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ABSTRACT -

Hybridomas which produce monoclonal antibodies to
capsid polYpeptEdes of Mengo virus were isolated folloﬁing
- the fusion of spleen cells from micé immunized with fhe: ‘

{13.45 pfoduct producedvby diséociatibn of Mehgo,vi;ﬁ§ at pH
6.2 (Mak et al., 1971, 1974) with cells of the stable
myeleé line Sp2/0-Agl4. Three.hybridoma lines, MCP-2, .5 and
6, were found bv the technigue of renaturing\hegtern '
blotting to produée monoclonaliantibodies specifié for Mengo
capsid polypeptides «, B and B, respecti;ely;

Monoclonal antibodies prdauced by four of the six

hybridoma lines isolated wéré‘shown to be capable of

neutralizing viral 'nféétiVity. The results of sucrose -
density gradient‘sedim ntation ahalyses,of Qirus-aqtibgdy&
mixtures indicate that i‘ree (ﬁcb-1, 4 and 6) of these mcno-
clonal antibodiés neutralize infectivity by causing
ex;ensive cross-linking (aggregation) of the viriohs, even

“at antibody:virion ratios as 1ow.as 10. Thé fourth |
neutralizing monoclonal,antibbdy,'MCP-S, abpears to block
attachment of the virus to the cellular receptor, ‘without
inducing aggregagzg;\Bf\thg virioné. This is believed to be
the first report of a monocloﬁ;i antiboéy,wifh

ant:-pOIYpeptide B specificity that neutralizes in this

manner .



-

The- innoculation of mice with extracts of Mengo

'v1rus 1nfected cells from whlch the cap51d polypeptldes ha?

been removed and the. subsequent fus1on of the immune

splenocytes w1th Sp2/0 Agi4 cells, led to the 1solatxon of a.
hybrldoma, desxgnated MNCP—ZO, wh1¢h-produces a monoclonal

ant i-body specifie'fqr the virus-encoded polypeptide E. This
monoclonal antibody, wﬁen bound tO'Affi-Gel 10) provided an

efficient reageﬁt.yith which to isolate the virus-specific

' polypeptide E in hemogedeous form by immunocaffinity chroma-

tography.

™. .
" The results obtained using an in vitro poly(U)-'

polymerase-assay suggest that the isolated polypeptide E is

~the Mengo virns-specific elongation polymerase. As was

deecrlbed pregipusly for the partially purified poliovirus
poly(U) polymefase (Flanegan and Baltimore, 1977), purified
polypeptlde E requlres a template, a primer and magne51um
ions for polymerase activity. Construction of a
temperature-activity profile using the in vitro poly(U)j
polymerase assay revealed that the 1solated polypeptlde E 1s
thermolablle Measurements of c1rcular d1chro1sm and trypto-
phan fluorescence~demonstrated clearly that the heat-induced
loss pf_ehzyme activity ef polypeptide E can be correlated
with a change in its conformation. The observed étabiliz-
ation of both.the enzyme activity and the secohdary struc-

ture of the poly(U) polymerase against heat-induced change

by the formation of a complex with the F(ab) fragment of the

anti-polYpeptide E IgG provides édditional evidence that the

" vi
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thermolability of the pblymerase activity (in the absence of

/

the F(ab) ffagment) is the direct resiL:t of a conformational

change in the enzyme. .

-In order to’providé a possible explanation for the RNA-

.....

phenotype exhibited by several ﬁs mutants of Mengo Virusgé
the thermostabilities . (with rgspect to_bbth'enzyme activity
and conformation) of the poly(U) polyme;ase‘specified by

these mutants were c&mpared with that of the wt enzyme. The
data show clearly that tﬁe RNA- phenotype of four (ts 135,
ts 506, ts 520 and ts 620). of the six ts mutants studied can |
be .attributed directl& to a température—sensitiyevlesion '
.which affects the elongafidn function Qf‘thei? rgspective

.Dlymerases. =

. vii
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CHAPTER 1I

General Introduction

Picornavirus Classification =

‘ The term p1cornav1rus was adopted in 1963 by the
Internat1onal EnterOV1rus Study Group to descrzbe a famzly
'of very small (plco) rna viruses." The term has been applied
formally to. mammallan v1ruses tnat are small {(less than 300
X in diameter), lack an envelope and contain a sxngle—
;stranded RNA genome. Althoygh there are senetal plant, bac-

terial and insect viruses that meet these criteria, they

@ .
have not yet been assigned genera.

o B
Picornaviridae have been further sub-divided into four

genera as shown in Table 1;'Individua1'genera are

distinguished by differences in pH stability end buoyane_
density in cesium chioride gfadients (Andreves et al,,'3978;\
Newman et al., 1973; SCréba and Colter; f974).

Physicél—ChemicalvPrgperties of the Virion

.

Tne.picornavirion«is composed of a molecule.of single¥
'strended RNA (30% bj weight) enclosed in a,protein caosid
(70%) . Neither caroohydrate nor lipid has been detected in
the virion~KBurness et al., 1973). Extensive physical and
' hydrodynamic,éﬁudies have revealed that all picornaviruses
. share certain basic properties. The particle-is isometric’
with a hydrated dianeter of approximately 30nm (Rueckert,
1971; Fenner et al., 1974; Scraba and Colter, 1974). The

best available values indicate that the picornavirion has a
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sedimentation coefficient (szo'of'f50—1605, a diffusioﬁ
coefficient (D°,,)o0f 1.44—1.47x10’7’¢m’/5ec and a partial
specific volume (T) of 0.68-0.70 ml/g. One can calculate a
particle weight of 8.3-8.5x10¢ daltons by substituting these
Qaiues into the Svedberg equation (Scraba et al., 1967).

- The RNA Component-

The picornavirus genome is cbmposed of a siﬁélé strand
of infectious RNA (Colter ét al., 1957; Alexénder et al., |
3958: Bachrachret al., 1964; Dimmock, .1966). With the excep-
tion o some human rh1nov1rus genomes, essent1ally equ1molar
amounts of adenylate, cytldylate, guanylate and.ur1dylate
are present (Newman et al., 1973). No unusual nucleotides

have been detected.

In 1981;,the~complete‘sequence of poliovirus type 1 RNA
was réporte& byrxitamura et al. (1981) and Racaniello and
'Baitimore (1981). To date the complete RNA seqﬁence of at
least one representative of eaqp'of the four picdrnavirus
genera has been reported (Palmenberg et al., 1984; Férss et
al., 1984; Stanway et al., 1984). The sequence daté reveals
significant différences in genome length ranging from 7433
nucleotides in pollov1rus to 8450 in FMDV, The genome is
polyadenylated at the 3' terminus, as are most eukaryotlc,
mRNAs (Brawerman, 1974), the average length of the poly(A)
tfact varying frém‘35_residues in ca:dioviruses to 100 in
aphthoviruses (Ahlgquist and Kaesberg, 1979; Rueckert, 1985).

‘The poly(A) tract, required for infectivify of the isolated””

-
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~viral RNA (épector and Baltimore, 1974; Burness et al.,
197?):15 genetically encoded (Dopsch-Hasler et al., 1975;
Kitgmura and Wimmer, 1980; Kitamura et al., 1981) althéugh
'post-transcriptional addition hay‘also occur (Spector and

Baltimore, 1974).

~ The loﬁger RNA genomeS'fouhd in the catdio— and

aphthoviruses also carry a polycyt1dy11c ac1d tract located
between the 5' terminus and the beg1nn1ng of the proteln
coding reglon (Black et al 1979) In the cardlov1rus

genome the poly(C) ract fsb 250 re51dues) starts approilﬂ
bmately 150 bases'fr m the 5' end (Chumakov and Agol, 1976;
Perez-Bercoff and Gander, 1977) thle in apthéviruses it
' begins approximately 4007bases from the end (Harris and.
Bréwn,'1976; Rowlands et al., 1978). The functional_signifi-A
cance of ‘the poly(C) tract remains questionabie, parficﬁ—
larly since there is no evideﬁce of a poly(C) tract in the

genomic RNAs of entero- and rhinoviruses (Brown et al.,

1974).

'-The 5' termini of most eukaryotic and viral ﬁNAs are
capped by'the_structﬁre m’G(S')ppp(S‘)Np, wﬁich fécilitates
binding of_the mMRNA to the ribosome in the formatién of
stable initiationlgémplexes (Bénerjee, 1980). The cap struc-
ture is not presén¥:in pidorqaviral RNAs (either
virion-associated or mRﬁA)-but the genomic (virion) RNAs of

all picornaviruses are covalently linked at the 5' terminus

to a'smail virus-encoded protein, denoted VPg (Kitamura et



al., 1980; Wimmer, 1982). In polioéirua,'VPg has been shown
to be llnked to the 5'. termlnal ur1dy11c acid of the RNA by
means of a tyrosine 04¢- phosphodlester llnkage (Ambros and
Baltlmore, 1978; Rothberg et al 1978) The length of VPg
Avaries only slightly .22 to 24 am1no ac1d res1dues) .in d1f-
ferent pfcornaviruses (Rueckert 1985) The genome- sequences
of most p1cornav1ruses predzct one form of the. proteln, but
the FMDV genome _appears to contain three VPg genes in tandem
(Forcs and Schaller, 1982) thereby expla1n1ng the exlstence
of the three forms»cf VPg previously observedlln the v1ral

RNA (King et al.',‘1980).

All nascent RNA strands have VPg attached to the 5'
end, suggestlng that this protein may be 1nvol§ed in an
early event of RNA.synthesis (Flanegan et al 1977- Nomcto
et al., 1977). Viral polysomal mRNA lacks VPg, but whether
:ltS removal by a cellular unl1nk1ng enzyme” (Ambros et al.,
1978) is mandatory for translation,seems/doubtful frcm'jn
vitro translation_studies (Folini et al., 1980; Dorner et
al., 59§1). fhekfinding that pdlysomal mRNR<islnot T
encapsidated (Levintow, 1974) has led to speculatlon that

this proteln may also play a role in viral morphogene51s.

The Prote1n Cogponent

' The picornavirus protein capsid ia'cdm§05ed of four
major polypeptidelspecies, desic-ated 1A, 1B, 1C and 1D in’
L-4-3-4 nomenclature (Rueckert and Wimmer, 1984), with aver7
age molecular’ welghtﬁ calculated from the deduced amino ac;d

/’ .
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//Seqnences (Rueckert, 1985) of 7300, 29200, 26000 and 32500

respect1vely Aphthov1rus cap51d polypeptldes vere. not -
1ncluded in these average values since sequence analy51s of
‘the viral. genome (Forss et al. 1984) predicts that the1r
ﬁmolecular welghts,‘1A(7362) 1B(24410), 1C(23746) and
1D(23840) dlffer 51gn1f1cantly from those of the otherv

'plcornavzruses ThlS observatlon explalns the d1ff1culty in

' 1dent1fy1ng FMDV cap51d polypeptldes on the bas1s of thelr

relatlve mob111t1es in polyacrylamlde gel, electrophore51s-
4

(Strohmaler et“al 1982). There are approx1mately 60 coples ’

of each of the four major polypeptldes per virion, and, in

'addltlon, p1cornav1ruses contain traces of polypeptlde 1AB

'(Scraba ~and Colter 1974) whlch is. normally cleaved to glve.

“;polypeptldes 1A and 1B durlng the " f1na1 viral maturatlon

’step (Jacobson and Baltlmore 1968)

The amlno acid comp051t10ns of ‘the 1nd1v1dual cap51d
poljpeptldes reveal characterlstlcs common to all four
(Scraba, 1979) Notable features include a low content of
sulfur- conta1n1ng re51dues (2-4 .mole %), a hlgh content of
prollne (6-8 mole %) and other non—a-hellx-forminé residues
.(valzne,‘lsoleuc1ne, ser1ne, threonine and glyc1ne, 35-40
’mole %) and a substantial number of apolar re51dues (50 mole
%) Opt1cal rotatory dlSpOSlOD and circular dichroism meas-'
urements of the Mengo capsid polypeptldes in situ (Scraba et

,al.,.1967; Kay et al., 1970)-had previously indicated.that

they have a low (5-10%) a-helical content.



- Morphdlogy of the Virion

Examination of poljovirus orystals‘b§ X-ray diffraction
.ied to the conclusion that the’virion possesses icosahedral
(5:3:2) symmetry, and that the capsid is»composed of 6q
Structurally'equivalent asymmetric'units (Finch and Kl?g,
1959). Technologlcal advances in the complete structuré of |
small plant RNA v1rusel (Harrlslon et al., 1978; Lll]aF et
: élt, 1982) have led toja renewed interest in crystallo-
~graphic studles.of pi ornaviruses (Hogle, 1982; Erickgon ef
a7., 1983;5Boege et al., 1984) ih anticipation that the -
precise arrangement of the asymmetric subunits in the
~virions can be defined. Preliminary teéults show that
poliovirus‘aﬁd rhinoJfrus crystals can be roughly
iSomorphous (Eriokson et all 1983), and comparison of the
X- ray d1ffract1on patterns obtalnéd from rh1nov1rus and ]

Mengo virus crystals ‘also reveal significant structural

homologies (Luo et al., 1984).

Much of the current informatioo on the oapsid
architecture has been‘obtained from studies of the products
formed by the acid dissociation ofbcatdiovirUSes. In‘the
~presence of O.1M chioride or bromide ions at pH 5 to 6.5
cardiovirions can be dlssoc1ated -into infectious RNA, poly—

peptide 8 .. and a 13 4S subunlt composed of_ equlmolar amounts

of polypeptldes a, B and v (Rueckert et al. , 196
"27 "1970; Dunker and Rueckert, 1971; McGregor7

1875). Dlsruptlon of hydrogen bonds and hydrophoblc



L . /.
"1nteract10ns by 2M urea further dlssoc1ates the 13. 4S sub-
units into 4. 7S componenﬁé w1th the same polypeptlée compo;
sition. Molgcular WEIth determlnatlons and the polypeptlde
-st01ch10me ry suggested that the 4. 7S component is a mono-
_mer, ie. (aBy) ~whereas the 13A4S subunlt is a\pentamer ie.
(aBy)s, of the 4.7S monomer. The caps1d structure is tuus"
made up of 60 protomers (4.7S) assoc1ated by hydrophoblc
interactions into’ pentamers (13.45) one of which is
céntered at eath of the 12 vertices of. anllcosahedron
(Dunker ‘and Rueckert, 1971 Mak et al., ]974)f- ‘

f

V

Some 1ns1ght into bhe spatlal arrangement and inter- Me

actions between 1nd1v1ddal cap51d polypeptldes has been
A obtalned from studies of\1) the chemical labellng of surface
polypeptides (Carthew and\Martlnf.1974f Lonberg—Holm and
Butterworth 1976; Lund egvaf : 1957'lWetz and Habermehl
1979), 2) the reactlon of V1rlons 'with monospec1f1c anti-
bodies (Lund et al ‘ 1977; Dernlck et al. 1983) 3) the
treatment of virions with reagents that cross—link'capsid‘
..'proteins (Hordern et a] 1978 Wetz and Habermehl 1979) and
}4) cross- linking 1nduced by exposure of the v1r1ons to
ultraviolet light (Mlller'and Plagemann, 1974 Wetz and
Habermehl‘ 19é2) These studles have establlshed two fea-
vtures of the archltecture of the capsid. 1) polypeptlde « 15'
the most acce551ble and immuno- domlnant‘proteln and 2) poly—

I

peptlde 1s 1naccess ble from the exterior of the virion,
but can be cross-linked to the v1ral RNA on the interior
(Putnak and Phillips, 1981a). Chemlcal'oross-;;nklng studies
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by Hordern et ar. (1978) suggest that polypeptldes o, B -and
Y occupy relatlvely dlscrete doma1ps w1th1n the protomer and
that they are held. together by a y B or’ y d B non- covalent
11nteract10ns..The results also 1ndlcate that adjacent
pentamers are held together by ac1d sen51t1ve a-8 inter-
actlons, and that protomers are associated 1nto pentamers
through urea- sen51t1ve a-a 1nteractlonsh.pgj'

- Viral Repllcatlon

Attachment, Penetratlon and Uncoat1ng

The 1nlt1al event in the repllcatlon cycle of the
v1r10n is’ attachment to spec1f1c receptors located on the
surface of suscept1ble cells. The number of saturable |
cellular receptors has been estimated to range from 10? to
10* per cell (Lonberg Holm, 1981) Plcornav1ruses do not all
share common receptors, as evidenced by the results of
attachment-competition experiments (Crowell and Landau,
198%; Abraham and Colonno, 1984),iand by differences among
-the receptor families with respect to‘susceptibility to
inactivation by proteolytic enzymes and'neuraminidase, and
to blocking by monoclonal antibodies,(Campbell and Cords, -
1983; Minor et al., 1984). Cardlov1ruses are relatlvely'.p\
unigque among p1cornav1ruses in their reguirement for s1a11c
acid-containing receptors for attachmént (Burness, 1981)
Inhibition studles with concanavalin A 1nd1cate that the
cellular receptors for polioviruses and Group B

coxsackieviruses are glycoproteins containing

a-D-mannosyl-like residues (Lonberg-Holm; 1975; Krah and

v



Crowell, 1985).

‘

Id

The identification'of'the viral polypeptide(s) involved
in the attachment of the virion to the cellular receptor

‘remains the subject of much controversy. Some of the

(2

confusion has arisen because of the perhaps naive tendancy
‘of investigators to equate neutralization with the blockihg {
of viral attachment (for a review see Crowell and Landau, |
1983). Lonberg-Holm and Philipson (1§80) have proposed that
the viral 'antireceptor' site is composed of several poly-
peptides acting cooperatively to provide-a unique confor-
mation for receptor recognition.~Thé best evidence to date

using monospecific sera (Lund et al., 1977) and monoclonal

o

antibodies (Emini et al., 1983a; Baxt 'et. al ., 1984) 'indi-
* cates that polypeptide a 1s involved in attachment to the

" cell receptor. .

viral attachmentvto the cellular regeptorvis primarily
an electrostatic interaction (Crowell énd Landau, 1983). The
inipiai attachment of the virion is reversigle; but thisA |
_1Ioose' attaqhment of the virion is répidly converted to an-
‘irreversible‘virus-receptor complex (Lonberg;Hoim and_
Philipson, 1974): The transition to a tightly bound
* wirus-receptor complex is temperature depéndent in
enteroviruses and'rhinOVEfuses (Lonberg-HQim ana Korant,
1972; Lonberg-Holm and Whifely, 1976; Crowell and siak)l
1978) suggesting that membrane fluidity and multivalent

‘binding to réceptor units may play an impbrtant role in the

10
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attachment of these viruses. Receptors for cardioviruses and
aphthoviruses, however, may - be clnstered‘on the cell
surface, resulting in an attachhent'process that 1is
| v1rtually temperature- 1ndependent (Mak et al., 1970; Levanon
et al., 1977; McClintock et al., 1980; Baxt and Bachrach,

1980) .

Events which follow receptor-binding are less well
established and areioften difficult to interpret. In
’fsusceptible cells, there is a rapid loss in'the ability to
recover 1nfect10us v1rus, a process called ecllpse, | s
accompanled or followed by uncoating of the v1ral RNA
Unfortunately, only a very small - proport1on of the attached
virions (approximately 1%) is product1vely uncoated (Mandel

1965) With entero- and rhinoviruses a large proport1Qn of
the virus populatlon (50 to 80%) is eluted as non- 1nfect10us
lA partlcles (Crowell and Landau, 1983); A particles being .
‘characterized by’their slower.sedimentatio rate in sucrose
gradients.(Qb% of that of infectious virions), loss of poly-
Apeptlde 1A, resistance™to RNAse, sensitivity to proteases
and their inabilisy to reattach to cells (Jokllk and |
Darnell, 1961; Fenwick and Cooper, 1962; Crowell and
Ph111pson, 1971 Cords et al. 1975) ‘There is some evidence
that with polxov1rus and coxsack1ev1rus B3 there is'a
further sequential loss of polypeptlde 1B leading to the
formation of so- called B and/or C-particles (Lonberg- Holm
and Philipson,'1974;‘DeSena and Mandel, 1976, 1977; Guttman

and Baltimore, 1977; McGeadyland Crowell, 1981). A particle_\



formationvhas not been detected in studies with either
aphtho- or cardioviruses, pos:iely due to the inherent
.lability of the particles (Brown et al., 1962; Hall ahd
Rueckert, 1971; Baxt ahd Bathach;'1980, McClintock et al.,

1980).

‘Some doubt has been cast on the hypothesis'that.A
particle formatieﬂvresults fremvabortive penetration and.
uncoatlng of the virus at the cell membrane (Crowell and
Landau, 1983) by recent electron mlcroscoplc evidence which
' 1nd1cated that penetration by polio and ME viruses occurs
through receptor-mediated endocytosis (Zeichhardt et al.,
1985). The formation of A particles may, however, provide a
.model for the uncoating process. Reagents such as rhodanine
Nfor echovirus 12 (Eggers, 1977), trimethylpyfimfdiﬁe
(Lonberg—Holm-et al., 1975)" and arildone (McSharry et al.
1979; Callgu1r1 et al., 1980; Schrom et al., 1982) form
poliovirus, and Ro 09-0410 (Ninomiya et al., 1984) for
rhinovirué, not only block viral replication, but stablize
the virus against thermal ana alkaline degradation which
. normally results in the formatzon of products similar to A
particles. These reagents appear to block v1ral repllcatlon

by the selective inhibition.of the uncoatlng process,

The entry of Several viruses into cells is regulated by
receptor-mediated~endocytosis'via coated pits (Helenius et
al., 1980, 1982; White et al., 1981; Matlin et al., 1982;

Sato et a7., 1983). Endocytosed picornavirus particles can

12



be‘entrapped in endosomes and/or lysosomes by raising the pH
of'intracellﬁlar vesicles with weak bases (zeichhardt et
al., 1985) Resuﬁts from several studies u51ng a variety of
weak bases and 1onephores suggest that the entry of the

\

viral genome into the cytoplasm occurs through acidic

vesicles in the cases of poliovirus type 1, human rhinovirus

2, FMDV- and ME virus, and through neutral_or slightly alka-

line vesicles in the case of EMC virus (Carlllo et al.

