Beginning on day 3
post-infection the amount of uridine labelled material pelleted from the
culture supernatants from the PH virus infected cells began to increase in
comparison to the mock infected control, indicating that uridine labelled
PH virus was being released into the medium.  The amount of labelled PH
virus accumulating in the medium continued to increase untl day 8 post-
infection when the amount of labelled PH virus in the medium peaked
(Fig. 2). ‘This occurred even though all of the medium was replaced on
day 4 postinfection and therefore ail virus in the culture medium was
removed.  Because the medium was replaced on day 8 postinfection the
amount of PH virus in the medium showed a decrease on day 9 post
infection (Fig. 2). The amount of PH virus again accumulated in the
medium until reaching a sccond peak on day 11 postintection (Fig. 2).
'The amount of labelled PH virus in the medium decreased between days

11 and 12 postinfection possibly because degradation of the extracellular
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Figurc 2. Production of and release of PH virus into the tissue culture
medium  after infection of Vero cells.  Vero EG cells were infected  with
PH virus or mock infected. The cells were labelled with [?H|-uridine and
labelled material was pelleted grom the medium as described in Materials
and Mcthods. ‘The amount of JH cpm pelleted from tissue culture fluid of
PH virus or mock infected cells was plotted cach day for 12 da_xs.
Duplicate samples were obtained each day and the amounts of pelleted 7H
labelled material |, were averaged before plotting.  To accurately indicate
the amount of [3H]-uridinc labcllcc& PH virus pelleted cach day this value
was determined by subtrac{ing the ’H cpm from the mock infected sample
on cach day from the °H ¢pm obtined from the PH virus infected
sample.  Arrows indicate when the culture fluid was removed and replaced
with fresh medium.
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virus began to exceed the release of new virus into the culture medium
(Fig. 2). Assayed medium from mock infected cells showed consistently
low pelleted [3H|-uridinc counts over the duration of the assay (Fig. 2).
Although the control counts were low we wanted to verify that labelled
PH virus was actually being pelleted and quantitated by the assay.
Therefore, the RNA was extracted from labelled material recovered during
the assay procedure. A fluorograph of this glyoxal denatured RNA after
clectrophoresis was identical to the fluorograph in Figure 1 (lanes 1, 2),
indicating most of the pellctable [3H|-uridinc counts represent PH o virus
(data not shown).  The assay was discontinued after day 12 post-
infection because of the deteriorating condition of the infected cells.

This assay only measures the labelled virus released from the cells
into the medium and does not necessarily reflect virus production in the
cells.  Also the amount of virus pelicted on day 8 postinfcction is the
total accumulation of virus released on days 5, 6, 7 and 8 post-infection,
minus the virus lost to degradation and the ) ml samples removed on days
5, 6 and 7 postinfection.  Although the rate of virus degradation is
unknown, if it is relatively constant then the amount of virus released
cach day can be approximated by subtracting the amount of labelled virus
rcleased on previous days from the amount of labelled virus pelleted on
that day. This works for all days but 5 and 9 postinfection when zero
is subtracted from the [3H|-uridine labelled PH virus counts because the
medium was completely exchanged on days 4 and 8 postinfection.  Figure
3 demonstrates that during the first four days post-infection the amount
of labelled PH virus in the medium was relatively low. However, on day
5 postsinfection, one day after the medium was exchanged for fresh

medium, there was over a 5-fold increase in the amount of labelled PH
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Figurc 3. Rclease of PH virus into the culture medium cach day. To
determine when the largcgt amounts of PH virus are released into the
medium, the amount of [JHJ-uridine labelled PH virus pelleted from the
medium each day, shown in Fig. 2, was subtracted from the amount
counted on the previous day. The exception to this was on days 5 and 9
when zero was subtracted” since the medium had been removed  and
exchanged for fresh medium on the previous day.  Arrows indicate when
the culture fluid was removed and replaced with fresh medium.,
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virus pelleted from the medium, The amount of labelled PH virus released
into the medium was almost as high on day 6 postinfection. In contrast
the amount of PH virus rcleased on days 7 or 8 postinfection was
approximately 1/3 as high as the amount released on cither of the two
previous days.  On day 9 postinfection, again one day after the medium
was changed, there was a large increase (over 4-fold) in the amount of
labelled PH virus released into the medium. The amount of labelled PH

virus rcleased on day 9 postinfection was over 30% more than the

amount of PH virus released in any other one day period. ‘The amount of

labelled PH virus released day 10 postinfection showed a decrease of 50%,
from day 9 postinfection and dropped approximately another 35% on day
il postinfection. By day 12 postinfection the released PH virus was
degrading faster than virus production and this resulted in a net decrease
in the amount of labelled PH virus pelleted from the medium (data not
shown).  These results indicate that giving the PH virus infected cells
fresh medium caused a "burst' in the amount of virus released into the
medium. However, feeding of the cells with fresh medium more often

(cvery three days) had a detrimental effect on PH virus production {data

not shown).

3. MOLECULAR CHARACTERIZATION OF THE PH VIRUS M RNA
SEGMENT

Cloning and Sequence Analysis of the PH Virus M RNA Segment

A cDNA library of clones representing the PH virus RNA segments
was made using random primers as described in Materials and Methods,

The specificity of some of these clones (I, M or S) was determined by
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Northern analysis.  Clones representing the PH virus M RNA segment
were used in  cross-hybridization studies to identify other clones
representing the PH virus M RNA segment. A combination of the
Northern analysis and cross-hybridization studies identified six clones that
represented most of the PH virus M RNA segment (Fig. 4). The
nuclcotide sequences of these six clones, P111, R355, T103, S110, P108
and P15 were determined using the didcoxy chain termination method
(Sanger et al., 1977). ‘The nucleotide sequence of these clones were
compared with the nucleotide sequence of the Hallnds virus M RNA
segment (Gicbel et al, 1989). The comparison revealed the following;
clone P111 began approximatcly 340 bases from the 3’ end of the PH
virus M RNA segment, there was a gap of approximately 500 bases
between clones P108 and P15, and clone P15 ended approximately 20 bascs
from the 5 end of the PH virus M RNA segment. The 5’ and 3’ termini
of the PH virus M RNA segment were cloned by the polymerase chain
reaction (PCR) method using Taq DNA polymerase.

The 5° cnd of the M RNA scgment was cloned with PCR by
amplifying cDNA made from the genomic RNA segment with primers MPG2
and MP61 (sce Materials and Methods). Primer MP62 was designed to
initiatz  ¢cDNA synthesis inside of clone P108 so that the gap between
clones P108 and P15 could also be cloned. The resultant 1344-bp PCR
fragment (Fig. 4B, lane 2) was ligated into the Pstl site of pUC19 and
designated M5’

Initially, attempts were made to clone the 3' end of the PH virus M
RNA scgment using a similar method as for the 5’ terminus. First-strand
cDNA was synthesized using genomic M RNA as template and a primer

MP40 (5-CAGCTGCAGTAGTAGTAGACTCCGCTAAGA) that should have 21
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Figurc 4.  Cloning stratcgy of the PH virus M KNA genomic segment.
The PH virus M RNA segment is represented by the solid line at the 10p
of the figure. The size of clones M3', P111, R355, T103, S110, P108, P15,
M5', and the portion of the PH virus M RNA they represent is shown
below. The clones are represented as double-stranded to illustrate where
the primers annecal. The sequence of primers MP61, MP62,and MPG63 are
shown in Materials and Methods. A; lane 1, 1/8 of the DNA from
amplification of the 3’ end of the PH virus M RNA segment using primers
MP61 and MP63. The 643-bp fragment is M3’ with the additional 9-bp
Pstl site from the 5’ end of each primer; lane 2, Haelll-digested ¢X174
phage DNA fragments as molecular weight markers: B; lane 1, Haelll-
digested ¢X174 phage DNA fragments as molecular weight markers; lanc
2, 1/10 of the DNA from amplification of the 5’ end of the PH virus M
RNA scgment using primers MPG2 and MP61. The 1344-bp fragment is
M5’ with the additional nucleotides from cach of the primers.
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nuclcotides complementary to the reported 3' terminus of the PH virus M
RNA scgment (underlined nucleotides) (Schmaljohn et al., 1985). PCR

amplification of this ¢cDNA with primers MP40 and MP41 (5-CAGCTGCA-

-----

end of the PH virus M RNA) which is complementary to PH virus M
¢DNA (underlined nucleotides) generated a fragment of the expected  size
(approximately 400-bp). However, the nucleotide sequence of this PCR
fragment showed that the sequence of primer MP40 appeared three times
whercas primer MP41 was not present.  This fragment, although not
representing the PH virus M RNA scgment, showed some scquence
similarity with the PH virus L RNA scgment (data not shown). When a

larger primer, MPGO (5’-CAGCTGCAGTAGTAGTAGACTCCGCTAAGAAAG)

complementary to the cntire PH virus M RNA 3' terminus (underlined
nuclectidcs) reported by Schmaljohn et al. (1985), was used, no ¢cDDNA was
produced. These results suggested that the PH virus 3 terminal sequence
reported by Schmaljohn et al. (1985) was incorrect. All Hantavirus M
RNA segments previously cloned and sequenced are identical for the first
16 bases at their 3’ termini (Schmaljohn et al, 1987b; Yoo and Kang,
1987b; Giebel et al, 1989; Arikawa et al, 1990; Antic et al., 1991a). A
primer MP61 (scc Materials and Mcthods) that was complementary to this
16 base scquence also failed to generate any cDNA. A complex stable
basc-paired structure formed by the 3' and 5' termini of Hantavirus M
RNA segments (Schmaljohn et al, 1987b; Yoo and Kang, 1987b; Gicbel et
al., 1989; Arikawa et al, 1990; Antic et al, 1991a) may have interfered
with ¢cDNA synthesis initiated by a primer this small. Therefore, it was
decided to use PH virus M mRNA in total cell RNA isolated from PH

virus infected cells as the template for first-strand cDNA synthesis.
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‘To determine when total cellular RNA was rich in PH virus specific
RNA, total RNA from PH virus infected cells was isolated 8 or 9 days
post-infection.  Dilutions of this RNA were blotted and hybridized using a
nick translatcd M clone (8110) as a probe (Fig. 5). The total cell RNA
extracted at day 9 postinfection clearly shows more PH virus specific
RNA/ug of total cell RNA than does RNA extracted from cclls on day 8
post-infection (Fig. 5). Presumably the majority of this PH virus specific
RNA is mRNA. Cloning of the 3" end of the PH virus M RNA was done
with primers MP61 and MPG3 using PH virus M mRNA as tcmplate, as
described in Materials and Methods, and generated a 643-bp PCR fragment
(Fig. 4A, lanc 1) that was blunt-cnd ligated into the Smal sitc of puUC19
and designated M3'.  Nucleotide sequence analysis of this clone revealed
differences with the putative 3’ terminal scquence of the PH virus M RNA
previously reported (Schmaljohn et al., 1985). The previously reported 3
terminal M RNA sequence had two additional bases at positions 17 and 23
(3-AUCAUCAUCUGAGGCGAUUCUUUC, underlined and bolded bases)
(Schmaljohn et al., 1985) that were not present in our clone (3'-AUCAU-
CAUCUGAGGCGUUCUUC). To verify that our sequence was correct we
repeated this experiment with primer MP63 and other 3’ end primers (Fig.
6). ‘Two primers, MP61 and MPG7, were identical with the 5' terminal
sequence we determined for the PH virus M ¢DNA and they yiclded equal
amounts of the 643-bp PCR fragment (Fig. 6, lanes 1, 4). Primer MPGS
has a onc nucleotide mismatch with the PH virus M ¢DNA at position 18
(G instecad of A) and this primer gencrated a lower amount of the 643-bp
PCR fragment (Fig. 6, lane 5). Primer MPGO has two additional bases at
nucleotide positions 17 and 23 which are not present in our PH virus M

¢DNA and this primer yiclded the least amount of the 643-bp PCR
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Figurc 5. Hybridization of a 3Zpabelled PH virus M specific clone to
dot blots of total infected ccll RNA.  Total cell RNA was isolated from
PH virus infected Vero cells 8 or 9 days after infection, dot blotted onto
GeneScreen Plus and hybridized to nick-translated M clone $110. 1: 10
ug of total ccll RNA from PH virus infected cells; 2; 5 pe of total cell
RNA from PH virus infected ceils; 3; 2.5 ug of total cell RNA from PH
virus infected cells; 4; 1.25 ug of total cell RNA from PH virus infected
cells; 5 0.625 pg of total cell RNA from PH virus infected cells. ‘The 8
or 9 above cach dot indicates the number of days after infection the
total cell RNA was isolated.
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Figurc 6. Analysis of the 3’ ¢nd of the PH virus M RNA scgment by
comparing PCR amplified products using different primers. The 3' end of
the PH virus M RNA segment was amplified by PCR using pritacr MP63
and primers matching the M ¢DNA scquence in Fig. 7 or with a number
of nuclcotide changes causing mis-matches. A;  Primers usced in the
analysis. Base changes are bolded and underlined; B; lanes M, Haelll-
digested ¢X174 phage DNA fragments as molccular weight markers;  lane
1, Primer MPG1; lane 2, Primer MPG3; lance 3, Primer MPGO; lanc 4,
primer MPG7; lane 5, Primer MPGS.
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i virus M OcDNAD STTAGTAGTAGACTCCGO AAGAA G
MPGO: S TAGTAGTAGACTCOGUTAAGAAAG
MPOL: S-TAGTAGTAGACTCCGC

MPO7: 5-TAGTAGTAGACTCCGC AAGA

MPOB: 3-TAGTAGTAGACTCCGC AGGA




fragment (Fig. 6, lanc 3) with the exception of the negative control  (Fig,
6, lane 2). Furthermore, our sequence was identical to the reported 3
terminal sequence of the Hallnds virus M RNA segment for the first 35
bascs (Gicbel et al, 1989). ‘Therefore, clone M3' most likely represents
the actual 3’ end of the PH virus M RNA segment. The nucleotide
scquence of clones M3’ and M5’ were determined using the didcoxy chain
termination method (Sanger ef al, 1977). The combined and consensus

scquence (3707 bases) of clones M3', P111, R355, T103, S110, P108, P15,

and M5’ is shown in Figure 7. Comparison of the 3' and 5 termini of

the PH virus M RNA scgment in the genomic RNA sense revealed an
inverse  complementary  sequence  involving 38 of the  terminal 45
nucleotides (Fig. 8). ‘The calculated free cnergy of this structure is -47.1
kcal/mol at 25°C. The stability of this structure is similar to that of the
Hantaan virus M scgment (-42.4 kcal/mol at 25°C) and SR virus M
segment (-39.6 kcal/mol at 25°C), but is much lower than that of the
Héllnas virus M scgment (-64.8 kcal/mol at 25°C) (Gicbel et al., 198Y).
Complementarity between the terminal nucleotides of an RNA segment is a
Bunyaviridac characteristic (Parker and Hewlett, 1981; Bishop et al.,
1982; Cabridilla ct al., 1983; lhara et al, 1984; Eshita and Bishop, 1984;
Colett et al., 1985; Schmaljohn et al., 1986b, 1987b; Gicbel et al., 1989,
Stohwasser et al., 1990; Antic et al, 1991a, 1991b).  Therefore, it was
concluded that clones M3, P111, R355, T103, S110, P108, P15, and MS5'
represented the entire PH virus M RNA scgment.  The base composition
of the PH virus M RNA segment is 29.8% A, 18.8% G, 21.7% C, and 29.7%
U. These values are similar to those of the Hallnas virus, SR virus and

Hantaan virus M RNA segments (Schmaljohn et al, 1987b; Gicbel et al.,
1989; Arikawa et al., 1990).
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Figure 7. Nucleotide scquence of the PH virus M RNA segment.  ‘The
sequence  is presented as  the viral complementary DNA  (5'-3).
Nurleotides are numbered on the left and right ends of cach line. The
translation initiation codon (ATG, nucleotide positions 50-52) and
translation termination codon (TAA, nuclcotide positions 3476-3478) of the
putative PH virus glycoprotein precursor are underlined.
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ATGTGACGCT
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TGAATGTTCA
TAATGTTATC
CTGGTTTAAA
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ACATACTAAT
AAMAAANCTAM
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CATAGAAAA]
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GGTCAAGGCC
ACATTAAAGT
GCTGTTACAA
TCAACAACAT
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TGTAATCAGA
ACAACAMAGA
ACATACTGTG
GCATTATCTC
ATTGCAAAGA
GAGAAATCAG
ACATCAGAAC
GATATGGCAA
TTTAGAATTG
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GAAGATCCAG
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GAAATAAAAA
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AAGATTATGA
CTGGATGTAC
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GGACAGTTTC
GTGGTATTAT
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Figurc 8. Predicted sccondary structure of the complementary 3’ and 5°
termini of the PH virus M RNA scgment. The terminal 45 nucleotides of
the PH virus M RNA, as deduced from the cDNA sequence, are shown.
The free cnergy value for this structure (-47.1 kcal/mol at 25°C) was
calculated using the RNA folding program in the PC/Genc computer
program (Version 5.11).
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Coding Strategy of the PH Virus M RNA

