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ABSTRACT -
Enterovirus type 70 (EV70), a causative agent of acute
hemorrhagic conjunct%gitis emerged suddenly as a novel human

pathogen in Ghana, West Africa i#n 1969. Despite a relatively

. brief history of passage in humans, the virus has already
A Y

affected an estimated 80 million people as it has spread in

a pandemic fashion to all continents except Australia. While

. the origin of this highly infectious virus remains obscure,

et .
RNase T1 fingerprinting has shown that all isolates of EV70

are derived from a common -ancestor. It is pdssible, there-

‘ A
'fore,it@ trace the changes in EV70 from the time of emer-

gence to’' the most recent isolates. The major objective of
this study was to determine if chaﬁges,in the RNA genome of
EV70 have led to detectableddifferences in structural and
nonstructural polypeptides among 6 isolates of the wvirus
collected from diffetent regions of the world between
1971-1981. Protein analyses included one dimensional SDS-
PAGE, two dimensional high resolution electrophé%esis,
pepFide mapging and immunoprecipitation and revealed a
surprisingly similar 'protein. complement between isolates
wﬁsse genomes differ by about 4%. These studies are a first
step towards localizing regions of the genome which have

changed since EV70 appeared as a human pathogen.

J - ‘



it
. ACKNOWLEDGEMENTS

.I would like to express my heartfelt thanks to Dr. K.
Dimpck for all hisdhelp, patieﬁce,‘and encout&gehent. His
sense of-gumour and dptimisﬁic outlook both impressed andf“;'
inspired me. |

I am _ also thankful for the trem§3dous support and
wonderful friendship of Marie-José Cote and Donelda Lahey.

Also, I am deeply indebted to Dr. T. Nicas for her help?
with the computer gymnastics and her sound advice throughout
this project.

HSpeciél thanks to Vic Wagner for helping with the word
processing and for endless support during the project.
| Finally, mf thanks to all the graduate students, faculty

™and staff‘in the Depaftment of Microbiology and Immunology
for théir kindhessland encouragement.

| Financial support from the Medical Research Council of

Canada and the University of Ottawa made this work possible.



w

DEDICATION

This thesis is dedicated to my family.

v



LIST oF ABBREVIATIONS.'I..-I-C.O.l‘..'...-iilllll.'.lll.I...;‘.

_\;l‘ . . .‘I{ . ".u...-
 TABLE .OF CONTENTS

I R R PR " bice
ABSTRACT . « « v v s e eeesee e e s eeeennnnaennnnnnennsninnn ﬁi”:>
ACKNOWLEDGEMENTS « « + «v s e vueessannnnaanansonnnnessnpnnnes idl
DEDICATION. ........ {.................:.;............... iv
TABLE OF CONTENTS . - ¢« ¢ e e e e v nnnnnnnnstonnnnsnsnnenenens v

LIST‘OF FIGURESIII.II.III.Il.....lII..llI.ll.-l.Il.l.... viii

LIST OF TABIES.IlI.l.'-l-.Ill.-....II....I.‘III..I.II....

ES

INTRODUCTION..k..... ....... srs e sennnan ceene ~re e .o
Enterovirus 70: Historical Background...,....ceeea.. e 1
1. Pandemic Spread of the Virus.......... cesenaennnan 1
2. Pathogenesis and Epidemiclogy...cvevevrenececennss 3
+ 3. Transmission.......f. ..... S S - 5
4. Origin of EV70......... Ceeraaeeaan Ceeneeeen ceeree. 6
5. EVOLUtion OFf EV704.cecueceeenrrocunonsensnnnnnnens 8
PiCOrNaAVITUSE . et iiettneeernencnroeseseasncsannnnonnss 9 .
-1..Description....................................... 9
2. PicOrnaviral ProteinS.......eeeeeesseeesssseesnnns 11
3. Genome Organization..............}.......;........ 14
4. ﬁole of Capsid Proteins.@..........;..............' 17
5. Changes in EV70 Proteins.....ceiveeiececcennbonnse 20

6. Precedent STUALES.......eevesieeeeneennesnsencenes 23



: R ’ vi
MAIN OBJECTIVES.OF THE STUDY . v v ersnsinenarannnnanans 25
MATERIALS AND HETHODS.................l............‘...- .26
1.fCells...:....,.........:.....................;.... T 26
2. Vifus..................: ..... ,.........Y;yfl...... \27
: - - ' < - .
3. Plaque Assay.......-.. ......... O 2"8
) 4; Growth CUrVe....cevvrverernenenans Neeanes Peeeeanas 28
5. Radicactive Labelling of Viral Macromoleéules‘ ..... 29
6. Virion Purification............ e, 30
7. RNA Extraction and Electrophoresis......ceeeveeans 32
8. Polyacrylamide Gel Electrophoresis......... eassees 34
9. High Resolution Two Dimensional Eleqtrophdresis... 35
10. Peptide Mapping.......cceeeeu.. Cerrsecrr et 1 38
11. Immunhoprecipitation of Viral Proteins.\ ..... e 39
3 42
1. Growth of EV70 in LLC-MK2 Cells ................... 42
2. Virus Pu;ifigatidh ................................ 44,
3. RNA Purification.....iiieiiineinnnanneaincnaaannns 46
4. One Dimensional SDS-PAGE of EV70 Proteins......... .50
5. Two Dimensional IEF, SDS-PAGE........---... */} ..... 55
6. Peptide Mapping....cveeeesetnovsnonnnns free e 61
7. Immunoprecipitation........ ...ttt 64

! ™

—
=



DISCUSSI N...;..Q...i..l...ll..l.."ﬁ..lIldl...ll.'l--.l.l 71

Growth, Quantitation and Purification of EV70£

3 ! _— . Cowii

L)

;'Iﬁ.‘._l... 71

e

Protein Comparigons Among EV70 Isolates..;...J.........‘ '76

s . ( l-.
. 2.
3.

orl'e Dimensionai SDS-PAGE.. - 8 & 809 8 e 0w ... . ": L N B B B I N I BN .‘ L B 3 _76
Two Dimensional IEF, SDS—PAGE......... cereeenenan . 81
Peptide Mapping....oeeeueuen S - 7.

Immunoprecjipitation........ e eeiaaeaan eessseses . .86

CONCLUSIONS ----- -o----‘c-----h---oo---c.-----c-----o--. 89

REFERENCES ------ & 5 8 8 8 88 E S eSS as e LR BRI B A B R R I B A A S B B ) 96

i

.
el

-



- ."

1q.

11.

12.

viii
. | LIST OF FIGURES

PAGE
Schemdtic diagram of an idealized picornavirus
POlyprotein...ceeeeesecessesnccccnannnanns ceesenene 12
The rates of EV70 productioﬁ in LIC-MK2 cells at
four different m.o.i.'s......?}.... ........... cerae 43
Sucrose gradient centrifugation of 33S-methionine
labelled EV70 (J670 strain)........ ceccssssesann e 45

Sucrose gradient centrifugation of the J670 strain

of EV70 labelled .with 35S-methionine or 3H-uridine. 47

SDS-PAGE of 39S-methionine labelled EV70 virions

and infected LLC®MK2 cell lysates..........ceveuun. 48
. Agarose gel ele;;rophoresis of EV70 RNA............ 49
SDS~PAGE of different isolates of EV70............. 51
SDS—PAGE/gf EV70 infected LLC-MK2 cells lysed usingdh}
swelling buffer..... e 53
SDS-PAGE of EV70 infected LLC-MK2 cells lysed by the
RIPA buffer method..... teetsssnesseessennsanennrannn 54
High resolution two dimensional electrophoretic
profile of J670.......,:. ............ femrerreaas . e 56
High resolution two dimensional electrophoretic .
profile of purified EV70 virions ......... cessnennas 57

High resolution two dimensional electrophoretlc

‘ analysis of J670 ln}ected LLC-MK2 cell lysate...... 59



13.

14.

15.

16.

17.

18.

High resolution

¢

*

,ﬁwo diménéional electrophoretic

analysis of EV70 |infected LLC-MK2 cell lysates.....

Peptide map of viral capsid protein 1D(VP1l)........

Peptide map of virion proéeins 1B(VP2) and 1C(VP3).

Immunoprecipitation of EV70.proteins with monoclonal

antibodies (MAbs)....... e

Immunoprecipitation of denatured EV70 proteins with

monoclonal antibodies...... i

Immunoprecipitation of EV70 proteins with polyclonal

antisera

ix

60

63

66

68

69



LIST OF TABLES

" PAGE

1. The PICORNAVIRUS Family........--...-...---..‘-.....
2. Origin of EV70 Isolates........ setecarsstenrrsnnean

3. Antibody Sources.........e0... crecsasenasaana feeaas .

fﬁ-

10

22

nd



CA24
coe
Cci
CPE
CSF
DEP
EDTA
EMCV
EV70

FMDV

\  LIST OF ABBREVIATIONS

acute frhagic conjunétivitis
coxsackife virus A24 .
Centres for Disease Control
curie

cytoﬁaghic effect

cereg;ospinal fluid

diethylpyrocarbonate
—_

ethylene diamine tetrahcetic acid

encephalomyocarditis virus
enterovirus 70
foot-and-mouth disease virus
hepatitis A virus

human embryonic luﬁﬁfgells

£

human rhindwirus

isoelectric focusing,

thougﬁnd

“milliampere

monoclonal antibody
minimal essential medium
millimole

multiplicity of infection
molecular weight .

Y

National Institutes of Health

2\

xi



dec
pI
pfu

RNase

SDS

" SEC

TBS

TMEV

nanometre

polyethylene.glycol

isoelectric foint -

plaque forming units

ribsnuclease

sodium dodecyl sulphate

Singgpore epidemic conjunctivitis

Tris buffered saline

Theiler's murine encephalomyocarditis virus

World Health Organization
\

Xii ’



INTRODUCTION

Enterovirus 70: Historical Background

1. | Pandemic Spread of the Virus

Enterovirus 70 (EV70) has had a relatively brief history
as a human pathogen. The first outbreaks of a new, highly
" infectious type of hemorrhagic conjunctivitis were reported
in Ghana, West Africa in June 1969 (Chatterjee et al.,
1970) . Referred to as 'epidemic hemorrhagic conjunctivitis!
or 'Apollo 11 disease' (because it coincided with the Apollo
11 moon landing (Kono, 1875)), this new clinical entity
spread throughout West Africa and reached North Africa by
‘December 1970. During 1970-1971, outbreaks of a disease
with identical )glinical and epidemiological features

occurred in Asia and spread rapidly to involve the whole

south east region of this continent, as well as 1India

. BN
(Mirkovic et al., 1973). Japan was also affected but to =

lesser extent than. other Asian countries (Kono et al.,
1972). Between 1971-1972, epidemics of hemorrhagic con-
junctivitis we:ZE reported in the Middle East and small
nosocomial outbreaks occurred throughout Europe. Extensive
epidemics swept through Thailand, Singapore and India
between 1974-1975 (Reeves et al., 1986). Most areas affected

by epidemic conjunctivitis during the first pandemic

(1969-1971) were subject to sporadic epidemic outbreaks

% *
(

,J
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between 1972-1979. During these yéaré, the disease appar-

ently remained confined to Europe and Asia (Yin-Murphy,
1984; Reeves et al., 1986). .

A second pandemic in 1980-1981 involved India, Pakistan,
Nigeria and, for the first time, the Americas. In the
Americas, the disease occurred initially in Brézil and
spread rapidly to the Caribbean, Central America, Florida
and North Carolina (Morgan et al., 1981; Malison et al.,
1984; Waterman et al., 1984; Asbell et al., 1985; Reeves et
'al.k 1986). As of 1982, the only continent not yet affected
by this disease was Australia (Yin-Murphy, 1984).

Laboratory investigations following the first pandemic of -
hemorrhagic conjunctivitié revealed an unusual etiologic‘
situation. A variant of ;Lxsackie A24 (CA24) isolated from
conjunctival scrapings was found ﬁo be responsible for the
1970 epidemic of conjunctivitis in %ingapore and was
referred to as Singapq;e epidenic conjunct&vitis (SEC) virus
(Yin-Murphy and Lim, 1972; Mirkovic et al., 1974) . However,
an antigenically distinct virus known as acute hemorrhagic
conjunctivitis (AHC) virus was subsequently recovered from
similar outbreaks in Japan irr 1971 and identified as a
‘previocusly unknown human énterovirus {Kono et al., 1972).:
Serological studies of the 1971 Singapore epidemic' revealed
that the etiologic agent responsible during that year was

identical to the AHC virus, not the SEC virus (Yin-Murphy

and Lim, 1972). The AHC virus was subsequently classified by
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the World Health Organization (WHO) enterovirus reference
centre as enterovirus type .70 (EV70) (Hfrkovic et al.,
1973). = _

This highly unusuai situation, wherein two antigenically
distinct virﬁses ~causing lélinically indistinguishable
syndromés emerged simultaneously, prompted Kono (1978) to
suggest that these agents may constitute an acute hemor-
rhagic conjunctiviﬁis virus ‘complex and have a common -
origin. Studies by Natori and co-workers (1984) however,
have clearly shown that there is no genetlc homology between
‘the“CA24 varlant and EV70 agents of. acute hemorrhagic con-
junctivitis. )

While EV70 has spread to most regions of the world, CA24
has thus far remained restricted to parts of South East
Asia and the Indian subcontinent (Kono 1985). In 1983 it,was
estimated that 70-80 million people around the world have
been infected with EV70. This sudden emergence and pandemic
spread from an original African focus in 1969 is paralleled

only by the appearance and spread of novel influenza virus

strains (Kono, 1975; Wadia et al., 1983).

b

2. Pathogenesis and Epidemiolégy
The target organ JE EV70 is the conjunctiva and the
temperature sensitive nature of the virus (optimum tempera-

ture of 32—34°C) in all probability reflects adaptation to

this region of the body (Miyamura et al., 1974; Stanton et
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al.; 1977; Hung  and: Kono 1979). Clinicallx, the con-

junctivitis runs a rapid .and normally benign course..’
) ' ' ‘ o

Following a short incubation period-(approximately_z{“ﬁéurs)
' predominant ocular signs and symptoms -typicélly ;nclude'
sudden acute onset, lacfimation, pain, edéma, se{omucous
discharge and subconjunctival hemdrrhage. Systemic involve-
ment is rare, with fever'-ﬁnfrequently reported. Completea.
recovery usually ensues within 5-10 days. However, in rare
cases, neurological complications 2-5 weeks foilowing or,
infrequently, aécompanying EV70 ocular infection do occur,
but such complications are mainly confined to adulthood

(Mirkovic et al.{J 1973; Yin-Murphy, 1984; Asbell et al.,

»

1985) .

That EV70 does possess neurovirulent properties has been
confirmed by inoculating it into the central nervous system
of cynomologus monkeys (Kono et al., 1973). The resultant
histopathological changes in the spinal cord were similar to
the lesions seen in acute poliomyelitis, and the neurovirul-.
ence of the J670/71 prototype strain of EV70 appears to
approximate that‘\of live attenuated poliovirus vaccine
strains (Kono et al., 1973; Kono, 1978). Generally, manifes-
tations of neurclogical sequelae are reminiscent of acute
paralytic poliomyelitis and include radicular pains in
muscles and limbs and asymmetrical flaccid paralysis.

Permanent incapacitation occurs in 1:4 cases and rough

estimates of the frequency of neurological complications due

o
Ny
P B
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to AHC range from 1:10,000 to 1:17,000 cases (Hung and Kono,

1979). The attack rates may well be higher: failure to

‘report neurological sequelae and the association between

EV?d and radiculomyelitis going unnoticed by physicians has
contributed to the lack of reliabie' epidemiological data
(Hung and Kono, 1979). While the virus has never been
isolated frop the conjunctiva or cerebro-spinal fluid (CSF)
of patients with neurological complications, neutralizing
antibodies to EV70 in serum,and CSF have been reported and
this suggests invasion ‘of the nervous system by the virus

(John et al., 1981; Kono et al., 1981c).