1984 Madshus et al. .1984a, 1984b; Ze1chhardt et al.

1985). The exact mechanism by which the viral genome is
delivered from the intracellular vesicle into the cytoplasm
‘remains unclear Poliovirus, though hydrophilic at neutral.
- PH, exposes hydrophobic regions attlo; pH, and it has been
‘suggested that interc%ietion of these exposed hydrophobic
regions into the ve51cular membrane results in the release
of the viral RNA into the cytoplasm (Lonberg-Holm and
Whitely, 1976; Madghps et al.,.1984ay.J

.eAlterations of Cellular Metabdlism

_Infection by picofnaQiruse; causes a rapid inhibition
of host-cell h;tromolecular synthesis (Lucas—Lenard, 1979),
The rate and'extent of inhibition depends on the strain ofb
virus,-the multiplicity of infection and the celi type
involved (McCormack and Penman, 1967; Jen et a7., 4980; Otto

énd Lucas-Lenard, 1980).

. The rapid inhibition of protein synthesis in HeLa cells

following infection with poliovirus is accompanied by the

13



inactivation of cap-binding factora essential for the
initiation of translation cf‘host mRNAs but not regquired for
translation of viral RNA_(Helentjaris and Ehrenfeld, 1978;
o Rose et al., 1978). Recent studies with polioVitus‘and
rhinovirus 14 suggest'that}this inhibition,is caused by
cleavage of the 220,000 dalton (p220) subunit of the
cellular "cap- binding proteln complex (also known as CBP .
complex, CBP II- angd eIF 4F) required for the attachment of .
capped mRNAS to r1bosomes (Tahara et al., 1981; Etchison et
val., 1982, 1984; Grifo et al., 1983; Edery et al., 1983; Lee
.ef al., 1985; Etcnison and Fout, 1985). Poliovirus-speciflc
polypeptides 2C and 3C (viral protease) are nétAdirectly
responsible'fbr the cleavage'of the p220 subunlt, and it has
been proposed that cleavage may be due either to a hitherto
un1dent1f1ed v1ra1 protease or to an induced cellular

activity (Lloyd et al., 1985; Lee et al., 1985).

. ‘o T
‘Cardioviruses inhibit host cell translation by a mecha-
v

nism distinctly different from that observed with poliovirus
(Lucas-Lenard, 1979; J%n et al., 1980; Mosenkis et al.,‘
1985). With EMC and Mengo vi;us, competition between the
viral RNA #hd host mRNAS forpinitiation factors may play an
" important role in the shutoff phenomenon (Jen et al., 1980;
?erez-Bercoff and kaempfer, 1982; Rosen et al.,‘1982).‘1t
has been suggested that the inhibition of host-cell protein
synthesis by EMC virus may be the result of virus-induced

changes in membrane permeability to monovalent cations

(Carasco and Smith, 1976; Lacal and Carasco, 1982), but it
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would appear that tnese changes occur too jate in the

replicat

ion cycle to -.sponsible for the observed inhi-

bition (Nair, 1984,.

It has been shown ~r. i1 L cells, the rapid inhi-

'bition °
a d1sagg
’BOS ribo
Recently
pfesence
binds to

initiati

f protein synthesi: ' Me 30 virus is accompanied by

regatlon of polysome. and a ‘esul-~nt increase in

somes (Colby et al 1974: Egberts et al., 1976) .

, Pensiero and Lucas-Le: ~-d (1¢35) have reported the
in Mengo-infected L cells of an inhibitor which
ribosomes, causing an accumulation of 805 )

on complexes that cannot engage in elongatlon. The

-~authors propose a model in which 81thef a virus-specific or

a viral

-induced cellular protein reversibly inactivates B80S

initiation complexes, and in which, under the resulting con- » -

ditions of limited protein synthesis,- the Mengo mRNA

competes

sﬁccessfully with host—cell mRNAs for the remaining

functional initiation factors.

Syn
soon aft
h1b1to

this inh

thesis of cellular ribosomal and mRNA also declines
er infection with picornavirhses (Baltimore, 1969).
rs of protein synthesis have been found to preveﬁt

ibition: of cellular RNA synthe51s, thus 1mp11cat1ng

\

a viral proteln in the shutoff process (Baltimore et al.

1963). M
tion in
cells in

of polym

easUrements of alpha-aman1t1n—sen51t1ve transcrip- -

isolated nuclei indicated that in virus-ihfected’

hibition of RNA polymerase 11 may preceed inhibition

erase 1 and III (Schwartz et al., 1974; Apriletti



-and Penhoet, 1974}. Ho&ever, when freed from their
nucleoprdtein complexes all three polymerases were found to
be fully active. Crawford et al. (1981) have suggested that
the putative viral-coded inhibitor may act on an

unidentified factor required by polymerase II.

The inhibition of DNAlsynthesis during infection wifh
picernaviruses‘appears'to be a result of‘inhibitibn”of
‘host-eell proteiﬁ‘synthesis. The effect can be‘mimiEKeduin
uninfected cells by antibiotic 1nh1b1tors of protein syn—

thesis (Hand et al., 1971; Hand and Tamm, 1972).

Polzpeg;ide Synthesis and'Cleavage

As mentioned previously, the eomplete nucleotide
sequence of plcornav1ral RNA has been determined for at
least one representative of each of the 4 genera (Kitamura
et al., 198]; Palmenberg et al. 1984- Forss et al., 1984;

- Stanway et al., f984) The RNAs are characterlzed by a long
open reading frame (6500 7000 nucleotides) which codes for a
'single polyprotein translation product. Under normal ccn-
ditions the polyprotein (MW ~ 250,000) cahnot-be detected,
since it undergoes primary cleavaées as it is being
synthesized to yield theepreéursors of all the viral capsid
and nonstructural polypeptides (for a review see

~

Lucas-Lenard, 1979).

The cleavége pattern for the genefatipn of§§5ngo virus
polypeptides is shown in Figure 1. The gene order was deter-

mined mainly by the technigue of pactamycin mapping (Péucha»

16



. - RNA (~8000 boses)
.VPq

(a),
: POL YPROTEIN
NH, — COOH
Al (110} 1. F (38 C (88)
(14) ‘
L A (100) T H D{76)
8 ’ ' o (2)
B(93) ‘ G ‘ | VPy P22 E(57)
(16 ‘
D2 (57)
DI (61) a(33)
"€ (40)  y(24)
8  Bo .
(7 4)
3A 38
1A B Ic iD 24 28 2¢ \/ ac 3D

Figure 1. Cleavage map of Mengo virus-specific
polypeptides. The molecular weights (in thousands) shown
in brackets were determined from SDS-PAGE. The standard ' .
picornaviral 4-3-4 nomenclature (Rueckert and Wimmer, 1984)
is given at the bottom of the figure. -
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et’ai., 1974); however assignments of the lo;ation of{pol&—
peptide L, I,‘H, VPg énd p22 wére made by analogy to EMC
-virus (Palmenberg et al., 1984). The primary cleavages of
the nascent polyprotei: ‘o giVe polypeptides’Aj,‘I and F}
and C are.thoqght to be catalyzed by a cellular pfoﬁeasé
(Korant et al., 1980). The leadergpdlybéptide (L)‘found only
invcardioyiruses and aphthoviruseéihas/not yet been demon-
strated in the Meﬁgo virus system, but in the case of EMC
virus (Palmenberg et al., 1984) it is cleaved from the amino .
terminus of A1 to give A by Qhat.may be an autocatalytic:
process (Stanway‘et al., 1984). Subseqdent.sécondary:
cleavages are mediated byia viral protease. The .
viral-encoded protease has not yet been isolatedlin phre_
form, but antibody inhibition studies (Hanecak et al., 1982)
and its expression ﬁrom cloned cDNA fragmenté (Hanecak et
al., 1984;.Kiump et al., 1984) have confirmed its earlier
identification from cell-free translation studies (Pelham;
1978;’Gorbalenya et al., 1979; Palmenberé éf al;, 1979; Shih
ét al., 1978) as’p22 or 3C.'It has been suggested that.the
viral protease is generated by intramoleéula{\self—clé%vage
‘ of'polypéptide D (Rueckert et al.,'1980; Palménberg and
Rueckert, 1982; Hanecak et al., 1984; Klump et al., 1984).

. The poliovirus protease éppears to have absolute specificity
for the gln-gly linkage (Kitamura et al., 1981), wgerea% in
cardioviruses, peptide bond cleavages attributed to p22
include bbth gln-glf and gln-ser'(ziola and Scraba, 1976;

Palmenberg et al., 1384). The FMD virus protease possesses

r‘l o



an evén broadéf.rénge of specificity, cleaving glu-ser,.
gl&-gly and glu-thr bonds (Forss et al., 1984). Inhibition
of the EMC pro}éase with iodoacetamide and N-ethylmaleimide
'indicateé that one or more sulfhydryl groﬁps afe required
for its.activity;’i.e: that‘p22 is a cysteine protease

(Pelham, 1978; Gorbalenya et al., 1983).

The final morphogenetlc cleavage of € to 8 + B occurs
durlng maturation of ‘the progeny virions. The amino- termlnus
of polypept1de & is blocked durlng post- translat10nal pro—'
ce551ng (ziola and Scraba, 1976). Polypeptlde c, represent-
ing‘the 3' region 6f the genome contains the seéuences.of.

- VPg, the protéin linked to the 5°' ter&inus of the viral
genome, the'viral.protease p22; and the bolymerase,.poly—

peptidé E (Lund and Scraba, 1979).

Replication»of Viral RNA’

Synthesis of viral RNA commences within 30 minutesyof

,fnfection and proceeds at an exponential rate for the néxt 3

to 4 hours, at which time synthesis becomes linear \
‘ .

_(Baltimore, 1969) The synthes1s of viral RNA is asymmetrlc
in that only 5 to 10% of the total v1ra1 RNA isolated frcm
infected cells consists of minus strand&%(Baltlmo:e'and \

Girard, 1966). The mechanism by which viral RNA synthesiS\is

S
i
i

_antrolled has not been elucidated completely, but a stillg

\

viable hypothesis is that the removal of plus RNA from |

replicative pools for translation or encapsidation is an

important factor in the requlation of RNA synthesis

19
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(Baltimore, 1969).

Transcription of oicornaviral RNA occurs in a
replication complex, consisting of the viral RNA and several
virus- spec1f1c and host polypeptides in t1ght assoc1atlon
with smooth cytoplasmlc membranes (for a review see
Perez-Bercoff, 1979) In addition to the newly synthe51zed
v1ra1 RNA, two other structures contalnlng v1ral RNA can
also be 1solated from 1nfected cells. One such structure,
the repllcatlve 1nterméd1ate (R;), has been shown by in

vitro pulse-chase experiments (Girard, 1969; TcDonhell and

Levintow, 1970) to be the actual 51te of synthe51s of virion

RNA. The RI consists of a double stranded RNA "core" w1th
several (6 to 8) nascent-RNA‘chalns of p051t1ve sense and of
variable length, hydrogen-bonde. over short regions to the
template (Baltimore, 1969; bberg and Philipson 1971;
‘Richards ét al., 1984). This suggests a semi- conservatlve

“mode of r plication.

A second structure, the so-called replicatfvetform (RF)

RNA, a double stranded molecule containing unit- length comp-

lementary plus and minus strands, 1s also found in 1nfected
cells. As it accumulates only toward the end of.the
1nfectlous cycle (Baltimore and Glrard 1966), and bears no-
._apparent precursor product relationship WIth v1ral RNA
‘(Baltimore, 1968; Girard, 1969), it is oel1eved to be a

by-product of the replication process.
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The development of aﬁ in vitro
poly(a).oligo(U)-dependent poly(U) polymerase assay by
Flanegan and Baltimore (1977) has led to the identification
and characte:izatfon of the poliovirus feplicase, 30
(Flaneéan'andzBaltimore, 1970; Baron and Baltimore, 1982;).
The template-dependént viral’ponmérase requires an oligo(U)
primer for the ih vitro initiation ovaNA.sfnthesis, but 1is
.capaple.of'elongation thhout‘additional factdr§ (Flanegan
. and“Vaﬁ Dyke; 1979; Yah Dyke ef‘al., 1982; Tuschall et al.,
19é2f. The in vitro éystem however, is considered to be a
mbde}:fér»thé syﬁthesis_of minus strands only, since the
| main product of the in vitro reacfion is double-stranded RNA
f(Da;gupta et al., 1980; Baron.and Bélfimore,,1982b). Several
'invéstigé£d:s have recently isolated a series of
VPg—precug$ors from cells infected with poliovirus‘(Con—
taining portibns of the P2 region of the genome)‘and have °
'suggeS£§d thaf these precursoré ¢ay donate a VngﬁpU
"primer"” for’ the elongation of nascent minus strands (Nomoto
et é[;; I977; Barbn and Baltimore, f982d; Morrow and
Dasgﬁpﬁa,’1983;‘Craﬁﬁqrd'and Baltimore, 1983; Takegami et
al., 1983a,b). However, the diféct participation of VPg, or
any of\its precursors, in the process of initation’ has not

' been demonstrated unequivocally.
v - 1./ _ :
A cytoplasmic protein (MW 67,000) found in uninfected

Hela cells and called }host~factor' is capable of restoring

;feplicase éctivity‘to the purified viral polymerase in the

“

s

absence of an oligo(U) primer (Dasgqupta et al., 1980; Baron



and Baltimore, 1982a; Dasgupﬁa, 1983). The mechanlsm by

which this host factor stlmulates the initiation of v1ral
replication is also the subject of much speculation. Recent
evidence indicafes that '%ost—factor"may be a protein
.kinase, which,.in addition to stimuiating poliovirus RNA
replicafionﬂ phosphorylates not only itself but also the
a-subunit of eukaryotic protein synthesis iniﬁiation facqor“

elF-2 (Morrow et al., 1985). ™

A protein having.terminal uridylyi transferase activity-
e(MW 60,000) isolated from rabbit reticulocybes by Andrews et
al. (1985) can replaceiéhe'Hela celi‘host actor in the
replicase assay The authors propose a moﬁel in Wthh a ter-
mlnal urldylyl transferase adds 2 short/éllgo(U) tail to the
-3 -term1na1 poly A of the genomic RNA, whlch can then snap
back to form a template/prlmer for the viral polymerase..

This model is cons.stent with the isolation from both in
vivo (Senkevich et z7., 1980) and in yitro (Young et al.,
1985) ‘systems of riescent minus strand RNA covalently-linked
to a. plus strand template; The subsequent separation of the
éouble—stranded product would require a specific nuclease or
nicking enzyme (VPg-precursor.?). Unfortunately, the model
does not take ih£04a¢count‘the observation that the HeLa
cell ﬁost factor does not stimulate the poly(U) polymerase

act1v1ty of the purified v1ra1 polymerase (Dasgupta et al.

1980) ’n Vltf‘O. v ' . .‘(“'S.;,’)'.?.
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'The mechanism of initiation and elongation of plus
" strands from minus strand templates remains unknown. How- ,
ever, in the absence of a 3'-terminal poly(a) tail, it is
believed that at least the process‘of initiation should be
: different‘from that described for the synthesis of minus

stran@s;

Virion Assembly

After two decades of féirly intensive study, the
prec1se mechanism of plcornaV1ral morphogenesis remains C ;//
unresolved. The 1solat1on and identification of a series of |
"subviral” particles,- has in itself generated more guestions
than answers (for a review see Pv nak and Phillips, 1981a).
There is a general agreement however, that a 14sS capsid
precursor, with polypeptlde comp051t10n (€ay)s, occupies a
central role in virion assembly (Watanabe et al., 1962;
Pnillips et al., 1968; McGregor et al., 1975; McGregdr and
Rueckert, 1977). It is with respect to the nature of the

ensuing steps that considerable divergence of opinion has

arisen.

Except in the case:of,bardioviruses (McGregor et al.,
1975) natural empty capsids (NEC), which sediment at v~BOS,
can be 1solated from cells infected with p1cornav1ruses
(Cowan and Graves, 1966 Maizel et al., 1967; Korant et al
1975). Natural empty cap51ds are N antlgenlc (possess the
"native” conformatlon expressed in infectious virus) and are
‘reversibly dissociable ‘into 14§ subunits (Mﬁrongiu et_al.;

+ -



1981). In vitro studies of the assémbly of goliovirus 14S
subunits into Nﬁh suggeét that the'proces; requires a
virus-specifigd or induéed morphopoietic factor which is
.present in extracts of infected cells (Putnak and Philips,

1981b, 1982:; Rombaut et al., 1984).

O;iéinally it was thought that the virion RNA was
inserted into NEC, and that this was followed by the
maturation cleavage of 1AB-1A+1B (Jacobson and Baltimore,
1968; Fernandez—Tho&as and Baltimore, 1973; Yafal and Palma,

1979). However, the hypothesis that NEC are intermediates in

virion assembly has been questioned seriously. St;ble empty

‘capsids have never been demonstrated in éa;diovirus’systems‘
(Putnak and Philips, 1981a), nor haé é precursor-product
relationship Qetveén NEC and virions been established in
cells infe;ﬁed with'either:FMDV (Rowlands et al., 1975) or
bovine énterovirus 1.%Sq ahd Taylor, 1976). Furthermore, 1in
some cél% types (e.g. MiO cells) infection with polioQirus
does not result in - > fermétion of NEC (Gﬁgndon et al.,.
1972). Thus, it has been suggested that empty capsids are

merely a storage form of 14S subunits or, in some cases, an

artefact of the isolation procedure (Marongiu et al., 1981).

With respecg,to cardioviruses, Lee and éolter (19?9)
isolated a 535 subviral particle from Mengo virus-infected
cells. Dépending on the ionic strength of the buffe;, the
53S particle was found to either dissoéiate into 14S sub-

units ( < 008M KC1l) br dimerize into 75S shells (0.15M KCl).

24
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It is égain difficﬁlt to assess whether the 53S particle
represents a true intermediate in virion assémbiy or an
aggregate }n equilibrium with the 148 capsid‘precﬁrsor. It
remains poséible that poliovirus natural empty capsids, with
a polypeptide compoéition similar to that describgd for the
Mengo virus 7?5 particle, lack the full complement of 14S
subunits found in. native virions, thus leaving a hole ”
through which the vir;pn RNA mfght be inserted (Lee and

Colter, 1979).

Perhaps the key to the puzzle of assembly lies in the
packaging of the viral RNA into a condensed ball small
enough to fit into the protein capsid (Rueckert, 1985).

Available evﬁdence.from short pulse experiménts with

radioactive uridine suggests that assembly occurs in tandem

with replication of the viral RNA on the smooth Cytop;asmicv
membranes (Caliguiri and Mdéser, 1971; Yin, 1977). Whether

" the 14S subviral parficles coalesce around the nascent viral
RNA, or wﬁethér the RNA is inserted into some form of

pre-formed shell,-has not yet been determined.

Viral Antigenic Determinants and Neutralization

*

The identification of picornaviral antigenic determi-

nants has been greatly faéiliated by the simﬁltaneous devel-
opment of monoclonal antibody and synthetic peétide
technologies (for a review see Brown, 1983). By the appli-
cation of these téchniques, intact poliovirions have been |

found to possess a major antigenic determinant located 93 to
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100 amino acids from the N-terminus of polypeptide 1D,
(VP1), as well as a minor site near the C;termiqus of the"
same polypeptide (Minor et al., 1983, 1985). A similar set

- of neutralizing antigenic determinants has been identiffed
on polypeptide 1D (between resiaﬁes 145-179 and 201-213) of
FMDV (Strohmaier et al., 1982; Bittle et al., 1982; pfaff et
al., 1982; Robertson et al., 1984; Weddell et al., 1985).
Howeﬁer, antiboéies directed againsf these antigenic deter-
minants may not be the only ones involved in neutralizing
viral infectivity, since the isolated,poliovirus pdly—
peptides 1B, 1C, and {b (vpP2, VP3 and VP1) are all capable
of eliciting a neutralizing antibody response. In contrasfﬁ
to the finding with poliovirus .and FMDV, Sherry and Rueckert
(1985) have obtained evidence for the exisfence of at least‘
two dominant neutralizing antigenfc determinants on humah
rhinovirus 14, located on two separate polypeptides (ﬂC énd

D).

To date, the emphasis of these investigations has been
on the identification of neutralizing antigenic determi-
nants, and on the deveiopment of novel vaccines for

picornaviruses of economic importance, rather than on the

~mechanism(s) bf neutralization. However,vseveral mechanisms
for viral neutralization, based on knowledge gained from the

.use of either-polyclonal antisera or monoclonai antibodies,
have been proposed (for a-review see Dimmock, 1984). From
the results of studies of thé antibody-mediated shift in the

‘isoelectric point of poliovirus, Mandel (1976) postulated
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that neutréliiing antibodies induce a conformational change
'in the viral capsid which prevents the subseqﬁenﬁ uncoating
,of the virion. This particﬁlar phenoméhon appeafs to require
b1valent attachment of the antibody to the virion (Emini et
al., 1983a,d). However, a recent study by Br1oen et al. |
(1985) falled to find any quantltatlve correlation between
neutralization and ‘the antibody-mediated shift in the pl of

poliovirus.