The PH virus M RNA scgment is 3707 basces long (Fig. 7). This is
the largest Hantavirus M scgment reported to date as compared with 3682
bascs for Hallnads virus, 3651 bases for SR virus, Scoul virus and Biken 1
virus, and 3616 bascs for Hantaan virus (Schmaljohn et al, 1987b; Yoo
and Kang, 1987b; Gicbel et al, 1989; Arikawa et al, 1990; Iscgawa et al.,
1990; Antic et al, 1991a). Positions of translation termination codons
were determined for the six potential reading frames of the PH virus M
RNA sequence. A large open reading frame (ORF) was observed in frame
2 of the M cRNA (Fig. 9). The first potential in-frame translation
initiation codon in the PH virus M ORF is at nuclcotides 50-52 near the
5 end of the ¢DNA (Fig. 7). The flanking scquence for this initiation
codon is not considered optimal for translation, since although there is an
A at the -3 position there is also an A at the +4 position (Kozak, 1984,
1986b, 1986b) (Fig. 7). ‘This ORF terminates at nucleotides 3476-3478 and
hias a coding capacity of 1142 amino acids (Fig. 7). This is 8 amino acids
larger than the SR virus (1134 amino acids) glycoprotein precursor and 6
amino acids larger than the Hantaan virus (1136 amino acids) glycoprotein
precursor (Schmaljohn et al., 1987b; Yoo and Kang, 1987b; Arikawa et al,
1990), but 6 amino 2cids smaller than the Hallnds virus glycoprotcin
precursor (Gicbel et al., 1989),

Comparison of the PH Virus, Hiallnas Virus, SR Virus and Hantaan Virus

G1 and G2 Proteins

The deduced amino acid sequences of the PH virus, Hallnas virus, SR
virus, and Hantaan virus G1 and G2 proteins were compared (Fig. 10a,
and 10b). The cleavage site between the signal peptide and N-terminus

of G1 is known for SR virus and Hantaan virus (Schmaljohn et al., 1987b;
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Figure 9. Translation termination codon locations in all reading frames
of thc PH virus M RNA segment.  Translation termination codons in the
PH virus M RNA arc indicated by arrows in the three reading frames of
the viral complementary scnse (C) and viral scnse M. The first
potential ATG initiation codon in the longest open reading frame is also
indicated by an arrow.
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Figurc 10a. Comparison of the predicted amino acid sequences of the PH
virus, Hallnas virus, SR virus, and Hantaan virus G1 proteins. Amino
acids are numbcred on the left and right ends of cach line.  Non-
identical amino acids of Hallnas virus, SR virus, and Hantaan virus G1
proteins are presented below the PHV G1 protein scequence.  ldentical
amino acids are denoted by dots, conscrvative amino acid changes are
underlined, and missing amino acids in any scquence are denoted with a
dash. Small boxes with 3 amino acids denote potential  N-finked

glycosylation sites. The large box denotes the potential transmembrane
domain common to all four viruscs.
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Figure 10b. Comparison of the predicted amino acid sequences of the Pl
virus, Hallnas virus, SR virus, and Hantaan virus G2 prowins.  Amino
acids arc numbcred on the left and right ends of cach line. Non-
identical amino acids of Hallnas virus, SR virus, and Hantaan virus G2
protcins are presented below the PHV G2 protein sequence.  Identical
amino acids arc denoted by dots, conservative amino acid changes are
underlined, and missing amino acids in any sequence are denoted with a
dash. Small boxes with 3 amino acids denote potentinl N-linked

glycosylation sites. ‘The large box denotes the potential transmembrane
domain common to ail four viruses,
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Arikawa et al., 1990). However, the signal peptide cleavage sites for PH
virus and Hallnds virus were based on computer predictions.  Conservation
of cysteine residues between PH  virus, Hallnas virus, SR virus, and
Hantaan virus is very high (G1 = 78.4%, and G2 = 93.1%). The resulis of
the amino acid comparison of the G1 and G2 proteins of Hallnas virus, SR
virus and Hantaan virus to PH virus arc summarized in Table 3. The PII
virus G1 and G2 proteins have more amino acid sequence similarity with
the Hallnds virus G1 and G2 proteins than with the Gl and G2 proteins
of SR virus and Hantaan virus (Table 3). ‘The G2 proteins of all four
viruses have been conserved to a greater extest than the Gi proteins
(Fig. 10b; Table 3). A possible variable region wes * - aified in the Gl
protein of these four viruses (PH virus amino acid positions 209-282) (Fig,
10a). More amino acid sequence heterogencity between the four viruses

was observed in this region as compared with other regions of the Gl or

G2 proteins. Amino acid sequence similarity between the Gl proteins of

the four viruses was 38.7% and 52.2% between the G2 protcins of these
viruscs. If conscrvative amino acid substitutions are included these
numbers increase to 54.6% for the G1 protins and 67.1% for the G2
proteins.

Threec of the four potential asparagine-linked glycosylation sites in
the PH virus G1 protcin were conserved in the other three viruses, A
potential glycosylation site at amino acid positions 527-529 was not
conserved in the other three viruses (Fig. 10a).  However, SR virus had
two other potential sites (amino acid positions 233-235 and 560-562) while
Hantaan virus had only onc other potential site (amino acid positions 235.
237) (Fig. 10a). Interestingly, a possible glycosylation site that is

probably not used in Hallnas virus (N-P-S, amino acid positions 585-587),
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Table 3. Comparison of the amino acid sequences of the G1 and G2
protcins of Haéllnas virus, SR virus, and Hantaan virus to the amino acid
sequences of the G1 and G2 proteins of PH virus.

Gl PROTEIN G2 PROTEIN
VIRUS
12 (I + Q)b Ia (I + o)k
Hallnas 74.3% 85.8% 79.0% 88.4%
SRk 46.9% 62.6% 62.5% 75.4%
Hantaan 49.4% 66.0% 61.3% 73.4%

2 Identical amino acids.

b dentical amino acids plus conscrvative amino acid substitutions using
the following critcria for conservative substitutions: R=K, S=T, D=E, Q=N,
V=L=1=M,A=G, A=V, Y=F,
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because of the proline residue (Bause, 1983), is also present in PH virus
(N-P-T, amino acid positions 581-583) (%ig. 10a). The one potential
glycosylation site in the PH virus G2 protcin was conserved in all four
viruses (Fig. 10b). A sccond site in the Hallnas virus G2 protein Gumino
acid positions 898-900) is not observed in the PH virus G2 protein (Fig.
10b).

The analysis of potential transmembrane helices (Rao and Argos, 1986)
identified only one conserved region in the G1 protein and one conserved
region in the G2 protein of all four viruses. The region in the Gl
protein ends 132 amino acids from the C-terminus (PH virus amino acid
positions 447-522) and was 76 amino acids in length in PH virus and
Hallnas virus, and 71 amino acids in length in SR virus and Hantaan virus
(Fig. 1Ua). The conserved region in the G2 protein is near the C-
terminus (PH virus amino acid positions 1102-1132) and is 31 amino acids
long in all four viruses (Fig. 10b).

Hydrophilicity profiles (Hopp and Woods, 1981) of the four virus
glycoprotein precursors were compared (Fig. 11).  There were many
similarities between the hydrophilicity profiles of the four viruses, The
region of greatest hydrophilicity in the Hallnds virus profile was
conserved in the SR virus and Hantaan virus profiles, and is located near
the C-terminus of G1 beginning fourtcen amino acids after the potential
transmembrane domain (Fig. 11). The SR virus and Hantaan virus profiles
also have a second equally hydrophilic region near the C-terminus of Gl
(Fig. 11). In contrast, the region of greatest hydrophilicity in the PH
virus glycoprotein precursor is closer to the N-terminus (amino acid
positions 220-225, Fig. 11). This region is apparently associated with an

amino acid deletion in the PH virus G1 protein not observed in the G1
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Figurc 11. Hopp and Woods hydrophilicity profiles of PH virus, Hallnas
virus, SR virus, and Hantan virus glycoprotcin precursors.  Amino acid
numbers are shown below cach profile. The point of highest
hydrophilicity in each profile is indicated by a broken vertical linc.
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protcins of the other three viruses (Fig. 10a).  When hydrophilicity
profiles of the G2 proteins were compared, the highest peak of
hydrophilicity in Hallnds virus, SR virus, and Hantaan virus was located
at the C-terminus.  The region of greatest hydrophilicity in the PH virus
G2 protein  however, is located twelve amino acids prior to the

transmembrane domain (amino acid positions 1084-1089, Fig. 10b).

4. MOLECULAR CHARACTERIZATION OF THE PH VIRUS S RNA
SEGMENT

Cloning and Sequence Analysis of the PH Virus S RNA Segment

A ¢DNA bank of clones representing the PH virus RNA was made
using random primers as described in Materials and Mcthods. PH virus §
RNA spccific clones were identified by Northern blot analysis.  The
largest § specific clone (P275) isolated from this bank represented 1176
bascs of the PH virus S RNA, and therefore P275 could not represent the
entire PH virus S RNA segment. The nucleotide sequence of this clone
was determined and compared with the nucleotide sequence of the
Hantaan virus 8 RNA segment (Schmaljohn et al., 1986b). This
comparison revealed clone P275 lacked approximately 500 bases from the
3' end of the PH virus § RNA, and approximately 50 bases from the 5'
end.  We decided to clone the 3' and 5 ends of the PH virus S RNA
scgment by PCR using the same method used for the 5' end of the PH
virus M RNA scgment. PCR amplification of the 3' end of the PH virus S
RNA was done using primers MP11 and MP12 (Fig. 12) as described in
Materials and Methods. Amplification generated a 534-bp fragment (Fig.
12A, lane 2) that was cloned into the Pstl site of pUC19 and designated
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Figurc 12. Cloning strategy of the PH virus S RNA genomic scgment
The PH virus 8 RNA segment is represented by the solid line at the top
of the figure. The size of clones PS3, P275, and PS5, and the portion of
the PH virus § RNA they represent is shown below. ‘The clones are
represented as double-stranded to illustrate where the primers anncal.
The sequences of primers MP11, MP12, MP13, and MP14 arc shown bclow
the clones.  Dark solid lines above the primers indicate sequences
homologous with viral RNA. Dark solid lines below the primer indicate
viral complementary sequence. Light solid lines indicate the Pstl sites on
all the primers that allowed insertion of the amplificd products into the
Psel site of pUC19. A; lane 1, Haelll-digested ¢X174 phage DNA
fragments as molecular weight markers; lanc 2, 1/5 of the DNA from
amplification of the 3’ end of the PH virus S RNA secgment using primers
MP11 and MP12. The 534-bp fragment is PS3 with the additional 9-bp
from each of the primers: B; lane 1, 1/10 of the DNA from
amplification of the 5’ end of the PH virus S RNA segment using primers
MP13 and MP14. The 242-bp fragment is PS5 with the additional 9bp
from cach of the primers; lane 2, Haelll-digested ¢X174 phage DNA
fragments as molecular weight markers.
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PS3.  Nucleotide scquence analysis of PS3 revealed that it contained the
reported 3’ terminal sequence for the PH virus S RNA segment (3-AUC-
AUCAUCUGAAGCAUUUCUCGAU) (Schmaljohn ¢t al., 1985).  ‘Thercfore,
clone PS3 most likely represented the 3' end of the PH virus § RNA
segment.  The 5° end of the PH virus S RNA was also cloned using the
PCR method (secc Materials and Methods) with primers MP13 and MP14
(Fig. 12). The 242-bp amplified product (Fig. 12B, lanc 1) was ligated
into the Pstl site of pUC19, and designated PS5. Nucleotide sequencing
of PS5 demonstrated that clone P275 was missing only 20 nucleotides from
the 5° terminus of the PH virus S RNA secgment.  The nucleotide sequence
of clones PS3, P275, and PS5 were determined by the dideoxy chain
termination method (Sanger ct al., 1977).

The combined and conscnsus sequence (1675 bases) of PS3, P275, and
PS5 is shown in Figurc 13. Comparison of the 3' and 5' termini of the
conscnsus sequence in the genomic RNA sense revealed a comp:lementary
scquence involving 20 of the terminal 23 nucleotides (Fig. 14). 'The base-
paired structure that could result had a calculated free cnergy of -15.0
kcal/mol at 25°C which is lower than that of the Hallnas virus $ segment
(-41.0 kcal/mol at 25°C), SR virus S scgment (-29.6 kcal/mol at 25¢C)
and Hantaan virus S segment (-23.6 kcal/mol at 25°C). Complementarity
between the terminal nucleotides of an RNA segment is characteristic of
the Bunyaviridac (Parker and Hewlett, 1981; Bishop ct al., 1982; Cabridilla
ct al, 1983; lhara et al, 1984; Eshita and Bishop, 1984; Colctt et al,,
1985; Schmaljohn ct al., 1986, 1987; Gicbel et al, 1989; Stohwasscr et al.,
1990; Antic et al, 1991a, 1991b). ‘Therefore, we concluded that clones
PS3, P275, and PS5 represented the entire PH virus S RNA segment.
Base composition of the PH virus § RNA was calculated as 25.9% A, 20.9%

30



87

Figurc 13. Nuclcotide sequence of the PH virus § RNA segment.  The
secquence is presented as  the viral complementary DNA  (5-3).
Nuclcotides are numbered on the left and right ends of each line. The
translation initiation codon (ATG, nucleotides 43-45) and translaton
termination codon (TAG, nucleotides 1342-1344) of the putative PH virus
N gene are bolded and underlined. The translation initiation codon (ATG,
nuclcotides 83-85) and translation termination codon (TGA, nucleotides
353-355) of the putative PH virus NS; protein are underlined.
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Figure 14, Predicted sccondary structure of the complementary 3' and 5
termini of the PH virus S RNA scgment. The terminal 23 nucleotides of
the PH virus 8§ RNA, as deduced from the ¢DNA sequence, arc shown.
The free energy value for this structure (-15.0 kcal/mol at 25°C) was
calculated using the RNA folding program in the PC/Gene computer
program (Version 5.11).






G, 21.7% C, and 31.5% U. ‘These values are similar to ti.se of the
Hallnds virus, SR virus and Hantaan virus S RNA segments (Schnualjohn et
al., 1986b; Stohwasscr et al,, 1990; Arikawa et al., 1990).

Coding Strategy of the PH Virus S RNA Segment

The PH virus S RNA scegment is 1675 bascs long (Fig. 13). This is
the smallest Hantavirus S penomic RNA scgment reported to date as
compared to 1785 bases for Haillnas virus, 1769 bases for SR virus, and
1696 bases for Hantaan virus (Schmaljohn et al, 1986b; Stohwasscr et al.,
1990; Arikawa et al, 1990). The PH virus S RNA is potentially capable of
forming a large hairpin structure necar its 5 end, between nucleotide
positions 1580 and 1620 (Fig. 15). This potential hairpin structure has an
18 basc-paired stem structure, and is energetically stable with a predicted
frce cnergy of -28.6 kcal/mol at 25°C. No similar potential hairpin
structure was identified in the S RNA segments of Hallnds virus, SR
virus, or Hantaan virus (Schmaljohn et al., 1986b; Stohwasser et al., 1990;
Arikawa et al., 1990),

Positions of translation termination codons were determined for the
six potential reading frames of the PH virus S RNA sequence. A large
open reading frame (ORF) was observed in frame 1 of the S cRNA (Fig.
i6). The first potential in-frame translation initiation codon is at
nucleotides 43-45 from the 5 end of the PH virus M cDNA (Fig. 13).
The flanking sequence for this initiation codon is not considered optimum
for translation initiation since there is a G in the -3 position and an A
in the +4 position (Kozak, 1984, 1986a, 1986b). However, there are no
other in-frame translation initiation codons in this ORF until nucleotide
position 261. This ORF extends to a translation termination codon (TAG)

at nucleotide position 1342, and could encode a 433 amino acid
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Figure 15. Predicted secondary structure in the PH virus S RNA between
bases 1580 and 1620, mcasuring from the 3' terminus. ‘This potential
hairpin structure was predicted, and its free cnergy (-28.6 kcal/mol at
25°C) was calculated using the RNA folding program in the PC/Gene
computer program (Version 5.11),
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Figure 16. Translation tecrmination codon locations in all rcading framcs
of the PH virus 8 RNA scgment.  7.anslation termination codons in the
PH virus § RNA are indicated by arrows in the three reading frames of
the viral complementary sense (C) and viral sense M. The  first
potential ATG initiation codon in each of the two longest open reading
frames was also indicated by arrows.
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nucleocapsid (N) protein with a predicted My of approximately 49 K. This
is identical in size to the N protein of Hallnas virus (433 amino acids,
and 49 K) (Stohwasscr et al, 1990) but is 4 amino acids larger than the
N proteins of SR virus (429 amino acids, and 48 K) (Arikawa et al., 1990)
and Hantaan virus (429 amino acids, and 48 K} (Schmaljohn ¢t al., 1986h).