3. Transmission ,

Explosive outbreaks of EV70 related acute hemorrhagic
conjunctivitis occur in crowded coastal areas of developing
countries. Generally, epidemics are much less severe in
developed natidns. While it appears that hot rainy periods
favour the epidemic spread of EV70 in tropical coastal
regions, outbreaks havé been reported at all times of the
Year in countries having a seasonal climate (Hierholzer et
al., 1975; Yiﬁ—Hurphy, 1984).

Transmission of acute he?orrhagic conjunctivitis which may
occur through a variety of vehicles, seems to involve
briﬁging the virus directly into the eye. The role played by

a fecal-oral route of spread, as in other .enterovirus

infections, is unclear for there has been little experimen-
. L4

4
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tal evidence that the alimentary tract can support massiYe )

‘multipiication éf the virus (Hung and Kono, 1979); Both
direct person to pérson contact via hands contaminated wifh
ocular secretions'aé well as indirect contact via fomites

(hamely face-cloths, towels, and bedding) have been shown to

play a large role-in the transmission of this highly infec-
tious agent (Arnow et al.k-1977). The virus is staﬁle for up
to.21 days when suspended in tap water at room temperature -

and communal wash basinglcontaminated with ocular secretions
have also been implicated in the spread of the diééase
(Arnow et al., 1977; Hung and Kono, 1979). One .of the

distinguishing features of the conjunc;ivitig is extensive
intrafamilial spread. Major factors involved in secondary

spread within families have been identified as crowded

living quarters with communal bathrooms comprising the

single most important risk factor. Several epidemiological

studies have demonstrated the importance of personal hygiene

in the control of this contagious virus (Arnow et al., 1977;

Malison et al., 1984; Reeves et al., 1986).

4. Origin of EV70

The origin of thigAE?latively 'new] and highly infectious
human wviral pathogen ‘remains obscure. However, T; RNase
fingerprinting studies have revealed that all isolates of
EV70 are derived from a common ancestor” and it has been

postulated that the original strain emerged in West Africa

D
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in 1966 +/- 15 months,' 3 yéars prior-to the f%rst.recorded
outbreaks (Tékeda et al., 1984; Miyamura et  al.,. 1986).
EV?O possesses several unique features which distinguish it
from other human enteroviruses and Kono and co-workers

'(1981a) have suggested three possible origins for the virus:
| 1) a fori;rly non pathogenic human virus *

. 2) an animal enterovirug

3) an insect piéornavirus.
fhe quative progenitor must have mutated in some way so as
to acquire pathogenicity ’for “humans. Sercepidemiologic
studies of animal sera in Japan and Africa have demonstrated
a high frequency of virus neutralizing titres in several
domestic animals even .prior to the first pandeﬁic in 1969.
Tﬁie interpretation of such findings is that EV70 may have

clved from an animal enterovirus which commonly infects a”
number of domestic species (Kono et al., 1981b; Sasagawa et
al., 1982). However, attempts to neutralize EV70 with
antisera prepared against 4 swine and 8 bovine enteroviruses
failed (Sasagawa et al.,; 1982). Another interesting and
unusual featufe of the virus is its wide host range in
vitro. While most human enteroviruses are restriiﬁed in
growth to primary or continuous cell cultures of frimate
origin, EV70 behaves quite differently. In addition to human_
and simiap cell 1lines, it has also been successfﬁlly
propagaﬁed in a variety ¢f cells of non-primate origin such

as bovine, porcine, rat, hamster and rabbit (Yoshii et al.,



197.{) This wide host range also suggests an animal origin.

Moreover, the interaction of EV?O with receptors on erythro-

" cyte surfaces is similar to that found in cardlo ruses

(rodent .picornaviruées) and not the other human entero-
)

viruses. However, an antigenic relationship between EV70 and

cardioviruses could not be demonstrated (Utagawa et al.,

1982) .

5. Evolution of EV70

Rapid changes in wviral RNA over time, a well known
phenomenon, appears in part to be a result of the inherent
érror—prone nature of RNA replication (Holland et al.,
1982) . A notable example of such genomic evolution occurs in
the prototype and best studied enterovirus, polio, where it
has been shown that greater than }00 genetic-changes can
occur in oral véccine virus genomes during passage through
as few as one or two individuals (Kew et al., 1981) as well
as during epidemic transmission (Nottay et al., 1981). In
contrast, T, RNase fingerprinting analyses of EV70 isolates
and RNA ﬁgmg;pgy studies have revealed that despite great
numbers of intervening infections the earliest (1971) and
most recent (1981) strains areébloselx related (Kew et al.,
1983:; ﬁatori et al.,’ 1984; Takeda et al., 1984). Thus,
genome conservation appears to be much greater in EV?O than

in pol:ovitus, and only one basic genotype of EV70 is found

to be in circulation at any one time (Kew et al., 1983). It
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has beg%j suggested that the comparativeiy slow rate of

genomic change’ j;;/wie due to an absence of selective

“a

antibody pressure,/on the virus (Kew et al., 1583). EV70 is
in most cases pransmittéd directly to the eye and following
a short incubation period, multiplies there for only a brief
périéd of time (Takeda et.al., 1984). Therefore it may not
be subject to the pressures exerted upon oth;r enteroviruses

such as polio which often survive and multiply in the gut

for weeks (Kew et al., 1983). In summary, a relatively short

passage history in humans and a comparatively stable géhome

has ﬁade it possible to estimate the base changes in the
viral RNA genome between EV70 isolated shorfly after its
emergence in 1969 aﬂd the second pandemic in 1981. It has
been estimated that approximately 4% of the nucleotides

. .
differ between the earliest awd most recent isolates (Takeda

-

et al., 1984).

\

4
Picornaviruses

1. Description

Enterovirus 70 belongs to one of the largest families of
viral pathogens - the PICORNAVIRIDAE.. This group of viruses

has begg'subdiviaed into four genera (see Table 1) which

~differ from one another in pathogenicity, buoyant density,

acid lability, sedimentation coefficients and viral ser-

« ology. However, all picornaviruses do share similar struc-.

v
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TABLE 1
The PICO IRUS Family

Genus Enterovirus
Polioviruses types 1-3
Coxsackie viruses, group A types Al-22,24
Coxsackie viruses, group B types Bl-6
Echoviruses types 1-9,11-27,

29-34
Humarn enteroviruses types 68-72%
enteroviruses of other species 34 types
Genus Rhinovirus
Human Rhinoviruses >310 types
Bovine Rhinoviruses 2 types
Genus Cardiovirus
Encephalomyocarditis (EMC) virus 1 type
Genus Aphthovirus
Foot-and-mouth disease virus (FMDV) 7 types

*Enterovirus 72 = Hepatitis A virus

Adapted from Hflnick (1983)
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tural . components ang rep%}ﬁation' strategies (Putnak and
-Phillips 1981; Rossmann et al., 1985). Haturé_ particles
rhave an//éxternal diameter of approximately 30 nm, lack
carbohydrﬁgé or lipid and are of icosahedral symmetry. The
genome consists of one molecule of infectious positive sense
RNA with a molecular weight of approximately '2.5 x 106
(Matthews, 1982). A small virgl coded protein VPg (MW 2,400
in poliovirus) is covalently linked to the 5'-end of all
nascent viral RNA and negative strand'template RNA. This
protein may serve to prime RNA synthesis and/or regulate
encapsidation of RNA (Pettersson et al., 1978; Putnak and
Philligg, 1981). Like eucaryotic mRNA, picornaviral RNA
molecules poésess a polyédenylic acid sequence at the 3'-end
which wvaries in length between 10 and 150 nucleotides
(Figure 1) (Yogo and Wimmer, 1972; MacNaughton and Dimmock,

1975) .

2. Picornaviral Proteins

Picornavirus péotein nomenclature, has in the past, been
'confusing andkéumbersome. This is because similar proteins
had been variously—designated depending upon the particular
virus (Figurell).'To Aavoid further confusion, a ne; (L434)
systematic nom%gclature has been adopted for these viruses
(Figure 1) and will be used throughout this thesis (Rueckert
and Wimmer, 1984). Traditional poliovirus nomenclature is

given in brackets.
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polyprotein. The L434 protein nomenclature (Rueckert a
Wimmer, 1984) and general genome organization are shown (A).
Traditional protein nomenclature and genome organization for
poliovirus, encephalomyocarditis virus (EMCV) and foot-and-
mouth disease virus (FMDV) are shown in B, C and D
respectively. Solid triangles (W) represent ' junctions
between the leader (L), Pl, P2 afi# P3 regions of the genome.
Solid black circles (e) represent the vwiral coded protein 3B
(VPg). The deletion in the P2 region of FMDV is indicated
by the lines extending from the corresponding region in EMCV
to the missing portion of FMDV. C' and D' refer to
alternate cleavage proteins which have been identified in
poliovirus, human rhinovirus 1-~A (HRV-1A) and FMDV.
Diagrams adapted from Rueckert and Wimmer, 1984,

Figure 1. Schematic diagram of an idealized piqornaviﬁ;g;\;
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The production of piéornaviral proteins inﬁolves a complex
series of protéolftic cleavages following translation of the
RNA (Figure 1). Early pulse-chase experimenfs using radio-.
1abe11ed?‘amino acids, amino acid analogs and proteolytic
inhipitors indicated that under éhese conditions, poliovirus
RNA is translated into a single large primary polyprotein
precursor (NCVPOO) with a molecular weight of 247;000. The
size of this precursor protein differs among the Qarious"
picornaviruses. In the absence of proteolytic inhibitors,
this polyprotein is cleaved while in the nascent state into
the total complement of vifal speqificléroteins (Holland and
Kiehn, 1968; Jacobson and Ba1timofé, ig968a; Summers et al.,
1972; Pallansch et al., 1584). Rueckert and Wimmer (1984)
(Figure 1) have divided the polyprotein into three funda-
ment:1 regions based upon the products of the major primary
cleavages: ‘ ;
Pl region - the 5'region which genez_:a‘n_:-e's:m-'cé:at proteins
1A(VP4), 1B(VP2), 1C(VP3), 1D(VPL) oy +
P2 region - the midpiece:which-generates proteins 2A, 2B
(unknown function) and 2C (a putative vifal pfotease).

P3_region -~ the 3'region which encodes VPg, another viral

protease, 3C(7c), and the viral polymerase, 3D(4b).

Several mechanisms to explain processing of NCVPOO into
Pl, P2 and P3 have been suggested in the 1literature.

Kitamura and co-workers (1981) and Palmenberg and Rueckert



‘ 14
(1982) have suggested that the early stages of infection

with poliov1rus include self cleavage of P3 or. the trans

action. of ‘one viral polypeptide upon anothet to re}ease both

T

“the viral protease 3C and replicaeeyan;‘Iﬁ support of this .

suggestion is the work of Parks et §>. (1986) which'HaS:r

shown that proteln ic in encephalom pcardltis virus is
capable of monomolecular autocatalysls. Recent evidence has
also 1nd1cated that wviral protein 2A may be the protease
that is respon51b1e for- the 1n1t1a1 cleavage event between
Pl and P2 regloﬁe -;n poliovirus and probably alsc in
fepxséekie, fﬁino and hepatitis viruses (Toyoga et al, 1986;
Palmenberg, 1987). The majority of secondary cleavages which
generate both the structural and nonstructural viral protein
products have been shown to be catalyzed by a viral coded
enzyme, 3C (and perhaps also by 2C) (Korant et al., 1979;
Palmenberg et al., 1979). The final protein processing event
in wvirion morphogenesis is' the maturation cleavage of
1AB(VPO) to 1A(VP4) and 1B(VP2). This step occurs when RNA
associates with the maturing particle and may involve an
autoproteolytic cleavage wherein both the viral RNA and

serine residues on protein 1B interact to cause 1AB scission

(Palmenberg, 1987; Rossmann et al.,1987)

3. Genome organization

Many different experimental approaches have been used to

locate the viral proteins in the genome. Summers and Maizel
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77(1971) and Taber et al., (1971) utilized the drug pacta-

mycin, an inhibitor of protein synthesis initiation to map
the proteins. Assuming that protein initiatipn occuré only
at the 5'end of the RNA, proteins coded farthest from this
site are most efficiently 15be11ed_wfth radioactive amino
acids adde& at different times after initiation . is in-
hibited. These studies, in cbnjunction with tryptic peptide
mapping experiments (Jacobson et al., 1970), which demon-
strated precursor/product relationships among proteins
common to a certain region of the RNA, helped to establish.
the location of the proteins in the poliovirus genome. In

recent years, RNA and protein sequence analysis have

confirmed the earlier fresults, and in addition, have

permitted comparison of the genome organization in all four
genera of the family Picornaviridae.

Despite the great diversity amongst the picornaviruses
with respect to pathogenicity, host range, serology and
various biophysical properties, the overalllorganization of
the genome is quite w%ll-conéerved between poliovirus, foot-
and-mouth disease virus (FMDV), encephalomyocarditis virus
(ECMV), human rhinoviruses (HRV) and hepatitis A virus (HAV)
(Figure 1). Pertinent features of the RNA genome of picorna-
viruses include a genomic 1length of approximately 7500
nucleotides, a 5'noncoding region of approximately 700
bases, a 5'initiation site, a long open reading frame

(approximately 6600 nucleotides) coding for a single
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translation product as well as a short no - ding region at
the 3'end which includes a poly A tail Ff:;:amura et‘al.,
1981; Racaniello and Baltimore, 19u81; Ticehurst et al.,
. 1983; Forss et al., 1984; Palmenberg et al., 1984; Stanway

et al., 1984; Najarian et al., 1985; Skern et al., 1985).
There are several differences among the picornaviruses
gWith respect to genome size and protein location which are
worth noting (Figure 1‘). FMDV appears to be distinct from
the others in various wéys. First, the genome has approx-
imately 1000 more nucleotides than the three types of
poliovirus. Most of these are added to the' leader area which
precedes the Pl region. While EMCV also possesses a leader
sequence it is much shorter than that of FMDV. In both
viruses the leader sequence is translated ihto small leader
peptides with 4n ‘unknown function. (Forss et al., 1984;
Palmenberg et‘ al., 1984; Palmenberg, 1987). In addition, the
midpiece or P2 region éf FMDV lacks the 2B protein and the
P3 region includes three tandem VPg genes. In other picofna—
viruses, only one VPg genel is present. Cardio- and aphtho-
viral -genomes are also distingquished by a poly C tract of
variable 1eﬁgth in the 5'noncoding region (Forss et al.,
1984; Palmenberg et al., 1984). In HAV the initial portion
of P1 has undergone‘ a deletion and thus 1A (Vf’4) is coded
for at the end of lthe Pl region in contrast to all other

picornaviruses (Najarian et al., 1985). Other differences

among this family™ of viruses occur in cleavage recognition
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sites between the "proteins. In polio the majority of
proteolytic cleavages occur at 'glutamine-glfcine“pairs
(Kitamura et al., 1981). The cleavage specificity in EMcv,
FMDV, ﬁRV 14 and HAV is less stringent and Can‘occur at a
number of other amino acid pairs in addition to glutamine-
glydine (Forss et al., 1984; Palmenberg et al., 1984;
Stanway et al., 1984; Najarian et al., 1985). )
¢ The virion structural proteins 1A(VP4), 1B(VP2), 1C(VP3)
and 1D(VPl) are each present in 60 copies (Rueckert, 1965;
Stoltzfus and Rueckert, 1972; McGregor et al., 1975). Virion
morphogenesis begins with the .aggregation of 5 coat protein
precﬁrsors ( in Figuré' 1) . This aggregate takes on .a
pentaﬁeric structure and the precursar protein is then
cleaved into 1AB(VPO), 1C(VP3) and 1D(VPl). Following the
assembly of the cleaved pentamers into the procapsid (or
‘empty capsid), viral RNA is added and this structure is
known as the provirion. The final maturation step involves
the cleavage of 1AB(VP0) to 1A(VP4) and 1B(VP2) (Jacobson
and Baltimore, 1965b; Fernandez-Tomas and Baltimore, 1973;

”

Melnick, 1983; Palmenberg, 1987).

4, Role of Capsid P;oteiﬁs-

A variety of experimental approaches have been used to
elucidate the topological relationships among +the four
picornavirion structural proteins 1A(VP4), 1B(VP2), 1C(VP3)

and 1D(VPl) (Figure 1). Iodination of external proteins ?n

{

.



