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ABSTRACT
Mengo virus RNA was translated-in a rabbit retichlocyte
cell-free system to produce viral proteins. Sucrose gradient
dnal?sisb of radioactively labelled translation products

following a 16 hr incubatign period revealed the formation
' »

‘of 5§ [ea?] and 14S ([eayls) particfes, similar to those

A\

isolated from Mengo virus infected L-cells.

.

The 14S particles prodhced in both infected cells and

by ’

chromatography on a column containing monoclonal antibodies

" reticulocyte lysates were purified immunoaffinity
specific for the capsid proteih B. Mengo virus 13.4S
subunits were used as eluant. These purified particles
sedimented at 14S during recentrifugation and contained
eseentially ‘pure proteins e, a and\ y,'ﬂas judged from
autoradiography and cilver staininc of SDS—PAGE gels.
Preliminary assembly etudies in vitro demonstrated that, in
the presence of wiral RNA, 14S particles frcm both sources
are able to‘formlstructures having sedimention coefficients

2

greater than 100S. However, virus-sized particles (1508)
were only detected“in_ mixtures /of viral RNA and - 148
particles purified from infected L;cells.

Two conclusions were drawn from studies in which 145
particles synthesized in the cell-free system and éhose
.isolated from infecteé L-cells were compared. (1) &
morphopoiecic factor responsible ‘for facilitating the

formation of 14S particles might be present in infected

L-cells but not 1in the reticulocyte lysate since the

[



formation of 145 particles in the latter system was found to
be 4 times slower. (2) The .14S particles produced in vitro
might be cénformationally different from those isolated from
infected cells, since the two types of 14S particles exhibit
distincéive pehaviourial characteristics during the
immunoaffinity chromatographic purification ‘and .in their
interactions with viral RNA. , 2

The amino terminus °§ protein e was also éxam{ned. A
chaotropic agent, lithium diiodosalicyte (LIS), was used to

elute the 148 particles, (leayls), .which had been

. " ‘L‘a‘ ‘ . . . . N
specifically nﬁuﬂﬂﬂ;‘éﬁhe immunoaffinity column, as purified

i

v .v‘”?tre‘r'mihnat‘:ion of e,
a and y from this material was qttg“-téd:*but no méaningful
_résulté were obtained, presumably because éf fhé ‘yéfy
limited solubility of these proteihs after freezé-drying.-
Attempts to synthesize [JHlécetyl CoA-labelled Mengo
precursor proteins in the jn vitro system also failed. Rapid
conversion of [’H]acetyi CoA into varibus amino acids
resulted in the }édioactive labelling of ail newly
synthesized viral proteins., It was found that both the‘
initiation of synthesis and the post-trahslétional-
processing 'of Mengo viral pfoteiné‘in acetylation-inhibited
reticulogyte—Llysates were markedly inhibited, andhonlyAsmall
amounts o¢f the precursor protéins-were detected. Thus, the

net result of these experimental approaches' is that the

amino terminal of polypeptide e remains uncharacterized.

vi
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. INTRODUCTION;

Mengo  virus was first isolated from monkeys,

mthuitoes, a mongoOse and a laboratory workgrvét_ a monkefﬁ
colony in the Mengo District of Buganda, Uganda. It was
shown to produce lesions in;the brains and spinal cords of
infected animals and encephalitic 5ymptoms in ﬁ;n (Dick,
1948). The-virus was subsequently adapted to _probégate in
laboratory mice ‘and in cultured mouse cells (Ellem and
- Colter, 1961), Mengo virus has been classified as a member
of the family - Picornaviridae (Matthews, 1982). The
‘Pitornévitidae’qcmprise four genera of small mémmalian RNA

viruses, and Table 1.1 llStS some of the physical propertles*
of the species in each genus (Rueckert 1976 Scraba, 1979;

putnak and Phillips, 1981).

Chemlu@l analy51s of p1cornav1ruses has shown that 70%

\
’

of the welght of the ,virion is accounted for by capsid
protelns and 30% is.RNA; nelther‘ llpldS ‘nqg carbohydrates
have been found. Sodlum dodecylsulfate polyabrylamlde gel
electropﬁoretic (SDS-PAGE) analysis qf picornavirlons\ has
revealed foﬁr major capsid proteins, which are prese;t\Th\\
‘rouéhly equigolar ratios (Maizgl et al., 1967; Summers and
Maizel, '1968). These have been designated VP1, VP2, VP3 and
VP4b,in the case of polioviruses, ‘rhinoviruses and
aphthoviruses, and. a, B, v ’and § in the case ot the
cardioviruses. To simplify the situatiqn, in this thesis-the
cardiovirus ‘nomenclature will be used for ‘all

picornaviruses. This convention also implies that the
N
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corresponding proteins ‘are‘ similar in tefms of size,'gene
order and structur;l roles;Athis certainly s%ems-to be true
based wupon the data available,(Putnék and.ﬁpillips, 1981).
One to two copies of the capsid brotein precutsors g (B + &)
and D2 (a + y) are also found in each Mengo\ and EMC virus
particle, though their‘ function is not \ yet clear
(Butterwéfth and Rueckert, 1972b; Ziola and Scrapba, 1974).
The strucfure of the polio virion was first\propOSed by
Finch and Klug' (1959) to be a regular icoséhefron, based
upon the.X-ray diffraction pattern obtained from crystals of
the wvirus. Sincé vthefe could be more than one possible
arrangement fér equimolar amounts of four capsid proteins in
an ibosahedral shéli, the architecture of picornaviruses
was, for a time, mysterious. Dunker and Rueckert (1971) made
uée of thé acid igbility,oﬁ the'cardioyiruses.to provide an
insight to the structure problem. In the presence of
chloride ions at slightlf acidic pH, cardioviruses
dissociate into 13-14S subunits which contain equimolar
ahbunts of the capsid proteins «, B and y. The fourth capsid
protein, &, is found in a precipitate togetﬁer with the RNA,
Thé 13-14S subunit could be further dissociated'by 2 M urea
into particles which sediment at about 5S. A molar ratio of
1:1:1 for the proteins «, B and y is still maintéinedjin the
58 particles. From the protein compositions and the
molecular wéights of the proteins and the particles, the 58S

particle or protomer was found to contain only one copy  of

each of the three capsid proteins «, B and y, while fbe



13-14S subunit was a péntamer ([laByls). The 5S bfdtomers
probably associate by hydrophobic interactibns to form a
pentamer, and the pentamers associate by acidrsehsitjve
electrostatic interactions to form the wvirus capsid. The
dissociation scheme for Mengo virus is shown in Fig. 1.1.
Each,picornavi;us particle contains one molecule of
infectibus, single Stranded RNA, with a molecular weight
aboet 2.6x10¢ (Lee et al., 197§). It is of the positive
sense since it is translated directly during inféction‘and
can also be tfanslated'in cell-free systems (Smith, 1973;
Villa-Komaroff et al., 1974; Pelham, 1978). It sharés with
most eukaryotic‘meésenger RNA's a 3'—poly(A). However, this
poly(A) segment is not added post- transcrlpt1onally by
-enzymeé; it is transcribed from the poly(U) template at thé
5'-end of tg; negat1ve strand RNA durlng repllcatlon The

presence of poly(a) is essentlal for the infectivity of the

~

RNA, but it is not clear whether there °is minimum
%.

requ1rement for the length of the poly(a) chain (Putnak - apd

\{ 3

Phillips, 1981). A poly(C) tract about 100 re51dues long 1s,¥
found near the 5'-end of = the _RNA of cardioviruses (and
aphthoviruses; Fellner, 1979). No function has been aséribéd
to the poly(C) fract. ‘ |

Unlike . most eukaryotic messenger RNA's, picornavirus
RNA does not contain a 5'-cap structure. A small protein
desiénatea VPg (Lee et al., '1977; Sanger etaa%., 1977

Hruby et al., 1978) is covalently linked to the 5'-terminus

of the viral genome through an 0*-(5'-uridylyl)tyrosine
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Fig. 1.1 Dissociation of the Mengo virion,:-

In the presence of 0.1 M Cl- at pH 6, the Mengo capsid
dissociates into 'soluble' 13.4S pentameric subunits. The
polypeptides along with the viral RNA (and the 'immature'
protomers containing e and/or D2 polypeptides) form a
precipitate. The 13.4S subunits can be further dissociated
into 4.7S "protomers (containing one molecule each ' of
polypeptides «, B, and y) by treatment with 2 M .urea. The
individual polypeptides can be released from the protomers
by hiating in the presence of 1% SDS. (From Mak et al.,
1974). ‘



‘linkage. This virus-encoded protein 1is not required for
translation but is involved in the replication of viral RNA
(Wimmer, 1979). Translatign and replication of‘picornaviral
RNA takes place ip ﬁhe cellular cytoplasm. VPg 1is removed
from- the RNA molecule by a celldlaf enzyme before
translation begins (Nomoto et al.,/ 1977; Ambros et al.

1978). Onceée the tifnslatlon of the viral mRNA has started,

synthesis of host’ &cell .protelns is 1inhibited markedly

(Franklin and ”fmore, 1962;: Lucas-Lenard, 1979); This

e

'shut-off' of host'xyll protein synthesis is common for all
 greatly facilitates studies of the
gﬁguof viral broteins. The infected

cei&

wg%nalyzed by SDS-PAGE and the newly
synthesized viral prOEElnS visualized by autpradiography
with little interferencé from host proteins (Summers et al.l
1965) . ‘ o

It 1is (generally accepted that picornavirus RNA 1is
monocistronic (Jacobson and Balbimdte, 1968a) and has a
single initiation site for‘ translation. Based on £hese
assumptions, the gene ~order and precursor-product
relationship  of tyarious viral. prdtefns synthesized in
infected cells and'cell—free translation systems have been
determined by pulse-chase experiments, pactamycin mapping
and tryptic peptide identifications (Butterworth and
Rueckert, 1972a; 1972b; Paucha et al., 1974; shih et al.,

1978; Grubman, 1984). Shown in Fig. 1.2 is a proceésing map

of Mengo viral proteins., This 1is a modification of the
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Fig. 1.2 Gene  order and cleavage map of Mengo viral
proteins. L

Mengo viral RNA 1is translated 1into a polyprotein of MW
~250,000 both in vivo and in vitro. The polyprotein is
unstable, being cleaved while nascent by a cellular:
enzyme(s) 1into three segments: A1, H & F, and C
(Korant et al., 1980). The structural pregursor Al can be
detected in the in vitro translation system, but (by analogy
with EMC wvirus; Palmenberg et al., 1984).in vivo a leader
peptide (L) is immediately removed from the amino terminal
portion of A1 to generate A. The other secondary cleavages
shown were determined by pulse-chase experiments, and the
gene order of the structural and nonstructural proteins by
pactamycin mapping experiments (Paucha et al., 1974). These
cleavages are mediated by a viral protease, most likely p22
(Rueckert et al., 1980). The 'morphogenetic' cleavage of e
to & + B occurs during the final steps of progeny virion
formation. The § polypeptides isolated from virions have
blocked amino-termini (Ziola and Scraba, 1976); neither the
nature of the blocking group nor the stage in
post-translational processing where blocking occurs have
been determined. Polypeptide C, representing the 3' part of
the < RNA coding region, 1is the precursor for the 5'
~genome-linked protein, VPg, the protease, p22, and the:
polymerase, E (Lund and Scraba, 1979). The molecular weights
given are those determined from SDS-PAGE. The standard 4-3-4
nomenclature for picornavirus polypeptides (Rueckexrt and
Wimmer, 1984) is included at the bottom of the figure.



scheme proposed by Paucha et al. (1974)“ﬁ§fﬁg the nucleotide
sequense data éetermined for encephalomyocarditis (EMC)
virus (Palmenberg et al., 1984). Translatioa of picornaviral
RNA starts very close to the 5'-end of the molecule and
proceeés along the whole genome Eo produce a -polyprotein
with molecular weight greater than 220,000. This polyprotein
is not stable and is cleaved by host cell enzymes to the
protein precursors Al, F and C before its synthesis is
completed. Only in the presence of amino acid analqgs
(Jacobson and Baltimore, 1968a; Jacobson et al., 1970;
Paucha et al., 1974), zinc ions (Butterworth and Korant,
1974), of protease inhibitors (Korént, 1972; Summers ét al.,
1972) can the polyprotein be detécted. As shown in Fig..1;2,
the viral %;psid and noncapsid precursors are further
processed into their final products by the action of a
protease which is believed to be of Qiral origin, The two
possible candidates are proteins F (quant‘et al., 1979Y and
p22 (Palmenberg et al., 1979). P22 aqtocatalytiéally removes
itself from- precursor D (Rueckert et al., 1980); the
resultfgévjpolypeptide E,  which is also a stable viral
pfotein product, is ‘the RNA "replicase of the = wvirus
(Traub et al., 1976; Flanegan and Baltimore, 1977; Lund and
Scraba, 1979).

The‘firs;.cardiovirus capsid protein precursor shown in
Fig. H*a is pgotgin Al. This precursor was-not detected 1in
infééfeé»—éeils_funless the primary processing of precursor

proteins was inhibited by zinc ions or amino acid analogs



(Pauéha et al., 1974; Lucés—Lenard, 1974: Butterworth and
Korant, 1974). The corresponding EMC viral protein
synthesized in a rabbit reticulocyte lysate (originally
‘termed ‘ﬂpre—A') was shown by Pelham to be the precursor of
protein A (Pelham, 1978). A leader peptide.(L) produced by

the cleavage of Al has been identified for EMC (Cappbell and

- *.

Jackson, 1983) but not for poliovirus. In the latﬁer case,
the amino terminal of the capsid precursdrs is conserved
* during subsequent processing (Dorner et al., 1982) .
lProcessing, of protein A gives rise to another precursor, B.
Cleavage of B follows two routes. It is either chaved into
D1 and «, or is cleaved into e and D2. The laﬁpegipaghway is
thought to be followed in Mengo infeéted cell%, since D2 1is
detected in Mengo virus particles (2iola and' Scraba, 1974).
The amino terminus. of the‘.capsid” pfotein 65 of all
picornaviruses is blocked. The nature of the blocking group
is not knowé. Functionally, blockiné'of the amino terminal
may protect the protein from. eXOpEptidase ,dégradation,
and/or the neutralizétién of 60 positive charges brought
about by the blocking groups may play an importaﬁtvrole in
the assembly of the virion. It haé.been shown that all of
‘the precursor proteins containing the amino terminus of the
poliovirhs polyprotein are blocked (Dorner et al}, -1982). .
Whether the amino termini of capsid precursors (A, B, D1 and
e) of cardiovirusesfagg,also Biockeé‘is not known. However,

a ‘difference may be énticipated because of the presence of

e

‘the peptide L ia the precursor of the cardioviral capsid



proteigs.

The final cleavage of ¢ to B and & has not been
detected in cell-free translation systems programmed with
picornavirus RNA; neither are mature virions produced in
these .systems (Shih et al., 1978). E;pty capsids isolated
from poliovirus infected cells contain: only proteins e, a
and y (Maizel et al., 1967). These data support the proposal
of Jacobson and Baltimore  (1968b) that the'clegvageiof €
occurs during the incorporatiog>of“'%§e viral RNA into a

/

Assembly of virus partlclé ﬁd{lows the synthesis of

pre-formed cap51d

- viral structural and nonstructural proteins and the
production of progeny RNA molecules. Although many important
details of the assembly procesé are not clear, a model shown
in Fig. 1.3 has mbeén proposed based oﬁ the available
- information (Scraba, 1979; Putnak ana Phillips, 1981).
Readers should refer to this model when various pathways and
intermediates are being described. A series of subviral
particles, at  least some of whiﬁh are assembly
intermediates, have been 1isolated by ultracentrifugation.
These include particles sedimentihg at 5-6S, 135S and - 14S

(Rueckert et al., 1969; McGregor et al., 1975). For

poliovirus, B80S 'procapsids’ (leaylso: Jacobson  and
Baltimore, 1968b) and 125§ ‘pﬁovirions' ([eaylso RNA;
Fernardez—Togas and Baltimore, 1973) have also been

described. Empty capsids have not been detected in

cardiovirus infected cells, but a 53S particle ([eay]zs) was
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Fig. 1.3 Model “for picornavirus, assembly showing the
structural intermediates and hypothetical pathways. ' .

