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GENERAL INTRODUCTION

-

= ' : o e
In 1968, a morphologically distinct group of ;ﬁ
viruses, capable of causing illness in man and a numbeg of

animals, was recognized and because of the characteristic
?
"corona"-like petals surrounding the wirion, the proposal

to name them coronaviruses was made (Tyrrell et al, 1465). 1In
addition to the human straihs, members of the éroup include‘
the tyvpe specigs avian infectious bronchitis virus, mouse
hepatitis virus, hemagglutinating encephalomvelitis virus

of swine, transmissible gastroenteritis of swine, rat T
pPneumotropic coronavirus, a calf diarrhea virus, a dog_
coronavirus, feline infectious peritonitis virus, and
several others. In addition to the equine (Ditchfield, 1969)
;ﬁd simian.isolates (Caul & Egglestone, 1979), viruses
resembiing coronavirus in morphology and morphogenesis have
been described in association with different disease
syndromes angé in many animal species, suggesting that
ccronaviruses can cause disease or infection in most .

mammals andé birds. It is probable that other strains

specific for other animal specie% will emerge.



Historical Review

~
_ Coronaviruses are a large'gréup of RNA containing
agents. They infect a wide range of differeﬁt speciés
including‘man, pigs, mice, rats, éats, dogs, cows, horses,
chickens, and turkevs. They are the cause of a varietyvof
diseases which'involve mainly the respiratory, digestive,
and/or nervous systems. The specific disease manife;tation is
sometimes a characteristic of the species involved and the

following is a brief summary of the clinical pattern of the

acceptea members of the group.

Human Coronaviruses (BECV)

The first human coronavirus reported to cause colds
in human veclunteers was code-named BSl4 and was obtained
.from a spécimen collected in 1960 from a ;chool boy
suffering from a typical common cold (Tyvrrell & Bvnoe,
1865). 1Initial attempts to grow the vifus in tissue culture
failed bpt these workers were able to ﬁ;ésage the virus
recovered from the human upper respirato&y tract in organ
cultures of human embrvonic ftrachea. The virus was
subsequently examined by electron microsceopy (Almeida &
Tyrrell, 1967) gnd found to resemble ;he particles obtained

from cultures of avian infectious bronchitis virus (IBV)

(Berry et al, 1964). Thus, although the B814 agent could



be only partially chgracterized, it was concluded that a ~
"new' tybe of common cold virus haé been propagated. )
The first human agent of a similar tfpe'to be?/
studied thoroughly had been isolateﬁ in 1962 from five
Chicago medical students with upper respiratory illness
(Hamre & Procknow, 1966}. It was qonsidered to be a
separate agent due to its serological unrelatedness to
other respiratory viruses known at the time and the '
clinical and epidemiological differenceé in the illness.
The virus which was isolated from specimen 229E was chosen
as the prototyvpe strain, and it‘has been called 229E since
then. —

About that timé, and ir another laboratory, six
viruses were isolated in organ cultures of human tracheal
tissue from specimens which had been obtained frqp léboratorg
staff who were suffering from the common cold. The
specimens were initially tested by a variety of other
technigues but no viruses were recovered; they were then
inoculéted into organ cultures and passaged serially up_fo
eight times. 1In the six positive series virus'particiéé.
were Observed in every passage following the second one.
Like Bg14, these viruses were ethef labile and.failéd to
grow in cell culture, eggs, or in organ cultures of ferret
trachéa (McIntosh et al, 1967) . Since'theﬁ, more similar
agents, LP and EVS, have been demonstrated by electron

microscopy and were grown in human embrvo tracheal organ

[
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culture (Tvrrell et al, 1968).

¥
O +

Human coronavirus infections are most prevalent in

the winter months and may occur in epidemic fashion, with

"the same strain being geographically widespread (Hamre

& Beem, 1972; Kapikian et al, 1969; Hendley et al, 1972;,°
.Jackson & Muldocon, 1973). Recurrent epidemics of the same‘
tyvpe do not seem to occur in sequential vears. The
epidemiological data available suggests that coronaviruses
cause 3 to 4% of acute respiratory illnesses in humans and
the clinical syndrome is usually that of a common cold.
Based on serolbgical evidence, it has been reported that
only about one hal? of naturally occurring infections cause
clinical illness (Kave et al, 1971). Preliminary serologic
investigations indicate that certain strains may infect
childrenfpreferentially, whereas others are prevalent in
adults.

The emergence cf new epidemic strains with the
temporary disappearance of older strains has been suggested
and’, in addition to human respiratory coronavirus strains,
coronav;rus-like agents causingxgther ¢élseases have been
reported. While more information must be obtained on
the;e viruses before they can be included as cfficial
members of the coronavirus group, they are included in this
summary.

Endemic Balkan nephropathy was first described in

-1950 (Cookson & Reed, 1963) and reported to occur only in

fa ' ' P

J | -"
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adjacent areas of three Balkan countries, Yugoslavia,
Bulgaria and Romania. About 20,000 cases were detected by
Maselli et al (1970) from these three Balkan countries.

As has been described with the other human coronaviruses,
there was a tendency for familial clustering of the cases
(Longsdon et al, 1972). ClIinically the_disease is marked -
bylbilateral, symmetrical, progressive reéuction in the
-size of the kidneys dﬂd tumors may develop in the proximal
region of the urinary tract (Smith & Parker, 1970; Townley
eé al, 1970; Parker & Smith, 1973; Alston et al, 1974%).

The recofgry of cor0naviru$es in gastro-intestinal out-
breaks was first announced by Caul and Clarke (1975).
ﬁo%éver, thouch these enteric coronaviruses showad signs

of growth in human intestinal orcan culture by the increase
in the qumﬁéi of virus particles, they were subsegquently
lost on passage (Caul & Clarke, 1975; Mathan et al, 1973;

Caul & Ecglestone, 19877).

Porcine Corenaviruses

Twe different species of porcine ccrconaviruses have

been described which cause cifferin
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are easily diseinguished serclogically.

Hemagglutinatine encephalcomelvtis virus (HEV): A disease

causing encephalomyelitis in suckling pigs was«first

described in Canada by Alexander et al (1939). Richaré and
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disease has also been reported in many other countries it

. -

is now considered to be widespread throughout the world
(Gualandi, 1957; Xnox, 1957; Godwin & Jennings, 19858; Pehl

§ Benndorf, 1960; Janowski & Golaszawski, 1961; Vishnavkov

r

5 Groshewva, 1961; Bratanovic et al, 19%62; Eto .ot al, 1%o6Z2;

/]

Huang & Lin, 1962; Adriansen et al, 19¢4; Aldasy et al,

19%ce). £
] ~
> ™ s . L
Clinically the discase is characterized by watery

reccgnized in"z clesed meuse ccleny BV Gledhill and ancrew
H
{16%1). The JEM virus was sukbseguently shcwn tC e

iscovereé bv Gledhill (Morris, 183¢; Czlisher & Rcwe, 1G€E)
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Rat Coronav{}uses (RCV)

-

A pneumonitis in newborn suckling rats and a
symptomatic pulmonary infection in adults was described by
Farker et al (1970). The virus agent was classified as a

coronavirus on the basis of morphology and disease

.

.
characteristics. A second group of rat coronaviruses, called

sialodagryoadenitis viruses (SADV), were reoperted which infect rat

salivary glands and could be transmitted from one rat to

o]
3
0
rt

her by intranasalsincculation of a suspe?sion of
infected salivary glands (Jonas et al, 1969; Bhatt et al

1872) . Xc¢ further studies have been reported to date.

Infecticus Brenchitis Virus (IBV)

A highly contagious respiratery disease of chickens

was described by'gﬁhalk and Hawn in 1931 ané the infectious

. . - - - . - - -
acent was first ¢rown in eggs‘syj;eaucette anc Hudsocn in
. /
1€37. Initially.twe main typeé\of Virus were reccgnized:

isolated by Van Rcekel at the Uriversfity of Massachusetts
- - - - N . \/ v .
in 1¢41, and the Connecticut tvpe, Yhe prototvge strain
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new strains (97, 104 and, 609), twc ¢f which were referred
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to subsequently as Iowa 97 and Iowa 609. All these ‘strains

were found to be the cause of acdte respiratory disease,

tracheal ;ales and cough accompani d‘by a drop in egg pro-
duction and a high mortality in voung chicks (McDougall, 1968).
Iwinterfieid and Hitchner (1962) have reported two new virus
isolates, designated the Gray and Holte Strain and these

were found to'be capable of groducing nephrosis in”experimental

birds (Hirai & Shimakura, 1971). Other isolates continued +o

be isclated and apvear to proguce similar disease characteristics.

Transmissible Enteritis of Turkevs

Although "blue comb," a highlf infectious enteritis
of turkéys(TET): was recognized in the early 1950s, isolation
and identification of the etiologic agent had eluded
researchers. Even today there is a lack of agreement as to
the cause. Workers (Deshmukh et al, 1969; Hofstad et al,
1969; Larsen, 1968) suggested that the- etiologic agent
was an enveloped virus, sensitive to heat and low pHE. In
1971, Adams ané Hofstad succeedeéd in propagating the blue
comb agents in turkey embrvos.  Panigraphv et al (1973)
first proposed these agents-as‘belonging to the coronavirus
A K N
croup since he showed that coronavirus-iike agents could be
demonstrated consistently in "blue comb" positive preparations.
The disease is characterized bv acute intestinal disorder,
cehydration, loss of weight, and high morbidit%: Although

turkeys of all ages appear to be susceptible, "blue comb"
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generally occurs in voung poulits of one to six weeks of

age. As in the case of TGE, V%Iﬁ; comb" carrier states
-~

persist gfter infection and\Ehe severity of the disease
generaily decreases wi{&ﬂfge/gt time of infection (King,

)

1875) .

Bovine Coronavirus

A severe disease called neonatal calf diarrhea
(NCDV) was first reported in the United States by Mebus and
his associates (Mebus et al, 1972, 1973; Stair et al,

[

1972). Theyv suggested one of the etiological agents was

a coronaﬁirus'since an agent with coronavirus morphology
was isolated from diarrheal feces of calves. The-virus was
isolated anéd vropagated in a continuous bovine embrvonic
kidney cell line (Matumotoc et al, 1970; Inaba et al, 1976).
In addition to being identified in Canada (Acres et al,
1875; Morin et al, 19f6); the neonatal calf diarrhea
coronavirus (NCDV) has also been isolated iﬁ Great Britain
(Woode et al, 19%74), France (Wood & Bridger, 1978), angd.

-

-\\
recently in Denmark (Wood & Bridger, 1978) .

Canine Coronavirus (CCV)

During an e€pizootic of diarrheal disease in Germany

a coronavirus-like agent was recovered from U. S. military
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.dogs'(Binn et al, 1975). Experimental gastroenteritis.in
'neopatal dogé and pups given infectious material was
reportedk?y Keenen et al (1976) and the virus was identified
by electron microscbpy_as a coronavirus by Takeuchi et al
(1976). 1In 1978 widespread outbreaks suddenly appeared in
dogs throughout the Unitea States. Dogs infected suffered
from contagious vomiting and diarrhea, sometimes hemorrhagic.
From stool and fresh intestinal specimens, several strains

of a virus haﬁing the morphological fea?ures of‘coronqviruses

~

were isolated in canine kidney cell cultures. Preliminary
;X
. . . . - - - .
serological comparisons indicated that the 1978 isolates

(Cornell) were ver§ similar, if not identical to those"
recovered by Binn et al (1975). Lesions caused_by this
virus were simiiar to.those caused by other gastroenteritis
ceronaviruses (calf diarrhea anéd transmissible gastroenteri-
tis of pigs) (Appel et-al, 1979; Pollock & Carmichael,
1979)« -

-

Feline Infections Peritonitis (FIP)

A viral agent causing peritcnitis in cats was first
described by Zook et al (1968). Ward et al (1968) reported
the same findings and transmitted the virus experimentally.
Feline infectious peritonitis (FIE) is a chronic progressive
disease of domesticated and wild felines characterized by

fever, emaciation, abdominal or thoracic exudation, or
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granulomatous changes in a variety of organs and tissues.

It is most typically seen in cats less than two years of .

age but it may occur at anv age. Occurrence is usually

. . . : [N
sporadic but small epidemics have been reported (Povey,

N\

In addition to the above, coronaviruses have also

Co

1976) .

\

been isolated from foals located in an area of endemic foal
diarrhea in the United States. Besides a profuse watery
diarrhea and fever with extensive lyvmphatic invelvement,

a high mortality was reported ‘(Bass & Sharpee, 1975).

Properties of Coronaviruses

Morphelogy

In-1968, Tvrrell et al grouped together viruses
having a similar morphology. Although IBV was studied by

-

electron microscopy as early as 1948 (Reagan et al, 1948;
Reagan & Brueckner, 1852), it was not until ;he techéiques

of negative staining were applied that surface morchology was
adequately characterizéd. Berry et al (1964) were the first
to notice the difference in the morphclogy cf IBV and that

of the myxovirus group. A few vears later, in studies of

the properties of human coronavirus B814, Almeida and

R
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Tvrrell (1967)- described the disﬁinc£ morphology of both
B814 and strain 229E and noted their resembldnce- to IBV.
McIntosh et d1 (1967), studying the coronaviruses isolated by or-
gan culture (OC37, OC43 etc.)and mquse”hépatitis virus (MHV),
found that thefahad a s$imilar morphology and suggested
. that they should be added to this morphologic group. it
was at this point that the internationai committee suggested
the family name "coronaviruses” for this group‘(Tyrrell et
al, 1968). cCoronaviruses t%en, are pleomorphié, §0-160 nm
in diameter with large, widely-spaced, 12-24 nm long petals
that form a characteri'stic "corecna" arocund the. particle.

" To date, morphology is still the main criterion for adding

candidate members to this virus group.

Phvsical and Chemical Properties

Coronaviruses were considerecd to Ee RNA viruses
on the basis of early studies because DNA inhibitors did
net prevent a cvtopathic effect (CPE) or infectious virus
production (Bochl & Kumagi, 1963; Mallucci, 1965; Sheffy,
1965; Estola, 1966; Hamre & Procknow, 1966; McClurkin &
Norman; 1967; McIntosh et al, 1967; Caletti et al, 1968;
Harada et al, 1968; Tevethia & Cunningham, 1968; Witte et
al, 1968; Bradburne, 1969; Greig & Girard, 1969; Kapikian
et ai, 1669; Pensaert, 1970). RNA has now been isolated

and shown to be polyadenylated and infectious indicating

<
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that it is' of messenger (positive) polarity (Lomniczi,

1977; Macnaughton & Madge, 1977, 1978; Pocock, 1977;
Schochetman et al, 1977; Tannock-& Hierholzer, 1978). The
RNA was found to be single_strandéé and oé a high ﬁolecular
weight ranging between 5.6 - 9.0 x 106 (Watkinsket al, 1975:F
Lomniczi, 1977: Macnaughton & Madge, 1977, 197S8; Schochetman
et al, 1977; Tannock & Hiérholzer, 1977). The RNA is
associated with a smal; protein of 50,000 daltoﬁs molecular

o

weight and is considered to be packaged as a single helical
nucleoprotein (Garwes et al, 1976; Kennedy & Johson- \
Lussenburg, 1976; Magpapghton et al, 1977; Sturman & Holmes,
1977; Macnaughton et al, 197S).
Lipid solvents such as ether and chlorcform maékedly
reduced the infectivity by disruption of coronavirus because of
the essential lipid present in the envelope of the virus (Berry et al
1964; Nazerian & Cunningham, 1967; Kave et al, 1970).
Treatment with detergents such as SDS and DOC had a similar ////
destructive effect, fo%lowing which little infectiVity-or
organized structure remained (éerry et al,-1964; Cartwright
et al, 1865; Estola, 19é6; Tevethia & Cunninghaﬁ, 1968;
Greig & Girard, 1969; Kaye et al, 1970; Hierholzer et al,
1972). Recently phospholipids ané glvcolipids resembling
those of the host cell were reporteépto'be present 'in the
viral envelope (Pike & Garwes, 1977). |
Cbronaviruses contain several essential'proteins. -
The number Of polypeptides is now generally accepted to vary

A

from 4 ~ 7 depending on the strain and the methods used
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B
{(Tvrrell et al, 1978). HCV and IBV have 6 or 7
polypeptides (Hierholzer et alt 1972; Hierholzer, 1976;
Macnaughton & Madge, 1977}, 5 polypeptides were Feported‘in
HEV (Pocock & Garwes, 1977), while both MHV and TGEV have
4 ta 6 polyvpeptides (Garwes & Pocéck,‘l975; Sturman, 1977).
The range of the molecular welghts of these polypeptides

also tends to vary and lies between 15,000 - 196,000 for

HCV (Hierholzer et al, 1972; Hierholzer, 1974); 26,500 -

D
B |

lé0,0DO in the case of HEV (Pccock & Garwes, 1977); 33,000 -

(g ]

130,000 for IBV (Macnaughton & Madge, 1977), 23,000 -

180,000 for MHV (Sturman 1977), and 25,000 - 209,000 for

TGEV (Garwes & Pocock, 1975). Several peptides are

.

glycosviated, probably the surface peptides (Hierholzer et
al, 1972; Garwes & Pocock, 1975; Hierholzer, 1976; "

Macnaughton & Madge, 1977: Pocock & Garwes, 1977; Ssurman &

Holmes, 1977) and cone, the 50,000 daltqg protein, is the

-~

only ﬁajonﬂnon-gly&osylated compenent andé has beem
identifieé as the nucleoprotein.

The sedimentation coefficient reported for HCV-229E
was 378 - 4008 and for HCV 0&43 was 374 - 416S, while it

t 2

was 3308 for IBV, and 4955j£or TGE (Garwes & Pocock, l876;

Tyrrell etlal, 1578)- The ﬁg of optimum stability of IBV
and TGE 1is between pH 6.0 and pH 6.5, but there is con-
flicting or no_syidence for the other viruses (Tvrrell et
al, 1978). The heat stability of those viruses studied

showed that they are rapidly inactivated at 56° while they
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are slowly inactivated at 37° and moderately stable at 4°
(Tyrrell et al, 1978). Coronaviruses are considergbly

unstable with commbﬁ disinfectants and detergents (Tyrrell et al,
1978) . The reported density of coronaviruses varies from

1.16 to 1.23 g/cm3 in sucrose and 1.23 - 1.24 g/cm3 in

.

CsCl.

Antigenic Studies

Due to its early discovery, IBV was the first to be
- - - ] . - - “
stucdied thoroughly and Woernle (19539} identified one
precipitating antigen which developed in agar gel between
infected allantoic fluid and immune chitken.serum. Berry
ané Stokes (1968) studied 10 IBV isclates and identified a
common precipitating line. . An exclusive study of IBV-42

by Tevethia and Cunningham (1968) identified 3 antigens in crude

llantoic ané sonicated infected choriocallantoic membrane {(CaM) .

3

fu

»

3 - . - . . - - -
centical antigens were identified after ether treatment of partially

H

purifie& IBV. These three antigens were different in

phyvsical ané chemical propertiesiﬁromleach other; These re-
sults paralleled the réport of Chubb ané Cunningham (1¢71) wﬁo
found 3 antigens by using another ether-disrupted strain of
IBV. However, theyv found only a single antigen 'in crude
concentrated allantoic £luid and ncne in sonicated chorio-
allantoic membrane (CAM) (Chukb and Cunningham, 71971) . A single

-,
PP
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»

precipitation band was found by Hironao et al (1970) in
both crude allantoic fluid and homogenized CAM. Bradburne

(1969) reported 2 antigens in IBV-infected mouse brain.
| Such detailed antigenic studies with the other
coronaviruses have not so far been reported in the litera-
ture. The first published study on the precipitating
antigens of TGE was the one by Phi%ip et al (1%71) as a
brief statement that they had found a single antigen in TGE
and-HEV-infected cell lysates. Bohac et al (1975), using
immunodiffusion tests to study TGE antigens, described a
single precipitaticen line. Based on these methods,
precipitating TGE antibodies were also fecund in milk whey
from a sow vaccinatéd with inaé;ivated TGE virus andé in
sera from saws and piglets elther vaccinated or infected
with the virus ‘(Bohac & Derbyshire, 1976). Philip et al
{1971) described a single precipitating antigen of HEV,
however, a vear later, Mengeling (l97é) reported
three HEV anticens. These antigens differed in their
susceptibility to heat, ether, and chloroform. Bracburne

:
(1970) described two anticens by using MHV3
and homologous hyperimmune serum. Recently antigens of
bovine coronavirus strain LY-138 were studied 'in the agar
gél precipitaticon test (Eajer & Storz, 1978) using
hyperimmune serum prepared against purified intact virions,

and four antigens were detected.
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a

In spite of its importance in human infections, human
. " > -
coronaviruses have not been subjected to detailed antigenic
study. This can be explained by the difficulty in propaga-
ting ﬁhése viruses in a guitable tissue culture. Two
antigens were described when 229E was tested with human
convalescent sera (Bradburne, 1970). Using animal sera

raised against HCV/229E preparations, the results were not

o

clear encuch for a reliable interpretaticdn becau

F,

the

fali e

0

—

iog of anti-tissue lines which appeared in the reaction

48

rofu

/]

(McIntosh, 1969: Bradburne, 1970). Also precipitatien lines
were detectable only when the antigens were concentrated
10 to 20 times (Bradburne, 1970). Hierholzer, in 197¢
described one antigen in agar gel immuneodiffusion and
immunoelectrophoresis by using purified 229E and its
homeclogous rabbit antisera. Three anticens were detected by
using suckling mouse brain grown HCV/QC43 (Hierhelzer et al, 1
while Bradburne (1970} identified four lines by using 0C43
ané its specific hyperimmune serum. OCne cf these antigens
was described as a host antigen (Hierholzer et al, 1972).
Coronaviruses are a large group with a complex viral
tructure and it might be expected that antigenic inter-
relationships within strains and between members cf the
group woulé exist. All the swine TGE strains were found to
be related and no antigenic differences were reported
(Lee et 2l, 1954; Sasahara et al, 1958; Bohl & Xumaga, 1965;

Ristic et al, 1965; Cartwricght, 13966). However, serclcgical

a72)

4
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variations between strains of the avian coronavirus IBV

were first described by Jungherr et al (1958). Winterfield S
et al (1964) ;ndicated that the Australian IBV isolates
were related to the American isolates but that the
relationship was entirely "one-way". In the United Kingdom,
all the isolates were oI th

'Massachu

]
h
1]

etts ty

i

o' {Berry &

tokes, 196%; Dawson & Gough, 1971).