While each virion gontains 60 potential binding sites
for a particular IgG, it has been"shown thét the'binding of
as few as 4 molecules of_é monoclonal IgG per virion is
capable of neutraiizing viral infeétivity. Based on this
obsefvation, Icénogle et al.'(f983) have préposed that
cross-linking of the virus pentameric subunits, (aBy)s, by 
neutralizing antibodies prevents viridn uncoéting. A signif-
icant. reduction in viral infectivity can also be achieved by
antibody- medlated aggregation of the virus (Icenogle et al.
198%; Brioen et al., 1983; Baxt et al., 1984; Thomas et al.
1985). A final, apparently less common mechanism of neutral-
ization involves the specific blocking bf viral attachment
"to its cellular receptor (Emini et al., 1983a; Baxt et él.,

1984).

Monoclonal Antibodies S

Monoclonal antibody technology was developed by Kohler
and Milstein (1975) during their studies on antibody

diversity. It would be difficult to over-emphasize the
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importance 6f this development, for}which these
investigators were awarded the Nobel prize in Medicine in
1984. The technigue involves the fusion bf immune B lympho-
cytes with ceils of stable myeloma lfnes of the same species
to yield established hybriaéma lines, each of which produces
an aﬁtibody with a single'specificityv(i.e. directed against
a single antigenic determinant). The specific applications
of monoclonal antibody technology are tob nﬁmeroué-to docu-
ment here. Suffice it to say that fhis-technblogy has
revolutionized the fields of clinical diagnostics,
thér;péutics and imaging, and has‘enjoyed widespread use in
basic research including .the technigues of |
immunopurification, gbitope characterization and genetic

analysis (for reviews see Kohler, 1985; Milstein, 1985;

Newmark, 1985).

In this chapter alone, the work of several
investigators who have made use of monbclonél antibodies in
studies of picornaviral neutrélization has been cited.
Monoclonal antibodies by their very ﬂatﬁre have made it pos-
sible to identify viral antigenic determinants (antibody
bindingvéites), and this in‘;ﬁrn has led to the evolution of

a better understanding of the process of virug neutraliz-

ation.
In this thesis, the application of monoclonal antibody"

technology to two separate lines of investigation of the

Mengo virus system are described. They are: 1) studies of



29
neutralizingvand,nbn-neutralizing antigenic detérminants
. present in the 13.4S§ subviral-particle produced by |
pH-inactivation (dissociation)‘of Meﬁgo virus (Mak et
al.,1971, 1974); and 2) studies of the in vrtro enzyme
activities and conformational stabllltles of preparatlons of
Mengo virus-specific RNA polymerase (polypeptide E) speci-
- fied by wt Mengo virus and by several RNA- ts mutants of
 Mengo virus, which were purified to homogéneify'by"
immunoaffinity chromatography using an anti-polypeptigg/s//i//

monoclonal 1gG.



CHAPTER II-
Routine Materials and Methods

Media

‘Tissue Culture Media

Eagle's basal mediuﬁ (BME) for'L-cell monolayer
cultﬁres, Eagle's minimum essential_medium (MEM) for L-cell
suspension culﬁbres and Dulbecco's modification of Eagle's
medium (DME) for myeloma and hybridoma cultures were
obtained in powder form from Flow Laboratories, McLean, Va.
After dissolving the powder in distilled, deionized water,
sodium'bicafbonate was added to a final concehtration of
0.168% (BME), 0.20% (MEM) or 0.37% (DME). All media were
’sterilized by Milliéore filtration (0.22 um pore size -
Millipore Corp., Bedford, MA.), and before uée were sup-
plemEnfed with penicillin G (Glaxo Labora;ories, Toronto,
Ont.) and streptohyciﬁ sulfate (Sigma Chemiéal Co., St.

" Louis, MO.)ito final concentrations of 100 I1.U./ml and 50
pg/ml reSpeftively. Sefum’requireménts for thé individual
cell lines were mét'by the addition of fetal calf serbm
(FCs, Grand Island Biologicél Company, Grand Island, N.Y.)
to final concentrations fangihg from 1% to 10%, depending on
the cell line and the expefimentalmprotocgl involved.

Amino Acid Deficient Medium

This medium was similar in composition to Eagle's basal
medium except that it contained no amino acids other than

glutamine. After' addition of sodium bicarbonate to a final

30
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concentration ofv0.06%, the medium was sterilized by fil-/
tration and supplemented_with 1% FCS and antibiotic as
described above. |

Virus Diluent

3

The phosbhate—buffered saline (PBS) deséribed by

_ Dulbecco and Vogt (1954) was supplemented with 0.2% bovine
serum albumin,.fraction-V‘(Sigma), 0.02% phenol red (Fisher‘
_Scientific Co., Fairlawﬁ, N.J.) and antibiotics as'described

above,

Overlay Diluent

This medium contained three times the normal cohcen—
tration of Hank's salts, six times the normal concentrations
of both basal Eagle's amino acids and vitamins (Flow
Laboratoriés), 0.78% sodium bicarbonate, five timés the

usual concentrations of penicillin and streptomycin and 30%

inactivated (566 for 1 hour) calf serum (Flow Laboratories).

Agar Overlay

Agar overlay was prepared by mixing one volume of
overlay diluent and two volumes of a 1.6% solution of Noble
agar (Difco Laboratorieé, Detroit, Mich.) in distilled

water.

Cultured Cells

L Cells

Eégle's L-929 strain of mouse fibroblasts (Sanford et.

al., 1948) were used for both the propagation and plaque
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assay of Mengo virus. They were obtained from the American
Type Cultute_Collection,vRockland, MD., and were passaged in
1-litre Blake bottleé (Kimble Pfoducts, Owens Illinois Co.,
Toledo, OH.) at 37°. Upon reaching.cqnfluence,rcelis were
harvested by a brief incubation with trypéin (0.25%,'Difco)\
in a buffer containing 10mM sodium phosphate pH 7.4, 142.8mM
sodium chloride and 2.8mM botaséium chloride. Cells from one
bottle were resuspénded‘in fresh BME-5% FCS and used'té
maintain the.Blake bottle stock. The réﬁaining cells were
resuspended in MEM-5% FCS, transferred to 2-litre spinner
flasks (Belléo Biological Glassware, Vinéland, NJ) at a con-
centrafioq of 5x10* cells/ml and,grown at‘37°. L cells were
also grown as monolayers in roller bottles (490mm x 110mm
diameter - Bellco Biological Glassware) pfe—coated with FCS
in order to facilitate the attachment of cells. The roller
bottles were‘seeded with 10! cells harvested from suspension
culture ancé resuspended in 100ml BME-5% FCS. The bottles
were rotated’'on a Bellco roller apparatus at approXimétely

0.4 rpm.

Myeloma Sp2/0-Agi4 ' ,

The mouse myeloma cell line, Sp2/0-Agi4, used in the
_prbduction of hybridomas was originally isolated by Shulman
efval.l(1978). This particular myeloma cell synthesizes no
immunoglobﬁlin chains, is deficient in hypoxanthine-guanine
phosphoriboéfl transferase and iS‘resistant’to 8-azaguanine
(20ug/ml). The cells were obtained from Dr. P.W.K. Lee,

Department of Microbiology and Infectious Diseases,
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University of Calgary. Cells of Eﬁié iine were maintained 1in
suspension culture (3-8x10% cells/ml) in 75cm?® tissue |
culture flasks (Lux Plasticware) 1in DME—10%’FCS, sup-
plemented with 0.1mM 8-azaguanine (Sigma) to prevent the
generation of revertants.
Virus
N
The plaque variant:of Mengo virus originally isolated
and designated és M-Mengo by Ellem and Colter (1961) was

used throughout these studies.

Virus Growth in Roller Bottles

Confluent monolayers were infected at an.approximate

multiplicity of 2 PFU/cell with Mengo virus suspended in

20ml BME-1% FCS. The bottles were rotated at 0.4 rpm for 18 -

to 20 hours by which time the majority of the ;ells had
lysed and could be dislodged easily from the glass by

shaking.

Virus Purification.

Virus was purified by the method descfibed by Ziola and
Scraba (1974), except that the final concentggtioh'of
methanol employed in the initial precipitation step was 30%,
and the suspension was allowed to stand overnigh£ at -20°
before the virus and cellular macromolecules were collected
by low speed (5000xg) centrifugation. Subsequent treatment
with a-chymotrypsin, differential centringation, sedimen-

tation through a 30% sucrose solution, and equilibrium
: . . s
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centrifugation 'in Cs,SO, were performed as déscribed by

these investigators.

Preparation of Radioactively-Labeled Virus

14

Confluent monolayers of L cells in 150cm? tissue
culture flasks (Falcon Plastics, Fisher Séiéntific Co.) ﬁere_
infected with Mengo virus at a multiplicity of 20 PFU/cell
in BME-1% FCS. Three hours aftef infgction, [5-2H) uridiﬁe
(Amersham, Oakville, Ont.) was addéd to anipal conéen—:
‘tration of SOuCi/ml. Culturés.were harvested when
cytopathology was extensive (18-20 hr post-infettioﬁ), and
radiolabeled virus was purified by the procedure outlined in
the preceding seﬁtion. |

Plague Assay. of Infectious Virus

Virus titrations were performed by piaque éssay as
described by Campbell and Colter (1965). L cells, in BME-5% |
FCS, were grown in 60x15mm ﬁlasticﬁpetri dishes (Lux
Plésﬁicwafe),at 37° in a humiaifiea“atmOSphere of 5% COz_in
air until confluent monolayers weré.formed.‘Aftef removal of
the medium by‘aspiration, plates were inoculated with 0.2ml
volumes of appropriéte dilutions of Virué‘in virus diluent.
After incubation in aif}for.1 hour at 37° to allow virus to
attach,'plateslwere overlaid with 4.5mi aliquots 5f_agar
overlay, and incubated at 37° for an additional 43—72 hr iﬁ
an atmosphere of 5% CO: in air. Plates were sta?ned'by the
'addition to each of 3 ml aliquots of agar errlayycontaining

0.01% neutral red (Fisher Scientific). Pléques'so visualized



were counted 2-3 hr later.

-

" Production and Isolation Of Hybridomas

Preparation of Spleen Cells

Spleens from ‘immunized fehale BALB/c mice, which have
histocompatibility antigens identical to those on Sp2/0-aAg 14
myelome cells, yereifemoved 32 lays efter a final |
intrapefitoneal booster -injection of immunogen; Each spleen
was placed in a 60mm-plastic-petri dish in warm/(37°)' ' -
DME-10% FCS and gently teased apart w1th two 22- gauge
needles. The cells were washed into a 15ml Cornlng conical
- centrifuge tube and pelleted by centrifugation at 250xg for
7 min. Contaminating erythroeytes~were lyeed by resuspending
the'pellet'in 5ml cold 0.17M .NH;Cl and placing.the tube on
ice for 10 min, The.cells were. then washed twice with 10ml -
of serum-free. bME counted and checked for v1ab111ty by
trypan blue (F1sher Sc1ent1f1c - 0. 4% final concentration in
'PBS) exclusion, ‘The yield of cells was approx1mately
\lO’/Spleen, and V1ab111ty was routlnely > 95%.

Fusion Method

Sp2/0-ag14 myeloma cells were groen for several days
prior to fusiOn in DME—16% FCS without 8-azaguanine. The
fusion protocol employeavwas adapted from the method
: described by Gefter et al. (1977). Spleen lymphocytes were
mixed with SpZ/O Ag14 myeloma cells at the optlmal ratio of

2 splenocytes 1 myeloma cell (Gerhard et al., 1980), and _—

P
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pelleted by centrifugation atv600xgvfor 8 min. The super-

- hatant was aspirated and the pellet gently resuspended in
‘1ml'of‘warm (37)° 30% polyethylene glycol (PEG 1000-Sigma)
in DME, pH,z.G. Cells were immediately pelleted from the
suepension by centrifugation at 600xg for 4 min.‘After‘an
additional 4 min at room temperature the supernatant was
fremovea and the cells were resuspended in 10ml o£ serum-free
DME. After low speed centrifugation the pelleted cells were
resuspended in 30ml of HAT selective medium (DME-10% FCS
supplemented with 0.1mM hypoxanthlne, 0.01mM amlnopteflw and .
0. O3mN thmldlne, all obtalned from Slgma)‘ln whlch only
hybridoma cells survive. The cells were-diepensed in 50ul
aiiquots-(cbntaining approximétely 3%10° cells) into 6
Coetar 96-well tissue culture dishes (Bellco Biological

Glassware) and incubated at 37°. After 24 hours an’

additional 50 fof HAT medium was added to each well. On day

r
5 each well received another 100ulnof_HAT medlum, and at

‘5-day intervals thereafter the HAT medium wés_charged in all"

wells,

Enzyme-linked Immunosorbant Assay (ELISA)

Hybrldomas were screened for spec1f1c antib_.ly pro-
duction by ELISA 2 to 3 weeks after fu51on the procedure
used belng that descrlbed'by'Voller et al (19765 '
Polystyrene 96 well ELISA plates (Dynatech Laboratorles
Fisher Sc1ent1f1c Co. ) were sensitized by addlng to each

well 100u1 of the appropriate antigen 1n coatlng buffer»ﬂﬂ

€«

(13. SmM Na2C03, 34.9mM NaHCO,, 0. 02% Sodlum a-nde, pH 9 6)

36



. and incubating for 24 to 48 hours af”4°. The wells were then
i . : § .

washed three times with 200ul volumes of the

"phosphate-buffered saline contairing Tween 20 (PBS-Tween)

described by Voller et al. (1976). Hybridoma cell culture

supernatants (100ul volumes) were then added to individual

wells and the plates incubated in a humidifed-chamber for 2 |

--hgufs at room temperature. The wells were then emptied-and

washed as before, aftef whicﬁ 100ul of élkaiine phosphatase,
—?égnjugated rabbit anti-mouse immunogldbulin (1/300
diiq;ion in PBS-Tween) obtained from Miles-Yeda Ltd.,

Rehéyot; Israel, was adagd fo each well. The plates were
ag;ié‘blééed in a humid:ified chamber and’incubated for 2.5
hours at rooﬁ temperature. Fbllowing a final series 6f
washes withIPBS—Twéen, 100ul aliguots of p-nitrophenyl phos-
'phate solution (Sighé-1b4 phospﬁatase substré;e tablets,
img/ml in 10% diethanolamine buffer, pH 9.8) were édded to
the wells. The piates were inchbated at room témperature,
and at appropriate times were monitored for célof,(yellow)
development using a Titertek mpltiscannef'(Flow w |

| Laboratories) at 405 nm to identifyrhybridomas prodgcihg

potentially useful monoclonal antibodies.

Cloning by Limiting Dilution

Hybriddmas fhaﬁ were scored.as positive by ELISA were
transferred to new 96-well plates in HT medium (DME-10% FCS
supplemehtedlwith 0.1mM-hypoxanthine anaAO.O3li%hymidine)
and re-tested after a period of 3 to 5 days. Hybridomas that

remained ELISA-positive were then cloned at least twice by

» k4 . .
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limiting dilution. In this techniqgue an appropriate dilution
of cells from a positive well were dispersed in the first
row of 8 wells in & 96-well cluster. In subsequeht rows .the
cells were serially diluted in steps of 1/2 or 1/3 to an

i

estimated end-point of 0.5 cell/well. Addition of mouse
erythrocytes (1x1C°/ml) to each well prior to the addition
of tﬁé hybfidoma cells proved to be only marginally better
than cloning without a feeder layer. After 2 to 3 weeks,
wellfj}hat COntaiﬁed a single clone were tested by ELISA and
positives were Again cloned to ensure clonality. Hybridomas
found to be producing specific,monoclbnal antibodies were
.transfered intc 24-well plates (Linbro, Flow Laboratories)

in DME-10% FCS and'g:own at 37° to obtain quantities of

antibody sufficient for characterization.

Freezing Clones

-Cells ﬁrom each clonéd'hybridoma line were obtained
om healthy, growing cultures and pellétei £y tgntrifu-
1.gé£ion ét 250x§. The‘pelle;ed‘;ells were resuspended 1in
ice-cold 5% diméthylgulfoxide (DMSO, Fisher Scientific) in
FCS at a Ebnéentration of 1 to 2x10* cells/ml. Several
aliguots (1ml) of each suséension were frozen overnigﬁt by
incubationbat -70° and tﬁen transfered to liguid .iprogen.

Immunodiffusion

The immunoélobulin class and 'subclass of the monoclonal
antibody produced by each cloned hybridoma line was deter-

mined by theiOuchterlony-double diffusion technique
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'(Ouchterlony,.1948) using agar gel plateéhbbtained from
Hyland Diagnostics, Deerfield, IL. The central well was
filled with hybridoma cell culture supernatant f%ul) and
surrounding wells with rabbit antisera (7ul) to specific
' mouse immunoglobulins (Miles Laboratories Inc., Elkhart,
IN.). The plates were incubated in-a humidified chémber for
2 to 3 dayé at room température. Following incubation, the
gel was éeparéﬁég from the plate énd washea overnighf in
PBS. Immunoprecipitin bands were visualized by staining the
gel with 0.2% Coomassie Brilliant Blue R-250 (Bio-Rad
Laboratories, Richmond, CA.) in 7% acefie acid -45% methanol

~

ané then destaining it in 7% acetic acid -40% methanol.

Growth of Hybridomas in Mice

Female BAﬁB/c mice were primed by the intraperitoneal
injection of 0.5ml pristane (2,6,10,
14—tetramethylpentadecane, Sigmé) 1 to 7 weeks prior to the
injection, by the séme route,’pf hybridoma cells (1x10¢
cells in 0.5ml PBS). After 10 to 14 days ascites fluid was
collected and allowed to clot at room temperature for 1
hour. Cells were removed by centrifugation at 3000xg for 10

min and the clarified ascites was stored at -20°.

Purification of Monoclonal Antibody from Ascites Fluid

Ascites fluid was filtered through a Millipore HA
filter (pore size =0.45um) before an aligquot (10 to 15 ml)
was chromatographed at room temperature on-a 2.6x50cm

Sephacryl superfine §-200 (Pharmacia Canada Ltd., Dorval,



P.Q.) gel exclusion column that héd been eéﬁilibrated with
$=200 buffer (50mM Tris-HCl pH 8.0, 0.5M NaCl énd 1mM EDTA).
After sample application, the column was washed with the
‘same buffer at a flow rate of 0.23ml/min and the wash
monitored with a UV—1 Single Path Monitor (Pharmacia) at
280nm; Fractions (2.3ml) were collected, apd those corre-
sponding to the wellfreéolvéd major protein peak'containing_
the immunoglobulin G (IgG) were pdoled. To concentrate the
I1gG, pooled fractions were made 50% saturated with respect
to ammonium sulfate (Ultra Pure,‘Canadian Scientific
Products Ltd., London,‘Ont.), st:.red overnight at 4° and
then centrifuged for 30 min at 15000xg and 4°. The pelieted

1gG was dissolved in a small volume of 0.3M NaCl-0.2M NaHCO,

(pH 8.0), dialyzed against the same buffer 6vernight at room

temperature, and stored at —70°. Protein concentrations of
1gG preparatiohs were estimated from A,so measurements, made
-with a Béckman Acta II spectrophotometer and assuming the
extinction coefficient of 1gG.to be Azeo'(1mg/ml) = 1.5
(Mamet-Bratley, 1970). Isolated 1gGs were analzyed‘by elec-
tropﬁoresis in 10% polyacryiamide slab'gels containing 1%
SDS, 2.5M urea and 0.1M sodium phosphate, pH'7.2, with a
running. buffer of O;lM sodiuﬁ phosphafe, pH 7.2, containing
0.1% SDS and 0.1M 3-mercaptopropionic.acid.vTwo bands,
essentially free of contaminants, énd with apparent molecu-
lar weights df’50,000 and 25,000, as expe -ted for the heavy
and light chains of IgG moleéuleﬁ (EiSen, 1980), were visu-

alized by staining with Coomassie Brilliant Biue R-250 as

12
¥
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described above.

purification of Monoclonal Antlbodles from Hybrldoma Cell

Culthre Supernatants

Cell cuiture.supernatants (250ml) containing monoclonal
antibodies were clarified by centrifugation at 250xg for 15
min and filtration through a Millipore HA filter (pore size
- 0.45um). Purified 1gGs were 1solated'from such clarified
.supernatants by, affinity chromatography on a protein
A-sepharose CL-4B (Pharmacia) column. (volume=1.5ml) which
had been equilibrated.and washed with 100mM Tris-HCl, pH
g.0. The. bound antibody (approximately 5mg from 250ml
,'culturé medium) was eluted with 1M atetic acid, the eluate
being\monitoredvat 280nm. Fractiohs containing the 1gG were
pooled, dialyzed extensively against dilute (1/10) PBS in
distilleo water at 4° ahd stored at -20°. Protein concen-
‘trations were determihed from Azso measurements'as described

above.

Preparation of F(ab) fragments

purified 1gG (ng) from hybridoma cell culture
supernatants were dialyzed against dlstllled water and
lyophilized. The 1yoph1llzeé powder was dlssolved in 1hl
100mM sodium phosphate, PH 7.2, 10mM cysteine-HCl and 2mM
EDTA, and digested with papain (200ug/ml; Sigmo) for 18 |
hours at 37° accordlng to the procedure. described by Porter
(1959). The F(ab) fragments were purified by the mothod

described by Emini et al. (1982). The papain digest was
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applied to a 0.8x30cm Sephadex G-75 (Pharmacia) gel fil-
tration column at room temperature to remo&e papaln The
column was equilbrated and washed with ISOmk NaCl - 100mM
Tris-HCl, pH 8.0, at a flow rate of 0. 25ml/min. The
flowthrough was monitored at 280nm and fractlons correspond-
ing to the initial protein peak were passed through .a pro--
tein A-sepharose CL-4B affinity column (1.5ml) in order to
remove undigested IgG and Fc fragments. The/flowthrougb,

'gontaining”pure F(ab) fragments, was dialyzed extensively

- agalnst dlStllled water at 4°, Protein concentratlons were

determlned u51ng a Bio-Rad protein assay k1t with bovine
plasma gamma globulln (Bio-Rad) as the standard Ahalyses by**
electrophore51s on 10% polyacylamide slab gels as descrlbed
abgzp revealed a single: band (in some cases resolved into a
. doublet) with an apparent molecular welght between 20,000

and 25,000 as expected for F(ab) fragments (Eisen, 1980).