In infected cells capsid precursor molecules (either A or B)
associate to form pentamers, and ‘concomitant cleavage
produces a 14S particle whose,composition is [eayls. In the
in . vitro protein - synthesizing systems programmed with
cardiovirus RNA, the precursor proteins are cleaved to
produce [eay] protomers which ~are subsequently assembled
into 14S particles. There are three possible pathways
whereby mature virions are formed from the 14S pentamers. On
the left is the.pathway proposed® for poliovirus (Jacobson

and Baltimore, 1968b; Fernandez-Tomas and Baltimore, 1973)
-which involves -the formation of a - 'procapsid' followed by

o vy

the incorporation of virién RNA and the final
'morphogenetic’' cleavage of the e polypeptides to B and §. A
direct interaction between the RNA. and 12 of the 145
particles is also a possibility (center pathway), with
condensation . producing the 'provirion' (Ghendon et al.,
1972). Finally, on the right is shown the .pathway proposed
for . Mengo virus by Lee and Colter.£1979). This involves the °
formation of 535 and 75S intermediate ‘structures (five and
ten 148 particles?) followed by the incorporation of the RNA
‘and addition of other 14S particles to ‘complete the capsid.
Although not shown here, the final maturation step leaves
one or two copies of uncleaved e¢ in each picornavirion.

o
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isolated from Mengo infected cells (Lee and Colter, 1979) .
Particles which sedimented in the 5S region of sucrose
density QFaaients were found to contain a single molecule of
‘ capsid' protein _precursor A. Also detected in the 5S region

wgre partlcles containing e, « and y, "the cleavage products*
st

¥ ’
. precursor A (McGregor. et4 al., 1975, McGregor and

;ﬁuéckert 1977; shih et al., 1978), Precursor A produced in
EMQ.'v1rus }1nfected cells was also nd i nm-a structure
cemposed of f1ve A molecules, wh1ch sedlme ted at about 138 -
(McGre?or et al.; 1975). A structure sedlmenting at about
148 (ghe 14S partECIe)'consisted of five molecules of “each
of €, a and y, and could be a pentameric assoc1at10n of the
-leaved 58 partlcles or a processed form of the 138

| particles ([Als). . _ :

‘The 14S particle is thoUght to be eflegitimete assembly

. intermediate. This particle is repidly labelled in infected
cells, and poliovirus 14S particles.have been shown to be
able _tdﬁtasséhble into empty capsids 1in the presence or:
absence of infEcted\ cell extrects (Putnak and Phillips,
1982). Since self-assembly. of 14S ﬁartic}es and assembly of
14S particles in the presence‘of'uninfected cell lfsates; do

_uot,igive"rise to a structute identical tc the empty capsids
found in infected cells ('procapsids')' Put-rrather to one
which has' a d1fferent isoelectric p01nt and sensitivity to
proteases, the requ1rement for a morphop01et1c ’ factor

encoded by the virus was postulated.
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It is tempting to conclude that in the assembly of

virions, 805 'procapsids' are produced from 14§ particlés
and/,the viﬁél RNA'is éncapsidated by some means'afterwards.
However, the absence of stable empty capsids in cardiovirus
infected cells suggests the possibility -of alternate

- pathways. Progeny viral RNA méy be encapsidated directly

throﬂgh N interaction with the 14§ particles. The 80S

'procapsids' or ‘the 53§ particles mentioned above may -

'J

represent a storage form of the 148 pafticles.

To elucidate the details of picornavirus assembly, tke

“-postulated intermediates and factors must first be isolated -

and purified in order - to study . assemny r;actions under
definéd conditions in vitro. The ‘onfy kind of in vftFo
éssembly reaction reported to . date’ 1is the *%ssémbIY. of
poliovirus = 14S particles into - procapsids, which was
menfioned éarlier. Howevef, the 148§ pa;ticles used id. these
studies were far “from " pure. Phillipé and Wiemert’(1978)
. examined the degree of contamination in poliovirus 148

particles prepared from sucrose gradients and estimated that

80% of thé protein present in these preparations was of host

origin, _Inxladdition,'the viral proteins presént'in'thé 14S.

particles were not only €, « and y; detectable amounts of

other structural precursors and nonstructural polypeptides
.were also present. In contrast, 145 particles which
contained 6nly the capsid proteins e, a and y (and probably

some unlabelled cellular proteins) were isolated from an EMC
! » _ g

virus RNA directed cell-free translation system derived from
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a 'rabbrt. reticulocyte lysate (Palmemberg, 1982). With the
removal of contamlnatlng retlculocyte proteins,' these 14S
partlcles could serve as suitable intermediates for in VltPO
assembly studies. |

One of the aims of the project described in this thesis.
wes to eynthesizepss and 14S particles in a Mengo virus RNA
directed cell-free translarioﬁ“systi? and to purity rHese
particles‘Sp‘that they could be used to study the brocess of
virus assembly under defined conditions. ; P |

The amino-terminus of capsid precursor prereiﬁ' € wes
also investigated.  The strpctural proteins €, ; and y from
purified 58S partrcles'isolated from Mengo virus .infected
cells were 'subjecbéd to automated N-terminal sequehcing;

Since the amino termlnal sequences of caps e protelns « and

'y are known (Zlola and Scraba, 1976), the.appearance of a

third.amino acid in each sequencing cycle would have been
contributed by €. 1If this were found to be the case, thee
the Mengo cap51d precursor proteln e would have a free amino
terminus, and the N-terminal modlflcataon of & must occur

during the maturation of the virion. Palmiter (1977)

5
Lo

depleted  the acetyl CoA from a rabSif, reticulocyte
translation system by the addition of oxaloaeetate and
citrate synthese;’ and discovered that ovalbumiﬁ (which is
normglly acety}ated»at jts amino terminus) could then be

syﬁgﬁesized from this system in a form that was amenable to

automated sequencing. Since“acetylation of proteins is very

common 1in eukarybtic systems, the possibility that e is an
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acetylated protein was examined with the aid of this

s
acetylation-inhibited in witro translation system.

%
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. . 2. MATERIALS AND METHODS

2.1 Virus Growth and Pqﬁificatioh

%he M plaque variéht of Mengo virus used was‘originally
isolated by'Ellem and CQltef (1961). Confluent monolayers of
mouse L-929 fibroblast cells were érown in roller bottles
(1250 cm?, ¥3x10°4cells/bottle) and infected with Qirus at a
multiplicity of 20 plague-forming units (bfu)/cell. After
18 hr incubation at 37°, the medium (Eagle's basal ‘mediﬁm
[BME] containing . 1% fetallcalf‘Serum‘[FCS]) and cells were
collected and centrifuged at _1,600 g for 15 min. * The
supernétant was removed and the qéll pellet was‘resuﬁpended
_in vater, f;oien and thawed.twice to release trapped virus,
?andt reéentfifuged. Thé. two supernatants were combined and
chilled‘and the“ virus was >precipitated by adding cold
methanol to a final concentration of 33%. The'solufioh'wasi‘
stbredqét'-20° fcr at leaéﬁ 6 hr and ﬁhe virus vprecipitate
was collected, homogeniied, and digested withna-chymotrypsin
S (3x crystallii;a, Worthington Biochemicals, Ffeehold, N.J.,
.UéA) to remove cell debris. The virus was pelleted_from the
. sup@rnatant byAcentrifugation and was further purified by
qentrifugafion . through a sucrose gradient, equijibrium
. centrifugatiﬁn in ¢esium suifate and éel filtration iﬁﬁ'GZS
Sephadéx baccording to the prqcedure described by iigla and
Scraba (1974). The quantity and purity of virus preparations

were .determined from the optical absorption at 260 nm, the

Asso/Azgo ratio and the ultraviolet 'absorption .spectrum

"

.16
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(Scraba et al., 1967). The ihfectivitié§ of wvirus
preparatioﬁs in terms of plague-forming units (pfu) were
determined by the plaque assay method, using monolayers of

mouse L-cells, as described by Campbell and Colter (1965).

2.2 Preparation of Viral Ribonucleates

Cowpea mosaic virus (CpMV) middle and bottom compénénts
were generous gifts from Dr. J.E. Johnsoﬁ (Purdue
University). RNA's vere isolated'ffom these viral compohents
as well as from purified Mehgo virus byOIa procedure
employing pﬁenol extraction as described by Scréba et  al.
(1967). The résultinngNA solution was made 0.2 M in sodium
acetate and the RNA was precipitatpdei;h an eQual volume of
‘absolute ethanél. ~Dried RNA pellets wéré redissolved in
sterile disti&led water to give a final concen;ration of
122 . pg/ul, band were stored at -20° in 10 ul aliduots. The
purity and integrity of the RNA was checked by analytical
ultracentrifugation; intact Mengo RNA has an Sgo,w value of
35 (Scraba ét al., 1967). | |

Brome mosaic. virus (BMV) mRNAxrwas purchaseqﬁﬁfrom

Promega Biotec (Madison, Wis., usa).” ‘

2.3 Translation"bf- viral RNA in the Rabbit Reticulbdyte
Lysate .
:Nﬁcléase treated. rabbit‘reticulocyte lysates (Promega
Biotéc) were storgg{inmliquid nitrogén in 200 wul aliguots.

Seventy percent;xof ‘the volume of a standard protein
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synthesis mixture (total volume 60 ul) was made up of the
rabbit reticulocyte lysate. The system wés als; supplemented
with 1.2 wul of 1 mM methionine free amino acid mixture
(Promega Biotec) énd about 1.QM of [**Slmethionine (about
1000 Ci/m%p%h\ New England Nuclear, Boston, Massachusetts,
USA). Five ;é of Mengo viral RNA were added to the
translatioH‘ mixture, and :incubation was at 30° for 16 hr
unless stated otherwise. After incubation, bovine pancreatic
ribonucie;ée A (Sigma Chemical Co., St. Louis, Mo., USA) was
added to a final concentration of 33 ug/ml and the ~sample
wa§ incubated at 30° for a further 45 min. The‘translation
mixture was then diluted ‘wit£ one volume of cold
reticulocyte standard buffer (RSB; 10 ?mM NaCl, 10 mM
Tris-HCl, 1.5 mM MgCl,, pH =8.5) and loaded onto sucrose
gradients for isolation of’structural infermediates.
Translation of Mengo virus RNA,. CpMV RNA's ~ and BMV
RNA's were also carrie§ 6ut in ‘the presencer of 1 mM
oxaloacetate (Sigma, Grade -I) and 30 wunits/ml citrate
.synthasé (Sigma,.'Crysta}liné- suspension of 1923 units of
enzyme/ml in 2.2 M ammonium sulfate) to deplete the
translation system éf acetyl CoA. Preparation of
- oxaloacetate (OAA) stock solutions_addvfééoyery of citrate
,éyntha;e (CS) from the ammonium sulfate precipitate were
done as described by Palmiter (1977). The amount of rabbit
.reticulocyte lysate was reduced to 55% of the total volume

to allow for'the addition of OAA and CS. The total volume of

protein synthesis mixtures of this sort was usually 12 ul,

-
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and contained 1 uM of [**SImethionine (~1000 Ci/mmol, NEN).
Appropriate amounts of OAA and CS .were added just before the
addition of RNA. Mengo viral RNA and BMV RNA's were added to
a concentration of 1 ug per 12 ul (83 pg/ml), and CpMV M or
. B RNA's were added at a concentration of 0.72 ug per 12 ul
(60 ug/ml) translation mixture, which also contained 2 mM
dithiothreitol (DTT; BIO-RAD Laboratories, Richmond, Calif.,
USA). Incubation was at 30° for 5 hr ' unless stated

otherwise. In some experiments 3 uM [*H]-acetyl CoA (about 7

Ci/mmol; NEN) was used as the radioactive label.

2.4 Translation of < Mengo Virus RNA inl the Wheat Germ
Cell-free System |

The standard ' protein  synthesis mixture (30 yl)
\cpntaihed=10 ul of nuclease treated wheat germ extract
('3-fold "concentrated'; Bethesda Research  Laboratories,
Gaitﬁersburg, MD,‘USA) plus the following components: 5.5 mM
creatine phosphate, 0.2 mg/ml creatine kinase, 80 uM
Spefmidine phésphate, 1.2 mM ATP, 0.1 mM GTP, 50 uM each of
19 amino acids (except = methionine), 1.8 = mM
2-mercaptoethanol 97 mM potassium acetate, 2.4 mM magnesiuﬁ
acetate, 0.8 uM [**Slmethionine (about 1000 Ci/mmol, NEN),p
and 2 ug of Mengo virus RNA in sterilé.distilied water. In
 some cases 39 units of thé humaﬁ placental ribonuclease
inhibitor RNasin (Promega Biotec) and -1 mM DTT were also

included. Incubation was at 25° for 5 hr.



20

2.5 Preparation of Infected Cell Lysates

Purified Mengo virus was added to a confluent monolayer
of L-cells in a roller bottle at a multiplicity of
100 pfu/cell. One hour later (zero time post inféétion), the
medium was replaced by BME containing 4% FCS. After 3 hr,
250 uCi [°H]leucine (157 Ci/mmol, NEN) or 1 mCi
[JSS]methionine (~1000 Ci/mmol, NEN)’in mediPm deficient in
the appropriate.amino acid was added to each bottle. At 4 hr -
p.i., the medium was removed and the cells were detached
from the bottle by washing with physiological buffer
containing EDTA and glucose. Cell lysates were prepared
according to the method described by Marongiu et al. (1981).
The cells were washed in PBS and 1lysed by Dounce
homogenization in RSB (pH 8.5). Nuclei were removed"’by
centrifugation and the supernatant was made ‘1% in NP40 and’

DOC 4n order to dissolve the cytoplasmic membranes.

2.6 Sucrose- Density Gradien£ Centrifugation

Infected L-cell” lysates- (1 mli or RNase digested
Jstandard 16 hr translation mixtures (diluted to 120 ul with.
60 ul of RSB) were layered onto 11 ml 1linear 5-20% (w/v)
-sucrose gfadients made'in RSB (pH 8.5). Centrifugation:was
at 37,b00 rpm'fbr 15 hr (4°) in a Beckman SW41 rotor. At the
“end of,theurun,.thé’gradients were fractionated into 270 ul
fracti;ns from the béttom of the gradients.- The positions of
radiocactive proteins and subviral assemblies were detected

‘either by the trichlorocacetic acid (TCA) filter test . (see
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below) Sr direct liguid.scintillation’ counting. Eleven ml
linear 15-30% (w/v) sucfose gradients 1in eitherﬂRSB (pHB8.5)
or 0.1 M sodium phosphate (pH 7.4) with or without 1% NP40
were also used for the Eent;ifugal separation of viral

particles larger than the 14S pentamers.

2.7 Trichloroacetic Acid Filter Tests
) Incorporation of [**S]Imethionine into proteins
synthesized in cell-free translatiorn systems'was measured by
adding 5 ul aliquots of translation mixture to 1 ml of 1 N
NaOH, 2% H,0, in 10 ml test tubes and incubating for 10 min
at 37°. This served to destroy the TCA precipitable
rad.nactive peptidyl t-RNA complexes’ and to oxidize the
endogenous hemoglobin, thereby removing the red colour from
the solution. Twenty uml of 0.1% bovine serum albumin (BSA)
and 4 ml of cold 25% TCA Qere then added and the mixtu;es
were incubated ~on ice for" 30 min. The precipitates were
collected on GF/C glass microfibre filterst(2.4'¢m, Whatman)
in a Millipore Sampling.Manifold. The test tubes were rinsed
and the filters were washed with 10 ml cold 8% TCA, followed
by 4 ml of acetone aftef which they were dried under vaéuum.
The dried filters Qeré-wsubjected .to liquid scintillation
.éopnting. |

Twenty ulisamples from the sucrose gradient fractions
were spotted onfo GF/A glass microfibre filter disks
|

(2.4 cm, Whatman). Twenty filters were placed in a filter

holder and were then washed twice with ice cold 15% TCA and
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once with ice cold 5% TCA. Finally, the filters were washed
with ice 'cold acetone and dried under infrared lamps.
Radioactivities were quantitated by liquid scintillation

counting.