18
intact bovine enterovirus and mehgovirus particles, as well
as chemical modification studies using intact‘rhino-, mengo-
.énd‘poliovirions ha;é demonstrated that 1D is labelled or

modified to a greater extent than are proteins 1B and 1C.

N . '
- The smallest capsid protein, 1A, is inaccessible to these

r

chemical 'reagents suggesting an internal position in the
vifion (Talbot et al., 1973; Carthew and Martin, 1974;
Lonberg-Holm and Butterworth, 1976; Lund et al., 1977).
Chemical cross 1linking with bifunctional reagents has
revealed that protéins 1C and 1D are adjacent proteins in‘
the poliovirus capsid (Wetz and Habermehl, i979). These
proteins are also coded for.;n contiguous regions of the
viral RNA (Figure 1). Wetz and Habermehl (1979) speculated
that adjacent arrangement of 1C and 1D may contribute
significa;tly to the topography of the capsid while.profein
1B(VP2) ma§ be’an elongated interior protein capable also of
contributing to the surface of particles.

Tryptic peptide mapping studies of capsid proteins in
several di?ferent sego%ypes and in different subtypes of the
same sefotype of FMDV clearly demonstrated that proteins 1A
(VP4) and 1B (VP2) are more conserved than 1C or 1D (VP3 or
VF1) in. all the FMDV isolates examined (Robson et al.,
1980) . Similarly, amino acid sequence homology comparison
between poliovirus, HRV 2, HRV 14 and coxsackie B virus
indicated that proteins 1C and 1D show the 1east'sequence

homolegy. In contrast, 1A and 1B showed much greater
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sequende conservationq(stanway et al., 1984; Skern et al.,
1985; Tracy et f;}?3];1985). These findings have prompted
several research;i.:; to specula_\te that such sequence con-
servation indicates a critical étructural role for.prbteins
1A and 1B while 1C and 1D may contribute more to antigen-
icify and host cell receptor binding properties of the virus
(Robson et al., -1980; Skern .et ‘al., i985). No doubt,
particlé-conformation also plays a crucial role in antibody
induction and attachment to host cells. Hughes and co-
wo;kers (1984) demonstrated that neutralizing monoclonal
antibodies and polyclonal antisera to HAV fail to recognize
viral proteins when virions afe disrupted, pointing to the
importance of viral protein conformation *in epitopérreqog-
nition. In addition, .empty capsids which lack.RNA and so
called 'A' particles which contain RNA but iack 1A, do not
bind to susceptible cells (Putnak land Phillips, 1981).

A great deal of experimental evidence éupports a very
imporfant role for capsid protein 1D in terms of virus
neutralization as well as host celi_attachment. Advances in
three dimensional resolution of picornaviral structure have
revealed a large cleft or 'canyon' on the surface of the
virion which has been suggested as the host cell receptor-‘
binding site (Rossmann et al., 1985; Rossmann et al., 1987).
Protein 1D residues line the bottom of this canyon. Residues

of beth 1D and 1C are found on the walls and these include

some of the least well conserved amino acids in picorna-
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viruses,  perhaps explaining .fhé dive;sity' in host  cell
receptor specifiqity among these virus?s-(Rossmann et al.,
-1985) . In contrast, 1D residues at the bottom of the canyen, -
which appear to be inaccessible to antibodies and thus, not
subject to antibody pressure, .could remain constant,'thefeby
allowing a particular virus to retafn its own receptor
specificity (Rossmann et al., 1985; Rossmann et al., 1987).
Many recent studies havé revéaled that the major antigenic
neutralization sites are found in protein 1D and in some
viruses these have been localized to protrusions on the
surface offﬁhe virion (Minor et al., 1983; Hughes et al.,

1984; Chow et al., 1985; Linemeyer et al., 1985; Rossmann et

al., 1985; Sherry et al., 1986).

5. Changes in EV70 Proteins

While the RNA genomes of several EV70 isolates have been
characterized and compared by T, RNase fingerprinting (Kew
et al., 1983; Takeda et al., 1984; Miyamura et al., 1986),
prior to undertaking this project there éxisted a paucity of
information concerning the biochemical nature of the
structural and nonstructural proteins of the virus. There-
fore, we decided to approacﬁ-the study of the evolutionary
change in EV70 by comparing polypeptides among 6 isolates of
the virus collected between 1971 and 1981 from various
regions of the world. These isolates represent both major.

pandemics as well as the interpandemic period (Table 2).
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Previous work has demonstrated that these isolates differ in

several respects: 5

, 1) at the RNA level - T; RNase fingerprinting revealed
| that: - | | T e

a) J670 and R6 from the first pandemic are closely

related
b) V1250, KW97 and 1604 from the 1981 epidemfé
are cuite closely related to each other
c) RU3573, a 1975 isolate is similar to both the'
| 1971 and 1981 strains and therefore may represent
an evolutionéry intermediate (Kewet al., 1983;
Takeda et al., 1584)
2) biologically - isolation rates of EV70 during the 1971
pandemic ranged between 25-47% but were much lower,
usually 0-8%, for the 1981 pandemic (Kono et al., 1972;
Desmyter et al., 1981; Malison et al., 19?4)
3) antigenically - 1981 strains give four fold lower
neutralization titres with antiserum to J670 t"t‘1an with

homologous antiserum (Kew et al., 1983).

The major objective of this project was to compare the
polypeptides among these 6 isclates of EV70 to determine if
changes, which have led to antigenic and bidlogié diffetr-
ences between the isolates, have also been manifekted as
detectuble differences in viral proteins. This study is a

first step towards localizing -those regions of the EV70

hN
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TABLE 2
8 ORIGIN OF EV70 ISOLATES
ISOLATE YEAR OF ISOLATION LOCATION OUTBREAK
J670* 1971 Japan ~ pandemic
R6 N 1871 Morocco Pandemic
RU3573 1975 S. Vietnam Localized
V1250 1981 Honduras Pandemic
KWo7 1981 Key West, FL Pandemic
1604 1981 Pakistan Pandemic
Tirototype strain !
J/".'
/
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genome which have been subject to change as' the virus has

evolved durihg its short history as a human pathogen.

6. Precedent_Studies

Various approaches have been used to probe for changes in
nucleic acids and proteins which may contribute to differ-
ences in the pathological, biological or antigenic proper-
ties between viral isolates. T; RNase oligonucleotide .
fingerprinting apalysis of polioyirps isolates has been
invaluable for tracing -the genetic and epidemiological
relatjonships between clinical poliovirus isolates (Minor,
1980; Kew et al., 1981; Nottay et al., 1981). This approach
has also been used in evolutionary studies of EV70 (Kew et
al., 1983; Takeda et al., 1984). More recently, RNA sequence
analysis has proved insiruﬁental in determining .genetic
relationships among picornaviruses belonging to the same
genus, as well as between viruses in-diffefent genera (Forss
et al., 1984; Toyoda et al., 1984; Skern et al., 1985; Tracy
et al., 1985).

Othe; researchers have chosen to compare viral proteins.
One dimensional SDS-PAGE (Laemmli, 1970) is a simple method
whiéh "has been used extensively in examining the viral
protein complement for possible alterations in electro-
p?oretic mobility. High resolution two-dimensional electro-
phoresis (0'Farrell, 1975) is -a powerful tool for determin-

ing differences betweéﬁ proteins as it can detect changes in
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both molecular weight and isoelectric point (net dharge).~

This technique has been app}ied to the characterization of

closely related isolates of the mouse picﬁrnaviral paéhggen,
Theilers murine enceﬁhalomyelitis vifﬁé (TMEV) and to the
study of the properties of EMCV capsid proteins (Churchill
and Radloff, 1981; Lorch an; Friedmann,1983§ Rozhon et al.,

1985). Cleveland peptide mapping is a simple yet stringeng

test: of protein identity and has been used to probe for

differences betwéen subtypes and serotypes of FMDV (Robson
et al., 1980). Furthermore, monoclonal antibodies, by’virtue
of their restricted specificity, provide a means by which

the fine structure of a protein may be examined at the

antigenic level. Thesz antibodies then are extremely useful

in the comparison of closely related viruses (Stanley et
al., 1985). In the present stﬁdy these protein analyses were
applied to the characterization of 6 different isolates of
EV70.in order to detect possible differences in the wviral

protein complement.
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MAIN OBJECTIVES OF THE STUDY -

‘In summary, the main objectives of this study were:

to establish growth conditions and a plagque assay

procedure for EV70 -

- -

&

to develop a suitable purification protocol for the

virus

to study t&iophysical properties of EV70 (RNA and

"protein complement) in terms of molecular weight so as

to verify the previous estimates of other investigators

b
o

to probe for differences in the proteins among 6
isolates of EV70 collected from different geographic

locations between the years 1971-1981.
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MATERIALS AND METHODS

P .

A continuous line of monkey kidney cells, LLC-MK2, was
obtained from Flow Laboratories (Rockville, MD) and used
throughout this stuay for the propagation and quantitation
of EV70. ﬁonolayers were grown in 60 of 100 mm polystyrene
dishes (Nunc/Gibco Canada, Montreal, Quebec) at 37°C in a
5% CO, atmosphere in a Shellab incubator (Johns Scientific,
Toronto, -Ontario). ‘Cell culture medium (MEM) consisted of
Earle's minimum essential medium (autoclavable powder; Gibco
Chl‘nada) supplemented with 5% sterile fetal bovine serum
(FBS; Bocknek Organic Materials, Re.xdaie, Ontario), 0.2%
(wﬂ‘/_vol) sodium bicarb:o’nate (NaHCO5; Cellgro Mediatech,

~
Washington, DC), 2mM L - glutamine (Cellgro Mediatech) and

.50 micrograms/ml of gentamycin sulphate (Roussel Laborator-

»

ies, Wembley, England). To passage cells, monolayers were .
washed" with Tris buffered saline (TBS; 137 mM NaCl, 5 mM
KCl, 0.7mM NajyHPO4, 5.6 mM ¢lucose and 25 mM Tris - HCl pH
7.2) .and trypsinized in 'E/.os% trypsin -0.02% EDTA (Gibco

Canada) for 2-5 minutes at

)

plafes by gently pipetting up and down, centrifuged (Mini-

79C. Cells were removed from the

fuge 2, Heraeus Christ GMBH, Osterode am Harz, W. Ge

in a sealed rotor at 360 x g for 5 minutes at /{20

r
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resuspended in fresh MEM and added to new culture dishes.

Normally the cells were split in a ratio of 1:5.

2y Virus

Isolates of EV?O (J670, R6, RU3573, KW97, V1250 and 1604
(Table -2)) were kindly provided by Dr. M. Hatch and Dr. M.
Pallansch; Centre ofor Disease Control (CDC), Atlanta,
Georgia. The passage histories of these strains -were not
given. The prototype, J670, was plaqﬁe purified twice prior
to the production of stock virus. However, for all other
isolates, stocks were prepared directly from the inoculum
received from CDC. Virus infections were carried out in the
absence of FBS.

To prepare stocks of virus, newly confluent monolayers of
LLC-MK2 cells were infected at low multiplicities of
infection (m.o.i. = 0.00i—0.0l) in MEM at 33°C. After one
hour, the inoculum was removed, replaced with fresh MEM (5
ml) and incubated at 33°C until the cytopathic effect (CPE)
was maximal, usually between 24 and 36 hours pos% infec-
tion. Following two cycles of freezing and thawing, cell
debris was removed by centrifugation (Minifuge 2) for io
minutes in a sealed rotor at 3,980 x g at 4°9C and the medium
was aliquoted and stored frozen at -80°9C. All stocks were

r

titred by the plaque assay technique.
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3. Plaque Assay
nedium whs removed from confluent monolayers of Imb-nxz
cellé in éo mh_dishes. Cellé_were infected with duplicate
0.2 ml samples of serially diluted virus for 1 - 2 hours at
339c, overlaid with 3.5 ml of ‘a 1:1 mixture of two times
concentréted (2x) MEM:1.6% agarose and incubated fof a
further four days at 339%. At this time, a second overlay
‘which contained 0.2 ﬁg/mi of neutral red dye was added.
Plaques were counted 4-8 hours later and virus titres were
expressed in plagque forming units per ml (pfu/ml). Alterna-
tiﬁely, instead of a neutral red over;ay, cells were fixed

on day 4 for 2 hours with a 10% formal saline solution and

then stained briefly with 0.1% (W/Q)'crystal violet dye.

4. Growth Curve

The replication of EV70 in LLC~-MK2 cells was examined by

performing a time course experiment. Cells were grown to
confluencf in 100 mm cuylture dishes and infected with the
J670 ~prototype strain of EV70 at m.o.i.'s of 10, 1, 0.1 and
0.01 'for two hours at 33°c. At this point, monolayers were
washed twice with MEM to remove nonadsorbed ;irus. Two ml of
fresh MEM were added to each dish and incubation at 33°C was
resumed. At vagious time intervals post infection, 1 ml
samples were removed and residﬁal medium was aspirated and

replaced with fresh MEM. Sample aliquots were stored at
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-809C for plaque assay. The extent of CPE was also recorded

throughout the experiment.

5. _ Radioactive Labe ) fomol 8

To prepare EV70 vipions containing radiocactively labelled
RNA{ confluent cells were infected at a m.o.i. of 0.1-0.2
in MEM for one hour at 33°C. At this time, the inoculum was
removed and replaced with .fresh MEM also containing 5
micrograms/ml of actinomycin D (Boehringer Mannheim, Dorval,
Quebec). Incubation was continued for one hour and then 50
microcuries/plate of [5,6-3H] uridine (30-50 Ci/mmol; New
England Nuclear (NEN), Iachineu:Québec) was added. Infec-
t%on was al%swed to proceed until virtually all cells in the
monolayer became rounded due to viral CPE (approximately 11
hours). The plates were then scraped with a rubber police-
man and culture supernatant fluid and cells were frozen at
~-80°9C. Virus was subsequently purified from these harvests.

Both EV70 and cellular proteins were labelled with L-
[3°S] methionine. Basically, the infection procedure was the
same as that described for uridine labelling. In all
experiments, monolayers were washed twice with warm TBS
when approximately 75% of the cells were founded and
incubated in 2 ml of methionine-~free medium (Flow Laborato-
r“;;as, ﬁockville, MD), with or without actinomycin D, for
one hcur. Eventually, the use of actinomycin D in -such

protein labelling experiments was discontinued since host
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cell protein synthesis was rapidly shut off by the virus.:
. Following starvation for methionine, 50 microcuries/plate
of 35s-methionine (1450 Ci/mmol; Amersham Canada, Oakville,
Ontario) was addeé'and'dells were pulsé labelled for one
hour, then chased for the same length of time in MEM
containing an excess pf non-radioactive methionine. Alterna-
tively, cells and supernatant: were harvested immediately

following the pulse and frozen at -80°cC.

6. Virion Purification 3

Two methods were routinély employed to purify EV70. The
first method has been'described elsewhere (Natori et al.,
1984), however, seQeral modifications were made. EV70
infected cells and culture supernatants labelled with 3H-
uridine or 35s-methionine were frozen and thawed twice,
subjected to Dounce homogenization and the homogenate was
then clarified by centrifuging'at 7,740 x g for 10 minutes
at 4°C (Beckman J2-21M centrifuge, JA-20 rotor). Super-
natants were maintained on ice while pellets were dissolved
in a small volume of 1% (wt/vol) Nonidet P-40 (NP40) in TN
buffer (100 mM NaCl, 50 mM Tris-HCl pH 7.2) tp ensure the
release of all cell bound virus. Pellets were placed on ice
for 30 minutes énd then spun down as described above.
Supernatants were pooled and a concentrated solution of
polyethylene glycol (PEG, Carbowax 6000; 40% wt/veol) and

NaCl (2.5 M) was then added to a final concentration of 8%

$
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PEG and '0.5 M, NacCl. 'ch'llowing the addition of protease
inhibitors phenylmethylsulfonyl fluoride (PMSF; United

' States Biochemical Corp., Cleveland, OH) and benzlamidine

hydrochloride (BHCl; Sigma ‘Chemical Cgmpénf,_ St. Louis, MO)

to 1 mM concéhﬁration, the suspension was Ir}ixed well and

“ placed on ice overnight (apprqximately 18 houré) . The next

day, the suspens'ion was centrifugeci at 12,100 x 'g for 20

.minutes at 4°C (Beckman J2-21M centrifuge, JA-20 rotor).