CHAPTER I11.
Antigenic Detefhinants on Mengo Virus:

An Analysis Using Monoclonal Antibodies

Introduction

/

Studles of p1cornav1ra1 antlgens and of thg//
meépanlsm(s) of wvirus neutra11zat10n have evolved slowly due
to % number of mlsconceptlons based on relat1vely 11m1ted
data\ The use of a varlety of anlmal species in which to

_ralsé\polyclonal sera and thevuse of different antigen~prep—
aratiéns and aifferent means of presgnting the antigens to
‘the animals have contributed to the generation of
contraé@cﬁofy fesults. With the advept of monoclonal anti-
body teéhnolqu (Kohler and‘Milstein,}lQ?S) a more refinea
look at Qiral anﬁigenic determinants and mechanisms of viral
neutralizétion becamé possible. Agimal sera have provided
informatiép on immunodominant viral éntigens and little or
no informafion on‘pfecise Qiral epitopes involved in' neu-

.\

tralization%
, ; .
Monocloaal antibodies have been used to identify
.neutr;liiiné antigénicvdeterminants on poliovirus VP1 (Emini
et'af.( 1982, 1983a; Minor et.élf 1983; Wychowski et él;,
1983; Blondel et al., 1983; Evans et al., 1983;), FMDV VP1
(Baxt et 37 1984° Robertsdn éf al., 1984; Duchesne et al.,
1984L, human rh1nov1rus VP1 and VP3 (Sherry and Rueckert,

1985); and Theller s murine encephalomyelltis virus VPt

(Nitayaphan et al., 1985)..Thesefresults coupled with
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répdr;s of the ability to elicit neutralizing antisera with
isolated poliovirus VPZland VP3 (Dernick et al., 1983; Emini
et él., 1984; coxsackie virus VP2 (Beatrice et al., 1880);
and Mengo virus polypeptide a (Lund et al., 1877) sﬁggest
very strongly that virus neutralization may be achieved by

several distinct mechanisms.

Synthetic peptides have also been used to elicit

' neutiflizing.antisera against epitopes on FMDV VPf (Bittle
et al., 1982; Pfaff et al., 1982; Geysen et al., 1984, 1985)
~and poliovirus VP1 (Emini et al., 1983c). The primary
objective of these investigations has been the development
of potent, more stable and perhaps safer vaccines for FMDV _
"and poliovirus., Mengo virus is not an agent of either-
‘economic or public health émportance, but it‘dpes provide a

model system for studies of picornaviral neutralization.

- Only a handful of'invesﬁigators have begun to come.to
grips wizh the actual mzchanism(s) of viral neutralizatiop,
and of these only a few have carried out such investigations
in a Strictly'quéntitative manner (wiih known antibody
'molecule:virioh ratios for example). The fesﬁlts detailed in
thlS chapter show that subviral (13.4S) partlcles derlved
from pH 1nact1vated Mengo virus possess neutrallzatlon
epitopes. Two monoclonal antibodies specific for polypeptidé
B have been shown to be capable of neutralizing Mengo virus

,by what appear to be two different mechunisms. One (MCP-6)

at very low antibody:virion ratios is able to neuttalize by



simple aggregation of intact'vitions; A sec >nd monoclonal
antibody (MCP-5) appears to neutralize the virus by blocking
its attachment to the cellulér receptor without inducing
significant aggregation of virions. This appears to be the
first report 6f an anti-polypeptide B antibody that acts-in

this way.

Materials and Methods

Establishment of Hybridoma Lines Producing Monoclonal

Antibodies
ANtiobocies

Cells obtained from the spleens of 6 immunized BALB/c

\

hicé were used in two separate fusions during the course of
this study. The mice weré immunized by the injectién of
highly purified Mengo virus which had been dissociated by
dialysié against éBS-HCl, pH 6.2, for 24 hr. at 37°, the
principal‘p:otein product of the dissociation being a 13.4S
particle having the composiﬁion (a, B,/y)s (Mak et al., 1871,
1974). Elecﬁron mizroscopic examinati5n of negatively
stained (1% sodium'phosphotungstate) samples of 'the
dialysate reVealed.the'preSence of 13.4S partiéles (and
essentially total absence of intact virions), and '
infectivity (plaque) assays of the pfeparations confirmgd

that inactiyation of the virus was >99%.

qa
Each m;use was injected by the intraperitonéal (i.p.)

route with 10ug of viral'protein (as estimated by the

Bio-Rad Bfadford assay) suspended_in 200ul Ffeund‘sAcomplete

adjuvant (Difco), followed, at 2 week intervals, by booster
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injections (i.p.) of the same quantity of viral(protein

suspended in Freund's‘incomplete adjuvant (Difco). Fusions
were pefformed 3 days following the second or third booster
injection as described in Chapter II. One day prior to the
fusion event, sera obtained from the immunized mice by tail

bleeding were tested for the presence of specific antibody

A'-\. I3

by'the ELISA, using Dynatech substrate plates sénsitized
with pH-inactivated Mengo virus (approx. 1ng/well). Spleens
from responding mice were used. Hybridoma cel. culture
supernatants were screened for the presence of antibody by
the same technique, using the same antigen pfeparation.
ELISA-positive hybridomas were cloned’at least twice by‘the

limiting dilution technigue.

Infection of Monolayers and Labeling of Viral Polypeptides

To prepare cell lysates that were used fh immunop;e—
cipitation studies of the monoclonal ahtibodies, L cell
monolayers grown in petri dishes (100mm diameter, Lug
Plasticware) were infected with Mengb virﬁs suspended in
virus diluent at an estimated multiplicity of 100'PFU/cell.
After incubation for 1 hr at 37°, the monolayers'were.wéshed
with warm (37°) BME-1% FCS and then incdbated at 37° in the
samé,medium;'ét 5 hr post—iﬁfect&on this medium was replaced
by methionine- and glutamine-free MEM (Flow Laboratories),
and incubated for an additional 1 hr before the cells were
pulse—labelea by incubation for 30 min in methionine- and
glutamine=free MEM containing [**S] methionine (>800
Ci/mmolé, New England'Nuclear) at a concentration of"

t



100uCi/ml., Following Ehe.labeling period, the radioactive
medium was removed and the monolayers were washed twice with
ice-cold PBS, before Seing lysed in immunoprecipitation
buffer (IB) composed of 150mM NaCl - 40mM sodium phosphate,
pH 8.0, containing 1% NP-40 (Shell 0il of Canada Ltd.), 0.5%
deoxycholate (BDH Chemicals Canada Inc.), 1mM ’
phenylmethylsulfonyl fluoride (PMSF, Sigma) and aprotinin
(Sigmé) at a concentration of 500KIU/ml. Nuclei ;ere
pelleted by centrifugation at 10,000xg for 10 min at 4°, and
the supernatant'was removed carefully and u;ed as the sourée
of,antigen(s5 in the immunoprecipitation studies outlined
below. o ' a ' !

The limited cleavage studies described in this chapter,
thougﬁ peripheral to the main line of investigation, were
suggested by certain reéults obtained from anélyses of viral
polypeptides immunoprecipitated from extracts of infected
cells by the monoclonal antibodies described herein. In
these. studies, cells grown in‘petri dishes (60x15mm) were
infected at 33° with a suspension of Mengo virus in virus
diluent at a multiplicity of 20 PFU/cell. After in;ubation
for 1 hr, the monolayers were’washed with warm -{(37°) émino
acid-deficient Eagle's quium containing‘acﬁinomyéin’D

(Merck, Sharp and Dohme Int., Réhway, ﬁJ}; 5ug/ml) and

incubated at 33° i g.same medium. Viral polypeptides were

o oA .

nlabgléé'éﬁfé?§35 ection by incubating the . .

infected-cel IS mony amind acid-deficient medium con-

. - . 80
taining acti

-
s ~

./L4;537H] leucine (61Ci/mmol§

CE e,
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Amersham) at concentrations of Sug/ml and 100uCi/ml respec- |
tively. Labeling was carried out for 15 min at either 33° or
at 39°. In the latter case, the temperature was 1ncreased
from 33° to 39° for 30 min prior to the 1abe11ng period.
When labeling was followed by a chase period, the
radioactive medium was removed, the monolayers washed with
warm PBS and incubated for 90 min in BME-5% horse serum

(Flow laboratories) containing 5ug actinomyc1n D/ml.

Lysates were prepared by removing the mediun after
either the pulse or the chase period, wasning_the moneléyere
‘twice with ice-cold Pﬁs, and then adding 0.4ml of warm (37°)
lysis mixture (10mM sodium phoephate, pH 7.2, containing 2%
SDS, 5% B—mercaptoethanol and . 1mM PMSF)..Aliquots‘of the
cell leatesi(containing approximately 5x10°* acid-insoluble
cpm/aliguot) were suépiemented nith glyce;ol and bromophenol .
blue (final concentrations = 20 and 0.002% respectively)
before being hea*ed ‘at 100° fo* S min ané p-~zlced by:
SDS—10% polyacrylamide slab gel electrophoresis as described

in Chapter II1.

" Immunoprecipitation of Virus-Specific Structures

A 2ml aliquot of the [**S]-labeled infected ceil iysate
was incubated (with m1x1ng) for 18 hr at 4° with 1 ml of
Sp2/0 Ag14 myeloma cell culture. supernatant, after whicn

.5ml: of a 10% suspen51on of formalin-fixed S§. aureus
(IgGSorb, The Enzyme Center, Boston, MA.) in IB containing

5mg ovalbumin/ml was added, and incubation was continued for
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an additional 1 hr at.4°. After removal of the protein "
A—containihg é. aureus by centrifugation,’the supernatant,
designated“préadsorbed antigen' was made 0,1% with respedt

to SDS.

hliquots (200ul)lof preadsorbed antigen were incubated
‘(with mixing and at 4°) with 100pi volumes of hybridoma cell
- culture supernatants. After 18 hr, a 100ul aliquot of a 10%
suspension of IgGSorb in IB containing 0.1% SDS and 5mg
. oealbumin/ml was added to each mixture andvincuhaﬁioh was
continued for 1 hr at 4°. The IgGSorb with attached
antigen-antibody complexes was pelleted by centrifugation
and washed twlce with IB conta1n1ng 0.1% SDS and made 0.5M
with respect to NaCl, "and once with IB containing. 0. 1% SDS.
Washed pellets'wereﬁresuspended in 60pl volumes of 10mM ~
sodlum phosphate, pH 7.2, containing 2% SDS, 5%
B- mercaptoethanol and 0. 002% bromophenol blue, and heated at
100° for. 5 min. Free IgGSorb was pelleted by centrlfpgatlonj
}and the subernatahtsvwerevanalyzed by electrophoresis in 10%
'polyacrylamlde slab gels as described in Chapter ‘I1. Protein
bands were visualized by fluorography (En? Hance, New England

Nuclear) of dried gels using pre-flashed (Laskey and Mills,

1975) Kodak X-Omat AR film.
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Determlnatlon of Monoclonal Antlbody Spec1f1c1ty by Protein.

Blottlng : ) A : T

) : i
Renaturlng Western blots were prepared by a wodifi- |
cation of the technique described by Bowen et al. (1980) ‘; £
Purified Mengo virus was solubilized by heating at 100° for ”
5 min in the presence of 1% SDS,42.5% ﬂ-mercaptoethanol, and

0.002% bromophenol blue, after which the‘individual Qi}al

e

proteins were resolved by electrophOresis-in Q% polyacryl-

-_ﬁ i ‘._ "‘.\.‘?.‘: vl
amide slab gels u51ng an estlmated 150ug of vzral protel
per sample well In some cases, lanes contalnlng prestalned

high molecular welght prote1n standards (Bethgsda Research

Laboratorles, Inc.} Galthersberg, MA.) were included. ~ ;f;b:v<
Following eleC‘rophore51s ‘the slab'gel (15x20x0.15cm) was h
hlmmersed in SOOml of renaturatlon ‘buffer (SOmM NaC1-10mM

Tris- HCl, pH 7.5 contalnlng 2mM EDTA 0.1mM DTT and 4M

:urea) for 1-hr. Thls and all subsequent mangpulations were

erformed at room temperature. The gel was then soaked in’

e}

fresh renaturatlon buffer (500 ml) for an addltlonal 3 hr
after which the partially reratured polypeptldes'were
transfered‘onto nitrocellulose sheets (BA 85;‘Schleicner'and
AScbuell)'by contact~diffuslon the transfer taking place
over- a period, of 72 hr and in the presence of transfer
buffer (SOmM NaCl—10mM TflS'HCl DH 7.5, conta1n1ng 2mM EDTA
and 0. 1mM DTl) as descrlbed by Bowen et al. (1980). The..‘

transfer buffer was - replaced with fresh buf’er every 18 hr.

X
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The radlolmmunoassay was performed by a modification of

the techn1que described by Smith and Summers (1981).

Visual

inspection of the transfered prestained molecular weight

markers allowed alignment of the original gel lanes on the

nitrocgllukqse shee;. One lane containing viral pplypeptides

was excised and gransferiefficiency cheéked by staining the

protein bands w1th 0.1% amido black 10B (E Merck AG.

Darmstadt, FGR ) in 45% methanol and 10% acetlc ac1d for 5

mln ‘and, destaining with deionized water. - After marklng the

-

remalnlnr

el lanes on the nltrocellulose sheet

T P
- f:‘ﬁ«ﬁﬁ
w7

the ‘sheet

was incubated in 500ml of blocking buffer (150mM NaCl-50mM

Tris-HC1, pH 7.4,

0.05% NP-20) for 2

cut into strips co

containing 5mM EDTA,

0 hr.

rresponding to *

The nitrocellulose sheet

Lz gel

0.5% ovalbumir and

was then

lanes. Individual

vstrips were placed in SOml‘Corning pcliyzarbonate centrifuge

tubes attached to a rot a'o' anc were

25ml of blocking bu

- ~

+gu.
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briefly uzth deion:i
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wn

with a Cronex Lightning Plus Intensifying Screen (DuPont de

Nemours and Co. Inc., Wilmington, DE) for 24 to 48 hr at

7n° . ro
/o "

o

"_2f Monr "~nal Antibodies on Viral Attachment

Aliguc. ' suspension of highly purified, [’H]

uridine-labelea virus in virus diluent were mixed with mono-

clonal 1gGs, purified from hybridoma cell culture.

supernatants and dissolved in virus diluent, at known

antibody:virus ratios expressed as molecules of 1gG/virus

Concentrations of stock 1gG solutions were de-er-
ot E e : '

3 C ' . . . .- .
. from A, measurements as described in Chapter II, anc

VIrus concentrations were calculated from A-go mMeasuremerc:s

using the relationship, 7 Azgc unit = S.5x10'* virus

rtigles/ml'(Scraba; '968). Incubations, in a *otal veo_uao=

ci ml, were for Z hr at room temperatuire ir Epperdecri L.vnes
B 0’ b .
1.5m.) which had been precoated with % FCS :in PBS tc

Tirnimize noen-specific loss of virus bv adsorpticr cf either
virions or, virion-IgG complexes tc the tubes.
Fo.lowing the 2 hr incubatior at.room tempera:ure,

-

200ui aliguots of each virus-antibody mixturs ve  pipetted 2
cell monolayvers (... o0mm petr:

o 4° andiifror which crow:h

. ».é\
T

medium h&c been reémoved. hfter incubation for ° hr at 4°,

oA u U

- removed by washing each plate twice
PBS, which were pocled and addec *c¢

wials, Monclayers with attached virus were

L o
R A r

9]
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solubilized in iml of 2% SDS in 10mM sodium phosphate, pH
7.2, and transfered, together with a 1mi wash. . of solu-
bilization buffer, into scintillation vials. Radioactivity .. .~

in both the pooled PBS washes and tﬁé solubilized monolayers
was measured ‘in the presence of 15ml of ACS (Amersham) scin-
tillation‘fluid cgataining 0.5% acetic acid (final concen-
tration) using a Beckman liquid scintill;Lion 5bectrometer

(Model LS-330).

Sucrose Densitv Gradient Ana.yses

]

\ ~
v

Aiiguots (100ul) of the virus‘antibody miiip?ég used in
<he ‘attachment studlies outlined above were layerec on 4.8ml,
5-4C% linear sucrose gradients (made in PBS containing 0.7%
ovalbumin) and centr:fuged at 35,000 rpm (SW 5C.° rotor;
Beckman LB-B0 ultracentrifuge) for 90 min at 5°. Gradient

ation

[

ractions (150u.) were colilectec directly into scintil

[,

vials using a Beckman gradient fractionator linked tc an LKB

"

peristaltic pump and fraction collectecr. Racioactivity was

measurecé as indicated above al-er the addition of 10ml of

ACS scintillation flui _.-ta.7ing 0.5% acetic acid tc eaghyi/
veutrasization of Vir:s I-f-ctivity . L 1

' [}
' ~ Y i

R Sed 1 oR '\
B “@ y
it

An aliquct (10u) of each of the virus-antibody :incu-:

' ’
Vo

‘bation mixtures used in the attachment studies described
above was assayed for infectious virus by the plague assay .
. . . .. - ' . N o
described in Chapter II. = ' .

“



Results

Isclation of Hybridomas

Attempté to immunize BALB/c mice by the.innoculqtion of
. ¢

'sub-lethal' amounts of intact, purified'virus were '

unsutcessfu?; Mice that were injected with 16‘ or more PFU

of virus did ndt survive, while those that were challenged A

'w;th-leSS‘than 10¢ PFU did not respond (evep after-severel

booster IHJECgIODS) byﬂproducing detectable circulating

antibodies age-ns* the structural polypep*zdes of Mengc

However, a total of 6 hybridomas that produce mono-
clonal antibodies to viral structural pclypeptides were

isolated following the fusion cf Sp2/0 cells with spleen

ce.ls from mice that had beer :mmunized by the injecticn cf

-~

pE (€.2)-inactivated virions. These cel. line es, designated
-

s

MCP-1 tc 6 (for Mengo Capsid.Polypeptide) are listed in

Table 2, together with the class of immunoglobulin produced
by eéch,.

Speef-,c Ly cf MoWocional Ant‘bodles

S o
Viral capsid polypeptides dc not exist in monomeric

form in extracts of Mengo-infected cells but are present

exc luszve y in elther progeny virioWs or sub v1ra1
. ’ - N -' L
particles. That belng the case, one’ wou1d expect_that a’

-

monoclicnal an_'bocx;dlrected against a determinant 1ir ¢
. Ie . . :‘,"

12
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TABLE 2
Monoclonal Antibodies to Mengo’

Structural Polypeptidés

.55

J
Hybridoma - | Class of Immunogiobulin
Line : ‘ Produced
MCP- 1 . | 1gG2a
-3 : o -1gGy
n4 o o 196,
-5 - c . 1gGj
= , ‘ 4 o ,IQGéa




one but several structural polypeptides from such an
extract. That expectation was born out by an expe;iment the
results of which are illustrated in Figure 2, a fluorogram
of ["s]—labeled polypeptideé immunoprecipitated from an
entract of infected ceils by the monoclonal antibdd;es pro-
duced by.hybridoma.lines MCP-1'to 6, and resolved by
SDS-PAGE. While all 6 monoclonal ant1bod1es were found to
1mmunoprec1p1tate several capszd polypeptides from the
‘extract the results also show clearly that there are d:f-
ferences among them wlth respect to specificity. Monoclonal

antlbodzes MCP- 2 and 3, 1mmunoprec1p1tate 148 part1cles

((ay)s, but not intact virions from the extract, as shown by

the.presence of polypeptides ¢, a and Y, and the virtual
Aaosence of polypept:des ﬂ and b in the. 1mmunoprec1p1tates
eﬁybrzdoma MCP 2 may have a slight aff1nlty for. 1ntac*

vi rlons, s1nce there appears to ‘be a very fa: nt band cor*e-‘
spondlnc tc polypeptide 8. The ot%er 4 monoclonal antlbodles
.1mmunop:ec;p tate both 14§ partlcles and 1ntaet virions from
such extracts as evidenced by tne presence of polypeptlae5v
€, a, B, v and b in the 1mmunoprec1p;tates Neither myeloma
-.Spe2/0- A914 cel .culture supernatant nor a monoclonal anti-
body against Eolyoma virus VP1 (PyCP-~1) prec1p1tated any
radlolabeled polypeptldes from these extracts {data not
shown) . Attempts to 1mmunoprec1p1tate'individual poly—
peptides from solutlons of either SDS- solublllzed (and
denatured) virion polypeptldes or form’c acid solubzllzec

virions (Dernlck et al 1983) with monoclonal,antibodies
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_Figure 2. Fluorogram of [295]-labeled bélypeptides

immunoprecipitated from an extract of Mengo virus-infected -

L cells (lane S/ by monocional antibcdies produced vy
hybridomas MCP-1 to 6 (lanes 1 to 6). and rescived by -
fgﬂectrophoresis in an SDS-10% polyacrylamide_slab gel.



