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Abstract

AIM: To investigate the molecular mechanism of cell
adaptation and rapid replication of hepatitis A virus strain
H2 in KBM17 cells.

METHODS: Virus of strain H2 at passage 7 was consecutively
passaged in KBM17 cells for 22 passages, every passage
was incubated for 14 days. Antigenic and infectious titers of
every passage and one-step growth dynamics of passage
22 were determined with ELISA. Genomes of passage 6,
passage 12, passage 18 and passage 22 were sequenced
and compared with H2K7.

RESULTS: During continuous passage of vaccine strain H2
at passage K7 in KMB17 cells, infectious and antigenic titers
increased with the increase of passages, infectious titers at
day 14 reached 6.77LgCCIDsoml* for passage 6 (P6), 7.0
LgCCIDsoml? for passage 12 (P12), 7.33 LgCCIDsoml? for
passage 18 (P18) and 7.83 LgCCIDs,ml? for passage 22
(P22), respectively. The one-step growth dynamics showed
that replicating peak of P22 appeared at day 14 with
infectious titers of 7.83 LgCCIDsoml* and antigenic titer of
1:1024. After passage 22 a new cell-adapted variant (P22)
of H2K7 with rapid and shortened replication cycle from 28
days to 14 days was obtained. Sequencing and comparisons
of genomes of P6, P12, P18 and P22 showed that mutational
numbers in genomes of different passages increased with
adaptive passages, and mutations scattered over the
genome. In comparison with that of K7, P6 had only 6
nucleotides (nt) mutations, P12 had 7 mutational changes,
in addition to 6 same mutations with P6, there appeared a
new mutation in 5*NTR at nucleotide position 591 resulting
in a nucleotide exchange from A to G. P18 had 10 nt
mutations, among the 10 mutations, 7 mutational changes
were same as with P12, three new mutational changes
appeared in the genome, one in 5’NTR, one in 3C coding
region, one in 3D coding region, at P22 there appeared 18
nucleotide changes in the genome, on the basis of P18,
there occured additional 8 nucleotide mutations, two in
5°NTR, three in 2C, one in 3A, one in 3C and one in 3D. The
results suggested that although H2K7 was already an

attenuated strain, the mutations of genome is not sufficient
to completely adapt the KMB17, further mutations caused
rapid replication adaptation.

CONCLUSION: 18-nt changes scattering over the genome
are cooperatively responsible for further adaptation
characterized by rapid and shortened replication cycle from
28 days to 14 days in KMB17 cells. The mutations in 2C
coding region play more important role in increase of
infectious titer than other mutations, the mutations in 2B
coding region show less important role than it usually does
in cell adaptation, nucleotide changes in 5 NTR seem to be
not relevant to cell adaptation during initial stages (before
P6), but do in late stages.
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INTRODUCTION

Hepatitis A virus (HAV), one of the two members of genus
Hepatovirus, is enterically transmitted primarily through the
fecal/oral route causing sporadic and epidemic acute hepatitis
in humand*?, Human HAV is a nonenveloped icosahedral
particle of 27-32 nm in diameter with a single-stranded, 7.5-
kb positive-sense RNA genome with along 5’ -terminal
nontrandated RNA segment (5" NTR) and ashort 3 NTR with
apoly(A) tail™. Similar to other picornaviruses, the HAV
genome contains one large open reading frame encoding a
polyprotein of about 250 kD, which is co-and
posttrandationally cleaved into smaller structural proteins (2A,
2B and 2C) and nonstructura proteins (3A, 3B, 3C and 3D)
by virus-encoding proteinases®.

HAV has been adapted to grow in avariety of primate cell
lined, but in contrast to that of other picornaviruses, the
replication cycle of wild-type HAV isolated from infected
human in cell culture is extremely low and inefficient. After
prolonged incubation and several passagesin cell culture, a
persistent infection with low virus yields and little apparent
impact on cellular growth and metabolism is normally
established®. Only afew HAV strains have been reported to
cause cytophethesisin vitro®7,

Unlike other picornaviruses, although HAV can be adapted
to grow in avariety of primate cell lines, cell-adapted variants
till grow poorly in cell culture. The molecular mechanisms
of adaptation and dow replication cycleare still not completely
understood.