Pellets were suspended in 200-400 microlitres of TN buffer,
layered onto a 12 1.nl- 10-40% . linear sucrose gradient'a'md

centrifuged at 154,000 x g (Beckman L3-50 ultracentrifuge)

in an SW4l1 rotor for 3.5 hours at 4‘5C. Fractions were
collected by bottom puncture and aliquots were added to
aqueoﬁs scintillation cocktail (Formula—963 Dupont / NEN,

Lachine Quebec) and assayed for radicactivity in a Beckman
LS-250 1liquid scintillation ‘counter. Peak radioactitwe
_samples were pooled, diluted in TN buffer and virus was
pelleted in an SW4l rotor at 210,000 x g for 2.5 hours.

Tubes were well drained and pellets were resuspended in .a
small volume of‘ an appropriate bu?ffer (depending upon the
intended use of the preparation).

| The s-econd purification protocol which will be referred to
as the 'rapid method' was adapted from the one lused for the
purilfica'i:io‘p of poliovirus (Pincus et al.; 1986) . Briefly,

subco.fluent or "newly confluent LILC-MK2 cells in 100 mm

culture dishes were infected at a m.o0.i. of approximately
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0.1 as described above. At approximately 6-8 hours post-
: infectidn,’ the medium was aspirated, cells were was.lhed
twicerwith warm TBS and‘methipnine-free medium containing 15
-microcuries/ml of 355~ methionine and 1:20 volume of normal’
MEM (containing nén—radioactive methionine) was added. The
infection was continued overnight 'af 33°C until complete
destruction of the monolayer had occurred. Cells and
supernatants frém infected cultures were frozen and thawed
twice. Degris was then pelleted by centrifugation in a
Beckman SW28 rotor at 32,000 x g and %EBC for 15 minutes.
The supernatants were transferred toznéQ«SWZB tubes and' 10%
(wt/vol) sodium dodecyl sulfate (SDS)rwas added to a final
concentration of 0.5%. Afté} gentle but thorough mixing, the
virus was pelleted by centrifugation at 110,000 x g for 4
hours at 249C (SW28 rotor). Supernatants were discarded,
tubes were drained well, and the virus pellets were resus-
pended in a émall volume of an appropriate buffer and stored

" at -80°c.

7. RNA Extraction and Electrophoresis
Purified, 3H-uridine labelled virions, prepared by the

sucrose gradient method, were‘dissolved_ in a small volume
(500 microlitres) of NENS buffer (50 mM Na acetate pH 5.1,
100 mM Nacl, 10 mM EDTA, 0.5% SDS) containing 200 micro-
grams/ml of proteinase K (ﬁoehringer Mannheim). After a 30

minute incubation at 379C, 50 micrograms of phenolized
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dextran was added as carrier and RNA was extracted twice
with phenol:chloroform:isoamyl alcohoi (25:24:1) and twice
with chloroform alone. 2.5 volumes of 99% cold ethanol was
added to to fhe extract and this was placed at.420°c for
12~24 hours to permit RNA precipitation. This stép was
followed by centrifugation in a Fisher model 235B mi-cro-
centrifuge (13,000 x g) at 49 for 15 minutes or in the
Beckman J2-21M centrifuge for 30 minutes at iv,ooo ¥ g and
4°C depending on the sample volume. The precipitate was
redissolved in diethylpyrocarbonate-treated water (DEP-H,0)
and a 5 M solution of DEP- treated NaCl was added to attain
a final concentration of 0.1 M salt. This was then fe—
precipitated by the addition of 2.5 volumes of 99% ethanol
and left at -20°C for 12-24 hours. As described above, the
" RNA was pelleted, the supernatant was drained and the pellet
well dried. The RNA (pellet) was then prepared for electro-
phoresis by resuspending in RNA sample buffer (20 micro-
litres H,0, 8 microlitres 0.1 M Na,HPO, + .0.5% sbs, 12
microlitres glyoxal -and 40 microlitres dimethylsulfbxide
(DMSO)) and heating for 15 minutes at.65°C. Electrophoresis
of the RNA sample was performed using a ﬁini submarine gel
apparatus (Hoefer Scientific/Technical Marketing Associates,
. Ottawa, Ontario) and a 1% agarose gel containihg i0 mM
NapHPC,; for several hours at 50V. Gels were prepared for -
fluorog~aphy by soaking in EN3HANCE for one hour. They were

then rinzed in cold water for an additional hour -and dried



| .34-'
onto Whatman paper undér vacuum for 1 hour with heat. Gels
prepared in this manner were placed in Kodak cassettes and
exposed to X-ray film (pupont Cronex, E.I. Dupont deNemours, .

Wilmington,‘DE) at -80°c.

8. ‘Polyacrylamide Gel Electrophoresis

Electrophorésis of.virél and celiular protéins was carried
out using the Laemmli (1970) discontinuous SDS- polyacryl-
amidé gel system (SDS-PAGE). Samples to be electrophoresed
were éuspended in modified 2x Laemmli sample buffer (2x SB)
consisting of 4% SDS (wt/vol}, 20% glycerol (vol/veol), 10%
2-mercaptoethanol (vol/vol), 60 mM Tris-HCl PH 6.8 and 0.1%
(wt/vol) bromophenol blue dye. Slab gels consisting of 12 or
15% polyacrylamide with 0.1% SDS (resolving gel) were
overlaid with 3 cm stacking gels containing 4.8% polyacryl-
amide and 0.1% SDS. The Tris-glycine-SDS running buffer used
was that described by Laemmli (1970). All samples in 2x SB
were- heated for at least 5 minutes at 100°C to ensure
complete denaturation_of proteins and were then 16aded into
the wells ;f thefstacking gel. Normally electrophoresis was
carried out at 20-25 milliamps (mA) constant current until
the tracking dye had reached the end of the resolving gel
(approximately 16 hr). The glass plates were removed and
the gels fixed for, 1 hour in 30% methanol, 10% acetic acid
and then prepared for fluorography as described for RNA

electrophoresis. Molecular weights of proteins were

o



est'imated by constructing a stau;nrd curve from the migra-
tion of either high molecular weight prestained protein
mérkers (Bethesda Research Laboratories, Life- Technologies
Inc., Gaithersburg, MD) or }4C methylated proﬁein markers

(Amersham) which were included in each gel.

9. High Resolution Two Dimensional Electrophoresis

Both virion proteins énd infected cell lysates were
examined by two dimensional | high resoclution electro-
phoresis. Detalls of this method have been described
elsewhere (O'Farrell, 1975), however, several modificétions
were made and these changes will be briefly explained.
Virions were labelled overnight with 35S-methionihe as has

been described, purified by

rose gradient method and
resuspended in lysis buffey (LB; 9.5 M‘ urea, 2% (wt/vol)
NP-40, 2% (wt/vol) Ampholjires consisting of 1.6% pH range
5-7 f(Biorad‘Laboratories, Mississauga, Ontario) and 0.4%
(wt/vol) pH range 3-10 (Pharmacia Canada, Dorval, QL:ebec)
and 5% (vel/vol) 2-mercaptoethanol).

For the preparation of cellular lysates, EV70 infected
cells were labelled with 35s-methionine for 1 hour and then
harvested immediately by scraping the plate with a rubber
proliceman. Cells. were pelleted briefly (5 minutes) at 360 x
g and- 4°c‘ (sealed rotor Minifuge 2 centrifuge) and were
then ﬁa;shed once in cold TBS and pelleted once more. The

-
cell pellets were then resuspended in 250 microlitres/plate
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of cold TBS, transferred to‘ Eppendorf tubes and were
pelleted for 5 seconds in the ﬁicrocentrifuge. At this
" point, the calls were resuspended in 100 microlitréé/plate
of  swelling buffer (10 mM Tris-HC1l pH 7.0-7.5, 1 mM EDTA,
1% (wt/vol) lifP-40, 100 midr_ograms/ml RNase A \Boehringezj:
Mannheim, Montreal, Quebec), 1 mM PMSF and 1 mM BHCl)) and
" were placed on ice for 10 minutes. After a brief spin (15°
seconds) to remove qﬁclei, each 100 microlitre aliquot of
supernatant was added to Eppendorf tubes containing 0.1 g
urea,‘s'microlitres of z;mercaptoethanol {4% vol/vol) énd 8
microlitres NP-40 (4% Vol/vol). These saméles were stored at
~809C. Immediately prior to electrophoresis in the first
dimension, fhe samples were thawed and 2% (wt/vel) pH range

-

3-10 ampholines (Pharmacia Canada) were added.

 First Dimension

Electrophoresis in the first dimension involved iso-
electric focusing (IEF) of proteins in polyacrylamide tube
gels containing  urea. O'Farrell (1975), gives a detailed
description of the preparation of tube gels' and this
procedure was followed, however,‘tubes were not siliconized
prior to use. Slight modifications were also made to the
pre-run times and actual electrophoresis conditions. Gels
were pre-run for 10 minutes at éoo V, 15 minutes at 300 V

and 20 minutes at 400 V, ‘samples were 'applied and electro-

phoresis continued at 400 V for 12 hours. At this point, the
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gels were immediately extruded into 10 ml of IEF equilibra-
tion buffer (10% wt/vol glycerol, 5% vol/vol z—mercapto-l
ethanol, 2.3% wt/vol SDS, .0625 M Tris-HCl pH 6.8) and then
frozen at -—800(5. All 6 isolates of EV70 were run simul-
taneously in the first dimension. The pH gradients were
checked by including an isocelectric focusing prestained
protein ‘marker (Electran Range 4.7-10.6, BDH Chemicals,
Toronto, oOntario) énd by directly measuring the gradient
using a mini electrode which could be easily moved along the

surface of the gel (Orion/Fisher Scientific, Ottawa,

Ontario).

Second dimension

Electrophoresis in the second dimension consisted of SDS-
"PAGE as has been described for protein electrophoresis.
However, it was necessary to change the procedure'_ slightly
so as to accommodate the first dimension tube gel. Poly-
.acrylamide gels were cast using 2 bevelled plates and
instead of using a comb to form the welis, a single well
was made at one side of the gel using a spacer. A one
dimensional marker such as a sample of radiolabelled
infected cell lysate was placed in this well. Following
thawing and equilibration for 30 minutes at room temp-
erature, each tube gel was carefully laid between the 2
bevelled plates so that it rested against the surface of the

stacking gel. Gels were secured at both ends with a few
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drops of 1% agarose in equilibration buffer. Electro-
phoresis was started at 20 mA and continued until the dye

had reached the bottom of the resolving§ gel, usually 12-16

hours. The slab gels were then proéessed for fluorogyaphy as

has been described. It was not possible to carry out second
dimensional analysis on all 6 isolates at the same time.
Therefore, they were run in pairs and conditions were

carefully standardized.

10. Peptide Mapping ‘ .
" This procedure was adapted from Cleveland et al. (1977).
Cytoplasmic ' extracts of'_gV70—infected cells and mock-
infected cells prepared by the RIPA buffer lysis method as
described for immunoprecipitation of viral proteins '(see
below) were first electrophoresed on 12% polyacrylamide-SDS

gels, dried without fixing or fluorography and then exposed

to X~-ray film. The desired protein bands were t¥out of

"the gel and then chopped intoc small pieces. The\gel pieces

were equilibrated at room temperature for 30 mirutes in
equilibration buffer (0.125 M Tris-HC1, 1.:2{ 6.8, 0.1% SDSY

and were either used immediately or stored frﬁzen'at -80°c.

‘Rehydrated gel pieces were placed into the bottom of the

wells of a 15% SDS-polyacrylamide resolving gel with a

"extra long stack (4.5 cm) of 3.75% polyacrylamide. Approx-

imately 15-20 microlitres of 2x SB were added to each well

to fill in the spaces around the gel pieces. Equal volumes
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-of 2 mg/ml Staphylococcus aureus V8 proteagé (Miles
Scientific,_ﬂ' erville IL) in water and 2x SB.were well
‘mixed and 10-26 micfglitres of this protease solution (1
mg/ml (wt/vol) final concentration) were applied to eéach
well. Electrophoresis was started at 10 mA ‘until the dye
front had traversed 3/4 of thg stacking‘géi at which point
the éower‘ﬁas turned off for 45 mfnutes to allow proteése
digestion to occur. Following proteolysis,. the
electrophoresis was resumed af 25*mA constant current for
16 hours or until tracking dye had reached the end of the
gel. Gels were then fixed, pfepa;ed for fluorography} dried

and exposed to X-ray film.

11. Irrununogrecigitatidn of Viral Proteins

Cellular and viral proteins were labelled with 35s-
methionine and cells were harvested after a ogg hour pulse.
The preparation of cellular lyéﬁééé involved washing ﬁhe
cells in cold TBS several times and lysing them in 200
microlitres/plate of 50 mM Tris-HCl, pH 7.2,\1oo(mm Nacl,
1.0% (wt/vol) sodium deoxycholate (NaDoOC), 1% (vol/vol)
Triton X-100 (TX-100), 0.1% SDS and 1 mM e&ch of PMSF and
BHC1 (this mixture will be referred to as RIPA buffer). Cell
debris and nuclei were removed by immédiately pelleting in a

microcentrifuge for 30 seconds. The supernatants (cyto-

plasmic extract or lysate) were aliquoted and stored at

-80°¢C.
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Normally 20 microli;res of cytoplasmic extract were
added tg'10 microlitrqg‘of murihéﬁlhonoclonal'antibody,‘Balb
C mouse, monkey or rabbit anfisera (Table 3). To encourage
antigen-antiﬁody formation, thése nixtures were allowed tb
sit. on ice.for.l—z hours. Then, 50 microlitres of protein A~
SeQE?rose CL-4B beads {200 mg/ml) (Phargacia Canada) and
400 microlitres of RIPA buffer were added to each sample.
Incubation was continued with end-over-end mixing at 4°cC ﬁor
at least 2 hours. The beads were then pelleted in a micro-
centrifuge for 20 seconds, washed 3-5 times with cold RIPA
buffer and resuspended ,in a small volume of 2x SB (20-50
.microlitres). E}éples were heaged for 5 minutes at 100°C to
elute and denature immune complexes and‘gsfe applied to 12%
polyacrylamide-SDS gels for analysis. Following electro-

phoresis, gels were processed for fluorography as has been

described.

¢



TABLE 3

ANTIBODY SOURCES

Type

o

Source

Monoclonal Antibodies

74-5G IgGl -
non-neutralizing

73-7H IgGl
non-neutralizing

Polyclonal Antisera

Mouse
Monkey

Rabbit

L. Anderson,
CDC, Atlanta

L. Anderson,
CDC, Atlanta

- B. Brodeur,

LCDC, Ottawa

R. EKono,
NIH, Tokyo
R. Xono,

NIH, Tokyo
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RESULTS

1. Growth of EV70 in LLC-MK2 cells

Prior to undertaking this project, EV70 was not being

{‘routinely propagated, titred and purified in our laboratory.

Thus it was necessary, as a preliminary step, to establish
these procedures.

.EV?O' which has a wide host range in tissue culture
(Yoshii et al., 1977); grows readily in the LLCJﬁxz con-
tinuous monkey kidney cell line which was already in use in
the lab for the propagation of human parainfluenza virus
type 3. The EV70 cytopathic effect, beginning with retrac-
tion and rounding of the cells leading to eventual destruc-
tion of tﬁe mbnolayer, appeared within 8-36 hours post
infection depending upon the m.o.i. A simple plaque assay
procedure was used to quantitate the virus and typicél
_tifres‘ranged from approximately 1.0 x 106-1.0 x 107 pfu/ml
depending upon tﬁe pd&ticular isolate. In general, plaque
size was extfemely heterégeneous between isolates «and even
among plaques from a single isolate.