MCP-1 to 6 were unsuccessful, even after extensive dialysis

of both p:eparationé.

v
The fluorogram shown in Figure 2 reveals the presence
in immunoprecipitates, not only of capsid bolypeptides, but
also of several precursor polypeptides previously described
for Mengo vifps (?aucha et al., i974). It is clear that
immature, virus-specific structures containing precursor
proteins A, B and D2, which on cleavage produce capsid poly-
peptides a, B, y and & (see Figure 1) are immunoprecipitated
by all 6 énti-capsid monoclonal anpibodies.‘ln addition, the
immunopfecipitates contain a polypgptide that has been
designated D1 1in Figuré 2 by analogy with a protein of
comparable'molecularvweight thaﬁ has been identified inGﬁhe'

“EMC virus system (Butte;worth'et al., 1871). The presence of

PR

this protein suggests the existence of a previously o
Undexgcted cleavage pathway in the Menéo virus system, in
which polypéptide Di is the immediate precﬁrsor of poly-
peptides'( and’y. Perhaps a better demonstration of the
pfésence of polypeptidés D1 and D2 in Mengo infected cells
1s provided in the‘following chapter by Figure 7; which.
shows the polypeptide compoéition of high-affinity,
i_ru’s‘-spec»ific structures that are bound to and elute‘d from

an immunoaffinigy column bearing purified MCP-4 IgG.

Indirect-Confirmation‘of the existence of the alter-

nate, D! cleavage pathway has been obtained from classical -

rulse-chase experiments. Cells infected witﬁiﬁengo virus at

’
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33° were pulse-labeled for 5 min withb’H-leucine at a time
(8.5 hr post-infection) when host proteln synthesis is
almost completely shut off, thus permitting easy 1dent1f1;
cation of virus-specific polypeptides. A typical flugrogram
obtained from a'pulse-chase exﬁeriment of this kind'is.shown
in Figure 3. A comparison uf the radiolabeléd proteins
prisipt in 1nfected cells 1mmed1ately after a labeling
perlod with those present after a subsequent 90 min chase
period (compare lanes 1 and 2, or lanes 3’and 4) illustrates
the flow of radiolabel from large preéursor_pfoteins to
stable cleavage (viral gene) products. Polypeptides D! and
D2 are both presen , -most noticeably in lysates prepared
immediéf%ly following the labeling period (lanes 1 and 3).
It is Qf particular interest that in these lysates (i.e.
those run in lanes 2 and 3) the amount of §olypeptide a was
found to exceed significantly the amoug;fof éolypeptide Y.
Analysis'of.the'fluorqgram using a Joyce-Loebl Chromoscan 3
integrating densitometer'(vickers Instruments Inc., Malden,

MA.) revealed that in the lysate made immediately after

pulse-labeling for 15 min at 33°, the ratio of polypeptides

a:y was approximately 3.6:1, but that following a subsequent‘

90 m*n chase, the ratlo was reduced to 1.3:1. The values
arising from the den51tometr1c analysis and presented in
Table 3 were obtained by dividing the area (in arbitray-

) integration’un;ts) of the individual peaks by the number of
leucine residues present in each polypeptide chsin (Ziola

and Scraba, 1975). “y
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Figure 3. Electrophoresis in SDS-10% polyacrylamide slab
gels of lysates of Mengo virus-%nfected cells, :
pulse-labeled for 15 min with [SH]-leucine at 8.5 hr .
post-infection. Lane 1: cells were lysed immediately after
the labeling period at 339. tLane 2: cells were lysed -
after a subsequent chase period of 30 min at 330,

~Lane 3: cells were shifted to 390 at 8 hr post-infection
and lysed immediately after the labeling period at 39°.
Lane 4: as in lane 3, except cells were lysed after a chase

period of 90 min at .39C.

s



TABLE 3

.61

Relative Quantities of Mengo'Virus-Speéific Polypeptides

Relative Quantities?

| | 33077 390 |
Viral Lfter = After - After - After
Polypeptide pulse ~ chase pulse chase .
¢ 32.7 168.9 92.4 238, 1
a Y 2946 4849 333.9 438.8
5 . 20.2 61.6
y 4510 3483

&£

a PeaK‘area§. determined by densitometric analysis of the
fluorogram in Figure 3, were normalized to the. number of

leucines present in each polypeptide.



Results obtained from the pulse-chase experiment
(illustrated in lanes 3 and 4 of Figdre 3) in which cells
intected at 33° were shifted (at 8 hr post-infection) to 39°
for 30 min prior to pulse- labellng for 15 min (at 39 ) were
'qualltat1vely (if not quantltatlvely) very similar to those
obtained from the experlment carried out at 33°. The ratio ‘
of polypeptldes azy in the lysate prepared 1mmed1ately after

pulse label1ng for 15 min at 39° was only 2.2:1 whereas

after the chase period 'at 29° the ratiO'waS‘redUCed“to'

e
.

!4

1.3:1, similar to thatheén.at 33° (Table 3).

These results demonstrate clearly a signlficant
departure from the- expected\j 1 ratio of‘polypeptides aty 1f
D2 = a + v were the" exclu51ve cleavage pathway leadlng to
"the production. of ase molecules. The presence of the
virus- spec ific polypeptlde D1 with an. apparent moletular‘
welght of 65,000 suggests that an alternate cleavage pathway
(D1 + € + y) similar to that descrlbed earller for EMC v1rus'

(Butterworth et al., 18971) may also ex1st-1n ‘the Mengo virus

system.

Additional‘efforts to identify'the polypeptidemcarrying

the antigenic deterginant for each of these monoclonal anti-
&1
bodles were made using the technlque described by Emini et

al. (1982) and by which these investigators purported to
identify neutralization epitopes on poliovirus In brlef
the method involved attempts to link 1solated F(ab) frag-:

{ .
ments, generated from the monoclonal antibodies Lo ~ir
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‘antigenic determinants on either intact or pH-inactivated
_gadiolabeled virions using the heterobifunctional
cross-linking reagent toluene- 2 4-diisocyanate. The ba51s of
- the method is that when the mixture is solubilized following .
thefreaction with F(ab) fragments to which the cross-linking

reagent is attached, and analyzed by electrophoresis in

SDS-12.5% polyacrylamide gels, those,proteins which are

Cross- llnked do- notﬁﬁigrate 1nto the gels. Theoretically
then, the capsid polYpeptide carrying the antigenic determi44
nant for each monoclonal antibody may be identified by its
‘exclusion from the gel. Repeated attempts failed to prov1de
_anj‘meaninngl:data. With each monoclonal’antibody examined,
always two (a and y) and sometimes three (e, B and y).of the
cap51d polypeptides were partially or..even totally excluded
from the gel Furthermore, essentially the-same results were

obtained when ovalbumin was substituted for the F(ab) frag-

‘ments derived from thq»monoclonal antibodles. Exhaustive

examinatlon of the technique made it 1ncrea51ngly obv1%¥s
.that "if any spec1f1c 1nteractlons dld occur, they were com-

pletely obscured by exten51ve, non- spec1f1c cross linking.

-

Some success at characterizing the anti-capsid mono-
clonal antibodies was achieved by the technique u’
renaturing Western blottlng (Bowen et al., 1980; I-ith’ and
- Summers, 1981) as outlined 1n the Materigl: and Methods sec—
tion of this chapter. Initial attemptsvto characterize'the'

: antibodies by’ conventional Western blotting u51ng elther

: diazophenYlthioether (DPT) paper (Alwrﬂe et al. 1977'
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1980 Honda,"., personal communlcatlon) or

1979) were'. ‘ 'of”d ‘. JQ

L'essful The renaturatlon step (i.e.- 1ncubat1on 1n 4M . “xft'f

; _urea) was found to be an absolute requ1rement for antlbody |
sblndlng U51ng thls method the polypeptldes cnﬁtalnlng the. "
'antlgenic determ1nants for monoclonal ant1bod::2 MC? 2
,MCP“S andkMC?ve were shown clearly to be polypeptlde a,‘ -
polypeptlde B and polypept1de B respect1ve1y (Flgure 4) d'ﬁ

Despzte repeated attempts def1n1t1ve results were not

v*'"’.

/obtalned w1th he remaining 3 anti-capsid. POlypeptlde mono—ﬁ“'“

e - ;e
: ). v
;7’7 r"“ ) "‘ . ’ o

tclonal antlbodles suggestlng that they have a more strlct

ﬁ»tj«Econformatlonal dependency for 1nteract10n with thelr deter~“ f
1;‘ M . "\‘ . r_'v
ma;;p'mlnantgy'p0551bly requlrrng that the polypeptldes carryLngV

those determlnants remaln assoc1ated with other cap51d poly

pept1des in order to ma1nta1n the correct . conflguratlon.i, .% :
During the course of these studies 1t was determlned that in~
terms of eff1c1ency of blocklng non-specific 1nteractlons '

wjfi"thenvat1ous agents in order of increasing eff1c1ency

:”Q” were;gelatln (0.25% w/v) < BSA fraction v (0.5%) < ovalbumln

d(O;S%) FCS (10%) and sheep haemoglobln (1% in PBS) both e ‘*Qilﬂ

' ,ﬁx‘ o 2
appearedtxo 1nh1b1t spec1f1c as well as non- spec1f1c 1nter- N

actions. . R Sy

The results 1Pd1cate that monoclonal ant1body MQP 2 .
CoL e : ] '79 I
. recognlzes an antlgenlc determlnant on polypeptlde a that 1s

present and accessable in: 13 4S partlcles (produced by dls-'n' .
’ "\/,, 5 L. ‘1, . - ' ‘ ti;"‘

' soc1at10n of the Virus partlcle at pH 6. 2) and 1n 145

. partlcles Afound ig 1nfected cells) but,which is;elther .

R R



Flgure 4 Renatun1ng Western b1ot ana]ys1s of Mengo
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anti-capsid monoclonal. antibodies:. us1n? purified 1gG from 71%. -
?§g1tes MCP-2 (250‘&? MCP-5 (200 pug) and MCP-6 (1 mg). . .
I ant1-mouse F(ab 2 from sheep was used as tbe : Cod

probe.. - ‘ .
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burred or nas*assumec a different conformation in the 1ntact

virion;,Monoclonal antlbodles MCP-5 and 6 each recognlze an

ant1gen1c deterﬁdnant on polypeptlde B t%?t is present and

accessable in 13.4S and 14S partlcles as well as in intact

virions.

Monoclonal Antibpdy-Virus Interactions

Th& attachmbnt of [ H] uridine- labeled Mengo v1rus to %
cell monolayeré’ln the presence -of monoclonal antlbodles @as

studred at,antzbody:v1rus ratlos-qf 10, 30 and 60 IgG -

molecuies/virus particle, and the results are summarized in

o 9,
Table~4* After I hr at 4°, .at which temperature Mf"
Wi ll attach to.but n‘%&pene%rate rnto L cells (Mak'et al-.

19707 61% of the contr01 v1rus and 57% of vir us 1ncubated

o B

at an antlbody v1ru9 partlcle ratlo of 60, WIth a moncclonal

fntlbody to VP1 of polyoma v1rus (PyCP—1) were found to- be-

attached to the monolayers Monoclonal antlbodles MCP—1 2"

and 3 did not 51gn¥f1cantly affect v1ral attachment at any
- Eﬂ

.,A;' ». , Q »',k‘ Lo

@gf the antlbody :virus partzcle ratlos employed The results

-

& .
8oL pbtaaned@yq?h monoclongl antlbodles MCP 2 and 3 were as

[
Y 9-"

'monoclonal antlbodles MCP- 4 5~and‘6 atcan-

antlbody v1rus partlcle ratlo of 60 (i e. at antlbody con—

'.. 7 {} R ,' ‘
' centratlons spff1c1ent to satur' 11 60 avazlable epltopes -

I P

tmto apprpx;— Y

o

N u ‘,-

mately 40% of contrpl values.‘However
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J . . TABLE 4

lnterl;tion_‘of An(1-C¢sid Monoc lona| Antibodies with Mengo Virus?

- Monoc lona ) Ab:.particle ’ Sediménta ion )
Antibody, - rati ' AttachmentC o Behaviour . Infectivity®

5.6
"23.87
43.6

10C
100
10C -
. 100
10C
100 7

MZP-1 . §¢.60. 58§ . 2
8 KL . 61 . - 9.
. A [ ‘ 58 i 5¢.
-2 < .60 AR 62
. o .30 58 »
- . 10 : R 58
-3 v -1 ) 63
o 30 57
-4 B0 ) 23
... 30. ‘ 48 . 1.
: 'y 10 o 85 . - . 0
-5 6C 24 ' C ST
30 ) S 31 T 83.
- ’ . o v 10 44 ) . - 97.

égif‘ -6 T e0 S 24 . 0
- - 30 38 _ 3.
S

N B -

[o4]

~3 N
N s s =) s ) - OO

OON QWO benMm

.10 .. 18 . 0
pycp-1f .4 60 S 57T 98. 100
~None " T 61 ©100: ‘ 100

Ay,

o w [ SN RN

"
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a V\-@us-ah}t"i'body"mxtvres and the control virus sUspensi‘on {a11.containing
the tame quentity of Sh-ufidine virus! were incubated for 2 hr at room
temperature before use-in ‘the attachment studies. for sedimentation arialyses

and fc{f_\;}\inﬁec_&"ious’ph@e assays.. - e : e
L A . A . " . o v
o v . R 7 N e ; E
o b Number of '1gG molecules/virus particle. v L o Sk
e ¢ Per cent of input virus attached to L cell monolayers after 60 min at .40,
‘d per cent of virus that bar in the 'Same position ss control wvirions after
- centrifugation for 90 min at .35k rpm {SW50.1 rotor! in a 5-40% lgpear sucrose |
density gradient. o . T - ﬁge’ el
o e Per cent of-‘"}infectig,ityﬁof contr‘dlf;v'irus._j_ B .
. v‘ X - L S \%‘ . p "1 e ’ . o ] ] .
s f Monoc lona gt ibody 'to capsid pSlypéptide VP1 of polyoma virus. . Y
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attachment was found to be very much dependent on

antibody:virus particle ratios, since at lower ratios (10 1) B

the per cent of virus that became attached to the monolayers

either approached/(in the case of MCP- 5) or exceeded (in the |

cases of MOP—4fand.6) the value 3btalned with the control

(absence of antibody) virus. 3

Sy
|

Sucrose den51ty grad1ent sedlmentatlon analyses
performed in conjunctlon w1th the viral attachmen st _les

prov;ded some explanation for ythe anomalous attaohment

hY

“

results. fﬁresentatlve sedimentation profiles of E%e
labeled v1rus antibody mlxtures are 1llustrated in Figure 5.

The percentage of virus that banded in the posgﬁlon of
. N

marker monomerlc v1r10ns isv shown for all mlxtures in Table
4. As expected monoclonal antlbodles MCP-2 and 3 had no

effect on: the sedlmentatlon behav1or of the v1rus. i &
4 ,
. e
Monoclonal/ant1bod1es MCP 4 and 6 were the most a&t%ve.in
’cross linki g v1rus partlcles even at antzbody virus

'

gpartlcle ratlos of 10 both produced large aggregates which

were pel!:ted under the cent

used. ° 30551ble explanatl”"

‘attac -~ At of v1rus to mon layers in the presence of low

RS

concelcratzons of these modbe%énal ant1bod1es may be that
olarge aggregates of 11ghtly cross linked virus are able: to
attached w1th reasonably hlgh eff1c1ency to L- Cells. The

Aeffects of monoclonal ant1bod1es MCP-1 and 5 the sedlmen—:l_ - "5*

'tatlon behav1or of the v1rus fall somewhere in between those'
.Q‘;

(=3

of the other two palrs in that aggrig:tlon was- found to.be -Laimﬂ’n

“ "
Y &~ . . .
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Figure 5. Sedimentation analysis of 3H-uridine labeled ° B
Mengo virus after incubation at room temperature for 2 hr :
with monocional antibodies at antibody:particle ratios of
. 30(MCP-1), 60(MCP-2), B60(MCP-5) and 10(MCP-6). '
Centrifugation threugh a 5-40% sucrose linear gradient was
for 80 min at 35,000 rpm in a.SW50.1 rotor. Direction of
.sedimentation = right to,eft. ‘Arrows indicate the -

. posititn of marker Mengo virions. ¢ ; S
“:' - r




'
v o
. Wy

-very much’ dependent on-the antlbody virus partlcle ratio

over the range of 10 to 60

. Yo ey : -
Data‘regarding the neutralization of virus infectivity

by the var1ous monoclonal antibodies is also summarzzed 1n
Table 4. The tlter‘of the control virus was approxlmately

.1x10* PFU/ml. and the 1nfect1v1ty of each antzbody v1rus,.
l:a:u

‘mixture 1s shown as a percentage of that value, Monoclonal

e

&

3

Jgpolygeptldeéwhas led“to the develogment of alternate

1bod1es MCP-2 and 3, as expected “had no affect on v1ral

1nfect1v1ty The rema1n ng four monoclonal antibodies MCP—1

4, 5},and 6 neutraliied infectivity'efficiently‘at‘an.

'antlbody virus partlcle ratio of 60 However, while mono-
clonal antibodies MCP-4 and 6 were strongly neutrallﬁfng at
‘all antlbody:v1rus partlcle’ratlos stud1ed » indicating that

large aggregates of v1rus are non- 1nfectlous the

B

neutrallzlng ab111t1es of monoclonal antlbodles MCP- 1 and 5
were agaln very much .dependent on antlbody v1rus partlcle

.ratios over the. range of 10 to 60~
» . Ly

. AR . -
Discussion

&

During the course of these studies several reports in

o &
the l1terature (Ice“%gle et al 19817*Thorpe et al

Brloen ef al; 1982ﬂ Meleen et al 1983) have descrlbed the

2

d1ff1cult1es encountered in characterlzlng the ant&genlc

spec1f1c1ty of p1cornav1ral neutrallzlng mon0clonal antl-
bodies by conVentlonal technlques. The 1nab111ty of vft
neutrallz1n% monoclonal antygpdles bo recognlze denatured:

/ -

wd

T

- ‘;)w:y\j‘é_?



methods, the gost successful of Vhlch involves the 1solat1on
; of non- neutrallzable variants and comparing the sequence of
the1r structural polypeptldes to those of the w1ld type pro-
telns as deduced from sequence analysis of the viral cDNA
(Mznor-etﬂalt,'1983 Evans et al., 1983). Unfortunately the

: gengo virusigehome has yet-to be sequenced.

hIn summary,,the'data presented”here show that mone-

clonal antibodies~MCP-2_and 3 do not interart with intact
virions and; as would be expected, have no effect on virus
'attachﬁent, sedimentation behavior‘or'infectivitya.Binding .
of‘antibody:to intact virions has been shown -to be necessa:y
_bUt-not necessarily sufficient for neut:alizat}onh(Crainiéf. C
et al.,'i1'983’: Emini ef a‘;., 1983a; Dimmock, 1984")._' The
"remalnlng four monoclonal antlbodles neutra11ze viral

1nfect1v1ty and appear to fall 1nto two groups; 1) those

that neutrallze prlmarlly by cau51ng aggregatlon of the :

,-v1rus (MCP 1, 4 and" 6)"and 2) those that neutrallze _ ‘ .

prlmarlly by blocklng v1rus attachment (MCP—S).

» Co e
o

The f1rst group contalns two monoclonal antlbodles

Y R

(MCP 4 and Gfgwhlch cause aggregat1on of the v1rus at very .

ot

that the ant1gen1c detefﬁlnants recognlzed by both MCP-4 and
*J‘_-w.

‘J 3
'?gﬁare located in such a p051t10n (greater»than 150 R apart;

Werner et al.,”1972) that the antlbody mo;ecules tend to ,
) - ,‘$ N % w . . ""
L cross- llnk separate v1rlons rather&than enter 1nto a . ;

2 -
i

blvaient attachment to ‘a 51ngle v1r10n. A 51mllar mechanlsm

G Wt .)«
“l R J PR oL v ) 4 \.f
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has been described for certain monoclonal antibodies to

w

structurafﬁéolypeptides.of poliovirus (Brioen et al., 1982;

Thomas et al., 1985) and FMDV (Baxt et al., 1984). Even

though the attachment data presented here indicate that
large cross-linked aggregates are capable of enhaticed,
perhaps non—specific attachment to L cell monolayers the
large aggregates are clearly non- infectious. This suggests

that they are elther not 1nternallzed by the cells or are

)

-res1stant to 1ntratellular uncoatlng Monoclonal antlbody &

MCP-1 is less eff1c1ent than monoclonal ant1bod1es MCP-4 and
6 in causing virus aggregatlon and many favour‘bivalent
attachment to the same virion. Thus virus neutralization by

. ] : %
monoclonal ‘antibody MCP-1 closely parallels the extent of

aggregation.

. The final neutralizipg monoclonal antlbody, MCP 5

appears to block viral attacHment’ wlthout cau51ng extensrve
5

oK)
?Lgcross 11nk1ng (aggregatlon) %f the virions. “The data snggest

. Sl
that the p051t§on of "the ant1gen1c determlnan@‘on .poly-"

peptide B whlcﬂbus recognlzed by monoclonal antlbody MCP-5
is such that monovalent attachment of the antlbody to the

virion is favored. Thus ‘even at p*gh antibody: partlcle

ratios there is not extensive aggregatlon (as shown in

Figure 5, approx1mately 30% of the virions aggregate - as
dimensior trimers - ln the presence of 60 molecules of MCP-5

per virion), yet these hlgh ratlos are requ1red in order to .

L.v"".'.i

~block attachment to ény 51gn1f1cant degree and thereby to_

neutrallze virus 1nfect1vrty. In‘llght,of those results

. -

K=
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which ehe; enhanced attachment of aggregates, one might
speculate that the residual attachment that was observed
vwith monoclonal antibodthCP-S may ‘have been due to attach-
ment of non-infectious aggregates and/or non-specific

adsorption.