2.8 Gel Electrophoresis and Autofadiography

Phospﬁate-ureaA gels (10% acrylamide) were prepared
according to the recipe of Palmenberg et al. (1979), except
that 2.5 M urea was used instead of 5 M uréé. Gradient or
antibody coluﬁﬁ fractions to be analyzed\. by gel
electrophoresis were combined and proteins precipitated with
TCA in the presence of BSA carrier. The precipitates were
washed twice with acetone. Twenty ul of two-fold
concentrated sample buffer (2x's§pple:5uffer; 2.8% SDS, 0.8%
2fmer¢aptoethanol, 0.06% bromophenol.blue,. 20% - glycerol 1in
0.01 M sodium phosphate buffer, pH 7.2) were added to the
dried precipitate and the samples were placéd‘in a boiling
water bath for 5 min. Equal volumes of 5 M urea were added
just before the samples were‘loaded 6nto the . gel. .Samples
from the in vitro translation mixtures were diluted wifh;\
five volumes‘of two-fold concentrated sample buffer without
TCA-acetone precipitation. These samples were also heated
ana then‘diluted wiéh 5 M urea as déscribed above.

Electrophoresis in a BioRad slab gel electrophoresis
apparatus (Model 221) was at 40 amp per gel for 52 hr. The
gel was then removed, fixed in 40% methanol wit% 10% acetic

|

acid, treated with EN’HANCE (NEN) and heat dried on Whatman
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3MM filter paper in a BioRad slab gel dryer. The dried gel

was then‘'exposed to Kodak X-OMAT AR film (XAR-5) at -70°.

2.9 Preparation of Mengo Virus 13.4S Subunits

Purified Mengo virus ([°H]leucihe ylabelled, or
unlabelled) was pelleted in a Beckman Type 70Ti rotor at
40,000 rpm for 60 min (4°). The virus pellet was resuspended
in phosphate buffered saline (PBS), pH 6.2, at a final
concentration of 1-1.5 mg virus/ml. Pancreatic ribonuclease
A was added to a final concentration of 2 ug/ml and ’the
virus solution was stirred at 37° for 1 hr. The suspension
of «dissociated virus was thén loaded unto 11 ml 5-20%
sucrose gradients in RSB (pH 8.5) and centrifuged at 35,000
rpm for 17 hr (4°) in an SW41 rotor. Grad;ent fractions
containing 13.4S subunits were.combined, dialyzed against
RSB overnight and stored at 4°.

: Y

2.10 Coupling of Antibodies to Sepharose

Murine hybridoma cell lines producing monoclonal

" anti-Mengo antibodies were injected into mice, and IgG was

subsequently purified from the ascites fluid by geH
exclusion chromatography (Sepharose $200), and ammonium
sulfate precipitatibn. Finally, the antibodies were dialyzed

against 0.2 M sodium bicarbonate buffer (pH 8.0) containing

0.3 M NaCl. Monoclonal antibodies agaiﬁst the Mengo virus

protein B thus purified were a gift from Mr. J. Bowen

(Department of Biochemistry, University of Alberta).
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Anti-BSA  antibody was Jobtained from Miles Scientifiq
(Naperville, 1Illinois, USA). Freeze dried CNBF—activatid
Sepharose 4B (Pharmacia, Dorval, . Quebec) was washed with
large volumes of 1 mM HCl and mixed overnight at 4°-with the
appropriéte antibbéy in coupling buffer (0.25 M NaHCO,,
0.5 M NaCl, pH 8.5). Unbound antibodies wegé\thgn removed B
washing, and the remaining active groups OR %ﬁg“Sepharosé
were blocked by 1 M ethanolamine (pH 8.6). The
antibody-Sepharose was then tréatedjby three washing cycles,
each cycle consisting of a wash at pH 8.5 (coupling buffer)
followed by a wash at pH 4.01(0.1 M CH,COONa, 0.5 M NaCl). .
The end product was dried under vacuum, fesuspended in an
eqﬁal volume of RSB and stored at 4°.
-}
2.11 Immuno-Affinity Ch;omatography
lThg éntibody-Sgpharose suspension (200 ul) was poured
into a siliconized 1 ml Eppendor{pipett\é‘\t\i\p, kthe bottom of

lass wool. ‘This immuno-

- *

which was loosely plugged with

-affinity column was washéd with RSB before the pooled

samples containing 14S peaks from 6-10 " sucrose gradients

were 510w1y pumped through (loading). The effluent was
) » _ B
recycled through the colomn once more, after which the

*

. [
column was washed with RSB containing 1% NP40, and then‘with
RSB alone (washings). The bound 145 particlesu were eluted
either by~ equilibration with 13.4S'subﬁnits prepared fr&ﬁ

b 4

dissociated viru§' or by a chaotropic reagent, lithium

;aiibdosalicylate (LIS; Q.1’M, pH 8.5). Fractions (BOOwMIQnéf
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each effluent were collected and samples (80 ul) were used

for measurements of radioacfivity by liquid scintillation-

counting. Fractions were also analyzed by SDS-PAGE as %

described earlier.»Proteih bands were >de£ecfed either by
autoradiography, or f%yﬁ silver staining using " the kit~
purchasea from,BioRad.iThe inﬁeérity of the eluted 14S or 5S
particlés was examinéd’bf sucrose gradient céntrifugatidn.
2.12 Interaction of Purified 14s ﬂgﬁbQirali Particles . With

Viral RNA | N ‘

A.oneﬂmi'sample of purified 14S of 55 particles waé
‘mixed with different amounts (7-20 ug) of—Menéo virus RNA
;nd@jncubated at room temperature for 90 min. The mixture
was .-then 1dialyzedﬁ against either :di1 M sodium phosphate
buffer KpH 7.2) or»*0.01' M Tris ibugfér with 0.1 M KCl
(pH 7.3) at" room temperature for‘S hr. The dialyiate Qas
lé%ered onto a 11 ml 15236% sucfosed gradient made in the
correspondiﬁg sodium ..phosphate or . Tris buffer, and
centrifugéd'to detéct tﬁe .formation of structures larger
than the 14S particles. | |
- ,:, : | .
v2.13 Elécfrophoretic Elufion,of Viral Structural Protéins
- from Polyacrylamide Gels |

Electroelution .of'_viral structural proteins ° from
SDS-PAGE .was carried out as described by Hunkapillar et al.
(1983). 'Azl chemicals were either purchasedf from the

o

companies suggested by these authors, or the best available
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grade was used if the source of 'the chemicals was not

L]

~identified. All solutions and gels were made in glass

distilled}deionized water..q
| The preparation of phosphaté-urea'gels (10% a@rylamide)
was described previously,_ a#d 10% Léemmli gels (Laemmli,
1970) were also used. [?H]léucine labelled Mehgo virus
(~100 ﬁg) wés p;ileted at 55,000 rpm for 30. min in)a SW55Ti
rotor. The pellet was then dissglved in 'appropriape sample
buffer and heét"e.éd to 5'0—603. (for 10-15 miin. Mter
eiectrophofesis,~the gel was first fixed 'in two dhangéé of
destaining Solutign tacetic acig-methanol-water, 50/165/785,
:v/Q/v) for abou.t' one‘ hour to ré&Qe the urea before staining
with 0.5% Copmassié blue in acetié acid-isopropyl.alcohol-
water k1/3/6, v/v/v). The"stained‘grotein bands were cut oqtr
~and ‘subjected “to elect;;elutibn; The eiution apparatus was
fabricated P& Dr. J. Tyler (Department of . Genétics,»
University “of- Alberta) accérdiﬁg fto the = description of
Hunkapiller \et- al. (1983). 'Récovefy of proteins wasﬂw
;estimated from the fec;verY‘of,radioactivity, and portions
of therelutgd;éémplés weré analyzed by standard SDS-PAGE and
autoradiogr phy in order to establish the identity and
purity of the protein(s) containea therein. ‘
?7.14 Amino Terminal Sequencing of Viral Capsid Proteins
‘Electroeluted Mengo viral proteins were subjected to

Qanﬁal micro-seguence analysis as described by Chang et al.

(1978), ultilizing ~a * coloured Edman reagent
. 5&‘35. ' ' ’ "
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'4—N,N—dimethylazobenzene—4'—isothiocyanate (DABITC) for easy
identificétion of the modified amino acid on thin iayef
’chromatoéraphic plates. This method has been reported té be
a ‘»Gery sensitive manual sequepéing' imethod, oniy
2-8 nanomoles of pept%de or protein béing‘ ;eqﬁired‘jfor a
sequence detefmination'up ;0‘20—30 residues. |
Automated'émino acid sequence determinatioﬁ was c;rried
out by Mr, ’M.\ Cafpenter using ‘Ehé ‘Applied Biosystems
Gas—Phase‘Sequencéf, Model 4&0A’(ngick et é?af 1981). All
reagents‘"and solvents were froﬁ Applied\Bioswgtéms (Foster

. 2 B ) .
~City, Ca., USA), and Qolybrene (Rlapper et al., 1978) was
ST ! : )
used as a carrier. Amino acid phenylthiohydantoins were

identified by reverse-phase chromatography (Somack, 1980).

2.15 Synthesis‘~and Detecfion of Acetylated Pro£éins in the
Cell-free System ﬂ ;
Three uM [3H]—a§etyl. éoAv (6-7 .Ci/mmol)*ﬁég used as

label during a 5 hr. incubation of Mengo viral RNA in the -

N : : .
rabbit reticulocyte lysété‘(the volume of incubation mixture
was 800 ul). In-some experiments unlabél}ed acetyl CoA' was
added aft¢f~2olmin incubation timé to qifinal concentration
of 2 mM. AE 5 hr, 200 ul of anti-g antibody-conjugated

Sepharose was added (in one experiment }qnﬁi—BSA

antibody-Sepharose and BSA , 1.7 ng/ml final concentration, .

vere add%d to the 1incubation }mixturé without RNA as a

g?btrol), and the sample was mixed on a Adams Nutator (Clay

Adams) for 30 min. The antibody-Sepharose was collected by
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',centrifugation‘ at 2,200 rpm for 10 min in a Beckman
Microfuge and the‘supernatant was removed. One ml of»‘RSB
containing 1% NP40 was added, with swirling, to wash away

the nonspecifically associated proteins or radioactive
materials. After a' second wash, - 50 ul of 2x gel sample
buffer was added to the antibody-Sepharose' pellet and the
sémple was again mixed on the Nutator for 30 min. The
‘antibody-Sepharose was pelleted .again aﬁd the supernatant
coﬁtaining the extracted capsid proteins was removeé and
heated in a boiling water bath. Samples were then removed
for direct scintillation’ counting. The incorporation of

'radioactivity was detefmined by k subtracting the
radiocactivity of the‘cdntrol sample (no viral RNA added to.
the translation system) from that. of the sample which

,contéined the newly synthesized capsid proteins. These gel
samples lwefe also analyzed by standard SDS-PAGE  and

13

autoradiography. *



3. RESULTS ;
3.1 Translation of Mengo RNA and Processing of the Viral
Polyproteih in vitro w y
3.1.1 Translation of Mengo RNA in Rabbit Reticulodyté\
Lysates : . \
Mengo virus genome RNA was incubated with nuclease
treated rabbit reticulocyte'lysate in order to accomplish
the cell-free synthesis of viral proteins. The entire genome

was successfully translated, as shown by SDS-PAGE anélysis
!
of the . protein products (Fig. 3.1). The optimal

concentration of RNAMyas found to be 83 ug/ml incubation

-‘/

Jmixture; higher or lower RNA concentrations fesulfed in less
incofporation of‘amino gcids into proteins. An average  of
about 6% of the [355]methionine lébel (or 7 foid increase
over background) was %ncorporated into newly synthesized

" proteins during aﬁ incubatioﬁ perioa of 16 hr. Incorporation

~of [**S)methionine into EMC viral proteins synthesized in a
rabbit réticulqcyte lysate was reported to be 45% in 3 hr
(Shih et al., 1979); this is much more efficient than the

<Mengo | viral RNA directed in vitro translatioﬁ system
described here. Pérez-Bercoff .and Gander (1978) 'Kave
reported an increase of.8-15 times over the background of
éndogenous activity when Mengo RNA was translated in’ a
lysate of K;ébs ascites cells. This is comparable to our

results for the in vitro translation of Mengo virus RNA in-

29
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the rabbit reticulocyte‘§YStem; |

The pfoducts obtained by translation of Mengo RNA 'in
the rabbit reticulocyte lysate were analyzed by SDS-PAGE.
Fig. 3.1 shows an. autpradiograph of a polyacrylamide gel
velectrophpretic.pattern of proteins translated and processed
during varidus time intervals after the addition of -Mengo
RNA. . Lane 10 in.Fig. 3.1 shows the pattern obtained:-with a
lysate of Mengo virus infected L-cells. Most of'thevproduc;s
from the in vitro translatioﬁﬁéystem can be corfelated with
proteins synthesized in Mengolinfected ﬁ—cells, _ﬁanes 4a,
fa, B8a and 10 were also scanned 'for:_a ’densitbmeérig
cbmpafison of the Qanibus ‘protein Speciesl (Fig. 3.2),
Table 3.1 lists the appérﬁnt _molféular weights of these
proteins, calculated ffom.their elecérophoretic ’mobilities

relative to -those of marker proteins of known moleculgf

- weights. ., > n

The time of appearahce and disappearance of the various
viral protein bands is cqnsistént with the cleavage map
Shé&n in Fig; 1.2. The incorporation of [?*Slmethionine into
TCA precipitable products was detectable after 5. min
incubation and was, found to éqntinue for about one hr. The
first ‘virus coded polxpeptide_eto appear was the primary
precursor protein designated Ai1. As shown in"Fig. 3.1,
lane ‘3a, A1 was detected by 15 min (0.25 hr) of incubation
and was completely processed within 2 hr (lane 6a). The
capsid precuréor§{ A and B appeared later than A1:(Fig 3.2,

30 min tracing); this was consistent with the role of Al as
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-a primary precursor.

Detection of A1 in the cell-free system but not in
infected L-aellsvmay indicate that cleavage of A1 in the
rabbit reticulocyte lysate 1is slower than in infected
L-cells. Campbéll and Jackson (1983)ﬁkhave.Asuggested that,
for EMC virus, A1 is.cleaved to generaté a 'léader’peptide'
L énd the cépéid precursor A. When EMC RNA was translated in
a reticulocyte lysate system supplemented with unlabelled
EMC .translation prducts: A was found to be fhe major capsid
precursor produced during the first 40 min of incUbat@on?
and A1'was not . detected. If N-formYl—[’5SJmethionine-tRNA
was used ih such experimehts, the onlyvprotein labelled to a
:sighific;nt-exteﬁt,wasythe small cleavage pﬁoduct L. In the
non—supplemehted system, this procedﬁre resulted 1in the
label}ing{of A1. Therefore, it was concluded that, 1in ’the
presencé -0of the EMC coded proteélytic‘enzyme,'release of L
occurred even before synthéesis of A; had been . complétéd.
Moreover, since it would be veryi difficult to stop the
translatioP before any ;iral protease has béen produced 1in
infected cells, it is not éurprisiththaf Al is' not Sorqq}ly
foundfin the infetted cell lysate.