A sccond, smaller overlapping OREF was obscrved in frame 2 of the
PH virus § cRNA (Fig. 16), and has a potential in-frame  translation
initiation codon at nucleotides 83-85 from the 5' end of the PH virus S
¢DNA (Fig. 13). However, with a G at the -3 position and an A at the
+4 position this flanking scquence is also not considered optimal  for
translation initiation (Kouak, 1984, 1986a, 1986b). This is however,
similar to the flanking sequence of the initiation codon of the PH virus N
protein. With a translation termination codon (I'GA) at nucleotide
position 353 (Fig. 13), this ORF could encode a 90 amino acid protein
with a predicted M, of approximatcly 10.5 K. ‘The PH virus § RNA
scgment  thercfore, could possibly encode an NSy protein on an
overlapping ORF as obscrved in bunyaviruses (Bishop er al, 1982; Akashi
and Bishop, 1983; Fuller et al, 1983; Akashi et al, 1984; Bouloy et al.,
1984; Elliott, 1985; Gerbaud et al, 1987; Elliott and McGregor, 1989), A
second overlapping ORF identical in size and position was obsecrved in
frame 2 of the Hallnds virus § cRNA (90 amino acids, and 11.1 K)
(Stohwasser et al, 1990), but not in the SR virus or Hantaan virus S
cRNA sequence (Schmaljohn et al., 1986b; Arikawa et al., 1990). No other
reading frames in the PH virus S segment had ORF's capable of encoding

proteins of more than 50 amino acids (Fig. 16).
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Comparison of the PH Virus, Héllnds virus, SR virus and Hantaan Virus N

A best-fit comparison was made bcetween the predicted amino acid
sequence of the N proteins of PH virus, Hallnds virus, SR virus and
Hantaan virus (Fig. 17). Conservation of cysteine residues between the
PH virus, Héllnas virus, SR virus and Hantaan virus N proteins is very
high, All four virus N protcins have 5 cysteine residues (Fig. 17). There
is 100% cystcine conservation between the N proteins of PH virus and
Hallnds virus and 80% cysteine conscrvation with the N proteins of SR
virus and Hantaan virus (Fig. 17). The results of the amino acid
scquence comparison of the N proteins of Hillnds virus, SR virus and
Hantaan virus to PH virus are summarized in Table 4. The PH virus N
protcin has more amino acid sequence similarity with the Héallnds virus N
protein than with the N proteins of SR virus and Hantaan virus (Table 4).
Amino acid sequence simiiarity between the N proteins of all four viruses
was 55.2%. If conservative amino acid substitutions are included this
number increases to 70.2%. Based on the comparison of the PH virus,
Hallnds virus, SR virus and Hantaan N proteins it appears that the
Hantavirus N protein has two conserved regions and one non-consecrved
region.  The first conserved region includes the first 232 amino acids
mcasuring from the N-terminus of each N protein (Fig. 17). In this
region, 133 amino acids (57.3%) were identical in type and position
between the four virus N proteins. If conservative amino acid
substitutions are included, there is 75% amino acid sequence similarity
between the four virus N proteins in this region. The second conserved
region was very highly conserved and was located in the C-terminal

portion of the N proteins of the four viruses (PH virus amino acid
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Figurc 17. Comparison of the predicted amino acid sequences of the N
proteins of PH virus, Hallnas virus, SR virus, and Hantaan virus. Amino
acids are numbered on the left and right cnds of cach line. Non-
identical amino acids of Hallnas virus, SR virus, and Hantaan virus N
proteins are presented below the PH virus N protein sequence.  ldentical
amino acids are denoted by dots, conservative amino acid changes arc

underlined, and missing amino acids in any scquence are denoted with a
dash.



PH:
Hallnas:
SR:
Hantaan:

PH:
Hallnas:
SR:
Hantaan:

PH:
Hallnas:
SR:
Hantaan:

PH:
Hallnas:
SR:
Hantaan:

PH:
Hallnas:
SR:
Hantaan:

PH:
Hallnas:
SR:
Hantaan:

PH:
Hallnas:
SR:
Hantaan:

PH:
Hallnas:
SR:
Hantaan:

PH:
Hallnas:
SR:
Hantaan:

iol
101
101
101

151
151
151
151

201
201
201
201

251
251
251
251

iol
3ol
297
297

351
3i51
347
347

401
401
397
397

MSQLREIQEEITRHEQQLVIARQKLKEAERTVEVDPDDVNKSTLOSRRSA
ceD.TDevevererenessVerneeeDieiBunuennennenes JA.QQT
.ATME...R..SA..G........¥.D..KQ¥.K. ... L. .RA.HD.E.V
.ATME.L.R..NA..G........VRD. .KQ¥.K...EL..R..TD.EGV

VSTLEDKLAEFKRQLADVISRQKMDEKPVDPTGIELDDHLKERSSLQYGN
evA.. i DY, RM.. AV, KesoTeoTeevreaPovererneeaRens
AASIQS.ID.L......R.AAG.NIGQDR....V.PG.......A.S...
AVSIQA.ID.L......R.ATG.NLG.EQ....V.PG.......M.S...

VLDVNSIDIEEPSGQTADWLKIGSYIIEFALPIILKALHMLSTRGRQTVK
R RIRT  SIICI IIUPIPIPIPRNR &) (P 0 | e v A
T..Le.Lo DTy ee oo o JTIVLLTS. VW, oo vv oo Yoo Ter o 0. L S,

«..L.HL..D..T.......5.IV.LTS. V. . Lo v..¥..Tuu....T.

ENKGTRIRFKDDSSYEDVNGIRRPKHLYVSMPTAQSTMKAEELTPGRFRT
R X <
T - TS | SN | T - T S
DivievrenrneerEerveeeeeBavronaLeNeeuSevnnolono X.,

IVCGLFPAQIMARNIISPVMGVIGFAFFVKDWADKVKAFLDQKCPFLKAE
ceeve s T QY. Mieevsvet.S..... . PE.IRE.MEKE. ..I.P.
A....¥....K...MV....5.V..LALA...TSRIEEW.GAP.K.MAES
A....¥....K..QM.....S....LALA...S.RIEQW. IEP.KL, PDT

PRPGQPAGEAEFLSSIRAYLMNRQAVLDETHLPDIDALVELAASGD TLP
VK..T..Q.¥...KRN.V.F.T..D...KN.VA...K.IDY.......S,
LIA.SLS.~~~=NPVN.D.IRQ..GA.AGMEPKEFQ. . RQHSKDAGC. .V
AAVSLLG.---~PATN.D. .RQ. .VA.GNMETKESK. IRCH. EAAGCSMI

DSLENPHAAWVFACAPDRCPPTCIYIAGMAELGAFFAILQDMRNTIMASK
'DI.'S-N-P------.---oc-.-.!----------S----onu---c--
EHL.S5.588T....G . 0neeeeslFVG teuetveeSetnnannnnnnns
EDI.S.8SI....G.vuveveeslFeeelinineeeBiiinneennnnan

TVGTAEEKLKKKSAFYQSYLRRTQSMGIQLDQRIILMYMIEWGNEVVNHF
- TS ST VIO 95 0% T
vevesDiviRivseBeretnieranneannneess Y F.VA..K.A.DN.

cereSeia iRy Bt eii i edGa. . JVLF, VA, LK. AL DN,

HLGDDMDPELRQLAQALIDQKVKEISNQEPLKI 433
T ¢ e Y 3 e
..l.‘l...IOSI..I.IIII.-'IQ'...M.L 429
secacresens T See Voo eaeans L 429

100
100
100
100

150
150
150
150

200
200
200
200

250
250
250
250

300
300
296
296

350
350
346
3486

400
400
396
396



95

Table 4. Comparison of the amino acid sequences of the N proteins of
Hallnas virus, SR virus, and Hantaan virus to the N protein of PH virus.

N PROTEIN
VIRUS
12 (I + )b
Hallnas 79.9% 87.5%
SR 63.0% 74.8%
Hantaan 61.7% 74.4%

1 Identical amino acids.

b Identical amino acids plus conservative amino acid substitutions using
the following criteria for conscrvative substitutions: R=K, S=T, D=E, Q=N,
V=L=1=M, A=G, A=V, Y=F.



positions 310-433) (Fig. 17). Within this region, 98 (79%) of the 124
amino acids were identical in type and position between the four viruses.
There is 90.3% amino acid scquence similarity in this region between the
four viruses if conservative amino acid changes are included. The space
between these two conserved regions (PH virus amino acid positions 233-
309) was not highly conscrved, and is the location of the four additional
amino acids in the PH virus and Haéllnas virus N proteins as compared
with the SR virus and Hantaan virus N protecins (Fig. 17). Approximately
40% of the amino acid differences between the PH virus N protein and
cach of the other three virus N proteins are clustered within this region.
‘There is only 10.4% amino acid sequence similarity in this region between
the four viruses. Even if conservative amino acid substitutions are
included, there is still only 23.4% amino acid sequence similarity.

The calculated isoclectric points of the N proteins of PH virus (pl =
5.53) and Haéllnas virus (pI = 5.59) (Stohwasser et al, 1990) are similar.
In contrast, the calculated isoelectric points of the N protcins of SR
virus (pl = 7.25) (Arikawa et al, 1990) and Hantaan virus (pl = 6.7)
(Schmaljohn et al,, 1986b) are more neutral than the PH virus and Haillnas
virus N proteins.

Hydrophilicity profiles (Hopp and Woods, 1981) of the N proteins of
PH virus, Héllnds virus, SR virus and Hantaan virus were compared (Fig.
18). Overall, the four virus N protein hydrophilicity profiles were similar
(Fig. 18). The region of highest hydrophilicity in the PH virus profile is
located in the C-terminal half of the protein (amino acid positions 356-
362) and was conserved in the Hallnas virus profile (amino acid positions
356-362) (Fig. 18). The seven amino acids in this region were identical in

the PH virus and Hallnas virus N proteins (Fig. 17). In contrast, the
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Figurc 18. Hopp and Woods hydrophilicity profiles of PH virus, Hallnas
virus, SR virus, and Hantaan virus N protcins. Amino acid numbers are
shown below each profile. The point of highest hydrophilicity in cach
profile is indicated by a broken vertical line.
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highest region of hydrophilicity in the SR virus and Hantaan virus
profiles was located ncar the N-terminus (amino acid positions 33-38) of
the N proteins (Fig. 18). The site in the PH virus N protein predicted by
the computer to have a 100% probability as an antigenic site (amino acids
356-362) was similar in the N protcins of Hallnas virus, SR virus and
Hantaan virus (Fig. 17). ‘The Haillnas virus amino acid sequence was
identical at this site (amino acids 356-362) whercas the SR virus (amino
acids 352-358) and Hantaan virus (amino acids 352-358) amino acid
sequences had two conservative substitutions or one  conscrvative
substitution respectively (Fig. 17).

Comparison of the PH Virus and Hallnas Virus NS¢ Protcins

Members of the Bunyavirus genus use overlapping ORI’s 10 encode a
10-12 K NSg protcin whose function is not yet known. As mentioned
previously the PH virus and Hallnds virus S cRNA's also contain a sccond
overlapping ORF that could encode 90 amino acid NSg proteins (Fig. 16).
Because of this apparent similarity with viruses in the Bunyavirus genus
the deduced amino acid scquence of putative PH virus and Hallnas virus
NSs proteins were compared (Fig. 19). Amino acid sequence  similarity
betwcen the NSg proteins of PH virus and Hallnas virus is 50%. If
conservative amino acid substitutions arc included the amino acid
sequence similarity between these two NSg proteins increases to 58.9%.

The calculated isoclectric points of the PH virus (pl = 12.72) and
Hallnas virus (pl = 10.92) NSg protcins were both basic, although the PH
virus NSg protein was more basic.

Hydrophilicity profiles (Hopp and Woods, 1981) of the PH virus and
Hallnas virus NSg proteins were compared (Fig. 20). The hydrophilicity

profiles were similar although the highest peak of hydrophilicity in the
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Figure 19. Comparison of the predicted amino acid sequences of the
putative PH virus and Hallnds virus NSg proteins. Amino acids are
numbered on the left and right ends of each line. Non-identical amino
acids of Hallnds virus NSg protein are presented below the PH virus NSg
protein  sequence, Identical amino acids are denoted by dots and
conservative amino acid changes arc underlined.
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Figure 20. Hopp and Woods hydrophilicity profiles of the putative NSg
protcins of PH virus and Hallnas virus. Amino acid numbers are shown
below cach profile.  The point of highest hydrophilicity in each profile is
indicated by a broken vertical line.
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PH virus NSy protein was ncar the N-terminus of the protein (amino acid
12) (Fig. 20). In contrast, the highest peak of hydrophilicity in the
Hallnas virus NSg protein was located closer to the middle of the protein

(amino acid 35) (Fig. 20).

5. EXPRESSION OF THE NSg GENE OF PH VIRUS IN INSECT CELLS

To determine if an NSg protein is expressed by the PH virus S RNA
segment, this  over-lapping ORF  was expressed in the baculovirus
expression system.  Antibodies were made that recognized this protein and
were used in an attempt to detect this protein in PH virus infected Vero
cells.

Deletion _and Modification _of the Non-Coding Sequence of the PH virus

NS¢ Gene and Transfer of this Gene into the Baculovirus Transfer Vector

The entire ORF that could encode a putative PH virus NSg protein is
contiined in clone PS3 (Fig. 12 and 13). The 270-bp ORF is located in
the 534-bp inscrt in the Pstl site of pUC19. To modify the upstrecam and
downstrecam untranslated regions of the PH virus NSg gene, site-specific
rccombination directed by double-stranded crossover linkers was used
(Sung et al, 1986) (Fig. 21). To modify the downstream untranslated
region # double-stranded synthetic crossover linker was constructed with
an EcoRl cohesive end (AATTC), a Bglil recognition site downstream of
the termination codon to facilitate insertion into the baculovirus transfer
vector, and the NSg coding sequence (AATGTAGTTCCT) (Fig. 21). This
linker was ligated to EcoRI digested PS3. Intramolecular recombination
occurred in vivo between the homologous ends of the linker and NSg gene

following transformation of E. cofi JM101 cells with the ligation mix (Fig.
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Figure 21. Construction of a baculovirus transfer vector for the PH virus
NSg gene.  Non-coding untranslated sequence was removed upstream and
downstream of the NSg gene using site-specific recombination directed by
double-stranded crossover linkers. This method was also used to add the
flanking sequence CTATAAAT (P) immediately upstream of the initiating
ATG and to add Bg/li sites on both cnds of the NSg gene. The modified
PH virus NS5 gene was inserted into the BamHI sitc of pAcYM1. The
resultant vector pAcYMI1-NSg has the PH virus NSg coding sequence in
the correct orientation and under the control of the polyhedrin promoter.
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21). The modified plasmid would have the 173-bp downstream
untranslated region removed and a Bg/ll site added. Primary sclection of
recombinants was donc by digesting 16 plasmid clones with Belll and
Hixdlll since this would generate a 372-bp frapment only in maodified
plasmids (Fig. 22A). Clones 4, 7 and 15 yielded the correct size frapment
after the digestion (Fig. 22A, lanes 4, 7, 15). Clone 7 was designated
pPHVNSGA (Fig. 21).

For high levels of protein cexpression, when using the  baculovirus
expression  system, it is reccommended that the upstream untranslated
region be as small as possible (Summers and Smith, 1987). It has also
been  suggested that the flanking sequence ACC upstream  of  the
translation initiation ATG, provides a preferred context for transtation
initiation in cukaryotes (Kozak 1986a, 1986b). However, work in our
laboratory has dcmonstrated that the flanking sequence  CTATAAAT
upstrcam of the initiating ATG sometimes gives increased levels of protein
cxpression in the baculovirus system,

To modify the upstrecam untranslated region of the PH virus NS
gene, site-specific  recombination  directed by double-stranded crossover
linkers was again used. A doublestranded synthetic crossover linker was
constructed with a Hindlll cohesive end (AGCIT), a Bglll recognition  site
vpstream of the initiaion codon to facilitate insertion  into  the
baculovirus transfer vector, the CTATAAAT flanking scquence  also
upstrecam of the initiation codon, and the putative NSg coding sequence
starting with nucleotide 83 of the PH virus S RNA segment ¢DDNA (ATGA-
CGTTAACAAAA) (Fig. 21). This linker was ligated to plasmid pPHVNSGA
that bhad been digested with Pstl and  Hindlll. Intramolecular

recombination occurred in vivo between the homologous ends of the linker
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Figure 22, Primary sclection of rccombinants with the PH virus NSg gene
and with the upstrcam or downstrcam flanking sequence modified by site-
specific recombination directed by double-stranded crossover linkers.  A;
lanes 1-16, Primary sclection of 16 possible recombinant clones was made
by digesting their plasmid DNA with Bg/ll and Hindlll after crossover
linker mutagenesis of the downstrcam flanking region; lane M, Haelll-
digested ¢X174 phage DNA fragments as molecular weight markers; B;
lanes 1-6, Primary sclection of 6 possible reccombinant clones was made by
digesting their plasmid DNA with Bg/Il after crossover linker mutagenesis
of the upstream flanking region; [lanes M, Haelll-digested ¢X174 phage
DNA fragments as molecular weight maurkers.
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and NSg gene following transformation of JM101 cells with the ligation
mix (Fig. 21). Maodificd plasmids would have the 82-bp upstream
untranslated region removed, being replaced with the CTATAAAT flanking
sequence and a second Bglll recognition site would have been added (Fig.
21). ‘Thercfore, digestion with Bg/ll should yield a 282-bp fragment from
correctly modified plasmids.  Screening of six recombinant plasmids,
digested with Bglll, indicated clones 1, 4 and 5 were correctly modified
(Fig. 22B, lancs, 1, 4, 5). Clone 4 was designated as pPHVNSB (Fig. 21).

