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> ABSTRACT
« Coronaviruses can cause in vivo and ih_!iggg_persistent infec-
tions. In.l97B, én in vitro persistent infection with the humen coron-
avirus strain 229? was established in L132 cells. A number of biologi-
cal differences were observed between the parental é29€ virus and the

persistent VH virus derived from it. These differences made it of
interest to study the RNQ genomes of these two viruses. > .

A number of molecular differences have been found between the 229E
RNA and the VH RNA genomes. By agarose gel electroph%lesis, the 605
genomic RNA of parental 229E virus migrated faster than the 605 ggnomic
RNA of persistent VH virus. This indiceted that the VH RNA was larger
than thé 229E RNA.

In liquid hybridization experiments, a 2 log difference in the 50%
Rot valuds was found using 8 cDNA probe syntﬁesized with random primers
énd 229E RNA template. When hybridized.to completion under these condi-
tions, VH ANA was saturated at 67% of the value for 229E RNA. This
reﬁresents a 33% difference between the 229E RNA and the VH RyA.

Northern blot hybridfzation revealed a pattern of preferential
hybridization for 229E RNA wh;n random primed cDNA was used. Northern
blots using a cDNA probe synthesized from oligo-dT primers, representing
ohly the 3'-end of the genome, did no£ reveal these differences so
strongly: This implied that any cnezg?s in the RNA genome were not at
the 3'-end.

These facts, when taken, together, indicated that there were mole-
cular differences between the RNA genomes of the parental humen corona-
virus 229t and the persistent VH gtrain derived from it, and that these

" differences' were probably. upstream -fram the 3'-end of the genome.
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1. LITERATURE REVIEW

;
o

The coronaviruses hé;e been classified as a separate group of
viruses since 1968 (Tyrrell, Almeida, BErfy, Cunningham, Hém£e,}Hofstad,
Malluei, and'Macintosh, 1968). They are intriguing due fo their narrow
host range-and their marked tendency to produce persistent virus infec-
tions in vivo (MHV in mice) and in vitro-(MHV inl murine cell cultures,
and HCV 229E in human cell cuthres). This implies a highly evolved

: inter-relafionship with the host. They cause mainly respiratory and

gastrointestinai infections. in man and(animala. The clinical disease in
man, so far as is known is mild, whereas in animals may be severe,
occurring in epidemics which are of great economic importance to agri-.
culture e.g.transmissible'gastroenterit;s (TGEV) in pigs,'and avian
infectious bronchitis (IBV) in chickéns.

The number of officially fecognized members of the family CoronaQ‘
viridae has incressed with each report of the International Committee on
Taxdnomy of Viruses and as of the third report stands at 11 (Table 1.)
(Siddell, Anderson; Cavanaugh, Fujiwars, Klenk; MacNaughton, Pensaert,
Stohlman, Sturman and van der Zeijst, -1983). The names of the viruses
have been derived eitier in association with the disease syndrome, the
host or both. Many more isolates have been reported which meet the
mj}bhologic and to spme extent the molecula£ criteria for inélusion in
"the group, but are as yet insufficientzy characterized dand are_regarqéd

as candidate family members. , . ‘\
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TABLE 1*

Members of the Coronavirus Family**-Grouped by Host

“

. \
Designation Name Host Diseases
1BV Avian Infectious Chicken Tracheobronchitis
' Bronchitis Virus
(numerous strains)
TCV Turkey Coranavirus Turkey Bluecomb, Enteritis
MHV Mouse Hepatitis Vitus Mouse Hepatitis, Enteritis,
(numerous strains) Encephalomyelitis and
Vagsculitis
Rat Coronavirus - Rat. Pneumonia,
Rhinotracheitis
Sialoacryoadenitis
r
TGEV Transmissible Gastro- Pig Gastroenteritis
enteritis Virus
HEV - Hemagglutinating Pig Encgsﬁﬁrumyelitis,
Encephalomyelitis Gastroenteritis
Virus
PEDV Porcine Endemic Pig Enteritis
' Diarrhea Virus -
BCV Bovine Coronavirus Bovine Gastroenteritis
HCV/229E Human Coronavirus Human Respiratory Disease
HCV/0C43 Human Coronavirué Human Respiratory Disease
cecy Canine Coromavirus Dog Gastroenteritis
FIPV ‘feline Infectious Eat. Peritonitis
Peritonitis Virus Respiratory Disease
----------------------- "P"'“'"""-_--------"—--""-'---—---'--'-""-"'-'--"-'r--'-‘-- in
* _ Adapted from Siddell et al., 1983.
il Dther candidete v1ruses, i.e. Humen enteric coronavirus, Rabblt

coronavirus, Foal enteritis coronavirus (horse) and coronaviruses
from non-human primates are not included in this list.
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The geogfgphic distributioa of man§ coronaviruses is known to
extend over several continents and is considered to be ;orldwide. A
seasonal incidence of infection occurs with HCV and TGEV. Corongviruses
predominaétlx infect the respirafﬁry.tract of their natural vertebrate
hosts, being transmitted by the aerosol roupe, and theée natural hosts
are believed to form the reservoirs for further infection. Infection by
the fecal/oral route also has been suggested, and vertical infections
have been reported for IBV and MHV strains (Siddell et al., 1983; Stur-
man and Holmes, 1983). Although coronavirus infections are generally
belieged to be extremely host restricted, natural and experimental
transmission to other species has been reported.' Human (0C 43) and
-avian coronaviruses were transmitted to mice by the intfacerebral (i.c.)
route and there is evidence of TGEV replication in doés, foxes and cats.
Feline and canine ;oronaviruses were also in%ectious for pigs. Trans-
. mission to other hosts may lead to inappafent infecgioné or digeaéeé
wHich do not occur under natural cgnditions (reviewed by ﬁege, Siddell
and ter- Meulen, 1982).

The pathogenesis of coronaviruses is reflected by the characterig-
tic routé of transmission; either the respiratory syétem in the case of
HCV, IBV, MHV, TCV and MHV or the gastrointeshinal tract in the case of
BCV, CCV, TGEV and MHV.

Respifatory infection is confined to the ciliary epithelium of the
trachea, nasal mucosa and the alveolar c§%ls‘of the lungs. A local
immune response resulting in secretion of ng usually overcomes the
acute phase of the disease and the development of a systemic humoral

" immunity hinders a severe involvement of other organs.
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. The enteropathogenic coronaviruses selectively infect absorptive
énd crypt cells of the intestinal mucosa resulting in atrophy of the
villi. Virus strains vary in their predeliction for a particular site
and cell type and.the severity of disease varies from mild transient
eﬁterités to a rapidly progressing fatal diarrhoea. As with respiratory
infection, the local immune response provides the most impoftanQJline of
defense against enteric infection (Bhatt and Jacoby, 1977; Carthew and
'Sparrow, 1981; Hierholzer, Broderson and Murphy,ll979i

'In.general, as illustrated by many MHV strains which cause hepati-
tis-orencephalomyelitis,coronaviruses cause acute lytic infections
- which destroy the host cell. This is considered to be the basic patho-
genic mechanism involved. )

In the case of HEV infection of pigs the resulting disease is
characterized by vomiting and sometimes accompenied by encephalomyelitis
(vomiting -and wéStng.d}sease). The disease is initiated by an apparent
infection of the respiratory tract, tonsils and intestines, which
spreads along nerve tracts to peripheral gang}ia and the central nervous
system. Subsequently, the infection of neurons which regulate peristal-
tic functions of the intestinal tract results in the gharacteristic
diseasg syndrome and, in particular, young animals may die of starvation
(Andéies and Pensaert, 1980a, b; Andries, Penseert and Callebaut, 1978).

In animals, coronaﬁiruses readily establish persistent infections
which often lead to diseases of a chronic nature. Persistent infections
are also readiiy established in cell culture (Chaloner-Larsson and
Johnson-Lussenburg, 19813,‘b; Lucas, Flintoff, Anderson; Percy, Qoultef
and Dales; 1977; Lucas, Coulter, Anderson, Dales and Fl;ntofF, 1978;

Stohlmap, Sakaguchi and Weiner, 1979; Yoshikura end Tejima, 1981; Lavi,

L 4
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Gilden, Highkin and Weisa, 1984; lLeibowitz, Bond, Anderson and Goss,
1984). Little is known of the mechenisms gove;ning pérsistent infec-
tions 'in vivo and in vitro, but some factors which influence the outcome
of the infection in animals have been identified.

Murine corcnaviruses have provided valuable in vivao models for the
study ofkfhroﬁié and persistent disease proeesses in the mouse. Eluci-

=

dation of the mechanisms of virus induced demyelipation in these animal,
. ‘

W

systems may be useful in understanding the etiology and pathogenesis of
human demyelinating diseases such as multiple sclerosis (Lavi et al.,
1984). It has been hypothesized that the chronic demyekination induced
by MHV-JHM in mice is due to s pytolytic infection of the oligodendro-
cytes, the myelin preducing cells (Fleury, Sheppard and Raine, 1980;
Lampert, Sims and Kniazeff, 1973). In chronic MHV Enfections, Qi#ﬂl
nucleic acidgjﬁ;TB§raist in mice for months, even tﬁough no virus or
antigen can be detected. Viral seQuenceé detected by in situ hybridiza-
tion Qere found only in the white brain mstter dﬁring chronfq infection
(Lavi et al., 1984), suggesting that oligodendrocytes;may be the target
cells for chronic inFectiop. '

Some of thepmajor factors thch determine the outcome of thése
processes are related to virJ; replication (such as virulence and tro-
pism), whereas others are'determined by the host (such as the immune
response) (Wege, Koga, Watanabe, Nagashiﬁa and ter Muelen, 1983). It
has been postulated that the lytic destruction of fissue by the interac-
tion of virus with the hoét cells must bé mitigated to allow the host to,
survive (Haase, Ventuna, Johnson, Norrby and Gibbs, 1981). Thus the
viral genetié information might be stably conserved within certain cells

with expression of viral antigens being sufficienty c¢urteiled to allow
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them to éscape detection and e}imination by the immune system.
Knowledge about the molecular biolggy of the corona;iruses is
relatively recent. There are reports of the growth o% coronavirus (MHV)
in enucleated cells (Wilhelmsen, Leibowitz, Bond and Robb, 1981) or the
growth of virus in the presence’or absence of actinomycin-D'(Siddell,
Wege and ter ﬂeulen, 1983; Brayton, Ganges and Stohlman, 1981), which
,question whether a host nuciear function is required for cqronavirus
replication. There is also very little data regarding the early events
of adsorptiﬁn, penetration and uncoating ‘involved in coronavirus repli;\
cation. It is assumed for example, that upon entering the cell the
positive-stranded genome directs syntheéis.of éne or mose proteins
(polymerases) wﬁose function is to transcribe the genomic and subgenomic
mRNA vie a reglicatién intermediate. Assembiy of virions is restricted
to the cytoplasm where progeny virions are formed by a budﬁing process
from membrapes of the rough endoplasmic reticdlum (Massslski, Coulter-
M;ckie and Dales, 1981; Holmes and Behnke, 1981). The generally accep-
ted mechanism of virus release from the cell is via fusion of virus-
"filled vesicles with the plasma membrane {Doughri and Storz,'1977L
B \\\ASEudies ‘using molecuiar and immunological methods, have yielded
fragmengary data with reapect to relationships between different corona-
viruses or within pathogenic and non-pathogenic closely related hembers
of a species. Antigenic relationships among coronaviruses present &
complex pattern and have been difficult to analyze,‘possibly due to the
close association of the virion with cell essociated material. |
Structurally, coronaviruses are pleomorphic, envelqped viruses

having a diaﬁeter'of 80 to 220 nm. They are ether labile which indi~

cates the presence of essential lipid in the envelope. Club shaped
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peplomers are seen on the surface of the virion (Fig. 1 and 2) and are
about 20 nm in length. The group derives its name from the characteris~
tic crown-liké aﬁpearance of tRe virion envelope (Latin corona meaning
crown) when stained with phosphotungsticfacid and observed in the elec-
tron microscope. This envelope appears to contain an inner ;nd outer
sﬁell when seen in thin sections by electron microscopy. The ribonu&-
leoprotein (RNP) has been seen as either a long strand 1 to 2 nm in
diameter (Kennedy and Johnsoq-Lussenburg, 1975/76; Davies, Dourmashkin
and MacNaughton, 1981) or as a helical single strended RNP condensed
into a coiled structure of varyifig diameters (Kennedy and jahnson-
Lussenburg 1975/76; MacNaughtori, Davies and Nermut, 1978; Caul, Ashley,
Ferguson and Eggleston, l97;i Massalski, Coulter-Mackie and Dales, -
1982). The virions have a dénsity of about 1.18 gm/cm3 as determined in
equilibrium sucrose gradients. Reports of the genomé size vary deppn-
ding upon the particular virus, the host system used for propagation and
the investigator (Table 2). Methods of preparation of the virus and RNA

have alsoc been shaown to effect the finai product however the RNA genome

is now generally accepted to have a molecular weight around 6x106 dal-
-tons.

\. e .

Thus, coronavirus RNA is the largest_known linear single stranded
animal virus RNA and is often referred to as 605 RNA to distinguish
genome RNA from other subgenomic fragments. It is of positiv; polarity
(Spean et al., 1981) with the poly A tracts at the 3'-end (Lai and
Stohlman, 1981) and functions as a messenger RNA (mRNA) in the cell (Lai
and Stohlman, 1978). "Genomic RNA has also been found to be infectious
in appropriate cell cultures in MHV (JHM) (Wege et al., 1978) and TGEV

(Brian et al., 1980). The isolated genomic RNA has been used for in

»”~



‘Figure 1

Electron micrograph of negatively stained (A) human coronavirus 229E

and (B) the persistent VH human coronavirus.