Protein F, which 1is encoded in the P2.region of the
viral genome, appeared between 15 and 30 min (lane 4a). Tthn
reached its maximum level at 2 hr and gradually decreased in
amount over the 16 hr incubation period (see Fig. 3.1; also

compare the densitometer tracing of Fig 3.1 lane 6a and 8a

shown in Fig. 3.2). However, F has always been found to be a

¢
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Fig. 3.1 Synthesis of Mengo viral proteins 1in the rabbit
reticulocyte cell-free translation system: analysis by
SDS-PAGE and autoradiography. '
Standard rabbit reticulocyte protein synthesis mixtures.
containing [**S]methionine were prepared as described in
"Materials and Methods. To one mixture (designated 'a' in the
"fiqure) was added a suspension of Mengo viri RNA,. and to
the other (designated 'b') was added an eguivalent volume of
water. Following incubation for periods ranging from 5 - min
(0.08 hr; lane 1) to 16 hr (lane 9), samples were removed
for analysis by SDS-PAGE and autoradiography as described in
Materials and Methods. Lane 10 in the autoradiogram is a
. reference lysate of Mengo infected L-cells obtained at 6 hr
post infection.
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Table 3.1 Molecular weight estimations from SDS-PAGE.

Estimated
« Average distance molecular weight?
Polypeptide' migrated? (mm) (in Kdaltons)
%,

A1 _ 15,0 % 102.7
A ‘ 17.9 98.1
Phosphorylase b 23.8 92.5
B 23.9 89.1
C ¥ 28.9 . 82.2

D ‘o 36.8 724
Bovine serum albumin® “n 38.6 69.0
D1 Sl e 43, 5 65.1
D2 46, T%, 62.4
E ' . 55.0 .. ‘ 54 .1
X 56.3 - ‘ 53.0
Ovalbumin* 61.4 46.0
€ 74.8 39.4
F 80.4 36.0
a 84.5 , 33.7
B 91.7 ' 30.0
Carbonic anhydrase* - 93.4 30.0
Y 109.0 | 22.8
p22 115.4 . 20.6
Lactoglobulin A* 123.2 18.4
G 132.0 15.8
Globin : 149.5 11.9
H 158.1 10.4
I 163.2 9.6
8 -173.9 8.1

e

'"Taken from SDS-PAGE analysis of infected L-cell lysates
(6 hr p.i.) and Mengo RNA programmed reticulocyte lysates
which included marker proteins.

*Average of two determinations.

3Calculated from a standard curve of logMW versus distance
migrated (Shapiro et al., 1967).

‘*Polypeptide ‘markers used to construct the standard curve.
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stable final translation product {n Mendo, EMC or poliovirus
infected cells, and ‘in the EMC or polio messenger RNA
directed cell-free system (Butterworth and Rueckert, 1972b;
Lucas-Lenard, 1974; Paucha et al., 1974; Shih et al., 1978;
Shih et al., 1979). It is possible that protein F of Mengo
virus can be degraded slowly in the rabbit reticulocyte
lysate system by'eﬁdogenbus proteases.

Precursor protein C, thch is encoded near the 3'-end
'of the viral RNA, also appeared at about the same time as F
(Fig. 3.1, lane 4a; Fig 3.2, 30 min tracing). It was
processed rapidly into intermediate D and then into the
polymerase E and the putative protease p22.

- After about 30 min to 1 hr, a protein band identified
as b1 on the basis of its apparent molecular weight,
appeared together with  structural protein. a and
nonstructural protein E (Fig. f3.1, lane 5a). These are
secondary cleavage products produced by the wviral protease
(Palmenberg et al., 1979; Palmenberg and Rueckert, 1982).
The Mengo structural protein intermediate D2, which was
believed to be the cleavage product of B and the immediate
precursor of capsid proteins a and Y in “infected L-cells
(Paucha et al., 1974), was not found in the protein products
of cell-free synthesis. Moreover, the s®uctural proteins €
and y appeared together after about 2 hr inCUbétion time,
following the appearance of proteih o (E@ﬁ}f 3.2). These

Id

observations lead to the conclusion thﬁti}similar to the
| -
situation in an EMC RNA directed cell-free system;
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Shih et al., 1979) the Mengo protein precursor B was‘cleaved
into D1 and «, aqd D1 was then cleaved into e and y in the
cell-free system.iﬂw'further processing of e to B and & was
observed.f The latter observation implies that maturation of
Mengo virion does not occur in this rabbit reticulocyte
system during the 16 hr incubation period.

After 16 hr‘of ‘incubation, the -major viral protein
bands that remaiﬁed were Di, E, ¢, F, a, v, G, H, and I
(Fig. 3.1, lane 9a). Almost all of the precursors Al, A and
B had been processed by 16 hr, but cleavage of D1 seeméd to
be relatively slow, as was found during the 'céll—free
synthesis of EMC viral proteins (shih et al., 1979).
Processing of wviral proteins in yinfec%ed Lrcells is
virtually completed within 8-10 hr post infection
{unpublished observations) and is always accompanied by the
cleavage of e and formation of prdgeny virions. Therefore,
it seems possible.that cleavage of D1 might not be completed
until the e ﬁroduct is further processed into B and 5.

Although moét of the protein bands can be identified as
viral proteing, there are still some- whose origin and
function are not defined. One of them 1is a protein of
apparent MW 60,0001which was’located between D1\and E in the
polyacrylamide gel énd was visible in most of the later time
samples. Although it corresponds to a minor band in the
infected cell lysate shown in lane 10 of Fig 3.1, its
identity is not known., Another prominent protein band in the

infected L-cell lysate, having a MW of about 47,000, was
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found to be only a minor band throughout the 16 hr
incubation time in the in vitro translation sysiem. In the
case of EMC virus infected cells, it has been suggested thaf
this is a host protein (Butterworth and Rueckert, 1972b).
Nonviral radioactive proteins with apparent MW's of
53,000 (protein X) and 12,000 were also detected in
incubatidn mixtures with and without added Mengo" RNA
(Fig. 3.1). The protein X band probably resulted from
mRNA—indépendént labelling of a pre-existing protein, since
it was not ;isibie in autoradiograms if [®H]leucine was used
to label the in vitro translation produc£s (result not
sﬁqwn; Pelham and Jackson, 1976). Jackson and Hunt (1983)
also found that this protein X band migrated with an
~apparent MW of 220,000 if the sample was not boiled prior to
~ ~-SDS-PAGE. Since the protein X band did not. obscure thé Mengo
érotein ééftéfh,~the usual boiling‘of samples was continued.
The diffuse band at about 12,000 MW was globin, the
dissociated a and B subunits produced from the reticuloc?te‘
hemoglobin by boiliné iA, gel sample buffer (Jackson and
Hunt, 1983); this represented about 90% of the total\protein"
in the rabbit reticulocyte lysate. Another band» at around
© 20,000 Mw ‘was found in the control incubatfpn‘miktures
during early incubation time (Fig. 3.1, lane 1b, 2b, 3b and-
.4b) and disappeared after incdﬁation for 2 hr or more
(lane 6b - 9b). Jackson and Hunt (1983) suggested that this
was the peptidyl-tRNA resulting from translation ofl

LN . ,
fragments ﬁﬁ globin mRNA, and-could be removed by treating
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the incubation mixture with RNase (50-108 \gg/ml) prior to
“ % ‘ b L
selectrophoresis. ’

3.1.2 Translation of Mengo RNA in Wheat Germ Cell-free
Extracts \
Mengo virus genome RNA was also incubated with a

’ P
nuclease treated wheat germ system. The incorporation of

[**S]methionine was found to be'as ‘lqw as 1% of the added
label. Wheat germ translation mixt&pgs with and without
~added Mengo RNA were analyzed by §bS~PAGp. A number of high |
molecular weight bands were found’ in both incubation}”
mixtures. Some high MW bands as well as one or two low Ma‘
bands were found only in the sample with the Mengo RNA.

However, the molecular weights of most of these protein

bands &did not cgrrespond to known Mengo virug proteins. It

7}5 possible that these polypeptides were proéuced by the

premature termination of protein synthesis. Accumulation of

incomplete translation products has been found in the ;heat

germ cell-free system programmed wifh tbbacco“bsaid virus

- RNA (Abraham and Pihl, 1980) or with avian Vitellggenin mRNA
(Gordon et al., 1977).

The possibility of premature termination could be
tested, _sirice _phe rééﬁlting tfgncated viral precursor
ﬁroteins should still be processed 1if the protease Qere

present. Theref&fe, an unlabelled 5 hr-incubétion mixture of

Mengo RNA programmed rabbit*reticulodyte lysate (containing

the p22 protease) was added to.a wheat germ extract which
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had been p:ogrammed with Mengo RNA,and'incubatea for 5 hr in
. the presence ofo [3;§]methionine. This mixture was then
incubated i for an additional” 5 hr. The ”protein pattern
‘revealed by SDS-PAGE and qutdradiography"did.Vnot show
remarkable changes except for the eppearance of one hand at
an apparent.ﬁw ef 70,000’which,did not correspond to any of
the’UMengo viral prgteins already identlfiea.OThis result
,'mlght‘indicate that the protein behds ebsetved in the Mengo
RNA programmed wheat germ .ttanslatidn system were not
authentic viral proteins (a consequence of random initiation
and/or terminatien due to misreading of 'the RNA todons), or
thet:the trnﬁtated vital precursors were not in the agroper
eonfdrmétions »fot recognition and cLeavage by the vlfel
.protease.

An altetnative explanation might- be that endogenous
nucleolytic activlties may have caused hjdrblysis of the
vlral ORNA at a‘limfted number of preferentially sensitive
sites. However, eddition of the human placentalfribonucleése
.1nhlb1tor, RNasin (l Unit/pl incubation'mixtutes); did nat
.alter the\:ftent of proteln »synthesisllor the_:polypeptide

pattern in the wheat germ system. E

Since the 5'-end of Mengo virus . RNa is " covalently.
linked to the VPg proteln 1nstead of being capped' pfbper
" translation d(\thls messenger in the wheat germ system may -
‘not ~occur if the enzyme re;pon51ble for the removal of VPg

is absent. However - Cowpea mosaic virus RNA molecules, which

also ‘éontain‘S'—VPg s, have been,succeéﬁiully translated in
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the wheat germ#cell-free system (Goldbach et al., 1981;
‘ ﬂ
Franssen et al., 1982).
. The reasons for the poor performance of Mengo RNA in

¢

the wheat germ system are not clear.

3.2 Production of Viral 148 Particles
” ,
3.2.1 Production of Viral 14S ’Particles in the Cell-free
 Transiation System |

‘Since the synthesis and processing of Mengo viralv
_p;oteins in the rabbit reticulocyte lysate had proven to be
successful, the possibilify that SUbéirai structures
containing  the cépsid proteins or their precursdfs might\
assembl; in this;sys%em was investigated. To detect'apy 55;\
‘14S or other particles which might be proéﬁced, in vitro
tfanslatibn mixtures (containing [®*°S]methionine) with or
without Mengo RNA were incubated for 1 hr, 5 hr, 16 hr and
,32,hr and .then centrifuged in  5-20% sucrosgy éradients.
Grédients " were fracfionated, and the TCA precipitable -
radioactivities were.meésured; Fig. 3.3 shows . the profiles
'éf”these gradients. -

After a 1 hr incubétion,'\most of the radioactively
labeiied ‘material éynthesized in fhev cell-free system
éedimeﬁted in the 5S region (a;xjudgéd from proximity to a
4.2S‘ hemoglobin marker; Chiancone et a]., 1966) . SDS—PAGE

analysis of this regidn'showed that the percursor proteins A

and B had already~5een cleaved, and that their proteolytic
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wproéucts D1, €, a and y were the predominant components of
the és peak (Figt' 3.4, panel A, lane 2). As shown in
Fidl 3.3, panéi A, a comparatively small peak.was present in‘
the 148 region aftér only 1 hr incubation. §DS<PAGE‘analysié’
showed thaﬁ both precursor A and its cleavage products e, «
and y' existed in‘this“14S»peak (Fig, 3.4, panel B, lane 2),
" which probably comprised mi;tUres of premature ([A]§) énd,
. mature ([eayls) pentamers. The 5§ particles'([e&y])“did not
‘séem to be degradation producté'of the 14S particles since
Athe direction of transfer of ‘radioactivity was from the 58S
peak to the 14S peak during the course of a i6 hr incubation
?eriod (Fig. 3.3). Thus,‘it would  appear that the rabbit
;etiéuiocyte lysate  system not only‘translates the Mengo
virﬂs RNA faithfuliy, but alsc provides |the necessary
factors aﬁd‘ conditions forr the assembly of 14S subviral

particleé. Since the amount of  the radiocactively /labélled

14S material ceased to increase after 16 hr and the
components of the 14S peak were fouﬂa to Beie, a and yg
time was wused in all subsequené studies invo
pfoduction of- 145 particies» in  the reticulocyte
(Fig 3.3 and 3.%). No structures lérger than 14S were found
by sucrose gradient centrifugation Hoof programmedi
reticuiocyte lysates (even if these were incubated for mofe
than 16 hr).

| To sérve as ,controls,‘ incubation mixtures without
+ #ddition of any messénger RNA were also centrifuged in 5-20%

sucrose gradients. As shown in Fig. 3.3 (open circles),
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Fig. 3.3 Sucrose density gradient centrifugation profiles of
the Mengo virus protein structures formed during incubation
in the in vitro translation system. ,

Reticulocyte lysates containing [*¥%SImethionine were
incubated in the presence of Mengo RNA or .in its absence for
various periods of time. Samples were . then collected and
centrifuged in sucrose density gradients as described in
Materials and Methods. [°H]leucine labelled - 13.45 Mengo
virion subunits were centrifuged in parallel to provide a
sedimentation  ‘marker; and the 4.2S hemoglobin
(Chiancone et al., 1966) in the rabbit reticulocyte lysate
itself served as an internal marker. Panels A, B, C and D
represent samples taken after incubation for 1, 5, 16 and
32 hr, respectively. The [®®S] radioactivity is expressed in
counts per min per gradient fraction (270, xl) for samples
from lysates with added Mengo RNA (e-e) or~Jithout (0-0).
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Fig. 3.4 SDS-PAGE analysis of the 14S and 5S peak fractions
obtained from sucrose density gradient centrifugation of

Mengo RNA piogrammed reticulocyte translation mixtures. ‘
_Panel A shows the SDS-PAGE autoradiogram of the 5S peaks
obtained after sucrose dens¥ty gradient centrifugation of
the reticulocyte lysates = containing Mengo RNA (see
Fig. 3.3); panel B shows a similar autoradiogram of the 148§
peak material. Lane 1 in both panels shows the band pattern
of [*H]leucine labelled Mengo virions and lanes 2, 3, 4 and
5 represent incubation times of 1, 5, 16 and 32 hr,
respectively, for the in vitro protein synthesis system.
Lane 6 in panel A is the 5S peak material from a control
incubation mixture after sucrose gradient centrifugation.
Except for the marker Mengo virion and the sample in lane 6
of panel A, 1.2x10° cpm of [*°®S] were loaded onto each lane
of panel A and 6.6x10* cpm of [°°S] onto each lane of
panel B.
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radioactive materials from unprogrammed lysates' also
sedimented in the 5S and 14S regions. SbS—PAGE analysis
showed that the " '58' material was predominantly globin,
which eorresponded to the 4.2S hemoglobin marker present in
the reticulocyte lysate (Fig. 3.4, panel A, lane 6). Prétein
X was found to sediment sliggtly slower than the viral 14S
par;icle as a stable struc£ure; It could withstand treatment
with NP40, EDTA, RNase or mercaptoethanol, and prolonged
- dialysis against RSB,'and still retain its integrity during
recentrifugation. However, the amount of radioacti?e label
found in this '14S' peak varied with ‘different batches of
lysate. In more recent in vitro translatlon éxperlments (for
. example the gradient shown in panel B éf Fig. 3.5), proteln
X an@&\its '14S' "aggregate were present only as minor
éontamin nts.