/7]
s

ring New Sealan

L)

omp

£

*ii

’

Australian, and Américan IEV strains by neutralizatien

cor

tests, Now Cealand's were different from the othersy bhut 2

.

weak relationship &id exist (Pohl, 1%67; Lohr, 1° ).

-1
ah

Mouse hepatitis virus (MEV) strains were all interrelated -
either bv complement fixation or neutralization tests
(Gledhill & Niven, 1855; Dick et al, 19856; Morris, 195%;
—S+tarr § Pollard, 1959; Manaker et al, 1961; Calisher &
Rowe, 1966; Morris et al, 1966). One report by Philip et
al (1971) described an antigenic'relationship between TGE
ané HEV by immunoéiffusicn but not by the neutralization
test. No relationship between strains of IBV and other
Q - N
coronaviruses were reported. The widest cross—-relationship
vet described for coronaviruses was hetween MHV and other
coronaviruses. MH% strains were related to the rat

coronaviruses (RCV and S3DV)by CF tests and not by

‘heutralization (Parker et al, 1870; Bhatt et al, 197z).

both HCV/0C38 and HCV/OC43 were also related (McIntosh et
al, 1967). MHV-3 has also been shown to be related Eb
-

strain 229FE (Bradburne, 1970). McIntosh et al (1969) £found

-
«



that IBV-42 was unrelated to the human and murine viruses
~and that 229E had very little, if any, relationship with
the murine or other human strains eested by neutralization,
CF, and fluorescent antibody tests. Usina the same tests,
H;In osh ot al, (1%69) found that three of the oraan
culture viruses were related to several strains of Mﬂk.
Relationships between 0C43 and HEV were identified by

emaggiutination inhibition, complement~fixation, and

o s

neutralization tests (Kave et al, 1977). TFedersen et al's
(1978) study o&}g’few coronaviruses by direct and indirect
flucrescent antibody procedures have divided those
coronaviruses tested into twe groups on the basis of their
relationships. In the first were MHV-3, HEV-67N, NCDV and
HCV/0C43 andéd in the secondé were FIP, TGE, HCV/229E ané CCv.
The date from experiments examining the antigenic
components of coronaviruses tend to be confusing. Part of
this confusion can be attributed. to the variety of technigues
used to study various members of-the group ané the lack of
a comprehensive seeév of these antigens in relation to thelr
structural and biological functions. Some viral or viral-
modified host proteins may not be good immunogens and,.
therefore, can only be detected by the concentration of both
antigens and antisera. The known incorporation of host (Pike

Garwes, 1977) components into the infectious virion makes the

characterization of such antigens a'difficult task since any

-
o

procecdures designed to vield highly-purified antigens may



Succeed simply in removing essential viral envelope along
with non-virion host compeonents and/or host impurities.
Since their original discovery which, in some cases
heon published on the antigenic relationship between
coronaviruses. And because of the variations in the test

.....

svstems, i1t has been difficult to assess their inter-

cation of these agents.
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ggmagqlutinatfhg Encephakmyehxis
Virus of Pigs (HEV)

This virus was also cultivated in our laboratory
from an inoculum and primary pig kidney cells obtained
from Dr. G. Dulac of the ADRI.

Infectious Bronchitils
vVirus of Chickens (IBV)

The unpurified virus, cultivated from infected chick

embryos;, was also obfained from the ADRI.
A

s

Cell Cultures
RS

The tvpe of Well used depended on the virus type
and the experimental design. Each of the tyvpes used are

outlined below.

LIRS S
P

L132 Cells

These human embrvonic lung cells derived by Davis
and Bolin (1960) were obtained from Mr. D. A. McLeod,
Laboratory Centre for Disease Control (LCDC), National
Health and Welfare, Ottawa, who in turn had obtained them

from the American Type Culture Collection (ATCC).
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The passage number from tissue of origin is unknown
kShannon & Macy, 1972) but our numbering system was a
continuation of that used by LCDC. The cells had been
passaged five times at a 1 to 2 ratio at LCDC however,
upon arriva{Qat our laboratory, they were passaged at 1 to

3 split ratios. The cells used in this study were limited

to those between passage 20 and 40.

WI-38

This diploid cell strain, derived from human
embryvonic lung'(Hayflick, 1965), was obtained from the

American Type Culture Collectiagi\?aryland, U.S5.A.

Human Fetal Lung (HFL)

Diploid cell strains similar to human embryonic
lung (WI-38) were obtaihed through the courtesy‘of Mr. P. A.
Phipps and Mr. B. Maccﬁlloch of the Ottawa Régional Virus

_ N

Laboratory, Children's Hospital of Eastern Ontario, Ottawa.
These strains were used while in phase'II of their passage
history (Hayflick & Moorhead, 1961; Hayflick, 1965).

All the above mentioned cell cultures were grown in
Eagle's minimal essential medium (MEM, 'Auto-Pow', Flow
Laboratories, Inc.) supplemented with 10% fetal calf serum

(FCS) ané antibiotics (penicillin, 100 units/ml;

strep%omycin, 100 pg/ml, and neomycin, 50 pg/ml). Only the



L132 cell line was used throughout the project while WI-38
and HFL were used only in a small scale to compare with
L132 cells.

All cell cultures were grown in 75 cm2 disposable

plastic flasks (Falcon Plastics, Inc. Flow Lakh.) and used
~

within 24 hours of reaching a confluent monolaver.

Primarv Pig Kidnev Cells

Thev were supplied as a cell suspension by Dr. G..
Dulac from the ADRI. The growth medium was a modified
Hank's lactalbumin hydrolvsate (H§§§-LAH) (Greig et 21,

"1967; Dulac et al, 1977).

Virus Preparations

HCV/22S8E

Confluent monolayers of L13Z cells were produced
within 2 days Of splitting and contained between 1.5 -
1.8 x 107 cells. Prior to infection, the growth medium
was removed and the cells washed with phosphate buffered
saline (PBS). The PBS was removed and the cells were
incubated for 24 hours in maintenance medium (M-199, Flow Labora—

tories) without fetal calf serum (FCS). The cells were acain washed

with PBS and were left to drain for several minutes before



being inoculated with 0.5 ml of virus suspension having

a titre of 107 - 108 pfu/ml. The virus was adsorbed for

60 minutes at room temperature during which time- it was

redistributed over the surface every 15 minutes. At the

end of the adsorption time the cells received 10 - 12 ml of
M199 without gerum and were incubated -at SSOC for 36 - 40
hours. After this time the cells were either frozen at
-80°C or the contents were squected to 3 cycles of

freezing ané thawing ¢ release the virus from

For the preparation of labelled virus, the cells
were infected as agove and received 10 - 12 ml of MEM cor
M18¢ plus (5-°H)-uridine (10 pCi/ml, New England Nuclear).
Incubaticon anéd subseqguent treatments were the same as
these for unlabelleé virus.

The virus preducticon was determined by plague assay
(Kennedy & Johnson-Lussenburg, 197€) in monclavers of

. .- 2 . . . , . .
cells in 75 cm” discosable culture flasks. Dilutions

-

.

8]

3

tt
(=

of the virus were prepared in cell ¢growth medium at ice
bath +temperature. Inocula of 0.33 ml were added to well
drained monolavers and allowed to adsorh at room temperature
for 60 minutes again re-distributing the inoculum over the
cell sheet at 15 minute intervals.

2t the end c¢f the adsorption period, 25 - 30 ml of
the following oveflay medium, at 4OOC, was added to each

flask: M199 plus 0.2% NaHCO,; 5-bromodeoxyuridine (BUAR),
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Y

Sd ug/ml: DEAE-dextran, 200 ug/ml; 2% FCS; antibiotics;

and 0.6% Oxoid agar mo. 1. After the solidification of the
overlay, the f£lasks were incubated with the cell surface
uppermost for 6 to 7.days at 33°c. The cell monolaver was
then fixed with 4% formaldehyde in saline for at least one

hou™at 37°C.  The agar was then removed and the cell

sheet was stained with crystal violet to facilitate counting

TGE ,./

[}

This virus was prep%fgd in primarv pig kidney cells

Oor in a pig kidney cell line after three passages at.a 1 to

k

3 split ratio. 'Only the primary pig kidney was grown in "HBSS=-

AE" solution; all others were done in MEM. The cell

t!

monolaver, pricr to inoculation with the virus, was washed
with PBS then left with MEM without FCS for 24 hours. The
cells were again washed with PBS and incculated .with 5 ml

of TGE diluted in MEM iq a titre of 1.58x10° TCIDgy- The
virus was adsorbed at 37OC for 30 minutes. The monolaver
was then covered with an additional 10 ml MEM without FCS
ané the flasks were incubated at 37°C for 48 hours. At the
end of the incubation time a 3%0% cvtepathic effect (CPE) had
developed. This was typified by clusters and strings of
large round cells, most of which were floating in the

maintenance medium.



29

Labelled virus was prepared in the same way it had

 been prepared for HCV/229E.

HEV

The virus was prepared in the same way TGE had been
T using primafy pig kidney cells. The cells were grown in
Hanks balanced salt soiution for the first passage but were
then switched to MEM + 10% FCS in the subseguent passages.
The cell monolayer was washed with PBS and left for 24 hours
in MEM without FCS. Affér that, the cells were washed again
with PBS and infected with 5 ml of HEV incculum diluted

in MEM to give the titre 3.17x104 TCIDSO' The virus was
adsorbed for 30 minutes at 37°C. Maintenance medium (10 ml
of MEM without FCS) was added, anéd the infected cells were
incubated at 37°C for 48 hours. Again éhe flasks not used
were stored at -80°C while those to be used were
freeze-thawed 3 times. Labelled virus was prepared in the

same way as HCV/229E.

Concentration and Purification
of 229E Virus

Clarification and Purification

S

The virus was prepared in L132 cells as described

along with a few (5—3H)—uridine labelled flasks as a marker
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to locate the virus peak in the gradients. In this step
the cells were sﬁbjected to 3 freeze-thaw cvcles to
release the cell-associated virus wh%ch has been estimated
to be 75 - 90% (D. Kennedy, Ph.D. Thesis, 1977). The
resulting mixture was clarified by centrifugation at low
speed (2,000 rpm for 20 minutes) in an IEC PR6 centrifuge
at 4°c. This procedure was‘designed to remove the large
cell debris. Clarified whole culture lysates were
centrifuged at 48,000 g for 60 minutes at 10°C in the
Beckman Spinco $W25.2 over a cushion containing 7 ml of
65% w/v sucrose. After centrifugation, an opalescent band
was visible at the interface. The band was collected in

4 ml per tube by either tube bottom puncture, or without
puncture from the top of the tube. The cushioned virus
band, containing a mixture of sucrose and maintenance
medium, was further concerntrated and washed free of sucrose
by ultrafiltration using the XM300 membrane in an Amicon
UF52 cell under nitrogen pressure in a cold room. Since
the virus bands contained about 40% sucrose, successive
washings with 0.001M phosphate buffer (PO4) pHE 7.2 (see
appendix} were required to reduce the concentration teo

2% or less.
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Density Gradient Centrifugation:
Rate Zonal Centrifugation -

Sucrose gradients were prepared in cellulosénnitrate
tubes supplied by Beckman for the SW25.2 rotor. Six step
gradients were prepared using 9.3 ml each of 10, 15, 20
30, and 35% w/w sucrose (Schwartz-Mann, density gradient

N\

grade), for a total volume of 55.8 ml per tube. 3fter

» -
formation, the step gradients were refrigerated overnight at
4°¢ to allow diffusion to linearity. The gradient shape
was chosen so that virus sedimentatieon was not likely to ke
densityv-inhibited, vet a good separation f;om non-viral
components coulé be expected (Anderson et al, 1966).

Gradients were overlhered with 2 ml of virus concen-

trate per tube ané immediately run at-63,000 g for €0
minutes at 10°C after which 2 ml aliqubts were aéain
collected through either *tube bottom puncture or f£rom the
top ¢f the tube. .The sucrose concentration in the fractions
was determined in a refractometer (Erma Optical Works, Lté.,
Tckyo) . Tﬁé position of the virus bané was determinec by
the peak of (S1§H)—uridine labelled virus as measured by
liguid scintillation counting o% portions of the above

L 4
alicuots. Two liguid scintillzaticn £luids were used; the
first consisted of BBS-3, 100 ml; butyl-PBD, 8 gm (both
£rom Béckman Instruments, Inc.); water, 50 ml and toluene to

1 litre (Newman, 1973), while the second, used for aliguots

of less than 200 pl (Newman 1973) contained BBS-B; 40 ml;



PPO, 5 gm (Amersham/Searle); water, 20 ml and toluene to 1

litre.

Density Gradient Centrifugation: )
Equilibrium Density Gradient Centrifugation

SteePer sucrose gradients were used for further
purification and separation of the whole virus from the
other contamirants. These were preparea manually, using
8/16 x 3% inch ;ellulose_nitrate tubes obtained from

Beckman for the SW4l rotor. Gradients were formed by

w -

layering 1.8 ml amounts of 6 sucrdse sclutions decreasing
in concentration from 65% to 15% w/w sucrosk by 10% steps and the

-
-

radi

0
0]
o ]
th

+

were left to diffuse tc linearity hefore being used.

n
©

amples of 0.6 ml velume were applied to the gradients. Running
conditicns were variable, but usually were at 63,000 ¢ for a
minimum ¢f 20 hours unless otherwise referreé to in the *text.

rractions {0.5 ml) were ccllected by eilther bottem

suncture or Irom the o

¢

of the tube for subseguent

analvsis. o
Sucrcse soluticns, withonlv @ few exceptions, were

prepared from a €€% w/w working stock and éiluted according

tc a curve supplied by Beckman (reproduced in Griffith,

1875). Buffers, reducing aéents, and other additives were used

when required as’a pertion of the diluent ané were oniwy

used for certain specific conditions ‘as will be described.
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Antigen Preparation

The fcllowing antigens were prepared and used

throughout the study.

—

“ .

Host Antigen (L1332 Cells)

The host antigeg @aS;Eﬁe L132 cell line (L132)
which'was used to groé HéV/229E. After the forfation of
the monoiayer, the cells were washed 2 times with PBS.

Each time the PBS was leﬁ; on the monolaver for 30 minutes.
MEM #ithout FCS w;s then added to the cells and left for
24 houré. The ceils were again washed with PBS and finally

cevered with 5 ml 0.001 PO4 buffer. The monolaver wés

thep frozen and thawed 3 times at —ZOOC.

N

Virus-host Antigen :
(2298 Infected Cells, L132) T

Two types of virus-host (229E/L132) antigens were
used. One tvpe was prepared by infecting ‘the cell meonclaver
as described above using the mixture as the antigen. The
other was prepared by using only the cushioned band lafter

it had been washed and concentrated by ultracentrifigation.

HCV/228E Virus Antigens - *

The virus used for antiserum preparation had been

[
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concentrated OP a sucrose cushion, then purified by rate
zonal follqwed by‘équilibrium ultracentrifﬁgation on the
sucrose gradient cénsisting of.i.S ml of 15, 25, 35, 45, 55,
and 65% w/w. Thé'labelled virus peak was colleétéd as
before. Then the washed §irus was cqncent}ated by pelleting
at 100,000 g for 3 hours in a Spinco Type 50 rotor. The
pellet was resuspended in ®.001 M Péa buffer. The”virus
was conéentrated approximééely 300 to 1 before being used
as an antigen.

gii Qi;us samples (229E, TGE, etc.) were evaluated
by electron microscopy, and protein est}ﬁation before and
after.purification. 3 | : Ve

¢

229E-RNP Antigen . . - W

Ribeonucleoprotein was isolated bv- the procedure
described bv Kennedy and Johnson-Lussenburg (1976).
HCV/229E labelled with (5-°H)-uridine was initially

concentrated on'sucrose cushions, further concentrated
by ultrafiltration and then purifieé bv rate zonal ultra-
centrifugation as described above. The purified v;:gs
preparations with or without further equilibrium sucrose
density éradienﬁ purification were treated with NP40 to

: z

release the internal component. The following sf%ék

solutions were used: .



35

Tris-EDTA buffer was prepared as a stock 1 M in Tris
('Trizma’ Hrénd of tris-(hydroxymethyl)-aminomethane,
Sigma Chemical Co.), 0.1 M in EDTA (disodium
ethylenediamine;etracetate, A.C.S., Fisher Scientific)
adjusted with HCl to give a oH of 7.2 at 1/100 dilution.
Dithiothreitol (DTT, Sigma) was freshly prepared as a 10%

w/v solution in deionized water and Nonidet P-40 (NP40,

Shell Chemicals Co.) was‘similarly prepared as a 2.5% v/v

solution. The disrupting solution used in the experiments’

contained 0.5% NP40, 2% v/v BPTT, 1/50 of Tris-EDTA buffer
prevared from the above stocks. To this solution was

added an egual volume of freshly purified virus in 0.001

M phosphate buffer and the mixture was immediately lavered

ontc preformed, precooled sucrose gradients, 25 - 65% w/w

containing 0.4% DTT and 1/100 dilution of Tris-EDTA buffer.

Untreated virus was mixed with an egual volume of 0.001M

phosphate buffer and run in parallel on phosphate buffered

sucrose gradients to serve as a controcl. The gradients
were centrifuged in a Spinco SW41l rotor at either 37,000
rpm (170,006 g), f£or 21 hours at 10°C, or, at 30,000 rpm
(120,000 g) for 40 hours. All virus preparations were a
mixture of unlabelled and labelled virus so that peak
virus and RNP levels could be determined. Gradients were
fractionated as described above. BAliguots were taken for
licuid scintillation counting (LSC) into the previously

described cocktail.

S
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TGE Antigen

This virus was purified umng the same procedure
R ‘
as for the preparation of 2298 antigen. Xgain the virus
was concentrated by approximately 300 to 1 before being

used as an antigen (TGE). i

TGE-RNP Antigen

TGE-RNF was isolated in the same wav as 229E-RND.

HEV Anticen

This anticen was prepared in the sanme wav as’

HCV/229E and TGE anticens.

-

EV-RN? Antigen

The anticen was.also prepared in the same way as

TGE~-RNP.



MHV _Antigen

Mouse hepatitis virus (MHV) as a semi-purified

concentrate and antisera prepared in rabbits were obtained

L]
from Dr. K. Holmes. Due to the necessity of using a stronf’
: _ P
antigen, MHV antigen was concentrated further by pelleting
at 40,000 rpm for 4 hours and resuspending the pellet in

1710tk volume of 0.001 M PO4 buffer.

-

IBV Antigen . ‘J

rifugation (2,000 rpm for 30 minuites at 4°C), "after which

ne supernatant was applied conte €5% w/v sucrose cushions and

concentrated as before. The interface virus banéd was

. . I . . . . .
collected and placef in an ultrafiltration unit where it
-
was washed several times in 0.001 M PO4 buffer before

concentrating.

. Antisera and Ascitic Fluids

Preparation -

Antisera and ascites were prepared against 229E- -
virus antigen (229E), 229E-infected L132 cell antigen

(229E/L132), and L132 host antigen (L132) in guinea pigs

T



38

H
.-

o -~

" using a modification of the procedu%éiﬁescribed for the prepara-
tion of ascitic fluid in mice (Munoz, 1957; Sommerville,
196J7) . Male guinea pigs (Hartley/albino outbreed} weighing
400/- 500 gm were used. The animals received the first
ensitizing dose by injecting 0.2 ml of the antigen in the
footpad. Four d ;s later, 1 ml of 50% Ag + 50% Complete :
Freund's Adjuvant) (Grand Island Biélogical Company)} was
given subcutaneouély and was followed two weeks latex by

1 ml of antigen/adjuvant mixture given intramuscularly.
This was again féllowed by the same injection in another

two weeks. After this series of injections the ascitic
fluid preﬁafation was started with a 4 ml peritoneal injec-
tion (2 ml antigen and 2 ml Complete Freund's Adjuvant)

two weeks after the last intramuscular injection. The
animals continually received these injections every week- for
four weeks. Fifty percent of the guinea pigs started to
develop sscitic fluid after the second intraperitoneal
injection. Those that‘didn't were stimulated to do so by a
third or fourth intraperitoneal }njection. The fluid was
drained when distention of the gﬁdominal cavity was
noticeable, usually every two days. This was accomplished,
without anesthesia, using a 50 ml syringe equippéd with an

L

18 gauge needle that was inserted iﬁéo the lower left part
of the abdomen. The fluid was then transferred to 50 ml

&
Corning disposable centrifuge tubes (Canlab Ltd.) and left

overnight at 4°c. The samples were then centrifuged at
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3,000 rpm for 20 minutes. An aliquot of the supernatant
fluid was titrated to determine the concentration of
antibody, the remainder was stored at ~20°C._‘

The animals were bled before the administration of
the antigen and weekly after the antigen.had been admin-
istered, by the heart puncture route. The blood was left to
clot overnight at 4°C and the serum was isolated by centri-
fugation at 2,000 rpm for 20 minutes.

MHV antisera (MHV/AS;Qereprepared and supplied by
Dr. K. Holmes.

' Hvperimmune convalescent TGE antisera (TGE/AS) and
convalescent HEV antisera (EEV/AS) were obtained through the
courtesy of Dr. G. Dulac and IBV antisera (IBV/AS) prepared in
chickens were obtained from Dr. E. Thomas, both of ADRI, Hull.

Normal bovine (COW/S), feline (CAT/S), and'canine
(DOG/S) sera were obtained from frozen stock samples stored

in this department, through the courtesy of Dr. R. Fyson.