That the genomes of a number of wild types and cell-
adapted HAV strains have been completely or al most
completely sequenced made it possible to determine the
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nucleotide changesresponsiblefor cell adaptation. By sequence
comparison of different cell-adapted variants®9, and studies
with chimeric HAV composed of sequence from wild-type
and cell culture-adapted variants®-?3, mutations increasing
virusreplication in cell culture wereidentified. The adaptation
of HAV to grow in cell cultureis associated with a number of
cooperative mutations over the whole genome, but the
mutations within 5" NTR containing regulatory internal
ribosome entry segment (IRES) for viral translation?3, and
within 2B and 2C coding regions encoding enzymes for viral
RNA replication?4, play more important rolein cell adaptation.
Moreover, the mutations in 2B and 2C coding regions were
proven to be necessary for adaptation of growth in cell culture
of HAV variants®*24 the mutations in 5° NTR had no
independent effect , but cooperatively acted with 2B and 2C
coding regionsto enhancereplicationin cell culture?-24.To study
further the molecular mechanisms of cell adaptation of HAV in
cell culture, a cell-adapted variant of live HAV attenuated
vaccine strain H2 was used for consecutive passage for 22
passages in human embryonic lung diploid fibroblast KMB17,
during passages the replicating peak cycle was shortened from
28 daysto 14 days, the genomes of different passages, 6" passage
(HAVH2K7PS6), 12" passage (HAVH2K7P12), 18" passage
(HAVH2K7P 18) and 22" passage (HAVH2K7P22), were
sequenced and compared to identify the adaptive mutations.

MATERIALS AND METHODS

Cell
Human embryo lung diploid fibroblast strain (KMB17)!% was
used at passage 24-35 in this research.

Virus Strain

Hepatitis A virus strain H2, an attenuated strain at passage
K7, was derived from the fecal specimen of a patient with
hepatitis A in Hangzhou, China. After isolation and passage
inaculture of newborn monkey (Macaca Mulatta) kidney cells,
adaptation to grow in human embryo lung diploid fibroblast
(KMBL17), and serial passage at alow temperature (32 'C) in
KMBL17 cells, the strain became attenuated'®! and licensed for
production of live attenuated HAV vaccine.

H2 strain passage and rapidly replicating adaptation in
KMB17 cells

KMB17 cellswere grown in 25 cm? flask (Nunc, Weishaden,
germany) using Eagle’ Minimal Essential Medium
supplemented with penicillin (100 U/ml), streptomycin (100
pg/ml), and 10 % heat-inactivated newborn calf serum, and
passaged every four days. HAV H2M20K7 with 28-day
replication cycle were seeded onto KMB17 confluent
monolayer cells,after 37 °C absorption for 2 hours, maintenance
medium with 2 % newborn calf serum were added, and seeded
cellswerecultured at 35 “C for 14 days. Theviruswasharvested
at the 14th day, and then seeded onto the monolayer cellsagain,
the virus was serially passaged for 22 passages with 14-day
cycle. The antigen titers and infectious titers were detected
with ELISA 21, Thevirus at 6™, 12", 18", 22" passage were
designated as HAVH2K7P6(P6), HAVH2K7P12(P12),
HAVH2K 7P18(P18) and HAVH2K 7P22(P22), respectively.
The respective genomes were cloned and sequenced.

One-step growth dynamics
KMB17 cells were infected with a multiplicity of infection
(MOI) of 5. Thetiter was assayed by inoculating the cellsgrown

in25 cm? flask (Nunc, Weisbaden, germany), and infection
was checked 4 weeks after inoculation by ELISA[RS 27,

Primers and sequencing strategy

Primers were designed according to the sequence of H2K 71
with Goldkey software (Table 1), The sequencing strategy was
showed as Figure 1.