Vir 14S particles from the reticulocyte lysate were
~also p;epared éécordinq to the procedure of Palmenberg
(1982), wherein a 16 hr incubation mixture was digested w1th
RNase and diluted with an equal volume -of 20 mM.HEPES buffer
(pH 6.9), containing 200 mM KCl, 5 mM MgClz and 5 mM
2-mercaptoethanol (this buffer replaces RSB). The sample was
then layered onto an 11 ml, 5—20§fsucrose gradient prepared
in the same buffer. The resulting 14S peak was analyzed by
SRS-PAGE. vNo significant difference in terms of composition

or yield was observed between the 145 ﬁarticles prepared by

this and the previously described method.
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3.2.2 Comparison “of the 145 Particles Produced in Infected
L-cells aﬁd in the éell—free Translation System

Proteins which sedimented at various pésitions in the
gradient obtained from a 16 hr incubation of the programmed
reticulocyte lysate were analyzed by SDS-PAGE, and Fig. 3.5,
pgnél B, shows the aHtoradiogram OF the polyacrylamide gel.
Mény viral proteins were found thgoughout'tﬁe gradient. The
nonstructural proteins E and G wete enr{Ehed in fractipns
near the' tbp of the gradient, whilst the q?jority of the
capsid proteins ¢, a and y were found in fractions 11-16 and
27-34.} These fractions corréspond to 14S and 5SS peak
regions,'respectjvelYZ An unknown protein designated "V was
s ﬁetimes found in the 14§ regﬁpn (see Fig. 3.7, lane 7). V
migrated slightly faster thal the wviral protein G in
SDS-PAGE, and was not- present ;i’the programmed reticulocyte
slysate prior to ce;trifugqtionz(see, for example}vFig. 3.7,
lane 8). It could conceivably be a product of one of the
‘viral proteins which was cieaved during sucrose gradient
centrifugation. The recovefy of labelled proteins from the
5S region présehted a problem, because TCA-acetone treatment
of these hemoglobin qontaining fractions produced a dark red
pellet which did not dissolve in gelh.sample buffer even
after boiliﬁg. Since the.recovery of radioactivity was not
quéntitative, the apparent absence of the large ‘precursor
mo¥ecules in this region may be illusory.

Isolation of viral 14S particles from infected L-cells

wa. done in collaboration with Dr. Ulrike Boege, following
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Fig.. 3.5 Distributions in sucrose gradients of
[*5S]methionine labelled polypeptides synthesized under the
direction of Mengo RNA" in vivo and in vitro.

A lysate of Mengo virus infected L-cells obtained at 4 hr
post infection was subjected to sucrose density gradient
centrifugation as described in Materials and Methods.
Consecutive @pairs of fractions were combined and analyzed
individually for protein composition by SDS-PAGE and
autoradiography. The ‘results are shown in panel A. Panel B
shows the results, of a similar analysis of a standard
reticulocyte lysate translation mixture which was incubated
with Mengo RNA for for 16 hr. Direction of sedimentation is
from right to left.
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the protocol described in Materials and Methods. The
radioactivity profi1e4obtained from sucrose density gradient
centrifugation of a lysate of Mengo-infected L-cells
([**S]lmethionine; 4 hr p.i.) was very similar to that
obtained lwith the Mengo RNA programmed reticulocyte lysate
(16 hr incubation; see above). Fig. 3.5, panel A, shows the
autoradiogram of the SDS-PAGE analysis of the sucrose’
gfadient' fractions obtained from a lysate of infected
L-cells. In this case, the 14S region contained most of the
capsid proteins e, « and y, and minor amounts of A, B, C, D,
E, F and G. A radioactively labelled cellular protein
designated U, present in the sucrose gradient of the mock
infected cell lysate (data not shown);‘was also found in the
L-cell lysate. Protein U 1is similar  to the rabbit
reticulocyte protein X (discussed earlier) in its ability to
form a sgable particle which sediments at or, near the 14§
region.

The»distribution of viral proteins foll&wing sucrose
density gradient centrifugatioﬁ' of the infected L-cell
lysate was somewhat different from that obtained with the
programmed reticulocyte lysate, as cén be seen by comparing
panels A and B 1in Fig. 3;5. One différenée is the
localization of the smallér non-structural proteins G, H and
I near the top of the‘gradient in the case of the infected
L-cell lysate. This might simply reflect the dissgciation of
non-specific aggregates of these proteins by the DOC and

NP40 (the final concentration of each was 1%) which were
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added to the L-cell lysate before centrifugétion. Secondly,
the bulk of the capsid proteins and their precursors were
found in the 14S rather than the 5S region of the gradient
obtaihed from the infected L-cells. In the reticulocyte
lysate, on the other hand, larger amounts of these proteins
were found in the 55 region. Assuming that the 14S particles
assemble via the same pathway %p both systems, it would seem
that the rate of formation of 14S pentamers from 5S monomers
was facilitated in vivo. This might impiy, in turn, that a
morphogenetic factor present 1in L—ce}ls_ facilitated tHis
process. "

Viral 14§ particles prepared from both the in vivo and
in vitro systems could be_‘recovered from the sucrose
gradient fractions by dialysis against RSB at 4°, provided
thaf ‘the dialysis bags had preyiously been boiled with
sodium bicarbonate _aﬁd EDTA. When the 4dialyzatés wvere
rece;trifuged, 148 peaks‘ could be recovered from both the
in ino and in v(tro materials. Thus, the sedimentation
behaviour of the 14S partigles produced;in infected L—celis
were identical to thgse¥of the 148 particlés obtained from

the programmed reticulocyte lysate.

3.3 Purification of the 14S Subviral Particles Obtained from

Cell-free Translation



3.3.1 Immunoaffihity Column Chromatography

Gradient fractions contéining the 14S peak material
from the in vitro translation system were combined and
loaded onto an ihmunoaffinity‘ column (50 ul bed volume)
containing anti*ﬁ 1gG, and prepared as described £n
;Materials, and Methods. The results of the sequential
elutions from the column are summarizéd ?% Table 3.2. and
Fig. 3.6. About‘75% of the 14S peak material from the
sucrose gradients was bound to the column, as judged frda
the disappearance of radioactivity after loading and wéshiq§~
with RSB containing 1% NE40ﬁ and then RSB alone. The méjor
component of the unbound material was  the rabbit
reticulocfte protein X (identified;by SDS-PAGE analysis),
but some of the strugtural proteins (e, « and y) also passed
through the <column (probably due to its relatively small
capaciéy). As expected, th ”} trace amounts of the
nénstructural proteins“ whic were present in the original
14S peaks were not bound to thé immunoaffinity cblumn. The
flow-through material sedimented in the 14S and 5S regions
when recentrifugated in a sucrose gradient; the 14S peak
contained mostly protein X (Fig. 3.6, panel A; Table 3.2).

A variety of conditions and chemicals (including acid
pH, alkaline ?H aéd different salt solutions) were tested
for their ability to elute €, «a and ‘y from the
immunocaffinity column. The only rgagenﬁ listed by MaéSween
and Eastwood (1981) which worked in this regard was the

strongly chaotropic - salt, 1lithium diiodosalicylate (LIS).
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Fig. 3.6 Immunocaffinity chromatography of Mengo 14S
particles produced in the Jin vitro translation system:
sucrose density gradient centriﬁugation of the
immunoaffinity column effluents.

[**S]methionine labelled Mengo 14S particles produced during
a 16 hr incubation in 'the viral RNA programmed reticulocyte
lysate were collected by, .sucrgse gradient centrlfugatlon
(see Fig. 3.3). An 1mmunoaff1n1ty column n;alnlng anti-g
1gG was prepared and cﬁrogatographlc proced%reswyere carried
out as described: 1n Matemtal§@aﬂg Meth Colum effluents
were centrlfuqu « . .2720% SUEﬁos adfﬁnté ~andaw *the
fractions obtalned were analyze ﬁfar*radloactlthy. ‘Panel: A

shows the sedlmentatkon proﬁxle-_fgkhe flow™ ugh materldfk
obtained during sample’ adlngﬁu(‘-Olw“an& Hat Of %tﬁéw
material washed cut of the :column’ hy RSE ontain1nﬁ“1%* NP40
(0o-o0). Panel’; B shows ..the: groﬁ ile of. dlﬁactlve)material

displaced from thexcolum By unlabelled 13,48 " witus - capsid-
subunits; one sucrpse gﬁadlent was prepared in RSB (0-~0), as -

were those for th
while the -other
pH 7.2, containgn
. sedimentation- prgf

the 1mmunoaff1n1t¥

periménts. shown .in” qnels, and * C,
5 . prepared in 0.1'M sodium phosphate,
1% NP40.. (e<e), Panel C shows the
» Of materiali-subsequently eluted from
'umn by llthzum dllodosallcylate (LIS).

\
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. LIS was, however, not suitable for eluting 14§ pérticles
from the immunoaffinity  column because it disrupted
proﬁomer—protomer i;t;ractions as well as antibddy—antigen
interactions, thereby producing ‘an  effluent of [eay]
monomers which sedimented at ~5S (Fig. 3.6, imnel c).

* To elute the specifically bqund 14S particles from the
column 1in an intact form, 13.4S virion capsid subunits were
employed as agents to competitively displace the 14S
barticles frém the éntibody binding sites; The column was
subjected to gradual equilibration with the 13.4S subunits
(in RSB), .and elution was carried ;out by the continued

RN -
addition of the subunit suspension. The fadioactivity
displaced from the column quickly reached a plateéu level
which was maintained until about 25 fractioﬁ§ (20 ml) had
been collected. Approximately 10% of the total bound

. radiocactivity was recovered by the 'homochromatography'

brocedure (Table 3.2). When LIS was used as an eluting agent

13.4S subunits,

following the ‘'homochromatography' wig
about 50% of the .radiocactivity which ha:«»fmgined bound was
fxreioved from the column.\hAs expected, - this material
' Sééimented as B5S honomers (protomérs),'ahd was composed of
approximately equimolar amounts of e, « and y (see below).
Minor contamination with V and p22 was occasionally
detected.
| As shown in Fig. 3.6, panel B, the radioacsgitve ﬁaterial

displaced from the column by 13.4S subunits sedimented at

~14S in 5-20% sucrose gradients with no indigation of

Y
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diggigéafﬁon into 55 products. However, approximately 90% of

the added radidactivigyfin this gradient was found as'. a
N Rad

pellet at the ‘bottom of the centrifugghtube. Recovery of

. : . o
puRkified 145 particles was substantially. improved by the

addition of detergent (1% NP40) td both the sample and the

dradient. As shown in panel.B of Fig. 3.6, centrifugation of

the 14S effluent in a-detergent containing sucrose gradient
SR ‘ :

- made in 0.1 M sodium phosphqté) pH 7.2 (filled circles),

S

‘resulted in a §hmh greater yield of-14S pa;ticles than when

‘the column effluent was'centrifugeé in a sucrose gradient

| b 1 ' s . -
made: in RSB (open circles). Recentrifugation of the column

effluent in aysucroSe?gradieht maderiﬁ‘RSB, but containing

1% - NP40, breVealéd a similér’influence of the deﬁergent on

the recovery of 14S particles. It seems that the purified

pentamers recovered from the®mmunoaffinity column have a

‘strong' tendency to aégregate and are pelleted' _during

<

subsequent centrifugation . unless
suppress hydrophobic pentamer-pentamer interactions.

. The 14S subviral particles made in infected L-cells and

" isolated by sucrose. gradient centrifugation were also

»

-

- - 1

applied to the immunoaffinity‘ column.f-ln this case the

‘radioactivity which was bound was

e

percentage of the total
dn;y“about 34% (dompaaed‘;to the retention of 75% of the

épplied 14Svparticle51from_the in vitro translation system)n

 This';diﬁjé;ence could be accounted . for by the fact that

~detergent is presént to

»

]

¢

appreciable amounts of cellular proteins (in ‘particular,

protein. U) continued to be synthesized in the virus-infected
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cells. These ‘pt?teins, like X, were not retained by the

o
34

- & . .
anti-g antibodies in the column. A second difference 1in
€y

elution behaviour Qas that the relative amounts (percent of
the total starting material) of radiocactive and v
displaced by the‘ 13,45 subunits'aﬁd elutéd with LIS were
(8% and 11%, respegtively, of the’ total

loaded onto the column) for the 14S particles

roughly e
fhdioa“ 'ﬁ}y
produced iﬁ Vivo; whereas the ratio of these“ amounts was
aboutw‘1;5 ;QSE fhége' produced Ey in vitro translation
(Téble 3.2). This result implies  that there are
conformational 'differencés betweén the 14S particles
two sources, even though both,hwere

obtained from the
recognized by the same.monoclonal‘antibody.
3.3.2 Assessment of the Purity of the 145 Particles Obtained

bf Immunoafiinity Chf&mat&@raﬁhy‘ ’
Sémples obtained during pq[ification of/‘14S particles
produced 'from‘ infected ce}l% and from rabgitﬁréticﬁlocyte,
PR ,
QAGE, and the autéfadiograh is
’ 2 iand 8'spow the gtarting

[
]

7
lysates were analyzed by SDS-

/

!

presented in- Fig. 3.7. Lanes
haterials for,breparations/gé 148 particlés, ,nameiy the
lysate (4ﬁ hr p.i.), and the Mengo RNA
hr),

infected L-cell
) programmed reticulocyte lwéate\ (incubated for 16

respectively. The 14§ .peéks isolated #from 5-20% sucrgse

gradients of the infected L-cell iysate and the Mengo RNA

programmed reticulocyte lysate are shown in lanes 3 and
lanéj7,'respe¢tively. As menfioned above, more structural'
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Fig. 3.7 Purification of the 14S particles from Mengo virus
infected L-cells and from the Mengo ‘RNA _programmed
reticulocyte lysate: analysis of [°°*Slmethionine labelled
proteins by SDS-PAGE and autoradiography. K Y
Lane 1 of thé& autoradiogram ,shows:the profile of radiocactive
proteins in a lysate  of Mengo infected L-cells 6 hr post
infection. By this tlme, progeny virion production has
commenced and , the accompanying morphogenetic ‘cleavage of e
to B+6 is taking  place (the & polypeptides are barely
~visible in ‘the autoradiogram since they each contain only
one methionine residue). Lane 2 shows: the protein profile#
from infected L-cells 4 hr post 1infeastion, and before
progeny virion assembly has begun. This represents the.
starting radioactive material for the purification procesgf“
The’startlng material from the Jin vitro translation system
is represented by lane 8 which shows the radicactive protein
profile of the Mermgo RNA progammed reticulocyte lysate after
16 hr 1incuybation. Lanes . 3 and 7 represent the 14S peaks
obtained by sucrose density gradient centriffugation of -the
in vivossand in vitro lysates, respectively. Lanes 4 and 6
show thé)fadloact1Ve protein profiles of the 14S particles
displaced from the immunoaffinity column by unlabelled: 13.4S
Mengo capsid subunits (lan® 4 shows the ©Pparticles from
infected L-cells and lane 6 shows those from the programmed
reticulocyte lysate Lane 5 shows the protein  profile of
[*H]leucine labelléé Mengo virions. ['*Clamino acid labelled"
molecular weight markers were electrophoresed concurrently; .
these: are -indicated by the arrowheads on the left and were
(from top to bottom) /phosphorylase b (MW 92,500), bovine
serum albumin (69,000), ovalbumin - (46,000), ucarbonlc

anhydrase. (30,000) and lactoglobulin A (18,500).

i




precursor proteins are present in the 14S peak from thef

infected L-cells while more nonstructural proteiné are

present in the 145§ peak from the in vitro system.!
{Inmunoaffinity column . chromatography removed most of the

precursors and nonstructural proteins, as shown in lane ¢

and 6. Occasionally small amounts of protein V‘were.deteotedr

with the eluted 14S particles from the in vitro sYstem,
otherw;se these partlcles contained only radioactive‘e, «
and y in roughly equfmolar amounts.,