The modifications to the upstream and downstrcam untranslated
regions were verified in pPHVNSgB by determining the nucleotide
scquence in the junction regions with a DuPont Genesis 2000 automated
DNA sequencer (data not shown).

The baculovirus transfer vector that was used, pAcYM1, is a pUCS
derived plasmid that contains the EcoRI-1 fragments of the Autographba
californica nuclear polyhedrosis virus (AcNPV) genome that flank the
polyhedrin gene and serves as the site for in vivo recombination with
wild typc AcNPV DNA (Fig. 21). Plasmid pAcYM1 contains all of the
upstrecam polyhedrin gene scquence including the A of the ATG initiation
codon and the polyhedrin promoter for transcription initiation (Fig. 21).
Most of the polyhedrin coding region was removed and replaced with a
BamHI rccognition sequence for insertion of forcign genes (Matsuura et
al, 1987). To make the baculovirus transfer vector, the 282-bp Bgl/ll
fragment from pPHVNSGB was ligated into the BamHI site of pAcYMI
(Fig. 21). This plasmid pAcYM1-NSg contains the CTATAAAT sequence
upstrcam from the PH virus NSg coding sequence and is in the correct

oricntation under the control of the polyhedrin gene promoter (Fig. 21).



Construction of the Recombinant Baculovirus Containing the Putative NS
Gene

To construct a recombinant baculovirus cxpressing the putative NS¢
gene of PH virus, the plasmid PACYMI1-NSg DNA was mixed with wild
type AcNPV DNA and used to co-transfect SFO cells.  Culture supernating
was harvested 3 days after co-transfection and titrated using a limiting
dilution assay in SF9 cclls grown in a 96-well plate.  After 7 days the
culture supcrnatant from cach well was harvested and the DNA from the
cells in cach well was subjected to dot blot hybridization using nick
translated plasmid pUCPHVNSg as a probe (Fig. 23). The culure
supernatant from the well showing a positive signal in the column with
the highest dilutions (Fig. 23, well C6), was titrated by plaque assay in
SF9 cells. Nine plaques lacking occlusion bodics (polyhedrin) were picked
and plaque purified one time before propagation. ‘1o further characterize
these ninc polyhedrin-negative viruses, DNA was prepared from  cells
infected with these viruses, dot blotted onto a  Colony/PlaqueScreen
membrane and hybridized using nick translated plasmid pPHYNSB as a
probe (Fig. 24). While the DNA from wild type infected cells (Fig. 24,
dot WT) did not hybridize with the probe, DNA from the cells infected
with the nine polyhedrin-negative viruses (Fig. 24, dots 1-9) and the 282-
bp Eglll fragment recovered from plasmid pPHVNSgB (Fig. 24, dot P)
clearly hybridized. These results verified that the PH virus NSg gene was
present in the nine recombinant baculoviruses. Recombinant baculovirus
3A1 was designated as AcPHVNSg and was used in  subscquent

experiments.

Expression of the Putative NS, Protein of PH virus

To determine if cells infected with the recombinant baculovirus
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Figurc 23. Enrichment of PH virus NSg recombinant baculoviruses using a
limiting dilution assay and dot blot hybridization. All wells in columns 1-
8 of a 96 well microtiter platc were seecded with SF9 cells. Three days
after co-transfection with plasmid pAcYM1-NSg and wild type AcNPV DN
scrgll 10 fold dilutions were made on the culture supernatant from 107!-
1009, Each dilution was used to infect one column of SF9 cells from
column 1-8 (eg. 10!, column 1). After 7 days culture supernatants from
cach infected well were collected and saved in the corresponding well of
another 96 well microtiter plate.  Infected cells from each well were
lysed, the DNA was dot blotted onto a GeneScreen Plus membrane in the
same position as the original well and hybridized to nick-translated NSg
clone pPHVNSgB. columns 1, 2, 3, 4, 5, 6, 7, 8 were blotted with the
DNA from SFY ccllls inftictcd grith d‘{lutionss of gw cq7-transf ction culture
supernatant of 107!, 104, 102, 10°%, 102, 10, 107/, 10" respectively;
Positions A9 and H9 were dot blotted with approximately 10 ng of the
282-bp Bg/ll fragment recovered from plasmid pPHYNSgB.
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Figure 24. Dot blot analysis of PH virus NSg recombinant baculoviruses
after plaque purification.  Purified polyhedrin-negative plaques or wild
type AcNPV was used to infect SF9 cells. Five days after infection 10%
of the infected cclls were lysed and their DNA was dot blotted onto a
Colony/PlaqueScreen membrane.  The DNA was hybridized with the nick
translated plasmid pPHVNSgB. dots 1, 2, 3, 4, 5, 6, 7, 8, 9, DNA from
cells infected with the PH virus NSg recombinant baculoviruses 1A1, 1B1,
2A1, 3Al1, 4Al, 5Al1, GAl, 7A1, and 7B1 respectively; dot P, 10 ng of the
282-bp Bglll fragment recovered from plasmid pPHVNSgB; dot WT, DNA
from cells infected with wild type AcNPV.,
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AcPHVNS;, synthesized the PH virus NSg protein, SF9 cells were infected
with AcPHVYNSg or the wild type baculovirus AcNPV.  Two days after
infection the cells were labelled with |3SS]-mcthioninc in vivo, lysed in
SDS-PAGE  sample  buffer and the cell lysates were analyzed by SDS-
PAGE.  Protcins were visualized by Coomassie blue staining and by
fluorography (Fig. 25).  After Coomassic blue staining of the gel no
additional protein bands were observed in the AcPHVNSg infected cell
lysates (Fig. 25A, lane 2) as compared with wild type AcNPV infected
cells (Fig. 25A, lanc 1). However, a protein band with an M; of 118 K
stained more intensely in the AcPHVNSg rccombinant virus infected
sample (Fig. 25A, lanc 2) than in the wild type AcNPV infected sample
(Fig. 25A, lanc 1). A fluorograph of this gel revealed that the 11.8 K
protcin band was visible only in the AcPHVNSg recombinant baculovirus
infected cell lysate (Fig. 25B, lane 2). However, the 11.8 K protein band
in the wild type AcNPV sample was not visible on the fluorograph (Fig.
258, lane 1). This 11.8 K protein band is similar in size to the predicted
10.5 K size of the putative NSg protein of PH virus. Also, since 7 of the
90 amino acids in the NSg protein are methionine residues it was expected
to label well with [3SS]-mcthioninc. Therefore, it appears the NSg
protein is being cxpressed by the recombinant baculovirus AcPHVNSg and
this protein co-migrates with a wild type baculovirus protein with an My
of 11.8K.

To produce antibodies against the putative NS¢ protein this protein
was cxpressed in SF9 cells infected with AcPHVNS, partially purified
with SDS-PAGE and used to inoculate rabbits. This rabbit serum
prepared against the putative NSg protein of PH virus was designated as

PHV-NSs-Ab.  The specificity of the rabbit serum for the putative NS,
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Figurec 25. Expression of the putative NSg protcin of PH virus in inscct
cells. SF9 cells were infected with the recombinant  baculovirus
AcPHVNSg or wild type AcNPV. At 48 h post-infection the cells were
harvested after labelling in vivo with | 9S]-methionine.  The cells were
lysed in SDS-PAGE sample buffer, heated to 100°C for 10 min and were
analyzed by SDS-PAGE in a 12%-20% polyacrylamide gel. A;  Coomassic
blue stained gel; lane 1, 2% of the wild type AcNPV infected cell lysate;
lane 2, 2% of the recombinant baculovirus AcPHVNSg infected ccll lysate:
B; Fluorogram of the same gel shown in A. NSg, PH virus small’ ORF
from the S RNA segment expressed in inscct cells;  Ph, polyhedrin
protein; Protein size determinations were made using prestained low
molecular size markers supplied by Bio-Rad: phosphorylase B (106 K),
bovine serum albumin (80 K), ovalbumin (49.5 K), carbonic anhydrase (32.5
K), soybean trypsin inhibitor (18.5 K).






protcin was demonstrated using radioimmunoprecipitation. ACPHVNS, or
AcNrV infected SF9 cells were labelled with [355[-mclhi(minc in viro and
part of the cell lysates were immunoprecipitated with the rabbit serum
PHV-NSs-Ab or pre-immune rabbit serum and analyzed by SDS-PAGE (Fig.
25).  Rabbit pre-immune serum did not precipitate any |3SS|-mclhinninc
labelled proteins from cither the AcPHVNSg or AcNPY infected  cell
lysates (Fig. 26, lancs 2, 4). ‘The rabbit scrum PHV-NS4-Ab did not
precipitate  any |3SS|-mcthioninc labelled  proteins  from  the wild type
AcNPV infected cell lysate (Fig. 26, lanc 3). In contrast, onc strongly
[35S]-mcthioninc labelled  protein - was  immunoprecipitated  from  the
rccombinant AcPHVNSg infected celi lysate (Fig. 26, lane 5). Comparison
with the [358]-mcthioninc labelled AcPHVNSg infected cell lysate (Fig. 20,
lane 1) showed that the 358 labelled protcin precipitated with the rabbit
scrum co-migrated with the putative NSg protein.  Therefore, the PHV-
NSg-Ab rabbit scrum is specific for the putative NSg protein of Pli virus
expressed in inscct cells.

Testing for the Presence of the NS< Protein in PH virus Infected Vero

Cells

PH virus infected or mock infected Vero celis were labelled at 19
days post-infection with [355]-mcthioninc in vivo for 6 h. PH virus
infected and mock infected cell lysates were immunoprecipitated  with
rabbit pre-immune serum or the PHV-NSg-Ab rabbit serum (Fig. 27). No
protcin was precipitated from the PH virus or mock infected Vero cells
that co-migrated with the NSg protein (Fig. 27, lanes 1, 2, 3. 4, 5).
Thercfore, at this time there is no cvidence that PH virus expresses a

putative NSg protein using its S mRNA.
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Figure 26. ‘Testing the specificity of the PHV-NSg-Ab rabbit serum by
immunoprec.‘pitatiogl of the PH virus NSg piotein from insect cell lysates,
Fluorograph cf [27S]-mcthionine labelled immunoprecipitates from SF9
cells infected with the recombinant baculovirus AcPHVNSg or wild type
AcNPY.  SF9 cclls were infected with AcPHVNS; or AcNPV. At 48 h
post-infection the cells were harvested after labelling in vivo with | 35]-
methionine.  The cells were lysed in SDS-PAGE sample buffer and heated
to 100°C for 10 min. The cell lysates were immunoprecipitated with
rabbit pre-immunce scrum or PHV-NS,-Ab in the presence of protein A
Sepharose CL-4B beads. The immunoprecipitated proteins were anaiyzed
by SDS-PAGE, in a 12%-20% polyacrylamide gel, and fluorography. lane 1,
0.5% of the recombinant baculovirus AcPHVNSg infected cell lysate; lane
2, 5% of the wild type AcNPV infected cell lysate immunoprecipitated
with rabbit prc-immune serum; lane 3, 5% of the wild type AcNPV
infected cell  lysate immunoprecipitated with the PHV-NSg-Ab  rabbit
scrum; lanc 4, 5% of the rccombinant baculovirus AcPHVNS infected cell
lysate immunoprecipitated with rabbit pre-immune serum; lane 5, 5% of
the  recombinant  baculovirus AcPHVNSg  infected cell  lysate
immunoprecipitatc.! with the PHV-NSg-Ab rabbit serum; NSg, PH virus
small ORF from the § RNA scgment expressed in insect cells;  Protein
size  determinations were made using prestained low nolecular size
markers supplicd by Bio-Rad: phosphorylase B {106 K), bovine serum
albumin (80 K), ovalbumin (49.5 K), carbonic anhydrase (32.5 K), soybean
trypsin inhibitor (18.5 K).
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Figure 27. ‘l'esting for the presence of the putative NSg protein in PH
virus infected Vero cells by immunoprecipitation of PH virus infected g:cll
lysates with the PHV-NSg-Ab rabbit scrum. Fluorograph of [3 ]-
methionine labelled immunoprecipitates from PH virus infected Vero cells.
Vero cells were infected with PH virus or mock infected, at 10 days
pust-ingcclion the cclls were harvested after labelling for 6 h in vivo
with [33S]-methionine. We confirmed infection of the cells by IFA using
PH virus spccific anti-secrum. The cells were lysed in RIPA buffer plus
detergents and heated to 100°C for 10 min. The cell lysates were
sonicated and then pelleted at 10 K for 20 min at 4°C.  The cell lysate
supcernatants werce immunoprecipitated with rabbit pre-immune serum and
PHV-NSg-Ab in the presence of protein A Sepharose CL-4B beads. The
immunoprecipitated proteins were analyzed by SDS-PAGE, in a 12%-20%
polyacrylamide gel, and  fluorography. lane 1, 1,000 cpm of the
immunoprecipitated NSg protein from SF9 cells (Fig. 26, lane 5). lane 2,
50% of the mock infected cell lysate immunoprecipitated with rabbit pre-
immune  scrum; lane 3, 50% of the mock infected cell lysate
immunoprecipitated with the PHV-NS;-Ab rabbit serum; lane 4, 50% of
the PH virus infected cell lysate immunoprecipitated with rabbit pre-
immune scrum;  lane 5, 50% of the PH virus infected cell lysate
immunoprecipitated with the PHV-NSg-Ab rabbit serum; NSg, PH virus
small ORF from the § RNA scgment expressed in insect cells; Protein
size  determinations were made  using  prestained low molecular size
markers supplied 2y Bio-Rad: phosphorylase B (106 K), bovine serum
albumin (80 K), cvribumin (49.5 K), carbonic anhydrase {32.5 X}, soybean
trypsin inhibitor (18.5 K).
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PART 2. HUMAN [IMMUMODEFICIENCY VIRUS TYPE 1 rev AND wvif

PROTEINS

The techniques used to modify the putative NSg gene of PH virus and
cxpress this gene in large quantities in insect cells using a recombinant
haculovirus proved to be a simple way to express and characterize foreign
proteins.  Thercfore, we decided to use this approach to express and

study the HIV-1 rev and vif proteins.

. EXPRESSION OF THE rev AND vif GENES OF HIV-1 IN INSECT
CELIS

Deletion and Modification _of the Non-Coding Scquence of the HIV-1 rep

Gene and Transfer of this Gene into the Baculovirus Transfer Vector

A plasmid, pIBI31-tatrev, containing the ¢cDNA of the 2 Kb HIV-1 tat
and rev mRNA was obtained from Dr. R. Gallo (NIH, Bethesda, MD) (Fig.
28). 'This clone has both cxons comprising the entire 348-bp rev gene.
Plasmid pIBI31-tatrev was digested with Rsal which gencrated a 493.bp
fragment containing the entire rev gene and this fragment was blunt-end
ligated into the Hincll site of pUC19 creating the new plasmid pUC19-
revl (Fig. 28). To modify the upstream untranslated region of the HIV-1
rev. gene,  site-specific reccombination  directed by  double-stranded
crossover linkers was used. A double-stranded synthetic crossover linker
was constructed with a Xbal cohesive end (CTAGA), a Bglll recognition
sitc upstrcam of the wanslation initiation codon to facilitate insertion
into the baculovirus transfer vector, the CTATAAAT flanking sequence

also upstrcam of the translation initiation codon, and the HIV-1 rev
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Figurc 28. Construction of a baculovirus transfer vector for the HIV-1
rev gene.  Non-coding flanking sequence was removed upstrcam  and
downstrcam of the rev gene using site-specific recombination directed by
double-stranded crossover linkers. This mcthod was also used 10 add the
flanking sequence CTATAAAT (P) immediately upstrcam of the initinting
ATG and to add Bglll sites on both ends of the rev gene. The modified
HIV-1 rev gene was inserted into the BamHIl site of PACYMIL.  The
resultant vector pAcYMl-rev has the HIV-1 rev coding sequence in the
correct orientation and under the control of the polyhedrin gene
promoter.
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coding sequence beginning with the rer protein start codon (ATGGCAGG-
AAGA) (Fig. 28). ‘This linker was kinased and ligated 1o plasmid pUC1Y-
revl that had been digested with Xbal and dephosphorylated with alkaline
phosphatase.  Intramolecular recombination occurred i pivo between the
homologous ends of the linker and rev gene following transformation of
JM101 cells with the ligation mix (Fig. 28). Modified plasmids would have
the 73-bp upstrcam untranslated region removed, being repliced with the
CTATAAAT flanking scquence and a Bglll recognition site added (Fig. 28).
Therefore, digestion with BamHI should yicld a 246-bp fragment from
incorrectly  modified plasmids and a 185-bp fragment from correctly
modificd plasmids (Fig. 29A).  Screening of 20 recombinant plasmids,
digested with BamH]I, indicated clones 3, 4, 15, 16 and 17 were correctly
maodified (Fig. 29A, lancs, 4, 5, 16, 17, 18). Clone 3 was designated as
pUC19-rev2 (Fig. 28).