[} C *
Peplomers are clearly seen at the virion periphery. Virions weére
stained with phosphothngstic acid and examined in a Phillips 300 elec-

tron microscope. The bar marker represents 100 nm.

flectron micrographs courtesy of Dr. C.M. Johnson-Lussenburg.
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JVirus

1BV

MHY
(IHM)

{AS59)

HCV
(229E)

TGEV

Size of Coronavirus Genomic RNA.

-10 - . —

TABLE 2 .

M.W.

3x106

8x106
9x106
5.4x106
6.5x106

6x106

5.6x106

6.1x106

5.8x106

6.8x106

Investigélur

Tannock, 1973

MacNaughton and Madge, 1977,

Lomnicizi and Kennedy, 1977

Watkins, Reeve and Alexander, 1975

Wege, Muller and ter Meulen, 1978
Wege et al., 1978

Lai and Stohlman, 1978

Spaan, Rottier, Horzinek

and van der Zeijst, 1981

Leibowitz and Weiss, 1981

MacNaughton and Madge, 1978

Brian, Dennis and Guy, 1980
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M(rabbit reticulocyte extract) anci _i_r}hm (frog ococyte) transla-
tion studies (Leibowitz, Weiss, Peavola and Bond, 1982; Stern gnd Sef-
ton, 1984). In addition, there is a methylated cap structure at the 5'-
end (Lai, Patton and Stohlman, 1982a, b; Spaan, Roi:tier, Horzinek and

van der Zeijst,\ 1982). «
Between 5\to 9 virus-specific structural and hon-si:ructural pro-
teins have been reported to occur during corgnavirus replrication. They
- _ have been identified by ierunopreci_ﬁitatipn of 35S-methionine-labelled
proteins Fr-o.m infected cell ly;sz)tes with specific antibodies followed by
disqociation of the immunoprecipitates and-analysis on SDS-polyacryla-
mide gels (Bond, Anderson and Leibowitz, 1984; Stern and Sefton, 1984).
lthough the situation is not entirely clear, the concensus ié_/t;‘aat all
oronaviruses have threg major structural protéins (Fig. 2). These are-
the nucleocapsid, the \matrix and_the_"-peplomer proteins. The most stu-
died and characterized cqmponents are thqse' in the mouse (MHV) and avian

(IBV) cofonaviruses. .

The nucleocapsid contains a non-glycosylated (N) protein w.ith a
molecular weight of 50,000 to 60,0['.-10 (50K to 60K) which is complexed
with the genome as a helical ribonucleoprotein (RNP) (Siddell et sl.,
1983). It is phosphorylated and an associated protein kinase activity
has been peported: The virus envelope contains 2 major proteins@e
largest envi'alope:"-protein (E2) is the surface peplomer which gives the
virion its c-haractiristic appearance when examined under the electron
microscope. The E2 peplomer is a glycoprotein with a molecular weigh

" of 180,000 (180K) which is thought to be a dimer under certain condi-
tions which dissociates into a 90K protein (Siddell et al., 1983; Stur-

mah and Holmes, 1983).



Figure 2 o ' . -

Schematic model of coronavirus structure.

o

Genome (RNA), nucleocapsid protein (N), matrix protein (El), and‘peblp-

//’*’f’ﬂ\ mer protein (E2) shown. Taken from Sturman et al., 1980.
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The, E2 glycoprotein can be removed from the whole virion by pro;
Eéase treatment. It is éimilar to the majority of viral ‘glycoproteins
characterized so far, in that it is N—glycéSylated as détermined by
inhibition of glycosylation of polypeptides on . agparagine residues by
tunicamycin {(Niemann andl#{Ehk, 1981a, b). : . x
The E2 protein is responsible.for virus dttachment and cell-to-
.pélllfusion when it occurs and.elicits neutralizing éﬁtibodies during
infection (Stern and Sefton, 1982). Virions (MHy)'yhich have been -
released from cells treated with tunicamycin, lack the peplomer ﬁrotein
and are unable to.attach to cells or initiate infection.
:.The\second envelope protein (E;) is a smaller 20-35K transﬁemb;aﬁé
glycoprotein which®spans the lipid membréne and is oriented so that the
glycosylated redion‘is exter}or fo the virion envelope (Rottier, Brand-

-

. . ———
enburg, Armstrong, van der Zeijst and Warren, 1984). There has been

somé_suggestion that the inmer portion interacts with the genome\(Stur-.
man ahd Holmes, {?84). The El protein haslbeen shoqn to be' glycosylated

two different mechanisms, dependirlg upon the virus family and possib-

//' ly on the host cell. In tuniéamycin inhibition studies, MHV El protein

1
]

/ has been shown to be O=glycosylated i.e. not blocked by tunicamycin

( {Niemann and Klenk, 198la, b), whereas the avian IBV El protein has been
._\\\\\__Bhgun—ﬁp*ﬁg N-glycosylated (Niemann and Klenk, 1981a, 5; Niemann, quf
. ) chek, Evaﬁs, éosing, Tamura and Klenk, 1982; Stern ana Sefton, 1982).
This was tﬂe first report’of'D' glycosylation in vertebrate viruses.
It appears that the El proteins‘of BCV (Niemann and Klenk, 1984) and of
HCV 229E are similar to MHQ (Kemp et al., 1984). - e

Besides these characteristic proteins, there are other protéins of
. q

various sizeg which have been described, notably a 14K protein_ for IBV

N
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and MHV, and glycoproteins of about &0-70K for. MHV, BCV end HEV. In the
casé of MHV, it has been euggeeted that these latter may be degradation
products of the large 180K dimer structure of the E2 protein or peehaps
"as in the case of IBY, prodycee by per;translationei cleavage of a cell
associated precureor, GP155 (Stern and Sefton, 1984). .

. In eerlyrstudies ef the swine coroneviruees, the lipids of the
virion envelope of TGEV were studled {(Garwes, Pocock and HlJeske, 1975).
The virion envelope was shown to contain phOSpthlpldS, glycolipids,
cholesterol, dlglycerldes, trlglycerldes and free fatty acids in propor-

“tions epprux1mately corresponding to thase in the cell membrane. When_'
grown in dlfferent cell types the virion envelope reflected the lipid
content of the host cell membrane (Pike and Garwes, 1977). It was
goncludedzthet the lipid bilayer of the coronavirue was derived from the

- host. o .. - . o

,Antiéenic studiee on the coronaviruses heve produced conérbversiel .

‘results. Due to the varleblllty and compiex1ty of the antlgens asso-
ciated w1th coronaviruses, antigenic relatlonehlps heve been dlfflcult
to -assess with certainty. In many cases 1t is 0bv1ou3 that" cell asso-
ciated. protein was cau91ng croee reactlons and dlfflculty in the inter-
pretation of results.. Reletlonshlpe heve been determlned between indi-
vidual members of the group and also between strains within a given

species by a wide veeiety of tests such as immunodiffusion, complement
fixation, hemagglutination, neutralization, immunofluorescence, and
enzyme immunoassays. The source of antibodies for these tests was from
polyvalent sera from naturally infected animals or immune sera from
animels (eeuelly rabbits) hyperimmunized with viral antigens ﬂpropegeted

in a variety of host systems) that had been purified to varying degrees.
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Coronaviruses contain three major antiggng each corresponding to
the tﬁree t§pes of virion protein; N, E1 and E2. These antigens can be
differentiated using antibodies prepared against purified virion subcom-
ponents (Collins, Knobler, Powell and Buchmgirer, 1982; Hasony and
MacNaughton, 1981, 1982; Schmidt and Kenny, 1981, 1982; Yaseen and
Johnson-Lussenburg, 1981). " Immunological studies by immuné electron

microscopy with monoclonal antibodies or with antisera against subcompo-

_nents prepared from purified virions, indicate that the antigenic sites

responsible for the iqducfion of neutraliziﬁg antibodies are associated
with the surface:peplomer polypeptides (Snyder and Mafquardt, 1984;
Koolen, Osterhaus, Siebelink; Horzinek and ven der Zeijst, 1984).
Immunological studiésAnow indicate that the coronaviruses can be
divided intc avian and mammalian groups. Both the avian coronaviruses

and the memmallan .coronaviruses can be further subd1v1ded into two

' antigenic groups (Table 3) (Gerna, Cereda, Revello, Cattaneo, Battaglla

and Torsellinni-Gerna, 1981; Horzinek, Lutz &nd Pedersen, 1982;
MacNaughton, l9Bl;‘MecNahghtoﬁ, Madge. and Reed, l@Bl; Maru and §ato,'
1982; Pedersen, Ward and Ménqeling, 1978} Pensaerf, De Bouck and Rey:
nolds: 1981; Reynolds, Garwes and de;;T 1980; Schmidt and Kenny, 1981L

As more knowledge of the structural components has become gvail-

able, it has been possible to better understand their relationship to

replication events.
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TABLE 3

Antigenic Relationships of Coronaviruses and Classification into Groups.

Group 1 Group 2°*

Mammalian HCV 229E (several serotypes) HCV 0C43 (several serotypes)
TGEV (1 serotype) MHY (many serotypes) d
ccv (1 serotype) RCV (SDAV) (1 serotype)

FIPY (1 serotype) BCV (1 serotype)

L HEV (1 serotype)

Avian 18V (at least 8 serotypes)* TCV (1 serotype)
* - The number of serotypes for all strains may increase as further

studies evolve.

8
The mechanism of coronavirus replication is now reasonably clear.

Most coronaviruses replicate in vitre within 12 hours at 370C. Infec-

+

tion is often accompanied by eytopathic changes, either syncytium forma-
J

tion or vacuolation followed by cell disintegration. There are very

little data on the early‘“events, such as edsorption, penetration and

e

uncoating, associated with coronavirus infection. In the case of HCV
229€, virions initially attach over the whole cell surface and are then

re-distributed away from the cell periphery by an energy feduiring

©  process (Patterson and MaéNdughton, 1981). MHV3 uptake fb rabid‘and

temperature dependent (Krzystyniak and Dupu&, 1981). Uptake was not
related to the phagocytic capacityio%‘the cells and might involve a
mechanism such as receptor-mediated endocytosis (Helenius, Fries, Garoff
and Simons, 1980). }he location and mechanism by which the nucleccap-

aids are uncoated after entering the cell is unknown.

\
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. Early studies with Actinomycin-D (Act-b) were conducted to deter-
mine whether the virus could replicate without the host cell DNA func-
tion. The cells were treated at the time of, and at various times Bﬁtaf
infection, with Act-D. it was found that MHV, IBY and RCV grew eqﬁallgh

well in the presence or absence of Act-D (Malluci 1965; Lomnicizi and

'Kennedy, 1977; Parker, Cross and Rowe, 1970). Furthermore, virion-

.

associated polymerase could not be detected, providing additional sup-

port for the positive polarity of the coronaviruses.

Ih'the case of HCV 229E, partiai inhibition of replication by Act-
D was found (Kennedy and Johnson-Lussenburg, 1979). It was reported
that the target for Act-D inhibition @@g maximélly sensitive within the
first 10 hours of replication and it was postulated that a short-lived
host product was involved in virus replication. This putative product
was suggested to be associated with tirus maturation since normal leuei;
of viral RNA production occurred, but markedly reduced levels of infec-

tious virus.

In other experiments, when cells were pre-treated with ‘Act-D for 1

. hour prior to infection and infection synchronised by adsorbing virus at

0-40C, a small but reproducible synthesis of RﬁA could be demonstrated
(Brayton, Lai, Patton ‘and Stohlman,'Q982; Cheley, Anderson, Cupples,
Lee, Chan and Morris, léBla; Cheley, Morris, Cupples, and Anderson,
1981b). This synthesis was suggested to represent production of nega-
tive strand RNA by polymerase which is believed to have éeen translated
from incoming geqomic RNA. This 'early' RNA polmerase (in the case of
MHV) was detectedAwithin 1 hour post infection. A second or 'late' RNA

polymerase activity was fqund;at 6 hours post infection. The early RNA

transcripts were reported to be mainly negative-stranded whereas the
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products of the laste polymerase were primarily‘pé;;EECE-stfanded (Bra%r
ton et al., 1982). It was suggeéted that the negative strand RNA .would
serve as template for the production® of the positive-stranded RNA end a
replicative intermediate wes postulated. Such a replicative interme-
diaﬁel(RI) consisting of a single species which corresponqiﬂfo the full
length MHV genomic RNA has been reported (Lai et al., 1982b§ Lai, Baric,
Brayton and Stohlman, 1984).