_Tne purity of the» 14S particles following sucrose
gradient centrifugation‘ and immunoaffinity chromatography
has been discussed in»terms of the radioactively labelled
protelns. However, it is to Dbe expected thst unlabelled

cellular or rabbit retlculocyte protelns would be present in

significant amounts in ,the or1g1nal lysates. As shown by the

*total protein ‘content analysis in Fig. 3.8, both the 16 hr

incubat;on mlxtureﬂfrom a reticulocyte lysate .(lane 1) and
‘the infected L-cell 1lysate.  at 4 hr p. i; (lane 2) contain
amounts of unlabelled. protelns ‘to the extent that the newly
synthe51zed Mengo v1ra1 protelns cannot be idertified above
‘background (compare lane 2 with lane 3 —vﬁthe un}nfected
L-cell lysate). LA S |
Sucrose den51ty gradlent centrlfugatlon removed 'the

bulk of - the ret1culocyte protelns, especially glob1n from

the 'T4S peak materlal : produced " from the cell-free

@

,«translatlon system ‘(lane 4). However, the same ftreatment was

notﬁﬁuff1c1ent to remove the high molétular weight cellular

-

‘jf . 4 : ‘ . . o
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Fig. 3.8 Purification of the 14S part1cles from Mengo virus
infected L-cells and from the Mengo RNA , programmed
reticulocyte lysate: analysis of total protein %omposition
by SDS-PAGE and silver staining. _
Samples were prepared and subjected to SDS-PAGE as descrihgd
in Materials and Methods. Follow1ng electrophoresis, the
gels were stained by. forming protein-silver complexes using
" the reagent kit supplied by BioRad Laboratories. The amount
of protein applied to each lane was determined by a
fluorescamine  method (Boehlen et al., 1973), and the
percentage of the total amount of protein from.” the
particular purification step which this represents was
calculated; these values are glven below in parentheses.
Lane 1 shows the total protein complement of the Mengo RNA
programmed rabbit reticulocyte lysate incubated for 16 hr
(50 wug, 1%). Lane 2 shows "y the proteins in Mengo virus
infected L-cells at 4 hr post® 1ﬁfect10n (30, ug; 0.1%), while
lane 3 shows those in a lysate 6f uninfected L- cells (30 ug,
0.1%). Lane 4 shows the proteins in the 14S peak from
sucrose gradient centrifugation of the retfﬁulocyte lysate
after incubation for. 16 hr with Mengo RNA (15 ig; 12%), and
lane 5 shows the 14S peak from the infected L-cells (18 ug;
5%). Lane 6 shows the proteins obtained when 14S particles-
from 4L-cells were displaced from .the immunoaffinity column
by 13.4S capsid subunits (4 ug; 5%), and lane - 7 shows the
proteins eluted from the column with LIS (4 #g; 50%). Lane 8
represents the proteins in purified Mengo virions (10 ug).
- The development times for the silver staining were 15 min
for lanes 1-3 and 30 min for lanes 4-8. y
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proteins from the 14S material produced in vivo (lane 5). It

was ' expected that the immunoaffinity chromatography and-

elution of the 14S particles by 13.4S viral subunits would
remove. the cellular(protéins. However, beéause of the very
small amounts of mproteinsrysynthesi;ed. in the rabbit

reticulocyte lysates, the total, amount of , ﬁ@s‘proteins

recovered from any npafticular column was C?ﬂ}y about
1 picomole. Silver stainihg }evealed, thereforeféqﬁig the a,
B and vy prééeins of the 13.4S§ subpnits‘ (data.‘ﬁZt' shown) ;
this was also true for the 14S material og ained f;om
infected cells (lane 6). In view of this limitation, it was
reasonéd that the purity of the 14S particles vis & vis the

L-cell .or reticulocyte lysate starting materials could be

inferred by ascertaining the total pr&tein composjtion of

r

the 55 particles eluted from the column by LIS, As shown in -

Fig. 3.8, 1lane 7, the 14S particles frbm infected L-cells
eluted by LiS contained €, a« and y. The ohly contaminants
observed were trace amounts of the precursor of ¢ and vy
(i.e. D1) and a protein.of‘MW 38,000, .which appeared to be
of cellular origin §ince it was not radioactively iabelled.
Since it is reasonable to assume -that LIS might dislodge
contaminants from the. immunoaffinity column at least as
effettively'as would the 13.,4S subunits, it Qas concluded
that the displaced 14S particles were essentially pure
virus—specific structures. It -is, however,‘ impossible to
estimate the degré; of purification in quantitative terms,

since the amount of 14S particles in the .starting material

-
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%

cannot be determined.

3.3.3 S£orage of thef14S Particles

In.order to be able to accumulate 145§ pérticfes for
later assembly studies, it was necessary to find conditions
- for storage of these entities. Purified .1;S~ particles
obtained from immunoaffinitylchromatography were cent;ifuged
into a cushion. of 70% glycerol .or of 60% sucrose in RSB.
Although we had successfully conéentrated most of the 148§
material into the 60% sucrose cushion, 90% was lost during
subsequent dialysis; The parti;les concentrated into 70%
glycerol were stored at 4209; When these were latef.dialyzed
and. recentrifuged' in 5-20% sucrose gradients_ (inA RSB
containing 1% NP40), 14S peaks Wefe‘observed. The percentage
of * the radiocactivity in ‘the glycerol cushion which was
recovered in the‘peak.was about 30%. Since _thesé purified
14S " particles had strong tendencies to aggregate and might
be pelleted during centrifﬁgation: addition of 1% NP40 into
the sucrose or glycerol cgshion, as well as the dialysis

buffer, might improve the recovery of the 148§ particles.

3.4 Interqftion of.the 14S Particles with Viral RNA

Since ¢the 14S pentamers érq ‘believed to be the
fdndamental structural . components for .wirion assembly,
preliminary studies ;ere carried out 1in ofder to examine the

interaction of purified 14S particles with isolated®Mengo

~ RNA, RadioattiVer labelled 145 particles preparea by.
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in vitro trans}atién and purified as described above were
incubated alone or with 7 ug or 20 ug of Mengo RNA, in RSB,
_at room temperature for 90 min. The 'mixﬂhre was then
"lalyiéd against eitﬂer 0.1 M KC1, 0.01 M Tris (pH 7.3) or
0.f M sodium phosphate (pH 7.2) for 5 hr at room
temperature. Tb detect thé formation of largé particles,
. dialysates we;e centrifuged in 15-30% sucrose gradients made
in the <corresponding buffer. The radioactivity profiles
obtained are shown in Fig. 3.9. No significant interaction
was found when -viral RNA Qas_ allowed to interact with
purified ]48 pérticléslin Tris buffer (panel A). However,
aggregates were observed around the 100S region when sodium
phbsphate was used as a dialysis buffer (panel B), and the
amounts of these aggregafes increased with the amount of RNA
in the incubation mixture. Similar results were obtained
when purified 14S particles from infected cells were used.
Because of the effect of detergent on the recovery of
purified..14S particles, the 145 particle-RNA mixtures and
control samples’(14s particles alone) were dialyzed for 5 hr
against sodium phosphate in the presence of 1% NP40, and
were analyzea by centrifugation in a 15-30% sucrose gradient
made in sodium phosphate and containing 1% NP40. A defined
peak'sediménting at the position of intact Mengo virions was
obtained with the 14S particles from infected ‘cells
‘(Fig. 3.9, panel C) but not.ﬁith those from the reticulocyte
lysate (data not shown). These results suggest that there 1is

an interaction between Mengo RNA and the 14S particles and
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Fig. 3.9 Interaction of purified Mengo 14S particles with
virion RNA: sucrose gradient sedimentation analysis.

Mepgo 14S particles from the in vitro translation system
(panels A and B) or from infected L-cells (panel C) were
displaced from the immunoaffinity - column by 13.4S capsid
subunits as described in the teftn Ope ml of the 'column
effluent (in RSB) was mixed wi%h 25 ug Mengo virion RNA
(A-A), 7.6 pg Mengo virion RNA (®-e) or no RNA (o0-o0), and
the mixtures dialyzed against either 0.1 M KC1,,0.01 M Tris,
pH 7.3 (panel A) or 0.1 M sodium phosphate, pH' 7.2 (panel
B), or 0.1 M sodium phosphate, pH 7.2, 1% NP40 (panel C).
" Centrifugation was in 15-30% sucrose gradients made with the
corresponding buffer. ‘[?H]lleucine labelled Mengo virions
(150S8) were centrifqﬁfﬁ in parallel gradients to provide a
sedimentation markgg%&? ) :

A
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that this interaction may be different for 145 particles
obtained from in vivo and in vitro sources. However, the
morphology, the protein c0mpesition and the presence of hNA
in the 1508 structure have Yet to be determined. -

Since the purified 14S particle preparation contained a

preponderance of 13.4S capsiad subunits, it was necessary to

determine whether the subunits themselves could form

‘aggregates with the viral RNA. Were this type of interaction

to occur, it would be possible that ‘the radiolabelled 14S

.- particles could simply ha§e been trapped in such aégregates.
Therefore, incubatiohvof [*H]leucine labelled 13.4S capsid
eubunits with RNA was carried out under the same conditions.
In these experiments no radiolabelled material was found
sedi@enting in structufes larger than 13.4S (data not
shown) . Thus, the 13.4S subunits neither formed complexes
with the viral RNA nor interfered with the capacity of the,
148 particlee\to do so.

The monomeric 58 particles eluted from the
immunoaffinity column by LIS were also incubated with wviral
RNA and’the mixtures dialyzed against 0.1 M sodium phosphate
(pH-7,2).. Ie_ this instance, no significant amounts of

‘radioaeéivity " were found to sediment outside the 55 region
of tﬁeg‘ Qradient. There was 'an indication of a
ffaster—Sedimenting shoulder to the 5S peak, and a small
pellet was recovered from the beﬁgom of the tube following

centrlfugatlon. However, an 1identical distributiOﬂ of

' radloact1v1ty was found -in a control experiment in whlch the

5
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viral RNA was omitted from the incubation mixture.
Co?position analysis by SDS-PAGE and‘autoradiography showed
that the 5S pedk, the faster sedimenting shoulder and the
pellet all contained roughly equimolar amounts of e, « and
Y, and tréces of D1, G and V. Thus, " the LIS-eluted 5S
particles‘were incapable of interaction with Mengo RNA under
the incubation conditions used.

17

3.5 Examination of the Amino Terminus of Precursor Protein e

3.5.1 Isolation and Attempts to Determine the ‘N-terminal

.Sequence of e -

Ziola and Scraba (1974) showed that the & polypeptides
in purified Mengo virions. have no free k-termingl amino
groups. This is also true of the smallest capsid protein of
other picornaviruses (for a review, see ﬁutnak and Phillips,
1981). These dbservations raised questions as to whether the\
blocking reaction accompanies final Virib;’ assembly or
instead occurrs at the polypeptide precursor stage, .and
regarding the nature of the blocking group. Dorner et al.
(1982) have provided convincing, 1if negativé, data to
support the 1idea that. blockingboccurs at the polypeptide
precﬁrsor stage for poliovirus: automated Edman seqguencing
failed to release any free amino acids from §, e or B, even
though digestibn with trypsin and subsequent. ;utomated
sequencing (of the tryptic peptides) showed that these were

the authentic viral proteins. Similar results have been
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obtained with the precursor proteins of FMD virus
(Robertson et al., 1985). It was-therefore interesting to
attempt to ascertéin whether the amino terminal of
cpmponent of Mengo virus 14S particles is also blocked.

The simplest procedure for answering this question 1is
to 1solate and sequence %he amino terminal of € from the
immunoaffinity purified 14S or 55 patticles. Since a
supstantial amount of dissociated virus was reqguired to
displacF intag;‘14s particles from the column,“and the
effluent wouid contain a preponderance‘ of 13.4S capsid
subunits, the 1L1S eluted. 55 particles (dissociated 14S
particles) weré used as fhe séurce of ¢ proteins. Individual
viral proteins can be separatd from the protomer structure
énd other possible " contaminating-proteins by SDS-PAGE and
récovered by electrophoretic elution from the gel (see
Materials and Methods). %he reéulting pare ¢ protein could
then be subjected to either automated or manual
‘(Chang et al., 1978) amino terminal_sequencing.

Conditions for electroelution and seguencing were
examined using purified Mengo virions before the actual
isolation and sequencing of e was pérformed. Capsid proteins
«, B, y and & from 100 ug of [Jﬁlleqcine labelled Mengo.
virus (~1 nanomol ~1x10°% cpm) were éepatated by electro-
phoresis  in phoéphate—urea or Laeﬁmli gels and were
electroeluted as .described in the Materials and Methods. A
’Seément .of gel containihg no deteqtéble radioactive protein

was excised and used as a control sample to obtain a
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';me manga& qumenc1ng " The tota recovery o

proteins was est;mﬁ&ed g@wﬁewahput 80% . from Laemml1 gels,

!M 'n

} y “
but only about. 5% ﬁrom phqsphateéuseg;gels_ | g .
~Portions of the eleatrOglutad pratelPéhyere §% lyzed by

r) \

standard phosphate—urea SDS PAG% ‘ and autoradlography
Neither degradation ‘qf the protngs‘%@ﬂ contamﬁnag@%n by'
other radioactive prote;ns was:, detecte The eluted proteins
were then subjected to manual* N~ termlnal sequencing as
described by Chang et al. (1978), and 2 nanomoles of
myoglobin was seguenced in parallel. The small amounts of
SDS (0.02% after electroelution). in the capsiéA protein
samples altered the mlgrat1on‘of mod1f1ed amino acids on the
TLC plates, making identification 1mp0551b1e Electroeluted
proteins were therefore dialyzed extensively against
pyridine (which was the solvent for the protein éLring
manual sequencing) in order to remove the SDé, and at the

same time to prevent precipitation of the protein. Recoverf

of radioactivity é%fgfx“dfaiysis\yggs about 30%. Thus,,

T

although the SDS was / removed-_and the proggyﬁg‘\60ﬁ$dglpgx_\
Sequenced, the’ amounts of ;fbtsjn reqbvered in theh
dialysates were so low that_only the first two sequencing
cycles could be performed. The N-terminal qmino'acids“qf B
were identified as Asp-Gln and the second amino”écid f¥om
the ﬁ—terminus of y was shOWHAto be proline. These results:
confirmed tﬁe amino-terminal , sequences - of these proteiném'
determined by Ziola and:Scraba (1976). The first sequencin§ ‘

cycle of y, however, did not reveal any modified amino acid.

A\
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As reported by Ziola and Scraba (1976), the first N-terminal

ot -
i)

amino acid of vy is serine. Recovery of ‘modified serine by

*

this manual ‘quenc1ng method was found to beﬁ too low for
satisfactory 'identification if the amount of the starting
, mata‘ial wd's alse low (Chang et al., 1978). Therefore, it
wes not surprising that the N-ferminal serine of y was not

detected.