To modify thc downstream untranslated region a  double-stranded
synthetic crossover linker was constructed with a Hindlll cohesive end
(AGCTT), a Bglll recognition site included in the linker immediately
downstrcam from the rev gene TAG termination codon to facilitate
inscrtion into the baculovirus transfer vector, and the rev gene coding
secquence  (GATAAGAAATCGAGG) (Fig. 28).  ‘This linker was ligated to
Pstl and Hindill digested pUC19-rev2.  Intramolecular  recombination
occurred in vivo between the homologous cnds of the linker and rew gene
following transformation of E. coli fM101 cells with the ligation mix (Fig.
28). 'The modified plasmid would have the 69-bp downstream untranslated
region removed and a Bglll site added. Primary sclection of recombinants
was done by digesting 20 recombinant clones with Bglll since this would

generate a 369-bp fragment from only modified plasmids (Fig. 2918).
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Figure 29. Primary sclection of rccombinants with the HIV-1 rev gene
and with the upstrcam or downstrcam flanking sequence modified by site-
specific rccombination directed by double-stranded crossover linkers.  A;
lane 1, pUC19-revl digested with BamHI; lanes 2-21, Primary sclection of
20 possible recombinant clones was made by digesting their plasmid DNA
with BamHI after crossover linker mutagenesis of the upstrcam flanking
region; lancs M, Haelll-digested ¢X174 phage DNA fragments as
molccular  weight markers;  B;  lanes 1-20, Primary sclection of 20
possible recombinant clones was made by digesting their plasmid DNA
with Bglll after crossover linker mutagenesis of the downstream flanking
region; lanes M, Haelll-digested ¢X174 phage DNA fragments as
molecular weight markers.
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Clones 3, 5 and 14 yiclded the correct size fragment after the digestion
(Fig. 298, lanes 3, 5, 14). Clone 3 was designated pUC19-rev3 (Fig. 28).

The modifications to  the upstream and downstream  untranslated
regions were  verified in pUC19-rev3d by determining the nucleotide
scquence in the junction regions with a DuPont Genesis 2000 automated
DNA scquencer (data not shown).

To make the baculovirus transfer vector the 369-bp Bgl/ll fragment
from pUCI19-rev3 was ligated into the BamHI site of pAcYM1 (Fig. 28).
‘This plasmid pAcYM1l-rev has the CTATAAAT sequence upstream of the
HIV-1 rev coding sequence and is in the correct orientation under the
control of the polyhedrin gene promoter (Fig. 28).

Construction of the HIV-1 rev Recombinant Baculovirus

To construct a recombinant baculovirus expressing the HIV-1 rey
gene, the plasmid pAcYMl-rev was mixed with wild type AcNPV DNA and
used to co-transfect SF9 ceils. The culture supernatant was harvested 3
days after co-transfecion and was tiwated on monolayers of SF9 cells.
Plaques lacking occlusion bodies (polyhedrin-negative) were picked and
plaque-purificd three times before propagation.  Two polyhedrin-negative
baculoviruses were sclected by this method.  To verify that these two
polyhedrin-negative  viruses contained the HIV-1 rev gene, DNA was
prepared from cells infected with these viruses, dot blotted onto a
Colony/PlaqueScreen membrane  and  hybridized using nick translated
plasmid pUC19-rev3 as a probe (Fig. 30). The DNA from mock infected
cells (Fig. 30, dot C) did not hybridize with the probe. In contrast, DNA
from the cells infected with the two polyhedrin-negative viruses (Fig. 30,
dots R1, R2) and the plasmid pAcYMl-rev DNA (Fig. 24, dot RC) clearly

hybridized.  These results demonstrated that the HIV-1 rev gene was
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Figure 30. Dot blot analysis of HIV-1 rer rccombinant baculoviruses
after plaque purification. SF9 cells were infected with  purified
polyhedrin-negative plaques or mock infected.  Five days after infection
10% of mock infected or infected cells were Iysed and their DNA was dot
blotted onto a Colony/PlaqueScreen membrane. The DNA was hybridized
with the nick translated plasmid pUC19-rev3d. dot C, DNA from mock
infected SF9 cells; dots R1, R2, DNA from cells infected with the HIV-1
rev rccombinant baculoviruses 1A and 2A respectively; dot RC, 1.5 pg of
the plasmid pAcYM1-rev.
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present in botnh recombinant baculoviruses.  Recombinant baculovirus 1A

was designated as AcRev and was used in subsequent experiments.

Deletion _and Modification_of the Non.Coding Sequence of the HIV-1 vif

Gene and Transfer of this Gene into the Baculovirus Transfer Vector

A plasmid, pHXB-2D, containing the entire HIV-1,  strain HXB,
proviral DNA was obtained from Dr. R. Gallo (NIH, Bethesda, MDY (Fig.
31). This clone has the entire 57G-bp HIV-1 vif gene. Plasmid plIXB-2D
was digested with EcoRl which generated a 1095-bp fragment  containing
the vif gene.  This fragment was made blunt-ended with Klenow and was

ligated into the Hincll site of pUCIY, creating a new plasmid plUc19-vifl

(Fig. 31). To modify the upstrcam untranslated region of the HIV-L pif

gene, site-specific  recombination  directed by double-stranded  crossover
linkers was used. A double-stranded synthetic crossover  linker  was

constructed with a BamHI cohesive end (GATCC), the CTATAAAT flanking

scquence  upstream of the translzidon initiation codon, and  HiV-1 vif

coding scquence starting with the vif protein start codon (ATGGAAAAC-
AGATGG) (Fig. 31). This linker was ligated to plasmid pUCIY-vifl that
had been digested with BamHI and Xbal. Intramolecular recombination
occurred in vivo between the homologous ends of the linker and vif pene
following transformation of JM101 cells with the ligation mix (Fig. 31).
Modificd plasmids would have the 394-bp upstream untranslated region
removed, being replaced with the CTATAAAT flanking scquence (Fig. 31).
Therefore, digestion with EcoRl and Pstl should yicld @ 736-bp fragment
from correctly modified plasmids (Fig. 324A). Screening of 12 recombinant
plasmids, digested with EcoRI and Pstl, demonstrated clones 1, 7 and 11
were  correctly modified  (Fig. 32A, lancs, 2, 8, 12). Clone 1 was

designated as pUC19-vif2 (Fig. 31).
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Figurc 31. Construction of a baculovirus transfer vector for the HIV-1
vif gene.  Non-coding untranslated sequence was removed upstream and
downstream of the vif gene using site-specific recombination directed by
double-stranded crossover linkers.  This method was also used to add the
flanking scquence CTATAAAT (P) immediately upstream of the translation
initintion  codon, ATG, and BamHI sites on both cnds of the vif genc.
The modified HIV-1 vif gene was inserted into the BamHI site of pAcYMI.
The resultant vector pAcYMI-vif has the HIV-1 vif coding sequence in
the correct orientation and under the control of the polyhedrin gene
promoter.
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Fipure 32. Primary sclection of rccombinants with the HIV-1 vif gene
and with the upstrcam or downstrcam flanking sequence modified by site-
specific recombination directed by double-stranded crossover linkers.  A;
lanc 1, pUC19-vifl digested with EcoRl and Pstl; lanes 2-13, Primary
sclection of 12 possible recombinant clones was made by digesting their
plasmid DNA with EcoRl and Pstl after crossover linker mutagenesis of
the upstream flanking region; lanes M, Haelll-digested ¢X174 phage DNA
fragments as molecular weight markers; B;  lanes 1-10, Primary seclection
of 10 possible recombinant clones was made by digesting their plasmid
DNA with BamHI after crossover linker mutagenesis of the downstrecam
flanking region; lanes M, Haelll-digested ¢X174 phage DNA fragments as
molecular weight markers.
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To modify the downstream  untranslated region a  double-stranded
synthetic  crossover  linker was constructed with a Hindlll cohesive end
(AGCTT), a BamHl recognition site included in the linker immediately
downstrcam from the vif protein termination codon, TAG, to facilitate
insertion  into  the  baculovirus  transfer  vector, and vif gene  coding
sequence (GATCACAGGTAAGA) (Fig. 31).  This linker was ligated to Pstl
and Hindill digested pUC19-vif2.  Intramolecular recombination occurred
in vivo between the homologous ends of the linker and vif gene following
transformation of £, coli JM101 cells with the ligation mix (Fig. 31). The
modificd plasmid would have the 125-bp downstrecam untranslated region
removed and a BamHI site added. Primary sclection of recombinants was
donce by digesting 10 recombinant clones with BamHI since this would
generate a 597-bp fragment only from modified plasmids (Fig. 32B). Only
clone 5 yiclded the correct size fragment after the digestion (Fig. 32B,
lane 5). Clone 5 was designated pUC19-vif3 (Fig. 31).

The modifications to the upstrcam and downstream  untranslated
regions  were  verified in pUCI9wif3 by dctermining the nucleotide
sequence in the junction regions with a DuPont Genesis 2000 automated
DNA scequencer (data not shown).

To make the baculovirus transfer vector the 597-bp BamHi fragment
from pUCI9-vif3 was ligated into the BamHI site of pAcYM1 (Fig. 31).
This plasmid pAcYMI-vif has the CTATAAAT scquence upstrcam of the
HIV-1 »vif coding sequence and is in the correct orientation under the
control of the polyhedrin ge-  promoter (Fig. 31).

Construction of the HIV-1 vif Recombinant Baculovirus

To construct a recombinant baculovirus expressing the HIV-1 vif

gene, the plasmid pAcYMI-vif was used with wild type AcNPY DNA to



co-transfect SF9 cells.  The culture supernatant. was  harvested 3 days
after  co-transfection and  was  titrated  on monolayers  of  SF9  cells,
Plaques lacking occlusion bodics (polyhedrin-negative)  were  picked  and
plaque-purified three consceutive times  before propagation.  Only one
polyhedrin-negative  baculovirus was sclected by this method,  To verily
that this polyhedrin-negative baculovirus contained the  HIV-1 vif pene,
DNA was prepared from cells infected with this virus, dot blotted onto
Colony/PlaqueScreen membrane  and hybridized with the nick translated
BamHIl fragment from plasmid pUC19-vif3 (Fig. 33). DNA from mock
infected cells (Fig. 33, dot C) did not hybridize with the probe.  In
contrast, DNA from the cells infected with the polyhedrin-negative  virus
(Fig. 30, dot V1) and the plasmid pAcYMI1-vif DNA (Fig. 33, dot V)
clearly hybridized. These results demonstrated that the HIV-1 vif pene
was present  in this  recombinant  baculovirus. This  recombinant
baculovirus  was designated as  AcVif and was used in subscquent
experiments,

Expression _of the HIV-1 rev  and  vif  Proteins hy  Recombinant

A time-course experiment was done to analyse expression of the rep
and vif proteins. SF9 cells were mock infected with cither of the
rccombinant baculoviruses AcRev or AcVif, or wild type AcNPY.  Each
day postinfection for four days infected cells were harvested, lysed in
SDS-PAGE  sample buffer, hcated for 10 min at 100°C, and stored at
-20°C. When all the samples were collected they were analyzed by SDS-
PAGE (Fig. 34). At 24 hours postinfection (hPi) the protein  banding
pattern in the baculovirus infected cells (Fig. 34, 24hPi, lanes 2, 3, 4)

was similar to the protcin banding pattern in mock infected cells (Fig. 34,
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Figure 33. Dot blot analysis of HIV-1 vif recombinant baculoviruscs after
plaque purification.  SF9 cells were infected with the purified polyhedrin-
negative plaque or mock infected.  Five days after infection 10% of mock
infected or infected cells were lysed and their DNA dot blotted onto a
Colony/PlaqueScreen membrane.  The DNA was hybridized with the nick
ranslated BamHl fragment from plasmid pUC19-vif3. Dot C, DNA from
mock infected SF9 cells;  dot V1, DNA from cells infected with the HIV-
1 »if recombinant baculovirus 14; dot VC, 500 ng of the plasmid
pACYM1-vif.
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Figurc 34. Expression of proteins in cells infected with wild type AcNPY,
or the rccombinant baculoviruses AcRev or AcVif during a 96 h time-
course experiment.  SF9 cells were mock infected, infected with either of
the recombinant baculoviruses AcRev or AcVif, or the wild type virus
AcNPV. Each day postinfection for four days mock infected or
baculovirus infected cells were harvested, lysed in SDS-PAGE sample
buffer, heated for 10 min at 100°C and analyzed by SDS-PAGE in a 15%
polyacrylamide gel.  Cells were harvested 24, 48, 72, and 96 hours post-
infection (24, 48, 72 and 96hPi). The cells were lysed in SDS-PAGE
sampic buffer, heated to 100°C for 10 min and were analyzed by SDS-
PAGE in a 15% polyacrylamide gel. Protein bands were visualized by
staining with Coomassic blue; lanes 1, lysate of mock infected SF9 cells;
lanes 2, lysate of wild type AcNPV infected SF9 cells; lanes 3, lysate of
recombinant AcRev infected SF9 cells; lanes 4, lysatc of recombinant
AcVif infected SF9 cells; p, polyhedrin protein; r, HIV-1 rev protein;
v, HIV-1 »if protein; lanes M, low molecular size markers supplied by
Bio-Rad: phosphorylase B (92,5 K), bovine scrum albumin (66.2 K},
ovalbumin (45 K), carbonic anhydrase (31 K), soybcan trypsin inhibitor
(21.5 K), lysozyme (14.4 K).
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24hPi, lane 1). Although some early baculovirus proteins were observed,
the polyhedrin protein, HIV-1 rev protein and HIV-1 vif protcin were not
obscrved (Fig. 34, 24hPi, lanes 2, 3, 4). At 48 hPi thc baculovirus
infected cells had several major protcin bands (Fig. 34, 48hPi, lanes 2, 3,
4) not obscrved in the mock infected cells (Fig. 34, 48hPi, lane 1). Cell
lysates infected with cach of the baculoviruses had major protein bands
not observed in any of the other cell lysates, The cell lysate of wild
type AcNPV infected cells had a unique protein with a My of 34 K which
is the expected size of the polyhedrin protein (Fig. 34, 48hPi, lane 2, p).
The cell lysates of the AcRev and AcVif recombinant baculoviruses
infected cells had  unique protcins with Mp's of 20 K and 27 K
respectively  (Fig. 34, 48hPi, lanc 3, r; lane 4, v). The size of these
protcins is consistent with the expected size of the HIV-1 rev and wvif
protcins (Kan e al., 1986; Lee et al, 1986b; Sodroski et al, 1986; Goh et
al., 1987; Knight et al,, 1987; Cullen et al, 1988; Malim et al, 1988). The
amount of rev protcin continued to increase by 72 hPi but almost
completely disappeared from the AcRev infected cells during the next 24
h (Fig. 34, 72hPi, lanc 3, r; 96hPi, lane 3, r). The zif protein however,
continued to accumulate for the remaining 48 h (Fig. 34, 72hPi, lane 4, v;
96hPi, lanc 4, v). The HIV-1 vif protein in this gel was slightly larger
than it has usually been identified (23 K, Kan et al, 1986; Lee et al,
1986b; Sodroski et al.,, 1986). However, the vif protein had a M, of 23.27
K depending on the molecular weight standards used (data not shown).

Phosphorylation of the HIV-1 rer Protein

The HIV-1 rev protcin was previously found to be a nuclear
rcgulatory phosphoprotein in HIV-1 infected mammalian cells (Hauber et

al, 1988; Cullen et al, 1988; Cochranc et al, 1989a, 1989b). To



determine if the HIV-1 rev protein is phosphorylated in the inscct cells,
SF9 cclls were infected with  wild type  AcNPVY, the  recorsbinant
baculovirus AcRev or the recombinant baculovirus ACPHVNSg.  Two days
after infection the cells were labelled with |32]’]-orthophospluuc in vivo,
lysed in SDS-PAGE sample buffer, and the celi lysates were analyzed on
an SDS-polyacrylamide gel. Protcins were visualized by fluorography (Fig.
35). Several  proteins  were  labelled  with |321’|-0rthuphusplmtc in
baculovirus infected cells (Fig. 35, lanes 1, 2, 3). However, a 32['-lubcllcd
protein with a M; of 20 K was only obscrved in the AcRev recombinant
baculovirus infected cell lysate (Fig. 35, lanc 3). ‘This is the size of the
HIV-1 rev protein and this result demonstrates that the rew protin s
ulso posttranslationally phosphorylated in the inscct  cell expression
system.

