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covalently attached to the noncoding 5’region (5’NCR) of the virus genome
(Wimmer, 1982; Weitz et al., 1986). VPg is not necessary for the function of
viral mRNA. Unlike most picornaviruses, HAV neither inhibits host-cell
proteosynthesis nor produces obvious cytopathic effect. Wild-type strains of
HAYV grow poorly in cell cultures and in a majority of attempts the replication
terminates in persistent rather than in acute lytic infection (Provost, 1984 and
references therein). The molecular basis for cell culture adaptation is largely
unknown. In the present study, we analysed two in vitro propagated HAV
strains in order to get insight into changes that occur during adataption to cell
culture,

Materials and Methods

Virus strains. Two in vitro adapted strains of HAV were utilized. The wild strain of HAV_ named
HAS-15 was recovered by Hollinger and attenuated in Prof. Maynard’s laboratory (Bradley et al.,
1984). HAS-15 was propagated in foetal rhesus monkey kidney (FRhK-4) cell culture. The strain
MBB 11/5 originated from North Africa (Frosner et al., 1979). The virus was maintained and atte-
nuated in Prof. Deinhardt’s laboratory (Paul er al., 1987a). The latter strain was propagated in
human hepatocellular carcinoma cells PLC/PRF/5. Both viruses were concentrated after ultra-
centrifugation by freezing-thawing, disintegrated and clarified by centrifugation in Beckman SW
60 Ti rotor at 485 000 x g for 4 hr. The purified sedimented HAV was quantified as described for
EMC virus characterization (Reuckert and Pallansch, 1981) by measuring the absorbance at
260 nm (1 mg/ml virus is 7.7 Aagp units).

Indirect immunofiuorescence (IF) test. The formation of hepatitis A antigen (HAAg) was checked
using convalescent sera diluted 1:20 in PBS (starting for one hour at 37 °C, washing 3 times with
PBS, and then stained for another hour with antihuman IgG swine globulins labelled with fluores-
cent isothiocyanate purchased at Sevac, CSFR). The coverslips were washed with PBS and
mounted into 90 % glycerol in PBS.

Electron microscopy (EM) and immune electron microscopy (IEM). The free as well as membra-
ne~bound virus particles were used directly for EM. For IEM, 100 u! of resuspended virus was
reacted with 900 u! of 1:10 diluted human anti-HAV convalescent serum and incubated at 37 °C
for one hour. The immunocomplexes were ultracentrifugated at 180 000 x g for 30 min and the
resulting pellets were resuspended in 50 ul of distilled water. Then they were transferred onto
electron microscopy grids coated by formvar, negatively stained with 1 % phosphotungstic acid,
acid pH 7.0 and viewed in a Tesla T 500 electron microscope.

Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE). Hepatitis A virus
particles, labelled with >*S-methionine were pelleted as described. The pellets were submitted to
SDS-PAGE in the Multiphor Il electrophoretic system (Pharmacia-LKB, Sweden) at 190 mA and
216 V, according}to LKB Application note No. 306.

Preparation of 5S-methionine-labelled virus. Cultures of FRhK-4 and PLC/PRF/S cells infected
with either HAS-15 or MBB 11/5 strains of HAV were kept at 33 °C in medium containing 2 %
dialyzed foetal calf serum and metabolically labelled with L->>S methionine (Amersham, UK) at
concentration 3.7 MBq.mlI"",

Immunoprecipitation and analysis of antigens. Virus pellets were resuspended in the lysis buffer
and a radioactivity of suspension was measured. For immunoprecipitation, 10 ul of undiluted
serum was added to virus lysates with activity 4x10° cpm and incubated 1 hr at 4 °C. Formed
immune complexes were precipitated with 30 gzl of protein A-Sepharose CL-4B 50 % vol/vol
(Pharmacia-LLKB) and incubated again 1 hr at 4 °C, followed by centrifugation at 12,000 x g for 1
min in a microcentrifuge. The precipitated immune complexes were washed three times in 400 ul
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contained more virus-specific proteins than PLC/PRF/S cells infected by the
~MBB 11/5 strain (Fig. 2, lanes 8 and 9). On the background of ongoing cellular
proteosynthesis, capsid protein VP1 was largely produced. However, VP1 of
HAS-15 strain displayed higher electrophoretic mobility than VP1 of the MBB
11/5 strain. SDS-PAGE showed no differences between these two strains
owing to poor separation of VP1 - VP3. Therefore, immunoprecipitation of
335-labelled virus proteins was performed. The proteins of HAS-15 strain were
formed at higher rate than those of MBB 11/5 (Fig. 3, lanes 4 and 5). A reduc-
tion of human polyclonal antibody binding by the strain MBB 11/5 was
observed (Fig. 3, lanes 6 and 7). The profiles of **S-methionine labelled
proteins revealed that sufficient amounts of virus antigens are synthesized in
both HAS-15 and MBB 11/5 infected cells (Fig. 3, lanes 8 and 9). However,
human covalescent sera elicited by whole virus failed to react with each virus
protein and preferentially bound to VP1 protein. The prediced 252 kD polypro-
tein was not detected.

Discussion

Adaptation of hepatitis A virus in tissue culture is extremely long (210 days,
Gausse-Miiller er al., 1981; 308 days, Provost, 1984), and during this period
defective particles can be formed (Niiesch er al., 1988). In our isolates distinct
types of individual virus particles were recovered and the majority of them
remained attached to membrane-like folds. Replication of picornaviruses has
been tightly membrane-bound (Koch and Koch, 1985). In poliovirus infection
of Hela cells, viral RNA replication was physically associated with newly-syn-
thesized cytoplasmic membranes. Phospholipid synthesis is required for the
proliferation of these mebranes (Guinea and Carrasco, 1990). Formation of
HAYV was also membrane-dependent and detection of lipid - associated virions
was not unexpected. Electrophoretic profiles of both infected cell lines proved
that translation of virus mRNA was not inhibited. The mobility of HAS-15
VP1 protein was higher than that of MBB 11/5. This is consistent with the
finding that VP1 protein of HAS-15 has a deletion of six amino acids in posi-
tions 26 to 31 (Cohen et al., 1987). Electrophoretic separation of purified virion
particles revealed that a large portion of proteins has a molecular weight
between 45 and 55 kD. On the basis of sequence alignments with PV (Cohen et
al.,, 1987) we assigned them as uncleaved 1D2A precursor proteins (predicted
total mass 53 kD), perhaps as a result of lowered autocatalytic competence of
2A protease.

As yet, we know little about picornavirus genome replication. The poliovirus
replication complex is membrane-bound and its spatial organization is essen-
tial for virus transcription (Bienz et al., 1990). Cohen and co-authors (1989)
demonstrated that mutations in the P2-P3 region of virus genome and, to
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