The replication of EV70 in LLC-MK2 )cells was further
studied by perférming a time course experiment (Figure 2).
The information obtained from this experiment ‘made it
possible to estimate the m.o.i. necessary in future experi-

1A
ments s0 as to be dble to harvest the virus at a suitable
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Figure 2. The rates of EV70 production in LLC-MK2 cells
at four different m.o.i.'s. Cells were grown to confluency
in 100 mm culture dishes, infected with the prototype strain
of EV70 (J670) at one of four different m.o.i.'s , then
washed to remove non-adsorbed virus. At various time
intervals post ipfection 1 ml aliquots were removed, frozen
at -80°C and plaque assayed at a later date. Residual medium
was aspirated, fresh medium was added and incubation was
continued at 33°C. Also shown in the figure is the extent of
CPE at various times post infection. ’

(] m.o.i. 10
Amo.i. 1
A mno.i. 0.1
B no.i. 0.01
+ 25% of cells in monolayer rounded

++ 50% of cells in monolayer rounded
+++ 75% of cells in monolayer rounded

f-‘\
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tiﬁe. For example, (as shown in Figure 2) if newly confluent
or subconfluent celis wefe infected at a m.o0.i. of between
0.5-1.0, it was possible to harvest fvirus approximately
9-12 hours post infection, the point when 50-75% of cells in
the monolayer were rounded. .

2. © Virus purification

As described in the Materials and Methods section, fwo

- different purification protocols were routinely used.

Radiolabelled yirions prepared in both ways showed the same

protein B?u{}les when analysed by SDS-PAGE. In preliminary’
purification trials using only the 33-methionine labelled
pkototype J670, it became évident that regions of peak
radiocactivity often occured in two separate areas of the
same sucrose gradient. The lower peak was designated Peak I
and the second higher péak, Peak II as shown in Figure 3.

Several approaches were used to determine if there were any
diffefencés in the protein or RNA composition between virus
in the two peaks. First, a plaque assay was performed using
aliquots from peak I and peak II. While infectious virus was
recovered from both, the titre of virus from peak I was
approximately 2 logs greater than that from peak II despite
there being more radioactivity in peak II. Secondly,

simultaneously prepared and purified prototype virus was
labell.d with either 39s-methionine or 3H-uridine.

By

labellirg two different viral components, differences in the
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Figure 3. Sucrose gradient centrifugation of 35g-
methionine labelled EV70 (J670 strain). EV70 infected LIC-
MK2 cells were labelled with 35S-methionine for 1 hour and
chased for 1.5 hours ~with excess non-radiocactive
methionine. " The cells were then processed for virion
purification as described in the text. PEG-precipitated
virus was resuspended in 400 microlitres of TN buffer
containing 1 mM each of PMSF and BHCl, layered onto 12 ml
10-40% linear sucrose gradients and centrifuged at 154,000 x
g in a sSW4l rotor for 3.5 hours at 49C. Fractions (250
microlitres) were collected hy bottom puncture and 50
microlitre aliquots were assayed for radioactivity. The
radioactive peak closer to the bottom of the gradient was
designated as peak I (viral particles containing RNA) and
that closer to the top as peak II (particles lacking RNA,
see Figure 4) The top of the gradient is on the right hand
side of the figure.
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coﬁposition of virus in both peaks can be detected, for
example, empfy capsids lacking RNA could be distinguishéd
from full capsids. The radioactivity obtained from each
sucrose gradiert was plotted on the. same graph (Figure 4).
These profiles ilearly show tha{:-'two radiocactive peaks weré
obtained only for the 35S-methionine labelled material.

Furthermore, the 3H-uridine peak coincides with only one of

the 35s-methionine peaks’. In addition, the proteins from

both 35s-methionine labelled viral peaks were analysed by
SDS-PAGE (Figure 5). The capsid precursor protéin 1AB' (VPO)
as \_well as the smallest capsid ;;rotein 1A(VP4) were notr
detected in either virion peak. Tine minor peak c‘>f‘ 355
methionine radicactivity seen at the top of the sucrose
gradient may correspond to free methionine. This minor peak
was noted each time 39S-methionine labelled virus was

purified but was not always of the same magnitude.

3H-uridine labelled viral RNA was extracted from sucrose
gradient purified ' virions, denatured with aglyoxal and
electrophoresed on a 1% ao;arose gel. In addition to EV70
RNA, 3H—ﬁrid’ine_ labelled baby- hamster kidney (BHK) ribo-
somal RNA ' (kindly provided by D. Murphy) and VSV genomic
RNA and defective interfering particle RNA (kindly provided

by E. Rud) served as molecular weight markers. Fiqure 6

shows the resulting autoradiogram. A standard curve was
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Figure 4. Stcrose gradient centrifugation of  the J670
strain of EV70  labelled with 3%S-methionine or 3H-uridine.
Ten confluent plates (100 mm) were infected :‘with the J670
isolate_of EV70. Five were then labelled with 3H-uridine and
5 with 39s-methionine as described in Materials and Methods.
Virions were analysed by centrifugation as described in
Figure 3. Fractions were collected by bottom puncture and 50
microlitre aliquots were assayed for radioactivity.

A& SH-uridine labelled virus
A 35g-methionine labelled virus
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Figure 5. . SDS-PAGE of 35g-methionine labelled EV70
virions and infected LLC-MK2 cell lysates. Lanes 1 and 2:
SDS-PAGE. of 35g-methionine Jlabelled EV70 virions. Four
confluent plates of LLC-MK2 cells were infected with. EV70
J670, labelled with 35S-methionine for 1 hour and chased for
1.5 hours with non-radiocactive methionine. Peak fractions
from a sucrose gradient were pooled, diluted in TN buffer +
1lmM each of PMSF and BHCl and virions were pelleted in a
SW4l rotor at 210,000 x g for 2.5 hours. Pellets were
resuspended in 50 microlitres -of 2x. SB and heated for 5
minutes at 100°C prior to electrophoresis. Lanes 3 and 4:
SDS-PAGE of EV70 infected LLC-MK2 cell lysate. LLC~MK2 cells
were infected with the prototype EV70, J670, or mock-
infected and labelled with 35S-methionine for 1 hour. The
cells were then lysed using RIPA buffer as is described in
the text. Each lysate was then added to an equal volume of.
2x SB. Lanes 3 and 4 represent equal volumes of cell lysate.
All samples were electrophoresed on a 15% polyacrylamide-
SDS gel for 16 hours at 20 mA. The gel was prepared for
fluorography as described in the text and then exposed to X-
ray film for 3 weeks. Lane 1, peak I material (viral
particles containing RNA); lane 2, peak II material ( viral
partic lacking RNA); lane 3, uninfected cell lysate; lane -
4, J'(?)(’)Qs infected cell lysate. Prestained protein molecular
weight markers were included in the gel but are not
indikated on tHe figure. The approximate molecular welght of
the/EV'iO polypeptides are indicated.
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Figure 6. Agarose gel electrophoresis of EV70 RNA. A
- was extracted (as described in text) from Z3H- uridine
labelled v1r10ns following sucrose gradient purification,
resuspended in RNA sample buffer and electrophoresed for 2
hours at 50 volts on a 1% agarose gel containing 10mM sodium
phosphate buffer, pH 7.0. The gel was prepared for
fluorography as described in the text and then exposed to
X-ray film for 24 hours. Lane 1, JH-uridine labelled EV70
genomic RNA; lane 2, 3H- uridine labelled vesicular
stomatitis virus® (VSV) genomic and defective interfering
(DI) particle RNA; lane 3, 3H-uridine labelled kidney (BHK)
"cell ribosomal RNA. The RNA species in lanes 2 and 3 were
used as molecular weight markers and their approx1mate
molecular weights are 1ndi§ated in the figure.
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constructed (log MW of ‘markers vs distance migrated) and
) _ - , _

.,fi'om it the molecular weight of EV70 RNA was estimated to

be approximately 2.4 x 106,

’

4. ' One Dimensional SDS-PAGE of EV70 Proteins
Sucrose gradient purified virions of each EV70 isolate

were analysed on discontinuous 15% polyacrylamide-SDS gels

to ' compare electrophoretic mcbmranmong the wvirion
structural proteins. The four EV70-  capsid proteins have

been designated 1A, 1B, 1C and 1D according to the L434
: ﬁomenclatufe‘iof‘ Rueckert and Wimmer (1984) '(Figﬁre 1). The
position of prestained protein markers from which molecular
.weights of the virgl proteins were ‘estimated are also
indicatéd. As can be seen in Figure 7, the polypeptide
pattern is very similar in all the isolates. However there
does appear to be a slight differencé in the mobility of
protein 1D in the J670 isolate; it migrates slower than the
corresponding protein in other isolates. In addition to the
four capsid proteins, two other unidentified polypeptides-
with apparent molecular weights of 21 K and 12 K respect-
ively (designated 21 and 12) are also visible. These
proteins ‘have been noted in virions purified by sucrose
gradient centrifugation (Figure 7) or by the rapid method
(Figure 18). The electrophoretic mobilities of proteihs
specified by EV70 in infected LLC-MK2 cells were also

compared. These proteins represent information coded for by
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Figure 7. SDS-PAGE of different isolates of EV70. Five
100 mm culture dishes of LLC-MK2 cells were infected with
each of 6 isolates of EV70. Virus particles were labelled
with 35s-methionine without chasing and purified by sucrose
gradient centrifugation. Radiocactive fractions representing
particles. containing RNA (peak I) were pooled, diluted in TN
buffer + 1mM each of PMSF and BHCl then virus was pelleted
in a SW41 rotor at 210,000 x g for 2.5 hours. Pellets were
resuspended in 30 microlitres of 2x SB. All samples were
heated for 5 minutes at 100°C prior to electrophoresis.
. Equal counts were added to each well except for lanes 5 and
€ where the yield of virus was insufficient. Following
electrophoresis on a 15% polyacrylamide-SDS gel at 20 mA for
16 hours the gel was prepared for fluorography (as described
in the text) and exposed to X-ray film for 2 weeks. Lane 1,
J670; lane 2, J670 prepared at a later date than that in
lane 1; lane 3, V1250; lane 4, R6; lane 5, RU3573; lane 6,
.1604; lane 7, KW97. The location of molecular weight markers
are also indicated.
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the entire genone, in conp:ast'to-fhe structural proteins
which are épec_if.ied by the Pl region only. Infected and
mpck—infécted thoplasmic extracts were analyzed on discon-
tinuous 12% polyacrylamide -gels (Figures 8 and 9). Proteins
were designated by comparing ‘the protein profiles and
ﬁolecular weights to those obtained previousiy for EV70 and
poliovirus (Takeda et .al., 1982, Pallansch et él.,
1984) .There are several differences in electrophoretic
'mobilities of proteins among the six isolates. Protein 1D
(VPi) of the J670 isolate exhibited ‘a slightly reduced
mobility compared to the other isolates as was alsé detected
in SDS-PAGE analysis of purified virions. There also appear
to be differences in proteins corresponding to molecular
weights of 19 K-22 K Preparation of infected cell 1lysates
and analysis by SDS-PAGE were repeated several times.
"Figures 8. and ‘9 illustrate two such analyses. We have
consistently noted that in the 1981 strains (V1250, KW97 and
1604), the 30(7c)‘protein exhibits a slower electrophoretic
mobility than in the 1971 (J670 - and R6) and 1975 (RU3573)
isolates. The two bands seen in the 3cC region in lane 3 of
Figure 8 (R6) and in lane 1 of Figure 9 (J670) are not
consistently present. ‘In both of these isolates, the lower
band is always present but the appearance and intensity of
the upper band is variable. In addition, there are also

slight shifts in the mobility of 3CD (MW of approximately

72 K) a precursor of both 3C (7c) and 3D (4b). This protein
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Figure 8. SDS-PAGE of EV70 infected LLC-MK2 cefis lysed
using swelling buffer. Confluent monolayers of LLC-MK2Z cells
~in 100 mm culture dishes were infected with the 6 EV70
isolates and labelled with 35s-methionine for 1 hour without
chasing. The preparation of cell 1lysates using swelling
buffer has been described in detail in the text. After
nuclei and other debris had been removed by centrifugation,
cell lysates were added to equal volumes of 2x SB, heated
for 5 minutes at 100°C and electrophoresed 6én a 12%
polyacrylamide-SDS gel for approximately 16 hours at 20 mA.
The gel was prepared for fluorography and exposed to X-ray
film for 2 days. UN, uninfected cell lysate; lane 1, J670
infected cell 1lysate; lane 2, V1250 infected cell lysate;
lane 3, R6 infected-cell lysate; lane 4, KW97 infected cell
lysate; lane 5, RU3573 infected cell lysate; lane 6, 1604
infected cell lysate. The positions of A14c methylated
protein molecular weight markers are also shown.
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Figure 9. SDS- PAGE of EV70-infected LLC-MK2 cells lysed
by the RIPA buffer method. These lysates were prepared at a
different time and using a different lysing buffer than
those shown in Figure 8. LLC-MK2 cells were infected with
the 6 dlfferend EV70 isolates, labelled with 358-meth10n1ne"?
for 1 hour and lysed immediately thereafter using RIPA
Huffer. This procedure is described in the text. Debris and
nuclei were removed by centrifugation and the supernatants
(lysates) were prepared for 'electrophoresis as described in
Figure 8. The gel was then prepared for fluorography and
\exposed to X-ray film for 2 weeks.  Prestained protein
molecular weight markers were also included in this gel but
are not shown. Lane 1, J670 infected cell lysate; lane 2,
V1250 infected cell 1ysate, lane 3, R6 infected cell lysate:
lane 4, KW97 infected cell lysate; lane 5 RU3573 infected

cell 1ysate; lane 6, 1604 infected cell lysate; lane 7,
uninfected cell lysate.
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migrates. slightly slower in isolates having a protein in

the.3C region which also migrates more slowly. -

5. ' Two Dimensional IEF, SDS-PAGE

Viral structural and nonstructural proteins ‘were also
examined for differences in charge (pI) and electrophoretic
m&?ility by high resolation two dimensional polyacrylamide
gel electrophoresis. Examples of two dimensional profiles
obtained for -sucrose gradient purified virions are given in
Figures 10 and 1l. In each isolate two of the four capsid
proteins focused and appear as spots on the autoradiogram. A
large smear also appears at the acidic end of the pH
gradient. The smallest capsid protein, 1A, was not detected
in  this analysis. It may have been visible with longer
exposure of the autoradiograms. Purified J670 virions were
run as markers in\gthe SDS-PAGE dimension of the two dimen-
sional profile of J670 (Figure 10). The vertical position of
these markers were used to identify the spots. The high
molecular weight spot appears to correspond to 1D (VP1l) and
the larger spot below to 1B (VP2). The streak may correspond
to unfocused 1C (VP3). A secondary spgt slightly more acidic
than the major 1B spot was present in all isolates except
J670 for which the two dimensional (2D) profile was more
difficult to interpret ﬁecause of excessive Streaking
(Figure 11, arrow). As can be seen in Figure 11, the

profiles of each isolate were virtually identical, except

P v
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" Figure 10. High resolution two dimensional electrophoretic
profile of J670. 35s-methionine labelled virions were
purified by the sucrose gradient method, resuspended in
iscelectric focusing lysis buffer and applied to the top of
a tube gel. The sample was focused towards the anode for 12
hours at 400 V (first dimension electrophoresis). Second
dimension electrophoresis consisted of SDS-PAGE on 15% gels.
Following fluorography, the gels was dried and exposéd to X-
ray film for 3 weeks. The vertical position of the protein’
'spots' in the two dimensional analysis wére compared. to the
vertical level of.the one dimensional marker proteins and in
.this way. the 'spots' were assigned probable identities. The
entire pH gradient is indicated in this figure.
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Flgure 11. HJ.gh resolution two dlmensz.onal electrophoretic
proflle of purified EV70 virions. 35s-methionine labelled
virions - were purified by the sucrose gradient method,
prepared for two dimensional an is and electrophoresed as
described in Figure 10. T regi\o}n{of the gels correspondlng
to & pH. gradlent of 7.8<5.2 are shown 111 this fJ.gure. The
arrow J.ndlcate.s a secondary ac1d1c spot. ’ :

-
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for J670 which, due to a problem with the second dimension
.electrophoresis reéﬁlted in a poor quality profile. Instead
of calculating the pI of‘each’protéin, relative positions
of the spots were compared. Shifts to the right or left are
indicative of char‘ge differlencesw between -proteins while
vertical posiyion cﬁange indtcates differences in electro-
phoretic mobility (O'Farrell, 1975). It was possible to. -
superimpose all isolates except J670 suggesting that the
. relative position of the spots were very similar in all of
these isolates.