Reaction of Human_ Sera from HIV-1 Infected Donors Against the rev and

vif Proteins Expressed in Insect Cells

Cell extracts of wild type AcNPV or the AcRev or AcVif recombinant
baculovirus infected SF9 cells were prepared and sent t 3. Devash and
co-workers (Medical Products Department, L. . DuPont Co., Wilm.ngton,
DE). They prepared Western blots with these cell extracts and tested the
ability of antibodies in sera from HIV-1 infected human donors to
recognize the rev and wif proteins expressed in SF9 cells infected with
the recombinant baculoviruscs (Fig. 36, from Devash et al, 1990}, Somc
sera from HIV-1 infected human donors were found to contain antibodics
that did recognize the baculovirus cxpressed rev or vif proteins (Fig. 34,
lanes 2, 4). A non-specific protein with a M; of 24 K was obscrved in
cell extracts from all baculovirus infected SF9 cells (Fig. 36, lanes 1, 2,

3, 4).
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Figure 35. Phosphorylation of the HIV-1 rev protcin expressed in inscct
cells. Wild type baculovirus (AcNPV) or rcecombinant baculoviruses
carrying cither the HIV-1 rev gene (AcRev) or the PH virus NSg gene
(AcPHVNSg) was used to infect SF9 %cils. Two days after infection the
cclls were labelled in vivo with [3 P|-orthophosphate.  After labelling
cells were lysed in SDS-PAGE sample buffer and were analyzed by SDS-
PAGE, in a 15% polyacrylamide gel, and fluorography. lLance 1, 10% of the
wild type AcNPV infected cell lysate; lane 2, 10% of the recombinant
AcPHVNSg infected cell lysate; lanc 3, 10% of the recombinant AcRev
infected cell lysate;  Ph, polyhedrin protein;  rev, HIV-1 rev protein;
NSs, PH virus NSg protein; Protein size determinations were made using
prestained molecular size markers supplicd by BRL: ovalbumin (47 K), a-
chymotrypsin, (33 K), g-lactoglobulin, (24 K), lysozyme (16 K).
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Figurc 36. Western blot of vif and rev. Recombinant baculovirus
carrying cither the vif (AcVify or rev gene (AcRev) was used to infect
SF9 cells.  The infected cells were collected 72 h post-infection, total
ccllular  protcin  was subjected to SDS-PAGE, transferred to  a
nitrocellulose filter and incubated with scrum from an HIV-1 infected
individual. The reaction was completed after washing and incubations
with  horseradish  peroxidasc-conjugated  anti-specics  antibody  and
precipitable  substrate  (4-chloro-1-napthol).  Lanes 1 and 3, wild type
baculovirus AcNPV infected SF9 cell extracts; lane 2, AcRev infected
SF9 cell extracts; lane 4, AcVif infected SF9 cell extracts.  ‘The band
just below the 24 K marker is a non-specific protein.



— ALl —
ADI—

e

JIA—~

— AP —

—NLE —
— ALy —



13t

“he sera from 52 HIV-1 infected healthy donors, 22 HIV-1 infected
healthy donors at risk, 18 AIDS-related complex (ARC) paticnts and 27
Acquired Immune Deficiency Syndrome (AIDS) patients were tested  for
their ability to react with the rev and vif proteins expressed in insect
ccells (Table 5, from Devash et al, 1990).  The results showed that
approximately  35%-41% of asymptomatic HIV-1 infected individuals have
antibodics against the HIV-1 vif protein (Devash et al, 1990). However,
nonc of the ARC or AIDS paticnts tested had antibody against the pif
protein (Devash et al, 1990). In contrast, HIV-1 infected individuals
were found at all stages of infection that had antibodies against the HIV-
1 rev protcin (Devash et al., 1990).

Production of Rabbit Antibodics Specific for the HIV-1 vif Protein

To produce antibodies against the HIV-1 zif protin this prowin  was
expressed in SFO cells infected with AcVif, partially purificd with SDS-
PAGE and used to inoculate rabbits. The vif protein co-migrates with a
baculovirus protein during SDS-PAGE so this protein was also unavoidably
inoculated into the rabbits. ‘The rabbit serum prepared against the HIV-1
vif protein was designated as Vifl-Ab. The specificity of the rabbit serum
for the HIV-1 uif protein was demonstrated using western blots,  Pre-
immune rabbit serum did not react to any proteins in the AcVif infected
SF9 cell lysate (Fig. 37, lane 1). The rabbit scrum Vifl-Ab recognized a
single protcin band, with the same M; as the HIV-1 pif protein, in both
the AcVif and wild type AcNPV infected SF9 cell lysates (Fig. 37, lancs
2, 3). These data indicate that the Vifl-Ab rabbit scrum contained
antibodies that recognized the wild type baculovirus protein co-purified
and inoculated into rabbits with the vif protcin. From these data it was

impossible to determine if the Vifl-Ab rabbit scrum was recognizing just



‘fable 5. Prevalence of antibodies against vif and rev in HIV-l-infected

individuals.

Discase stage

Asymptomatic
(CDC group I)

Asymptomatic
(CNPC group II)

ARC paticents
(CDC grouplll)

AIDS paticnts

No. of Total
vif Ab ™ ftested
(%)

17/52 (32.6)
8/22 (36.3)
0/18 (0)

0/27 (0)

No. of Total
rev Ab* ftested
(%)

18/52 (34.6)
9/22 (40.9)
4/18 (22.2)

6/27 (22.2)

HIV-1 positive scra were determined by western blots and gp41- '
recombinant ELISA. Ab, antibody.



Figure 37. Western blot of the HIV-1 vif protein expressed in inscct
cells or E. coli. The recombinant baculovirus AcVif or wild type AcNPV
was used to infect SFQ cells.  The infected cells were collected 72 h
postinfection, total cellular  protein  was subjected to  SDS-PAGE, and
transferred to nitrocellulose membranes,  Cell lysate of a HIV-1 »if fusion
protcin expressed in E. coli was obtained from Dr. Devash (Medical
Products Department, E. I DuPont Co., Wilmington, [E). The
nitrocellulose membranes were incubated with cither rabbit pre-immune
scrum, the rabbit anti-vif antibody (HIV-1-vifAb) or an anti-vif antibody
obtained from Dr. Devash (Medical Products Department, E. 1. DuPont Co.,
Wilmington, DE). The recaction was completed after washing  and
incubations with horseradish peroxidase-conjugated anti-species  antibody
and precipitable  substrate  (4-chloro-1-napthol).  Lane 1, AcVif infected
SF9 cell extracts reacted with rabbit pre-immune serum;  fane 2, wild
type AcNPV reacted with HIV-1-vif-Ab; lanc 3, AcVif infected SI9 cell
extracts reacted with HIV-1-vifAb; lane 4, wild type AcNPV reacted
with the DuPont anti-vif antibody; lanc 5, AcVif infected SFO  cull
extracts reacted with the DuPont anti-vif antibody; lane 0, vif fusion
protcin cxpressed in E.coli reacted with the DuPont anti-zif antibody;
lane 7, vif fusion protein expressed in E.cofi reacted with HIV-1-vifAb;
V, HIV-1 vif expressed in inscct cells; DV, vif fusion protein expressed
in E.coli.






the wild type baculovirus protein or zif protin also.  To verify that
Vifl-Ab rabbit scrum was recognizing the pif protein this serum  was
reacted with a HIV-1 #if fusion protein expressed in £ cofi obtiined from
Dr. Devash (Medical Products Department, E. I DuPont Co., Wilmington,
DE). The DuPont anti-vif antibody and the rabbit Vifl-Ab scrum  both
reacted with the vif fusion protein (Fig. 37, lunes 6, 7). ‘These data
indicate that the Vifl-Ab rabbit serum does contin  antibodics  that
recognize the HIV-1 2if protein.  The specificity of the Vifl-Ab  rabbit
scrum  for the HIV-1 wif protein was  further  demonstrated  using
radioimmunoprecipitation. AcVif or AcNPV infected SEY  cells  were
labelled  with [358|-mcthioninc in vivo and part of the cell lysates were
used in immunoprecipitation with the rabbit serum Vifl-Ab or pre-immune
rabbit scrum and precipitated proteins were analyzed by SDS-PAGE.  ‘The
wild type baculovirus protein that co-migrates with the HIV-1 pif protein
is only weakly labelled with [3SS]-mcthi0ninc in comparison with the
HIV-1 vif protcin when expressed in inscct cells (Fig. 38A, lanes AcNPY,
AcVif). Rabbit pre-immune scrum  did not precipitate  any |355|-
methionine labelled proteins from cither the AcPHVNSg or AcNPV infected
cell lysates (Fig. 38B, lanes 2, 4). The rabbit serum Vifl-Ab precipitated
a protein weakly labelled with |355|-mcthi0ninc from the wild type
AcNPV infected cell lysate (Fig. 388, fane 3). In contrast, one strongly
{3581-mcthioninc labelled  protcin  was  immunoprecipitated  from  the
recombinant AcVif infected cell lysate (Fig. 38B, lane 5). Comparison
with the [35S]-mcthionine labelled AcVif infected cell lysate (Fig. 388,
lane 1) showed that the 35Sdabelled protcin which was precipitated with
the Vifl-Ab rabbit serum, co-migrated with the HIV-1 vif protein.

Therefore, the Vifl-Ab rabbit serum contains specific  antibodices  that
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Figure 38. Testing the specificity of the HIV-1-vifAb rabbit serum by
immunoprecipitation of _the HIV-1 vif protein from insect cell lysates.
Fluorographs  of [3 S]-methionine labelled cell lysates or
immunoprecipitates  from SF9  cells infected with the recombinant
baculovirus AcVif or wild type AcNPV. SF9 cells were infected with
AcVif or AcNPY, at 48 g post-infection the cells were harvested after
labelling in vivo with [3 S])-methionine. The cells were lysed in SDS-
PAGE sample buffer and heated to 100°C for 10 min. The cell lysates
were analyzed by SDS-PAGE, in a 10% polyacrylamide gel, or
immunoprecipitated with rabbit pre-immune serum and Vifl-Ab in the
presence of protein A Sepharose CL-4B beads. The immunoprecipitated
protcins were analyzed by SDS-PAGE, in a 15% polyacrylamide gel, and
fluorography. A; lane AcNPV, 0.2% of the wild type AcNPV infected cell
lysate; lane AcVif, 0.2% of the recombinant AcVif infected cell lysate;
Prowin size determinations were made using prestained low molecular size
markers supplicd by Bio-Rad: phosphorylase B (106 K), bovine serum
albumin (80 K), ovalbumin (49.5 K), carbonic anhydrase (32.5 K), soybean
trypsin inhibitor (18.5 K); Ph, polyhedrin; V, vif, B; lane 1, 0.5% of
the recombinant baculovirus AcVif infected cell lysate; lane 2, 5% of the
wild type AcNPVY infected cell lysate immunoprecipitated with rabbit pre-
immune scerum; lane 3, 5% of the wild type AcNPV infected cell lysate
immunoprecipitated with the Vifl-Ab rabbit serum; lane 4, 5% of the
recombinant  baculovirus  AcVif infected cell lysate immunoprecipitated
with rabbit pre-immune serum; lane 5, 5% of the recombinant baculovirus
AcVif infected cell lysate immunoprecipitated with the Vifl-Ab rabbit
serum.
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recognize the HIV-1 vif protein expressed in insect cells.
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CHAPTER 4: DISCUSSION

PART 1: PROSPECT HILL VIRUS

Hemorrhagic fever with renal syndrome (HEFRS) is an acute discase in
humans causcd by viruses in the Hantavirus genus of the Bunyaviridae
family.  Infection in humans is from exposure to infected rodents or
inscctivores or their infected excreta. hantaviruses cause a  chronic
asymptomatic infection in their rodent reservoir hosts and arce apparently
only harmful to humans. HFRS is characterized by symptoms of renal
dysfunction with varying degrees of severity.  In the severest form of
HFRS mortality rates can reach 30%. ‘The severity of a HERS discase,
caused by a specific Hantavirus, is related to the virus scrotype which is
related to the rodent host. Hantaviruses ar: cndemic throughout the
world and infection appears common, since, based on IFA antibody levels,
approximately 17.4 million people have been infected with hantaviruses in
Europe alone (lec and van der Groen, 1989). Hantavirus isolates have
been divided into four antigenically distinct scrotypes using  the
immunofluorescent  antibody, immune adherence hemagglutination, and
plaque reduction ncutralization tests (Lee et al, 1985b; Sugiyama et al.,
1987). During the last few years our understanding of the molecular
biology of hantaviruses has been greatly expanded by the cloning and
nucleotide sequencing of the M and S genomic scgments of pathogenic
hantaviruses in scrotypes 1, 2 and 3 (Schmaljohn et al, 198Gb, 1987b; Yoo
and Kang, 1987b; Gicbel et al., 1989; Arikawa et al, 1990, Izegawa et al.,
1990; Stohwasser et al, 1990; Antic et al, 1991a), and the L segments of

pathogenic hantaviruses in serotypes 1 and 2 (Schmaljohn, 1990; Antic et
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al., 1991b). The hope has been that by better understanding  the
molccular biology of these viruses an cffective vaccine could eventually
be developed.

In this study the growth of PH virus and the coding strategy of the
PH virus M and S genomic RNA segments were examined. In addition the
putative gene products encoded by the PH virus M and § RNA scgments
were  compared  with  the homologous gene products of pathogenic
hantaviruses in scrotypes 1, 2 and 3. Hantaan virus (scrotype 1) is the
ctiologic agent of a scvere form of HFRS (lce et al, 1978), SR virus
(scrotype 2) is linked to a moderate form of HFRS (Lee et al, 1982a;
Kitamura et al.,, 1983), and Hallnas virus (scrotype 3) is associated with a
milder form of HFRS, ncphropathia epidemica (NE) (Brummer-Korvenkontio
et al,, 1980), PH wvirus was chosen for this study for scveral reasons.
Scrological cxamination demonstrated PH virus was in scrotype 4 (Lee et
al., 1985b; Sugiyama et al, 1987), and no Hantavirus from this serotype
had previously been  molecularly  characterized. Therefore, at the
completion of this study the M and S genomic RNA segments of at least
one Hantavirus in cach of the four recognized serotypes would have been
molecularly  characterized. Also, all of the hantaviruses that have
previously been molecularly characterized can cause a human discase,
whereas PH virus was demonstrated to be non-pathogenic (Yanagihara et
al., 1984a, 1987). Therefore, a comparison between pathogenic and non-
pathogenic viruses may lcad us to map domain(s) responsible for
pathogencsis. Finally, PH virus was isolated in North Amecrica,
specifically Frederick, MD, USA (Lee et al, 1982c, 1985a). All other
presently characterized hantaviruses were isolated in Asia or Europe and

by cxamining PH virus the role, if any, of geography on Hantavirus
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cvolution could be examined.

PH Virus Genome

The PH virus genome was found to be composed of three single-
stranded RNA scgments Large (1), Medium (M) and Small (S) with M,
values of 2.2 X 109, 1.3 X 106 and 0.6 X 106 respectively, as previously
calculated by Yoo (1988).

Hantaviruscs, including PH virus, were found to have unequal molar
ratios of their genomic RNA segments (Yoo and Kang, 1987a). Among the
viruses cxamined by Yoo and Kang (1987a), PH virus grows to the lowest
titer and also had the greatest imbalance in the molar ratios of its RNA
segments, particularly an cxcess of the S RNA segment (6.3S:11. for PH
virus as compared to 2.28:1L for Hantaan virus, Yoo and Kang, 1987a).

Bunyaviruses were also demonstrated to have unequal molar ratios of
their  RNA scgments with the S RNA segment usually being  over
represented  (Pettersson and  Kaariainen, 1973; Bouloy et al., 1973/74;
Obijeski et al., 1976b; Gentsch et al, 1977). Bunyavirusces can readily
establish persistent infections in mosquito cell culture.  These persistently
infected mosquito cells show no differences in their metabolic activities,
but continually shed infectious virus (Newton et al, 1981; Nicoletti and
Verani, 1985; Carvalho et al, 1986; Elliott and Wilkic, 1986; Rossicr et al.,
1988). A feature of these persistently infected mosquito cells is that
they contain an cxcess amount of the genomic S RNA segment (Elliow
and Wilkie, 1986; Rossier et al, 1988). Defective  interfering (D1
particles have becen isolated from these cultures that only contain the S
RNA scgment (Elliott and Wilkie, 1986). Hantavirus infected Vero cells
have characteristics similar to these persistently infected mosquito cells

in that host ccll protcin synthesis is unaffected, there is no cytopathic
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cffect and virus is continually shed during the infection. If PH virus was
producing DI particles contining only the genomic S RNA scgment,
similar to those of bunyaviruses, that could interfere with  virus
replication, this could explain the high molar ratio of genomic § RNA
isolated from PH virus and the lower titer of this virus.