During coronavirus infection, six 3'-co-terminal subgenomic RNAs
which form a nested set extending in the 5' direction are produced.
These are synthesized in non-equimolar amounts but in relatively con-
stant proportions (Stern and Kennedy, 1980a, b; Spaan et al., 1981;
Wege, Siddell, Sturn and ter Meulen, 198la, b; Leibowitz, Wilhelmsen and
Bond, 1981). The molecular weighfs of these subgenomic RNAs renge from

..

the smallest 0.6x106 to the largesf 6x106 which is 31m113r to genome

size. This largest genome sized RNA is termed RNA 1 end the smaller

.RNAs are numbered accordingly (Fig. 3). The subgenomic RNAs so far

reported -are all capped and polyadenylated. All subgenomic and a'por-
tion of tﬁe genome-sized RNA molecules are associated with polysomes
throughout inféction (Spaan et el., 1981; Wege et al., 198la). The
messenger fgnction of the MHV positive-stranded RNA species has been
demonstrated in vitro (Cheléy et al., 198la; Rottier, Spaan; Horzinek,
and van der Zeijst, 1981; Siddell, Wege, Barthel and ter Meulen, 1981).
The genome RNA of IBV and its 5 subgenomic mRNA species have been
compared using T)-RNase resistant oligonucleotide finger printing (Stern
and Kennedy, 1980a, b). Together, the 5 subgenomic species greatly
exceeded the total size of the éenomic RNA, suggesting that the subgenoc-

mic RNAs shared some sequences. Comparison of 7; oligonucleotide di-



Figure 3

Nested-set structure and expression of the murine hepatitis virus

genome .

{
The largest RNA is termed RNA 1 and smaller RNAs are numbered
accordingly. They form a 3'-co-terminal neséed-set extending towards
the 5'-end of the genome. All the RNAs are polyaden}lated at the 3'-
end, are positive-stranded and have messenger function. RNA 1 is struc-
turally identicsl to genome RNA. Each gene is identified as the unique
coding region (A-G) on the 5'-end of each RNA. The coded ppoteins have
been tentative?y designated after in vitro translation. The. size of the
translation product for each mRNA corresponds approximately to the
coding pofential of the 5'-sequences which are sbsent from the next.

smallest mRNA. From Siddell et al., 1983.
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gests of these intracellular RNAs revealed that Bbey formed a nested set
of sequences. The oligonucleotides ®of each mRNA species were contained
within the next larger mRNA species, starting from the 3'-end. This
also showed that the genomic RNA was of the same positive sense as the
mRNA since they sha;ed the same oligonucleotides.

By ordering the Ty oligonucleotides of the genomic RNA through
analyses of poly(A)-containing Fragments,:they showed that all of the
subgenomic mRNAs shared common sequences extending from the 3'-terminus
of the genome;

SiTilar data were reported for MHV (Spaan et-al” 1981; Wege et
al., 1981b; Weiss and Leibowitz, 1981; Cheley et al., 198la; Lai et al.,
1981). The relative molapity of each mRNA wes estimated by densitometry
of electrophoresis gels. They concluded that the molar weight incre-

.ments from the smallest to the largest mRNA, probably represented 5h
terminal extension and that because the sum of the molar weiéhts of the
six subgenomic mRNAs exceeded the genome size, the mRNA sequences prob-
ably overlapped. )

No étructural difference between the genome RNA and the genome-
sized intracellular mRNA has been described (Brayton et al., 1982;
Cheley et al,, 198la; Lai et al., 1981, 1982a; Leibowitz et al., 1982;
Mahy, Siddell, Wege, and ter Meulen, 1983; Spaan et al., 1981; 1982,
Wege et al., 1981b; Weiss and Leibowitz, 1981).

The 5'-ends of ail MHV A59 mRNAs shared a coﬁmoh sequence (5'-cap-
N-UAAG). h mRNA contained a Ty-oligonucleotide which was designated
as No. 10. Interestingly, oligonucletide No. 10 was ndt found in the
same position within each mRNA species examined. This oligonucleotide

was found only once in the oligonucleotide fingerprints of the virion
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genomie RNA (Lai et al., 1982a, 1984; Spaan et al., l982j. From Ehese
data, it was suggested that odigonucleotide No. 10 represented a leader
" RNA segment which was joined to the body sequences of every mRNA. Since
this oligonucleotide had 23 bases, and the first 5 nucleotides at the
T-endé of mRNAs were found to be identical for all of the mRNAs (Lai et
al.; 1982a), it was suggested that tﬁe'leadér sehuenge had to be a£
lgésf 28 nucleotides long. The unique nuclectides which were found only
in the mRNAs were thought to represent the junction oligonucieotides
between the leader and the body sequences of mRNAs. Thig was consistent
- with the base sequences of these oligonuclectides, which showed that
they were identical at the 5'-half, but differed at the 3'-half. The
5'-half sequences were presumably derived;From the leader and the 3'-
half sequences were presumably derived from the body sequences of the
mRNAs. |
The replication of MHV was not impaired in cells treated with Act-
D {Mahy et al., 1983) indicating that cellular RNA synthesis was not
required. The synthesis of each mRNA wes inactivated by UV irradiation
rin proportion to its own lengqth (Jacobs, Spaan, Horzinek and van der
Zeijst, 1981). Thus the subgenomic mRNAs were not derived from the
cleavage of precursor RNAs. Furthermore, the nascent RNA chains in the
RI structure contain the leader sequences, suggesting that the leader
sequences were not gdded to the mRNA post-transcriptionally, but were
probably synthesized independently and then served as primer for the
synthesis of mRNAs. This indicated tha£ the leader RNA and the body
sequences of MHVY RNAs had to be joined by a novel nucleus-independent
mechaﬁism. The most likely model proposed that the leader RﬁA was

syntﬁesized independently and fell off the'negative-strandeleNA tem-

*

.
AN



-‘za -

plate. This free leader RNA then_Qas then bound to RNA polymerase or to
a short complementary region at the initiation sites for different
mﬁNAs. In this fashion the leader RNA served as a primer for mBNA
synthesis (Lai et al., 1984). | '

THe mRNA function of several of the MHV subgenomic viral RNAs has
been demonstrated in vitro, and the mRNAs encoding each of the virion
prqteiﬁs, or {ts precursors, have been identified (Stern and Séfton,
1984). In MHV infected cells, the synthesis of each viral polypeptide
wes initigted ihdependently (Cheley and Anderson, 1981; Siddell et al., .
1983). RNA 7,_iﬁe smallest RNA, encoded N, the intracelluler nucléacap-
sid polypeptide (60K). The unique region of the next smallest, RNA &,
coded for the matrix protein polypebtide (23K) in vitro, or its glycosy-

lated counterpart (25K} in Xenopus laevis oocytes. The third major

intracellular RNA, RNA 3, coded for the peplomer prdtein.EOre FlZUK),
the in vitro translation product, or the ?o-translgtianaiiy glycosyleted
peplomer prec:rsor‘(lSUK) inaoocytes (Cheley et al., 198lb; Leibowitz et
&l., 1982; Rottier et al., 1981; Siddell et al., 1983). The translation
"products of two further MHV RNAs, RNA 2 and RNA 4/5, have been identi-
fied as corresponding to 30K and %4-17K intracellular virel polypeptides
respectively (Liebowitz et al., 1982; Siddell et al., 1983). MHV genome
sized RNA has been translated in vitro to produce e group of polypep-
tides of greater than 200K (Leibowitz et al., 1982) which are suggested
to be‘components of the virus-gspecific RNA polymerase found in infected
cells. . .

After synthesis, genomic RNA and virion proteins were assembled in

the cytoplasm at the rough endoplasmic reticulum and virions budded into

the cisternae, acquiring their lipid membranes from the cell. The
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virions were subsequently transported\through, and acdcumulated in, the
‘ \

Golgi complex and smooth-walled vesicles. .Sites for the insertion of El

and E2 glycoproteins were presumably different, as indicated by the

tunicamycin studies, however they have not been precisely located.

..

There was an absence of budding from the plasmalemma. The mechanism of
virus release has not been Characterized (Bgesley and Hitchcock, 1982;
Ducatelle, Coussement, Pensaert, Debouck and Hoorens, 1981; Holmes,

»

Doller and Sturman, 1581; Massalsk1 et al., 1981, 1982; Siddell et al.]

1983; Sturman and Holmes, 1983) .

—y
Nucleic acid homology has been used to 1nvest1gafe the relation-

ships .between strains by comparing the genomes of several coronaviruses.
The two main technigues used have been nucleic acid hybridization and
nucleic. acid fingerprinting._ Most of the investigations have been
between various MHV strains with a few studies reported on the human
strains HCV 229E and OC 43 or avian IBY straios. Toe data reported oo
far have given én incomplete picture of the molecular relationships

between coronaviruses.

'Moiecular hybridization using ¢DNA prepared from mRNA 7, represen-
ting the MHV A59 nucleocapsid, revealed 70-80% homology betiﬁkn four MHV
strains. This probe represented only 5% of the gename and the nucleo-

capsid gene is the most likely to be conserved among MHV strains (Cheley

et al., 198la, b). In other studies, using cDNA representative of the

entire MHV &enome (termed cDNA rep.) or cDNA representative of only the
3'-end of the genome (termed cDNA-3") sequence homologles of 74%-90%
were reported among weehdy pathogenic A59, hepatotropic MHV-3 and neure-

tropic JHM strains (Weiss and Leibowitz, 1983).

v . €
viem M
.
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The degree of homology was partially reflected in Tl-resistént

oligonucleotide fingerprints of MHV genomes {Lai and Stohlmanm, 1981).

3

This technique- examines only about 10% of the sequences i.e. only those

large enough to form spots by 2-dimensional gel electrophofesis, and is

considered by some to be too sensitive to small changes, even single

base changes in‘large nucleotides, and thus may overemphasize small

differences in-sequence (Weiss and Leibowitz, 1983). Using this techni- .

que, more extensive divergence in MHV strains maintained under persis-
tent conditions as compared fo MHV strains maintained under lytic condi-
tions was demonstrated (Lai et al., 1983).

However, studies on the avian coronaviruses using Tl RNase-resig-

tant oligonucleotide fingerprinting, tended to illustrate the oversensi-
A

wtivity of this technique. The genome RNAs of 13 itolates of IBV were

examined and alfhough identified as IBV isolates by other criteria,

produced 11 quite distinct Fingerprinfs. Different serotypes gave dif-

ferent fingerprints éé mighkt be expected, but .so did varieties within a

serotype. This raised the questibn of which virus isolgte should in
%

fact be considered the prototype strain (Clewley, Morser, Avery and Lom-

niczi, 1981).

Both technigues are valuable tools for the investigation of. mole-
cular relaticnships at:tﬁe genome ievel. Hybridization serves to reveal
&ajorrdifferences when probes are used representing most or all of the
sequences ofbthe virus genome, whereas aligonucleotide fingerprinting

serves to identify such differences.
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RATIONALE FOR RESEARCH | -

. The investigation of the biology bf thé‘human coronavirus infec-
tion has been hampered because-HCVs ére notoriously Ffastidious, their

N - host range beiné usually restricted to the naiugal host. In vivo and in
| vitro persistent inFections of mouse cells.by Mouse Hepatitis Virus
(MHV) are well established and, serve ss a model system for the study of
demyelinating diseasg (Herndon, Griffin, McCormick and Weine?, 1975;
Lucas et el., 1977; Stohlman and Wéinér, 1978; Leibowitz et al., 1984).
In order to gndefstand the;ﬁéphﬁnisms of pergisten;e,‘the molecu-

" lar biology of corbnavipuses has been intensivély studied. Most studies
have focussed on MHV or JHM coronaviruses of the murine system (Lucas et
al., 1977; Stohlman and Weiner,}1978; Hirano et.al” 1981; Holmes and
,Qghnkei 1984; Lavi et al., i98&;¥égfﬁowitz éf al.,'l984). In 1978, an .
_ .iﬂ xi&gg bf;éistent infectibn‘with the human poronavirus HCV 222E was

<<j\ establigheﬁ ig/fI;;\EEIIS, a humar- embryonic lung cell line (Chaloner-

\\\;#}/ Larsson and Johnson-LussgnbgFg,~l981a).

Preliminary biological study of these viruses reQealed that the
persistent statedmigﬁt_be associated{gith the class of non-cytﬁc&daf
infectgons‘transmitted through cell division (Chaloner-Larsson and John-
sonLLussenburg,.i9Bla, 1981b). Tbif implies that all the cells contain
copies of the viral genome and that expression of the genome requires
host permissiveness. Acute or persistent infections of the same cell

type were dependent: on the temperature of:incubation.” -

L]
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Phenotyplc dlfferences bétween the parental 229t and per81stent VH

v1ruses, were characteristic of th QS infections. The VH v1rus was mo?d

4

cyt001dal in L132 cells at 31ﬂi4;23p 229E virus. The VH virus also

demonstrated a greater efficiencyAf replication at the optimal tempera-

Iture'of 330C gs it consistently produced higher titres’of_infectiqes'

virus, and & faster growth curve. Antigéhically the 229t and the VH

L J
viruses seemed to be identical: Virus shedding from the persistently

N

infected cells was temperature dependent, in that at 379C, the optimel

temperaturé for :lls, the cells continued to grow and continuously

»

produced high titres|of infec¥ious VH vir:?, wheress at 33°C cell death

dccurred resulting in & charateristic ly¥ic infection.

The persistently infected célls were characterized and found to be

.resistant to super-irfection with the homologous 22%9F virus but permit-

ted replication of poliovirus, a diFFereﬁt group. No reverse transcrip--
tase activity was detected indicating that a retrovirus or other:source
of reverse transcriptase was not present in the system and ruled out

-
incorporstion of the genome as a possible mechanism of persistence. No

evidence of DI particles wa% found, again ruling out a second possible

mechanism of persistence.

Recently, the presence of small amounts of interferon (IFN) was
detecfga by neutrallzatlon with antlbodles to HuIFN- and HulfFN-B,
suggesting that in addltgon to temperature, IFN was involved in the
mechdnism of pefsistence. | QE:; ..