Concentration

Anti-229E sera (22%E/AS), ascitic fluid (229E/AF).,
229E convalescent sera (229E/CONV.), anti-L132 host sera
(L132/R28}, and anti 229E/L132 sera (229E/L132/AS) were

concentrated by ultrafiltration or ammonium sulphate

- "‘-:.
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precipitation.

—

Ultrafiltration: Concentration of serum and ascitic fluid

'.by this method was done using a PM30 membrane in an Amicon

ultrafiltration cell under nitrogen pressure in a cold room.

s

Ammonium sulphate precipitation: This method was

used to precipitate out the gamma glcbulins from the serum

and ascitic £luid. In'this procedure one volume of

saturated ammonium sulphate was added (drop-by-drop) to

every two volumes of serum or ascitic fluid, the entire suspension

being continually stirred. When the appropriate amount of

ammonium sulphate had been added, the pH of the suspension

was adjusted to 7.8 with 2N NaOE. The stirring of the

suspension cgntinued for an additional two to three hours tc

limit the amount of other serum components that are often

trapped in the gamma globulin grecipitate. The suspension

was centrifuged at room temperature for 30 minutes at

1,400 g {(about 3,000 rpm). The precipitate was washed two

times in saline before being resuspended in borate-buffered

saline (5 parts of borate buffer with 95 parts of saline, pE 7.8).
- The ammonium sulphate was removed from the precipi-

tate by dializing against borate-buffered saline for three

to four days at 4°c. The dialysate was changed twice a day,

each time checking for sulphate ions by adding a few drops

of 2% barium chleoride to.a small aliquot of the dialysate.

In the presence of sulphate ions a white precipitate of



barium sukphate is formed. The dialysis is complete when
there is no more barium sulphate precipitated. After
dialysis the suspension was centrifuged at 1,400 x g for

30 minutes at 4°C to remove some of the insoluble material\
formed during dialysis. The final slightly opalescent

. o
suspension was stored at -207C.

Methods for Assaving Antigens
. and Antibodies

Neutralizaticn

Two-fold serial dilutions of antiserum or ascitic
fluid were prepared in saline. Aliguots of 0.5 ml of these
fluids were nixed with 0.5 ml of a suspension of 229E in #
M=-199 at a concentration of 504 pfu/ml. After one hour
incubation at room temperature 0.53 ml of the mixture was
added to an L132 cell monolaver in 73 cm2 flasks. Two mono-
layers were used for each dilution. After one ﬂ%ur of
adsorption, during which time the inbcul;; was frequently
redistributed over the monolaver, the agar overlay previocusly

“described was added to the cells which were then incubated
at 33°% for six to seven dayg to develop plagues. A virus
control consisting 6%~b.5 ﬁl virus diluent plus 0.5 ml saline
was prepared from which a 0.33 ml sample was assaved. Also

r

included was a cell control in which uninfected cell development



42

was monitored. The highest dilution of serum or ascitic
fluids showing S50% piaque inhibition was considered the end

point of the titration. -

Immune Electron Microscopy

The EM was used here +to study the extent of viral
agglutination in the presence of either immune sera or
ascitic £fluid. Purified virug'antigen, as prepared before,
was used. Dilutions of anti-virus ascitic £fluid (229E/Af;
1/10, 1/50) and anti-virus antiserum (229E/AS; 1/50, 1/100)
were prepared in the wells of a micro titre plate. Ten
microliters of each dilution were mixed with 10 ul of virus
preparation and incubated at room temperature for 30 minutes.

Grid preparation will be described later.

Protein Estimation of the Antigens

Two procedures for protein estimation were used.
The first one was the—procéduré of Lowry as was described by
Leggett Bailey (1962). The second is the one described by
Marian M. Bradford (1976) for the.quantitation of microgram
quantities of protein. In both procedures bovine.serum
albumin was used as a standard solution. Either cne proce-

dure or the other was used, depending on the gquantity of

sample available.



Immunodiffusion

Antigen-antibody.reaction was analvzed by the
Ouchterlony double diffusion test (0. Ouchterlony, 1949). -
The technigue used in our éxperimen;s was the one previously
described by Johnson et al (1964). In their study cellulose
acetate strips were found to give a more complex system of
component f&hés as well as better separation ind ré;olution
than were obtained with agar.

Thé Eellulose acetate strivs (Gelman Instrument
Company) were cut transversely into pie;es and soaked by
immersing them in buffer containing Tris, KC1, ané azide.
These strips were then put on a clean glass slide and the
perspex template described by Johnson et al (1964) was
placed at one end of the strip. The template was then >
slippéd into‘a central 'positicn along the wet surface
thereby eliminating the formation 0f air bubbles. The
prepared siides were-placed into small moisture chambers
quua}e-petri dishes, containing damp filter paver) which
were in turn placed in a larger moisture chamber. Precipi-
tation lines were allowed to develoy over 40 to 48 hours at
23°¢C. Fellowing incubation the templates were removed under
running tap watef and the cellulose acetate strips were
removed and washed in ohvsiological saline for a minimum of

four hours followed by a ten minute wash in distilled water.
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All immunodiﬁfusion reactions were stained with thiaéine
. red (Crowle, 1958) and direct enlargements made on F-3
Kodabromide paper (ﬁastman—Kodak Ltd.).

Besides the above mentioned buffer, others (0.001

M PO,, Tris,Borate-saline,"and PBS) were tried and found

tq/be as effective as the Tris, KCI1, and‘a:idéhbuffér.

Absorption of 229E (Virus) Antisera by
L132 (Host) Cell Antigen

During initial immunodiffusion experiments there

il

appeared to be a large amount of hést antibody in the immune

+

fluids (antiserum andéd ascitic fluid) even after the exten-
sive purificaticn §teps previously described for the
purification of HCV/229E. Thus an attempt was made to

absorb cut the excess host antibody by mixing 1 ml of

anti-virus serum with 4 ml of packed L132 cells. The mix-

ture, with freguent shaking, was first incubated at 37%

N
Pl

for two hours and was then transferred to 4°¢ for 24 hours.
At the endéd of the incubaticn, the mixture was centrifuged
at 5,000 rpm for 30 minutes. The superﬁatant (absorbed
serum) was removed and centrifuged at 4,000 rpm for 30

minutes to remove the remaining debris. When this

-

absorbed serum was tested in immunodiffusion experiments,

it appeared that host antigens had been contributed to the

. B
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.
serum. These antigens could not be removed by two cvcles
of ultracen%iifugatiOn at 75,000 g for either 90 minutes‘or
four hours. Because of these 'new' antigens, sera
absorbed in this manner had a limited use in our immuno-

diffusion analysis consequently absorption procedures were

not carried out further.

. .. -

Disruption of Antigens

-

Because of the delicate structure, the

coronavirus disrupts spontaneously dur?ng the normal

procedure of purification or storage at high temperatures, and
virus RNP has been demonstrated even following storage of

7
229 at 4% (Kennedy & Johnson-Lussenburg, 1976). In

~
crder to obtain a larger amount of viral components,
several disrupting agents were tested. Fellowing treatment
with any of the agents described below, the resulting °

suspension was tested using the previdusly outlined

immunodiffusion procedure.

Ether (Mallinckrodt Chemical Works)

An equal volume of ether and virus antigen were
. o . . .
incubated for two hours at 37 C with occasional vigorous

shaking. The two layvers were allowed to separate and the
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ether laver was removed by pasteur pipet. The residual
ether was evaporated using a gentle stream of nitrogen or

by exposure to air.

Chloroform (Fisher Scientific Companv)

Iﬂ this procedure 0.1 ml of chloroform was added to
‘0.1 ml of purified virus. The mixture was swirled gently
for two hours ‘at room temperature. The chloroform was

then evaporated at 37°C (Kates et al, 1961; Eckert, 1966).

Tryvpsin (Grand Islané Biological Company)

To 1 ml of purified virus, 0.1 ml of 2.5% trypsin
was added, and ‘the mixture was incubated at 37°%. At the
end of two hours incubation, 0.05 ml of 5% soy bean trypsin

inhibitor was adéeé to stop the reaction.

Pronase (Calbiochem) -

~

A 0.2-ml sample of purified virus was treated with

20 pg of pronase. The mixture was incubated at 37°% for
six hours with intermittent agitation.
. / .
|

Triton-X—-100 {Rohm & Haas Company)

A 10% TX-100 solution in distilled water was

incubated with antigen suspension to a final detergent
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concentration of 1l%. The mixture was incubated at room
temperature for two hours with frequent shaking.

Sodium Deoxvcholate (Difco Laboratories)

Anaquéoussolution of 10% étock sodium deoxycholate
was added to an antigen suspension to a final conceﬁtration
‘of 1%. The mixture was then incubaged forltwo hours at
room temperature to complete the procedﬁre.

*

Sarkosvl (Ciba-Geigy Foundation)

~

Thi§ was prepéred‘in an agqueous soluticon to §ive a
20% Eoncentfation. It was incubated with the purified virus
antigen. The mixture had the final concentration of 1% of
Sarkosyl.. It was incubated for two hours at room temperature

r

with fregquent shaking. ' -

Electron Microscopic Preparations.
Most invéstigations were done using the hegative
staining technigue of Brenner and Horne (1959). A 2% agueous
solution of phosphotungstic acid adjusted to a final pH'

of 6.4 was found to give the best results with 229E and was

2lso used for the other coronaviruses examined.

!
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i

. Specimens for electron microscopy were prepared by

N

several methods; one was similar to that describédiby_-
Howatson (1969). Using finely drawn pasteur gipettgé,
preparations weré adsorbed for one m?nute directly bnto
carbon-stabilized formvar-coated grids. Excess sample was-
drdined by touching filter paper'toAthe edge of the g%id.
The grid was washedxonce or twice' with disﬁilled Qgp%rh
agaiﬁ draining the excess with filter paper. The staining
solution was then applied to the grid, allowed to remain for
30 to Gg/ggconds, drained as above, and the grid was gliowed
to air dry. ‘ ‘ |
in a second method the material to Be examined was
diluted in 0.001-M phosphate buffer and centfifggeé.ét
100,000 ¢ f?r ﬁyo to three hours. The resulting pellets

»
were resuspended in distilled water and a droplet was applied

to, the grid, miééd with stain in situ, the excess was
drained-off, and the grid alldwed to air dry.

‘In a third”mepﬁod the grids Qg;e prepared using the -
agar diffusion metﬁod'deScribed by Anderson and Doane (1972) .
.This qsthod was found to préduce acceptable specimens from
a.variety of ‘seolutions.
. ; ) ' Once pregaréd, grids were examined immediately iﬁ
the:Eq‘ok'storéd in a desiccator until they could Sé

seréened. All examinations were done with a Philips EM300

-électron microscope. -
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Analvsis of Immunoprecipitates of
Virus and Host Antigens

v

Initially we were interested in following the

‘overall pattern of events duriné the 72 hour period following

o & - Q
infection to detect the changes as they were reflected by

the composition of the cell lvsate (replicative events) and

-

cell supernatant {released virus).
’ 2
In the first experiment enough £lasks (75 cm™) <§

L132 cells were infected with 229E to provide 10 flasks at

eight hour intervals for & total period of 72 hours. At'each inter-

-

val the supernatant

£flufE (SNF) was decanted from each of the 10
3 ) .

replaced with-equal volumes of 0.001 M phosphate
< : '

buffer. - The monolayers were subjected to three cycles of
N

-freezing andé thawing after which each group of samples was

»

pooled to give a total of nine lysate ané nine SNF samples.

The samples were centrifaged at 2,000 rpm for 20 minutes

_to remove the large cell debris. They were then further

clarified and pgncentrated by centrifugation onto sucrcse
cushions at 48,000 g for 60 minutes at lOociin the Beckman
Spinco SW 25.2 rotor. The‘samples were then pelleted by
Eentrifugagion at 100,000 g for three hours in a Spinco

FASG rotor. . The pellét_from.the SNF samples was resuspenced
inl mi buffer-whileuthe lysate pellet was resuspended in

2 ml of O.OOl.M‘PO4 buffer. The resulting SNF samples were

-expected to contain mainly virus while the lysates probably
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contained infected cell components and cell associated
virus.

Each sample Qas divided in half and to each equai
volumes of either anti-virus or anti-host ascitic fluid was
added. Following incubation at room temperature for four

hours and then at 4O.ov rnight, the antigen-antibody

complexes wer

o

pelleted by centrifugation (6,500 g) in a

FAS0 rotor, for 30 minutes, washed twice with veronal.buffer
(PE 7.6), and the £inal pellet prepared for polvacrylamide
gel electrophoresis (PAGE) by resuspending in 5% SDS followed
By 12 hour dialysis acainst the modified electrophoresis
suffer (SDS, 1 gm; glveine, 2.88 gm: urea, 30 gm (BIO-RAD

Labs.); Trizma, 0.6 gm (Sigma) - 1 litre HzO). The samples

were then boiled for one to two minuktes, before being

r

applied to preformed gel (10% acrylamide). The cels were
stained with Coomassie Blue to cbserve the crotein bands.
Next, feollowing essentially.the same procedure, the
proteins were labelleé with
14 1 el = SR - &.. - F 7
C amine acicds. These had been added at the time of
infection.
o - - 14 < s
In order to locate the C” '-lakelled polypeptides,
after the gels were stained with Coomassie Blue, they were
treated with dimethyl sulfoxide for 40 minutes, changing it
every 20 minutes. The gel with PPO/dimethyl sulfoxide

(26.4 gm/120 ml) was incubated for 180 minutes, then

washed, and incubated with water for 60 minutes before
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fTinally being treated Qith Sb%lmethanol for 30 minutes
(Bonner & Laskey, 1974). It was then dried under vacuum
and incubated in contact with x-rag £ilm at -80°.
To study the glycosylated polypeptides, Cl4~glucosa-

mine was used. In these experiments the same experimental

design used for the Cl4 amino acid experiments was used.
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EXPERIMENTAL RESULTS
Part I

Studv of Antigens of Human
Coronavirus 229E

Growth of HCV/229E .

The conditions chosen for the growth of 229E were
those described by D. Kennedy (Ph.D. thesis, 1977) taking
into consideration reports published by others in WI—SS'
cells (Eamre et-al, 1967) and L1l32 culture (Bradburne &
Tyrrell, 1969). The virus yields obtained weréhgénerally in
the order of 107 £o lO? pfu/ml when titrated after harvesting
after three freeze-thaw cvcles. ‘

The studiés on virus greowth  in either tube or £flask
cultures (Kennedy, Ph.D. thesis, 1977) indicated that virus

~

titres reached a maximum at around 24 hours after infection.
No increased vield of infectious virus was Eound after
longer incubation, but this does not necessarily mean that
there is no more virus production since human coronaviruses

are temperature labile (Bradburne & Tvrrell, 1971; Bucknall

et al, 1972).

53
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Therefore, since the maximum quantity of virus.
antigen was required and infectivity was of secondary
importance, to ensure the infection of most of the mono-
layer and the maximum production of virﬁst incubatidh-was

continued for 40 hours.

Purification of HCV/229E Antigen

Gradient purification technigues have proven ade-
quate for the preparation of IBV (Bingham, 1975) and TGE

(Garwes & Pocock, '1975) prigr to their biochemical analysiﬁ.
The incorporation o; (5—3H)—uridine specifically

into the RNA of the virus during replication aids in both

identification of the virus genome and location of the

virus during the purification procedure. Using density

gradient ultracentrifugation to separate the virus from

material of different Gensities, it was found that the peak

of radiocactivity was located at a density of 1.18, andé

that this coincided with the peak of tvpical virions as detected

by electron microscopy {Kenneédv & Johnson-Lussenburg, 1976).
HCV/22%E was purified by rate zocnal and equilibfium

density gradient ultracentrifugation on sucrose to the extent

that was considered appropriate tc be used as virus -

antigen. Figure 1 preéents the profile of a typical experi-
ment showing the sharp virus peak obtained by scintillation

counting of the fractions collected. The pelleted and
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Figure 1



Fiéure 1:- Final pprification peak of (S—BH)-uridine
labelled HCV/229E obtained By ultracentrifugation

to equilibrium on sucrose density gradients.

-
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resuspended virus obtained from the pooled peak fractions

as a moderately clean preparation is shown in plate 1l-a.

Stability of HCV/229E

Ces

Different investigators disagree regarding the
stability of thq'various coronaviruses undexr different
ionic conditions. This disagreement may reflect tHe use
of different methods or strains of coronaviruses in their
studies. At 40, Cunningham andlétuart {1946) found that
keeping IBV-Beaudette at pH.3.03 for 14 days, the
infeétious agent staved fully active and no change in titre
was seen. Using the same IBV strain, after 30 minutes at {”/

~

pH 3.0 and 4°C, Stinski and Cunningham (1969) found 92 to b
96% virus survival, however, contrary to this, Hirai and
Shimakura (1971) discovered a high loss of virus activity
7.2 to-loz.s

(10 ) after 30 minutes at pH 3.05 and 4°C. \$he

same controversy was seen with the other coronaviruses. In
o

relation to TGE at pH 3.0 and 37 Cartwright et al (1965)
found no c@ange in titre after thi;;>¥ours while McClurkin
and Norman (1966) found 2 2 - 3 log loss after only one
hour incubation at the same temperature.

Different buffers at varying
pH, some commonly used to store different viruses, were

tested to discover teir effect on the physical integrity of

HCV/228E.
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Plate 1
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Plate l:- Electron migroscopy of HCV/229E prepafétions_used

for immunodiffusion experiments. -
. P

» . N N

a)} Purified HCV/229E antigen sho&ing t&pical

; " L
coronavirions with'miniméﬂ amounts of membranous

ris.
debris o .
1

5) and ¢) Immune electron microscopy of aggregates
of HCV/229E obtained #ith éntiviral ascites £luid
(ZéSE/AF).(b).énd virus antiserum (229E/$S) (¢)
demonstrating the sihmilarity of virus-antibody

~

interaction. . *
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bhese experiments were designed to take advantage

Sf the preﬁicted change in density due to particle disrup-
tion aftel- storage in a selected medla, thus avoxdlng the
lengthy and expensive plaque assay procedure for 1nfect1v1tv
In addition, it was important to correlate the release of
specific labelled components such as RNP, with the dis-
ruption of the virus under the conditions of ultracentrifu-

gation. ‘It was reasoned that, as a result of virion

disruption, there would be a sHift in the density of the

" labelled components, and this shift would be detectable

during end after egquilibrium gradient ultracentrifugation.
We were especially interested in the effects of phosphate
ions because it had been found that virus'preparations were
more stabie in 0.001M phosphate buffer than either saline
or PBS. Also, because apparently 2% PTA at pH 6.4 was
best for'stain;ng virions for electron microscopy, it was

of interest to determine whether any change in particle

- -

integrity could be eorrelated to ?H, . ~
The virus preparations used in these experiments

were labelled with (5-3H)—uridine ané were obtained after

concentration by rate zonal ultracentrifugation in sucrose.

Bach sample was divided equallyrto the appropriate number

of aliquots and applied immediately onto sucrose gradients

prepared in the solutions 'to be tested. The results of -

these experiments are presented in figures 2, 3, and 4.

In figure 2, the virus was applied on the sucrose gradients
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Figure 2
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Figure 2:- . The results obtained after equilibrium sucrose
gradient centrifugation of HCV/229E in water and in

the presence of different concentrations of phosphate

buffer at pH 7.2.
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Figure 3

5



Figure 3:~ The effect of prolonged incubation of HCV/229E
in different ionic conditions indicated by the
distribution of (5-"E)-uridine label. Note the

reduced height of the peaks in 0.001 M PO, buffer

4

and PBS and, the densitv shift in 0.1 M PO, buffer.

4

The scale .shows the density range of the peaks.
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,
‘Figure 4:- The effect of pH on the storage 6f'ﬁCV/229£ in
.00IM potassium phosphate buffer as indicated by the
distribution of (S—BH)-uridine label after equili-

"brium centrifugation on a sucrose density gradient.

-
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made up with water alone or different oncentrations of
phbsphate buffer at pH 7.2 and centrifiged to equilibrium'
(63,000 g for 24 hours).*'There was no siénificant difference
evident-in the profiles éf the radiocactive pe;ks when water

and 0.001M phosphate buffer (P0O,) were/used.

4)
It was of interest to note thkt in both cases,.there .
were two péaks of‘rﬁdibactivity, indicating the presence of
two classes of particles with differing deﬁsities (1.17 and
1.21). These densi£ies lie within the ;ange reported for
coronaviruses {(l1.16 - 1.23 or 36.6% - 50% sucrose) and may
represené a mixed HCV/229E virus pbpulation. However,
further work was not carried out to explore this finding
and, to date, this has been the only occurxrence of such
double peéks in felatiyely equaljproportions. However, the
occurrehce of mixed virus population (light and heavy
'particles).has been reported by other workers, notably for
TGE (Leaton et al, 1971} and IBV (R. W. Bingham, personal
communication) . -
The effect of the phosphate ion c95centration on
the virus integrity was indicated by the loss of the
heavier peak (density of 1.21), the shifting of the major
virus peak toward the lower sucrose concentration
(densities of 1.16, 1.15, 1.14) and the reduction in the
height of the peak by as much as 40 to 50%. The resulting

virus peak in PBS which consists of 0.14M NaCl and 0.009M

phosphate buffer was intermediate to thgse in solution with
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0.1M PO, and .0.01M PO4 anéuimplied no additional effect by
the NaCl ionic contribution. This shift in the virus peak
was considered to be due to the'PO4 concentration and
could bé correlated with the decrease in the radicactivity
counts, which may reflect the disruption of intact
virus particles. . . -~
Prolonged incubation of HCV/229E at different
:phosphate concentrations was also examined. The results
are presented in figure 3. Afté; 24 hours incubation peaks
were fougd at essentially similar densities within the
raﬁée described for coronaviruses. However, the total
amount o§ radicactivity decreased from 900 counts (0.001M
PO4J“to;§pfgximately 700 counts (PBS) and 550 counts
(0.1M PO4) indicating a ioss of virion RNA, most probably
due to disruption. Furthermore, the profile of the
radioacéivity in the OTlM PO, saiple was quite different.
It can be seen that there appeared to be a reduction. in
overali.radioactivity of the major peak, however, a |
distinét shoulder'indicated the presence ﬁf two populations
of the major peak at a slightly lower density range than
normal, possibly occurring as a result of the loss of
sﬁrface projections. It has béen reported that "kald"
virus (OC4§) has a density of 1.15 in potassiuﬁ tartrate
(Hierholzef et al, 1972). After 94 hours incubation thdre

was no change in the profiles indicating no major shift in

the density of the virus populations. However, there was
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2 continuing and pronounced loss of intact labelled virions

in 0.001M PO, and PBS indicaﬁed by the reduced number of

4

counts by as much as 30%. In 0.1M PO, the reduction in

4
counts could not be regarded as significant and it 1is
possible that gnder those conditions, the populations had
stabilized to a certain extent. Further experiments to
investigate this in correiation with morphology and
infectivity studies should be '0of interest.