-

To collect enough material for the sequencing of e, 5S

partlcles eluted by n;s from several immunoaffinity columns.

|
were dlalyzed against dilute ammonia to remove the LIS. Only .

sni}l losses accompanied this step. The,dlalysates were then
freeze-dried from water tnree times to remove the ammonie.
The resulting insoluble Yellow powder was suspended in 50 ul
vq}umes of glass distilled water and. aliquots of the
suspensions wepe’ analyzed by standard | SDS-PAGE . and
autoradiography. The proteins in about half of the samples
were found to have been degraded during the preparation ana
were useless for squeneing. For the samples still

containing 1intact proteins, the recovery of [?5§]

}adioactiVity was only about 25% o; the .amount in the

—original column eluant. It was calculated-that in order to

—— N
—

2 "‘ .
gather enough méferial‘\for thb:&lectroelutlon and manual
SRL_ thSS :

sequenc%ng, about 150 'ml of infected“E:EEIT“}ysaLe\Lii.e. 30

\\\

roller bottles of infected cells and 150 sucrose gradients)

“would have to be prepared. Since this was neither prectical-

nor economical, we decided to sequence the 5S particles

“(containing equimolar amounts' of ¢, « and +y) directly

®
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without isolating the individual proteins and . encountering

further losses during electroelution and removal of»the SDS:
ARX . ) : i

’Theoretloally, on}y two ‘amino-termini should be revealed
uthe' N-terninus of e were blocked, and "the amino acid
derlvatlues generated from' «, <y should ‘be present in
~ approximately equimolar, amounts. S}nce'some impurities had

been 3hown by 51lver ‘staining :to be present in the 5S.
. ‘

partlcle contalnlng fractions eluted from the 1mmunoaff1n1ty
column (see section 3.3.2), a quantltatlzg estimation of the

amino  acid derivatives  was necessary to distinguish

. 3 . ’

1mpur1t1es from authent1c €, a and vy p?&teins. While it
¥ ‘ ¢

: would be very dlfflcult to quantitate the amounts of amino

-
’,

ac1d der1vat1ves separated on TLC plates by the manual

method automated sequencing would permlt quantitatiye :

' estlmatlon of the amlno acids, by “HPLC, and ’was:*thﬁS' the

. N : o

“method . of cholce, Consequently 0.64 nanomoles of
freeze~dried - 55 mater1al was collected. for = sequence -

determlnatldn in an. automated ‘gasiphase' sequenator *The
. ' =
drled sample -was ‘not soluble in trlfluoroacetlc acid but was

o

.partlally dlssolved 1? 100 ul 25% N% OH by vortex mixing ‘and

°‘son1cat1on The solutlon obta1ned was yellow 1n colour, and

s ®
N

f thte powder-.uas left Undlssolved The sequenc1ng was

begun gollow1ng appl1cat1on of the yellow solutbon ’onto é)l
glass flbre frltar dlsk and drygng Howéver,ino detectable~
‘Jga;fNO ac1ds wese released 1n ten sequencrng cfcles.. ﬁt isd
posslble gtbat the’ proteln ,was, 1n.facté the whtte éowder
which Had not dlssolved and‘thét“ﬁbnl21?avyellow coloured‘

G ~
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impurity 'was extracted and | subjected to = sequence
: ‘ . /
determination. These efforts to determine whether/or not the
Mengo ¢ polypeptides have a free N5terminal weref therefore,
.not successful.
’ - 2 .

3.5.2 Attempts to Detect Acetylated Mengo Capsid Presursor

Protéln(s) Synthes1zed In VltPO

FL

The most common amlno—termlnallblocking group found in

protelns produced by eukaryotic cells and their viruses is
‘the acetyl group Reunasawa and Saklyama, 1984; WOLQ 1984)
The p0551b111ty of #he Cdﬂﬁla pr?cursors A, B and/or € be1ng o

.

‘acetylated protelﬂsa’wagar hgreﬁore examlned 'u51ng --the
. , L o

in Vftbo synthesis system. [*H]-acetyl CoA was added to the
Mengq RNA programned reticui0cyte ‘lysate | dur1né a 5 hr
incubation perlod in order to label acetylated protelns. To
_avo{d overloadlng the - SDS-PAGE an@lytlcal 9e;‘ w1thu

retlculocyte protelns, Mengo cap51d proteln product§ were

AN
oy

flrsf\&mmunoprec1p1tated w1th the anti-g antlbody conjugated

QSepharose beads used for “the afglnlty column. After washlng

o

tw1ce w1th ﬁ%B the Mengo protelns were extracted from the
prec1p1tate W1th the electrophore51s 2x sample buffer (s€e
Materlals and V%thods) When thef gels were subjected “to

_ autoradlography ' forlow1ng ) electrophore51s "'é11 ~three

v . ‘ \‘

‘Lstructural protelns (e, o and y) were’ found to. bef 1abelled

‘ ?hls was unexpectedbbecausemthe amlno term1h1 of « and y are

. ‘e

known to be unblocked (Zlola and Scraba, 1976).,. ‘and she

B

D v
;nbt.;haVe‘ been acetylated ThlS resultéﬁuggested that inl®:
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spite of the pre gnce of five t1mes the normal concentration
of nonradloactlv amino acids (100'MM total. am1no acids) in
the'ihcubation ixture, [*H]-acetyl CoA. had been metabollzed
and 1ncorporated into amrno acids which were then inserted.

~into the newlyisynthe51zed viral protelns (Palmlter 1977).
The experlment was therefore repeated this time with
the addition  of ‘unlabelled acetyl CoA to a £inal
concentration ef 2 mM after an initial 20. min® incubation
~time. The assdmption was that the radioaCtive acetyl CoA
would be 1ncorporated into the amino terminals of the ne&ly‘
Asynthe51zed capsid - protein precursors or thelr\cleavage,
- products during the first 20 min of prete{n synthesis, \ a a
that the addition of unlabelled acetyl éoA WOuid dilute, he
pool of unlncorporated radiocactive acetyl- CeA Thus the
metabollc conyer51on to amino acids would.result, only in low
.1evelsk@f_general incorporation of radioactivity into wviral
proteins formed durihg the?remainder of the 5 hr incubation.
Equal §dlﬁmes of incubatfifon mixtures with or without added
Mengo RNA were withdrawn‘ just heforev'the“additioh of
unlabell;d aeetyl‘Coh,‘and'after 5.hr. The cap51d protelns
in. incqbatién ~mi3tures ‘cohteln;hé RNA were collected by
immunopreeipitatien. As_controls, the 1ncubat10n mixtures
»witheut"éNA weree_treetea with’Sephaane beads cogpled.to
anti%hovine serum{ albuMﬂh antibodjes: The,'sahples'~werek
.analyéed ‘by' sDS-%AGE ‘and ahtoradiography. All three viral

structural'proteins,were again found to be labelled in the

5 hr sample ffom the RNA programmed lysate (3 weeks exposure

Lo X - e
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W _ : ' s
of the gel to the X-ray film). Howéver,'no\labelled protein
band was detected in the fluorogram of the 20 ‘min sample,

o

even after three months exposure. It was concluded that the

>

"[°H]-acetyl CQA‘molecules were again converted -into amino

acids durihg_tﬁe 5 hr incubation periodﬂ'and*tﬁét it is not .
- possible to détect'N-terminal acetylated céﬁsid precursor

_ proteins (if such were indeed present) by this method.

3.5.3 Effects of Oxalacetate and Citrate Synthase on the

Ceil—freg“ Synthesis and Processing of Mengo Virus

Proteins

s .

The possibiliﬁybthat polypeptid; € symfﬁesized in vitro
'isvacetylated ét its amino Ferminal”\was also examined by
hdepleting  the ’réticQ%ccyte lygaﬁf of- acetyl Coha b& thé
‘_acti%n‘ dﬁ‘ citrate Aéynthase .(:CS')/~ in the pfesenCe of
oxaloacetate . (OAA) (Palmiter,i 1977;' Paucha et af.,.1978;
Ahde?son apd Lewis, 1980), Proteins synthesiéed‘ in this
modified system woéuld not be expected to be ac%;ylated, and
shéuld therefore: be amegable to sequehcing by autom?ted
procedhres:x Théy' mightfngo have élteredumobilifies during
v SDS:PAGE. prever,’éhe synthesis of all Mengo viral proteins
was found to be dréstically ihhibited‘when CS»(}Q Units/mLﬁ
,land OAA (1 mM) wegg added: to ‘the in vitro . protein
. I NN - . "
synthesizing ' system. These results are shown in Fig. 3.10,
lane 1; Incorporatioh of [**S]methionine was 6nly 5-20% - of
normal and, remarkébly, _ Qniy the ,structural protein

precursérs Al, A, B and occasionally traces of D1 and

~
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. Fig. 3, 10 Processing of the Mengo virus pdlypept1des in  the
'rabbuﬁ ré?lculocyip system in the presence ofl oxaloacetate -
(0AR) and citrate s?%thase (Cs): SDS-PAGE analysis.
A rabbit reticulocyte lysWte containing [ﬁésﬁmethlonlne was
supplemented with 1 mM OAA and 30" units’ CS/ml (final
‘concentrations). Mengo RNA was added and the.- mixture
incubated. for 5 hr before a sample was removed for 'SDS-PAGE
analysis. The polypeptide pattern of tHis sample is shown in
lane, 1 of the autorad1ogram Lane 2 show he patterpn when
an unlabellé€d, Mengo 'RNA programmed.ret locyte lysate (no
OAA or CS) was added to the sample of 1&he 1 and incubation
continled for an additional 5 hr prior to electrophoresgis.
Lane 3 shows the pattern from a° sample prepared 1in “an
identical " mdnner to that - of lane 2 except that the added"
(unlabelled) reticulocyte lysate, had not been programmed for:
protein synthesis by Mengo RNA. Lane 4 shpws. the profile of'"
a reference lysate from Mengo virus infected L-cells at 6 hr
post infection; . [#5S)methionine’ was the label. The
- procedures ‘for electrophoresis. and autoradiography . are -
described in Materials and Methods.. o

» - . ; . Lo,
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nonstructgral proteins WWere visiﬁie in the autoradiogram,
even after 16 hr iﬁchbation. This &bservation suggested that
OAA "and CS had somehow impaired both protein synthesisvand
proteolyt;c processing., | Accordingly, to the sfstem
contalnlng/BAA and CS, was added an equal volume of a normal
Mengo RNA programmed 5 hr 1ncdﬁ%tlon mixture (no radiocactive
‘amino acids). The incubatiopu‘mixture added presumably
contained the viral pro:ease (p525:~sipce processing of A1,
A and B ‘into D1, e, .uJ and ‘y-was observed (Fig. 3.10,
‘lane 2). No such prqqessing'was observed with the\ addition

of an unprogﬁqmmn lysate (lane 3). It was qoncluded that

the viral 3

&

—sence of Wy,

ﬁneither non-functional orgeynthesized

in ‘only unts "in the reticdlocyte system in the

nd CS. Different amounts of OAA or CS were

hen - added Beéarately o the cell-free system immediately_

D ,‘."‘ $ . -
*faefore the 5 hr 1ncubat10n As. shown in Fig. 8,11, the

~inhibitionh‘o{ yiral protein synthe$is and proeessing<was
‘directlx related to the concentrations of either or both
'inhibitors'.' When reiatively small amounts of the
uinhii“db ' we're presentn - viral, precursorirotema were
synthemlzed and processed, but tle cleavages of-D1 » ¢ + v
4#and sometimes B - D1 + «a wefe much less efficienmt than
normal. Similar iobservations were made when inghbation
mixtures were supplemented w1th 1 mM "0AA- and 30 U GS/ml -
'after, 20 min 1ncubat10n These observatlons‘suggest that 1n

the :in vitro translatlon system OAA - and CS gnhlblt both the

'rnltlatton of Mengo RNA dlreoted proteln synthe51s and the -

-
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Fig. 3.1 Effects8¥ of different co‘mntﬁgw of .
oxaloacetate (OAA) add citrate synthase (CS) on - the

synthesisvof Mengo virus proteins in the rabbit reticulocyte
translation system: SDS—PAGE analy51s. : A

Prior to SDS-PAGE and autoradiography, rabblt retlculocyte
*ﬁysates containing [**S]lmethionine and. programwg@ﬁh1th Mengo

RNA - were supplemented with ' the - follow1ng final
concentqatlons of OAA and CS: 1 mM OAA _ and s U CS/ml .
{lane 1); 0.2 mM OAA (lane 2); 1 mM OAA . (lan ® : -2 mM OAA

(lane 4); 5 U CS/ml (lane 5); 10, U CS/ml (lane 6);

30 U CS/ml (lane 7$ and no OAA or cs: (lane 8) Incubation
in all cases ‘was for 5 hr at 30°° & o

-
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enzymatic activity of the viral protease.

However, eukaryotic and viral proteins with unblocked
N-termini have been synthesized under the direction of
capped ‘messen%ef. RNA's in in vitro systems containing OAA
and CS, and the amount of inhibition was reported to be less
than 25% (Palmiter,gﬁ1977; Paucha et al., 1978).vIt ;eemed
strange %hag‘t;anslatiSn of Mengo RNA was markedly inhibited

gt s
even when‘_CSlualone, was added. To fgrthef investigate the
action of OAA and CS in the reticulocyte 1lysate system,
"RNA's from Cowpea mosaic virué.§CpMV) and Brome mosaic virus
{BMV) were tnanslatedv}n reticﬁiocyte lysate in the presence

~of these -ﬂinhibitors;. CpMV genomic RNA's are, like Mengo
ﬁNA,: uncapped messengers .with VPg proteinsv'ycovalentlyJ _
'ﬁxeftac?eg' td zhe{% &5 -tefgﬁpi. wAlso, am:nbﬁac‘1dQ‘;,f-:;zequenc@ﬂz?%4
homolbéigs wlth p1cnrnav1ruses“have beeﬁ found 1in the

C termlnal region of the proﬁease (MW 24,000) and the entire

vpolymerese region of CpMvV  (Argos et al., 1984; .Franssen

-

et al., 1984). These two .viruses also have similar gene

arrangements, with capsid 'proteins -being cleaved froq a

[

large precursor, and the viral protease and polymerase from

another precursor (see Fig. 3.12). However, the structural

»

and nonstructdral proteins Q;- CpMV are ,encoded 1in two

different RNA molecules (the M and B RNA's, respectively3'

As ,shown in Fig. 3.12, the translatlon of CpMV M RNA alone
.o e v
glves rise to a capsid Precursor vf MW 105 000 or 95,000,

" which will' not be pro essed unless the protease encoded 1n

the B RNA is present (P lham,11979;‘Franssen‘et-al., ©1982).
. d " . \
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Fig. 3.12 Model for the synthesis and post-translational
processing of Cowpea mosaic virus (CpMV) proteins (from
Goldbach and Rezelman, 1983). ' :
‘Both - 'the middle component RNA (M RNA) and the bottom.
- component RNA (B RNA) of CpMV are 5' VPg-linked and 3'
polyadenylated. B RNA encodes a polyprotein of MW 200,000
which is processed by proteolysis.to yield a protease (MW
32,000) - and@ a smaller polyprotein (MW .170,000).
Autoproteolysis of the latter by an intrinsic protease (MW
. 24,000)" is thought to produce the final 4 nonstructural’
polypeptides. The M RNA encodes the two capsid polypeptides,
VP37 and VP23. It is believed that the 32,000 MW protease
causes, the cleavages of the. M polyproteins: (MW 105,000 and
95, 000) to precursors of MW 58,000, 48,000 and 60,000, The
1atter -precursor is cleaved to produce the cap51d proteins
by an enzyme present in the leaves of infected plants, but
. not in an in vitro . translatlon system. (Franssen et al.
-1982) .- ' ‘



Translation of the B RNA alone gives rise to ‘this viral
protease (of MW 32,0@0) and a postulated protease ‘(Mw
24,000), which. is thought to generate itself and the other
nonstructural proteins from the precursor (MW 170,000) by an
autocatalytic oroeess. Because of the bipartite nature of
the CpMV genome, one could theoreticallylexamine separatély
the. action -of OAA and CS on the.ipitiation of protein
eynthesis and on the enzymatic acrinitQ ~of the vﬁral
protease (hy the translation of either M or B RNA jn vitro
in the presenc%,of these 'inhibitors'). BMV mRNA's, on the
other hand, are capped (with m’G(S')ppp(S')Nm--)} and four
separate proteins are encoded, in four separate mRNA's,
Strong inhibition of‘protein éthhesis ih’&itro by OAA and
CS would not be expected if the BMV messenoer éNA moiecules

il
b

behave the -same as those other capped cellular and v1ral
mMRNA's which have been studied. g ‘ .

It was hoped that the,wcoMV M;:and B nucleoprotein
components whlch had been separated by one”'equ111br1um
centr1fugat1on vén cesruh’ chloride wQEgd be*pure enough to
isolate M and B RNA “without cross- contamlnatlon However, .
the in vitro translationﬁproducts of the M RNA preparation
were contaminated by producrs of B RNA, including the
protease, and processing of rhe}M RNA-coded capsid precuraor
occurred It was estinated fro;‘the ralative amounts of the
varioué protelns synthesized in the translatlon mlxture,

that roughly 15% of the tOQal M RNA preparation was B RNA.