The VH virus ha; reﬁainqd phenotypically- stable through' hundreds
oﬁ-pa$sages\DF the persistently infecred cell line, and the persistently

infected cell line could be frozen and recovered after extended periods

of time.
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In order to further elucidate the changes in the virus progeny
resulting from the peréistent infection, it was of interest to undértake_
a comparative study of the RNA genomes of the parentsl 229E and persis-

tent VH human coronaviruses. The purpose of this investigation was to:

1. Isolate and characterize 229€ and VH RNA.
.. 2. Synthesize cDNA praobes for each RNA.

3. Compare ‘genome RNAs by liquid end solid phase hybridization.
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I1. MATERIALS AND METHODS ‘ -

%
-

Suppliers of products, reagents and equipment are listed in Appen-
dix I. _ : :

1. VIRUS

The human coronavirus 229E (HCV 229E) wes oyiginally isolated in
" secondary human kidney tissue culture (Hamre and Prpéhnow, 196&). " The
source of the present seed virus‘was the Laboratory Centre for Disease
Conérol (LcDC) in Ottawa thch haa received the original‘seﬁd virus in
September, 1969 from Dr. R. Chanock, N.IHL, Betﬁeédg, Merylénd. Tﬁe
virus, had been-bassaged twice in Human Embryonic ékin Fibroblast cell

.cultures at”LCDC and was tested and found to be free of mycoplasma.

~
\

2. CELLS AND CELL CULTURE

(a) Media ; | )

All cells were grown in Eagles Minimal- Essential Medlﬁm (MEM) w1th
Earles balanced salts. The MEM wal supplemented with 10% fetal calf.
serum (FCS), 200 mM glutamlne, 2.0 g/L of NaHCO3, 100 unltg/mL of penl-
cillin, lUQhug/mL of streptomycin and 50 ug/mL of neomy01n. When kana-
mycin was used it was at a concentration of 100 ug/mi.

"For plaque tests, an overlay medium composed of Medium M199 con-
teining 0.2% NaHCO3, 2% FCS, antibiotics and 0.6% of Oxoid Agar No. 1.
containing SU‘Ug/mL 5-bromodeoxyuridine, (BUDR), and Zﬁﬂ ﬁg/mL diethyl-
amino-ethyl dextran (DEAE-dextran). The BUDE was included to enhance
the plaque counts and to produce larger ‘clearer plaques and the DEAE-

dextran to malntaln the quallty of the monolayer (Hamre, K1nd1g and

Mann, 1967, Bradburne and Tyrrell, 196%9).



(c) Persistently Infected (Hv-1) Cells
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(b)  L132 Cells
, The continuous humen;enbryonic cell line L132 (Davis and Brolin,
1960) was obtained from the cell bank at LCDC. It had originally been
received from the American Type Culture Collectlon in 1970. -1t was
stored in liquid nitrogen and recovéred as/ﬁéquired to start new stocks.
It was tested for the presence ef mycoplasma (Barile and Kern, 1971} at
our.paesege levels 6, 10, 12, 14, 18 and 21 end found negatlve. The
cells were used between passages 5 and 50 for production of virus and
plaque assays.
Confluent monolayers in 75 cmZ flasks were trypsinized twice per
week. They were split at a ratio of 1:3 or 1l:4 as required. The

planting concentraflon was approximately 100,000 cells/mL. Each flask

" received 30 mL of cell suspension (3 million cells/Flaek or 40 000 cells

per cm2).. Confluent monolayers were obtained‘ln approximately 3 days at
: // PP

370C. A yield of approximately 10 million cells/flask was regularly
. :
found by viable cell counts using trypan blue

I

The per31stently infected HV-1 cell llne/dgs originally estab-
lished in 1978 (Chaloner-Larsson and Johnson-Lussenburg, l9§ie, l981b)
The ;uccessful maintenance of these per51etently infected cells was
directly related to the tempe:ature of incubation subsequent to initial
infection with 229E virus. Pereistently infected, cells were maintained

by regular passage (3 times/week) and incubation at 370C

These cultures were e stable population of cells which appeared

normal and grew at rates characteristic of L132 cell cultures and con-

tinuously shed virus into the medium at titres of 105 to 106 pfu/mL per

48 hours. Persistently infected cells were stored in liquid nitrogen

-

\ ‘-7\
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and revived without difficulty whenever a new stock was. required. These
i
cells were tested for the presence of mycoplasma at various passage

levels and found to be positive. Various methods were attempted to

eliminate the mycoplasma species present, however none were successful.

3. VIRUS PROPAGATION

HCV 229E and persistent VH virus (virus derived from persistently
infected HV-1 cells) wére propagated as acute infections in L132 celis.'
-Cell monolayers were inoculated at an approximate multiplicity of infec-
tion of 1.0, adsorbed for 1 hour at ambient temperature, fed with serum-
free MEM and incubated at 339C for 40 hours. Virus was stored at -70°0C
either as whole infected cultures or as supernatant fluid (SNF) which
had been clarified at 1000xg at 40C for 20 minutes. Persistent VH virus
shed Ff@m the persistently iafeéted cells was also harvested 48 hours
after 5;ssaging of HV-1 cell cultures. Supernatant fluids containing

n/"‘
' 'h\\\the persistent VH virus were collected, clarified at 1000xg, and stored

\.-709C for further concentration.

Yo prepare radioisotope labelled virus, the cells were infected as
described above, but at the end.of the adsorption period, 10 uCi/mL of
5-3H uridine (specific activity 25 Ci/mmol) wes added to the MEM. In

some experiments 1 ug/mL of actinomycin-D (Act-D) was included in the

MEM (i.e. added post adsorption).

4, PLAQUE ASSAY

Virus was titrated by plaque assay in monolayers of L132 cells in
75 e¢m? flasks (Kennedy and Johnson-Lussenburg, 1975/76). Aliquots of
0.33 mL of virus dilutions were inoculated on to each monolayer and

-

allowed to adsorb for 1 hour at ambient temperaturé with re-distribution
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of the inoculum evef§ 20 minutes. At the end of the adsorption period,
the monolayers were overlaid with 30 mL/flask of plaque overléy medium
which had been previously equilibrated at 459C., The agaé was allowed to
solidify at ambient tempe;;ture and the flasks were‘incubated upside
down at 330C for 6 days. At the end of the incubation period, each
culture was covered with 10 mL of 5% formol-saline in order to inacti-
vate infegtious virus and to fix the cells. After 1 hour at ambient

temperature the agar and formol-saline was removed. Finally, the cells

were stained with 1% crystal violet and the plaques counted,

5. VIRUS PURIFICATION AND CONCENTRATION

Two methods were used for the purification and concentration 'of

viruses.

{(a) The Density Gradient Method

HCV 229E* or VH infeeted radiolabelled cultures were first sub-
Jected to three freeze-thaw cycles to release virus and produce a cell
. lysate suspension. The'Iysate was clarified at 1000xg for 20 minutés at
40C. The su;ernatant was removed and thq cellular debris was discarded.
Radiolabelled virus was harvested from the supernatant by pelleting onto
a 65% w/v sucrose cushion at 48 DUng at 4°C for 60 minutes in Beckman

SW28 rotor. The 4 mL of 1nterface maferlal was collected via a perls-

]
taltic pump. The interface materlal was pooled. This was placed in an

-
ultrafiltration cell at 49C with an XM 300 membrane snd washed free of

sucrose using 1 mM phosphate buffer at pH 7.2. The resulting virus
concentrate, now in phosphate buffer, was further purified by rate zonal
(velocity) céntrifugation through a preformed 10-35% w/w sucrose gra-

X , ~
dient at 63,000xg at 40C for 90 pinutes in a Beckman SW28 rotor. Gra-

/



-3 -
dients were fractionated into 2 mL aliquots from the bottom of the
centrifuge tubes.. A 50 uL semple of eéch fraction was read on a refrac-
tometer to determine the sucrose concentration.” From each fraction 100
ul was added to 10 mL of scintillation cocktail and counted in a Beckman
LS 250 scintillation canter: The-peak fraction containing radioactive
virus, plus one fraction on either side of the peak were pooled, washed
and concentrated by Amicon ultrafiltration as before (Kennedy and John-
son-Lussenburg, 1975/76).

The virus cbncgntrates were then layered onto preformed linear 25-
65% w/w sucrose gradients in 1 mM phosphate buffer pH 7.2, and cgnfri-
fuged to equilibrium at 63,000xg at 4°C for 18 to 24 hours in a Beckman
SW4l rotor. 500 ulL fractions were collected from the boftom‘of each
tube. A 10 ul sampiq per fraction was read on a refractometer. Another
10 ul sample per fraction was added to 3 mL of scintillation cocktail
and counted. The peak fractions were pooled and pelleted at 97,000xg
for 120 minutes in a Beckman FA 50 rotor.. The pellets were resuspended
in 100 ulL of 1 mM phosﬁhate buffer and used immediately or stored at -

'700Q (Chaloner-Larsson and Johnson-Lussenburg, 1981). -

(b) The Polyethylene Glycol Precipitation Method

At 40 hours post infectibn, SNF's were femoved Froq infected
cultures and clarified at 1000xg at 40C for lU‘minutes. The clarified
SNF's were first adjusted to 2.2% NaCl (0.4M) and then_to 10% polyethy-
lene glycoi'GOUD (PEG) using stock solutions of 22% NaCl and 30% PEG;
Virus was precipitated at 40C for 18 hours énd pelléted at 10,000xg at

40C for 30 minutes (Wege et al., 1978). Infected cell monolayers were

covered with 5 mL of 1 mM phosphate buffer pH 7.0 and frozen.



K. PREPARATION OF RNA

A variety of extraction procedures exist for the isolation and
purifichtion of RNA. The utility of each depends to#a large extent on
the neture and source of the starting material. Some methods use phenol
(Pe}ryAet al., 1972), SDS (Hiatt, 1962), or protein;se K and detergents
(Glisin et al., 1974).

The RNA genome of the various goronaviruses is usually considered
to be fragile. In order to obtain as large a part of the genome as
intact as possible two approaches were used to obtain RNA. Two sources
of vir;s were used: viru; obtained after sucrose density gradient
purification or virus obtained after PEG precipitation. The main con-
cern.with any extraction procedure was to prevent possible contamination
of preparations with RNases. RNases are extremely hardy and repidly
digest any RNA isalated. Therefore, in an attempt to preclude RNase
activity the following preceutions were observed.

All procedures were.éerformed wearing disposable gloves in a work
area restricted to work with RNA and the use of disposable latex gloves.
All procedurés were performéd in an ice bath. All solutions, where
possible, were treated with diethylpyrocarbonate (DEP) for at least 1
hour and autoclaved. The DEP combines with protein and when autoclaved
destroys the protein and therefore any RNaséé (Fedorcsak and Ehrenberg,
1966). Glassware was immersed in a nitric acid or chromic acid bath
overnight. It was thoroughly washed in double distilled water and
siliconized wifh dichlorosilane. All glassware was beaked overnight at
2500C. Disposable microcentrifuge tubes and micropipettbr tips wefe

autoclaved;
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For the extraction of RNA, virus pellets were resuspended i;divid-
ually in 1 mL of TES buffer (10 mM tris-HCl pH7.2, 1 mM EDTA, 100 mM
NaCl), adjusted to 0.5% SDS detergent (Na dodecylsulfate), 200 ug/mL of
proteinase K was edded and, after thorough mixing was incubated with
shaking at 37°C for 30 minutes. A phenol-chloroform extraction was then
performed by adding equal volumes of a 1l:1 mixture of re-distilled
phgnol and'chlorofprm saturated with TES. These mixtures also contained
8-hydroxy quinoline (0.1%) which acts as an anti-oxidant, as & partial
inhibitor of RNase and as weak chelator of metal ions (Kirby, 1956).
The mixtures were thoroughly mixed and centfifuged in a microfuge at
12,800 rpm/10 minutes (lU,Odeg). The aqueous phases were carefully

removed and pooled in siliconized, beked 30 mL Corex tubes and adjusted
‘to 0.2M ammonium acetate (NH,ac). Two volumes of cold ethanol were
added and the RNA wes allowed to precipitate at -200C for 18 hours. The
RNA precipitate was centrifuged at 10,000xg at 40C for 30 minutes. The
supernatant was removed and the RNA pellet was dried under vacuum. The
dried RNA was dissolved in 100 uL of DEP treated water (DEP water) and
sahples were withdrawn for Apgg readings or for scintillation counting.
For long term storage the RNA was stored either under ethanol oflgs.a

dried preparation at .- 70°C.

7. ELECTROPHORESIS

Electrophoresis was conducted by standard methods (McMaster and
Cérmichael, 1977). Samples for electrophorgsisrwere denatured by adding
a mixture of 1.0 M glydxal and 50% dimetHylsulfoxide (DMSO0) in 10 mM
phosphate buffer pH 6.8 to the RNA and heating.at 50°C for 60 minutes. .
The glyoxal and the DMSO were routinely de-ionjzed immediately prior to

use with a mixed bed’resin until the pH was neutral. Gels consisted of
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1.5% agarose cast in a horizontal apparatus. Gel§ were run submerged
under 10 mM phosphate buFFer>pH 6.8 and the buffer was constantly re-
circulated betweén the reservoirs to maintain the neutral pH required
for the stability of the ‘glyoxal-guaenosine edducts. The samples were
electrophoresed at a ‘constant 100 volts for 120 minutes.