1k the experiment described for the examination of
a pH range between 6.4 - §.0 using the 0.001M phosphate
buffer, it can be seen that no significant physical
disintegratién occurred from slightly acid to slightly

alkaline pHs after 94 hours centrifugation and the virus was

found to be quite stable in that pH range (figure 4). ~

\

As a result of these experiments, it is félt that’
this method provides'an effective means of evaluating the
disruptive action of certain conditions on the virioﬁ and
the prelifiinary information’'is a gquick guide for further
stability studies. Such studies, however, must be
correlated with morphological and infectivity investigations.
On the basis éf theée results, we conclude that the . .t
conginued use of the 0.001M phosphate bufifer or watexr, at
a pH of 7.2 is justified andlthat the effecﬁ of the pH on
the virus stability is not as great as had been previously

thought.
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Isolation of 229E-RNP

When HCV/229E was treated with NP40 according to
the procedure described in the previous section, a clear
difference could be seen between detergent-treated and
untreated virus. Figure 5 shows the distributién of
(5—3H)-uridine label in the g}adient of NP40-treated vifus
preparation. The peak in the NP40 tube corresponds to a
Gensity of 1.27, while the untreated virus in control
gradients usually comes ae/aﬁdensity around 1.18. In both
cases there‘wds a singie sharp peak, indicative of a
giomogenecus uridine-containing species, which differs in
the twe situations. The 1.27 density component was
identified as the internal component, a ribonucleoprotein
‘with a linear helical coﬁfiguration by aiochemical and

-*morphological methods (Kennedy & Johnscn-Lussenburg, 1976).
h~Both the RNP preparatlon obtained by NP40 treatment and the
RNP obtained after spontaneous disruption during the virus
purification (Kennedy & Johnson-Lussenburg, 1976) were used
as RNP antigen in the immunodiffusion tests. Unfortunately
there was not encugh for aeti;e immunization and
preparation of anti RNP serum. |

-

:Preparation of Analytical Antisera and Ascitic Fluids

The method of ascitic fluid preparation originally

described forxr mice (Munoz, 1957) proved to be suitable for

lﬁ
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Figure 5

» &



Figure @ Isolation of HCV/229E RNP following NP40
treatment of purified HCV/é29E according to the
method of Kennedy, 1977. Peak indicates location
of (S-3H)-uridine incorporated into the viral RNA

¢f the RNP. -

o
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guinea pigs. The guinea pig was preferred for several
reasons; 1) guinea pigs produce two to three times the
volume of antibody-containing fluids compared to that
produced by the mouse, and 2) the mouse was considered
unsuitable due to the éndémicity of mouse hepaﬁitis virus
(MHV) and the cross-relationships reported with HCV
antigens (Bradburne, 1970). Also guinea pigs were found
to be better animals for *he preparation of anti-229%8
antibodies than rabbits; confirming the findings of others
(Bradburne, 1970).

(All the antigen preparations used, virus (229E), virus-
host (229E/L132), and host (L132), in combination with Complete
Freund's Adjuvant were able to stimulatg the guInea pigs
to produce large volumes of ascitic fluid (30 to 50 ml} every
o .davs  for a period of about a month. Blood was
collected weekly from these same animals for the preparation
of antisera.

Complete Freund's Adjuvant seems to have been the
important factor for the p:oduction of immune ascitic
fluids in that it created the "ascitic reaction," a
phenomenon described by others (Somﬁerville, 1967; Stux et
al, 1977), in those animals which were initiailybnot responding.

The accumulation of the ascitic fluid can be seen
by the marked distension of the abdomen of the guinea}pigs
which did not seem to interfere with the activity of gﬁé 2

animals and their general health throughout the period.
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At the end of about a month, ascitic fluig production had
reduced and the abdominal area started to fill with a hard
mass of fibrous tissue. The animals, at thls stage, were
bled to death and the resulting antisergtwere stored for
testing. A further advantage to the use of. ascitic fluidg
'lS that the procedure for collecting ascitic fluig was
neither as painful nor as hazardous for the animals as
heart puncture or anv other blood collecting procedures
Anaesthesia was qulred only when collecting blood from

V4
the animals.

-

There was no loss in the quantity of ascitic fluig due

to the presence of cells, a problem usually faced in the
case of blood used to Prepare antiserum where approximately
half is removed by clotting to achieve the removal of red
and white blood cells. Furthermore, the ascitic fluid was
found to have as good an antibody content as the Serum,
and thus a larger volume was available for the necessary
concentration.

' D

Characterization of Analvtical
Antisera and Ascitic Fluids

Antibody preparations to be used for the identifi-
cation of 229g antigens were evaluated by several methods;
neutralization, complement.fixation, immune electron'
microscopy, and immunodiffusion. Immunodiffusion reactions

demonstrated an equal precipitating ability (plate 2) as
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Plate 2



L
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i «
Plate.2:- Comparison of immunodiffusion reactions obtained
with guinea pig ascitic fluidé (229E/AF) and anti-

serum (229E/AS) prepared against HCV/228E.

Iy

5
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shown by the lines in the sodiug depxycholate (DOC)
disrupted .virus-host (229E/Ll32) antigen reaction between
both the virus specific hyperimmune antisérum and ascités
fluid. The same number of lines with similar intensities
developed with both ascites and antiserum.

Both the antihost serum and ascitic fluid did not show
neuvtralizing aétivity while the anti-229E and anti-229E/1132
ascites and serum gave similarly high titres (table 1).

On the other hand, the convalgscent human sera had
a much lower neutralizing titre than the hyperimmune.sera and
ascitic fluid. This finding was expected since the convales-
cent sera were positive specimens obtained by routine
screening by complement fixation of sera from patients
with clinical respiratory illness and reflected the presence
of low levels cf antibody due to natural coronavirus
infection. These tests were performed ‘through the éourtesy
of P. Phipps at the Regional Virus Laboratory at the
Children's Hospital of Eastefn Ontarjioc, using a CF coronavirus
antigen which we had pre?ared according tc the.E;thod of Eamre
and Beem (1972). Most of the sera had low complement
fixation titre of 10, however a few had é titre of 20 while
only one sample had a titre of 80. The specific antisera and as-
citic fluid prepared in guinea pigs were also tested by
complement fiﬁation, however, the presence, in all samples,

of host-reacting components made interpretation impossible.
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TABLE 1

NEUTRALIZATION OF HCV/229E IN L132 CELLS
(PLAQUE INHIBITION) BY GUINEA PIG ANTISERA,

ASCITIC FLUIDS AND SELECTED HUMAN
CONVALESCENT SE

s e - = xorwT

Neutralization

Immune Fluids ' : Titre

Host {L132)

Antiserumn and ascitic fluid, 0
control (L132/AS, L132/AF)

Virus-host
Antiserum (2298/L132/AS) 5120%*
Ascitic fluid (229E/ 2560
Li32/AF)

Virus .
Antiserum (2238E/AS) 5120
Ascitic Fluid (229E/AF) 2560

‘*Convalescent Serum
(229E/CONV. 1) (CF 10) 80
(229E/CONV. 2} (CF 20) 80
(229E/CONV. 3) (CF 80) 40

*A1] titres are expressed as the reciprocal
of the end point dilution showing 50% plaque
inhibition.

-
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Immunoelectron microscopy served as a quick test
for the evaluation of our antibody fluids in the early
stages of antiséra and ascitic fluid preparatipn. This method
was used to evaluate agglﬁtination by electron microscopic
observation of clumps of puri%ied HCV/229E virions in suspension
after incupgtion with the homologous antiserum or ascitic
fluid. Typical reactions can be seen in the micrographs
presented in plates 1-b and l-c (p. 57) using either antisera or

ascitic fluid.

Identification of HCV/229E
Antigens by Immunodiffusion

The aim of,fhis'study was to resolve three main
problems: 1) Detection of all HECV/229E antigens, a problem
made difficult because of the profusion of host lines
(Bradburne, 1970}. These lines complicate the interpretation
of the results and the identification of the virus specific
antigens. Human convalescent sera which,.by
definition, should not contaiﬁ anti-host reaétihg components,
were reported to give different results varyving from two
precipitation lines identified by Bradburne in agar gel
immunodiffusion (1970), to only one consistently found in
both immunodiffusion and immunoelectrophoresis (Hierholzer,
1976). The identification of putative host/virus antigens
would not be échieved, using ‘the convalescent sera.

2) Identification of all the virion antigenic components,
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whether they are host or viru§ specific accordiﬁg to their
relationships with the host, virus-host, and the virus
-antibédies. 3} Correlation of the HCV/229E antigens with
the structure of the“virus.

All the antigens (229E, 229E/L132, L132, and .
229E/RNP) used in the immunoaiffusion reactions to identify HCV/
229E antigeﬁic components Qere tested for prétein content
(Low;y et al, 1951) (table 2). Relatively large guantities
of protein were removed from the crude virus sample (virus-
host)} throﬁéh the cvcles of purificaﬁion in
order to obtain a clean virus, and more
than two-thirds of the virus protein was removed in the
process of isolaﬁion of the RNP gntigen. All the antigens
except the RNP were used for the immunization of guinea

,pigs by the procedures described in the previous section.

No antibodies were prepared for the RNP due td- 1) its low
protein content, 2} the long process of purification
required in order to get enough RNP to be used as antigen,

3) the availability of convalescent human serum, and,

4) the importance of using limited

RNP preparations as a defined antigen in the aqﬁlytical
immunodiffusion experiments. Extra- and intracellular virus
from whole cell preparations were used as the virion

antigens even though cleaner samples could have been obtained

from the extracellular SNF. However, the small amount of

virus in the extracellular virus preparation was not enough
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TABLE 2

ESTIMATED PROTEIN CONTENT OF PREPARATIONS

USED IN THE ANTIGENIC STUDIES OF
- HCV/229E USING THE METHGD OF
LOWRY ET AL, 1551

[t & =3 AFTI—v-

Protein
Antigen Concentration
Preparation (vg/ml)
Uninfected Host (L1332} 3000
Crude Virus-host Preparations 3400
(229E/L132)
Semi-purified Virus, Cushioned 2950
“(229E/L132)
Purified Virus (HCV/229E) 260 - 320

Ribonucleoprotein .
(229E/RNP) 90
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for our immunodiffusioﬁ expe;iments since less than 30% of
the virus was found in the extracellular supernatant
fluids.

In our experiments, all the immunodiffusion reactions
were set up in duplicate. The duplicate Eeactionslpfesented
in plate 3 demonstrate the consistency of the micro-
immunodiffusion ‘technique in cellulose acetate. OQur immuno-
diffusion studies in cellulose acetate {Johnson et al, 1964)
have revealed a complex and unusual pattexrn of different
idenﬁities between the hémologoﬁs and heterclogous
antigen/antibodyv reactions using sera prepared against‘
normal host cells (L132), virus-infected cells (229E/L132),
and purified virus concentrate (229E} and to date noné{cf
the preimmunization normal guinea pig sera used in our work
has given a precipitation line in immunodiffusion with our
V, VH or H antigens.

Preliminary immunodiffusion tests were performed
with convalescent sera with three differenf complement
fixation titres (10, 20, 80) ‘to eﬁaluate their reac£ion
with virion antigens. Both infact and DOC-disrupted
HCV/229E antigen preparations were uséd and the resu;ts are
shown in plate 4-a. Two precipitation lines develo;ed with
the disrupted components whereas only one line forﬁed close
to the well of the.intact virus due to its slower diffusion
in the reaction. An interesting point here is that the

intensity of the reaction lines was not related to the CF

-



Plate 3



-

Plate 3:- Duplicate immunodiffusion reactions demonsgratiﬁ§
the.reproducibilit? of the technigue.
Both 229E/AF and L132/AF are able to precipitate
at least three 229E/L132/DOC and LIB2/DOC components.
An interesting obseryation here is the apparent
reaction seen between 229E intact antigen and 22%E/
L132/DOC antigen. The reaction line however has fused
- across the 229E well with Li32/AF and 22%9E/AF in this
reaction with 22§E/L132/DOC. Reactions like this are
sometimes encountered in the cellulose acetate
immunodiffusion tests and are considered to be the

result of unbalanced reacting participants.
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Plate 4



Plate 4:- Demonstration of the reaction characteristics of
the different convalescent sera containing HCV/229E

precioitins.

a) Two weak precipitation lines can be seen between
the DOC-disrupted virus preparation (229E/DOC) and
the convalescent sera, while only one verv Qéak
reaction line can be seen close to the undisrupted

229E well.

b) In this reaction two clear lines have developed

between human sera l,. 2, and 3 and 229E/DOC antigen.

c) This reaction clearly demonstrates that 229E/CONV.
serum and 229E/L132/AS detect a component in 224E/DOC

which is also present in 229E-L132/DOC.

d) A very faint precipitation reaction (arrowed) is

> : )
barely detectable betwee%;the virus host soluble an-

-

tigen and two different human sexa (1' and 2). . These

sera had a CF titre of 20.

-
.

i






titre of the antiserum. The CF 10, 20, and 80 convalescent
sera {229E/CONV. l,.2, and 3) -developed equally good
reactions with the disrupted virus (plate 4-a and 4-b).

The specificity of the convalescent serum reactions
was demonstrated by the precipitatiqn line identifving the serum
reacting component an antivirus antibody im the reaction
of identitf with purified, DOC—disruptedlzirus (élate i-c). -

In further immpnodiffusion reactions, the

convalescent sera reacted with both 229E and 229E/L132'

antigens while no reaction was identified with the host

antigen (plaée 5-a): Thgse reactions therefore
gonfirmed the specificity of the convalescent human
serum permitting its use in other Eests to identify
specific virus components.

.Preliminafy reactions, using ascitic fluids with
host (L132/AF), virus-host (229E/L132/AF), and virus
(229E/AF) specificities Qere next carried out using the

pattern demonstrated.in plate 5-b. As manv as 7 components
L Y

" were identified between the sucrose-purifie& DOC—diérupted

virus (229E) antigen and 229E virus ascitic fluid and one

of these (arrowed) is detected only by the virus ascitic
fluid. Fewer and weaker precipitation lines have develcoped
between 229E purified by a tartrate gradient instead of su-

.

crose, and itwas thought to be dug ﬁo the instability of

the virus in this salt. Such instability had been previously

observed (C. M. Johnson-Lussenburg, unpublished results).
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Plate 5:- Further characterization of the antigen and
antiserum preparations for use in the amalytical

immunodiffusion reactions.

a) Confirﬁation of the specificity of the human
convalescent serum after pooling and concentration. Two
§29E precipitation lines are identified by the
reactions between 229E intact antigen and 229E
concentrated convalescent serum pool. - One of these
was also identified by the reaction between 229E/
L132 antigen and 229E convalescent. No“;eaction has
developed between the 229E/CONV. sera and the host®
antigen. The blurred areas to the left of each L132
well illustréte a technical problem which;sometimes
occurs during the setting up of the reaction éhambers.
Because the perspex template is slipped gentlv over
the surface of the wet cellulose aéetate which had
been placed on a glass slide, any burrs or rough

~ edges 6n the bottom of the template will permanently

-

scratch the surface of the cellulose acetate resulting
in blurrs or marks on the final stained strip which

appears in the print.

b) A reaction to compare two virus preparations, both
of which were disrupted by DOC prior to testing, one
was prepared by purification on tartrate gradients

{229E/TART./DOC) and the other by the standard



Plate 5 continued:-

sucrose gradient procedure (229E/DOC). Seven
antigens can bg aetected between 229E/DOC and 22§E/AF
and some of these are identified by 229E/L132/AF..
Fewer lines developeélwith 229E/TART./DOC compared

to the 229E/DQOC reactions

c) Result of absorption of 229E antiserum to remove
host reacting antibodies. No precipitation l;nes
between 229E/AS-H and the L132/D0C antigen have
developéd indicating that the host precipitins have
been removed and no longer react with DOC-treated
host (L132/DO¢) antigen. However, it can be seen that
the host antiserum (L132/aS), in addition to preci-
pitating components in the L132/DOC, reacted

strongly with components in the absorbed seruﬁ
(229E/AS-H). This reaction indicates that the
absorption procedure has contributed host antigens

to the serum. These antigens could not be

completely removed by differential centrifugation
(two cycles at 75,000 g for 90 minutes and 4 hourﬁ);
Not all the lines identified between 229E/AS-E and
L132/AS fused with those between L132/DOC and L132/AS

due to the difference in host antigen preparations.

/\,‘
N
L



Plate 5 continued:-

229E/AS-H sample was not treated with
disrupting agents while the L132/DOC

sample had been treated with DOC.

RN



N



L
"

On the basis of this reaction, it is clear

that most of the viral antigenic components carry some
host specificity, either as a necessary part éé the intact
virion or as a non-specific absorbed contaminant.

Because of the complications caused by the presence
of host antibodies in hypérimmune antisera and ascitic fluids
identified by their reaction with the purified preparations
of the virus, their removél was attempted by absorption of
the antisera with host antigen (L132). The results shown

in the reaction presented in plate 5-c¢ demonstrate that

- the host precipitins have been removed. But, the absorption

procedure has contributed host antigens to the serum as
indicated by the reactibn between host antiserum (L132/AS) _
and absorbed virus antiserum (229E/AS-H) and these coulé not be -
removed by extensive ultracentrifugation (2 cvcles at

75,000 g for 90 minutes and 4 hours). For this reason,

this absorbed antiserum had limited potential in‘comparative
analvtical reactions, but was a valuable tool for the
identification of viriop antigens as demonstrated in plates
6-a and 6-b. Unfortunately, any specific host antigens
incorporated into the virions would not bF detected since
the appropriate antibody would have been removed by

B

absorption.

Evaluation of different wvirus disrupting agents:

In our preliminary immunodiffusion reactions we had relied

>
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Plate 6



plate 6:- TIdentification of HCV/229E viral antigens using

the absorbed serum.

a) Two virus ccmpdnents are identified by 229E/AS-H
absorbed sera and the 229E/DOC antigen. No reaction
can be seen with the host due to the removal of the

host antibodies by the provess of absorption.

b) ‘Again no reaction has occurred between the host

antigen (L132) and the ggsorbed serum while one of the - .
229E/L132 antigens is identified as a virus specific
component. The relationship to the conv. reacting

compenent is not demonstrated probably due to the low

levels of antigen available. One to two lines have developed
between the virus antiserum (228E/AS) and the

absorbed virus antfgarum (229E/AS-H) ,* which are

identified as host aﬁtigens contributed to the

absorbed serum and detectable bv host antibodies

present in the virus specific antiserum.

LY



"
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on the use of sodium.deoxychq&iEE_(DOC) for virus disrup-
tion and release of antigenic components for several
reasons. First, it had proven to be reliable and valuable
in similar studies on the antigens of influenza virus
ﬁJohnson & Westwood, 1971), a virus‘havi;g a chemical
structure close to that of the coronaviruses and, second,
in earlier EM,studiég on_the disruption-of HCV/228E
virions to release identifiable structural components,

NabOC was the most promising. How%ver! once &£he basic
immunodiffusion reacting patterns ;ad‘been established,
it was essential to evaluate other disrupting agents with
respect to their effects on the coronavirus antigens.

The reaction patterns were designed to: 1) Detect
and identify the antigens released by the treatment,

" 2) compare these components with those rele&sed by DOC
disruption, and, 3) identifv specific viral component(s)
using the human convalesgent antiserum. Thé disrupting
agents were chosen on thé basis of their characteristic
abilities and the historical context. Thus, since corona-
viruses are membraned viruses, containing essentiallyv lipids,
ether ané chloroform were selected, as muph for their
lipid solvent properties as for their historicai importance
in the study of influenza virus antigens. The reactions

presented in plate 7 demonstrate the effect of lipid

extraction on HCV/229E,
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Plate



Plate 7:- Efaluation of HCV/229E disrupting agents: ether

and chloroform. =~

. a) Detection of the antigens released by virus

- treated with ether using 229E, 229E/Ll32, and L1132
. antisera. It can be sgencziii/ghggf ﬁ%rus structural
compenents are detected, which one is identified

as host (L132) due to the reaction of identity with

the host, cne is clearly virus because it shows a
reaction of nen-identity with the host line and it
was identified by both 229E and 229E/L132 antisera.

The third virus component has only been detected by

the 229E/AS ané not 229E/L132/AS.

.
b) In this comparison reaction, there arevtwo major 22%E/

DOC reacting components. One of these components is pre-

sent in the 229E/ETHER reacticn but in reduced amounts. In
addition ether treatment has produced a reacting complex, possibly
consiéting_of 1-2 bands, which was nct detected in

the 229E/DOC reaction. XNo clear reaction can be seen

with the human serum, however, one to twc lines:are

seen between 229E/CONV. and 229E/DOC. Less intense reacting
cemponents were identified in the undisrupted virus

compared to both DOC andéd ether-disrupted 229E.

¢) The reactions of virus disrupted by chloroform

treatment are noct sufficiently clear to warrant
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Plate 7 continued:- ' ~ ' .<-
- . /
detailed analysis. - . : ’//

e

d) In this comparison reaction, a pat;grn_some&hat
similar to ether treatment is reveaied except the
patterns of identity are not clear. .Five components *
are identified by chlorqfo:ﬁ treated virus. Human

convalescent serum again reacted onlyv with the DOC-.

disrupted preparation.