Growth Characteristics of PH Virus

A PH virus infection in Vero cells progresses slowly (8-15 days) and
grows to a low titer (103 pfu/ml). To clone the genomic RNA scgments
of PH virus it was nccessary to develop an assay to determine the best
times to harvest the virus during an infection and isolate PH virus RNA.
We found that labelling PH virus infected cells with [3H]-uridine,
pelleting the labelled virus from a small sample of medium removed from
the culture dishes cach day and measuring the amount of [3H)-uridine
labelled virus that could be pelleted gave a good estimate of the amount
of virus relcased from the cells into the medium cach day. The growth
pattern observed in Figure 2 was not uniform, but varied with the
passage history of the PH virus stock. Later passages of virus grew in
the cclls for 15 days without any cytopathic effect being observed. This
clfowed PH virus to be harvested three times, 8, 12 and 15 days post-
infection. However, one consistent finding in all of the growth assay
cxperiments was the large increase or "burst’ in the amount of PH virus
rcleased from the cells immediately following the addition of fresh tissue
culture medium on the cells. It appears that the addition of fresh
medium to the infected celis stimulates PH virus production in the cells,
and rclease of the virus into the tissue culture medium. This finding was
supported by the observation that there was an increase in the amount of

PH virus specific RNA that could be isolated from PH virus infected cells
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24 hours after they were given fresh medium.

Ecatures of the M and S RNA Scgments of PH virus

The PH virus M and S RNA scgments have the potential o form
cnergetically stable panhandle structures because the 3' and 5 termini of
these scgments are inversely complementary and can thus basc-pair. Al
other Hantavirus RNA scginents that have been examined also have
inverse complementarity between their 3' and 5° termini and therefore the
potential to form a panhandle structure (Schmaljohn et al., 1986b, 1987h,
1990; Yoo and Kang, 1987b; Gichel et al, 1989; Arikawa et al., 1990;
Izegawa et al, 1990; Stohwasser et al, 1990; Antic et al., 1991a, 1991h).
Complementarity between the terminal nucleotides of an RNA segment s
also a characteristic of all viruses examined in the Bunyaviridae family
(Parker and Hewlett, 1981; Bishop ct al., 1982; Cabridilla ct al., 1983
Ihara et al, 1984; Eshita and Bishop, 1984; Collett ct al, 1985; Elliott,
1990).  This panhandle structure is thought to be the reason why
Bunyavirus and Uukuvirus nucleocapsids are circular (Pettersson and von
Bonsdorff, 1975; Samso et al, 1975; Obijeski et al, 1976b). Work with
bunyaviruses suggests that these conserved terminal scquences  are
important for encapsidation of the RNA with N protein since usually only
genomic RNA and some full length viral complementary RNA can be
encapsidated (Raju and Kolakofsky, 198G). In contrast, bunyavirus mRNA,
which has a 5’ terminal extension and is shorter at the 3’ end, is not
cncapsidated (Raju and Kolakofsky, 1986). These data suggest that the 5°
end of viral RNA is important for cncapsidation. Raju and Kolakofsky
(1989) recently demonstrated that the encapsidated viral RNA definitely
forms a panhandle by base-pairing between the 3’ and 5' termini.

The unmatched and mismatched basc-pairs in the double-stranded RNA
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region arce thought to be important for protein recognition (Wickens and
Dahlberg, 1987).  Also the base-pairing of viral RNA and fuil length virai
complementary RNA would be somewhat different since G to U is an
allowed basc-pairing in RNA but the complementary pair C to A is not.
(; to U basc-pairing is predicted in both the PH virus M and § RNA
panhandle structures. It has been suggested that if proteins could
distinguish between the panhandles of genome and anti-genome RNA this
could be important for transcription and packaging of genomic RNA into
virions (Elliott, 1990).

Influcnza A viruses arc a group of viruses possessing a genome
consisting of cight segments of single-sranded RNA  with negative
polarity. ‘The RNA segments of these viruses were also demonstrated to
form circular panhandles held together by base-pairing between the 3 and
5' termini (Hsu et al., 1987, Honda et al, 1988). Since the influenza
virus polymecrasc was shown to be bound to the double-stranded region of
RNA it was suggested that the terminal base-paired structure functioned
as the promoter for transcription (Honda er al, 1988). However, Parvin
et al. (1989) demonstrated that virion RNA lacking the complementary
sequence at its 5° end was incapable of forming a panhandle, and yet was
still transcribed normally.  Therefore, the base-paired panhandles that
form in Bunyaviridac RNA, possibly including hantaviruses, is likely only
important for packaging of the genomic RNA segments.

Nucleotide sequence analysis of the PH virus § RNA scgment revealed
a possible, encrgetically stable, hairpin structure. Hairpins are known to
serve as transcription termination signals in the S RNA segments of the
Punta Toro phlcbovirus (Emery and Bishop, 1987), and the Pichinde and

lymphocytic choriomeningitis (LCM) arenaviruses (Romanowski and Bishop,
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1985). The PH virus § RNA scgment hairpin is similar in size and
structure to the hairpin observed in the LCM virus S RNA segment. I
PH virus uses this hairpin structure as a transcription termination signal,
subgenomic mRNAs would be produced.  Although we do not know if PH
virus produces subgenomic mRNAs, they have been observed in bunyavirus
infected cells (Cash et al. 1979, Bishop et al, 1983; Paterson and
Kolakofsky, 1984). Bunyavirus mRNAs have hcterologous  non-viral
sequences at their 5° ends (Bishop et al., 1983; Paterson and Kolakofsky,
1984; Eshita et al., 1985; Collett, 1986) and the 3' end doces not appear to
be polyadenylated (Abraham and Patnaik, 1983; Bouloy et al, 1984;
Elliott, 1985). The Bunyavirus mRNAs are 60 to 100 nucleotides shorter
than full-length transcripts (Elliott, 1990). There is no  transcription
termination scquence common to the Bunyavirus RNA segments (Elliott,
1990). The nature of the 5 end of the Hantavirus mRNAs is not
presently known but the 3’ end was shown not to be polyadenylated (Yoo,
1988). When  hairpins  function as  transcription  termination signals
transcription usually terminates ncar the top of the hairpin (Emery and
Bishop, 1987). If the hairpin in the PH virus S RNA scgment is acting as
a transcription termination signal the subgenomic mRNA produced would
be approximately 75 nucleotides shorter than a fulldength transcript.
This would be consistent with what was observed in Bunyavirus mRNAs.
However, the only way to verify that the hairpin in the PH virus S RNA
segment is acting as a transcription termination signal would be 1o
determine the nucleotide sequence at the 3' end of the PH virus S mRNA.
Based on the nucleotide sequence data, Hallnas virus, SR virus, and

Hantaan virus § RNA segments are not capable of forming a similar type

of hairpin structure.
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Coding Strategy of the PH Virus M RNA Segment

A previous comparison of the G1 proteins of Hantaan virus (scrotype
1) and SR virus (scrotype 2) found amino acid similaritics of 75% or 83%
if conscrvative changes were included (Arikawa et al, 1990). The G2
proteins of these viruses were cven more highly conserved with amino
acid similaritics of 82% or 92% if conscrvative amino acid substitutions
were included (Arikawa et al, 1990). These figures were similar to the
ones we found when comparing the PH virus (scrotype 4) and Hallnas
virus (scrotype 3) G1 and G2 proteins (G1-74.3% or 85.8% with
conscrvative differences; G2-79% or 88.4% with conservative differences),
When the PH virus (serotype 4) G1 and G2 proteins were compared with
the G1 and G2 proteins of Hantaan virus (serotype 1) and SR virus
(scrotype 2) the amino acid similarity was much lower. These data
support carlicr work suggesting that serotypes 3 and 4 are antigenically
closer to cach other than to serotypes 1 or 2 (Sugiyama et al., 1987).

A distinguishing feature of some of the hantaviruses in serotypes 1,
2, and 3 is that they can cause discasec in humans. Hantaan virus
(scrotype 1) is the ctiologic agent of a severe form of HFRS (Lce et al.,
1978), SR virus (scrotype 2) is linked to a moderate aithough potentially
still fatal form of HFRS (Lec et al, 1982a; Kitamura et al, 1983), and
Héallnads virus (scrotype 3) is associated with a milder form of HFRS, NE
(Brummer-Korvenkontio ez al., 1980). In contrast, PH virus (serotype 4)
has not been linked to any discase in humans (Yanagihara et al, 1984a,
1987). In bunyaviruses the M RNA segment, specifically the G1 protein,
has been identified as the determinant of virulence and infectivity (Beaty
et al, 1981, 1982; Shope et al, 1981; Gonzalez-Scarano et al., 1985, 1988;

Janssen et al, 1986; Sundin et ai, 1987). If this is true for hantaviruscs
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as well, the large number of amino acid differences observed in the
Héllnds virus G1 and G2 proteins as compared with SR virus and Hantaan
virus may cxplain why this virus only causes the milder form of the
discase. 'The similarity between the G1 and G2 proteins of PH virus and
Hallnas virus suggests that these viruses may have undergone amino acid
changes that attcnuated virulence in these viruses as compared with SR
virus and Hantaan virus, Altcrnatively, the G1 and G2 proteins of PH
virus and Hallnds virus may have undergone changes that enhanced
virulence giving rise to hantaviruses like Hantaan virus and SR virus,
There was less conservation observed in the G1 proteins of these viruses
as compared with their G2 proteins and this could mean that Hantavirus
virulence is also associated with the G1 protein.  The only major
difference observed between the PH virus Gi and G2 proteins and those
of the other three viruses was in the hydrophilicity profiles. The highest
peak of hydrophilicity in the PH virus glycoprotein precursor s
apparently associated with an amino acid deletion in the PH virus Gl
protein as compared with the G1 proteins of the other three viruses.
Whether any of these differences are involved in the lack of virulence of
PH virus is not presently known. However, changes as small as a single
amino acid substitution in the hemagglutinin protcin were shown to alter
the virulence of Influenza A viruses (Kawaoka ef al, 1984; Philpout et al.,
1990). In these examples however, the Influenza A viruscs being
compared were mutated forms of the same virus or were closcly related,
and therefore there were only a small number of amino acid changes to
examine. By comparing the G1 and G2 proteins of PH virus with the Gl
and G2 proteins of other hantaviruses in different scrotypes there were

too many differences in the amino acid sequence, probably related to the
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different hosts and the antigenic distinctness, to be able to  identify
changes that could affect virulence. A Hantavirus, strain 5302, was
isolated in the far Eastern Soviet Union from the vole Microtus fortis.
Polyclonal and monoclonal antisera identified 5302 virus as a scrotype 4
virus antigenically almost identical to PH virus (Sugiyama et al, 1987).
‘The 5302 virus however, is the ectiologic agent of an HFRS discase
(Tkachenko et al, 1984). An amino acid sequence comparison between
the G1 and G2 proteins of PH virus and the G1 and G2 protcins of 5302
virus would give a better chance of determining regions important for
virulence in cither of these proteins,

Only one poteitial transmembrane region was conserved in the Gi
protcins and onc region in the G2 proteins of all four viruses. This
suggests that these regions are possibly membrane spanning domains that
anchor the G1 and G2 proteins to the surface of the viral envelope. The
prediction of potential transmembrane helices using the method of Rao
and Argos (1986) scts limits on the length of the predicted helices of
between 16 and 35 amino acids to attain one helix that can span a typical
membrane. Therefore, it was unexpected that the potential
transmembrane region in the G1 protein, predicted by the computer, that
is common to all four viruscs would be over twice the maximum length
allowed in this mcthod (Rao and Argos, 1986). We are unable to
determine why such a large region was predicted. The entire 71-76 amino
acid region is probably not the membranc anchor domain unless its spans
the cnvelope more than one time. However, this region does not have
some of the features of membrane spanning domains that span a
membrane more than once.  When the method of Eisenberg et al. (1984)

was used to predict membrane associated helices in the four virus G1

4
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proteins two hydrophobic regions were identificd within the large region
predicted using the method of Rao and Argos (1986).  However, the
locations of these two regions, and the number of amino acids between
the two regions was not uniform between the four viruses.  Thercefore, it
is difficult to draw any further conclusions about the location and nature
of the membrane anchor region in the Hantavirus G1 protein.

The method of Rao and Argos (1986) predicted another common
transmembrane region in PH virus, Hallnds virus and Hantaan virus
consisting of the last 19-22 amino acids at the C-terminus of their Gl
proteins. However, instcad of being a possible membrane domain this
region is thought to function as a signal scquence for the G2 protein
(Schmaljohn et al, 1987b). Schmaljohn et al/ (1986a) demonstrated that
the Hantaan virus non-glycosylated G1 protein had an My value of
approximately 61 K which is much smaller than the 70.3 K size predicted
for a protein with this amino acid composition. To account for this
difference, it was postulated that a stretch of amino acids are removed
from the C-terminus of the Hantan virus G1 protein during processing
(Schmaljohn et al, 1987b). Using antiscra raised against synthetic
peptides it was determined that the Hantaan virus G1 protein extended 10
at least amino acid 614 (Schmaljohn et al, 1987b). This leaves slightly
less than 6 K of the Hantaan virus G1 protein Cterminus, including the
potential transmembrane region, unaccoumd for. There is a similar 6 K
region betwcea the two envelope proteins of alphaviruses that contains a
membrane spanning domain that is thought to act as a signal scquence for
the second protein (Garoff et al, 1980; Strauss and Strauss, 1986). When
using the method of von Heijne (1986) to predict signal sequences this

potential membrane spanning domain was identified as a signal sequence.
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The potential transmembrane domain predicted to anchor the G2
proteins of these hantaviruses in the envelope is within the predicted
length (31 amino acids) and, as expected for a membrane anchor domain,
is followed by charged amino acids (Rao and Argos, 1986). Therefore,
this is probably the membrane anchor domain of the Hantavirus G2
protein.

In the results the locations of potential N-glycosylation sites in the
G1 and G2 proteins of the four viruses are shown. Three N-glycosylation
sitcs were conserved in the G1 proteins of the four viruses. One of the
potential sites in the PH virus and SR virus G1 proteins could be on the
cytoplasmic side of the transmembrane domain and thercfore would
probably not be glycosylated. Alsc there is some doubt that the amino
acid scquence N-D-§/T is recognized for glycosylation (Kornfeld and
Kornfeld, 1985). This would climinate the fourth potential N-glycosylation
site in PH virus and one potential site in Hantaan virus. There was only
onc conserved N-glycosylation site in the G2 proteins of these four
viruses.

The scquence reported here for the 24 bases at the 3' end of the PH
virus: M RNA differs from the sequence reported previously, which was
dctermined by direct RNA sequencing of the PH virus M RNA segment
(Schmaljohn et al, 1985). Two bases, a T at position 17 and an A at
position 23 were not present in our sequence. We cloned the 3' end
using PCR with Taq DNA polymecrase. Saiki et al. (1988) reported the
crror frequency of this enzyme during a 30 cycle amplification was 0.25%.
However, others in our laboratory used this technique to clone a human
parainfluenza virus 3 gene of known sequence and found an error

frequency of only 0.03% over a 30 cycle amplification (Murphy et al,,

..l
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1990). In both of these studies all of the errors were base substitutions,
no additions or deletions were observed. A primer, MPOGO  (24-mer),
complementary to the sequence reported by Schmaljohn ef al. (1985) was
unable to gencrate any ¢DNA when using PH viral RNA as the template.
This primer, MP60, was able to initiate second-strand synthesis in a PCR
rcaction, but did not work as well as primers identical to the sequence
rcported in this thesis. If a shorter primer, MP40  (21-mer),
complementary to the sequence reported by Schmaljohn et al. (1985) was
used, ¢DNA was produced, but it represented the PH virus [ RNA
segment.  Therefore, the scquence reported in this thesis most likely is
the correct 3’ terminus of the PH virus M RNA segment. . However, the
differences with the carlier results cannot be explained.