Prior to loeding each sample, sterile loading buffer consisting of
50% glycerol, 10 mM phosﬁhate buffer pH 6.8 and 0.4% bromphenol blge was
added to each sample to menitor migration. RNA size markers were rou-
tinely included in edch gel. These were 165 and ZBS_Q;EQAE_RNA'and 45
yeast RNA. However, a suitable size mearker for thadéxpectéé 605 viral
genomic RNA was required. Glyoxal-dénatured RNAs and DNAs fall on the
same log molecular weight versus relative mobility curve which makes it
possible to estimate RNA molecular weights using easy to obtain DNA
fragments of known size as markers (McMaster and Carmicheel, 1977).
Therefore, a preparation of lambda DNA digesfed with the restriction
enzyme Hind III, was used to provide markers (Szybalski and Szybalski,
1979). Hind I1I .digestion of lambda bNA generates 8 fragments (23.5,
9.7, 6.6, 4.3, 2.2, 2.1, 0.47 and 0.13 kb). The 23.5 kb fragment
migrates approximately equivalent to the 605 viral genomic RNA.

After electrophoresis, the glyoxslation of RNA was reversed by
soaking the gel in 50 mM NaOH for 1 hour. Th; gel was washed 3 times in
S0 mM phosphate buffer at pH 6.8 and stained with ethidium bromide. It
was washed again and photographed under UV light, using a Polaroid MP3
camera. _ '

In ordgz‘to detect the 3H-labelled RNA pr%sent in the gels, the

L
gels were dehydrated with three 10 minute washes in ethanol. This was

followed by soaking in a 3% solution of 2,5-diphenyloxazole (PPO) in
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ethanol %or 18 hours. The gel was then washed in water to precipitéte
the PP0. The gel was placed in a slab gel dryer, covered with a piece
of Whatman filter paper and Saran Wrap énd dried under vacuum for 1
hour. Heatl(GOOC) was applied only for the last half hour of drying tor
avoid crecking of the gel. Thé dried gel was placed on a sheet of Kodak
XAR Film in & Kodak cassette with intensifying screens and fluorographed
at -700C for varying lengths of time (Bonner and Laskey, 1974).

DNA preparations were run under exactiy the same conditions and
treated in the same manner. The gels were stained with ethidium bromide
and phofographed under UV iight tg locate the DNA molecular weight
marker bands.

For autoradiography of cDNA labell with 32p, the wet gel was
wrapped in Saran Wrap, placed on a sheet of Kodak XAR éilm in a Kodak
cassette and autoradiographed at ambient temperature for varying lengths

of time.

§.  SELECTION OF POLYADENYLATED (POLY [A+1) RNA - ,fﬁ

Purified RNA was heated in TE buffer {10 mM Tris-HCl1 pH 7.4 and 10
mM EDTA) at B0C to 909C for 2 minutes. It was then quickly cooled on
- ice, and NaCl‘wps added to 0.5 M. This solution was then passed over an
Dligordeoxytthidylic acid (oligo-dT cellulose) column equilibrated in
binding buffer (0.5 MNaCl, 10 mM Tris-HCl pH 7.4, 1 mM EDM, 0.2% SDS).
The unbound material was-removed by washing the column with three or
more voluﬁes of binding buffer. Polyadenylated acid (polf A+) RNA was
released from the column by eluting in TE buffer with 0.1% SD5. The RNA
in the eluate was ethanol precipitasted as previously descriped (Menia-

‘tis, Fritsch and Sembrook, 1980).
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g. INFECTIVITY OF mRNA

Positive-stranded RNA is supposed to be infectious. In order to
evaluate the 229E-RNA for infectiousness, the salt shock method was
sélecfed to introduce the RNA into the susceptible ﬁqst cells (Wecker,
Humﬁeler and Goetz, 1962). Poly (A+5 or mRNA was initially treated with
1.4 M MgS0, while monolayers of LlBi-cells were pre-incubéted with
saline containing 0.02 M MgSQs for 15 minutes at 379C. The conditioned
cells were then overlaid yith pre-treated virus RNA mixed with DEAE-‘
dextran (0.5 mg/mL}. Affer 25 minutes adsorption at ambient tempera-
ture, the cells were washed with saline and MEM containing 2% FCS. A
series of blind passages.was carried out-in order to try to amplify the
virus. The monolayers were overlaid with plagque media as usuél and

monitored for pléque development st 339C (Wege et al., 1978).

10.  PROBE SYNTHESIS

-

Complementary DNA (cDNA) praobes were synthesized using avien mye-
loblastosis (AMV) reverse transcriptase. Genome RNA from purified vi-
rus, which is known to be of poggtiVe polarity, was used as template.
The cDNAs were labelled with [5'-d 32P]-thymidine triphosphste to a
specific activity of 3.4x;07 cpm/ug. To synthesizé cDNA representative
of‘the entire coronavirus‘genome (cDNArqp), a Qrocedure‘using-oligomers
of oalf thymus DNA as random primers was used (Weiss and Leibowitz,
1981, -1983; valotaire, Ténniswood, Leduellec and Tata, 1984). 0ligo-
dTyp_18 primer was used for synthesis of short cDNA representating the
3' end of the RNA gename (cDNA-3'). The cDNAs were synthesized in the
presence 100 ug/mL of Act-D to ensure fhe synthesis of mainly single

stranded cDNA which was required for liquid hybridizaton experiments.
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11.  LIQUID HYBRIDIZATION

Liquid hybridizatiﬁn ;eactions were cohducted as described by
Britten et al., 1974. Incubations wére cérried-@uf at 680C in 0.3 M
NaCl at various nucleic acid concentration; and £imes. A minimum of
100-fold excess driver sequences-were always used in relation to‘tracef
component. Ea;H time point had at least 1000-2000 cpm of -tracer. Reac-
tion mixtures were prepared in hybridization buffer and 4 ulL was ioaded
into siliconized.capillary tubes, flame sealed and stored frozen. At
the time of ﬁse,léapillary tubes were boiled for 3 minutes and plgced at

‘ i

680C to hypridize. At appropriate time intervals, capillaries weBe
placed into a dry ice/ethanol bath. Upon completion of the whole hy-
bridization'rgaction, capillafies were broken open end emptied into éDU '
ul 53 nuclease buffer (50 mM Na acetate, 100 mM NaCli I}WM Zntl and 10
ug/mL denatured calf thymus DNA). Each sample was split into two por-
tions. One'served as a confrol and Ehe cther was digested with 20 units
of 5y nuclease. Digestion proceeded at 42°C for 45 minutes.

To each sample was added 200 uL of 50% tri-chloro acetic acid
(TCA) and 600 uL of carrier RNA (tRNA 150 mg/mL) and placed on ice for
30 minutgs to allow the RNA to precipitate. Each sample was filtered
under vacuum in a Millipore Manifold fitted with Whatman GF/C filte%
discs. Each resction tube wes washed 3 times with cold 5% TCA to enslre
removal of all traces of the digest and the washings were added to the
appropriate filter. Each filter was then washed 3 times in cold eth-
anol, placed in open scintillatioh vialé and placed into a 379C oven

until dry. Three mL of scintillation cocktail wes added to each filter

and the radiocactivity was counted in a scintillation counter. All

a

samples were tested in duplicate.
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Percent hybridization was calculated using the following formula:
- -

(cpm in nuclease treated sample - background)
” x 100

(epm in nuclease untreated sample - background)

The background count represents the zero time or "snap- back" hybridiza-
“(:gfgion radioactivity and is subtracted from each value.
-

Kinetic analysih of nucleic acid associatian by -base pairing is a
valuable technique for determining the complexity and relatedriess of

sets of nucleotide sequences (Appendix II). In the case of RNA-DNA

" reassociation reactions, the value is expressed as a Rot velue. The Rot

NORTHERN BLOT HYBRIDIZATION

HCV 229E, VH and L132 cellular RNAs wete glyogalateJ fo denature
Lhe RNA, electrophnreéed in agarose gels and blotted onto membrape
supports (Thomas, 1930; Meinkoth and Wahl, 1984). The solid supports
used were PALL biodyne nylon membranes which are claimed to.Qe 500 fold
more efficient than nﬁtrocellulose in RNA transfers using the Qéthod of

Thomas (1980). This sensitivity is comparaale to that obtained with
diazo-benzyloxymethyl peper in that picogram (pg) quaptities-of nﬁcleo-
‘tides can be detected with higher resolution and lower backgrounds. The
p;;tncol supplied with the biodyne membranes was followed closely in

arder to optihize the hybridization procedure. The bound RNA was then

hybridized with cDNA to each individual template RNA and autoradio-
! .
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graphedi(Alwine, Kemp and Stark, 1977). .

In order to reduce background reactions, several experiments were
performed in which northern ‘blots were t;eatgg with pre-hybridization
réacfion mixtufeé which included non-lebélled cDNA pféparéﬁ go eellular

RNA template and/or calf thymus random primer.
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III. RESULTS

1. PURIFICATION AND CONCENTRATION OF VIRUS

A standard preparation of HCV 229E seed virﬁs was prep;red and
: storeé at -700C. Thereafter, when a new batch of virus was produced and
titrated in the plaque assay, the seed virus was included’ as a control
in order to assess any variability in test results. Titfes ranged from
1.6x10# to 3.9x107 pfu/mL over ; period of 2 years. The ingredients in
the plague overlay média were compared From‘z laboratories and were
identical except for the Noble Agar No. 1 (Dxoid). Batches of this agar
he&ﬁla\Pe ?ré-tested to ensure good production-of plaques. ﬁnly those
allowiné productiaon of large plaques were accepted for use in plaque
assays.

Virus één;entration and purification using sucrose gradient -and
molecular sieving procedures (Fig. 4)-was slqw,‘labor intensivg; limited
by equipment, expensive and provided §mall yields;. It also required
many manipulations.duriﬁg which virus deggadation.ahd Ibgg offinfectiv«
ity took take plaée ma&ing it difficult to estiﬁate.concentraﬁion’Fac-
tors.

Peaks were feadily identified in'the gradieﬁts-when the virua_was
labelled witﬁ 3H-uridine. The density of the virus in\iﬁe peaks was
determined in e&hilibrium,sucrose gradients. The virus band was found
in the 43% suérose fraction which corfespo ds to a density.of 1.18
g/cm3, Material from virus peasks was centrifugeg\ET\97,000xg for 2
hours, the pelle£ resuspended in 100 uL of 1 uM phesphate buffer (pH 7)

and stored frozen at -200C until the viral RNA was'egtracted.
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Figure 4
Flow Chart of Purification 229 and VH Viral RNA

Infected cells +SNF (F&T-3x) Infected SNF
Cushion, 65% sucrose Clarify
Ultrafiltration
t=n
Velocity 10-35% sucrose . Precipitate with 2% NaCl
50,000xg, 90 minutes ' and 10% PEG
Equilibrium 25-65% sucrose 24 hours at 40C

63,000xg for 16, hours

Pellet (97,000xg for 2 hous : Pellet
[

.- Proteinase K/SDS

Phenol~CHC13 ' -

Precipitates.with EtOH

Ammonium acetate at -200¢

Pellet RNA
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The second protocol employing PEG 6000 and NaCl was used to reduce
the number of manipulations and exposure of the virus to nucleases. The
advantages were immediately apparent as larger batches (2060 mL versu;b
200 mL) of virus could be processed in 24 hours as compared to 5 days by
the first method. Concentrationlfactors were readily determined after
concentration as infectivity of - the virus was maintained. Typical
concentration Factors were from 25 to 60 times Based on titres of origi-
nel virus. This procedure did not produce & preparation as purified as
the gradient method.but was adopted due to itsvrapidity and the neces-
sity to circumvent problems arising from the presence of RNases. Lead-
ing authors in this area have found and recommended that besf results
are obtained by ﬁethods which are rapid aﬁd direct in order to reduce
the possibility of ‘RNase contaminat@on and digeafion,-which can accur
even when stored at'véry low temperétures @ith a variety:bf'RNase inhi;
bitors (Lai and §tthman,,l978; Weiss and Leibowitz, l9é3%

initialli, RNA Qas eeracted using lﬁ'gDS and heating at 37°9C,
from virus purified éy thé first protocol. Sucrﬁsé gradients of such
materidl seldom produced a sﬁarp peak - of 60S ﬁNA (Fig. 5). Usually RNA
containing Féacfions comprised a large portioH of the gradient indica-
ting that various éizes of RNA were present and that degradation of the
RNA had probably occurred. A further complication was that,.initially,
when HCV 229E wes pFopogated, itrwas not 1abelled'with isetope in-the

presence of Act-D as Act-D had been shown to curtail production of
. N |
infectious virus (Kennedy and Johnson-Lussenburg, 1975/76). As a result
% cellular RNA as well as viral RNA was prabably labelled.
e——y

L]



Figure 5

Velocity sucrosa gradient of RNA extracted from 229E by SDS and heat

‘ E L}
tr e

Purified 229F virus was treated with 1.0% SDS and heated at 379C. The
resultant product wes losded onto a 5-25% sucrose gradient and centri-

fuged at 35,000 fpm for 4.5 hours. Fractions were collected and radio-

A
activity counted.

-
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Uéing the second method of RNA extraction (Mpniatis, 1980) with
PEG purified virus, clean peaks on gradients were achisved (Fiéure ).
The use of SDS and digestion with profeinase K followed by extraction
hith-phenol and éhloroform reduced residual protein, howéver, when |
excess protein was sdspected phenol/chloroform extraction was repeated
several times until Ajg0/A280 values of 2.0 were abtained for the al;o-
hol precipit?ted extract indicating that the RNA was essent{ally free of
any profein. ANA was then precipitated with 2 volumes of ethanol kEtUH)
at - 20°C overnight, pelleted, dried under vaggum and reconstituted
when requided. - Average yields of RNA were 8.8 ug per T75 flask for 229E
virus and 17 ug pgr T75 flask for VH virus prepared under acute infeo-
tion conditions. "An average of 107 pfu's\per flask were obtained wth
229E, and an average of 1010 pfu's per flask\for VH virus. With these
values it was possible to calculate the pfu ‘to particle ratio for each

virus.