Lysates of ﬁVTO—infected‘hnd mock-infeéted cells were also
subjected'to two dimensionél analysis. Profiles represeﬁting
the earliest (J670 and Rs), iﬁtermediaté (RU3573) aﬁd most
recent (V1250, KW97 and 1604) isolates are shown in Figuies
12 and 13 . As for purified virions, infected cell proteins
were identified by vertical position in comparisbn to the
position of infected cell lysate proteins run only in thg
SDS-PAGE dimension (Figure 12). The relative positions of
the proteins 3CD, 3D and 1AB  were virtudlly identical
between J670, V1250, ks, Kwo7 and'RU35 (they are super-
imposable) indicating.very similar pI and electrophoretic
mobility. However, isolate 1604 éccidentally ran much
further in the second diﬁension and thus cannot be compared
for’ Qertical position (e;aeﬁrbphorétic mobility). . This
éhould not ~have affected the horizontal position of the

spots. It appears that 3D is slightly more acidic in this

.y > '; ’ .
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¢
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Figure 12. High resolution two dimensional electrophoretic
analysis of J670 infected LLC-MK2 cell lysate. Cells were .
labelled with 35s-methionine and the lysate was prepared
using swelling buffer as is described in the text.Urea, NP-
40, 2-mercaptoethanol and Ampholines were added to the
lysates and these samples were then applied to tube gels and
focused towards the anode as described in Figure 10. Second
dimension analysis consisted of SDS-PAGE on 12%
polyacrylamide gels. The gels were then -processed for
fluorography and exposed to X-ray film for 3-5 days. Protein
'spots’ -in the two dimensional profile were identified by
comparing their approximatejvertical position to that of the
one dimensional marker proteins.

&
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Figure 13. High resolution two dimensional electrophoretic
analysis of EV70 infected LLC-MK2 cell lysates. Cells were
labelled with 35s-methionine and the lysates were prepared
using swelling buffer as is described in the text. Refer to
Figure 12 for details concerning- the two dimensional
analysis. For illustration purposes, only the region of the°
gels corresponding to a pH range of 7.5-5.5 is shown. The
complete pH gradient is shown in Figure 12. '
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isolate than in the others (shift to  the right). 1In
-addiéion 3CD; 3D and 1AB show seconda#y spots (more acidic)l
‘which are much more apparent in 1604 than in any othgr
isolate. There may also be pI and mobility differences in 3C
and 3AB between the isolates as the relative positions of
these'spots differ from isolate to isolate. However it was
not possible to.correlate these differences in 3C with those

seen in one dimensional electrophoresis.

6. . Peptide Mapping .

Several viral strqctural.proteins were analyzZed for chaﬁée'
.in _ the.amino acid sequence or configuratfon which might
affecﬁ the partial -protediytic Vdigestion pattern. Such
changes could potentially lead to peptides.differing in size
or intensity between the isolates qf EV70. Capsid protein 1b
(VP1), has been shown to play an important role in neutral-
izing antiBody induétion, hay also contribute significantly
to hos?saell receptor binding properties of the virus and
spows low sequence conservation between piéornaviruses
(Stanshy et al., 1984; Rossmanii et al., 1985; Skern et all,
1985; Tracy et al.,;}9§S). Thus, it was speculated that
evolutionary changes in EV70 might be reflected in thié 2
protein. 1In preliminafyo expefimqnts, chymotrypsin (Sigma
type VII), elastase. (Sigma type IV) and étaphylocoécué

x» aureus V8 protease (Miles Scientific) were tested for their

ability to cleave an EV70 protein (a 50 K precursor) into

?
Y
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peptides detectable by SDS—-PAGE. Only Vs.protease genetated
distinct patterns and was used in all subsequent peﬁtide'
mapping procedures. |

Two autoradiograms, a short (A) and a long (B) exposure,
rEpresenting' the peptide banding pattern generated after
partial proteolytic digeetion of protein 1D from purified
- virions, are shown in Figure 14.. These patterns were very
similar from isolate to isolate, however the mobility of a
23 K peptide (p23) appears to be Siightly slower in the J670
‘ ~Strain than in others. Upon repeat1nq;these peptide maps,
the mobility Shlft in J670 was reproduc1b1e. There are also
 intensity differences in a 16 K peptlde-(pls) between the
“isolates. However, two different preparatlons of J670, 1ane-
1 and 7, also show dlfferences.n the .intensity of the
peptide and when the peptide maps were repeated, these
*appareht intensity differences between the isolates were hgtf,
reproducible. It may. be that slight variation in the amount
of protein substrate or %ﬁall differences in the amount of
protease deliuered to a particular wel%;could lead to such
intensity;differences. As can be clearly seen in lane 5 of
Figure 14' which represente iU3573 the amount of substrate
(1D) was much less than that for the other 1solates because
'of the low yield of RU3573.when virions\were purified for
peptide mapping. Thus, the intensity varlatlons in pl6 in
all probability do not reflect true differences in 1D

between the isolates.  Attempts to map proteins 1B and 1C
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Figure 14. Peptide map of viral capsid protein 1D(VP1).
Virions were purified by the ‘'rapid method'and the
structural proteins were separated by SDS-~PAGE on 12% gels.
Following electrophoresis for 16 hours at 20 mA, the gel was
dried without fluorography and exposed to X-ray film for
several days. The band corresponding to protein 1D was cut
out of the gel, digested with Staphylococcus V8 protease (1
mg/ml) and then electophoresed on a 15% polyacrylamide-SDS
gel as described in the text. This gel was subjected to
fluorography and exposed to X-ray film for 1 week (A) and
then re-exposed for 6 weeks (B). Lane 1, J670; lane 2,
V1250; lane 3, R6; lane 4 KW97; lane 5, RU3573; lane 6,
1604; lane 7, J670 (prepared at a later date that in 1lane

"1). The peptides generated by the partial proteolytic digest

of 1D have been designated according to their relative
molecular weights i.e. p32 indicates a peptide with -an
approximate molecular weight of 32 K. Molecular weights were
estimated- from the migration of prestained protein markers
which were included in the gel. :
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(VP2, VP3) in a similar‘fashiqn_were less successful. These
two proteins migraté very g;ose Ltogether on SDS-polyacryl;
amide gels, thus the entire 1B/1C region was removed and
.treatéd as a single entity. - However, the activity of v8
against.thesé proteins appeéred to be 'quite low (Figure 15).
The two bands .seen in the autoradiogram correspond to
undigested 1B and 1C. These same results were obtained when
the procedure was‘ repeated a second time.
7. :Immunoprecipitation
To. probe qu differences in antigenicity between isolates,
viral polypeptides 'wére immunoprecipitated from EV?O
-infected cell lysates using non-neutralizing monoclonél
antibodies (MAbs) 74-5Gl(MAb 1) and 73-7H (MAb 2) as well as
several polyclonal antisera (Tablé 3). Results 6% the
immunoprecibitation witﬂ monoclonal antibodies (Figure 16)
suggested that both MAbs were able to recognize epitd;qs on
capsid proteins 1C (VP3) and 1D_(VP1l} in all the isolates.
Therefore, it wa& not possible to distinguish between.the

different EV70 isolates&:using the two non-neutralizing

moncclonals. The fact_'that?umpnoq;onal ‘antibodies, with

very restricted specificity, appeared . to precipitate two

individual structural proteins was puzzling. Thus, it was of
interest to determine if both proteins were somehow remaiq;

b

ing tightly associated and were being ‘precipitated as a

I 4
qp‘tyd

complex or if both MAbs were recogn?é;;g eg}tope

™



Figure 15. Peptide maﬁ‘ of virion proteins 1B(VP2) and «

1c(VP3). viral stfuctural proteins 1B and 1C were isolated
as a single entity from purified virions and digested with
'V8 protease .as described in Figure 14. Prestained protein
markers were used to estimate the moleculay weights of the 2
bands. :
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Figure 16. Immunoprecipitation of EV70 proteins with
monoclonal .antibodies (MAbs). LLC-MK2 cells were mock
infected or infected ‘with one of the six different EV70
isolates, 1labelled with 35s-methionine and 1lysed in the
presence of-.RIPA buffer. Debris was removed by
centrifugation and ‘- dupernatants (lysates) were incubated
with either MAb 1 or MAb 2. A detailed account of
immunoprecipitation procedures may be found in the text. 2x
SB was added to antigen-antibody complexes and this mixture
- was heated for 5 minutes at 100°C. Samples were then applied

to 12% polyacrylamide-SDS gels and electrophoresed for 16

hours at 20 mA. The gels were processed for fluorography and
exposed to X-ray film for 2 weeks. C

e
'3..

lane 1, J670 virions;

Jdane 2, J670 infected cell proteins + MAb 1;
lane 3, J670 infected cell proteins + MAb 2;
lane 4, V1250 infected cell. proteins + MAb 1;
lane 5, V1250 infected cell proteins + MAb 2;
lane 6, R6“{nfected cell proteins + MAb 1; . y o
"lane 7, R6 ixfected cell proteins‘*+ MAb 2;
lane 8; KWS7 fected cell proteins + MAb 1;
lane 9, KW97 infected cell proteins + MAb 2;
lane 10, RU3573 infected c¢ell proteins + MAb 1;
lane 11, RU3573 infected cell proteins + MAb .2;
lane 12, 1604 infected cell proteins + MAb 1;
lane 13, 1604 infected cell proteins + MAb2Z;
lane 14, uninfected cell proteins + MAbl:

lane 15, uninfected cells + MAb 2;

lane 16, J670 without MAbs;

lane 17, J670 + rotavirus specific MAb;

lane 18, J670 + normal mouse serum.
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* .infected .cells. Available were mouse, monkey and rab

... antisera, all of which had been prepared against the Jp70

T : ’”‘%: 67

*'different ca‘psid prqteins. To this end i;?:!latéd virions as
well as infectedh cell -lysates weye .heated- in 2x -SBfor 5.
minutes at.100°cC; \thé EV70 'sp‘eé fic ‘proteins ﬁere' immuno-
-precipitate'd‘ as described pre\;iously and the samples were -
heated a sec%nd time ju;t. prior to ggl elect‘rophore.sis.

These measures should have been st}fficient to' thoroughly

disrupt any possible protein complexes between 1C and 1D.

_ Results of this experiment (Figure '17) show that both

protein 1C and 1D are immunoprecipitated by the monoclonal
.O
antibodies under these conditions,; 'suggesting that the MAbs
are intérac\{:ing—with epitopes on both 1C and 1D.
Polyclonai antisera were also used to immunoprecipitat
4 "l gisera vere | pitat

EV:70) specific proteins from lysates of infected and un-

isclate of EV70. The mouse and ‘monkey sera were tegted
- T
against all isolates, the, rabbit serum only against J6YO.

Figure 18, panels A and B, represent .short and long exposufe

autoradiograms, respectively, of the immunoprecipitatio
.pa‘tté'!rns obtained using these antigera. All three sera -

recognized proteins ' 1B (VP2), 1C (VP3) and 1D (VP1l) of the
N
J670 isolate, as well as precursor polypeptide 1AB (VPO) .

Mouse serum appeared, to immunoprecipitate all of tﬁé EV70
. |

proteins better than did the monkey serum. Mouse serum .

-

immunoprecipitated polﬁeptides iC (VP3) and 1D (VPl) from

all.\st'rains with approximately equal efficiency. Protein 1B
. "t 3

'
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Figure 17. Immunoprec1pitat10n of denatured EV&@ proteins
with monoclonal '’ antibodies. .In addition tojra" standard
1nmunoprec1pitation test in which infected cell'iysates were
added to MAb, lysates and pu;ifled virions (rapid method)
were bdiled in the presence of SDS and 2-mercaptoethanol for
5 minutes prior to the addition of MAb in attempt to disrupt
any proteln complexes. Samples were then diluted and
incubated with antibody and beads. “Antigen-antibody
complexes were released from the beads by resuspendlng each
sample in a small volume of 2x SB and boiling again for 5
minutes. Immunoprecipitated proteins were examined by SDS-

- PAGE on a 12% polyacrylamide gel. Following fluorography,

the gel was exposed to X-ray film for 3 weeks. Lane 1, J670

‘infected cell proteins; lane 2, J670 infected cell proteins

+ MAb 1  (standard 1mmunoprec1p1tatlon), lane 3, J670
infected cell proteins + MADb 2 (standard
immunoprecipitation); lane 4,.J670 infected cell proteins
(heated) + MAbL 1; lane 5, J670 infected cell proteins

' (heated) + MAb 2;lane 6, J670 virions (heated) + MAb 1; iane

7, J670 virions (heated) + MADb. 2; lane 8, J670 virions.
N
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Figure 18. Immunoprecipitation of EV70 proteins with
polyclonal antisera. EV70 infected LIC-MK2 cell proteins
labelled with 355-methioniqg were prepared by the RIPA
buffer method. These proteins were incubated with rabbit,
' mouse or monkey ‘antisera -prepared against the J670 isolate
of the virus. A standard immunoprecipitation procedure was
carried 'out as described in the text. Following
immunoprecipitation all samples were heated in the presence
of SDS and 2-mercaptoethancl prior to electrophoresis on a
12% polyacrylamide-SDS . gel. Following electrophoresis, the
gel was processed for fluorography and exposed to x-*ay film
_ for 4 days (A} and 3 weeks (B).

l,flane 1, uninfected cell proteins;
ane 2, J670 'infected cell proteins;-
lane 3, J670 purified virions (rapid method);
lane 4, J670 infected cell proteins + rabbit antiserum; .
lane 5, J670 infected cell proteins + mouse“antiserum;

- lane - 6, J670 ‘infected cell-proteins '+ monkey antiserum;
lane 7, V1250 infected cell proteins + mouse antiserum;
Tlane 8, V1250 infected cell protelns + monkey antiserum;

lane 9, R6 infected cell proteins + mouse antiserum;
lane 10, R6 infected cell proteins + monkey antiserum;:
lane 11, KW97 infected cell proteins + mouse antiserum;
lane- 12, KW97 infected cell.proteins + monkey antiserum;
lane 13, RU3573 infected cell proteins + mouse antisbrum,
lane 14, RU3573 infected cell proteins + monkey antlse¥um
lane 15, 1604 infected cell proteins + mouse antiserumj
lane 16, 1604 infected cell proteins + monkey antiserum,
1ane'17, uninfected cell proteins + mouse antiserum;
+lane 18, uninfected cell proteins + monkey antiserum;.
lane ;2,.J670 infected cell proteins + normal mouse serum;
lane 20, J670 infected cell proteins + no antibody.

.
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(VP2) of the J670 }SQigte was éeadily immunoprecipitated by
;moﬁse_serum.‘nowever, for the other igplates,'as compared to
J670, sm:c\lls_-‘z"r quantities of protein 1B were immunopreci-
\g;‘/,_ pitated by mouse serum.and for KW97,“immunobrecipitation of
' 1B could ngt be detected, even with prolonged exposure of
- the autogadiograﬁ (panel Bl. When monkey serum was used iﬁ
place of mouse serum, qualitatively simil?r results in. the
ability of the serum to immunoprecipitate the EV70 capsid
pfoﬁeins were pbtained. It. was not possible to detectlthe
presence of the smallest capsid protein, 1A (V94), in any
of the ‘immunoprecipitation tests. Immunoprecipitation of
some high molecular weight proteins can also be seen on the

long expegpre autoradiogram as can several smaller molecu-

lar wefgat proteins.,
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: DISCUSSION

Growth, Quantitation and Purification of EV70

" The comparative study of EV?O pro£§ins {;ecessitated
growing and purif&ing the six virus isolates on a regqular
basis. The initial stages of this prqject’wgie devoted to
establishing these procedures.