Coding Strategy of the PH Virus S RNA Segment

A previous comparison of the N protcins of Hantaan virus (scrotype
1) and SR virus (scrotype 2) found amino acid similaritics of 82% or 88%,
if conservative differences were included (Arikawa et al, 1990). These
figures are almost identical to the ones found when comparing the PH
virus (scrotype 4) and Hallnas virus (scrotype 3) N proteins (79.9% or
87.5% with conservative changes). When the PH virus (scrotype 4) N
protcin was compared with the N proteins of Hantaan virus (scrotype 1)
and SR virus (serotype 2) the amino acid similarity was much iower.
These data again support earlier work suggesting that scrotypes 3 and 4
are antigenically closer to cach other than to serotypes 1 or 2 (Sugiyama
et al, 1987). From these data it appears the N protein is the most
highly conserved protein between the four viruses, which may explain why
the N protein is the major cross-reactive group specific antigen between

scrotypes (Sheshberadaran et al,, 1988).
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The comparison of these four Hantavirus N proteins demonstrated
that the N protein had two conserved regions and one non-conserved
region. The non-conserved region is ncar the middle of the N proteins
(PH virus amino acids 233-309). The first conserved region consists of
the first 232 amino acids in cach N protcin and is only moderately
conserved (57.3%) between the four viruses. The second conserved region
consists of the last 124 amino acids at the C-terminus of cach N protein
and is highly conserved (79%). The function of these conserved regions
remains to be determined.  However, since the N protein cncapsidates the
hantavirus genomic RNA molecules it would be expected to have an RNA
binding site. ‘There is a stretch of 37 amino acids in the first conserved
region (amino acids 124-161) that has some amino acid sequence similarity
with some known RNA binding domains (Chan et gl, 1989; Query et al.,
1989). This stretch of amino acids has 73% amino acid scquence
similarity, 83.8% if conscrvative substitutions are included, between the
four virus N proteins and could represent the putative N protein RNA
binding sitc. The extreme conservation of the 124 amino acids at the C-
terminus may indicate this region also contains a functionally important
region of the N protein.

A major difference obscrved between the four virus N proteins was in
the hydrophilicity profiles. The highest pecak of hydrophilicity in the PH
virus and Hé&lnds virus N protcins was located near the C-terminus
whereas in the SR virus and Hantaan virus N proteins the highest peak of
hydrophilicity was closer to the N-terminus.

A featurc of the PH virus S RNA sequence warrants further
discussion. Bunyaviruses use overlapping ORFs on the § RNA segment to

encode their N and NSg proteins (Bishop, 1985). Hantaan virus and SR



virus however, appear to only encode the N protein with their § RNA
scgments (Schmaljohn ct al., 1986Gb: Arikawa et al, 1990). ‘Thercfore, the
presence of a sccond, shorter overlapping open reading frame in the viral
complementary sense of the PH virus § RNA was unexpected.  The

predicted size of protein encoded by this open reading frame wis 90

amino acids (10.5 K) which is very similar in size to the NSg proteins of

thc La Crosse, snowshoce hare (92 amino acids, 10.4 K), and Aino (91
amino acids, 10.5 K) bunyaviruses (Bishop ct al., 1982; Akashi and Bishop,
1983; Akashi ct al, 1984). The fact that Hallnas virus also has this
sccond overlapping ORF that could potentally encode a similar  sized
protein (90 amino acids, 11.1 K) with 50% amino acid scquence similarity
to the PH virus protein suggested that viruses in scrotypes 3 (Hallnas
virus) and 4 (PH virus) may encode a sccond protein (NSg) with their S
RNA segments.

A key factor in the utilization of a second overlapping ORF in a
mRNA is the flanking scquence of the S-proximal AUG initiation codon
(Kozak, 1986a, 1986b). The leaky scanning model of ribosome initiation
postulates that if the 5-.proximal AUG codon is in a suboptimal context
then initiation can occur at an AUG codon further downstream (Kozak,
1986a, 1986b). Scveral of the nucleotides surrounding an AUG codon arc
known to affect the efficiency of ribosome initiation but the -3 and +4
positions are the most important (Kozak, 1986Ga, 1986b). ‘The most
preferred context has an A at the -3 position and a G at the +4 position,
and the occurrence of leaky scanning can be predicted by determining the
nucleotides in these two positions (Kozak, 1986a, 1986b). The nucleotides
flanking the 5’-proximal AUG codon do not have to be in a weak context

just less than optimal, so some of the 40 S ribosomal subunits bypass the
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first AUG codon and initiate at the sccond AUG codon (Kozak, 19864,
19806h). The sccond AUG codon is often in a better context for
initiation, but this is not a consistent finding (Kozak, 1986a, 19806b).
Both Hantaan virus and SR virus have optimal bases at the -3 and +4
positions flanking the N protein AUG codon. In  contrast, the AUG
codons of the PH virus and Hallnds virus N proteins have a G at the -3
position and an A at the +4 position (Stohwasser et al, 1990). Although
these AUG codons arec not in a weak context they are considered
suboptimaf, and this fits the rcquircments for an overlapping ORF
strategy.  Attempts were made to determine if PH virus cncodes a NSg
protein.  To do this, the putative NSg gene was expressed using the
baculovirus expression system, the expressed NSg protein was partially
purificd and used to raise antiscrum in rabbits. Once this antiserum was
shown to recognize the baculovirus expressed PH virus NSg protin it was
used in attempts to detect this protein in PH virus infected Vero ceils.
So far attempts to detect this protein in PH virus infected Vero cells
have been unsuccessful.  There are several possible explanations for this.
Onc possibility is that PH virus does not cxpress a second protein using
this sccond ORF in its § mRNA. However, there are several facts that
do not support this cxplanation. PH virus and Halln&s virus were isolated
from different rodent genera on different continents yet they both have
the same size sccond overlapping ORF.  Also, the protcins both of these
viruses could cncode with this sccond ORF, initiate and terminate at the
same nucleotides, have the same number of amino acids and have 50%
amino acid scquence similarity.  Furthermore, the putative NSg proteins
these viruses could encode are almost identical in size to the NSg

protcins of some bunyaviruses which are in the same family of viruses as



hantaviruses.  The chances of an ORF that is not being used being
preserved in two distinct viruses that have been evolving independently
would scem remote.  There were many technical problems in trying to
identify an NSg protein in PH virus infected cells and these seem 1o be a
more plausible cxplanation for the present inability to detect this protein
in PH virus infected Vero cells. In work with snowshoce hare Bunyavirus
the NSg protein was casily identified with SDS-PAGE by labelling  infected
cells with [3H]-lcucinc (Fuller and Bishop, 1982). Cells were infected
with a high MOI (5-10 pfu/ccll) of snowshoc hare virus and by the time
labelling was begun (13.5 hours postinfection) host cell protein synthesis
was almost completcly inhibited (Fuller and Bishop, 1982). As 2
consequence the proteins primarily being labelled with the l?’l‘ll-luucinc
were of viral origin. Due to the low titers obtained with PH virus, the
high MOI infection donec with snowshoe hare virus c¢ould not be
duplicated. This means in a PH virus infection all of the cells are not
infected simultaneously.  Therefore, if NSg protein expression is cyclic
rather than continuous only a small percentage of cells may be expressing
this protein at any given labelling period. In contrast to Bunyavirus
infection of mammalian cells, Hantavirus infection docs not result in the
shut off of cellular protein synthesis. Under these conditions PH virus
encoded proteins had to compete with cellular proteins for the [35s.
methionine label. When [358]-mcthioninc labelled cell lysates of PH virus
infected or mock infected Vero cells were compared using SDS-PAGE, the
protein banding patterns were indistinguishable.  This finding indicates
that ccliular proteins are taking up most of the labelled amino acid and
PH virus protcins are receiving very little.  The second ORF in an

overlapping ORF coding strategy is usually expressed at a low level in
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comparison to the first ORF gene product (Kozak, 1986b). If PH virus is
expressing an NSg protein it may be taking up very little of the [3581-
methionine over the duration of the labelling period (6 hours) even in
comparison to other PH virus proteins. This may cxplain the present
failure to detect this protein in PH virus infected cells. By labelling with
[355]-mcthioninc for longer periods, possibly several days, it might be
possible to saturate the cells and enhance labelling of PH virus proteins,
including the putative NSg protein.

la Crossc virus is a Bunyavirus, scrologically very similar to
snowshoe hare virus, and the NSg protein of La Crosse virus has 87%
amino acid sequence similarity with the NSg protein of snowshoc hare
virus (Akashi and Bishop, 1983). The flanking sequence surrounding the
la Crosse virus N protein and NSg protein initiation codons is identical
to the homologous sequence of snowshoe hare virus (Akashi and Bishop,
1983). However, an cxperiment identical to the one that demonstrated
the snowshoe hare virus NSg protein, failed to detect any production of a
NSg protein by La Crosse virus (Fuller and Bishop, 1982). This data may
indicate that the La Crosse virus NSg protein is more labile or that other
factors, possibly cellular, arc required for expression of some NSg
proteins.  If in the case of bunyaviruses these NSg proteins are important
when the virus is in its insect vector then perhaps La Crosse virus only
produces this protein in the insect and requires some insect cell factors
for expression.

If PH virus docs encode an NSg protein, intriguing questions would be
raised about its function and why Hantaan virus and SR virus do not
requirc a similar protein. It might also reveal an evolutionary link

between hantaviruses and bunyaviruses.



Concluding Remarks

Although the G1, G2 and N proteins of only four hantaviruses were
compared in this study, these viruses are representative of the four major
scrotypes rccognized to date.  Comparisons of the M RNA scgments and
the gene products they could encode between hantaviruses in the same
scrotypc demonstrated nucleotide sequences (> 96%) and amino  acid
scquences (> 98%) arc highly conserved within scrotypes (Schmaljohn et
al, 1988a; Izcgawa et al, 1990; Antic et al, 1991a). ‘The four viruses
compared in this study can be considered the prototypes of their
serotypes and therefore an overall comparison between cach serotype, not
just these four viruses, was made.

Amino acid sequence similarity between their G1, G2 and N proteins
and the potential to cencode a sccond protein from their S RNA segments
clearly demonstrated that PH virus and Hallnds virus are more closely
rclated to each other than to SR virus and Hantaan virus. Likewise the
amino acid scquence similarity between the Gi, G2 and N proteins of SR
virus and Hantaan virus clearly demonstrated that these viruses are more
closely related to each other than to PH virus and Hallnas virus. ‘These
data suggest that the Hantavirus genus diverged along at lecast two
cvolutionary paths, one composed of the viruses in scrotypes 1 and 2, and
another of viruses in scrotypes 3 and 4.  Other hantaviruses not
belonging to these four scrotypes may belong to one of these two
pathways or may reveal further branches in the Hantavirus genus.  This
divergencc may have been caused by virus adaptation to the host, since
rodent species, not geography, determines the scrotypic profile (Lee et
al, 1985b; Sugiyama et al, 1987). Our data show that antigenically

distinct hantaviruses are more closely related than serotypic studics
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originally indicated. it also demonstrates the possibility that many
antigenically  distinct  hantaviruses may have diverged along only two
evolutionary pathways.

The finding that a North American isolate such as PH virus and a
Europcan isolate like Hallnds virus have very similar amino acid sequences
was unexpected.  The similarity between these two viruses may indicate
that they were recently  separated and  have not been  evolving

independently for long.
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PART 2: HUMAN IMMUNODEFICIENCY VIRUS ‘TYPE 1 rer AND pif
PROTEINS

Human Immunodeficicncy virus (HIV) has been identificd as  the
ctiologic agent of acquired immunodecficiency syndrome (AIDS) and related
disorders (Barrc-Sinoussi et a/, 1983; Broder and Gallo, 1984; Gallo et al,,
1984; Popovic et al, 1984; Sarngadharan et al, 1984). HIV-1 displays a
high degree of genctic complexity. In addition to encoding the gag, pol
and env proteins characteristic of all replication-competent  retroviruses,
HIV-1 encodes at least six other protcins (vif, vpr, vpu, tat, rev and nef).
These nine viral proteins are encoded by more than 20 distinet mRNA
species that are derived from post-transcriptional processing of the initial
full length viral transcript (Mucsing et al, 1985; Felber et al, 1990,
Robert-Guroff et al., 1990; Schwartz, et al., 1990a, 1990b).

In this study we expressed the rev and vif proteins of HIV-1 o high
levels in insect cells using recombinant baculovirus vectors.  Sera from
HIV-1 infected individuals, with different symptoms of discase, were
tested for the presence of antibodies that would recognize the rev or vif
proteins of HIV-1.  The HIV-1 vif protein was also used to raise specific
antibodies in rabbits with the long term goal of using antiscrum as a tool
to further examine the role of vif in an HIV-1 infection.

Expression of the HIV-1 rev and vif Proteins

High levels of rev and vif were obtained in insect cells infected with
recombinant baculovirus vectors. Both proteins were casily visualized in
SDS-polyacrylamide gels after staining with Coomassic bluc. Therefore,
insect cell lysates contained plenty of rev or wvif antigen that could be

used to test for the presence of specific antibodies to these proteins in
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scera from HIV-1 infected individuals.

Prevalence of Antibodics Against rev and vif in HIV-1 Infected Individuals

Antibody against rev was found in scra from some individuals in all
stages of HIV-1 infection.  Although somewhat fewer ARC and AIDS
paticnts had rev antibody in comparison to hecalthy donors or healthy
donors at risk.

These results differed from those of Chandra ¢t al. (1988) who found
rev antibody predominantly in the scra of ARC patients and postulated
that rev could be a uscful prognostic marker for AIDS development.
Chandra et al. (1988) uscd bacteria to express rev antigen.  We found
that some other proteins expressed in bacteria showed a high degree of
cross-reactivity whereas rev cxpressed in insect cells gave a clean
background on western blots,

Antibody against vif was only found in sera from healthy donors or
healthy donors at risk and were not present in the sera of ARC or AIDS
paticnts. ‘This result is consistent with the suggestion that production of
vif antibodies carly in the HIV-1 infection may be partially protective and
dclay the progression to ARC and AIDS. Another explanation is that vif
antibodies are produced early during the HIV-1 infection and disappear as
the discase progresses to ARC and AIDS. A way to distinguish between
these possibilitics would be to examine the sera from the same HIV-1
infected individuals for v»if antibodies from the time they seroconvert
until they develop full-blown AIDS.

These results were similar to those of Ranki et @l (1987) who found
vif antibodies early in HIV-1 infection and Arya (1987) who found, in a
limited number of scra, vif antibodies less frequently in AIDS patients

than in hecalthy HIV-1 carriers. These results however, contrast strongly
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with those of other rescarchers. Kan er al. (1986) found vif antibodies in
30% to 50% of HIV-1 infected paticnts regardless  of their stage  of
discase, Franchini et al. (1987) reported similar results, but found an
increase in the number of individuals with 2if antibodics with progression
to AIDS. Wicland et al (1990) found wif antibodics in only 2.7% of
healthy HIV-1 carricrs but found the prevalence increased 1o 36% in ARG
patients and 72% in AIDS patients. This divergence in results may be
partially explained by the fact that the wif protcin genes in these studics
were not all from the same HIV-1 strain. Some of the differences could
also be related to the source of zif protein. In studics where results
contrastcd with ours wvif was cexpressed in bacteria (Kan et al., 1980;
Franchini et al, 1987; Wicland et al, 1990). We¢ found that vif expressed
in bacteria showed a high degree of non-specific cross-reactivity wherceas
vif expressed in inscct cells gave a cleaner background on western blots.

These conflicting results appear to make wvif a poor choice for
monitoring HIV-1 infection in individuals. Further confusing this issuc
was the finding, in some studies, that HIV-1 negative, non-risk individuals
had antibodics against the HIV-1 vif protein (Kan et al, 1986; Arya and
Gallo, 1986; Franchini et al, 1987). This finding suggested that some
cellular proteins or other infectious agents may be antigenically similar to
the HIV-1 vif protein. In Africa HIV affects people living in arcas where
chronic parasitic infections are common. Khalife et al (1990)
demonstrated that vif antibodies recognize a 170 K protein on the surface
of the African parasite Schistosoma mansoni and that 20% of the sera
from Schistosoma mansoni-infected HIV-scronegative  individuals  can
recognize a vif peptide in an ELISA test. However, others have not

detected any vif antibodies in HIV-1 negative, non-risk individuals (lLec et
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al., 1986b; Wicland et al., 1990).

Another possible explanation for the differences between the results
of studics designed to detect rev and/or vif antibodies in the scra of
HIV-1 infected patients at different stages of discasc is the sample size.
None of these studies tested more than 200 HIV-1 infected individuals. It
may be that the sample sizes in these studies have not been statistically
large enough to make an accurate prediction about the prevalence of
antibodics to the HIV-1 rev or vif proteins.

Production of vif Antibodies in Rabbits

‘The HIV-1 wif protein expressed in insect cells was partially purified
and uscd to raise vif antibodies in rabbits. The vif protein was found to
be poorly immunogenic in comparison with other HIV-1 antigens expressed
in our laboratory. This poor immunogenicity of vif may be rclated to its
structure. ‘The predicted amino acid sequence of the vif protein does not
have a cluster of amino acids that would give this protein a hydrophilic
structure with g-turns (Arya and Gallo, 1986). These are two parameters
generally thought to be required for strong immunogenicity (Chou and
Fasman, 1974; Kyte and Doolittle, 1982). The rabbit vif antiserum is
presently being used in a study to determine if 2if is a virion associated

protein.
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