Average mw nucleotide (320) x Nucleotides (20,000)

Avogadro's number (6.023 x 1023)

-

equals RNA per virion = 1.0 x 10-11 ug/virion

A
o .
If the RNA from 1 virion weighs 1 x 10~1l yg, then 8.8 ug of 229E RNA

repr;sents 8.8 x 1011 virions, end 17 ug of VH RNA represents 1.7 x 1012
virions. Therefore the particle to infectivity {(pfu) rétio must be
880:1 for 229E virus and 170:1 for VH virus. " This may be a reflection
of the fact that the VH virus was found in previous studiés to be more

cytocidal, to have a higher efficiency of ‘replication and to yield

higher titres.
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Figure 6

Velocity Sucrose ,Gradient of 229E Virus RNA

-,

Purified 229E virus was treated with SDS and proteinase K followed by
phenol-chloroform extrection. The RNA was precipitated with ethanol and
loéded onto a 5-25% velocity sucrose gredient which was centrifuged at
24,000 rpm for 16 hours. Fractions were collected and radioactivity

counted. E. coli RNA size markers were detected by UV spectrophotometry

.at 260 nm.
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" Initielly problems were encountered with visualization of the

glyoxalateﬁ RNA in 1.5% agarose gels. This was due to the low effic-
iency of ethidium bromide intercalation with. RNA under these‘conditions
which resulted in very faintly stained smears as appearing under uv
light. This procedure wasomodified, by. treating the glyqxﬁl-guanosine
adducts with 50 ﬁM_NaUH which resulted in their complete dissoéiation
(McMaster and Carmichael, 1977). The glyogal then no longer interfered
with ethidium bromide intercalation end stained RNA was readily seen

under UV light.

In these preliminary experimentsyxno RNA in the 605 size region

could be detected but long smears of RNA were observed (Fig. 7, lanes @'

and 9). This indicated a wide range of RNA molecules were prege
the gel, presumably breakdown products of the genome. RNA prepardd from
persf%tent VH virus from the supernatant fluid (SNF) of infectgd cul-
tures maintained at 370C, gave a very different result. As t'é‘cells

were in good condition, and because there was no freezing ‘and’thawing to

release cellular RNA and RNases, a pure viral preparatton was obtained

with minimum delay. When extracted by the phénol-chlqroform (P-C)

«method and electrophoresed, the first evidenceé of an isclated 60S band

of HCV RNA was obtained (fig. 7, lanes 2 and 3). Jhis result was

repeatable with similarly‘produced batches of ANA from VH virus SNFs,

(Fig. 7, lanes 8, 9 and 10).

ﬂ this point a batch of 229E virus was prepsred and purified by

PEG p ééipitation directly from the SNF without freezing and thawing.

The BNA was extractéd by the phenol-chloroform method. After glyoxal
) M v

treatment the RNA was electrophaoresed on an agérose gel and a faint band
.

in the 605 regibn Waskpbtained. Further similar preparations verified

#
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figure 7
Agarose gel electrophoresis of 229t and VH RNAs

——

~ -

Viral RNA treated with glyoxal (5 ug/iane) was electrophoresed in a

“horizontal 1.5% agarose gel in 10 mM phosphate buffer {pH 6.8), at 100

mA for 2 hours. Bangs-Were s.tained with ethidium bromide and photo-

3

graph?d under UV light.
229E RNA lenes 4, 5, 7, 11.

VH RNA lanes 2, 3, 6, 8, 9, 10.

.

RNA size markers in lane 1 and 12 consisted of lambda DNA digested with

Hind IiI restriction enzyme; the largest fragment approximates 605 size

-~ -
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this result. There was still one problem. In all gels long tailing
smears of smaller RNA species were seen.which when fluorographed were
found to be radioactive.

In order to solve this problem, if wés decided to re-evaluate tge
use of Act-D to produce virus since othérs, working with MHy, always
used Act-D for preparation of theys.viral.RNA (Lai énd Stohlman, 1978).

An experiment was designed to determine -virus production in the
presence of 1 ug/mL‘of_Act-D and the results are shown in Fig. é. ‘In
the first 20 hours post-infection, very little differencé was seen

between the amoﬁnt of infectiocus virus shed into the medium from cul-

tures treated or not treated with.Act-D.,_Both groups had titres in the

SNF of about 3x106” pfu/mL at 20 hours post-infection.™ By 40 hours post-
infection however, a difféfe?ce was observed: 4x106 p%u/mL in tﬁe SNF of
treated cultures, ;nd 16x106 in the SNF of untreated cultures,"a 4 fold
difference. No further attempts were made to determine whether titres
of cell associated virus were different.

This method was adopted, even though less virus gppeared Eﬁ be
produced in the SNF, in order to ensure-that only viral RNA was labe}lga
with isotope. The viral RNA producéd by this prﬁcedure was extracted,
treated with glyoXal and electrophoresed. Only a clear band in the 605
region was seen under UV lighfrwheh'the gel was stained Wiih ethidium
bromide (Fig. 9, lane 3). When the gel was dehydratéd in elcohol,
treated with PPD and fluorographed at -700C, bands in the 60S region
were observed. Only a small amount of RNA of a smaller size was evident -
(Fig. 14 laneg 1, 4, 7). This proceduré was édopted for 229E RNA

production.

When RNA from th 229E and VH viruses was electrophoresed in the



figure 8

Comparison of 229f Virus Yields in the Prcsence of Actinoﬁycin—D

. . . - . //‘
Virus was grown in% 132 cells either in the absence of or in the pre-

sence of 1 ug/mL of Actinomycin-D. Sampies'of 5NF were taken at various.

times post infection and infectious virus was assayed by plaque test in
. ’ f

-

L132 cells.

T
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Figure 9 Cj-\
’ : ™
Agarose gel electrophoresis”of 229 RNA, cellular RNA and VH RNA

TN
Lane 1 229C RNA

lLane 2 Cellular RNA
~Lane 3 VH RNA®
f"L\_

-~

Glyoxalated RNA‘was electréﬁhorespd undef acidic (pH 6.8) conditions Ffor
2 hours at 100V, g ted with 50 mM NaOH, stained with ethidium bro-
mide, and photogjjgild.' 229E RNA mid?ated 12 -mm from the oriﬁin,»
whereas the VH RNA migrated only 10 mm from the origin. ThiF indi?ptes

that the VH RNA is larger than the 229 RNA.
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- same gel under identical conditions, it was clear that the RNA of the VH

virus was located nearer the origin than was the RNA of the 229F virus
(Fig. 9). .This result was regularly obtained with many different batch-
es of RNA end indiceted that the VH RNA';as-larger than the parental

229E RNA.

2. PREPARATION OF POLY (A+) RNA

Poly (A+) RNA wés selected'using oligd-deoxythymidine column chro-
matography. Poly (A+) RNA was bound under high salt concenfrations and' 
eluted under low sait concentrations (Fig.lD)._The yields were very
low. From 340 ug of VH RNA, separated by sucrose gradient and chromato-
graphed on an oligo dT column, only 30 ug of poly A(+) RNA was re-
covered, a yield of B.8%. An attempt to demonstrate the infectivity of
this RNA was undertakén using cell shock with high salt concentration
(Hege‘et al., 1978). The results were Qery marginal, as only 1 plaque
was obteined. Due to the very limited quantities of RNA available this

approach to further cheracterize the isolated product /was not continued.

3. PREPARATION OF TEMPLATE RNA i

The coronaviruses are known to contain poi&tive-stﬁgnded genome
RNA.  Therefore the RNA extracted from purified vieds was éﬂf?able for
use as template'for cDNA synthesis. Each preparation of RNAUtU be used
as template was checked on agarose gels to ensure that the 605 band of

genoﬁic RNA was present.

4. SYNTHESIS OF CDNA

The synthesis of cDNA probes was initially as described by Weiss
.and Leibowitz, 198l. This procedure was subsequently replaced by that

of Valotaire et el., 1984. The synthesis qf cDNA representative of the



Figure 10

Selection of poly {(A+) RNA by oligo di column chromatography;

229E RNA was chromatographed through'an 0ligo-dT column with binding

buffer under high salt conditons (1 M NaCl). The column was washed with

binding buffer and then the poly (A+) RNA was eluted under low salt
conditions {(Tris-HCl only). Fractions were collected and examined by UV

épectrophﬁtbmetry to detect peaks containing RNA.
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whole.genda:<§;¥npriﬁed with calf thymus DNA random pfimers. TheJSyn-
thesis of cDNA representative of the 3'-end of the genome was primﬁd
with oligo-dT}p.]g Primer. Alpha-32P-dCTP was incorporated as tracer.
To assure the synthesis of single-stranded EDNA, Act-D was incorporated
into the reaction mixtures (Weiss and-Leibowitz, 1983).‘ After Ehe RNA
template was hydrolyzed the éize of the cDNA was determined by electro-
phoresis on agarose gels (Fig. 11). The relative size of the cDNAs
ranged from 200 to 4000 nucleotides as estimated from molecular Qeight
markers included in each gel. This size range was judged to be suitable

for use in liquid end northern hybridization experiments.
¢

- -

5. HYBRIDIZATION

Liquid hybridization reactions were performed using cDNA (rep.)
synthesized with 229E RNA or VH RNA as template and hybridized to 229E
RNA, VH RNA and cellular RNA. As seen in the upper curvé in Figure 12,
the Homologous reaction was very rapid, exceeding 50% et a log Rot value
of 4. The heterologous VH RNA, the middle curve in Figure 12, reacts to
50%'at a log Rot value of 2.2. The lower curve in Fiqure 12 represents
ce%lular RNA and reached 50% st & log R,t value of 1&;

When the hybridization mixtures were allowéd to'ﬁybridize to
completion in the presence of excess RNA driver, saturatedéplateau
levels %%EF thained as-seen in Table 4. When the values were norm-
alized to 100% for the homologous 229E RNA/cDNA (rep.) system, there was
67% hybridization by VH RNA, tLe heteroloqous system, with the same
probe. This represents a genome difference of 33%.

When‘VH‘cDNA (rep.) was used and the homologous VH RNA/cDNA (rep.)
was normalized to 100%, a sméller difference of only 14% was observed

with the heterologous 229E RNA.



Figure 11

Autoradiograph of, agsrose gel of 229F cDNA (rep.) and VH cDNA (rep.)

~
Lane 1 229E cDNA (rep.) glyoxal treated

Lane 2 VH  cDNA (rep.) glyoxal treated ) .

-

The size of the cDNA was estimated to be fram 200 to 4000 nucleotides.

1
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a




- 64 -




. -
Figure 12

Liquid Hybridization curves of 229E cDNA (rep.) hybridifed with 229F

RNA, VH RNA and cellular RNA.

2000 cpm of 32P_cDNA (Tep.) per point were hybridized to completion with
varying concentrations (0.001 or 0.1 mg/mbL) of 229E, VH and cellular
RNA. At various times; samples were removed and hybridization was

assayed by §) nuclease digestign. RNA concentration (R} x time (t)

curves were established.
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In both systems, a background reaction of 45% and 50% reébectively

was found with celluiar RNA.

~
TABLE 4
* Normalized Ligquid Hybridiii;;on Values
Source of RNA J Percent Hybridization*
229E cDNA* (rep.) VH cDNA* (rep.)
‘ : . \ .
229E . 100 (95) © 86 (80)
VH 67 (64) 100 (93)
Cellular 47 (459~ "~ 60 (50)
i 229E cDNA (rep.) and VH cDNA (rep.) were cross hybridized to

completion with an excess of RNA from purified virions or cellular
RNA.  These values have been normalized to 100% hybridization of
the homologous reactions. The actual percent hybridization valuves

obtained appear in brackets. . . -

L
s

N

Northern blot hybridizations were performed usiﬁg ¢DNA (rep.)
prepared against template -from 229E RNA, VH RNA and cellular RNA. The
glyoxal treated RNA samples were electrophoresed in sets of 3 lanes in
agarose gels. One set was removed from the gei, stained with ethidium
bromide and photographed to verify the size, locatian and approximate
quantity of each RNA before blo££1ﬁ6 onto PALL biodyne membranes (Fig.
13). 'A duplicate set was treated in an' identital manner gfter blotting
was'coleete in order to record the relative amounts'é%Jeaéh RNA

transferred (Fig. 14), and also fluorographéd (Fig. 15), to,assess the

.degree of RNA transfer. Smaller RNA species blotted mpre readily than

larger species. Transfer of 605 RNA was evide _marked decrease
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Figure 13 ; ’ . .

Agarose gel of -229F RNA, VH RNA and cellular RNA prior to-blotting onto,

PALL biodyne membranes for use in northern blot hybridization

»
Lane 1 229E RNA glyoxal treated
Lane 2 Cell RNA glyoxal treated .
Lane 3 VH RNA glyoxal treated

'

RNA samples ‘were treated with glyoxal and electrophorespd in a 1.5%
agarose gel for 2 hours at 100'mA. The gel was stained w1th ethidium
bromlde and photographed by UV transxllumlnatlon. The SlZE,vLOCGtIOn
and *quantity of each RNA was thus verified’ prlor to transferrlng onto
PALL biodyne membranes used for northeﬂgvg}ot hybridization. Size

standards were electropharesed in parallel in the positioﬁs shown. .