The evidence presented here does not,” however, make it
p0551ble to deétermine whether monoclonal antibody MCP-5
blnds directly to the cell attachment site on the surface of
the virion, or whether 1t binds to some other 51te in such a
way as to sterlcally hinder binding to the receptor. Further

X
meaningful studies on the neutralization of picornaviruses
will require knowledge of the sequence and location on the

surface of the virion of the antigenic epitopes involved in

neutralization,



R

Baltlmore, 1977) Aygellular protein

NS
R

Cr TER IV

1solation of Pure Polypeptide E and Its Characterization as

a Poly(U) Polymerase

Introduction

L |
Following the development of an in vitro poly

(A).oligo(U)-dependent polymerase assay for the

ecific polymerase by Flanegan and Baltlmore

poliovirus:s
(1977), atten.lon\has‘focussed on 1dent1£1cat1on of the
virus- spec131c and host! components requlred‘;or picornaviral
RNA synthesis. The most extens1vely studle&% |
poliovirus- specific polymerase, d651gnated elther as P3-4b,
p63 or NCVP4 (Flanegan and Baltimore ,1977; Van Dyke and

.

Flanegan, 1980; Baron: and Baltlmore, 1982c) and e@u1valent

‘to Mengo v1rus polypeptlde E (Lund and Scraba, 1979), acts

v

) strlctly as' an elongatlon polymerase requiring an RNA tem-

plate and an ollgo(U) prlmer for activity (Flanegan and

,,designated 'host

'ngr' can substltute for an oligo(®) primer in the,in
tro synthe51s of minus. strand v1ﬂ§§ﬁRNA to produce a pre-
domlnantly ‘double- stranded product from the plus strand tem-

plate (Dasgupta et al., 1980, 1982 ‘Baron and.Baltimorer

“1982a, 1982b). Unfortunately, polymerase preparatlons

isolated by a series of chromatographlc procedures contain

.contamlnants which may~constitute as much as 20% of their

-

total proteln content (Young et al 1985). These‘contami-

nants have been shown to 1nclude the polymerase precursor

NCVPZ, the 'host factor' for-viral RNA_synthe51s (Andrews et

”

N \ . ) ' Ve
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al., 1985), and Vpg—related polypeptides (pasgupta et al..
"1983) whfch‘may possibly be*inyolved in the initiation of
viral RNA synthesis. Due 1O the presence of these imporities”a
in polymeraSe preparations, the exact role(s) played by the :
‘host factor' and the Vpg related polypeptldes in the |

initiation of viral RNA synthe51s remaln somewhat obscure.

In this chapter, the purification of Mengo

virus- speC1f1c polypeptlde E to apparent homogeneity by

1mmunoaff1n1ty chromatography u<anq+an anti- polypeptzde E

monoclonal antlbody i's descrlbed Reoults obtalned us1ng an‘

H7¢wtro polny) poLymeraSe assay suggest that polypeptloe E

1s the Mengo v1rus spec1flc elongatlon polymerase, and.&hat

the 1solated polymerase is *hefmolablle The observed

heat- 1nact1vatlon of polymerase actxvxty can be correlated
> by c1rcular dlchr01sm and fluorescence analysis with a con-

-

formatlonal change 1n the enzyme

‘fiparlson of the wild- type polyﬂU) polymerase with

-thoséllsolated from six RNA® tS Mengo mutants isolated ir B
”this laboratory ?Doyner et al.. 1976) suggests that the RNA -
phenotype of 4 of the 6 ts .mutarits can be explained In terms
.of‘a temperature—sensltlve lesion in their respectlve poly-

"y

Cy merases.
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Materials and Methods

Virus

' The ﬁild—type virus used was the plague variant of \
ﬂMengo virus de51gnated M-Mengo (Ellem and Colter, 1961). The
llsolatlon and partial characterlzatlon of mutants, ts 135,

ts 506, ts-520, ts 620, ts, 625 and ts 677, from a_ |

mutagenized (nitrous acid) stock of M Mengo have been

descrlbed prev1ously (Downer qt aI 1976).

uInfectlon of Monplayers and Preparation of Gell"Extracts

i

To prepare the cell lysates that were used to immunize

BA“B/C mice agalnst Mengo spec1f1c non- structural poly-

~peptides, L cell monolayers grown 1n

‘ }ashes {100mm
- Shes o

diameter) were 1nfected wlth Mengo vi
diluent at an estimated MUltlpllcity'of L, :
incubation” for 1 hr at 37°, the monolayeﬁs were washed

d.Varm*(376) BME?JO% FCS'and‘then 1ncubated at 37° in the

dmedium. At 7 5 hr post—quectlon the medlum was removed and
the monolayers were washed twice with ice-cold PBS before
"belng‘scraped.into reticnlocytedstandard buffer (RSB)
composed of 10mM Tris—HCl, pH 7;5vcontaining 10mﬁ KC1l and - /
. 5mM Mgélz. The cell suspen51on was made 1%, O. 5% and 1mM

in NP-40, sodlum deoxycholate:and PMSF respectlvely and kept

. on ice with perlodlc mixing (vortex mlxer) for 10 min. | '\5’
Nucle1 were pelleted from the cell lysate by centrlfugatlon
at 10 000 xg for 10 min at 4° after whlch the supernatant

\
. was removed Mengo structural polypeptldes were removed by

<

*

I
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1mmunoprec1p1tatlon with S aureus protein A (IgGSorb)

' complexed with MCP 5 monoclonal I1gG. The proteln A- IgG com-

plex was prepared by incubating (with m1x1ng at room tem—'pf

perature) a 20% suspension of IgGSorb in NET buffer (150mM
NaCl—SOmM Tris-HCl, pH 7.5, containing 5mM EDTA and 0.02%
sodium a;ide).(Kessler, 1875) with an excess of anti-capsid

(MCP-5) monoclonal antibody in the form of hybridoma cell

'culture.supernatant After 2 hr, the igGSorb with attached »

antlbody was pelleted by centrifugation and the pellet

‘washed three times with NET buffer containing O 1% BSA and

0.5% NP=-40. The washed pellet was resuspended §

xg'Supernatant from the lysate of Mengo—lnfetéad»cells at a’

final concentration of lO% (v/v) and the mlxture was }3

N 1ncubated with’ m1x1ng for 24 hr at 4°. The IgGSorb w1th

‘Schuell) against:PBS on ice.

attached ant1gen antlbody complexes was pelleted by cen-

'tr1fugatlon at 10 ﬂ@Oxg for 10 m1n at 4°, and the’ super—

natant was concentrated (approxlmately 5-fold) by vacuum

dialysis (10,000 MW cutoff Collodion bags, Schleicher and

o

_ Cell lpji;eéhusedttor the isolation of Mengo-specific
poly(A) Oll%o(U) dependent” poly(U) polymerase (polypeptlde

E) were " prepared from L cell monolayers grown e1ther 1n

3150cm tlsSUe culture flasks (Falcon Plastlcs) or in roller

bottles and 1nfected at an estlmated mult1p11c1ty of 5 20

,'._._

; Cat 7.5~ Q‘hr post 1nfect10n w1th3wt v1rus at 37°;.and 10 12

24

~PFU/cell w1th e1ther wt;t 37 ) or ts Mengo virus (at 33 )

as descr;bed abové When cytopathology was plalnly v151ble

v . . - N o oLt . , "’ -, . : )
- . e o R . ST - - e
B - » . e, . - o
e e ay v B ’ N + °
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‘hr poét—infection'with ts‘RNA’ mutanfs at 33?) thé hediuﬁ .
wvas removed and the monolayers vere vashed twice Vlth
ice-cold PBS before be1ng lysed w;th IB. Nuclei were
pelleted;a& descr1bed above and v1ru$'part1cles,verg
pelleted from.the supernatants (S,,) by cehtrifugatioﬁ-ap
43,000 rpﬁ (qfckman 70.Ti rotor) for 2 hr at 4°. The
superﬁatapts (Sa3) Qere rémoved‘carefﬁlly-and gtored at_“
-70°. |

Establishment of Hybridoma Lines Producing Monoclonal

Antibodies‘

Cells obtainedhfrom the spleens™of 5 immunized BALB/c
mice were used in fwo separate fusions. The micg'wéfe
. immunized bY'thé injection (i.p.) of con;éntrated
>Mengq?infécted cell lysate (equivalent of 5-10x10¢ cells),
from;which the capsid polypeptides had been removed by
immugoprecipitation; suspended in 300ul Freund's complete
édfuvanth followed, at two week intervals, by booster
injections (i.p.) of the same Juzntity of lysate suspended
in_?geund's incomplete adjuvant. éusions were performed 3
days following the‘fogrth boostér injection as described in
Chapter 1II. Mouse-sera‘énd hybridoma cell culﬁuré
supefnatants were screeneé‘for the presence of antibody by
the ELISA technique, using: DynaLech Immulon 2 plates
sensitized with S,, 1nfected‘;ell lysate (lysates processed

only as far as the removal of cell nuclei) dialyzed into

coating buffer.
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Determination of Monoclonal Antibody Spécificitg by ' ;"

Immunoprecipitation

, Iﬁmunoprecipiﬁatiqns of ’;S—labeleg ﬁeng& '

vvirus-sbecific po;ypeétides by.hyﬁridoma cell cglture
Supernataﬁts ;gre'perférméd as-described in Chapter 111 ‘ :  “ii)/
éxbept that antigen preparations‘(s‘o)kiere preadsérbed with : |
’ﬁscitic plasma (1/10 volumes) 6btained\by Q:Q;ing.the EC?-}'

. (anti-capsid) hybridoma cell line in ascites form in BALB/c

R

mice. c o N

Ly

Immunoaffinit- Pufification of Méngo Virus Poly(U)

.Polymerase’(Polypgptide E) T . o

)

Anti-capsid polypeptﬁde (MCP-4) and anti-polypéptidé E -
\(MNCP—ZO) immunoaffinity columns were prepared by mixing |
20mg of 1gG purified from ascites fluid with 1 ml.éf'A
'Afii-Gel 10 (Bio-Rad Laboréégries), an'N—hydroxysuécihimide- :
ester of agarése to which’the 1g9G céuples via i;s frgé aming
groups (Cuatrecasas and Parikh, 1272); and incﬁbéting fof A

hr at 4°. Unreacted active esters were blocked by addinQIW*M:

\

ethanolamine-HCl, pH 8.0 (O;1ml/ml‘of‘gel) tS the mixture

- and incubating at room temperature fo; t hr. The
‘gel-immobilized antibody was washed with 150mM NaCl-40mM

- sodium phosphate, pH 8.0, and transferred into pasteur

pipette columns. The columns were washed with elution buffer
(150mM NaCl-0.2N acetic écid, pH 2.5, cohtaining 0.5% NP-40)

and then equilibrated with 150mM NaCi-40mM sodium phosphate,

pH 8.0.
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S., supernatants (100-125ml) ptepared from lysates: of -

1nfected cells were passed at 'a flow rate'of 0.1-0.2ml/min
a. thr0ugh an ant1 -capsid polypeptzde pfe-column"andl
“hen throug' ‘1rect1y attached antx polypeptide E column.
The tvo 1mmunuaff1n1ty columns vere then uncoupled and the
'antz polypeptxde E column was washed at a flow rate of

0. 5m1/m1n at 4°‘ with 40 volumes‘of JSOmﬂ:NaC1;40mM sodium
phosphate, pH 8.0, contalnlng 1% NP 40 folloved by 40
'volumes of 150mM NaCl sodxum phosphate, pH 8.0 conta1n1ng 2M
KCl, before’ the bound protexn wvas eluted with elut1on '
buffer.-pfactions‘(nml) of the eluate were neutralized“uith
175ul volumes of 3M Tris-HCl, pH B, before being dlalyzed-
overnxght at. 4° into repl1case buffer (Baron and Balt1mo*e,

‘1982a) composed of 50mM Tris- HCl pH 8.0, contaznlng,SmM

' B—mercaptoethanol, 0.5% NP-40 angd 20% glycerol (v/v)

'Aliquots (25#1) of the dialyzed‘fractionS'were made 2%'h
vith respect to SDS and 5% with Tespect to. |
B-merceptoethanol heated at 1009'for 5 min o4 analyzed by
electrophore51s in SDS-10% polyacrylamlve slab onls as -
descr1bed in Chapter II Known quantlt-. .+,-3 5 and 10ug)
of highly pur1f1ed bovzne serum album1n and ovalbumin (both
obta1ned from Slgma) vere electrophoresed s1multaneously
Proteln bands were stained. with Coomassxe Brilliant Blue -
R-250 as de5cr1bed in Chapter II and analyzed using a
Joyce Loebl Chromoscan 3 1ntegrat1ng.dens1tometer. Protein

concentrations in the dialyzed aliquots were estimated from

a standard curve éene:ated from the average of the densities



obtained with the two standard proteins.

Polymerase preparations used for circuler dichroisn and
: fluprescence measurements, and for amino acid and N-terminal
Sequence analyses were prepared in the same manner “ith the
followzng mod1£1catxons. The polymerase was eluted from the
1mmunoaff1n1ty column w1th 150mM M1C1-0.2N acetic acxd pH
2.5}/conta1n1ng 0.02% (v/v) octaethylene glycol (C,,E,,

. NiKKol BL-BSY .NiKKG Chemicals Co., Ltd., Tokyo Japan) a
nonioniq, ultra -violet transparent detergent (Helenius et
al., 1959). Fractions ‘were dialyzed overnight at 4° into
50mM sodium phosphate, pH 7.0, befor~ being analyzed as
described aboYe. Under these conditions, some of the protein
‘precipitated from the peak fractions and was collected by
centrifugation pooled and washed wlth deionized water
before being used in the amino acid and N- terminal sequence
analyses. |

Poly(U)polymerase Assay

The poly(A).oligo(U)—dependenf~poly(U)rpolymerase
activity was assayed by a modification of the method
descrlbed by Flanegan and Baltimore (1977) A 250ul aliddot
of polymerase solution cqn§a1n1ng 4.0ug of enzyme was mixed
with 250ul of standard assay mixture at 4° and incdbated for
5 min at the assay temperature (33° or 39°) before the addi-
~tion of 100ul of [5,6-°H]UTP (New England Nuclear; 500-700

cpm/pmole . The final concentratlons of reagents in the

assay m1xture were: 50mM Hepes-KOH, pH 8.0, 2mM magnesium
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acetate, 10mM dithiothreitol (DTT), 60uM [*H]UTP, poly(A)

(Sigma; 20ug/ml) and oligo(U);.as (10ug/ml). At appropriate
time intervals, duplicate 60ul aliquots (coﬁtaining 0.4ug. of
polymerasé) were precipitated in 7% trichloroacetic acid =
(TCA) - sodium pyrophosphate (1/3 saturated) with 100ug of
added carrier tRNA (Boehringer-Mannheim Canada, Dorval,
P.0.). The TCA-insoluble material was collected on HA
membrane filters (Millipore, pore size=0.45um), whiéh were
then washed extensiJély ;ith 7% TCA and dfied under a heat
lam§ for 30-60 min. Radioactivity collected on the filters
was measured in Bray's scintillation fluid (New England
Nuclear) using a Beckman Model LS-330 scintillation spec-

trometer.

- 0ligo(U) ;.25 was prepared by incubation of poly(ﬁ)
(sigma; 10ug/ml) for 3.5 hr at room temperature in 0.1 N
NaOH. Thé digestion mixture was neﬁtralized with 1N HC1
before being applied to a Sephadex G-100 column that had
‘been equilibrated with 10mM Tris-HCl, pH 7.5, containing 1mM
EDTA. Peak fractions (monitored at 260nm) eluted in the same
buffer were analyzed by electrophoresis on 20% polyacryl-
amide slab gels (Maniatis et al., 1982), stained with 0,2%
toluidine blue O (Fisher Scientific) in 0.2M sodium acetate,
pH 4.7 (Grierson, 1982), and destained in deionized water to
visualize the oiigonucleotide bands. Fractions containing 77
to 25-mer oligo(U), as determined from the position of‘l -
marker oligoribouridylic acid. hexamer ((Up)sU; Pharmacia P-L

Biochemicals, Dorval, P.Q.), were pooled and the
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oligonucleotides precjipitated therefrom by the addition of

0.] volume of 3M sodium acetate, pH 5.2, and ‘2 volumes of

- 95% ethanol. The 3' phosphate residues were removed by'
treating the oligo(U),-,.{(lmg) with 100 units of :
calf—intestingl phospﬂatase (hoehringet-nannheim) in 0.1M
glycine, pH 10.2, containing 1mM ZnCl, and imM MgCl, for 45
min at 37°. The solution was extracted wi;h _ )
phenol:CHCla:ﬁséamylalchol:p—hydroxyquinoline
(50:50:1:0.8%), the 0ligo(U),.,s ethanol precipitated as
before and resuspended in 10mM Tris-HCl, pH 7.5béontaining
imM EDTA at a concentrapion of 1m§/m1 (1 A;g2=50ug). -

Amino Acid and N-terminal Sequence Analyses

Amino acid analyses of the immunoaffinity-purified

: polypeptides E were performed'by Mike Natriss in the
labpratory of Dr. L.B. Smillie. Aliquots éohtaining 1 nmole
of polypeptidé E suspended in distilled water were. lyophi-
lized in 10x75mm pyrex tubes. The samples were acid
hydrolyzéd_in 6N HCl at i10°'ih evachated, sealed tubes for
periods of 24, fgj 72 and 96 hr (Moore and Steih, 1954).. The
hydrolysaﬁes we}e lyophilized and the amino acids dissolved
in 0.1m1 of 0.2ﬁ sodium citrate, pH 2.2 before beingl
resolved using a Durrum Model D-500" amino acid'analyzef. The
values of serine, threonine, valine and isoleucine'wgre
determined by extrapolation of the amino‘acid/alanine or

amino acid/leucine ratios to- zero time (Hirs et al., 1954).
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.NQterminal sequence‘anelyses of the wt and :s 520 poly-
‘peptideé E were‘performed by automhted Edman'degradation

4using an Applied Biosystems gas-phase sequeﬁcer4k"odel@

""JA). The anai}ses weré_@one by Mike Carpenter in the

laboratory c. Dr. L.B. Smillie,

ercular Dichroism

Analyées of the immunoaffinity—purified polypeptides E.
by'ultraviolet circular dichtoism (CD) were carried out by
K. Oikawa in the laboratory of Dr. C.M. Kay. CD ﬁeasurements
were made on a Jasco-500C spectropolarimeter equipped'with a
DPN-500N data-processor and a,thermostatea cell holder.
Base11nes for the spectra were establ1shed at the ini+ial
temperature (20°) w1th 50mM sodium phosphate,_pH 7.0 con-
ta}nlng 0.02% octaethylene glycol (C,:Es). For each sample,
spectra ﬁere.measured at increasing temperatures froﬁ 20° to
- 40° (using appreximagely 5°.increments) following
equilibration of the samplé celilat each temperature of
measUrement. Relative eilipticities were calculated from the

following equation:

O, &
rel =
ol etlmtml
. ) , B o \_\_U‘ . . . ’
Where 6 = observed ellipticity at a given temperature and

8t initial =observed elllpt1c1ty at the initial (lowest) tem-
.perature. In thlS manner the concentratlon term in the cal-
culation of molar el;ipticities (Oikawa etlal;,~1968).was
effeetiveiy-elimiﬁeted; The a-helix, B-sheet and random coil

comnnonents were Aetermined ac Aascrrihad hu Cfhan at+ al



(1974) (See Appendix I).

‘Fluorescence

Tryptophan luorescence measurements of the
5 .

immunoaffinity-purified polypeptides.E were performed by K..

Oikawa in the laboratory of Dr. C.M. Kay. Excitation yés-%tf.

280nm and the- fluorescence at 333nm was measured with a
APérkin-Elmer«MPF-44B fluorescence spectrophotometer equipped
with a thermostatcd cell holder. Baseline measurements were
-obtained‘usiné 50mM sodium bhosphate, pH 7.0 containing
0.02% octaethylene glycol. Fluoreécence;measurements Qere
obtaineh'ét increasing temperatures from 20° to 40° (using
f€approximatély 5° increments) following gquilibratjon of the
sample cell. To study the thermal behavior of the fluor~
;_escgnce,Ait is convenient to treat the data generated for
each of the polYpeptides as a funétion of temperature by.
means of Arrhénius plots (Brand and_Witholt,‘1967) embloyihg
" the eqguation: ' N |

_ , - £ p )
. | = - =pefT '
. F’

where F, ¥ ini£ial.fluoreséenbe,fF, = fluorescence at T, A =
) pre-expénential.factor, E = Arfhenius (empirical) energy of
Activation (cal/ﬁole) caiculated from a plot of Ln”(Fo/Ff -
1) vé:Sus‘1)T, R = gas constant (1.987.cal/deg.mole), and T
v‘= temperature in‘deg:ees Kelvin, If tﬂere_are différen;es'in
ﬁlugréscéﬁce prépérﬁies of the system at_high,versus low_;

temperatures, a plot of ln (Fo/Fy- ‘1) versus 1/T will be‘

mhAawambtnriead P:nr +wun linaar reaiane nf Aifferent slone

85



86 .

: (Eelated.to'the activation energy'of each form), and the
pnint of intersection (break point) will be the tran51taon
temperature between the two-forms. On the other hand, a
simple monotonlc loss of fluorescence vzth temperature 1s'

)
) 1nd1cat1ve of the absence of discrete temperature~dependentﬂ

- conformational forms.

Results

Isolation and Characterization of Antibody-Producing

Hybridomas

. _ ‘
Two hybridomas that produce monoclonal antibodies to

viral nor-structural polypeptides were isolated following
the fus1on of Sp2/0 cells with spleen cells from mice that
had been immunized by the 1n3ectzon of Mengo-infected cell

" lysates from which. the caps1d polypept1de had been removed
by immunoprecipitation These cell lines, de51gnated MNCP-2
and 20 (for Mengo Non- Caps1d Polypeptide) were shown to pro-:
duce immunoglobulins of. the IgM and IgG;q class, respec-

tively.