In plate 7-b there is an apﬁarent regction be-
tweer two antigens (229E/DOC and .EZQE/ETHER) which,
as discussed earlier (plate 3), is a result of an
unbalanced reaction between the 229E/AS ané 229E/CONV
sera, and the 229E/DOC antigen and 22§E/ETHER antigen.
A similar reaction is seen in piate %—d between the .

two antigens 229E/DOC and 229E/CHC13.

J

Ve
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. - o ‘ |
ol 1 Ether treatnent of purified virus preparations )
produced three precipitating antigené (plate 7-a). Two . //

¢

- . {
2f these components were detected by antiserum against the |

virus or virus-host preparations and were virus (229E)
P
antigens, and one by the anti-host component (L132) was common to

all reactions making a total of 3 antigens detected. The Yéen-,
tification of the virus component by the virus antiserum prepara-

tion andé not by the virus-host antiserum was probably due to the

-

presence oi‘a higher concentration of the appropriate
antibody in the wvirus antiserum than in the virus-=host
antiserum as a result of the original immunizing preparation.
"A second viral component was idenfified as having virus sve-

cificity cnly, because of the réaction of non-identity with

the host antiserum.

In the reaction comparing the compenents released
. ~f
by ether with those by DOC and the intact virus (plate 7-b),

it is apparent that both agents produce similar cdmponents

which are ‘identified by lines of identity. &additional
components were detected and these aiffered depending on
the mechanisms of acticn of these two disrupting agents.
The human convalescent seruﬁ.did not appeér to react with

!

the ether-released virus antigens while one to two lines
were detected between human serum and DOC-disrubted viral
preparation’ indicating the loss of some antigens due to

the ether treatment. Both ether and NaDOC disruption

provided a larger spectrum cf viral antigens- for analysis .



r

than the intact non-disrupted viral preparations.

. Essentially similar results were obtained with

chloroform disruption (plate 7-c&d). However, the resolution of

the precivitation lines and overall guality of_tﬁé reaction
was not as good. On the basis of these reactions, it was
considered that DOC treatment was preferred but that ether
disruption releésed new viral antigens of interesting
. . .
potential which should be investigated further.
Two proteolviic enzvmes, trvpsin and pronase, ‘were
also evaluated as disrupting agents and the results can be
-
seen in plates S-a, S-b, S-c¢, anéd $-&. Following the
diééstion of wvirus with tryvpsin, only two clear lines can
be seen and bhoth shoy a host ildentity (platé §-a). No
virus specific lines were cdetected in these reactions.
In the comparative reaction (plEte §-b), none of the three
lines resulting from trypsin disrupfion showed a relation-
ship.to those resulting‘ﬁﬁfm DOC &isruption. The latter
released ‘six reacting components. Three to four éntigens
were detected between DOC-disrupted 229E and human
convalescent serum (228E/CONV.}. In mocst of the reactidns

using human sera, a precipiticn line develcped between the

serum wells containing human serum ané virus, virus-host,

Ay

anéd host antisera or ascitic fluid. This reaction (arrowed, plate

8-k} resulted bhecause the host. component ¢f the virus was
derived from a human cell line (L132) and contains antigens

which are alsc present in human sera. Thus, antiserum

4
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Plate §
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(.. : .
Plate S:- Evaluation of the HCV/229E disrupting agents:

tryvpsin and pronase.

a) Following the digestion of virus with trypsin,

only twoe clear lines can be seen and both show

2 host identity. N

“\\b) In this comparative reaction between trypsin

fu
3
o
(o}

OC &isruption, three components are detected

fu
Hh
rr
{7}
H
rr
H
b
S
n

in éisruption, but none show a relation-
ship to the six reacting components released by DOC.
In this reaction at least three 229E precipitaticn

lines have developed with the 228E human convalescent

sSera.

¢) One, possikly two, reacting components are

released after 22%¢Z/Pronpase disruption.

&) In this comparative reacticn three to four lines
were seen between 229E/Fronase and 2289E/AS and probably
onlv one was related to the DCC-disrupted virus.
Three=terc Seen between 229E/CONV. ané 229E/DOC. In
plate 8-b there is an apparent reaction between two
antigens (229E/boc and 22%9E/TRYP) whigh, as discussed
in plate 3, is a result of the imbalance reaction of

the 229E/AS and 229E/CONV. serum, and, 229E/DOC

-7 \
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Plate § continued:-

antigen and 22%E/TRYP. A similar result

H
1
n

een in plate §-d between the antigen

L
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against those cellular host components may react witﬁ the
common antigens present in human serum or tissue extracts.
That this is not a virus specific reaction is indi;ated by
"the reaction of non-identity between the two precipitation
lines (arrowed). il
Pronase as the other proteolytic en:&me released as

many as three to four lines (plates §-c¢ and(ﬁ;ézzf“Several

elated to the components resulting from DOC

0
r,
rr
o
m
0
]
z
e
H
o
"

late §-3).

{ia
;—l

i

L8]

[+

r(j

"
;_J.
9]

o
3

On the basis of these results, neither trypsin nor

pronase appearedé to bhe satisfactorxy agents for the release
of the complete spectrum of virus antigens for further

-Finally, two detergents, commonly used to release
antigenic components were tested in our immunodiffusion

.7

g

-

svstem. These were Triton X-100 and Sarkosyl. In the

reactions cresented in plate ¢, it can ke readily segn that

&)
t

N

O

Iriton X-100 disruption released at least cone extra antice

’

-

etected afier DOC treatment (plate 9-a). In the seccnd

{1

reaction (clate ¢-k), it was evident that Sarkosyl was nct

as effective as either DOC or Triton X-100 since fewer

the internal 'RNP' antigen in the reaction
9-c. However, again, it was evident that Sarkosyl was not

an agent of choice for the detection of the complete

'3

&
et
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Plate

D



-

Plate 9:- Evaluation of HCV/229E disrupting agents: Triton

X-100 and Sarkosvl.

a) At least five precipitation lines can be seen in
the 229E/TX-100 homologous reaction with 229E/AS.

Four of these (two major and two minor) afe present'in
the 229E/DOC-disrupted preparation as shown by the
reactions of identity. At least one more line was
detected only in TX-100 disrupted virus specimens

{arrowed) .

bJ Using Sarkosvl, only a few components are detected
in comparison to those produced by the DOC or TX-100

disruption of virus pXeparationg.

-

¢) In this plate one of the antigens detected in the
228E/SARK and 229E/AS—reaction showed a relationship
to 229E/RNP by the reaction of identity with the
229E/RNP reaction with 229E/AS (arrowed). Similarly
one of the antigens produced by TX-100 disruption

was found tc be an RNP antigen due to the identity
indicated bv the precipitation line between 229E/RNP

<9

ané 229E/AS.

In both 9-b and 9~c, 229E disrupted by TX-100 and

DOC showed a wide range of lines with the 22SE/AS.
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spectrum of virus antigens.

In further reactions eiploring the effects of

Triton X-100, two virus antigens with host specificities

{229E/L132) and four without (229E) were identified (plate 10-1a).

At least s1X precipitating components werg

both antivirus immune serum and ascitic £flAaid (plate 10-b)

: . . y

and at least one was identificed as virss speocific by the

omising agents oI disruption by

fu
e}
¢}
o
O
@]
2
(1]
H
1]
'L
jep
17}
2
0
n
te
i #
]

exposing the most virus-reacting compenents. Throuchout
the remainder of this werk, cnly DOC cor Triteon X-100 was

-

used, andé special attention was alwayvs civen te the possikle

[N
fur
1]

occurrence of non-specific reaction artefacts, create

o}

m
+
o1
in
[

'_
4

a result of the detergent interactlion with serum prot
all cases, 1f a2 hazyv zone or halc was evident surrcunding
the centrai well andé common te '£11 reactien aréégp the

bané was nct included as a preggpitin'line, anc if cccurrin

alcne, was considered to be negative.

Identification cf the HCV/228E internal ccmpcnent

anticen (RNP): After the detection and identifjicaticn of

problem in which these antigens were studied in relaticn to

the structure of the virus. The internal component was

i

the most appropriate one of these structurzl component
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Further evaluation of HCVfZE@E disrupting agent

Triton X-100.

1

0]
[
)
r+
’J.
]
o1
1i

by their r

¥

Two virus (22

[
1o
0
tr
-

antigens are identified by the reacticn of neon-identity
with the hest. Ancther exira two virus components |/

- . . . . \
2re detected, one in the reactionswith 229E/AS conly,

demenstrated in £his reaction.

£) Reacticns cemparing the 229E antiserum, ascitic ’
£lvid, and convalescent sera. 3t least six anticens are
»

Cetected by both 229E/AS andé 229E/AF of which one
identified as virus specific by the convalescent

sera in the reactions of identitv.
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at this stage because it was important to establish the

1

identity.of this ahtigen within the complete HCV/229E

antigenic spectrum before it could be possible to investigate

the role of the RNP (internal component) with respect to the

- coronavirus group serological cross reactions. It was

considered thﬁE‘?he_RNR antigenfwas very likelvy a common

8

group antigen and theré&fore of gmportance to the classifi-
q
cation of coronaviruses. : :

Further studies on the antigenic identification and
__— : R -
characterization of this antigen. were aided by the fact

",

that successful methods for the isoclation of internal RNP
- - -,

were already established (Kennedy & QOhnsdn—Lussenburg, 1976). «
The results-of the immunadiffusion reaétigns-used

to identify the internal component (RNP) are'présented in

-

plates 1l-a, 1li-b, ll-¢, and 1ll-d. RNP antigen was
identified in both virus (229E) and virus-host (229E/L132)

antigenic material by the reactions of. identity detected

P

by virus specific antiserum (229E/AS) betwéén these

antigens and the isolated RNP regétion, which indicated that

">

this component was present in the virus and virus-host
R : - :

‘preparations (ptates ll-a). In some of the

reactions (plate l1ll-c), two RNP-reacting components were

detected. On the basis of the phvsical characteristics of

i

f é%e precipitation reaction (i.e. iocatiOn, intensity, etc.),
. . -~

it was thought that one was the major and the other was the

‘minor constituent of the RNP, the latter possibly a breakdown
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Plate 11
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Plate 1ll:-  Identification of the HCV/229E internal

component (RNP) antigen.

a) The RNP antigen detected by the reaction of RNP

and 229E/AS shown to be present in the 229E./DOC and

tJ
(2]

9E/L131/DOC preparation by the line of identity

tween

o2
¢

A
he RNP and those two antigens (arrowed).
2

r

B) A continuous faint precipitation line (arrowed)
shared between the convalescent serum (229E/CONV.)
and both 229E ané 229E/L132 svecific immune ascitic
fluid serves to identify the convalescent antibody és

anti-229E internal component.

¢) Two RNP reacting components are detected by the
specific antivirus serum (229E/AS). One cf these .

components apparently detectable in both intact

ig
and disrupted virus, while the second was detected
only in the disrupted virion (229E/DOC).

”~

-
&) In this reacticn pattern using 229E convalescent

and specific®sera andé the ZQPE/RNP, two RNP lineé

can be seen. Theyv are not clear enoucgh for intérpre-
tation, however the outer line appears to be bending
towa;d the-229E/CONV- well which would indicate a

relationship between it and 229E/RNP.

7 “






product of the former or a contamination of a host comvonent.

: In the next reactions, the RNP. antigen was used to
'
determine the identity of the reacting antibody in the
L .
, '
229E .convalescent sera. A continuous precipitatien line

£

shared between the 229E'AF, II9E L132°AF, and convalescent human

.
P

sorum  can be seen in plate 1ll-b, which serves to identify =+~

t

his convalescent antibody- aseanti-229F internal compohent.
The 229E convalescent spdcificity was confirmed by using a
different reaction pattern including anti-virus serum in-

stead of ascitic £luid (plate 11-&}).

Immuncprecipitaticon studies of HCV/228E bv polvacr-

vliamide gel electrcphoresis: The enumeration, identifidgtiodon,

and determination of the-functiohs'of the various polyv-
peptidés made in corcnavirus 229E-infected cells are
essential to the undérstanding of the virus-host cell/inter-
acticn. The major difficulty encountered ip su%p a study
is the identification as virus or host specificity of tie
polvpeptides made in the infected cells.

Experiments invelving immuncprecipitation of
radioclabelled virus components with specific antisera,
followed by polvacryvlamide gel analysis using the standarcd
SDS system (Bonner & Laskey} 1674; Bingham, 1975; Garwes &
Pocock, 1975) weré unde}taken in an attempt to correlate

host, virus-host, and virus-antigens with the polvpeptides

developed during replication.
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Preliminary work demonstrated that there was no
technical difficulty in detecting and identifying virus

specific polypeptide antigens. By labelling virus antigens

Kl

. 14 . . , -,
7 with C-glucosamine, 1t was possible to confirm the

reported finding that the NP (50,000 molecular weight) was

—

the only non-glycosylated antigen. However, using either

-

virus or host analvtical antisera, it was not possible to

NP polvpeptide from crude infected lysate or SNT prepara-

tions but not from purified virus pr§parations. Ta further

complicate the picture, it was found that the host

i

Fh

polvpeptides n unlabelled,

[o]

_antiserum also precipiltate roe

-

uninfecteé lvsate contrels which had the same migration

characteristics as the NP polvpeptide (50,000 molecular N

welght).
Therefore, it was apparent that the host centribu-

tion ané rcle in cordnaVirqs replication, while considéied

to be of vital importance, could not be readily distfinguished

at this stage without suppressing host-related metébolism

in the infected cell. Because further investigation in

thi§ direction would divert attention frem thé major aim,

i.e. te fullv characterize the internal component anti-

genically, no further PAGE immunoprecipitation was carried

out at this time. .
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The significance of these results remains to be
determined. However, in view of the virus-host shared
specificities demongtrated in the immunodiffusion reactions,
it was not a totally unexpected finding.

A

Summary

/7]

As a result of these studies which have been
concerned mainly with the anticenic structure of HCV,'229E, .
‘we can draw the following conclusions.
- Phosghate buffer, at 3 concentration of 0.00LM,
or water, were good diluents for the storage and preparation

of the virus. The pE rance of 6.4 to §.0 was fcund to ke

tclerable with the buffer described within the pericd

The procedure of producing ascitic

Hh
b=
ot
B4
.
’.l
o
W}
i
[
3
(]
fu
IU
'—J
o
[/i]

was useful for the preparaticn of a high quality and

guantity of immune £luids. The ccmbination o

th
o
ja ]
rt
b
{

33
0
n
n

(L132/aS8), anti-virus-host (229E/LL32/AS), anti-virus sera
(228E/AS}, ané ascitic fluids as well asithe convalescent
human sera (229E/Conv.) were useful tdels in the identifica-
fion and characterization of 229E antigens, whether of virus
or host-derived specificity.

On the basis of our immunodiffusion reactions, as

many as 6-7 wviral structural antigens were identified by

using both hyperimmune serum or ascitic fluid 'in combination
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with the human convalescent sera. Both NaDOC and Tx-100,
iﬁ the concentrations us?d, were the best disrupting agents
for the production of HCV}229E antigensé?'of the total
viral antigens, t&o to four, as represented by Ewo to four
lines in immuncodiffusion, were identified as specific virus
antigens due to the non-identity of these~liﬁes with the
host lines (antigens) and the identification of those
anticens by the human convalescent sera. One antigen was

found to be ribeonuclecprotain antigen. The re

(&1

t of the

n

anticens showed a host relationship. These reactions with

the hest demensirated by some of the antigens are an

- -
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EXPERIMENTAL RESULTS

Part II

. Antigenic Relationships Between
P Coronaviruses .
‘I
lfd
New candiddte members of the coronavirus group are

comtinuously proposed on the basis of.the tvoical morphology
.
of the family. Exp%nsion of the group, hiwever, only adds
more problems to tbbse still unresolved within the already
exigting mémbers,“éven though some members of the group have
been in circulation for long pericds of time.

The maﬁor problem in assigning membership within the
group has been concerned with the lack of adeguately defined
group criteria. Informaticn has recently been accumulating
pertaining to certain physical;§roperties of . the virion, the
nucleic acid structure and function (s.s., infectiousr{messen-
ger RNA), the biochemical characteristics of the structural
components, and the site‘of viral rep}ication. However, there
has been much conflicting information concerning the anti-
genic relationships not only within but between species.
Varving degrees of antigenic relatedness have been reported
between different coronaviruses, and these have depénded to
a large extent on the nature of the serological test used
{Robb & Bond, 1978; R. W. Bingham, Personal Communication).

- The intent of this work was, first to fully charac-
terize the antigens of one strain (HCV/229E) followed by an
in-depth exploration of the relationships of it with other

97a
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coronaviruses,
would allow a detailed interpretation
common reacting components. Of

possibility

t

characteristics, as has been found

-~
-

lad}

or this study were

MHV, and

and convalesceont

SC

finally, it was inte

common to the variou

survey ¢of normal serum

would be undertaken to

antibodies in the

-

studies and their implicaticns are

£ Myn

-

nsmissible
tis Coronavi

Growth of
Gastroenterit

(TGE)

Tus

F= - - -
0f this wvirus

The virus Dr.

cbtained throuch the courtesv cf Dr.

\\fas grown in primarv bpic¢ kidnev
+ -

serum albumin.

g
that the internal component might
or
oadily

best known strains/of

G.

cells wi

Y
using the immuneodiffusion reaction which

with identification of

particular interest was the

aroup

mnost The

available, but

the

arouy, i.eo.,

these

was used

.

Lamnoer

Dulac. The virus

thout serum cor bovine

The nature and .extent of the CPE the virus groduced
was clear ané extensive and generally the monolavers were 50%
cdestroved within 24 to 36 hours from the f£irst appearance

of CPE, zt which time

virus was harvested.
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Preparation of Transmigsible Gastro- >
enteritls Virus Antigens ~JGE)

Y

The procedure describfed for the preparation of HCV/229E
antigen was followed for the Jpurification and preparation of
-~
. - - - O T
TGE antigen. Viral RNA was labelled with (3-"H)-uridine to

provide a tracer throuahout the purification. Centrifugation

after the oquilibrium cradient centrifugation (ficure 6).

viral material could consist ¢of normal host compeonents,
which were attached to some of the virus
varticles as a result of the budding corcnavirus release from
the cell. As shown in figure 6, the peak of radiocactivity
occurs iﬁ the zcne cf 47 to 48% w/w sucrose having a densityv
ecuivalent of 1.210.%tc 1.215. These virus peaks were
collected, rwelleted, and resuspencec in buffer-to be used as
.
TGE antigen. A concentration factor of 300 times, starting
from 300 ml ¢f crude virus suspension and enéing with 1 ml of
conc%ntrated ané purified virus was fbtained.

ion of Transmissible Gastro-
15 Virus Rlbonucleoprotein (TGE-RNP)

The procedure described for the isolation of 229E-
ENP by NP40 treatment was used for the isolation of TGE-RNP.

vfter equilibrium density gradient purification, TGE labelled

’
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Figure

.?‘

o



I
\ . .
Figure 6:- Pur\\i@ation of TGE virus by sucrose density
. 3, . s s
gradient of (5-"H)-uridine labelled virus prepara-

tion.
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Plate 12

——



Plate 1l2:-  Morphology of TGE.

a) Appearance of TGE virusﬁafter equilibrium
sucrose density purificaticn with corona-like pro-'
jections surroun@ing_the virus particles which give

1t thke typical morphology of the group.

b} Morphology of coronavirus internal component as
a result of spontaneous disruption of the virus
during the purification procedure. The RNP.

égructure seems to be attached to the fringe

fragment of the virus.

¢} Morphologvy of the coronavirus internal component
iscolated by NP4Q treatment of purified TGE virus
preparation. These specimens were all negatively

stained with 2% PTA at pE 6.4 and, in the micrographs,

R

the bar represents 100 nm. 3
I.4

J
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with 3H-uridine was incubated either with distilled water

and used as a control or with the NP40 mixture for the

isolation of the internal component. The radioactive label
\ . . %: . I

of NP40-treated TGE c¢onsistently was found a different-

sucrose concentration than untreated controls (figure 7)

and had a buovant density of 1.29.

Growth of Hemagglutinating
Encephalomvelitis Virus (HEV)

?he strain of HEV-2 used here was originaliy'iso-
lated by Dr. Greig (Greig et al, 1962) and we in turn
obtained Nt from Dr. G. Dulac of the ADRI. The virus was
used after almost complete destruction of the primary pig
kidnev cell monolaver, within 24 hours of inocqlapion.
Virus titres were obtained by titration oﬁ IB-RS-2 cells, a

continuous line of pig cells.

Preparation of Hemagglutinating
Encephalomvelitis Virus Antigens (HEV)

3H—uridiné¥labelled HEV was purified in a similar

manner to TGE and HCV/229E. The purification resulted gn
one sharp virus peak 6f the labelled HEV, occurring in the
zone of 1.20 to 1.21 densitg;in_the egquilibrium sucrose
gradients (figure 8). Typical coronaviruses were seen in
the EM preparations of the material from the peak fraéfioﬁs

(plate 13).
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Figure

7
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Figure 7:- Purification df RNP from TGE-purified virus by
& . :
treatment with the non-ionic detergent NP40.
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Figure §

e
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Figure §:— Purification of HEV virus by sucrose density

-

gradient ultracentrifugationzpof (5-°H)-uridine

labelled virus.
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Plate 13



P

Plate 13:- Morphology of HEV.

a) Morphology of HEV virus particles obtained
following equilibrium density gradient purification.
Again, the characteristic virus morphology is

readily apparent.

b) Electron microséope pfeparations illustrating
the morphology of the RNP components obtained

F
following NP40 treatment of purified HEVré;;Ls Pre-

parations.

c) Enlarged area, inset above. Specimens were
negatively stained for electron microscopy with 2%

PTA at pH 6.4. The bar represents 100 nm..
g
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Prepardtion of Hemagglutinating Encephalomvelitis
Virus Ribonucleovprotein (HEV-RNP)

When samples of NP40-treated, (5~3H)-uridine—
- labelled HEV weré centrifuged through lihear sucrose gradients,
a single péak of radiocactivity was observed sedimenting at

p :
a sucrose concentration of 58.5% (w/w) which is eguivalent to
a density of 1.27. The virus control.peak Qas.found at a
sucrose concentration of 47% (w/w) which equals a density of
1.21 (figure 9). Treatment of HEV with NP40 therefofe "
liberated an internal component sed@meﬁ;iﬁg at a dif%erent
density féom the’control virus. The internal component wés
* found to conta¥h RNA and a reduced amount of'ﬁrotein as re-.
vealed by vrotein estimation (table 3). As with other anti-
gens, HEV-RNP in the pooled peak fractions was pelleted aéd
resuspended in buffer for use in immunodiffusion reactions.
Using polyacryvlamide gel electrophoresis, both TGE and HEV
nucleoproteihs were found to ha@e migration characteristics
similar to those of the NP polvpeptide of HCV/229E (50,000
molecular weight).