- Figure 13 ' -

Agarose gel of 229E RNA, cellular RNA and VH RNA post-northern bldt

Lanes 1, 4, 7 ~ 229E RNA; glyoxal treated
Lanes 3, 6, 9 VH RNA; glyoxal treated

= )
Lanes 2, 5, 8 Cellular RNA; RNA; glyoxal treated

L

This is ghe same gel as seen in Figure 13, which was uséd for a northern
_blot and then stained by ethidium bro%ide and photographed by UV trans-
“illumination. The reduetion,in staﬁh%yg indicates thﬁt most of the

smaller and some of the 605 sized RNA was blotted to the Biodyne mem-

Srane in 24 hours. Blotting time was extended to attempt to blot more

" 605 RNA.

AN
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Figure 15
Fluorograph of 229 RNA, cellular RNA and VH RNA ppst-northern blot

L]

-

Lanes 1, 5, 9 229E RNA.
Lanes 3, 6, 9 VH RNA
Lanes.2, 5, g Cellular RNA '

Each lane originally contsined equal cpm of 3H-RNA.
The gel 1n Flgure 14 was fluorographed for 9 deys at -700C.
The VH RNA™ appears to have transferred better than the 229C RNA as

evidenced by the decreasé in signal intensity in lanes 8, 12, and lé.

-
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in stein intensity of this band in the gels. Blots were then autoradio-

graphed. To reduce hybridization of cellular RNA, blots were performed
-~ 1

using calf thymus random primers in the pre-hybridization buffer. 'This

.y
would serve to saturate any binding sites avsilable from primer which

was still associated with the ﬁDﬁA. This gavé overall reduced hzbriﬂi—
zation as well as a lower reaction with cellular RNA (Fig. 16A, B, C).
229E cDNA (rep:) hybridized strongly wlth 229E RNA in t?&)GUS reglon
only and not with the VH RN he 60S region (Fig. 16A). cDNA (rep.)
to VH RNA hybridized strongly witg}iﬁiﬂNA in the 605 region only and not
with the 229E'RNA.in the 605 region (Fig. 16B). cDNA (reb.) to cellular
RNA reacted strﬁngly with cellular RNA and ‘to a lesser degree with 229E
and VH RNA (Fig. "16(:). e - o

In qr%etho obtain more specific h;g;idization, cDNA was synthe-
sized qsing oligo-dTip-1g @s ﬁrimer and templates from 229E RNA;'VH RNA
and celiular RNA. To evaluate RNA fransfer, a series of blots was done
with gels which had been blotted once (post-blot gels) then treéted with
NaOH o hyaroiyze any large RNA species which may not hgve been blotted
from the gels in the Firs£ blotting procedure.

Blots reagted with cDNA (3') prepared with oligé;dTLZ_lB primer
gave clearer résults but of reduced intensity, than did blots reacted‘
with cDNA (rep.). cDNA (3') prepared to 229E RNA gave clear hybriéizar
tion reactions and the distinction between the homologods and heterolo—l

gous RNA was marked (Fig. 17A). <cDNA (3') prepared to cellular RNA

reacted very spec1flcally with cellul RNA and :er‘weakly to the(~ Eal

—~—

RNAS Uﬂi&- 175)- cDNA (3 Zji:i:i:f}yto VH RNA gave & very weak homblo-

gous react on and appeare “Feact weakly with the cellular RNA (Fig.
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Figure 16 ~
A Autoradiograph of northern blot.

Hybridization with 229E cDNA (rep.) probe

9

Lane 1 229E RNA ,
Lane 2 Ca1l RNA .
Lane 3 VH -ENA

In order to reduce hybfidization with cellular RNA, the blots were

pre-hybridized with calf thymus random primers.

Lanes 1, 2, 3 hybridized with 229E cDNA {rep.) probe. .

=3

B. Autoradiograpﬁ of northern blot.

Mybridization with VH cDNA (rép.) probe .

Lane 1 229E RNA™ 7 |
Lane 2 Cell RNA f P
Leme'3 . VH RNA ‘A

-

\

In order to reduce hybridization with cellular RNA, the blots were

A

pre-hybridized with calf thymus q?ndom primers.

§ .t &\
Lanes 1, 2, 3 hybridized with VH cONA (rep.) probe.

—

Autoradiograph of northern blot. '

Hybridization with cDNA (rep.) probe to cell RNA

Lane 1 ~ 229E RNA i
Lane 2“ - Cellular RNA
Lane 3 VH RNA

/

lc

In order to reducebhygﬁgdization with cellular'RNA, the blots were
N :

pre-hypridized'with calf thymus random primers.

Lahes 1, 2, 3 hybridized with cDNA' (rep.) probe to ¢eflular RNA.

3
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Figure 17 ' L
. . ’ - .. — 4
A Autoradiograph of northern blot hybridized with cDNA (3') to 229E
~ ’ ‘l ’
RNA
Lane 1 ~ 229E RNA
Lane 2 * Cell RNA
Lane 3 VH' BRNA
Each blot was pre-hybridized with calf t ndom primers and
then hybridized with a cDNA (3') probe tq 229E RNA.
B,  Autoradiograph of & northern blot hybridized with cDNA (3")
to cellular RNA o \‘~
Lane 1 229E RNA™
a
Lane 2 Cell RNA .
Lane 3 v | -

Edek blot as pre-hybridized with calf thymus random primer and

then hybridized with a cDNA (3') probe to cellular RNA.

C Autoradiograph of a northern blot hybridized with cDNA (3') to VH
NA ’ . ‘ , -
RNA . ya
o
Lane 1 229E RNA
Lane 2° Cell RNA
- - ) ‘ : . -~
Lane > - VH RNA '

Each blot was pre-hybridized with calf thymus random primer ani]

then hybridized with a cDNA (3') probe to VH RNA.
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seen very cliarly (Fig. 18 A). ‘cDNA (3') to 229E RNA appeared to react’
more strongly with .VH RNArthen to 229E RNA, which may be‘ an indication
that the VH' RNA is larger and thus e greater quantity of it remains in
the gels after b.lotting. Only a weak reaction with cellular F:RNA was
found with cDNA (3') to cellular RNA and no reaction with 229E RNA or VH

RNA (Fig. 18B).
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Figure 18 - | H
A . Autoradiograph of a northern blot hybridized with cDNA (31) to 229E

RNA

" The same gel as in Figure 17 was treated with NaOH to hydrglyze

residual RNA, blotted.and hybridized with cDNA (3') to 229E RNA.

]

B Autoradiograph of a northern blot thybridized with cDNA (3') to

cellular RNA

The same-gel as in Figure 17 was treated with'NaOH foJﬁydroryze
e P R '
residual_RNA; blotted and hybridized with cDNA (3') to cellular

. RNA.,
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IV. DISCUSSION -~ = - ' S

v i P Y

This work represents a portion of a larger, study to defermine the
. mechanism of persistence and to characterize progeny. persistent.viruses.
It had previously been found and reported that the pereptalghuman cer-
onavirus strain 229E and the pefsistent VH strain derived-?rom il haed
some difFerences in eiolOgical pﬁpperties. The goal of the present work
was to attempt to demonstrate genetic differences at the molecular level
i.e. to establish that the differences were inherent prOpertres of
progeny virions. A number of established methods are available to do
this. . |

One possibility was to study the eroteies'assefiated with each
virus. Differences betﬁeen the_viruses might be-reflec£e6 infqi?Fer—
ences in thelr peoteins when electrophoresed or when separated ey im-
munoprecipitation. Angther_possibility was to study the RNA.gencme of
gach virus. The RNA may.be coﬁpared electropho;etleally,'by oligonuc--
leotide fingerprinting and b&_hybridizatioe. The latter'was ehosen;fo
establish if any differences -did exist within the gesome of each virus. ..

HTQ eo this, cDNA was synthesized with RNA from each vlrus; and was%'{
used to compsre the genomes of these strains. Rigeroqs atteneion to any
possible}souree of RNase contamination was Feund to be critical in all
aspects of these experimests. o |
- - The successful ac&bmplishments of these eieerimehts deeended on.
_the quality of the RNA. Inltlslly, RNA was extrsqted from Freeze-thawad
preparatlons of v1rus-cell lysates. -In all probab1l1t§;*large quent1Q*
ties of RNases, cellular RNA and DNA,-snd large amoqnts of protein made

k]

this source of virus less than ideal ferpreparstiopWOFRNA for use as
template in cDNA syntheses.. The clue to obtaining a 60S RNA band was to

- . :
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use virus from the SNF of cultures of undegraded cella. Thisielinlnated

‘many of JLe unwanted components from the preparatlon. e . !

’

Another factor whlch contr1buted 31gn1f1cant1y to the detection
Mo
and isolation of 605 genomic’ RNA was the use of Act-D. By shutting off

cellular RNA 3ynthee1s with Act- D, ‘anly viral’RNA was able to incor- -

¢

porete the 3H-ur1d1ne. Therefore Fluorogrephy of epec1F1c viral. bands
in gels was improved although the yield of 1nfect1oua virus was 4-fold

less in the SNF of Act-D treated cells at 40 hours post infection (4 x

106 pfu/mk). “This was con31dEfed to prevlde adequate quantltlee of

N, P

This reduction in ydield caused by Act-D is less than. in prev10u§1\
' “ RN

studies on virus present in whole cell lysates, in which 50 to lUD-Fold

reductions were found (Kennedy and Johnson-Lussenburg, 1979). However,

_since only ihfectiocs'virus released .into the SNF was used-in this

study, a direct compazjson of these eesults is not approeriate, ea the e
results in the previous study were obtained from whole cell lysates of
S5

- —_—

‘frozen and thawed cultures.

The presence of Act-D in cultures was also slightly toxic at the 1

p .
ug/mL level as ev1denced by cells detaching from the culture surface,
but they appeared to ma1nta1n ‘their 1ntegr1ty, and therefore very little

soluble cellular material might be expected to be present in theﬁSNF.

The presence of Act-D ensured the preferenfial labelling of viral ANA,

but it did net exclude the preeence of unlabelled cellular RNA from the

preparations. Therefore, host RNA contaminants were not eliminated,
Jjust markedly reduced. Further confirmation of the viral nature of the
605 RNA erodncts-depende on the fact that under these conditions, host

RNA would not be. found in the 605 slze range.

-
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The isolated 229E RNA and VH Rdg were compared electrophoretiﬁélly

using 15% agatose gels. The viral RNA bands of each genome migrated in’

the range‘expected for 60S size RNA and it was repeatedly found that the

mobility of the 229E RNA was_slightl¥ higher than the VH RNA. This

indicated that the persistent progeny VH RNA was larger than the paren-

tal standard 229E &NA.. This finding was surprising since it had been
expected that the persistent VH RNA would be, if amything, smaller then
the parental. Furthermore, the difference in mobilities indicated a

significant difference ‘in the génome sizes, the VH being 10-15% larger

. at least. . .,‘ T

T,
]

The.queation was whether "additional viral sequences were included

within the larger VH geﬁome, or whether the size difference reflected

-~tncorporafion of non-genome sequences. It must be remembered that

whatever the case, the additional sequences not only did not interfere
L}

with virel replication, but enhanced it as increased infectious VH virus
yields were obtained under lytic conditions at 330C. Furthermore, the

sequenceS'may'have pleyed an imbortant role in the initial establishment

of the VH persistent infection.

Hybridization was the method selected to further characterize the

differences between the VH and 229€ genomes. The results of the liquid

hybridization experiments uéing cDNA representatiﬁe of the whole viral
genomes conFirﬁ that there is a difference in the sequences of the VH
and 229E géhomes. Interpreéation of these Findings depends on the cDNA
used, both as tg the.template RNA and the reiative molar concentration
of the cDNAs synthesized. In both systems [229E cDNA (rep.) and VH cDNA
(rep.)] the differences between homologous and heterolbgous hybridiza~

tions indicated changes. had occurred in tﬁé'genome. It could be postu-

]
!
K
|

[ T
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lated that the additional RNA sequences in the VH genome could be de-
rived From either viral end/or host RNA However the nature of the
1neerted sequences could not be determined from these results. Re-
cently;.dlfferenqes have been revealed between 229E and VH viruses by
neutralization kinetics and by monoclonal fluorescent antibody anelyels;
whlch are associated with fhe £2 peplomer glycoprbteln (Johnson—Lussen-
burg, unpublished results). 0On this basis it might also bé postulated
tha{isome portion of" the genomic.di?ference might be.located in the E2
mRNA—rEgion.

~

The results of norEE;;} blot hybfidizations also refleoted ﬂif—
ferences between -the 229E and VH RNAs. cONArep to 229E and VH RNA would
be expected-to hybridize well with their homologous genome RNA as was
observed in both systems. However, reaction also occurred with control -
cellular RNA.in the 285 and lower size region, but not in the region of
the 60S size RNA genome. This wes'interpreted as an indication that
there might be host contamineting eequenoes in the viral RNA templates
used to prepare cDNA. This wouid also explain the high background in
liquid hybridization reeulie between both VH and 229E cDNAs and host
RNA. '

The use of cDNA to the 3'-end of tne genome (oligo-dT primed)
would be expected to identify putative differences in the smallest mRNA
sequences. This mRNA (7) codes for the N protein end is located in this
region. In control experimenés, cDNA (3') synthesized to cellular RNA
reected apecifically w1th cellular RNA and not viral RNA. However, cDNA’
(3') to 229E RNA or VH RNA hybridized to low levels with cellular RNA

-the reectione occurring in the region .of 285 RNA or less. There can be

several explanations for these results:l(l) some cellular RNA may remain
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in the viral template RNA used for synthesis; (2) host sequences may
occur in the viral 'genome; or (3) this represents a preparation artifact

due to tnsNyse of oligo-dT. The first explanation is the most likeiy

but does not preclude the others. In fact all 3 may be‘involved to

varying degrees. !