Mengo viral polypeptides, both structural and
non-structural,_a;e produced by thetcleavage of large pre- -
oursor polypeptides; Fortunately howeve;, nnlike'the caps{d
vpolypeptides, thé_non-structural polypeptides and their |
precursors are present in infected cells in mononeric form;
This being the case, one would expect that a monoclonal
uantlbody directed agalnst a determlnant in a particular

non-capsid polypeptide would, by 1mmunoprec1p1tatlon from



‘infected'cell lysates reveal precprsor-prdduét relation-
ships. This expectation hés‘bérneidﬁﬁ by.aﬁ‘éxperiment the
results of which are'illustfated in Figﬁre 6, a fluorogram
of ["S;—igbeled poiypeptides'immunoprecipitated from an
extr-act of infepted céilsvby the monocfonal antibody'pro-
duced by hybridqma'lihe MNCP-zo,'and rééolved b}-SDSfPAGE.

As shown in lane 1, in the absence of 0.1% SDS in the

.87 .

immpnopfecipitation buffers,'mqnbclonal antibody hNCP—ZG-vas’

fpuhd topimmunoprecipitéteppolypéptide E, its'prqcursdrs,c
and_D, and small amounts of sevé:aloothér polypeptides
including'capsid polypeptides €. 2, B and y which were

incompietely réﬁoved,from the cell eXtraét by Pre-adsorbtion

with,monoclpnal antibody Mcp-4. The capsid pblypeptides were

also immunoprecipitated ncn-specifically‘by a monqclonal
éntibody against polyoma virug VP1 (PyCp-3; Lane 2). The

o

 other, unidentifiedvpolypeptides immunoprecipitateg by mono-
R clonal antibody ﬁNCP-ZO are probébly associated with the
replicatiop'cémpléx. Under more Stringent conditions,pi;e.
in thé presence,of 0.1% sDs, ﬁop—specific immﬁnopfecipi-
itatioﬁ #as aboliShed,‘pnd onlyvpolypeptide E, with traces of
pﬂité’prchrsors'C and.D, ils'immunoprecipitated by monoclonal
antibody MNC?—ZQ (lane 4). In this_experiment, monoclonal

, antibody-PYCP-3 appeared to'immunoprecipitate a small amount

N :of=p01ypeptide E from the extract (lane 5), However, this

was ﬁbSE'likely due to contamination from the adjacent

sémplelyell, particularly'iniview_of the'failure of this

>

monoclohal antibody to immunoprecipitate any polypeptide E
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Figure.6. - Fluorogram of'[35§j:Jabé1éd polypept ides
present in and i unoprecipitated=from an extract (S1p)

of Mengo virus-i4fected‘L cells, and resolved by
electrophoresis in an SDS-10% polyacrylamide slab gel.
Lane 3: 519 extract of Mengo-infected cells. ‘Lane 6:

S extract after| pre-adsorption with monoclonal antibody
'M&B—4. Lane 7. pplypeptides immunoprecipitated from S10
extracts by monocllonal antibody MCP-4. Lanes 1 and 2:
polypeptides immunoprecipitated in the absence of SDS from
-4pre-adsorbed‘51o*éxtract by monoclonal antibodies MNCP-20
and PyCP-3 respectively. Lanes 4 and 5: polypeptides
immunoprecipitated in the presence of 0.1% SDS from
pre-adsorbed S extract by monoclonal antibodies MNCP-20
and PyCP-3 respectively. - - '



under less stringent ‘conditions (see lane 2).

Monoclonal antzbody MNCP-2 (an IgM) was. also found to

be spec1f1c for polypept1de E by the technlque of renatur1ng, .

o Western blott1ng as descr1bed in Chapter III (data not

shown) ' 4 . '

Purification of Polypeptlde E by Immunoaffhnlty

) - >

\

Chromatography S N \A

'\

\

H1ghly purified polxpept1de E was &splated from an S.,

_extract of infected cells by an essentlally one step pro—

" cedure in whlch the extract was passed sequentrally through

e

=3

A

two columns prepared from Affi-Gel. 10 to whlch anti= cap51d
monoclonal ant1body MCP-4 (column 1) and monoclonal antlbody
MNCP- 20 (column 2) were covalently llnked followed by

elutlon of the pure protein from the latter The results

v

-

obtained from such a purlflcatlon from an
[>*S)Imethionine- labeleo extract are 1llustrated in Flgure 7.
As may be seen, oolypeptldes were bound to column #1 (lane

5), and the extract after passage through both columns whs

found to be free of capsxd polypept1des and polypeptlde E,

but to contain all the .other non-structural viral poly—
peptides (lane 2). The only radlolabeled polypeptide eluted

from column #2 by elutlon buffer was polypeptide E (lane 3J.

- When the detergent NP—4O was el1m1nated from the elution

buffer, recoveryvof‘polypeptlde E‘was reduced by approxi-

mately 50% (data not shown).
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Figure 7. Fluorogram of [355)-1abeled polypept ides .

present in an extract (S43) of Mengo-infected L cells, : )
and resolved by electrophoresis in an SDS-10% S :
polyacrylamide slab gel. Lane 1: S1p extract of Mengo-

“infected cells. "Lane 2: flowthrough polypeptides -from BN
combined anti-capsid and anti-E columns. Lane 3: ‘
polypeptides eluted from anti-E column. Lane 4: SD§
extract of Mengo-infected cells. Lane 5: polypeptides
eluted from anti-capsid column. :
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:Figubé;B. Electrophoresis fopurified,polypeptidé E (lane
1) \and.-of a sample.of an SDS lysate of Mengo virus-infected.
cells (lane 2) in an SDS-10%, polyacrylemide slab gel.

Protein-bands were visualized by silver staining.
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The purity of pol}ﬁeptide E isolated from a
radiolabeled cell extract as outlined above was assessed
further by silver staining.(Bio-Rad silvefbstain kit) an

SDS-polyacrylamidé slab gel of‘the rgcovefed bfotein to

" visualize contaminatiog Sy unlabeled cellular proteins. As

is clear from Figure 8, no such contaminants were detected.

Isolations of polypeptide E from extracts of cells
infected with ts RNA- mhténfs of Mengo virus and with wt
Mengo virus were eqgually successful. Typical densitometer
scans of Coomassie Brilliant Blue R250 - stained
eie;tropherograms oprprified'}eplicase specified by the wt
and one of the ts mutant virus?s are showﬁ in Figure 9. All

polymerase preparations employed in the studies described
here were shown by this tecgpiqﬁe to be > 95% pure.
M ' _

The molecular weights of the immunoaffinity-purified
polypeptides E séecified by the wt énd the RNA~ ts mutants
were estimated frem/their mobilities in SD§;10% polyacryl-
amide gels relative to those of standard marker proteins.
The results are shown in Figure 10, from which it is clear
that there are no significant differencés among the wt and
mﬁtant replicases with respect to electrophoretic mobility.

From these analyses, all were estimated to have an apparent

molecular weight of 56,000.
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Figure 8. Densitometer scans of electropherograms (stained
with Coomassie Brilliant Blue R-250) of purified
polypeptide E specified by wt Mengo virus (upper panel; 2.5
Mg) and by RNA® mutant ts 506 (lower panel; 1.4 ug). The
arrows in the upper panel indicate the relative mobilities
of the proteins used to construct a standard curve used to
quantitate polypeptide E in affinity column fractions.
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Figure 10. Comparison of the relative mobilities of wt and
ts mutant-specified, immunoaffinity-purified polypeptides E
(1 ug) resolved by SDS-PAGE and stained with Coomassie
Brilliant Blue R-250. " Flanking lanes contained BRL
prestained high molecular weight standards.
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Characterization of the Polymerase

A. Poly(U) polymerase Assay

Initial attempts to measure the blologlcal act1v1ty of
. purified polypeptide E (specified by wt Mengo virus) |
utilized the assay system described by Baron and Baltlmore
,(1982a) with an oligo(U) pr1mer and RNA isolated from puri-
_f1ed Mengo v1rzons as the template It was found that in
this system, polypeptide E is capable of catalyzing the
1ncorporat10n of H-CTP 1nto TCA-insoluble products 1n the
.presence of unlabeled ATP, GTP and UTP. While this 7
observatlon Suggested that polypeptlde E is capable of
ut111z1ng Mengo RNA to synthe51ze a complementary (negat1ve)
strand of RNA, the products of the reaction were not charac—'
terized. Since the main thrust of the’ investigations was to
compare the activities of polypeptlde E specified by the wt
and ts RNA- mutants of Mengo virus, it was dec1ded to use
the somewhat 51mpler poly(U) polymerase assay. The results

'presented in thlS chapter were obtained using that- system.ﬁ

Prellmlnary studles of the wt 1mmunoaff1n1ty purified - \\
polypeptlde E revealed that the poly(U) polymerase act1v1ty*.
of the molecule, as monltored by the" 1ncorporatlon of
[’H]UMP into TCA- 1nsoluble materlal is strongly dependent:
on the concentratlon of magnesium ions in the assay mixture,
This finding 1s 1llustrated by the data shown'in Figure'1;,
from which it was determined that- the optimal [Mg--] is 2mM.

This concentration was used in all subseguent studies. The
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‘Figure 11. Effeéct of magnesium ion concentration on the
poly(U) polymerase activity associated with the wt
immunoaffinity-purified polypeptide E. The conditions .
empioyed were as described in Materials and Methods except
that magnesium/concentrations of 0, 2, 4, 6, 8 and 10mM
were used. Incubation was for 30 min at 330,
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TABLE 5
. Template, Primer and Cation Requirements for

Poly(U)PonmeraEe_Activity of Purified Polypeptide E

Modification of

Assay System . v Activityb
None (complete system)a . 64.5
' \
Complete system mihus poly(A) 0.5
Complete. system minus oligo(U) 0.5
Complete system minus Mg** 2 plus 1mM MnC1o 4.3

Complete system plus 0.2mM ZnSOg ‘ B 1.1

'4

a Detai]s'of the composition of the ‘complete’ assay system
are provided in the Materials and Methods section. -

b pmoles [3H]UMP incorporated into TCA-inéolubIe products.
sincuvaiion was for 30 min at 33°. Each mixture contained
0.4 ug purified polypeptide E (polymerase). -
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Figure 12. Poly(U) polymerase activity of the
immunoaffinity-purified wt polypeptide E as a function of
temperature. The assay was performed as described in

Materials and Methods.
339, 350, 370 and 399,

“Incubation was for 30 min at 300,
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template, prlmer and catxon requ1rements for the polymerase

‘act1v1ty of polypeptlde E are ‘listed in Table 5. The poly(U)
polymerase act1v1ty was found to be dependent on both a
:poly(A) template and an oligo(U) primer, and it was shown
that magnes1um 1ons cannot be replaced by manganese ions as
was - reported to be the case for the ppl1ov1rus polym;rase
(Baron and- Balt1more, 1982a) Also in contrast to earl1er
observations made with the pollov1rus polymerase was the
f1nd1ng that zinc ions inhibit the activityfof the Mengo
polymerase. Baron and Balt1more (1982b) reported that thlS
divalent ion stlmulates the act1v1ty of partlally purified

poliovirus polymerase. Actinomycin D (10ug/ml) has no affect

on the polymerase act1v1ty (data not shown).

The temperature- activity proflle obtained with the wt
poly(U) polymerase is 1llustrated in Figure 12. Maxlmal
incorporation of [’H] UMP into TCA insoluble form was found
-to occur at 35°, a temperature somewhat hlgher than that -
(30°) reported to be optimal for the pollov1rus polymerase

(Flanegan and Van Dyke, 1979).

The effect of monoclonal antlbody MNCP-20 on the
poly(U) polymerase act1v1ty of pur1f1ed wt polypeptlde E
was examined by incubating the latter with F(ab) fragments
derived from antibody MNCP-20 before assaylng the m1xture
for enzyme act1v1ty in the usual way. F(ab) fragments were
used rather than intact 1gG molecules to avoid d1mer1zat1on

of polypeptide E molecules due to cross- linking by antlbody
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Figure 13. Effect of F(ab) fragments derived from

monoclonal antibody MNCP-20 on the poly(U) polymerase

activity of purifizz pclypeptide Z. The miature of F(ab)

and polypeptide’E (1 molecule F(ab):1 molecule polypeptide

E)oyas incubated for -2 hr at 40 before being assayed at

339 (circles) and 39° (squares). Open symbols: '

- activities of F(ab) + polypeptide E mixture, closed
symbols: activities of polypeptidevE alone.
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molecules."’ Incubatlon was for 2 hr at 4° at a ratio of 1

" molecule of F(ab):1 molecule of polypeptlde E. The rather
surprls1ng results are’illustrated in Figure 13. Rather than
inhibiting the enzyme é% might have been expected,

pre- 1ncubat10n w1th F(ab) fragments was found to enhante the
‘act1v1ty of the polymerase at both 33° and, to an even
greater.extent, 39°. The most reasonable explanation.of‘this
observationlhs that by interacting;with polypeptide E, F(ab)
molecules_stabilize-the enzyne by preventing conformational
' changes -‘end consequent'loss of aétivity - that occur in
their absence. Evidence that the effect was spssifie and not

due simply to the presence of additional protein in the
' T N

assay minture was obtainea by carrying out”the same exper-
iment with F(ab)ifragments aerived‘from a monoclonal anti-
body against capsid polypeptide B (MCP-6). With this prep-
aratiqn polymerase activities at both 33°'and.39° were iden-
tical to those obserned‘in the absence of a@ded F(ab) frag-'

ments (data not shown),

. B, Comparison.of wt and ts Mengp Poly(U) Polymerases.

The 6 ts Mengo isolates employed in these studieS'had
been shown earller by Downer et al. (1976) to be defective
‘in v1ra1 RNA synthe51s at the non permissive’ tempe*ature
(39°). One p0551ble explanatlon for the ‘RNA- phenotype is
that in each case 'the virus- spec1f1c polymerase~synthesmzed
in cells infected with the mutant virus is significantly-
more thermolabile than is the pdlymerasejspeeified_hy,théwwt

virus. This possibility was explored by measuring the
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. Figure 14, Poly(U) bollymer"ase aétivity of polypeptide E -
specified by wt and by ts RNA- mutants of Mengo wirus .

Assays were carried out at 339 as described in Materials
and Methocs. Each reaction mixture contained 4 ug of
polypeptide E. . / o o '
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Figure 15. Poly(U) polymerase activity of polypeptide E
specified by wt and by ts RNA~ mutants of Mengo virus.
Assays were carried out at 399 as described in Materials
and Methods. Each reaction mixture contained 4 ug of

polypeptide E.



104
-polymerase act1v1t1es at 33° and 39° of purlfled poly— -~ }%ﬁﬁ

peptides E spec1f1ed by the wt virus and by the 6 ts RNA-

‘..._
Akt
2

A

mutants. These tem%eratures are defined as the permissive

e

and non-permissive respectively for the ts mutants (Downer

L ‘2 -
RTECd

et’ala, 1976). It should be noted that the assay used

r{.\:ﬂ«a“
Sl NG

I
T

R )

measures the ability of the enzyme to synthesize poly(U) on

‘a poly(A) template from an oligo(U) primer, - ie. it

measufes the eiongafien function of the enzyme only. In most
cases, the‘inéorpqration of [*HJUMP into TCA-insoluble ' o e
product was found to be faig;y.linear with time for a period |
of 1 hr at. 33°, as illustrated in Figure 14. It was somewhat
surprising, however,'to find such marked differences in
activity among the polymerase preparatiohs’at this (at the
permissive) temperature. At 39°, all polymerase preparations
were found to be much less active than at 33°, and in all
vcaSes the 1ncorporat10n of °H- UMP. into TCA- prec1p1table
-'products expressed as a function of t1me was found to

deviate 51gn1f1cant1y from linearity (Flgure‘15). ' i

As an_indicstion of the'pelativg theppostabilities of
the wt and ts mutén; pol, (U) polymerases,EE%e incofporstion
' of 5H—UMP-(in pmoles) into TCA-insoluble products after 1 hr
of‘incubatiqn is given isvTable 6. The data indicate that
the poly(U5 polymerase speeified by mutant ts 677 is the
most stable, that the enzyme specified by the wt vfirus is of
A intermediate'stability'and that those specified b \mufants
ts 135, ts 506, ts.520,_ts 620 asd fs 625 are the mbst',

thermolabile. : : | ~
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TABLE 6
Thermostability of wt and ts Mengo Poly(U) polymerases
Virus-speéific Activity of enzyme at 390a
Polymerase :
wt o 23.7
ts 135 | 8.3
ts 506 S 9.t
ts 520 . | ‘ - 5.4
ts 620 ' 7.9
ts 625 | ~ | | 11.0
ts 677 - o 27.9

2 Activities, expressed as pmoles [3H]UMP incorporated ‘
~into TCA-insoluble products after 1 hr of incubation, were
taken from the experiment illustrated in Figure 15. S
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Figure 16. Effect of incubation temperature on the poly (U
‘polymerase activity of purified polypeptides E specified by
wt .and by ts RNA- mutants of mengo virus. Assay mixtures
were as described in Materials and Methods. Incubations
were for 30 min at the indicated temperatures. - ( O ) wt,
( O ) ts 135, ('@ ) ts 506, ( ® ) ts 520, ( & ) ts
620, ( O ) ts 625 and ( A ) ts 677.



results of this Study are shown in Figure 16, The most

ts 677 pPolymerasesg exhibited peak actiQity between 33° énd
36°. The .less Stable tg 135 and ts 620 Polymerases showed a
plateau of activity between 30° ang 33° with a Precipitous -
drop in activity at higher'temperatures, and the ts s5gpg¢

Polymerase was found to be maximally‘actiye at 30°. The

Polymerase, although itg activity decreases very slowly with

increasing temperature,

Polymerase activity of polypeptide E, specifieg by the wt _‘

virus as well as by the,ts’mUtants, is that the loss of
activity reflects temperature-induced conformationaj] changes
in this molecule. Since Measurements of the circular

éichrqism and the tryptophan fluorescence of protei pro-

107
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[Gj x 1073, deg-cm2dmole!
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Figure 17. Far ultraviolet circular dichroism of the
immunoaffinity-purified wt polypeptide E (the pclv('"

polymerase) in 3Im¥ codium phosphate, g 7.0 coniainn 5
0.02% octaethylene glycol, measured as described in
Materials and Methods (——) 24.80, (- ) 29.40, | )

34.80 and (----- ) 39.50,
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Figure 18. Far ultraviolet circular dichroism of- the Lo
immunoaffinity-purified ts 677 polypeptide E in 50mM sodium
phosphete, pH 7.0 containg (.02% octaethylene glycol,
measured as described in Materials and Methods. (— —)
025,20, (e ) 29.50, ) 34.0° and (----) 39.30,




Illustrative circular dichroic spectra, measured in the
\
far ultrav1oret at temperatures between 25° and 40°, are
shown in Figures 17 and 18 for the wt and ts 677 poly-

peptides E, respect1ve1y.\Each set of curves shows_a

‘progressive. decrease in the negative ellipticity of the cor-
? : :

- responding protein with increasing temperature. For example,

the negative ellipticity at 222nm, which is due primarily‘to

the a-helical content of the molecule, was found to decrease

with increasing temperature. It is clear that both poly-
peptides, as well as the otherIS ts polypeptides whose
spectra are not shown here, undergo significant,

v temperature-induced changes in secondary structure between

25° and 40°.

The molar ellipticity of aacn_of the polypeptides E at
25° was determinedﬂfor the corresponding circular dichroic
spectrnm, and trom that parameter, the secondary structure
(expressed as the per cent of a-helix, B—structure and
random-coil conformations) of each polypeptide E at 25° was
calculated‘as described in Appendin I. The results are

summarized in Table 7. The average of the values obtalned

with all the polypeptldes 1nd1cate that the secondary struc-

ture of the poly(U) polymerase contalns 34% a-helix, 20%

B- structure, and 46% random c01l It has been estimated that
the experlmental error 1nvolved in measurlng c1rcular .
dichroic spectra is of’ the order of 2.5-4%. on this basis,'
it may be concluded that,.with the possible exception of ts

677 polymerase (29.1% B-structure and 38% random coil), the

110
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TABLE 7

Secondary Structures of the wt and ts Mengo

Poly(U) Polymerases?

Polymerase . ' ‘ Random
" ‘isolated from a -helix ﬂ-Structure - . coil

‘wt virus 34.9 197 45 .4
‘ts 135 32.0 /22,0 _.46.0
ts 506 360 ./ 249 42.0
ts 520 - 35.3 : 18.5 45.8
ts 620  33.8 18.8 47.4
ts 625 34;3 | 23.9 41.8
ts 677 132.9 29.1 38.0

a8 Calculated from
using the method of Chen

Appendix 1.
the % of each molecule in
coil conformations.

the circular dichroic molar ellipticities

et al. (1974) as described in

Secondary structures are expressed in terms of

the a-helix, B-structure and random
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Figure 19, Relative.ellipticities of the wt and ts Mengo .
poly(U) polymerases, calculated from circular dichroic
measurements.: as described in Materials and Methods. . (ccoco)
wt, (——) ts 135, { ) ts 506, () ts 520, (~---] ts
620, (-——-—) ts 625, and (--——--—) tg 677. ' :
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secondary structures of the ts mutant polymerases at 25° do

not differ éignificantly from that of the wt polymerase.

However, calculat1ons of relative elllpt1c1t1es as
-descr1bed in Materials and Methods did reveal differences
among tﬁe*polypeptides E with respect to conformational
stability. This is illustrated in Figure 19, in which the

: relative ellipticity af‘each polypeptiae is plotted as a’
'function of temperature. The steeper the slope ;f the curve,
the more rapidly is secoﬁdary structure helted out’as the:
temperature is‘increased.‘As may be seen, ts 620‘and.t$ 677
polypeétides, with relative ellipticities higher than tﬁat
'of the wt polypeptide, are the most stable members of the
gréup, while the ts 135, ts 506 and ts 520,polypeptide§ are
less'stabie than the wt palfpeptide. The ts 625 polypeptide
is also less stable than the wt polypeptlde, altnough at the
upper end of the temperature range its stablllty approaches

that observed with the wt polypeptide.