Preparation of Mouse Hepatitis
Virus Antigens (MHV)

%he vifus preparétion usea in our study was received
as_semipurifiegasuspensioﬁ through the courtesy of Dr. K.
Holmes (see Materials and Méthods). ’Due to the weak reaction
of this preparation in %ﬁe immupodiffusion experiments, it
.was concentrated furtheé by ultrécentrifugatﬁon. Unfor—'
tupaﬁely only small quantities were available and therefore
most of thé analytical evaluéﬁions depended on the hetéero-

logous antiserum reactioen.
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Figure 9
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Figure 9:- TIsolation of HEV-RNP internal component by the

treatment of purified virus with the detergent NP40.
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TABLE 3

PROTEIN CONTENT OF THE DIFFERENT PREPARATIONS
USED IN STUDIES OF THE ANTIGENIC

RELATICNSHIPS BETWEEN THE
DIFFERENT CORONAVIRUSES

=

Protein
Antigen Content
Preparation (ng/ml) -
&
TGE Virus S 4 145
TGE-RNP 50
HEV Virus 190
HEV-RNP 65
IBV Virus 2900
MHV Virus ND*
*Not done due te the small sample available.
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Preparation of Infectigus
Bronchitis Virus Antigekris (IBV)

+

Semi-purified and concentrated virus was obtained
from infected allantoic fluid which was provided by
Dr. E. Thomas of ADRI. As with mouse hepatitis virus,
further purification in sucrose gradients was not possible
because the virus was not labelled with a radicactive
tracer. 'Typical virus particles were identified "in both

>

MHV and IBV preparations by electron RiCroscopy.

" Protein Estimations

-
.

The protein content of the antigens uséd in this
part of the study was determined by the Coomassie blue
procedure described by Bradford (1976) (table 3).

. Approximately 65% of virus protein was removed in the

process ©0f RNP preparation.

Electron Microscopic Examination
of the RNP Preparatioss

TGE-RNP: Grids for the electron microscope examina-—
tion of purified virus and the isolated RNP preparations
were prepared as described earlier. EM examination of the
virus control preparatioqgreveéied difﬁerent viral struc-
tures. 'Besides the typical virus seen i? the apﬁropriate

density region of the control\gradient, disrupted virions
. ) ) .

!
!

J
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with different amorphous matrices were aléo seen, some of
which were similar to the RNP structure described for 229E-
RNP (Kennedy & Johnson-Lussenburg, 1976), (plate 1l2-a).

Many particles appeared to have lost only their corona-like
projections and some particles could be found with minimal
morphological damage. Complete fragmeﬁtﬁ of the envelope
with typical.projections could also be seen in dome of the
grids. Some of these envelopes appeared to be‘éésociated
with the internal structure in the proceés of its release
(plate 12-b). These RNP structures occurfed during density
gradient centrifugation as a result of spoqtaneous virus
disruption. They were collected as separate peakslfound

at higher densities and used as RNP antigen in some immuno-
difﬁﬁfion reactions. Plate 12-c¢ shows a typical morphology
of TGE-RNP structure isolated after NP40 treatment of TGE.
These TGE-RNP structﬁres have a similar morphology to that
described fo% 229E-RNP (Kennedy &-Johnson-Lussenburg, 1976).
These structures were fairly discrete “tangles of threads
with diameters of approximately 10 nm. The total length °
was %mpossible tc measure as the path of the linear structure
cannot be followed with certainty. However, the morphology

of these strands was consistent with a continuous structure

for gquite a distance.

HEV-RNP: Structures liké those described in the

TGE-RNP were seen in HEV preparations. Clear and typical

(
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corona-like particle§ were ‘presént in the virus control
{(plate 12-a). Different stages of disruption were seen in
the virus control and some of these have the typical RNP
structure. The disrupted preparations and similar ones
described with 229E and TGE lend support to the reported
fragilitg of coronaviruses. Besiée the rdunded tvpical
coronavirﬁs particles, pleomorphic virions and envelope
fragments with the corona-like projection were als$ seen.
Again thread-like RNP structures appeared to be released
‘from the surrodnding eqyelopes and these threads had diameters
in the neighbourhood of 10 nm. RNP isolated by NP40
appeared as a thread-like %Srgcture, approximately 10 nm
in diameteér (plétes 13-b and 13-¢) similar to that
described for 229£ and TGE-RNP. These results demonstrated
* that the three coronavirus RNPs (229E, TGE, and EEV) could )
be prepared by either spontaneous disruption or NP40
treatment of the virus.

The fact that both spontaneous disruption and
detergent treatment produced a particle of similar density
and appearance suggests that this is a relatively stable
internal component. Contrary to the findings of other workers.
(Garwes etpél, 1976; Po¥ock & Garwes, 19775, our results indi-
cated that the procedure of NP40 treatment originaliy used for
the isolation of 22%E/RNP could be successfully applied to TGE and HEV,

The demonstration of a linear coronavirus RNP |

structure for the three coronaviruses studied, 229E, TGE,
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and HEV suggested that tle coronavirus group nucleocapsid

might ‘be considered to be a linear structure.

Immunodiffusion Arnalvsis
of Coronavirus Relationships

In our earlier sﬁudies concerned with detecting the
complete spectrum of antigenic éomponents of the human
coronavirus strain 229E, it was found that fewer precipitin
lines resulted usiné undisrupted virus preparations. This
finding was interpreted to miin that the immunodiffusion
reactions involved the vifiSn surface antigenié compénents
since the internal antigeﬁs had not been released by
specific pretreatment. Thus, it was of impoptance to
distinguish, if possible, whether putative cross reactions
betweén coronavirus strains would involve surface antigens,
internal antigens releasea by disrupti&p, or both. Our
first series of comparatiye immuncdiffusion reactions were
designed to detect and idehtify virion surface cross
reacting components by analysing the immunodiffusion pre-
cipitation lines of homologous and heterologous reactions
first to establish the guality of the homologous reaction,
second to detect the occurrence of heterologous reactions,
and finally, to determine the relationships ¢f the participants
in both the heterologous and homolegous reactions through their
patterns of identity, i.e., a linkage or fuéion in-

dicating shared components, a crogsover, or non-fusion
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indicating differing components and a partial fusion or
spur, indicating a slight antigenic difference or partial
idenﬁity of antigens.

In these and the'fbllowing comparative immunodiffusion
reactions, the antisera used, in addition to the 229E
antisera and ascitic fluid described in the precediné section,
were obtained as either field—convalescent or hyperimmune-
convalescent séra from the natural host of ‘the coronavirus
infecticen (i.e., swine and chickens} with the exception of
the MHV antiserum which was obtained from hvperimmune
rabbits. In the case of both field-convalescent and
hyperimmune-convalescent, there should be no precipitins
against the virion-incorporated hos; antigens, the presipitin

- . ~

lines being thus identified as virion antigen specificl

£

Compariscn of homologous ané heterologous reactions

using undisrupted coronaviruses: The first analvsis involved

the homologbus andéd heterolecgous reactions of undisrupted
HCV/229E using TGE, HEV, and IBV antisera. The results
are presented in plate i14. In the intact HCV/229E homo-
logous reactions (plates 14-a and 14-b), either one or two

precipitation lines can be seen.
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Plate 14



Plate 14:- Homologous and heterologous immunodiffusion

reactions of undisrupted human coronavirus/229E.

a) In addition to the homologous reaction, there is
a weak cross reaction between IBV/AS and 229E antigen
which indicates the existence of an antigen common

to 229E and IBV. The identity of this with one of
tigr229E detectable compenents is demonstrated by

the weak line of identity between the two (arrowed).

b} Neither TGE nor HEV field convalescent sera appear
to contain & related 229E undisrupted (surface?)
componeﬁt in this reaction. However, at least one
reacting component c¢an be seen in the homclogous 229E

reactions.
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There was a faint” but discrete precipi-tati.on' line formed. 4
with IBV antiserum and HCV/229E which,indicateé the A
possible existence of a related antigen. Furthermore,

this component seems to be.related to onlv one of the RHCV/.

229E antlgens because of the weak pattern of ldentltv with

one precipitation liné in .the homologous reaction (plate

.

l4-a, arrowed). The other sera used in théée analyses,

HEV hyperimmune convalescent (HEV/CONV.) and field conval-
escent (HEV/FIELD), énd TGE field convalescent (TGE/FIELD)
did not develop aﬁy lines with HCV/QEQE;intact antﬁgen.
However, the absence of a.reaction cannot,ﬁé taken as
absolute in this context, being possiblv because leyels of
precipitating antibody are beneath the optimum reguirement
for the line formation. These experiments were restrictéd
to the reaction of surface antigenic components and thus
were capable of identifying only a few of the reiationships
between intact HCV/229E and other coronaviruses. However,
thesedreactlons servea.to indicate that a comnle\ svstem of
cross relationships could be detected and analvzea.
Furthermore, this analysis provided the first evidence of

any relationship (6théf%ﬁ morphological)  between IBV and- kg

any other coronavirus. This relationship was further
examined and confirmed as shown in the other reactions
presented later. -~ .,

In the following reactions extending this comparison,

when intact TGE and HEV virions were used as the antigen, -
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Plate 15:- Homologous and:heterologous immunodiffusion -

reactions of undisrupted hemagdlutinating encepha-
lomvelitis (HEV) and transmissible gastroenteritis
(TGE) coronaviruses.

a), The reaction of identity between the homologous
HEV/CONV.-HEV reaction and the hetefologous IBV/AS-'
HEV reaction indicates the possible existence of a
commﬁn anti;en (érrowedlj. TGE/FIELD, on the other
hang, preéipitate&“a partially related component as

can be seen by the line of partial identity (arrowed

2).

b) The heterologous reaction between undisrupted

TGE and 229%E antiéerum is clearlv evident but there

is no cross reaétion with the other antisera, IBV

and HEV/CONV. - ..
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clear heterologous reactions were obtained in addition to

e

the homologous rgactioh. One.HEV precipitation line was
identified in the homologous reaction (plate 15-a), and it
was‘further noted that there was present, in the.HEv virion,
a co%ponent thch was related to both HEV hyvperimmune con-
valescent (HEV/CONV.) and IBV antiserum fISV/AS). The
component detected by TGE/FIELD serum was onlv partially re-
. lated to the component  detected by both KEV and IBV sera’
which indicated a slight antigenic difference or a parti%}
identity of antigens (plate 15-a). Inlplate 15-b, only

~ 229E/AS precipitated a related TGE component whilé neither
IBV/AS nor HEV/CONV. were able to do so. This implied a
.complex one-way relationship between TGE and HEV wvirus
strains, in which TGE antigé¥a were capable of detecting
certain HEV antigens but not the converse, TGE thus
Dpssessing extra antigg&ic components not present in HEV.
This “finding, hoﬁever, could be simply due to the level

of reacting antibody vresent in the different svstems as _
“'mentioned above. But, it was alspo necessary to consider l
the poséibility that the pigs used.for preparing TGE hyper-
immune convalescent sera had'previous exposure to HEV.
Although ;his was unlikely because of the precautions

taken {G. Dulac, persohal communicétion) to ‘ensure that the
pigs were free of specific pathogens, the possibility ’
cannot be ruled out. Further analysis of undisrupted HEV

was carried out in other immunodiffusion patterns (plates

8
-
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.16- and 16-b). A reaction of identity between homologous.
reactions and the heterologous MHV/AS line served to
“identify an antigen shared by‘MHG'and HEV viruses. A weak
antigenic comﬁonent was detected by the 229E antiserum
{(plate 1l6-a) th not bv the 22§E ascitic fluid (plate 16-b),
however both the homelogous £HEV/CO§V.) as well as the
heterologous (229E/CONV.) sera recognized similar antigens.
as represgnted by the line of identity %ormed by the twb
precipitation lines (?late 16-b). ]ihése findings were some-
~wﬂat inconsistent but were_considéred to be due to the fact
that undisruptéd viéus antigen was being used and it'was
impossible to control or evaluate the development of anti-
gens due to spontaneous breakdown. Such products could be
either detectable antigenically or disappear due to their
Gsmali.si;g.
The heterologous reaction between 229E and IBV/AS
'wag investigated in more detail using the IBV antigen. The
IBV component .identified by its homologous serum was also
detected by the 229E convalescent sera as can be seen bv a
line of idenfity between tﬂose two.(plate leé-c, arroyed)-
This reaction thus indicates the presence of related anti-
gens in IBV and HCV/22%E. An unexpected observation was the

~absence of reaction between IBV antigen and hyperimmune

- 229E/AS. Such a development required more investigation.

As shown in a further reaction presented in plate 17-a, a
.relationship between the component identified’in the IBV

homologous reaction and that identified-by the HCV/229E
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Plate 16 G



Plate 16:- Homologous and heterologous immunodiffusion
reactions of undisrupted hemagglutinating encephalo-
myelitis (HEV) and infectious bronchitis (IBV)

coronaviruses.

a) The component identified by the HEV homologous
reaction was similar to the one identified by MEV/AS

as demonstrated by the line of identity (arrowed).

b) The 229E/CONV.‘sefa included in this reaction

has detected™a component similar to the one identified
by the HEV homologous reaction as indicated by the
line of identity (arrowed).

\_ |
¢} There is a line of identity developed between

the heterologous 22%8E/CONV./IBV reaction and the
homologous undisrupted IBV reaction, identifving the
existence of related antigens.. 229$/AS failed to
identify the same component in this reaction for

reasons which are, at present, unclear.
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Plate 17



Plate 17:- Homologous and heterologous immunodiffusion
reactions of undisrupted infectious bronchitis

coronavirus (IBV). Y

a) Both IBV/AS and 229E/AF are recoqLizing closely
. \__/ R .
related antigens as xepresented by the fusion of
the precipitation lines detected bv IBV and 229E

antibodies (arrowed).

-

b) One of the two homologous IBV reactions formed
a reaction of identity with both TGE and HEV field
sera indicating that the three antisera are

recognizing/a very closely related antigen.

. o

J/
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ascitic fluid (AF) was demonstrated by the pattern of
identity (arrowed). It was therefore considered that the
apparent lack of reaction was due to the extremely low
level of reécting IBV-related antibodies present in the
HCV/229E/AS.I Relationships were also established between
the IBV undisrupted antigen and both TSE and HEV (plate 17-b).
In similar reactions, the presence of chss reacting
components in IBV, HEV, -and MHV was indicated but since
only limited quantities of MHV antigen were available, the
identi;y of the reacting component could not be further
studied. In addition to the reéétion identified between
IBV intact antigen and both TGE and HEV sera, éﬁﬁine of
fusidn also developed between IBV and TGE and HEV field
sera and it was found to be related to the IBV component
detected in the homologous: reaction as can be seen by the
liﬁe of identity (plate 17-b, arrowed).

These reactions served to establish thé bagis for
examining ‘in mére detail the relationships between corona-
virus strains. However, fufther interpretation of all
£hese reactions depenaed on the precise identification of
the reaéting components. As mentfioned above, this could

not be achieved with® non-disrupted virion preparations

7
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'
because it was not possible to‘cohgroi non—speqif!gfdegra-
‘dation of the antigens. fﬁ ofder to obtain a more complete
picture of the cross reacting patterns and relationships, a
series of reactions were Earrﬁed out using'disrupted virus. .
preparations.

Due to the related chemical structures of corona-
viruses, the detergents Tx-loocand NaDoC, found to be the
best as described earlier, with 229E, were used with the
coronaviruses included in this study. These results are

presented in the following section.

The antigenic relationships between disrupted

i S . . .
coronaviruses: The ‘relationships of HCV/229E antigens

released by DOC (229E/DOC) as demonstrated by the homolo-
gous and heterologous reactions are presente&'in thé
different patterns of immunodiffusion in plate 18. ' In

the 229E homologous reactions, four precipitatioh lines were
resolved (plates 18-b, 18-¢, and 18ffi. Two of theseh\
compoﬂénts were detected 5y MHV antiserum (plates lS—bi%nd
18-¢c) indicating the presence of similar antigens in mouse -
hepatitis virus. One of these was related to TGE

(plate 18-f) as shown by the line of identity between the
homologous reaction and the antisera of both MHV_ané TGE. a2 -
precipitation lineaj;\identity was alsoc described between the re-

actions of 229E/DOC with TGE and with HEV conv. sera (plate 18-a),

+

IRV and HEV field sera {(plate 1l8-d), as well as TGE field
L . c

N
od
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Plate 18

Tt -~



Plate 18:- Homologous and heterologous immunodiffusion
reactions of DOC-disrupted human coronavirus 229E

(HCV/229E}.

é) Both TGE anﬁisera have weakly recognized at least
one 229E antigen, however the reaction lines of
TGE/AS/1 is suspiciously like a non-specific reaction
and shows nb identity with the HEV/CONV.-229E/DOC
reaction. The reaction of TGE/AS/2 has formed a

weak reaction of identity with the HEV conv. line

and serves to identify a common antigen participant.

-
N

-—

~b) The fusion patterns of the line of the homclogous
229E reaction and the HEV/CONV. and MHV/AS hetero-
logoﬁé reactions demonstrate the presence of shared

reacting components.

=) Essentiallv the same reaction as b) with TGE
substituted for HEV, in which a stronger pattern of
identity has developed betweeﬁ the shafed component
demonstrated by-the cross reactions of MHV. There

is no reaction evident between TGE/AS and 229E/DOC.

d) Weak reactions demonstrating the presence of a
component in 229E recognized by both HEV/FIELD and
IBYV (arrcwed) and an additional 229E component.-

detected by HEV/FIELD.



Plate 18 continued:-

e} The reaction between different TGE/FIELD sera
and 229E antigen, demonstrating the detection of

a similar antigenic component.

f) It can be seen that the TGE antiserum reacts
with onlyv one related 229E component and that

IBV/AS detected a partially related component.






124

sera (plate 18—e); The hazy line seen-between 229E/boc and
HEV/CONV. (platé 18-b) is not clear enough to indicate a
relationship between the homologous-ahd heterologous .
reactions and TGE/AS (plate 18-c) showed only partial

\\Edentity (arrowed) to the precipitation line developéd'by

’xboth 229E/AS and MHV/AS. Since, in other reactions, a 229E
component was identified by HEV and TGE sera as well as
229E/AS (plates 18-a and 18-f) we therefore considered that,
on the basis of these reactions, there are two related
coronavirus antigenic componénts common to HCV/229E and MEV,
and one of these is also reiated +o TGE, HEV, and IBV. The
precipitation line'éf TGE/AS/1l could possibly be a non-
specific line and therefcre was not considered when deter-
_mining relationships between coronaviruses.

However, the intérpretatioﬁ of these reactions was
limited in scope because only the HCV/229E antigens had been
involved. It was necessary to carry on .this study in more ‘

detail using reactions of other DOC-released coronavirus
antigens to clarify the basis of the relationships. The
homologous and heterologous immunodiffusion reactions. of the
two swine coronaviruses disrupted with DOC (?GE/DOC and
HEV/DOC) are presented in plate 19. One TGErantigen was
identified in the homologous reaction of this virus (plates -
19-a and 19-b). Sigilar componénts were identified by
l229E/AS (plate 19-a) and HEV/CONV. ana MHV/AS (plate 19-b)

as demonstrated by the reaction of identity. This.
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Plate 19.



Plate 19:- Homologous and heterologous immunodiffusion

reactions of DOC-disrupted TGE and HEV swine corona-

viruses.

a) The component demonstrated by the TGE/AS : TGE/DOC
reaction is also related to those detected by 229E/AS
and IBV/AS, aithough there is a slight antigenic
difference indicated between 229E and IBV Sy the spur

of partial identity.

b) The:TGE/AS demonstrates a singlé reacting component
in TGE/DOC, but the HEV/CONV. apparently cdistinguishes
two lines of which one 1s shared by MHV. Furthermore,
the linkages between the HEV and MHV reaction are

stronger than between the TGE and MEV.

c} 229E convalescent human serum reacts strongly with
an HEV component, whereas the 229E/AS and ascitic fluid
apparently do not. The réasons for this reaction are
unclear, however they could reflect problems with
reaction conditions (antigen or antibody excesses)

which are sometimes encountered.

d) Two to three components are detected in-the homo-
- logous system and two 6% them are similar to those
detected by MEV/AS, though cone cross reacts to a
much lesser extent. The minor reacting compohent

detected by both MHV/AS and HEV/CONV. is*also



-

Plate 19 continuedi- . )
. 7 \
detected by IBV/AS, identifying an HEV an€§§en

common to all three viruses. Another component

»

detected by MHV vartially reacted with one

-

identified by_thé homologous reaction (arrowed) .






126

Plate 20



e

-

Plate 20: Homologdus and heterologous immunodiffusion = «

reactions of DOC-disrupted hemagglutinating encephalomve- |

litis (HEV), transmissible gastroenteritis (TGE),

- -

and mouse hepafltis (MHV) coronaviruses.

a) Four antigens are detected in the HEV homélogous
reaction;:one developed a faint line of relationship
to 229E and TGE heterologous reactions. These two

sera have also developed a secosd precipitation line,

close to the respective-anpiserum wells but no lines

of identity are demonstrated.