Considering the wide host range of EV70 in vitro, it was

not surprising that the virus could be easily cultivated in

LLC-MK2 cells. A very obvious CPE, notably rounding of cells

in the gonolayer.followed by loss of adhesion, served as a
convenient hallmark as to the time of virus ha;;est. Viral
replication in yvitro was also studied by performing a time
course experiment, results of which were extremely useful
because the interval difference between infection at a
particular multiplicity and viral harvest could be (rough-
ly) estiﬁated. Cytopathic effect was also recorded and this
made it péssible to better understand the progress of
infection with EV70 in terms of virus yield. |
One of the major problems encountered in this study was
the relatively low titres (1 x 10%-1 x 107) of EV70 in LIc-
MK2 cells. To obtain enougﬁ-.virus to ektpact RNA for

example, it was necessary to infect up to 150 culture dishes

(100 mm). As this became very 1labour intensive, roller
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bottles (850 cmf,.Faléon Laboratory Pro@hcts, oxnard ,CA.;
490 cm? Corning Glass Works,Corning N.Y;raﬁére tested as
alternative ‘cell\ culture containérs.. Hoﬁevér, it was
extremely difficult to esfabl%sh confluent monolayers on the ..
.?:urface of .these' bottles due to excessive cell clumping
which ensued within 5 minutes or so fol;owing addition of
the monocellular suspension. Repeated attempts to eliminate
\::his problem by changing the pH of the media, the cell
passage number, the total length of trypsinization time
and/or: the speed (rpm) of the roller appa?:atus failed.
Hicrocafriers (Cytodex 3, Pharmacia Canada) were also
tested as potential growth surfaces. However due to probiems
associated with setfging up this type of. system such as
regulating the pH al well as the time constraints of this
project, it was decided instead to continue using the 100 mm
culture dishes - a system which, aside from the labour
gg?gnsivgness, was virtually problem free. The problem of
low titre of virus was also approached in/ another way. A
fellow graduate student (Y.Karim) had mentioned that the
yield of rhinovirus in vitro could be 'significantly in-
‘creased (10 fold) if the virus was grown in an A-5 Hela cell-
line instead of Ll132 cells. Subsequent to this, the growth
of EV70 was tested in both HelLa and LLC-MK2 cells and
titred in the latter. Results of the plaque assay indicated

a slight increase (2 fold) in the titre of virus grown in

Hela cells compared to that from the LLC~MK2 cell line. Thi\éf‘
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increase was not great enough to warrant switching over to

the propagation and quantitation of EV70 in Hela cells.

Another system .which may provide a less labour intensive

method to routinely ‘cultivate EV70 is the NUNC cell Factory

' " \
which provides a surface area of 6000 cm2.' In recent trials

using this system (L. Gattinger, 4th year honors project and

.A. Sheikh, M.Sc. project), EV70 was successfully prépagated

and purified. Thq'advantages of the Cell Factory include a
potential for large scale tissue culturé with minimum
manipulatioh and maintenance required. | r. ”

‘ The plaque assay procedure used for EV70 was' the sawe as
that used in the lab for the quantitation of human para-
influenza virus type 3 (HPIV3). EV?gl plaqhes werF~vvery

hetercgeneous in size. While Plaque assays were repeated

many times, it was not possible to categorize or subdivide

-

the isolates on the basis of average plaque diameter exéépt:

to sa& Vthat J670 usually gave Iargif ‘Plaques -than the
others. However, Esposito et al., (1974), - comﬁared the
Plaques sizés of four early (1971) EV70 isolates grown in
human embrydnic 1lung fibroblast (HELF) cells. From this
study, which 1nc1uded both the J670 and R6 strain%/Jthe
researchers were able to dlfferentiate the virus isolates
into three plaque size groups - large, medium ;hd small.
Isolate R6 was found to giﬁe larger (5 mm) plaques and J670

medium (2.5 mm} plaques in MEM agarose overlay assays using

L] .
Plaque purified virus. one.p8ssible explanation is that EV70

-

/
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plagque size varies depending upon the cell type being used
to propagate the virus. __ _
—~ The puri ication of EV70 had not been performed in our
lab prior to &\j‘.s,project and was initially adapted from one
‘being‘ulsed to purify EV70 for the puri)ose of RNA extraction
and homology studies (Ratori et al., 1964). This technique
involvéd PEG precipitation of the virus as well #s both
’ ‘ sucrose and cesium chloride (CsCl) density gradient centri-"
| fugation. In addition to this being a tedious and lengthy
: /'\m-mre,l the great number"c)f.‘ ‘p:ap:_i._pt'liations also resulted
N in a Targe loss of the virus. 'Tr;j:s exacerbated the probiein

of '1ow Btarti'ng titres and therefore the CsCl centrifugation

ste§ wés eliminated in subsequent virai "pur_'aifications. To

further simplify the purification procedure, a method which

- involved pelleting the virus from infected cell supernatants

in the presence of O.Sit lSDS was also used (rapid method).

! Virions prepared in this manner were ready in a matter of

- | I.mursf as dégosed to several days. f‘u_x:thermore, this' ‘pro-

. cedure involved fewer steps at which viral loss could occur

and hence yields of the virus é::e greater.

In sucrose gradient purification of 35s-methionine
labelled EV70 isolates, two regions of high radioactivity
were often noted (designated peak I and peak II). When virus
containing 3H-uridine 1abe~1_}_ed RNA was purified in a simiiar
manner, only one peak of xradioactivity was detected and this

o Qs
corresponded well with the peak ‘I region of ‘35s-methionine

/..' ’
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labelled material. These findings suggest that virions in
peak II lack RNA (empty capsids) - This was further
) subséantiated. by the plaque assay results using aliquots
from both 'peaks. Although peak I contained less radioactive
material, the virus titre was * almost two logs greater than
the titre of the 'materialr in peak 1I, indicating the
presen;e of more infectious naterial in peak .I. SDS-PAGE of
material in both peaks revealed. a similar protein profile.
The absence of the capsld precursor 1A&\(VPO) in peak II was
unexpected assumlng that peak II represents empty capsids.
WOne would expect empty capsids to contain 1AB, 1C and lD |
since the final maturation step in picornavirion nlorpho
genesis involvesbthe cleavage of 1AB to generaﬁe:li and
after the RNA has been added. This cleavage does™no cur
in empty capsids (Melnick, 1983). ﬁrotein 1AB, which can
usually be seen as a strong band in the infected cell lysate
(Figures 8 and 9), may somehow (perhaps due to an unstable
associatlon between 1AB and the other virion structural:‘
proteins lB and 1C) have been lost during the sucrose

N
gradient purification.

Hughes et al., (1984) also observed two regions of
radioactivity during 1251 1labelled hepatitis A virion
purification by CsCl gradient centrifugation. Peak I
contained the majority of the RNA. In addition, the titre of
virus»from the peak I material was 3 to 4 logs greater than

that from peak II material. SDS-PAGE of material in both
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peaks revealed a similar protein eontent'(lD,lc,iB) - the
preéursor 1AB was not detected. These researchers failed to
draw any conclusions from their findings. In pdliovirus“
infected cells, empty capsids ~occur naturally and are \
present along with infectious virus in cytoplasmic extracts
of infected cells (Sharff and Levintow, 1963) Therefore'it
seems probable that empty capsids may also be present ip
EV70 and HAV infected cells and may comprise a greaq deal of
the material in peak II of the sucrose gradient‘ . _

'EV70 RNA was extracted from éucrose gradient purified
virions and anaiysed by electrophoresis on deneturing
agarose gels. The estimated molecular weight of, the RNA was
2.4 x 10° which is in close agreement with an }garlier
estimate of 2.5 x 106 (Yamazaki et‘al., 1974) and'is‘simiiér
to the average value, for picornaviruses, of 2.5§ﬂx{ 106

N
(Matthews, 1982). '

Protein Comparisons Among EV70 Isolates

1. 6ne Dimensional SDS—PAGE

Purified EV70 virions, when examined by SDS-PAGE exhibited
a typical picornavirus protein profile of four capsid
proteins 1A, 1B, 1C and 1D with estimated molecular weights
of 9 K, 28 X, 26 K and 35 K respectively. Esposito et al.,
(1976) obtained similar results in an electrophoretic

analysis of EV70 proteins. These values are also similar\to
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those estimated for the capsid proteins of poliovirus (1A, 7

K; 1B, .30 K; 1C, 26 K; 1D, 34 K) (Pallansch.et al., 1984).
The 'structural proteins in each isolate exhibit éimilar
eilectrophoretic mobilities except for protein 1D in J670 |
which migrates slightly slower than the corresponding
protein in the other isolates.

In addition to wvirion structural proteins, peolypeptides
representing the entire éoding cﬁpacity of the EV70 génome
were alsc compared by SDS-PAGE. The slightly reduced

‘\ .

electrophoretic mobility 9f protein 1D in tgf J670 isolate
N ' ' - ’
is also apparent ‘in the protein profiles o

"EV70 infected
cellﬂlysates'(Figures 8 and 9);‘Takeda‘and;co—workérs (1984)
compared the wviral specific intfacelluiér' proteins of 15
’isolages of EV70 by SDS-PAGE. Their analysis, which inéluded
J670,.. R6, V1250 ﬁnd 1604 revééied"reduced mobility in
ﬁrbtein 1D for J670 and é10152, anéther early Japénese
isolate., Similarly, Notpgy et . al., (1981) noted electro-
phoretic shifts in proteih 1D in an SDS-PAGE comparison'of
cells infected with wild Roliovirus type 1 isolated during
epidemic transmission.

The origin of 21 and 12, two proteiné ghich consistently- °
(even with sucrose,gradie?; centrifugation) co-purify wifh_
the virus in our hands, is unknown. It seems unlikely thatf
they represent ‘new' viral structural proteins. They have
‘not been reported by other groups who have purified EV70 and

analysed virions on polyacrylamide gels. However, these two
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'bréteins appear to be present in infected but not unihfected )
cell lysétes (especiallylnoticeablg in'lgnes 2 and 3, Figure
16 ). Thus, they maé be of virai origin. The possibility
~ exists that they represent breakdown products of higher
molecular weight structural prdéy¥eins. However, in §1i¢ﬁ§rion
purification ‘aﬂd cell 1lyspte preparation p;ocedures,
protease ihhibiFors PHSF and BHCl1l were included so as to
avoid or minimize protein degradation. \Another possibility
is that they are products of @lternate cleavagé pathways. To
our knowledge, alternate ci;avage pathways for the process-
ing of picornaviral structural proteins have ndt been
reported (Pallansch et al., 1984). Peptide mappiﬁé analyéis
~of these proteins (21 and‘12) might help to establish their

origin and identify any relationship tween them and apz\

other viral proteins.(i.e. precursor/éroduct).

Prpteins in the 19 K-22_K molecular weight region of the

gel also appear to differ between isolatés. The relationship

between the two proteins sometimeg, found in J670 and R6 and

the single protein found in the other isolates is unknown.
>

Takeda et al., (1984) noteg'only one protein (designated 7¢

= 3C in IL434 nomenclature) in this molecular weight range

when they compared 15 EV70 isolates by SDS-PAGE. They too

observed variation in .electrophoretic mobility of 3C among
the different isolates. Their results, like those in our
study show that 1981 isolates have a 3C protein which

]
e J
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lmigrates slower thah the -same ‘protein in the earlier
1solaté§._ | . . ..- - v

.In an earlier pulse-chase angiysis'of EV70 proteins!-two
bands may be seen in thelac‘region following a short chase
(10-60 minutes) but, as chase time increaseé, the inténsity
of the  lower molecular weight‘protein diminisﬁes while that
of the higher molecular weight’' increases until only the
iatter cdﬁ be seen with a ;H;;é of 120 minutes (Takeda et
él., 1982) . These researchers did not .discuss the origin or
identity of these two proteins; they merely label the higher
molecular weight one as. 3C. Several possibilities exist as
to the nature of the apparent ‘'differences' between the
proteins in the 19 k-zz K molecular weight range. They may
~reflect inherent differences in the rate of protein process-
ing between the isolates. - Perhaps in all isolates two
proteins are found in this molecular weight fange at some
point during infection with subsequent processing eventually
producing a single protein. This would suggest that the
extent of the infection in each case influences the number
of proteins found in this range. In this study, all in-
fections were allowed to proceed until CPE had progressed‘to
the same degreé in each isolate in an attempt to minimize
the‘effects that extent of infection might have upon the
procein profiles. However, inherently different: rateé of

processing between the isolates may not have been controlled

bj such measures. It also seems reasonable to speculate that

i
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the proteins in the 3C region ﬁrise from alternate cleavage
pathways. fh pol%ovirus, there is evidence . for multiple
potential cleavage sites for P3 region proteins wherein P3
may be cleaved to-ﬁ? (20 K) and 3D (52 K) .or 3C'(36 K) and
3D' (36 K) (Pallansch et al., 1984). Alternatively, the two
proteins éometimes'seen in this region of the gel may not.be
related at all. Interestingly; in those isolates having_a
slower migrating protein in the "3c region (1981 isolates
V1250, KW97 and 1604), a protein with a molecular weight of
72 K (which in poliovirus corresponds to 3CD, the precursor
of 3C (the viral protease) and 3D (the viral polymerase))
also migrates slightly faster than the éorreéponding protein
in the other isolateé.

Thgse speculations could only be confirmed or refuted by
first determining if the proteins in this region are wviral
specific, and if so, whether or not they are related to one
another, (i.e. precursor/prbduct). This cduld be accomplished
through peptide mapping studies or by,obtaiﬁing moqoclonal
antibodies with speéificities for.each_individﬁal protein
and using them to immunoprecipitate proteins from EV70
infected cell lysatess Th?se analyses could also be used to
reveal whether the protein (21) Which appears in purifiedA
virions may also correspond to one of the\ proteins seen in
the 19 K-22 K molecular weight region in EV70 infected cell
lysates. Admittedly, SDS-PAGE is a relatively crude tool for

protein comparisons - nevertheless it can indicate in‘which
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proteins somé mutations may have occufred. For_examplé, bral
type 1 poiiovirus vaccine strains and the vifulent parent
Mahoney strain in which electrophoretic dhanées_ were

observed in 1D, also differed in tryptic peptide mapping

analysis of this capsid protein (Kew et al., 1980; Kew et -

al., 1981).

2. Two Dimensional IEF, SDS-PAGE

High resolution two dimensional electrophoresis is a
powerful tool for the analysis of proteins. It permits
simultaneous determination of pI and electrophoretic
mobility (a molecular weight estimate) and is sensitive
enough to resolve proteins differing by only a single
charge. If all isoelectric focusing giels are run :E'.imul-
taneously, the SDS-PAGE dimension can be run at different
times without affecting reproducibility. Thus, ‘'spots!'

representing a particular polypeptide on one separation can

be comparea with spots on other separations (O'Farrell,

-

1975).

Several problems were encountered in trying t<;> establish
this procedure for the ar;alysis of EV70 proteins. 'Despite
repeated attempts to focus all four virion capsid proteins,

only two were adequately resolved. A large streak consis-

tently appeared at the acidic end of the tube gel in the

molecular weight range of protein 1C. Unfortunately, the two

dimensional profile of the prototype strain is of very poor

-~
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quality, making it impossible to compare the,profiles of all

the isolates. Howevér, the fact that it is possible to

éupefimpose the profiles of the remaining Sﬁ'isolates
tentatively suggests that pI and - electrophoretic mobility

of éhe two capsid proteins 1D and 1B are very similar "in

éaéh isolate. It is ‘impgfative that these profiles bel
repeated in future studies to verify these preliminary
results.
A éimilar situation-exists for the infected cell lysates
ﬁhich were also examined by two dimensional electrophoresis.
While it appears that there may be potential differences
between the isolates inbthé pI and electrophoretic mobility
of nonstructural proteins 3C, 3D, and 3AB, these profiles
would have to be repré&uced and compared for all isolates
before any definite conclusions could be made.