Therefore, it was necessary to examine the action of OAA and
- ) - Lo .
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CS on M and B ﬁNA's together or on B RNA alone. If the
protease were inhibited, no processing of the M RNA products
wcu&d be expected; whereas 1if the initiation of protein
synthesis were inhibited, then both the M RNA and B ‘RNA's
would be\ transfeted o only a limited extent. As shown in
Fig. 3{{3, translation of all of the vira; RNA molecules was
inhibited. The extent of inhibition was 39%, 61-64% and 84%
for BMV RNA's, CpMV RNA's and Mengo RNA, respectiyely (see
Table 3.3). The data indicate that OAA and CS are able to
inhibit the initiation of translatlon of uncapped messengers
more efficiently than they “nh1b1t translation of capped
messengers, and that among the uncapped messengers examined
here, the t;enslacion of Mengo RNA is most effectively.
inhibited.. It appears from the autoradiogram shown on
Fig. 3.13 (lane 1 and 3) that the translation of both CpMV

r nce of OAA and CS have been abollshed

RNA's in the -

r exposure time precursor-protein bands

~

qﬁﬁ some of theur cleavage produets became visible. Thus the

+

"inhibitors' did not . seem to reduce the act1V1t1es of the

However, upo

ol i
P ‘ g By - -

proteases of CpMV. -

_ The particular susceptlblllty of Mengo H'Rﬁ%j~ to - °
inhibition by OAA and CS might suggest the existence’of
unique structural features near 1ts 5'-end or it may be that'
the poly(C) tract which. precedes the codlng reglon plays a,
role in the 1nh1b1t10n . Nevertheldﬁs,‘ At 1§& tﬂear that:
because‘ the initiation of proteln synfg?ﬁlsﬁby Mengo RNA is

3
severely impaired, it is not possible to use‘OAA and CS at

L
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Fig. 3.13 ‘Effect of oxaloacetate (OAA) and citrate synthase
(CS) -on the In vitro translation of viral RNA's: SDS-PAGE
analysis. . - = ' Lo
.The translatlon of ,Cowpea mosa' gzirus M RNA (with 15%
contamination of -B RNA; lanes CpMV B RNA (lanes 3
and 4), Meng® RNA (1anes 5 and &) and Brome mosaic virus
(BMV) RNA (lanes 7 and ‘8) were carried out in the rabbit
reticulocyte  system in-the presence. of l’ss]methlonlne for
5 hr at+30°. OAA and CS were included in the lysa®es* for
lanes, " 1. 3, 5 and 7 .(designatgd. as -'+'") at . final
conténtrations of 1 mM and ' 30 U/ml, respectively.” The -
‘conditions for electrophore51s and autoeradiography ‘are -
described in the Materials and Methods. The molecular weight
‘values ¢@iven. on' ther right were approxxmated from the
mlgratlon ‘rates of the Mengo prote1n$ shown 1n lahe 6. ’

el T o
. )‘._ﬁ',' . ‘i« Ex ‘**e ‘?’..“.
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Table 3.3 Inhibition of translation by 1 mM oxéloacetate and

30 U citrate synthase/ml. . h )
| L e o
' . ! "Total protein
Viral RNA used 5' Structure - synthesized
as messenger . .. = (%of control)’
CpMV M and B RNA VPg-pN- L 3
CpMV B RNA " vpg-pR-Zr o 39%
Mengo RNA VPg-p’ ' 6% .
. o "
BMV RNA m’G(5" ) ppgfb' )N™-- 61%

'Control: Total protein synthesized in the absence of
OAA and CS. '
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these. concentrations in order to synthesize unacetylated .

Mengo capsid proteins in vitro. : R
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gradient centrifugsgion and SDS—PAGE analysis have revealed

. 4. DISCUSSION - L
It t has been proposed that a 145 " particle ([eay]s) is

one of the major structural 1ntermed1ates for p1cornav1rus

assembly (Watanabe et al., 1962; Phllllps‘et al.; 1968ﬁ also

see Fig 1.3). This particlxe was found in 'ﬂengo virus

infected L-cells and has been isolated from Mengo® RNA

programmed rabbit reticulocyte lysates. Sucrose density

that the polypeptlde comp051tlon and sedlmentlon behav1our

~

' of 14S partlcles from the two sources are 51m11ar, if not

o
identicdl.

In the cell- free translat1on system synthe51s of the
\

~capsid protein precursor AL@was detected Cleavage of ‘this

: v
precurSor follows the A1 » A » B » Di+a » e+a+y route, and

the resultant capsid proteins remain"associated as a 58

protomer [eayl. Although it has been proposed ‘that other.

forms of 58S protomer‘(e g. A) and 13S pentamer (e.g. [als)

'-may be precursors of the 14S partlcle in. EMC and rhinovirus

1nfected cells (McGregor et al. 1975; +McGregor and

Rueckert ‘1977) the results presented here " show ,oﬂ!.rly
5

that. in the-retlculocyteslysate, the cleavage of precursors

in the 55 protomers precede5a the formation of the 14§

1

pentamer ([eayls) (Fig. 3.3 and Fig. 3.4). Assembly of Mengo

viral structural precursors in the cell-free 1system' is

‘limited to - the 5S and 14S particles; no -larger viral
 structures were found, = even  af%Fr prolonged incubatioh,

Moreover, the final cleavage of € to. B and §, which

81 Sn

*-
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accompakles the e cap51dat1on of v1ral RNA, dOes not occur

in the cell free translatlon system.
14S‘part;c es 1solated from polioViru& infected ‘cells’
were ¢+ found - to assemble into 80S empty shells, 51m1lar to

*

thqsee produced in- 1nfected cel}s in the presepce of
- . i

_infected cell lyﬁates (Phlll1ps et al., 1968). Tthe’
ln vrtPo aSSEmbly studies. suggested that the - fareepion of
empty cap51ds 'oceurrs' before the v;ralvRNA interacts with
éhe_cap§ﬁé éretelns. In ordef to carry oet csimilar' studies
ﬂof Menge*Qirds assembly, the 14S peak materiga obfaihed\from
sucrqée. graaients was first - 'subjected to a
:homochromafég(gphic'. purification procedure. This involved

~ the displacementng*lgs partlclee ffom. aafzimmunoaffiqity~
eblumn'cOntaleing‘menoelohalfantlbodiee whieh recogﬁized‘the
‘A}étrpctﬁfal protein Blby 13.4S Mengo  capsid subunits. ‘This

- procedure removed most of the contaminating cellular and

‘nonstrupturél‘viril/éroteins.ffom the 14S-lparticL§<.without
dleUpthg its 1ntegr1ty (F;g._/3/6 and 3 7). Preliﬁiﬁegy
assembly studles In VltPo ‘;howed that, although‘ these
purlfled 148 partieles_ do enot .assemble‘ into B80S empty
capsids by themselves, they de interact with wviral ﬁNA/ to,
‘form structures which Ysedimenfed at 100S or more, Thie
ipteraction was not due to the \presence of 13.4S capsid
subunits "in the 14S partlcle reparatlon- no structure;
larger than 13-14S was found when radloactlve 13. 4S cag;ld

subunits were allowed to interact w1th Mengo RNA,
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We have now ’obtaiped (from Mr. J. Bowen in Dr. J.S.
4 T 5

[

Colter's laboratory) a hogpclonal antibody which is specific:
'for dissociated virions (f.e.~13.4S particles)-but does not
a4 . - e -

bind to the 14S  particles. Experiments. are currently .

underway to see whether this antibody can be used to remove

"the 13.45 subunits from the 14S preparations. Further
\ , . N ‘

investigations will  involve the testing of various.

’
-

céﬁditions to obtain consistent feSultsﬁ*from the RNA-14S
4particie' éssembly reactions. Aiso, [3H]uridine labelled
Mengo viral RNA will be used in order to eiucidate ‘the:
stoich%ometry'ofxﬁNA in’fhe strucﬁu;es produced in vitro.

While 14S particlés obtained from both Mengo virus

aEEE\\yere p

infécted cells '%ﬂ@ rabbit reticulocjﬁgf—i;;
indistinguishable from one another in terms of pdlypep£}de

composition and sedimentation behaviour, they did exhibit
some differences. The formation of 148 'partiélésv in _the
cell-free system is a relatively<slow process which takes

‘almost 16 hr to complete ass apposed to the 4 hr peribdu

~
* '

‘ requi;ed for 1Z§“~particle formation in infected L-cells.
This seemg to be more than a céngentration effgct,. and.
suégests the involvehent of a morphopéietic factor in
chélls which is not:present (or not active) in the rabbit
reticulocyte lyséte.,'Alsb, ‘a higher proportion of l}l
particles from infected cells than 145 particles from the
cell-free system can be displaced from tﬁe immunoaffinity
\co;UMn by the 13.4S subviral quti.ieé. This_:implies that

“the organization ofa the proteins:in 14S particles formed /
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in  vivo, and in vitro differed in a measurable way,:
Preliminary excerimehts showed thd}vihteractidn of the [14S .
perticles with Mengo RNA was alscsdifferent fcc particles
~ obtained 'from in vitro ;and rinw Vvivo sources. | These
observations, taken .togEEher Qith the.absencerf the e-B+5

. . o' . .
cleavage in the reticulocyte translation system, ,suggest

that the one .or two copies of immature pentamers/norﬁally
foﬁhd in each Mengo virion ,might follow * a | eimilaf
morphogenetiC"pathway:to that of the 14S particles proddced'
invitro. A mcrphopoietic factor present‘in Lccells mighc be
requ1red to convert.these 14S part1cles 1nto paltlcles which
can be cleaved (autoproteolys1s of e7) and assembled 1into
mature v1r10nsf Therefore, an examination of the effects of
L-cell lysates (either infected " or dnipfected) or oE‘
fractions produced ﬁherefrom on the interaction of 14S
particles from both sources should provide further gnsights
into the assembly process. |
The final step of picornavirus maturation involvee 'the_
cleavaée of € to the cap51d protelns B and 5. Since,the
amino- termlnus of & is blacked (Ziola and Scraba, 1976), . it
might  be postulated that the reduction of positive charées
brought dbout by this - N-terminal .modificétion occurs  to
facilitate wvirion 'assemblf. Alternatively, the N-tefminal
modification might, occur at an early stage of post-
translational . pnoceseing,- in order td protect the or@éinal

amino terminal of the - polyprotein' from exopeptidases. To

decide between these two alternatives, an attempt was made
/ .
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to ascertain whether or not the Mengo e pol}peptide has a -

free amino terminal. 14S particles from infected cells were.
doncentrated~\ by sucrose gradient centrifugation,-

specifi;ai&y bound to the immunocaffinity column, and eluted

with LIS.M_The resulting .5S particles -were dialyzed and

* =z

freeze-dried, and this equimolar mixture of e, « and ®.. was

subjeétéd to automated N-terminal’ sequencing. Only two
amino-termjni -should h&ve been revealed if e la?"{é\t a free

amino-terminus. Unfortunatgly,‘ the first attempt at

o U

sequencing was unsuccessful, mainly‘due‘to~the, insolubility
‘of the sample after freeze-drying. Thereforé,-fneeze—dqyingu
is not recomMended|for future trials. The conckntration of

' the 58§ materialslzzﬁ%?he LIS eluant was too low for direct
N ': ’ . ‘ . . * . iﬁ
automated sequencing .in the first trial. In order to-

-

increase the concentration, more' 14S materials could be
L .

applied to "the immunoaffinity, column, and the diélyzed
" eluant coula be subjected to vééuum eQaporatioh without;
being dried complétel&. Dilute ammonia containing small’
amounts of SDS (0.02% SDS should ﬁot interfere with the
automatic séquencing;fﬁunkapillér %Eralf, 1983) could ,thenn
be used to dissolve the sampls for %éQUeq;e studies. If the

presence of a andey or other. contaminating proteins were to

pfesent a problem for analysis of the automated!sequenéing

« ~ v

results, the concéntratedv2§ sample could be subjected to
electrophoresis in Laemmli gels and the individuai proteins
electroeluted before sequencing. Since the automated

[

/sequenator is ° able to sequence the amino-termini of
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‘picomoles of proteins (Hewick et al., 1981), sequence

- determinations of_the first few amino acid residues of each
of the a« and y proteins, and of ¢ if it is not blocked, .

should be pongble- dispite losses occurring during
. ‘ -

\

eléct;delution.;

) . c |
Efforts to produce non-acetylated e proteins 1in a

ST

modified  cell-free translatidﬁQ system were 'alsé ,made}
'.Failure to label-any wviral 'protein with [’H]—acétyIMquA
during a 20 m}n incubation ‘time might imply that the
_ precursor protein A1 was not acet&lated. However, the
‘ éntibody employed to ihmuhoprecipitaté'£hé capsid proteins
prior toiSDS—PAGE analysis was sbecific for the~J3.4S‘ viral
particles, and soluble proteins like A1 and A may not have
beén\efficiéntly removed frém solution. On the other hand,
the conversion of [*H]-acetyl CoA into amino acids obviated
any meaningful interpretation of samples incubated)for 5 hr.
ﬁAddit;on of more uniabelled amino acids (for gkahple,'100 uM
of each) 'is therefore recomménded;‘for future experiments..
Immunoprecipitation of 'hemoglobin.‘froﬁ‘ the incubation
" mixture followed by TCA precipitation fof".the proteins,
ingtead of‘ preferentially immunogrecipitating the proﬁeins
in the 5S or 14S particles, may Je.a better procedure for
getecting acetylated ﬁrécurssr'proteins at early incubation
timgg. |
The failure of microsequéncing to reveal 'an'aminé

terminal amino acid in precursor B and ¢ synthesized in the

rabbit reticulocyte lysate, and of B synthesized in the
S : i ' s o
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~acetylation-inhibited lysate programmed by FMD virus RNA has
recently been reported (Robeftson et al., 1985).‘ Since
normally ‘acgtylated proteins would be synthesized in the
acetylation—inhibitéd lysate in an unblocked form, failure
té s;quence precdrsor B produced in such a system suggested
that the N-terminal gf B (and probably ;‘ and &) might be
blocked by"something other than an >acetyl group.'Since
protein sYnthesis directed by Mengo RNA is very effectiveiy
inhibited . in the cgll-free system supplemen%id with OAA and .
Cs, it was somewhat surpglslng to find that amounts of
proteins adequate for auéomated' geéuencing could be
synthesized in a similar system when FMD‘vifus’ﬁﬂA was used
. as’ messénger. Dorner et al. (1982) had féilédkto synthesize’
unblocked precursor A in similar acetylation~inhib§ted
cell-free system programmed by poliovirus RNA The reason
for these differences between the M\hgo and poliovirus RNA
" directed translation systems on the one_hand and the FMD RNA
directed systém on the other, are not clear.

Although nonaEetylated Mengo proteins (e;g. €) were not
Synthesizéd‘in the acetylation-inhibited, céll-free system?,
tHe’ effects of OAA ‘ané CS on the in vitro translationfof
Mengo RNA are perhaps worthy of further study. The
. inhibitory .effect of 1 mM OAA and 30 U CS/ml on‘Fhe
translation of Mengo RNAvfound in our experiments. was not’
observed with ovalbumin mRNA (Palmiter, 1977), and only
partial inhibition occurred with BMV RNA (these studies) and

SV40 large tumor antigen mRNA (Paucha et al., 1978). These
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a

results imply that differénceq may exist among mRNA
molecules with respect to the mechanisms of initiation of
protein synthesiéf Processing of D1 by the Mengo virai
protease was also affected by either or both OAA and CS; the

mechanisms of these inhibitions are not clear. More detailed

G

studies of these compounds may prove to be ‘useful for

understanding both the initiation of profein synthesis and
. ) r
the proteolytic processing of the picornaviral proteins. *
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