T e

b) Again four lines are seén\{? the HEV homologous
- l ' ' . . )

reaction and one developed a line of identity to MEV °

and IBV heterologous reactions. IBV/AS has recog-

nised two more components in its reaction with

HEV/DOC.

c) A continuous faint (arrowed) Qine demonstrating
the relationships between three céronaviruses, HEV,
TGE, and 229E, has develcped in the TGE/DOC homolo-

gous and hetercologous system.

&) The faint continuous line (arrowed) seen in this
reactidn between homqlagous and heteroclogous reacting
components further confirms previous relationships.
HEV convalescent serum has recognized an extra com-

ponent in the TGE/DOC antigen.

LY



Plate 20 continued:-

e) A releas;d MHV antigen has been weakly recog-
nized by HEV and TGE antibodies, however, further

details of the ielationships are not demonstrated.
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component was paftiallf related (as represented by the line
of partial identity) to the one identified by IBV/AS (plate
19-a, arrowéd). ‘In other reactions {plates 20-c and 20-d),
the TGE component was closely related to those detected by
HEV/FIELD and 229E/AF (plate 20-¢) as well as 229E/AS and
HEV/CONV. .The HEV reactions, on tﬁe other hand, show a
homologous as well as heterologous reaction as demonstrated
in plates 19-c and 19-d and plates 20-a and 20-b. As many
as four lines were detected‘ih the homologoug reactions
{plate 19-d&; plates 20~a and 20-b) and at least one ©of these
lines showed'a'cémmon reaction with TGE, IBV, 229E, and MHV
precipitating sera. An interesting observation is that both
MHV/AS (plate 19-d) and IBV/AS (plate 20-b) recognized

several of the EEV-related antigens with varving degrees of

identity. HEV/DOC in one case reacted with the 229E convales-

cent serum but no regction was evident with both hyperimmune
fluids (ascitic fluid and agtiserum) of that virus (plate
19-c). .The reasons for this feactlon are unclear, howevery
it’ coulc reflect problems w1th reaction conaltlons (antigen
or antlbodv excesses) which are sometimes encountered.

The interrelationship between the field convalescent
and immun%zed convalescent sera of the two pig coronaviruses
raises two possibilities: ;) That under field conditions,
the swine have been exposed to both HQV and TGE viruses, or,

2) the possibility that both HEV and TGE have some kind of

antigenic relationship. These are not mutually exclusiveé.
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The reactions of MHV/DOC aﬁtigen with HEV/CONV.
and TGE/AS indicated the presence of low levels of related
antigens. No other heterologous reactions could be
detected between IBV and HCV/SESE antibodies, however, this
was a very weak reaction and it 1s probable that the
reaction proportions were inadequate. =

The antigenic relationships of IBV‘with"the other
coronaviruses which were identified earlier uaiﬁgvintact
IBV antigen, were investigated in more detail by using
DOg-disrupted IBV antigen. Two reacting components wérg
seeﬁ'in the‘homologous reaction kplate 21-¢) and cne similar
compdnent was'precipitatéd by all sera and ascitic fluids: ff”ﬂ
used in thisrstudy (plate 21-2, 2i-b, and 21-¢). This
coﬁmon'antigen was idenéified by the line of identity.be-
tﬁeen.thesg sera. .

After establishing the reactiodn patterns using
DOC-disfupted coronavirus antigens, 6ur-work was extended
to égplore the relaticnships using antigen prepa;ations
éisrupted by TX-100.: Representative reactions are pre-
sented in plates 22 ané 23 and serve to confirm our initial
results. In the homologous 229E reactions, 3 to 4 antigens
were detected (plate 22-z). In plate 22-b, a weak preci-

pitaticn line develored between IBV/RS and 229E/TX100

disrupted antigen. In the reaction presented in plate 22-a,

e

a closely related component was identified by the three

reacting sera: TGE/FIELD, HEV/FIELD, and 228E/aS as
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Plate 21



~
e Py
.'k'.

Plate 21:- Homologous and heterolggous immunodiffusion
reactions of DQOC-disrupted infectious bronchitis

. coronavirus (IBV).

a) The three 229E immune sera, 229E antisera, 22°9E

convalescent sera, and 229E ascitic fluid, have

recognized a similar antigen in IBV/DOC.

v * b} Antigens similar tOQan.éﬁv component are re-
cognized in weak heterolo§§u§'reactions (arrowed)
with HEV and MEV antisera.
¢) ©One of the two IBV antigens-identified in the

.
homologous reaction is related to the one recog-
nized in the heterologous TGE reactions (reaction

of identity, arrcwed).
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Plate 22



> ‘
Plate 22:- Homologous and heterologous immunodiffusion
reactions of TX-100-disrupted human coronavirus 229E

(HCV/229E) and infectious bronchitis coronavirus (IBV).

a) Three to four reacting ébmponents are demonstrated
in the 229E homologous reaction and one of these
components was closeiy related to those identified

by both TGE and HEV field sera (reaction of identity,

arrowed) .

b) A weak heterologous reaction with IBV/AS
(arrowed) has developed but no relationshio can be

seen with MHV and HEV.

c) At least two IBV antigens are detected in the
homeclogous reaction and none have been recognized

by TGE antibodies.

d) Two antigens are demonstrated in this IBV
homologous reaction, and only one antigen has been

recognized by the TGE reaction (arrowed).
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Plate 23
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Plate 23:- Homologous and heterologous immunodiffusion

reactions of TX-100 and DOC~disrupted coronaviruses.

a) One of the two antigens identified by HEV homo-
logous reactions developed an identity with MHV
heterologous reactions. In addition, the MHV

hetercologous svstem has recogniczed a componenp’%ﬁr-
Vs Y
. R
tially related to HEV. 229E/AS developed a veﬁ{ weak
o i

H iy
i

line of reaction with HEV/TN-100. \

2) Two components are detected in the MHU/TX-100

homologdﬁs reaction; one is a strong .ané the other
1s a weakly reacting compenent (arrowed 1l). Pro-

2ably a third antigen (arrowed 3) can be seen very
close to the MHV/AS well. No heterologous reactions
can be seen becauée of the low concentration of the

MEV antigen.

¢} MHEV antibodies have recognizeé three EEV anti-

o

genic compenents released by DOC but none of the

229E or TGE comggéents released by TX-100.
- .

.

&) MEV/AS ceveloped weak reactions with three IEV

e

reparaticns: IBV, IBV/DOC, and IBV/TX-100, however

it

he patterns of identity are not sufficientlv clear

th

or further.-'interpretation. :
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represented by the line of identity between them.

absence of a relationship between HEV/CONV.

132

The

(plate 22-b)

and 229E/TX-100 was considered due mainly to_imbalancesﬁin

the reaction conditio

identifving a relationship bétween

the different sera (H

relationshin with MHV/AS was

g of a low titre.

The reactions with IBV antigen disrupted by

(plates 22-

in the homelogous

te illustrate

lected

heomologous

- dey ==
=

Cetells of MEV relati

ns.

EV,

-c and 22-4) ‘i

reaction.

as well as heterolcocous

iEV-reacting cemzcnents

the

These reactions were capable of
229E/TX-100 antigen and
TGE,

and IBV). The absence of'a

probably because

TX-100
dentified two reacting components
One of these

components was

the complications inherent

23-a, usinc HEV disrupted by
Alsc

reactions.

show a line cf

compenents identified by the MEV

-
v

2=k, 23-¢c, andéd 23i-¢, when mcre
nshids were scucht, using different
!
reagents, 1t became evident that the
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strongest relationship was between MHV and HEV/DOC antigens
(pl%te 23-c) and a weaker reaction developed with IBV anti-
gens (plate 23-d). Whether the e of Tx-lbo as the
disrupting agent for 229Etané TGE ;as respongrhle for the
loss of the reaction in pléte 23-c fequir 6 further
analysis, especially since it is n clTraxr—whether the
middle precipitation line is bending towards the other wells

-

Taken together, the reactions with disrupted viru

th

th
O
Hh

preparations presented so far all indicateé the presence
at leas® one common antigen reacting in mest of the immuno-
diffusicon systems. Since those reac£i0n5 with intact
viruses 3ié not demonstrate a similar situaticn, 1t was a
legical censeguence te determine whether, in fact, the

internal component of the ccereonavirus was indeed the commen

reacting cemponent and thus could ke a greup specific ‘

n
[
Q

anticen. The final series c¢f analyvtical immunediffu

reactions was desicned fc investicate this possibility.

Commarative Reacticas of the
Coronavirus internzl Component (RNF)

The nature cf the relaticnships descriked between

+he different ccreonaviruses andéd the identificaticn ¢f a

corcnaviruses, HEV/Z229E, TGE, and HEV, and the hcmolcgous

and heterolccous antisera ané ascitic £luid cf the
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+ b

3 -

coronaviruses described previously. Representative analy-

tical immunodiffusion reactions are presented in plates

- 24, 25, 26, and 27. The close relationship between 229E

virus and bgst antigen was established and described in the
earlier part-of this stﬁdy where it was also learned that

in the polvacrylamide gel immunoelectréﬁﬁﬁresis study of the
relationships between host and virus, the nucleoprotein of .
the RNP was precipitated by both hos&land viral antibodif%.
In immunodiffusion reactions, it was found that one of the

two RNP components was precipitated by the host antisera

3
(plate 24-3). t was not clear whether the second component
was a host contaminant or a virus-modified host compenent
specifidally incorporated in the RNP especially since, as
shown in plate 24-b, it cculd not be entirely removeé during.
further purification. In other immunodiffusion reactions
included in plate 24, a comoonent related te 228E internal

compcnents was precipitated by MHV, HEV, TGE, and IBV sera.

. - . . . .y — —— . 1 .
identity with +the MWV/AS versus 229E/RNFP line demonscrating

the identitv of 228F=ZRNE with an MHV antigen, probably the
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weaﬁer reaction with TGE/FIﬁiD wés suggested by the bending
of the 229E/AS, 229E-RNP reaction toward the TGE/FIELD well
(arrowe&%. A similar reaction in §late 24-f served to
idegtiﬁy the antigenic component. in HEV/CONV. with 229E-RNP.

In plate 24-e, a faint precipitation line between IBV/AS

" and 229E-RNP demonstrated the relationship between the 229E-

RNP antigen and an IBV component although it has not been
firmly identified by a pattern of fusion with the-neighbour-
ing homologous reaction.

“ Both TGE and HEV isolated RNPs s%owed one precipita-

tion lire in the homologous reaction which was also recognized

by IBV/AS and 229E/AS (plates 25-a, 25-b, 26). In the reacticn

shown in plate 26 andfplate 27—a; the TGE-RNP antigen was
detected bv both TGE/AS and IBV/AS. However, no reactibn
could be detected between the 228E/CONV. (anti~-229E-RNP)
serum and MHV/AS. This micht be due to the fact that both
229E/CONV. and MEV/AS are very weakly reacting sera. How-
ever, since only HCV/229E hyperimmune antiserum was capable
of weakly recognizing the TGE-RNP preparation, it was
considered that the degree of identity between ECV/229E and
TGE-RND wag‘éuite low. It was evident that TGE-RNP was
recocnized by both TGE/CONV. and HEV/CONV. and the reactions
(plate 27-b) formed a clear-cut pattern of‘identity. This
meant that both sera recognizeé a closely related antigen
(TGE-RNP and & 229E -antigen, probably RNP), indicaéing both

viruses have a similar internal component.

i
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vidhs 2298 (229E/RNP).

a)  This reaction illustrates the test used to

preparation. It can be seen that

evaluate the RNF
there is a trace of host-reacting COT“ORLﬁt present

in the J29E RNP preparaticn (arrowed).

I

i

»)  In this preparation of RNP,, there is essentially

ne host compeonent Setectable as can be seen by the
absence of reaction between the RNP antigen and the host

antiserum. But the \LD line is bendinc toward &ne hest well.

c) The hemeologcous precipitaticn line cccurrinc hetween
229E/RNF and 228E/AS fuses into a reaction c¢f identity

with the MHV/AS line versus 229E/RNF which demonstrates

229E/RNP indicating a further relationship with a
r - -
HEV compcnent (prcbably HEV/RNP).

229E/RNP with & TGE reacting component by the preci-

pitin line between TGE/AS an

3
197
8]
48]
D
%3]
™~
»
-
id
el
w
|
H
}.l
'_J
fu
[
o]
(™
rt

much weaker reaction with TGE/FIELD is suggested by

the bending of the 229E/AS : 229E/RNP reaction toward



Plate 24 continued:-

the TGE,/ FIELD well (arrowed).

@) A ¢lear precipitation line between IBV.AS and

T29E 'RNP demonstrates the relationship between the

A 229ERNP antigen and an IBV component although it
has not been firmly identified by 2 pattern of

fusion with the neighbcuring homelogous reaction.
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Plate 25



Plate 25:- Homglogous and heterologous immunodiffusion
reactions of the internal component of hemagglu-

tinating encephalomyelitis coronavirus (HEV-RNP).

a) The homologous reaction of HEV-RNP with HEV/
CONV. can be seen. A related HEV-RNP antigen is
also recognized in this reaction by the 229E/AS,

however, patterns of identity have not develgped.
¥

-

b) A weak feaction line has developred between
HEV-RNP and the hvperimmune IBV/AS which seems to
be bending toward HEV/AS. The homologous reaction
(HEV—RNP:HEV/CONV.} is too weak to provide further

information.

AN






PU.

fur

138

ot
o

L7



r—{
{1

o

o

e
1]

sed

the

—

n

[+

2 3
s i

cacticn.

~

cleogeous

Hem

-
-

etercliegeus

+
15
Py

the

-

Clgsely

ne & vernw

e
Cnscract







139




Us1an

LR
- .

i

5
3
L

immuna

hetorologous

and

Homoloaous

T

-

Bl
-

late

e
Kot i
4J 42 3
] A3 Q Ly
i £ o - A (U]
£ 12 ot £
r 0 v : ) " O
e A2 (V] Q
i) Lo i V) &) LU]
sy vl et wl g
" Kd] [T o 1 1)
[ ) £ . o
) e m\ Q O
] 44 ” [§] +J
i ti (9] ’ O Ry
~ o m i3 ) LX) Y
o [ S S B o
I h 51 34 3] 0] 44
s 0 (UG I - n
[ 1) ) (77} &) r—~f
& o \f € NI
r 14 [ Q) Y]
fy -~ N\\ [1]] e
i it 2/ gl V1
—~ 5| ] (@) 44 it 5%
[ U7 - © )
[ - £ [} . 44 fs vl
e 4 o z £} 1) . v )
oo L7 THRN ¥ N RN - £ th
4 ¥ Y Y -3 o U
I 7 4 ol H 4J
e ) f; “ 44 [+H] £l U
o [p] i) W] ¥ /] ny 1
] ] T, L "

R, (TR RS B Y B ) n o
FERRY : L { p Y]
4 i 4] K& U o fr
%4 7 I (=i +J A 42 ) U
L9 r; [¢] e 4 Q f21 - I3

ry * ] 3 'z } (V] [\
A - -4 9 [#] o £ v
e . fue 5 S ] 4) Y u
o4 0 ] o ]
ot L - L2 ) Y] [J} v i )
A i -1 P 9 : - ‘ i
oy W SRS B S ~.
A gl 0 o 1]
YRV o - Uy . 19
VR < - T & L TN 0 B £ B4

L]
~

—
.

~ed

-

a <

v

strate

cn

sl

a8 Qem

(arrcwed) .

Y /CONY.

——
T
Pt ey

o8

.

ied






and that there is a common antigenic component shared by

IBV, 229E and TGE, and HEV-RNP, it was not possible o

identify those antigens with MHV components due to the
weakness of the MHV antisera. ' Because the existence of
oy
such MHV=-shared componenté was demonstrated ‘in the previous- ‘
. /
reactions, it was felt that the problem of demenstrating théu:g;ﬂb

epondent on the concentration of the

{1

lationshipwill vrove to he

¢

A

cacting components in their respective reactions.

. s - 1 . . . , - -

While further investigation to confirm and extend

N ) . . .

these observations needs tokedone, on tHe basis of the
immunodiffusion analyses to date, we believe that the
coronavirus RNP can be recarded as a group-.specific antigen.
.- = 0 - .
However, further attention must also bé givyen to the

secondary reacting compenents which showed either addéitional

K]
.

;ommen%regZQSons or partial identities since they may
indicate 2 means of subdividing within the group. This
cannot be done cenclusively without the isolation of the
other virus compconents (virus envelope, virus projections,

etc.) ané their extensive study using this analytical

immunociffusion system.



Serological Screening of Normal
Sera bv Immunodiffusion

Different animal sera were tested for anti-229E
antibodies by using 229E antigen disrupted by NaDOC. The

following are the results of the individual sera tested.

Swine: TGE and/ér HEV positive sera from 61 pigs
tested byhneutralizaéion was supplied by the Animal’
Disease Researcﬁ‘Iﬁstitute (ADRI). These animals were free
of any svmptoms causeé by eifher virus (TGE, HEV). 'These.
sera were referred to as field sera and were screene@iby

immunodiffusion using 229E/DQC. §ixty of the 61 sera
(98%) developed precipitin lines, gétween one and threef
being identified in the normal TGE/Field (positive for TGE
antigen), while one to two lines being identified in the
normal HEV/Field sera {(positive éera for HEV antigen).
These results are not surprising because these sera wereg
positive for HEV and TGE antigens and those two viruses
were found to be related to 229E in our antigenic stu-_
dies mentioned before. These findings served as a good
control for the validity of thé’immunodiffusiﬁn reactions

LY

and the use of 229E/DOC antiéen.

Canine: A number of normal dog sera wére tested for anti-
bodies against 229E antigenic components. Results of the immuno-
diffusion experiment and the quality of the lines resulting

from the total'pf 237 sera are recorded in table 4. The
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TABLE 4

THE RESULTS OF THE IMMUNODIFFUSION TEST OF

NORMAL CANINE SERA AGAISST SODIUM

DEOXYCEOLATE-DISRUPTED 229E/AG

Quality of the Immuno-

diffusion Reactiont*

Number of thel ‘
Lines Described\sxmf

CEIE I8 L SR N A

in the Reaction

-

NC Reacticn

1

Distinct Precipitin
Line- {+1)

Distinct Precipitin
Lines ({+2)

Precipitin Line and

1 Hazy Line (+1z1)

Precipitin Lines and
1 Hazy Line (+2:z1)

Hazy Lines Only

Hazy Line Only

Total
Total Positive

Total Considered Negative

10

22

46
237
66
171

-F

*See also plate 28-a to

e

28-d.

+

)
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immunodiffusion reactions were presented in plate 28.

0f all the sera Qested, the largest qumber, 124,
were negative. Some of the reactions were interpreted .as
negative because of the poeor unresolved guality of the

reaction line which could have resulted from the detergent

[N

used to disrupt the antigen. Out of the 237 dog sera tested,
66 were clearly positive. As shown in plate 28-d, a weak

- LY . - - N - »
reaction of identity could be demeonstrated with the homo-

logous 229E reaction.

Feline: Normal cat sera were screened with DOC-

"

disrupted 229E antigen in immunodiffusion reactions for 229E

or related antibodies. Immunodiffusion lines with similar

rt

gualities to those resulting with the dog sera were seen
(plate 28, table 5). 0Qf all the sera tested (49), only cne
‘

appe;;ed tc be negative with no reaction detectable between
the cat serum and the 229E antigen. However, of the re-
maining 48, only 15 were undoubtedly positive while the

remainder were unresolved because cf the poor guality of

the reaction. Ancd of the 15 positive sera, one develored

Lol

-~ .
twe precipitation reaction lines. It must be again

emphasized that our interpretation wasg perhaps overcautious
4
because of the possikility of non-specific reactions which

could not be identified because of limited amounts of sera.
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Plate 28



.

-
§:- Some of the .reactions of normal canine sera

tested against 229E antigen.

a) A positive reaction between 229E/DOC and canine o “:

serum S§2. There is a second hazyv line which has

m

_developed between the antigen and all the canine sera.

These hazty lines were considered to be negative be-

cause they may be the result of a non-spetific

reacticn. -

L . 7 .
b) A positive reaction of a’'normal canine serum
(S§/11) and 229E/DOC antigen. The rest of the sera
are considered negative.
c) One positive line developed witth 229E/DOC anti-

gen ané DOG/S/15. The rest of the sera show ne

reaction with 229E antigen.

&) The specificity of the reaction of the canine
. o~

sera is suggested in this reaction by the %ending

of the homologous reaction line towaré each of the

canine serum wells. This is an extremely weak

indication.
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Plate 29



Plate 29:- Representative reactions obtained when screening )

specimens of normal feline sera acainst DOC- ___////
[}

disrupted 229E antigen by the immunodiffusion test.

a) and k) Representative immunodiffusion reactions

between normzl feline sera anéd 229E/DOC anticen.

«

Two sera in a) (81 and S82) andé in b) (812 and §9) are ¢
considered positive. The rest were inconclusive or

negative. -
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"TABLE S

THE RESULTS OF THE IMMUNOPIFFUSiON TEST OF

NORMAL
DEOXYCHOLATE-DISRUFPTED

FELINE SERA AGAINST

SODIUM

2298 AG

- U U
' Number of the
Quality of the Immune- Lines Described
diffusion Reacticon® \ in the Reacticon
|
No reactien S h
1 Distinct Pregipitaticn =
Line (+1) -
1 Precipitaticn Line and a
1 Hazy Line (+1z1] -
2 Precipitaticn Lines and . ;
1 Eazy Line (+2:=1) B
Z Eazyv Lines Only 4
1 Hazy Line Only 2¢
Total 4¢ . —
Total Positive 15 |
Total Censidered Negative 34 R
*See alse plate 26-a and 29-hb.