' The circular dichroism of the complex between the wt "
polypeptlde E and the F(ab) fragment derlved from monoclonal
antibody MNCP 20 was also examlned The conformatlon
(secondary structure) of the F(ab) fragment alone was found
to be stable under the experimehtal conditions employed.
Thia is illustrated by Figure 20, which shows that the CD
speetra of the:proteih measured at 25°, at 40°, and after_A
heating the s“mpie to 40° and then re-cooling it to 25°, do

not differ significantly. Circular dichroic spectra of the

113
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Figure 20. Circular dichroism of the isolated F(ab)
fragment of monoclonal antibody MNCP-20 in 50mM sodium
phosphate, pH 7.0 containing 0.02% octaethylene glycol,
measured as described in Materials and Methods . (——)
25.00, | ) 40.80 and re-cooled to (~--=-) 25.00,
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Figure 21. Circular dichroism of the complex between the
- wt polypeptide E and the F(ab) fragment derived from
monoclonal antibody MNCP-20, in 50mM sodium phosphate, pH
7.0 containing 0.02% octaethylene glycol. The purified wt
polypeptide E was incubated for 2 hr at 40 with the
anti-E F(ab) fragment (1:1 ratio of molecule of Flab) to
molecules of polypeptide E) before CD measurements were
made as described in Materials and Methods (— —) 24.50,
) 29.40, (- ) 34,00, (----} 39.00 ang o

_ re-cooled to (-—-) 25.00.
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Wt polypeptide,E'—F(ab) compiex, measnred at several tem-
peratUres‘bethen 2@.5° and 395, and again after cooling the
sample;to 25°, are presented'in Figure 21. It is clear from
the very small spectral'shiftspthat were observed as the
temperature'was increased that'the conformation ef the com-
plex 1s much more stable than is that of the v1ral poly-
peptide alone (see Flgure 17) Upon re- cool1ng the sample to
25°, the complex'was found to assume a more stable confor-
mational state than that'in‘which it existed initially, as
~evidenced by‘the.increased negative elliptieity of 1500

deg. cm’dmole’ﬂ at 217nm: The response of the'cemplex'to

re- coollng is in sharp contrast to that exhibited by. the
polypeptldes (wt and ts) themselves, all of which were found
to'Undergo marked, temperature-induced conformational

changes thatlnerepnot reversed by cooling. The increased
conformational stability’of the polypeptide E resulting from
the formation of a eomplex with the F(ab) fragment is
consistent with the observation that'the poly(U) polymerase
activity ef E is narkedly enhanced (stabilized) partlcularly

at 39°, in the presence of the antlbody fragment

Temperature-inQUced changes in the conformation .of a
protein can also be detected by monitoringiits intrinsic
fluorescence, which is due te the presence'of fluorescent
chromephores (the aromatic side chains in tryptophan,
tyrosine, and phenylalanine) in the molecule, and which

almost always decreases with increasing temperature. Meas-

urements of the intrinsic fluorescence of the purified wt

;)



]
OF ~
—_
1k ~
Wi
S
=
2 < )
3} -
: 1 . 3 1 P d
32 33 - . 34 .
.%x1o°.°K S R

3=

-~

Figure 22. Arrhenius plots (1n (F,/F,-1) s reciprocal o
absolute temperature) based on measurements of the: - e
intrinsic fluorescence of purified wt and ts Mengo poly(U)
polymerases in 50mM sodium phosphate, pH 7.0, containing :
0.02% octaethylene glycol. Fluorescence was measured at
333nm following excitation at 280nm. Ft is the
fluorescence at higher temperatures. - Virus-specific wt
[ec000) | tg 135 (——), ts 506/ ), ts 520 (=), ts 620
(~=—=), ts 625 (-—-—), and ts 677 (ce—.——) polymerases.




Re]at1ve Conformat1ona] Stabilities of the wt and ts

Mengo Po]y(U) Po]ymerases as Determined from Measurements

TABLE 8

of Intr1nslc F Tuorescence

Vnpus spec1f1c

Break Pointa@

~

118

polymerase » (in OC)

wt 27,

ts 135 26.

ts 506" 25|
‘ts 520 28,
ts 620 27.
‘ts 625 -
677 28,

“is

4 Determined from the Arrhenius plots in Figure 22.

N — e
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and ts poly(U) polymerases were carried.out at temperatures

between 25° and 40°, with fluorescence emission being
measured at 333nm following excitation of the molecules at
280nm As indicated in Materlals and Methods, measur1ng the

fluorescence at thlS wavelength focuses on .changes in the

conformation of those parts of the protein molecule adjacent .
™~ :

~

to tryptophan résidues, since the emission maximum of 'this

amino acid is at or Qery close to 333nm. The results of this

study are presented in thetformlof Arrhenius plots in Figqure

22. The break points (points of intersection of the two

linear segments of the plots), which correspond to the

transition temperatures between two conformational states of
A _

the polymerases, were estimated from the Arrhenius plots

shown in Figure 22, and are listed in Table 8.

These estinates indicate that the poly(U) polymerases
specified by mi“znts ts 520 and ts 677 are more'stable, and .
that those specified by mutants ts 135 and ts 506 are less
stable than the wt polymerase. The ts 620 and wt poly-
merases. appear to have the same conformatlonal Stability.
’The Arrhenlus plot obtalned with the polymerase specified by
mutant ts 625 does not have a break point, which suggests
thattit'is the most stable of;the polymerases examihed, at
‘least with respect to the co&formation of the molecule close
to‘tryptophan residues, and"oﬁgrnthe temperature range |
employed. The temperatures corresponding to the break points
in these Arrhenius plots are somewhat lower than might have

been predidtéd from the temperature—activity profiles shown
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Figure 23. Arrhenius plots based on measurements of the
intrinsic fluorescence of the wt Mengo poly(U) polymerase!

( ), the Flab) fragment of monoclonal antibolly MNCP-20 -
(-=--- ), and the F(abi-polymerase complex (——). Se legend
to Figure 22 for further details. : ‘




in Figure 16, This, howevér, may be an artefact of the
experimental Procedure used, since the temperature-induced
changes in the cohfofmation of>the'poly(U) polymerases (as
reflected by décreases in inﬁrinsic flporescence) are not

“fully reversible'on're-COOIing (data not shown), and this

fragment of monoclonél ahtibbdy,MﬁCP-zo'can also.bebdemoh4
stratead by.flUOre$cence_measureméhts, as illus;rated-iﬁ;

Figu;e,%3. Arrhenius plotS‘cohstructed from fluorescence

measurements of the Separate . components exhibit,weli—défined

break ﬁo{ags, estimated, }n ﬁhe expéfiment éhownvhere,'tofb;
at 28.0° and 29.Q° for the F{ab) fragment and pol}merase”

respectively. = . Arrhenius plot based on fluoresqénce meas-
urements of the F(ab)-polymerase‘complex has no break point,

indicating that it is stable over the temperature Eange

employed.

-

The amino acigd composition§ of the purified wt poly-.
peptide E and the polypeptides E. specified by four of the ts
RNA~ Mengo mutants are listed in Table 9. It was not\possif
ble to determine thehvalues for cysteine ang tryptbphan

because of the limited guantities of fhe purified polyf‘

peptides that were available. No significant differences in
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TABLE 9 ,
Amino Acid Compositiond of the wt and ts Mengo Poly(U) ﬁolymerases
(Polypep}ides £)

: “EMC
ts 135 ts 506 ts 520 ts 625 virmsb

1=

©
o
[fe)
w
Vo)

Aspartate/
Asparagine
- Threonine
Serine
Glutamate
- Glutamine
Proline
Glycine
Alanine
Valine
Methionine
lsoleucine
Leucine
Tyrosine
Phenylalanine
Histidine
Lysine
Arginine
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DD - NWO BN TI90 n
NwOorMNwW-bOo9w oo o

2 Determined as descr ibed in Materials and Methods and expressed in
nmoles % :

b Determined from the sequence of EMC virus (Palmenberg et a!.. 19841
excluding cys and trp residues ) :



4

HZN-'Gly -Alg- Leu-Glu-Arg- Leu- Pro-Asp-Gly - -

. - .
-Pro-Arg - Ile - His - Val- Pro-Pro - Lys -Thr-Alo- Leu

Figure 24.  Amino terminal sequence of the purifiedéw_t and
ts 520 polypeptides E. Sequence analyses were per formed by
automated Edman degradation, as described in Materials and

Methods.
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the amino acid comp051t1ons of the wt and ts Mengo poly— '

peptldes E were found, an observation consistent with the
view that a2 very limited number of - point mutants vere 1ntro—
duced 1nto the genomes of these ts mutants by - n1trous ac1d
the agent that was used to mutagen1ze the stock virus from
which they were isolated. The amino acid_composition of the
wt polypeptide E shown here is very similar to the compo-
sition calculated from the deduced Sequence of the EMC virus
polypeptlde E (see Table 9). This might suggest that the -
apparent sequence homology seen with the cap51d polypept1des
of these two serolog1cally 1ndlst1ngu1shable v1ruses might

also extend into the polypeptlde E region of the genome

‘The N-terminal sequences of the wt and ts 520 poly-
peptldes E, determined by automated Edman degradatlon are
shown in Flgure 24. The 16 amino terminal re51dues of the wt
and ts 520 polypeptldes E were found to be identical except. .
for some m1croheterogene1ty at posztlon 11 in the ts 520
: polypeptlde (Args in Figure 24) where a mixture of leuc1ne
and arginine (approxlmately 1:1) was found The sequence was
extended by an additional 4 re51dues (to p051t10n 20) wlth‘
the ts 520 polypeptlde. It is of interest to note that the
amino ‘terminal Sequence shown here is 1dent1cal to that of
the correspondlng polypeptide of EMC virus as deduced from
the nucleotlde sequence of the cDNa corresponding to the EMC
viral genome (Palmenberg .et al., 1984) except that in the
deduced primary structure of the EMC polymerase the proline:

at position 16 is replaced by an arg;nlne residue. In this
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regard, it should be pointed out that, for two reasons,

there is con51derable uncertalnty with respect to the
1dent1f1cat1on of proline at position 16: 1) argin1ne is

_ detected ‘rather 1neff1c1ently by chromatography of its
phenylthlohydanto1n der1vat1ve, and 2) proline is. cleaved
less eff1c1ently from the polypeptide than are the other
amino acids durlng the Edman degradat1on and as a result can

be a 51gn1f1cant contamznant of  the follow1ng cycle.
. o Discussion

The 1solat10n of a hybrldoma cell 11ne that produces a
monoclonal antlbody against Mengo virus- specified poly- -
pept1de E (poly(U) pPolymerase) has made it posssible to
isolate thlS protein in homogeneous form by 1mmunoaff1n1ty
chromatography As was reported earller for the partlally
purlfzed pollov1rus poly(U) polymerase (Flanegan and
Baltimore, 1977), the isolated polypeptide E reguires a'tem—h
Pplate, a primer and madnesium L35S ‘:rvpolymetase activity,.
Data obtained from measurements of the poly(U) polymerase
act1v1ty of the pur1f1ed wt polymerase at 33° and 39° show
that it is thermolablle, and measurements of c1rcular
dlchr01sm and tryptophan fluorescence demonstrate clearly
that the decrease in the act1v1ty of the enzyme at higher
temperatures c01nc1des with a change in its conformatzon
(secondary structure) The finding that both the enzyme
act1v1ty and the secondary structure of the polymerase are

Stabilized (aga1nst heat-induced loss/change). by the
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formation of a complex with the F(ab) fragment derived from

the anti-polypeptide E 1q9G provides additional evidence that
the heat 1nact1vation of the polymerase (1n the absence of
the F(ab) fragment) 1s the direct result of a conformatlonal
change in the enzyme. The results also lead one to conclude
that the antigenic determirant correspond1ng to the mono-
clonal antlbody used in these studles is not. located at or
near the active center of the polymerase, and to speculate
that the apparent im vivo stability'of the enzyme is due-to'
- interaction wlth other virus- spec1f1c and/or host proteins

that play a role in the’ repllcatlon of the viral genome.

\

One of the objectives'of the insttigations described.‘
here was to determine whether the RNA~ phenotype exhibited
by the 6 ts RNA- mutants used in the studles is due to tem-
peratureAsensitive lesions in the mutant- spec1f1ed poly-
merases. The fact that the purified wt poly(U) polymerase is
itself thermolabile makes interpretation of the data more’
difficult, since at best, one can describe each ts |
polymerase as being somewhat morevor somevhat less
-thermolabile than the wt enzyme. It is important to bear in
mind also, that the RNA- phenotype of the mutants may be due
to one of several factors 1nclud1ng. 1) a
temperature sens:tlve lesion in the polymerase which, at the
non—permissive‘temperature,'results in the loss of either |
the elongation’activity of the enzyme (the activity which
was probably measured in\thevoligo(U)-poly(A) dependent

assay), or its ability to interact with protein initiation
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TABLE 10 »
Smry of the Propgrties_oif the lsolaied
Virus-encoded Poly(U) Polymeragas

. Conformational
Activity at 390 » Optima? ' stabilityd

polymerase Temperature by CD by fluorescence
wt 25.7 330- 360 -
. ts 138 8.3 330 © less less
ts 506 9.1 ’ 330 less less
ts 520 5.4 | 279 less more
ts €20 7.9 270-330 more same
ts 625 11.0 360 same mo-e
ts 677 27.§ 330-360 more more

2 Relative to that of the wt polymerase.
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factors (host or viral) while leaving 1ts elongation func-

tion unaffected; 2) a temperature sen51t1ve le51on in some
other viral-coded polypeptlde that may be requ1red for
1n1t1a§;on in vivo; or 3) faulty pProcessing (cleavage) of a
precursor polypept1de (of either the polymerase or other
essentlal viral polypeptlde) at the non- perm1551ve tempera-
ture._These considerations notwlthstandlng, it is poss1ble
to draw certain conclusions from the measurements of enzyme
act1v1ty and of circular dichroism and tryptophan fluor-
éscence described here1n To facilitate comparisons of the
various polymerases the essential . ‘features of the data

obtalned from these studles are summarized in Table 10.

It is clear from these data (obtalned from both enzyme
assays and’ phys1cal measurements) that the poly(yu) .

- polymerase specified by mutant ts 677 1s more stable th?
‘the wt polymerase, from which one can conclude that the RNA -
thenotype of this mutant is not due to 1nact1vatlon of the
elongatlon functlon of its polymerase at the rion- permissive

'g/atgmperature In contrast, the data suggest that the RNA -

phenotype exhibited by mutants ts 135 and ts 506 can be

attrlbuted directly to température- ~sensitive lesiong in the
polymerase which they encode. Both polymerase were shown, by
both enzyme assay and spectral . analyses, to be more

thermolabile than the wt enzyme.

The data obtalned wlth the other three ts mutants are

‘more dlfflcult to 1nterpret On the basis of the pol- ')
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polymerase assay, ts 620 enzyme activity seems clearly to be

more thermolabile than that of the wt. However, the corre-
Iation between the results of the enzyme assays and measure-
‘ments of c1rcular dlchr01sm and tryptophan fluorescence is
not as clear cut as is the case’' with the ts 135 and ts 506
polymerases. On the basis of fluorescence measurements, the
/conformat1ona1 stab111t1es of the ts 620 and wt polymerases
appear to be essentially the same. On the other hand (see
Figure 19) circular dichroism measurements indicate that the
relativebellipticity of the ts 620 polymerase is somewhat
higher than that of the wt. enzyme over the whole temperature
‘range (25°-40°) used which suggests that it has a more
Stable secondary structurelthan the wt enzyme. However, at
temperatures above 33°, the upper limit of a'relatively ‘
broad temperature range (27°-33°) over which the.ts 620

polymerase ‘is optlmally active (see Flgure 16), both the

€20 pelrmerass dezrzz: s--- rs?iély the: 3¢ these Tireme-
ters of the wt enzyme. Taken’together, these observations
make it seem likely that the RNA- phenotype of mutant ts 620
is also due to a temperature sensitive lesion which affects

the elongation function of its polymerase.’

Even more difficult to interpret are the data obtained
with mutants ts 520 and ts 625. Examination of the
temperature-activity profiles shown in Flgure ‘16 shows that
the poly(U) polymerases specified by these two mutants -

unlike those specified by the other four mutants - do not,
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at any'temperature, have specific aétivities even close to
that exhibited by the Wt enzyme at its Optimal temper;ture.
This suggests ﬁhat, at all temperatures, both énzymes may
have a decreased affinity for the temélate*primer aﬁd/or the
substrate. The témpérature-acti&ity Profiles obtained with
these two polymerasés.are.relatively flat, and the circular
dichroism and fluorescence Measurements indicate that over
the temperature range employed both undergo'lésé’marked con-~

formacional changes than does the wt enzyme (and that the ts

625 polymerase~is the mo§£ stable of all the'polymerasés
examined) . Nonethéless; the low optimal tempera;u;é‘(27°)
for the poly(d; pPolymerase activity of_tg 520 pol}peptide E
(see Figure 6). and the finding that with this polypepg&de
the.rate of incorpora;ion of *H-UMP into TCA=insoluble
pProducts at 39° decreased dramatically after 15 min incu-
bation (gee Figure 15),ﬂsuggests that the RNA‘_phenétYpe of‘

this mutant can also be explained onn the basis of a

-Tive lesian in Polypeptide E.

th

~s5én

n

—.

Ih tﬁe case of mutang ts 625, earlier Studies
(pulse-chase experiments) of thebsynthesis of viral pﬁly-
peptide at thelpermiséive and non—permissive}temperatufes
suggest ah alternative explanation. 1In cells infected with
.this mutant there appears to be faulty cleé&age of poly-
beptide C and D (precursors of pPolypeptide E) énd possible
furthér éleavaée of polypeptide E at the non-permissive tem-
berature, all of which result in the appearance of three

-

abnormal products of molecular weights 41, 25.5 and 16K

130
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‘at any temperature, have spec1f1c activities even close to
that exhibited by the wt enzyme at its optimal temperature.
This suggests that, at all temperatures both enzymes may
‘have a decreased afflnlty for the template prlmer and/or the
'substrate The temperature- -activity proflles obtained w1th -
these two polymerases are relatlvely 1iet, and the c1rcular.
dichroism and. fluorescence measurements indicate that over
the temperature range employed both undergo less marked con-
formational changes than does the "wt enzyme (and that the ts
525 polymerase is the most stable of all the pol}merases
examlned) Nonetheless the low optimal temperature (27° X
for the poly(u) polymerase act1v1ty of ts 520 polypeptide E
'(see Figure 6) and the f1nd1ng that with this polypeptlde
'the,rate of incorporation of ’H-UMP into TCA- insoluble
products at' 39° decreased dramatically after 15 min incu-
" bation (see Figure‘ls), Suggests that the RNA- phenotype of
‘thls mutant can also be explalned on the ba51s of a_

temperature-sensi:ive lesion in polypeptide 5.

In the case of mutant tsg 625, earlier studies
(pulse-chase experlments) of the synthesis of viral poly~
peptide at the dermissive and non- perm1551ve temperatures
suggest an alternatlve .explanation, In cells infected w1tn
this mutant there appears to be faulty cleavage of poly—
"peptide C.and b (precursors of polypeptide -E). and p0551ble:
further cleavage of Polypeptide E at the non-permissive tem-
perature all of which result 1 the appearance of _three

. abnormal products of molecular weights 41, 25.5 ang 16K



(data not shown). This aberrant cleavage pattern, in con-
junctlon with the low specific act1v1ty of the ts 625

polymerase may account f - the RNA"phenotype of mutant‘ts

s E
jf

625. - v o . v | ' v E "

o W
A loglcal extension of the studies described here would
be to investigate the replication of Mengo RNA in an in

vitro system. Given the availability of completely

“homogeneous polypeptide E, it would be possible to attempt

to reconstitute the complete‘systeh required for the
replication of the viral genome, and to identify and define
the roles of other virus-specific and/or host factors that

may be involved in the process.
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Appendix I
Molar ellipticities were calcu]ated from the observed

ellipticities at 250 employing the following equation;

(6] Oobs X MRW v
R
. 0 x 1 xC E : }&.
. ; _-#.'Vf
where [8] = molar ellipticity at a given wavelength,

ll Bobs Observed ellipticity in degrees, MRW = mean residue
weight /taken as 115 gl, 12 path length in Cm and ¢ =
gonﬁehtratibn in g/ml. : ) |
fthe per cent a-helix, B-sheet and random coi aere

»calquated using the molar el,wticjtes at four different
wavelengths 1210, 215, 220 and 225nh) by the method of Chen
et al. 11974, The values reported were average values

The equat1ons emp1oyed were

Equation 1. \alues of “9 taken at 210 and 225nm |
“”926 -ccnn.,127ﬁ;*((6225 + 264!x5990r! 2043 7335n = Q.

[y
. Ly

1620 - 2200.-124700xa  5990= § .
Equation 2. Vaiues of [6] taken at 215 and 225nm
(11625 * 8BS x12761- ((Bapg - Esu)x1ooos)t 323547520= a *
({8215 + B681-126369xa)) 10008+

_équation'B. Vagbes of [8] taken at C20 and 225nm

(((Bpy-. + 1eoo;ng76>+f(eég5.+ 26417860/ ) 267595840 = q
‘ae‘-»;‘ - 1800 - 21300 xa 7860= 5 I ,:-
.iThe peri cent random coil was deter*‘wed by subtract1on o
=The constants used are the re crenc: values fOr puretl-_.
vhe11x, B- structure and random *011 c&nputed at eiph '

) vaelength from ;everal referenc- i:roteijns.
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