Other investigators have also reported difficulties in
one dimensional IEF and high resolution electrophoresis when
analysing picornaviral proteins. King and Newman, (1980)
were unable to focus all four virion proteins in FMDV at
once—éue to extreme isocelectric points of 1D (basic) and 1A
(acidic). As a result, they‘had to perform the technique
undeé) three different sets ' of conditionqn.(reverse pPH
gradient or polarity for —;xamplel to accoﬁmodate these
widely differing isocelectr$ poi.nts. Wiegers and Dernick
(1981) analysed lysates.of poliovirus infected cells by high

resolution electrophoresis and noted that proteins originat-
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ing frOm the P1 region ‘of the ge_nom'e (Figure 1) (especially
1D and. 1C and their precursors) tended to cause streaking in
‘the second dimension by sticking to an@ precipitating onto
d:hé top of the first dimension gel. They speculate that
hydrophobic regions in these proteins may be responsible for
tﬁis 'stickiness'. These investigators also observed that
inclusion of NP-40 in the first dimensional analysis as
suggestéd' by O'Farrell (1975) reduced the resolution of

proteins in infected cell lysétes. Using isolated virions,

proteins 1C and 1D could not even be detected by this

‘téchnique (Hamann and Drze;'lick, 1978) . Moreover, when TMEV
proteins were examined by hfgh resolution two dimensional
électrophoresis, capsid proteins 1B, 1C and 1D appeared in
the virion profiles, but ~~wer<=.~. absent from infected cell
profiles (Lorch and Frie_dmann 1983). This same phenomenon
was npted in our two dimensional analysis.

In 1ight of these studies, several modifications to the
two dimensional analysis of EV70 would be well worth trying.
In the present study, electrophoresis in the first dimension
was toward the anode. In future experiments, reversing the
peolarity and changing the pH gradie_nt might lead to better
resolution of virion proteins, as might the exclusion of
NP-40 from the first dimension. Finally, long exposure
autoradiograms of infected cell 1lysates are highly re-
commended. It may be that some of the proteins which did not

appear \in the two dimensional profiles could have been



84
‘detected'hqd a longer exposure autoradiograms béén avail-
able. I feel that high resolution isoelectric'focusing, when |
successfully repeatéd with some modifications; will yield
more information concerning changes in the protein com-
plement of EV70 than were cbtained in this siudy.
)
3. Peptide Mapping
The peptide banding patterns generated by proteoiytié
digestion of a protein are characteristic of the protein
substrate and the particular proteolytic enzyme used. Thus,
relationships between polypeptides can be determined by
comparing peptide banding patterns (Hames, 1981). Capsid
protein lD-was selected for peptide mapping analysis in this
stu@y since it was easily separable from the other capsid
proteins. Moreover, it has been shown to play an important
role in picornavirus host cell attachment and neutralization
and thus may be subject to evolutionary change (Rossmann et
al., 1985). )
Cleveland peptide mapping analysis of capsid protein 1D
revealed a strikingly similar peptide pattern among the six
isolates except for slightly slower migration of peptide p23
in J670. Intensity differences in plé are not felt to
- reflect real differences between the isolates. The reduced
mobility of a peptide in J670 is consistent with the

mobility shifts in protein 1D which have been noted in the
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one dimensional SDS-PAGE analysis of virions and infected
cell lysates. !

The fact that pepﬁidé.banding patterns were so.similar
between the isolates suggests that there have been very.fgw
‘changes in sequence or conformation of capsid protein 1D
which significantly affect partial proteolytic cleavage by
V8 protease.b This is not to say 'that changes have not
occured in 1D. The peptides generated by V8 protease were
gquite large, hence changes in 1D .could ea;ily have gone -
undetected. With a technique such as tryptic peptide mapping
however, in which the total digestion of a protein results
iﬁ many small peptides, any changes in 1D would have a
better probability of being detected by altered banding
patterns (Robson et al., 1980). Potential changes in 1D
might also be better detected if the protein was subjected
to Cleveland peptide mapping using a battery of differentr
proteases having various specificities instead of a single
pfotease as was done in this study. In our initial peptide
mapping procedures we used three different proteases
(chymotrypsin, elastase and Staphylococcus aureus V8
Frotease) to digest a 50 Kd EV70-specific protein and found
- that V8 was the most active against £his protein. It would
have been beneficial to test several other dJifferent
proteases for activity against EV70 structural proteins. In

: \ :

future experiments, it would also be of interest to apply

peptide mapping analysis to all four capsid proteins.
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Attempts to peptide map 1B and 1C usihg v8 failed in this
study. This was unexpected in view of the preliminary

‘testing of several proteases against EV70 proteins as

discussed above. It may be that these two proteins possess

very few V8 specific cleavage sites. . -
4. Immunoprecipitation

EV70 infected cell cytoplasmic extracts were immuno-
precipitated with monoclonal or polyclonal antibodies to
compare the virai plolyp,e‘p‘tirdes_ at the antigenic level. . -

Both non—neutralizingp MAbs (Table_ 3) immunoprecipitated
capsid proteins 1C and 1D (VP3 and VP1l) in all isolates
despite vigorous  treatment to ensure denaturation of
protei;ls and disruption of fnrotein complexes. These results.
suggest that both MAbs are diire_c?ted against epitopes comman

, and- 1C. Prior to obtaining these results, it was

suspeéted that epitope recognition involved a particular
protein conformation between 1C and 1D which led to immuno-
.precipitation of both proteins. It may be that capsid
proteins 1C and 1D reassociate during incubation with the
ani:ibody or were so tightly e;ssociated that they were not
‘affeﬁ:ted by measures taken to dissociate them. However, this
does not seem _.likely, | especially in view of the re';su]jlfs
obtained by Hughes et al., (1984) in immunoprecipitation

.studies with hepatitis A virus, another enterovirus -(EV72,

~— See Table 1). They found that murine MaAbs and ﬁolyclonal
-
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‘antibodies to HAV consistently immunoprecipitated proteins

1C and 1D if intact virions were used as the antigen.

_However,' when virions were heated in the presence of SDS and

T~

2-mércéptoethanol prior to immunoprecipitation as was d:?
l

in this st : there was no recognition ‘of. any vi

polypeptides ‘by either type of anltibody.- Their findings
suggest that virions were successfully disrupted and that
protei_n' conformation must have been altered considerably

when the capsid proteins were separated away from the whole

virus. To differentiate between the two possible reasons for

the consistent immunoprecipitation of both 1C and 1D using

MAbs, a Western blot analysis would have been very helpful.
It was not possnz.ble to carry out this procedure due to the
lack of sufficient quantity of Mabs. Work is presently
underway at the Laboratory Center for Disease Control (LCDC)
in ottawa to develop ‘additional MAbs .against EV70 (J. -Wilejy,
Ph.D. projecl:t) . Preliminary results indicate that five EV70

specific MAbs have been obtained but they have yet to be

.characterised. When these- are made available to us, the

entigenic studies ‘can be extended to include Western blot

analysis and epitope mapping to probe for antigenic dif-
ferences betweéenmthe isolates which may have gone undetected

in the present study. “ . v

LY
Polyclonal antisera prepared against the prototype strain

of EV79, J670, were also used in antigenic comparisons

between the isolates. While mouse antiserum appeared to
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immunoprecipitate preteins 1AB arid 1B to a greater extent
'than the moﬁiby serum, both =séra recognized tﬁe. same
structural prlteins (1AB, 1B, 1C, 1D) in each strain. The
apparent absence of 171\m KW97 immunoprecipitates with
either serum must be #Interpreted carefully. While it may
reflect a reductien in the affinity or recognition of this
protein by the antibodies, it may also be ?ue to differences
in concentration between the cell lysates. A 1onger exposure
of the autoradiogram might have revealed the presence of 1B
in this immunoprecipitation. Kew et al.,- (1983) mention that
neutralization titres are four fold lower for the 198& EV70
' isolates wheg combined with'antiserum to the J670isttain
than with homologous antisera, suggesting some antigenic
differences between the isolates. However, the immuno-
precipitation tests performed in this study indicate that
all six isolates of EV70 are'gntigenically'similar enough to

be recogm.zed by antisera p;epared against the early isolate

3670.
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CONCLUSIONS
. ‘ - ="
: Cod
The main objectiﬁe of this study.was to examine chang§S in
ﬁV?O‘at the protein level. To this end, polypeptides_of-six‘

isolates of the virus, originating from distant regions of

' the world and spanning a period of ten years, were compared

using a variety of different techniques. We were able to

detect only slight dlffquneénggntween the isolates in

~capsid protein 1D and possibly in the nonstructural proteins

3CD and 3C. Antigenically, all isolates were similar enough
to give the same general immunoprecipitation patterns with

both MAbs and polyclonal antisera. These results are

surprisin§ in view of: 1) the known genomic and biologic

differences between the isolates; 2) epidemiological
evidence which indicates that EV70 has evolved in a d%ye;-
gent fashion at a constant rate since its emergence in ‘the”
late 1960's; 3) the enormous numbers of intervening hunan
passages between the 1971 and 1981 strains; and 4) the
extensive changes yhich occur in the proteins of poliovirus

upon replication in as few as one or two individuals (Kew et

‘al., 1981; Kew et al., 1983; Takeda et al., 1984, ganimura

et al ., 1985). ‘ .
However, a similar comparative molecular analysis of TMEV
isolates supports our, findings, namely that changes at the

RNA level may not necessarily be reflected in major changes
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at the protéin 1evdf1 "TﬁEV picornaviral pathogens of
mica, although related serologiqally, have been placed into

| two  subgroups. Subgroup 1 viruses cause a poliomyelitis-
like diseas n mice and- frequently establish persistent CNS
infections. VE’ ruses in subgroup 2 are 1000 times more
virulent and produce a rapidly fatal encephalitig. In
-addition to pathological-differences, T; RNase fingerpriﬁt-
ing patterns show only 20% homology between viruses in
subgroups 1 and 2 (Lipton, 1978; Liptoﬁ 1580; Lorch e£ al.{
1981; Rohzon et al, 1985). SDS-PAGE and pulée—chase experi-
ments revealed that the electrophoretic ‘mobilities of
proteins and protein processing were the same for repre-
sentatives of both groups (Lorch and Friedmann, 1983). Hign
‘resolution two dimensional electrophoresis of virion
protéiﬁs'and infected cell lysates revealedldifferences in
the pI of'proteins 1C¢, 1D and pl0 (nonstructural) between
the two subgrpups of THE& in one study, while Pther inves-
tigators have reﬁorted no differencgg in pI or electro-
phoretic mobility of :proteins between the viruses by this
same technique (lo:dﬁ and Friedmann, 1983; Rozhon et al.,
19855 Slight dlffz;ences were detected in tryptlc peptide
maps of 1B, 1C and 1D (Lorch et al., 1984). These apparently
ambigquous results, that ig) extensive dlfferences in v1ra1
RNA but-very similap proteins between the two subgroups of
TMEV can be reconciled. Lorcﬁ et al., (1984) have speculate&

that many of the mutations in the viral RNA may have
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ptoduced synonymous génetic codons. If this were the case,

' such;-muﬁat#dns would not necessarily lead to extensive
chan@és in the proteins due ﬁo the degeneracy of the genetic
'cade.‘ These investigators feel that i£ is pdésible }that
pathogenic differences between the twa groups of TMEV maylbe
explained by minor differences in the amino acid content and
sécondéry structure of the viral proteins.

The results of thése comparative protein studies for EV70
and TMEV arelin sharp contrast to those obtained in studieé
aimed at assessing molecular variation in poliovirus upon
replication in humans. .Vaccing dssociafed isolates of
poliovirus i‘l;ame 1, 2 and 3 as well as wild polio type 1

. strains were compared at the RNA level by Ty oligqnucleotide
'fiﬁgerprinting and at the protéin level by SDS;EgFE. These
studies revealed that replication in humans, eéén pasbage
through as few. as one or twg individualé, may lead to

-

extensive enome changes and correspondin variation in
_ g . P g

viral proteins particularly in capsid protein 1D and 1C in

poliovirus type 1 and also in 3CD, 3C and 3D in all the
serotypes examined (Kew et al., 1981; Nottay et al., 1981).
Nottay and co-workers (1981) speculated that changes in the
viral structural proteins indicate that selective pressure
is ﬁprimarily exerted on these protéins, most likely by
antibodies, while Kew et al., (1981) suggested‘that changes

in nonetructural proteins 3C and 3D (which correspond to the
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viral protease and polymerase, respectively) have the

_ - v
. potential to alter RNA synthesis and proteolytic processing.

It may be argued that gﬁésage of a virus in vitro con-

tributes éignificantly to the evolution of the genes and
S e :
hence, gene products.. However, experimental evidence

" suggests otherwise. In poliovirué\for example, propagation

of the virus in tissue culture is viftually nonselective
after adaptation has - taken place. On> the other hand,-
extensive genetic changes can occur upon replication in
humans (éhendon,‘1963; Nottay et al., 1981). Similarly, in a
recent comparative study of eight HAV strains, genomic
éhange as detected by Tq oligonucleotide mapéing wés found
to be very limited (0.8% sequence difference) in viruses
which had . been passaged cohsecutively under - constant
conditions in vitro. However, adaptation to and passage in
marmosets led to the appearance of virus differing by as
much as 10% in the sequence of viral RNA (Weitz and Sieql,
1985) .

This study was designed to be a first step towards
determining which regions of the genome have undergone
change as enterovirus 70 has evolved over a ten year period.
Although only slight differences were -detected betweén the
six isolates of EV70 at the protein 1level, it _does not
necessarily follow that few mutations or changeé in the
broteins have occurred duriné its brief history as a human

pathogen. Experimental evidence has revealed that the RNA
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genome of the virus has changed during this time and
phylogenetic data suggest that EV70 strains in different
regions of the world are genetically polymorphic (Kew et

al., 1983; Takeda et al., 1984; Tanimura et ai., 1985).
L4 . ~

Perhaps many”‘ of these genomic differences between the-

isolates have been 'silent' mutatyons, that ‘is, changes in'

the RNA which have not  altered proteins to a 'greai: ex{;'.ent
due to the degéneracy in the genetic code as Lorcﬁ .et
al.(19;4) have suggested.” on the} other hand, it is alsc’
quite possible that differences 'in the polypeptides between
the various isolates of EV70 were not detected by the
methods used in this study. |

In future comparative studies, chaﬁges in addition to
those detected in proteins 510, 3CD and 3C may be found if
high re.sc.alut‘ion two dirgensic:mal electrophoresis is repeatea
and if other highly sensitive techniques étich as tryptic
peptide mapping and epitope mapping using MAbs are included.
Ultimately, RNA and protein segquence analysis will reveal
the exact locations of evolutionary chan'ge in EV70. With
this information, the origin of this virus and its rela-
tionship to other picornaviruses may then become clear.
Moreover, it may also be possible to elucidate which area;s

of the genome or which proteins “are responsible for, or

contribute to, the pandemic, neurovirulent and temperaturé

sensitive properties of EV70. The recent development of an

animal model (rabbit), in which EV70 conjunctival infection

]
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and immuholog;bal response Closely parallel that found in
/ . R
humans, should enable these aspects of the virus, as well as

”

natural antigenic vafiation; to be studied (iangford et al.,
1986) . | -

EV70 is an interesting wvirus in many reééects. The fact
that the emergent strain and subsequent isolates are avail-
able make it an attractive model for evolutionary study. The
process of evolution‘%n this virus has been likened to that
ih influenza A, where it has been observed by Buonagurio et
éi., (1986),\£hat lineages other than'the one that gives
rise to the future generation have very short life-spans.
This patterq'of genetic change is apparently distinct from
that‘fouﬂd in animals and all other viruses, where ﬁulﬁiple,
surviving? lineages undergoing slow rates of change co-
existﬁ51£ ig interesting to note that both EV70 and influ-
enza are capable of spr;ading in a pandenic fashibn.
However, whether this ‘has anything to do with the. way in
which these viruses evolve was not aédressed by Buonagﬁrio :
and co-workers (1986). EV70_also possesses many other unique
properties whiéh Eistihguish it from other enteroviruses as
have been discussed in this study. Furthermore, the sudden
appearance of this previously unknown'virus in 1969.and.its
rapid spread since then to involve millions of - people
worldwide should serve as a reminder to us that ‘'new
infectious agents' present a continuing threat to our

species. It 1is fortunate for mankind <that EV70 acute

%
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hemorrhagic’ conjunétivitis is not a 1life threateﬁing
éliseasé’, as is the case with acquired immune deficiency
syndrome (AIDS),” another example of a 'new infection'

(Grist, 1985). In this regard it is imperative that the

origin and evolution of such pathogens be studied so that

changes which contribute to the emergence O0f 'new viruses'
can be better understood. Hopefully, an understanding at the
molecular level may in turn enable advances to be made at

the preventive or therapeutic level.
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