If th% smaller 22%9L RNA transferred more completely than the
larger VH RNA, then a greates.amount of 229E RNA would be present in the
biodyne membranevwhich could result in a more intense reaction. Such a
result could be misinferpreted as indicaeting differences in homolegies.
‘Therefore‘séveral experiments were designed to substantiate that both
605 RNAs hed actually transferred from the z2garose gel to the biedyne
membrane. . -

. Evaluation of gels pre- and post-blotting indisated that most of
the smaller RNAs were rapidly transferred and that some but not ell the
lsrger 605 size RNAs blotted. By hydrolyzing the residual RNA in the
gels and then re-blottng, ‘it was possible to hybridize all the RNA.
After hydrolysis, there was enough 605 RNA to hybridize to the cDNA
gynthesized to oligo-dTyp.1g+ This cDNA to the 3' end of the 229E RNA
\benqme'sppesres to react more strongly with the\!n RNA then to the 229E
RNA 1?) : ’blot. This suggested that fhese was a less efficient trans-
fer of the orlglnal VH RNA from the gel which when hydrolyzed was small
enough to readlly transfer to the membrane and to give the stronger
reactlon.l

Equal amounts of each 605 RNA would have to be trans%erred in
order to detect the same degree of hybridization with eseh cDNA. Al-
though the amount “of RNA was not eveluated quantitetively, the RNAs were

transferred under identical conditions and should have transferred with

o
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the same effic,fency if they were exactly identical. If they were.not .

{ ..
identical, then the larger RNA would be expected to transfer with the

least efficiency and would produce the results found. A
When the results ‘of the northern blots of cDNArep and cDNA31 were

compared it was apparent that greater differences were observed between

the cONA reactions that with those of the cDNAsi, This implied @hat'

major differences between the two virus RNAf occur predominately up-
stream from the 3'-end. Whether single or multiple changes are involved
cannot be deduc%d from these results.

\ Recently 6 differences were reported between thé stendard MHV-SHM
and persistent.non-syncytia ferming Neuro-éA (JHM) which were located in

the 5'-region of RNA-3, RNA-1 &nd RNA-Z‘(Leibowitz et al., 1984}. Since

it had already been demonstrated that RNA-3 coded for the precursor to

glycoprotein E2 (Siddell et al., 1981), and others had implicated the E2°

protein in MHV-induced cell fusion (Collins et el., 1982; Holmes and
Behnke, 1981), it was suggested that the modification in the RNA-3
portion of the genome which codes for E2 migh£ have resulted in the
altegation in the syncytia-forming phenotype. It is tempting to specu-
late tha£ a similiar change in the mRNA region of 229E coding for the E2

has occurred resulting in the VH virus with its characteristic pheno-

”

. type. However, these results suggest more extensive changes have occur-

red.

#
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V. CONCLUSIONS ' >

A number 6f malecular differences have been found between the 229F

RNA and the VH RNA genomes. By agarose gel electrophoresis, the 605

genomic RNA of 229E virus migrated faster than the 60S genomic RNA of

persistent VH virus. It was concluded that the VH RNA was larger than

o

In liquid hybridization experiments,‘a 2 log difference in-the 50%

the 229E RNA.

Rot values was found using cDNA (rep.) synthesized with rgddom primenss
and 229E RNA template. | A ‘

. When hybridized t6 completion with 229E ¢DNA (rep.), VH RNA is
saturated at 67% of the value for 229E RNA. This represented a 33%
difference between the 229E RNA and the VH RNA. When hybridized to
completion with VH cDNA (rep.), 229E RNA wes saturated at 86% of the
homologous velue. .

_Norihern blot hybridization revealed a pattern of preferential
hybrid;zation for 229E RNA when cDNA {rep.) from random primer was used.
Northern blqts using cDNA (3') synthesized frqﬂ»nligo-dT primers repre-
genting only the 3'-end of thexaﬁﬁaﬁe, did not reveal these differences

so strongly. It was concluded that any changes in the RNA genome were

not at the 3'-end.
These facts, when taken together indicated that there were molecu-
lar differences between the genomes of the parental human coronavirus

229t and the persistent VH strain derived from it, and that these dif-

ferences are probably upstream from the 3'-end of the genome.

FUTURE RESEARCH

One area of further research could address the gquestion of where

e e e e+ e
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specifically have change(s) occurrea in the HCV 229E genome. A change
in‘the genome would be reflected in one of thg mRNAsjyhich in turn
should be reflected in the protéin translated from it. If é29E and VH
mRNAs were iéol;ted from infected cell;\;; gel electrophoresis, they

could be used for in vitro translation in the rabbit reticulocyte system

for non-glycosylated proteins and in Xenopus laevis (frog) ococytes for

glycosylated proteins(Pelham~and Jackson, 1976). 'The translation pro-
ducts could be characterizeé/and identified using polyclonal end mono-
clonal antibodies which are available to 229E virus. A difference in
the £1 or E2 protein, for example, may be reflected in a difference in
electrophoretic ﬁobility.‘ Using the Western blot technique the dif- -
ferent protein bands could be identified. Immunoprecipitation would
allow the isalation of the sﬁecific protein. At this paint the mRNA
containing a.change in its RNA should be identified (Leibowitz et al.,

1984).

In order to estimate the number of changes in the mRNA and the

geigme RNA, oligonucleotide Fingerprints using Tj-ribonuclease could be

- prepared. Other studies have found this procedure very sensitive in

detecting minor differences (Clewley et al., 1981). Ina sét of mouse
coronaviruseg, very similar to the 229F and VH human coronaviruses, at
leasé 6 differences were found in aoligonuclectide pétterns between
standard MHV-JHM and the persistent strain Neuro-2ZA (IHMV) (Leibowitz et
al., 1984). Any unique oligonucleotide spots could be eluted and used
for clit}ng studies.

Once it had been estéblished‘which mRNA or oligonucleotide spofs
were of interest, the RNA could be cloned‘using pBR322 (Lavi et al.,

1984). This would yield lerge quantities of readily available cODNA
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which could be nick-translated and used_ for hybridization and sequen-
eing. One of the hinderences in the present work was the very small
(nanogram) ‘quantities of cDNA available for experiments. Cloning would

r

ovefsyme this problem.
] Fhe avaiigbilit; of cloned cDNA would permit heteroduplex mapping
- with plasmids with the electron microscope (Evenson, 1977). Thfs would
reveal differences, by a direct means, as seen by loops of non-hybridi-
zation. .
%inally, cloned cDNA would allow iﬂ.ﬁiﬁ! hybridization studies
which could detect the presence of VH RNA in the pers}stently infected

HV cells. There is still an open question as to the association of

human coronavirus with multiple sclerosis. In situ hybridization could

be used to examine specimens from multiple sclerosis patients (Lavi et

al., 1984). If these results shauld be positive, it would answer the
question once and for all, and greatly advance the knowledge and hope-

fully treatment and prevention of this disease.

-,
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* APPENDIX I \
SUPPLIERS OF MATERIALS AND EQUIPMENT )
Amicon, Lexihgton, MA, USA i /
- ultra filtration cells and supplies N A ///

Beckman, Canada, Dttawa

micropipettors and supplies
ultracentrifuge and microfuge P
ultracentrifuge heads

scintillation counter

aquasol scintillaton fluid

Bio Red, USA

AG SUl-xB mixed bed resin
Gel Dryer
electrophoresis aspparatus

Fisher, Canada, Ottawa

disposable pipets and related d15posable and non-dlspoaable g;g§ are
NaCl, NaHCO3: toluene '

ﬁydroxy guinoline

glyoxal

dimethy sulfoxide {(DMSO)
microfuge and heads

Tris buffer

other miscellaneous chemicals

Flow Laboratories, Inc., Mississauga, ON

Minimum Essentiel Medium (MEM)

Fetal calf serum .

Medium 199 (M199) : -
Glutamine

Gilson, Toronto, ON

micropipettors and supplies

~ Ilford Ltd., Baesildon, Essex, England

film (FP4)

International Equipment Co., Fisher Sciéhtific

centrifuge and heads

Kodak, Toronto, ON

XAR Film

photographic chemicals
diethylpyrocarbonate (DEP)
film cassettes,

Life Sciences Inc., Florida, USA

avian myecloblastosis virus reverse transcriptase’



.KB, Uppsalla, Sweden
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- peristaltic pump

Lux Scientific, Mississauga, ON

-

tissue culture flasks
other related plastics for tissue culture

‘Miles Laboratories Ltd., USA

E. coli RNA

DNA

-

Millipore-Inc.

filter apperastus and filters

New England Nuclear, Boston,:MA, USA

Oxoid Canada, Ottawa, ON

diphenyloxazole (PPO)

radioisotopes 3H-uridine _

5'-  32p-deoxycytodine triphosphate
restriction enzymes

Ion agar No. 1 .

PALL, Brockville, ON

biodyne membranes

Poleroid, Mississeuga, ON

MP3 camera
film

Schwarz=-Mann

Actinomycin D

Sigma, St. Louis, MI, USA

-

agarose _

bromo deoxyuridine (BUDR)

DEAE (diethyl-amino-ethyl)-dextran

oligo-dT cellulose, oligo-dTy,_;

penicillin, streptomycin, neomycin, kanamycin
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APPENDIX 1I

ANALYSIS OF LIQUID HYBRIDIZATION REACTIONS

The kinetic énalysislof nucleic héid reassociatién by 5ase pairing
.can be used to determine the relatedness of nucleotide sequences. This
method was used to study DNA-RNA reactions (Wood et al., 1981).)

The rate at which two complementary sequences reassociate depends
on: (1) the concentration JF cation§,~which decreaée the intermolecular
repulsion of negatively éharged strands of DNA or RNA; (2) the incuba-
tion temperature, which is optimal for reassociation at about 25°C below
the melting temperature of the original hybrid duplex; (3) DNA and RNA
concentratlon, which determlnes the Frequency of intermolecular colli-
sions; and (4) the size of the DNA and RNA fragments.

The reaction is carried out with appropriate conditions in’ which
the DNA and RNA are denatured'by hest, allowed to reassociate andthe
extent of reassociation is determined by digestion with S; nuclease
which catalyzes the hydrolysis of single-stranded DNA or RNA. After
digestion to cdmpletion, the amoﬂﬁt of nuclease resistant meterial is
determined.

In order ta do this the RNA is in large excess over the cDNA (RNA-
driven reaqtion). To monitor the reaction the cDNA is synthesized using

32p.grTp.

coti or Roti

The C,t or Rof value at which half the reacting DNA sr RNA is in
hybrid form is termed the Coti or Rﬂti' This is characteristic of any
nucleic acid. When a tracer cDNA sequence reacts with its complementary

RNA sequence in excess, the reaction will-spread over'a Rof of log -4 to
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log 4. The Rt values wil) increase with the divérsity of‘the reacting
components and the frequehcy at’ which each component is present. Rates
of reaction will always depend on the ionic strength (0.3 M NaCl) and

the temperature (68°C).

Exa-pies _ .

1. A mixture of rabbit alphe and bete globin messanger RNA of 600
nucleotides each will react with its own cDNA at 0.24 M phosphate
and 68°C with a Rty of 5 x 10'3 moles/liter * sec.

2. Vitellogenin mRNA of 7100 nucleotides hybrldizes to its own cDNA

at a Roti of 5 x 107 moles/litre * sec at 0.6 M NaCl.

Calculations .
Data are usuélly plotted on a semi-logarithmic scale &s % hybridi-
zation on the y axis and log Rot (logarithm of the product of initial.

concentration of the driver cemponent in moles/litre multiplied by time

of incubation in séconds, i.e. moles/litke * sec) on the x axis.

Percent hybridization is calculated from the following formula:

(cpm in nuclease treated sample - backgrourd)
x 100

(cpm in nuclease untreated sample - background)

The zero timé or 'snap back' hybridization.radioactivity is sub-
tracted from each value. -

Ryt value is calculated from the initial cﬁncentration of the
driver sequence and the total time of incubation.

For example, at a concentratlon of 1 mg/mL, nucleic acid incubated

for 1 min. will give & Rot value of G.2 moles/litre * sec. Similarly,



Yo

10 mg/mL and incubation for 1 hour, the Ryt value will be 120
moles/litre * sec. ‘
The basis for the above calculafion is as follows: 1 mg/mL nuc-
leic acid represents a 0.0033 M solution of nucleotides of an average
,molécular weight of 300 daltons. Therefore, 1 mg/mL of nucleic acid.
- incugated for 1 sec will give a R t value of 0.003 moles/litre ° sec;

By using two concentrations of RNA driver the values are:

Rg = 0.001 mg/mi.
Ry = 0.1 mg/mL
' By varying_the time of incubation at 689C from 0 to B4 hours, log Rgt

S . -
values between -3.7 and 2.0 are obtained.

of

Sample Calculation“

1. 229E RNA driver x 229E cDNA log R,t = 0.25'

>

cpm GF/C filter = 40

snap back cpm = 50

1

. total background = 90

(cpm in nuclease treated sample - background)

x 100
(cpm in nuclease untreated sample - background)
P
(1584 - 90) : ‘
x 100 = 94%

(1681 - 90)