-
v

14

Bovine: The normal sera of these animals were included

eneral screening

r the

e

test conducted

the ¢

a part of

as

and the

animal

different normal

229E.'Ag

n

9E

laBa

u

reactio

i

1

itive

qave

1]
)

1

\.h;

sam

m

-
ral
u
h

1z

and

=

v
S
o2

11

precivitation

by

o

x

14

aave

15

7

Qur

in

r

noegative

ry

C

i

Ty
Chay

iv

o

- -
I
_-——

mmen te a

cc

fecticns c¢f

- -
— -

riral

Since <cxrxenav

have heen

S CCWSs

all

have

er

-

all
e

bed ez

3 éescri

alvses

-
s

s e .
ilsdsicn a

unca

——
mbibile

¢ cur

an

re-d

£
=

2nce ¢

.
isc<

he exi

Gicated L&

in
i

ica

r

surveyv

-
|
-—

{1

£l
el 1

-
P

gactions ¢

e r

-
589}

-q 4=}
wicn

-



N LT

AGAINST

A

™
N

&

SE

i
o

OVIN
yum

[

™

¥

&

148
DISRUPTED BY DOC

TABLE
NORMAL

-

oA A mada e et -

OF THE
2298 A

REENING

P mh w Wy

R
ol

N

"
un ™~ [o)] [52 3 S R Rl o]
. -4 - el mweo
4
>
ved
49
g
[ o] L]
& £ [}
-t ) et
4
a e Lt -c
43 | g Q
i wd 4 (U]
{4 1 T e
rd 4 — 21 e S
(9 {31 — [ - 42
a) 9] Q r oA W)
3 o1 QU O n
flg — 4J [ 0 O 0
(] [ I Q) U Q)
4 4 42,13 ® [
0~ - v A
3 {h o +-1 [ S I I
W 1 FY R Y]
T4 O i 2 000

T
4

7/ [ H 3 B
[a e M e 2] !
e ! o e

—C.

=

-~

anc

O_b(

-

0=z,

~

isc plate

i

-

*See a




149

F 3



Plate 30:- Some of the reactions resulting from the normal bo-

™

vine sera and 229E/DOC antigen.

a) A hazy zone circling the inner well containing
. 229E/DdC'antiéen was considered to Be negative
 because of the possibility that it might be non-
specific. A weak definite positive line close to

L
the well of serz no. 5 can be seen (arrowed).

b} Two continuous hazy lines between 229E/DOC and
all the normal cow sera used in the reaction were
alsc considered negative. A

weak positive'line close to the normal cow. sera well

S

no: 11 can be seen.

c) The specificity of the reactior is suggested by
- the identity of the .line ideéntified by the normal
cow sera and the specific anti-22%E ascitic fluié

(229E/RAF) .. . ~—
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TABLE 7

.

RESULTS OF SCREENING TEST OF DIFFERENT
ANIMAL SERA WITH HCV/229E ANTIGEN

PR T PU S S TR SN DY S TP 30, S IR WL WA NP WP R S SR S N SRR S Tt R SIS TR N

Ne.
Animal of Sera N&. of
Sera Tested Positives %
Swine* 61 60 © 98
Feline** . 49 15 31
Bovine** S7 27 31
Canine** 237 €6 28

*These sera were all neutralization positivé (against
TGE and/or EEV) field sera obtained after routine testing
by the ADRI.

**These specimens were obtained from normal populations
and had no recent clinical historv to correlate with the
serological .findings.
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Summarv

1} The internal components of the three different
coronaviruses, HCV/229E, TGE, and HEV which have slightly
different densities (229E-RNP = 1.27, TGE-RNP = l.Eé, and
HEV-RNP = 1.27), have éeveral features in common. First,
these RNPs can be isolated from preparétions of purified
virus by either spontaneous disruption of these fragile
coronaviruses or by NP40 treatment. Second, these corcna-
virus RNPs have been.féund to have a similar morphology,.

é) The coronavifuses 229E, TGE, HEV, MHV, and IBV
are antigenically related to each cther as demonstrated by
the immunodiffusion tests. The basis of this relationship
is the presence of a common group specific an&igen between
these viruses. This common group antigen was féundntq be
the internal compeonent. Other secondary relationships were
also described and cannot be identified until the other
viral compeonents have been isolated. NG

-~ 3} Antibodies against human coronavirus 229 - \\>
were detecteq in the sera of swine (98%), feline (31%), bov%pé
(31%3), and)canine (28%). The specificity of these findings
was confirmed by the identity with the specific 229E homo-
logous reactions and support the suggestion of a common

group coronavirus antigen.



GENERAL DISCUSSION AND CONCLUSION

. &

This study was directed towards detecting and
identifying the antigenic structures of coronaviruses by
first characterizing in detail the antigens of a representa- |

o Y
tive strain and then comparing these anticens with those of

other viruses in the group. The human coronavirus 229E

(HCV/229E) grown in L132 human embryo lung cells was chosen

. ]

as the most appropriate medel feor the detailed antigenic
analyvsis. 1In this study fhe first problem we encounﬁered
was the reportedly weak antigenic preopertyv of HCV/229E
(Bradburne, 19870) and the relatively large quantities of -
specific antibodies reguired throughout the studv. ]

The aﬁima; of choice for raising antibodies against EEV/229E
was fﬁg guinea pig (Kennedy and Johnson—Lﬁssenburg, Perscnal
Communication). The guinea pig however, cdoes not vield
large qguantities of serum. Therefore, in crder to
minimize the amount of immunizing material (purified vifus,
etc.) we attempted to induce the-production of ascites
fluids in immunized animals according to gstablished proce-
dures reported fof producticn of mouse an;;bodies (Munoz,
1957). These attempts proved to be successful and adequate

guantities of ascites fluids containing specific antibodies

were obtained. Throughout this antigenic analysis, both immune

3
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ascitic fluids and sera, usually concentrated, have been used
and, on the basis of this experience, we can recommend the
ascitic fluid method as a valuable technigque for the produc-

tion of large amounts of antibody. These immune reagents

¥
.

then chome the tools for the detection of the complete
spectrum of antigens used for their productian.

Qur_ antigenic study‘of corona&iruses ;as conducted by
usin% the continuous flow microimmuno&iffusibn test in cellu-
los%fﬂpé%ate (Johnson et al, 1964). We excluded the use of
immunodiffusion in agar"gel since HCV/229E virions (S0-160 nm
in diametér) are too large to diffuse through gels whose pore
size has been calculated to be 60 to 100 nm in diameter

. " 1
(Ackers & Steere, 1962). Cellulcse acetate has a high struc-

tural uniformitv and vhvsiochemical inertness while different
bagches énd SolresS of agar and agarcse present widely
variable characteristics. Also, agar has a negative charce
which prevents 1ts use with basic dyes and basic antigens.
Other advaﬁtages of cellulose acetate are that it recuires no
preparation for use other than wetting, it can be empleoved
with both acidic and basic antigens, is also compatible with
a wider varieiy of buffers than can be tolerateéd by agar or
agarose, and is the -most economical éﬁ reactants.

Using different patterns of reactions andé the "complete
spectrum” analvtical immune preparaticns, as many as seven
viral struqtural'antigens were detected. O0fFf these, only two
could be demonstrated using the human convalescent sera and

were by definition identified as virus specific structural

antigens.
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-+ In coméarative reactions using analvtical and conval-
escent sera,-2 to 4 antigens, as represented by 2 to 4 lines
in immunodiffusion, were identified as virus specific anti-
gens due to their non-identity wiﬁh the host reactions. By
using a defined antigen in the form of the isolated internal
ribongcléoprotein in further comparative immunodiffusion
analysis,.at least one virion component was identified as a
ribonucleoprotein antigen. The remaining vipus antigens :
showed a host felationshi?-. The reactions with the host

4
demonstrate@ by the purified virus antigené are an indication
of the presence of host components possibly modified during
viral infection and integrated into the virion.
. The role of the host antigens in coronavirus replicaticn

e
is of interest due to the’ restricted range of specles suscep--

tibility to this virus which has been sucgested to 1mply some

specific functienal reguirement for virus replication. ' However,
+the identification of the putative host antigens and their con-

sribution to virus replication reguire further stucy befcre

confirmation of this suggestion is provided. . .

It shoulé be emphasized, at this point, that tﬂe
successful demonstration of 6 to 7 virus structural anticgens
was degendent not only on the quélity of the analvtical anti-
bodv preparations but also on the “detectabilitf" of the virioen
antigens. This characteristic must be considered as a function

of the concentration and diffusion properties of these anti-

+
'

gens. As we have demonstrated, whether the virus preparations
were disrupted or not was of prime importance with regard to the

/
number of precipitin lines which developed. Furthermore, the

A\

C
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‘nature of the d‘isrupting agent was ,also found to be of importance.
' ; —\
Of the disrupting agents tested, sodium deoxycholate and

-Triton X-100 'and to a .lesser extent the lipid solvents
P .
ether and chloroform are™ the agents of choice!

Because of the failure in previous studies to find
multiple viriQn antigens in untreated purified coronavirus \
preparaﬁions (Berry & Stokes, lQGS;HBr;dburne,'l970; :
Hireonao et 51, 1970; Kayg et ral, 1970; Chubb- & Cumming, 1971;

Hierhclzer, 1976}, it was suggested that such antigens are

-

not produced intlarge quagﬁities as they are in some other

. virus groups. But on the basis of cur studies, we have

been akle to demonstrate encugh viral antigens to be

-+ .

+ consistent with the size and complexity of the virion.

Indeed, in the licht of cur findings, the "soluble antigens”

~

which were reported by others for untreated virus preparations

may represent components of spontaneously disrupted whole

- ,"

F
virion particles capable of diffusion in agar with subse- o~

‘quent precipitation by antibody.
Once the initial spectrum of ECV/229E antigens was

established, ocur studv was extendeé to include other corcna-

viruses namelyv the two swine viruses TGE and HEV, and the
avian coronavirus IBV as well as the murine.coronavirus MHV. i

The cross-reactiocns ketween the different ccrona-
viruses as reported by other workers accompanied by the
serological technicue used to identify that relationship

are summarized in table 8. In Bradburne's study of HCV/229E,

LP, B81l4, MHVS, and IBV (1970), IBV was found to be unigue
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among the othérs in that it was not related to any of these
viruses while MHV was related to most of-the coronaviruses
studied. . McIntosh et al (1969) using seven org#n cﬁlture

(OC) viruses'as well as 229E, MHV, and IBV found that only tﬁree
of the OC viruses were related to several strains of MHV.
Antigenic studies reported by Kave and Dowdle (1%69) showed

the identity of strain OC38 and OC43 and the one-way

relationship of those strains with MHV. Recently Kav

b
{a
o
f1,

his

1‘

'O

rOoQp (18 reported a relationship between OC43 and HEV

&

virus. /ﬂ% recent was the antigenic study of several

coronaviruses by fluorescent antibody vrocedures (Pedersen

+ ~

- :

et al, 1978). These workers fou@d the;r test viruses fell
inéo two groups on tﬁé basis of theilr interrelationships.
In the Iirst group were MHV3, HEV-67N, NCDCV, and

QC43. The second was FIP, TGE, and CCV.

This profusionfof cross—reaﬁtions as summarized in
table 8. does.not'proviée a common dimension for defining
coronaviruses as a croup according to their antigenié *-

T .
character. There are several reasons which can be sucggested
for this situaticn. 1) Different immunological methods with
variable sensitivity were used. 2) Many of the cross;
reactions were obtained using the compiement fivation test
"the results of which using coronavirus antigens were seldom
constant or repeatable" {(McIntosh et al, lBﬁé;uaradburne,
1970). 3} The molecular characteristics of thé antigenic

components were not adecuately identified nor established
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Pable & Continued:-

H Homologous Reaction;
3 = Gel-Diffusion;
FAi= Flunrescent Antibody,
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N = Neutralization; C = Complement Fixation;
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due mainly to constraints imposed 5y technicg} problemﬁ.
The general summary of our results with 229E, TGE,

HEV, MHV, and IBV (table 9) reveals that our approach has
been more successful in provid&ng such a Common relationship‘
to the extent that we have proposed that the internal
component of coronaviruses 1is antigenically related.

t might be further suggested that superimposed on this

-

fundamental shared compeonent lie the more superficial inter-

he membrdke.or cther antigens &£ the

.
o3
l_l
8]
]
r(}
H
2
-
H
o
]
rl.l
Loy
“
t

confer intergroup specificities. Indeed, on the basis of

n
O
34
1)
0
th
0
[od
H

findings, several strains seemed to be more '
- - - .: . ] = M

clearly related, as indicated by the number of lines showing

reactions of identity, i.e., 229E ané TGE; MHV and HEV. However,

a further classificaticon must devend on the isolation of sur-

face and other virus components with subseguent analvsis of their

anticenic characteristics and relationships within the group.

. . . 3 . . .
As discussed in the.previous section each animal

- v

species suppdrts at least one coronaviral infection, the

agent being hichly species specific (calf diarrhea corcnavirus,

canine ceoronavirus, and feline infectiocus peritonitis

4 -
. corcnavirus). A' further extensicn of cur study was macde by
. » . -~
. ; . : - ; . . Y
screening the normal sera of such animal populations against
HCV/229E antigen for the presence of corcraviral antibodies.
. . N\ .

The number of positives which were detected correlated

clossly to the number which could be expected (20 - 30%) as
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a refledtion of the reported prevalence of natural corona-
viral infections (Bradburne & Somersetg 1972; Reynolds et
al, i977; Horzinek & Osterhaus, 1979).

Because it is unlikely that HTV/229E could infect
these animals (suggesting a hitherto unreported distribu-
tion of this virus among other animal sﬁecies), these results
lend support to our suggestion of a putative common cofﬁna-_
‘virus antigen. If such is the case, then the dog, cat, and -
cow coronaviruses should be included in the established list

of corcnaviruses in circulation.

Therefore, in summary, we conclude:

1) That HCV/229E is a complex virus consisting of
six to seven antigenfc components of which one has been
identified as being internal component and do not contain
host material while the remainder show varving degree§ of

host relationships.

e
2) That the RNP antigen .which was detected should be
regarded as a group antigen common to all coronaviruses and

that its presence should serve to gualify candidate viruses

to membership in the coronavirus group.

©~



APPENDIX I

~genus: Coronavirus

Avian infectious bronchitis virus (Tyﬁe species) (Massachu-
) setts, Connectlcut Iowa-97, Iowa-609, Gray, Holte, .

Clarh—““}}.

Canine coronavirus (1-71).
Feline infectious peritonitis (FIP).

Hemagglutinating encephalomvelitis virus of plGS (EEV-1, Eev-Z,
2063/68, 67N).

Human-coronaviruses (B814, 229E, OC strains, LP, EVS).

Mouse hepatitis viruses (JHM, MHV-1, MHV[PRI], MHV-3, MHV-S,
© A-59).

Neonatal c¢alf diarrhea (LY-138).
Rat coronavirus (81900).
Siélodacryoadentis virus of rats (681).

Transmissible enteritis of turkevs (Bluecomb}.

Transmissible gastroenteritis virus cof swine {(Purdue, New
York II, SH, FsS216/64, TO, Ckp, V-52, 67-1, DL).

-
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. . APPENDIXN II

&
Glossary

Analytical antiserum: Immune serum containing antibodies
v N

produced in response to artificial immunization with
a known specific antigen or group of antigens or 1in
response to natural or artificial infection and which

have been characterized by standard immunodiffusion

.
g

-

4 reactions.

K\Convalescent sera: Sera collected after recovery from a

R e om e . . - . . . '
natural or artificially acquired coronavirus infection.

Field serum: Serum specimen obtained from normal populations

which have no recent clinical history to correlate

with the serologicél findings.

Host antigen(s): A collective term to include all antigens

1

detected .by immunodiffusion tests which have a host

relationship.

Hyperimmune antisera: Serum obtained after hyperimmunization

of an animal by.anﬂéntigen or group of antigens.

7

©
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Purified virions: Virus suspensions after concentration and
purification by differential and sucrose density

gradient centrifugation.

Reaction of identity: Wh%2 two populations of antisera are
compared by immunodiffusion with respect to one gnti—
gen or a mixture of antigens, the th different
anﬁisgra can produce a reaction of identity althoﬁgh

S~
they may contain antibodies of entirely different
specificity. This reaction is represented bf a con-
tinuous line of identity which indicates a relation-
ship between reacting antibodies and antigens. A
reaction of identity may also occur between two
populations of anfigens reacting with an antibody.‘ a
reaction of identity between a homolcgous and a
heterologous antiserum against an antigen or mixture
of antigens has been interpreted as identifying

heterologous antigens.

-

Reaction of non-identity: The pattern formed when two
unrelated components react in an immunodiffusion
test. In these reactions the precipitation bands
form independently and cross cver each other

indifferently.

Reaction of partial identity: A slight spur formation between
two antisera reacting against a complex mixture of

antigens has been interpreted as "a slight antigenic



difference" or partial identity pf-antigens.‘ It is
also produced when partiall§ related antigens ate
compared using a single antiserum. The individual ’
bands extending bevond the point of crosifng are

acutely curved and distinctly fainter before the

point of crossing.

Soluble antigens: Those antigens capable of migration through
the cellulose acetate strips which can be detected

by specific antisera.

Specific virus antigens: Those viral antigens which show

non-identity with the host by immunodiffusion.

Surface antigens: Antigenic components at the surface of the

intact virion detectable by immunodiffusion.

Viral structural antigens: Those antigenic components
incorporated into the mature virus particle which may

be detected by disruption of the virus.

.



APPENDIXN III

1. Immunodiffusion buffer:

Tris 0.05M
XC1 0.1 M
Sodium azide 0.2%

Adjust pH with 1IN HC1l to 7. 6
Make up to 1 litre in distilled. water

~

2. Thiazine Red (stain for cellulose acetate):
Thiazine Red 0.1%
Acetic acid : i
{Glacial) 1.0%

Thiazine red is dissolved in boiling water (dis-
tilled). The mixture 1s allowed to cool before acetic acid
is added to a final concentration of 1.0%. The stain is
then filtered using a2 0.45¢ nalgene £ilter unit.

3 Veronal buffer:

s -

5,5-diethvl éé;bé%uric acid (&) 5.75¢
Sodium 5,5-dieth¢l barbiturate (B) 3.75¢g
Sodium Chloride (C) 85.00g
Distilled water 2,000ml

The barbituric acid (A) was dissolved in 500 ml of
hot distilled water, and allowed tg cool. Scdium barbiturate
(B) and sodium chloride (C) werewé?ssolved in one litre of
distilled water. The barbituric acid (A) was added to this
soluticn (B+C) and then diluted .to a total volume of two
litres.

lés6



1 | 167

T 4. ?olyacrylamide gel preparation:

a) Acrylamide 30%
Bis-acrylamide 0.8%

 Both yere dggéolved in distilled water, filtered,
and kept at 4°C in dark bottles (8 weeks shelf life).

b} . Trizma 36.3g
1IN HC1 48.0 ml
Temed 0.46ml

Made to 100 ml with distilled water. Filtered
through 0.45up nalgene filter and stored at 1°c (8 weeks
shelf life).

c) SDS . 0.8g
Urea 24 g

These were dissolved in 100 ml distilled water,
filtered and stored at room temperature. :

- d) Ammonium persulfate 0.28%

o Dissolved inewdistilled water, filtered, and stored
at 4°C for a maximum of 6 weeks.

-The gel was prepared‘'by mixing together 18 ml of
a) and 6.75 ml of b) and 6.75 ml of ¢) and 9 ml of distilled
water and 13.5 ml of 4).

b

5. PAGE electrophoresis buffer:

SDS fﬂﬁ\‘\“\\ 1 g

Trisw / 3.0g
Glycin o 18 4g
Urea 8 30.0g

v_‘Make to 1 litre in distilled wdter and filter. Add
0.05% 2-mercaptoacetic (0.5 ml) immediately prior to use.

6. SDS dialysis puffer (This buffer was used to dialyze the
sample following SDS disruption):

SDs . l g
Tris (Trizma) 0.6g T
Glycine 2.88g

Urea ‘ 30 g
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Add distilled water to one litre, and then filter.

7. Polyacrylamide gel stain:

A

Coomassie blue (0.2%) 100ml
Methanol ) 100ml
Acetic acid (Glacial) 15ml

. The gel is removed from the apparatus and fixed in
12.5% tri-chloroacetic acid for 30 minutes. It is then
rinsed 5 to 6 times in tap water, then stained with Coomassie
blue overnight. )

§. Polvacryvlamide gel electrophoresis de-stain procedure:
Acetic acid (Glacial) 7.5%
Methanol . 50 %

These were diluted in distilled water.
" The procedure took approximately 4§ hours during
which time several changes of the de-stain were needed.
The gel was then stored in 10% acetic acid. )

9. The X-Ray film detection for labelled proteins and
nucleic acids in polvacrvlamide gels:

a) Soak gel in 20 volumes (approximatelyv 600 ml) of
dimethyl sulfoxide for 20 minutes.

b) , Transfer to ancther 20 volumes dimethvl
sulfoxide for 20 minutes.

¥ Immerse éél in 4 volumes PPO/éimethvl sulfoxice
(26.4 gm/120ml) £for 180 minutes.

<)

&) Immerse gel in water for 60 minutes.

e) Soak gel in 50% methanol for 30 minutes (to
shrink gel and make it less fragile).
£} Drv on slab under vacuum.

g) Incubate in contact with X-ray film for 5 to
10 days at -30°C. '



’

10. Phosphate buffer (1M):

a) Sodium phosphate (Na,HPO 95.1g

4

- Dissolve this salt. in 500 ml distilled water.

b} Potassium phosphate (KH,PO4) 44.9g

Dissolve this salt in 500 ml distilled water.

“Mix both solution a} and solution b)) then autoclave
to prepare 0.001M PO, buffer solution in sterile distilled
water. '

il- Complement fixation antigen (Hamre & Beem, 1972):

HCV/229E infected L132 cells were used to prepare
the antigen as follows:

a) TFreeze-thaw the flasks and contents 3 times %o
.release the cell associated virus.

&
b) The resulting mixture was clarified by centri-
fugation at 2000 repm for 20 minutes at 4°C in an
IEC PRé centrifuge. o
J, .

¢) The virus suspension was homogenized by using
a glass homcgenizer.

d) The homogenized suspension was clarified by
cgntrifugation at 500 rpm for 5 minutes at
A

e -

e) This.virus suspension (antigen) was then dis-
pensed into small vials.

Y
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