Table 1 The primers used for amplification of HAV genomic RNA

Cloned fragments Primers Sequences

A (0.8kb) Al 5’-CGCCGGCGTTCAAGAGGGGTGTCCGGAG-3”
A2 5’-GAATCTCAATGCCAAATCTTGC-3”

B (0.5kb) B1 5’-TCTGAGGTACTCAGGGGC-3”
B2 5’-CAGTCAATGATGCTATAGAACC-3”

C (1.1kb) C1 5’-CCAACAGGGGGGATTGATC-3”
Cc2 5’-CGTTAGAAGGAGAGGTCAATC-3”

D (1.0kb) D1 5’-CCCTGGATTTCTGACACTCC-3”
D2 5’-CAGTGGATAACATGGCATTTG-3”

E (1.1kb) El 5’-GTCTGTCACAGAACAATCAGAG-3”
E2 5’-GATCCCAGAACAGATATCTCTTAA-3”

F (1.2kb) F1 5’-GTTAAGAGATATCTGTTCTGGATC-3”
F2 5’-CCATCCTCCAACGAGCACTCC-3”

G (1.2kb) Gl 5’-CAGTTCTTTAGTCATGACAGTTG-3”
G2 5’-GCCATTGGATCAATTTCAGC-3”

H (1.1kb) H1 5’-GAGTCCCATTTATCATCACA-3*
H2 5’-GTCCAATCAGATCAAGATTATC-3”

I (0.5kb) 11 5’-GATTCTCTGTTATGGAGATG-3”
12 S>-TTTTTTTTTTTTTTTITTTTTTATTT-3”

@:A-1 represent 9 amplified fragments of HAV; @ 1 and 2 rep-
resent positively and negatively oriented primers

S N S SR SR BN S

Figurel Sequencing strategy of HAV genome. A-1 represent
9 amplified fragments of HAV

Antigen-capture PCR amplification of the genomes

cDNA synthesis and cloning Antigen-capture PCR were used
to prepare cDNA of genome of different passaged® with some
modifications. Sterile 0.5-ml conical tube (Ependorf ) was
coated 100 pl of human anti-HAV 1gG diluted 1:1 000 in 50
mM sodium carbonate buffer (pH 9.6). After 4 h of incubation
at 37 °C, the unbound 19G was removed , and 150 pl of 1 %
bovine serum albumin (Sigma) diluted in the buffer was added.
After 1 h at 37 °C, the tube was washed three times with 300
W of PBS (pH 7.4) containing 0.05 % Tween 80. purified HAV
(100 pl) was then added, and the preparation was incubated
overnight at 4 ‘C. The tube was washed six times with 500 pl
of a40 mM Tris (pH 8.4)-40 mM KCI-7 mM MgCl, solution.
Then 100 Wl of water was added and tube was heated to 95 C
for 5 min to disrupt captured viruses and melt any second
structures within the viral RNA. The first strand cDNA was
synthesized using SuperScriptTM Preamplification System kit
(Gibco, Life Technologies), following the instruction by
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manufacturer. The clones of different fragments were
performed by PCR in amixture (50 Wl ) including 5 pl 10xLA
PCR buffer, 8 pl 2.5mM dNTPs, 2 pl template of RT-PCR
products, 300nM positive-sense primer, 300nM negative-sense
primer and 2.5U LA Tag DNA polymerase (TaKaRa), additing
water to 50 pl. The reaction mixture was subjected to 95 'C
for 5 min, then 30 automated cycles of denaturation at 95 ‘C
for 30 sec, annealing at 50 ‘C for 30 sec, and extention at 72
‘C for 1 minor 1 min 30 sec., The final reaction wasincubated
at 72 °C for 10 min. After the PCR products were recovered
and purified, the fragmentswere ligated into pGEM-T Vector
(Promega). The resulting products were transformed into
competent E.coli. DH5a cells. Three ampicillin-resistant clones
were picked out for each fragment. The size of inserts in
positive clones was estimated with restriction enzyme site at
either side of theinserted fragment. Rapid plasmid preparations
were made with the Wizard plasmid purification kit (Promega).

DNA sequencing and analysis

Sequencing strategy was shown in Figure 1. Oligonucleotide
primers specific for HAV and primers corresponding to the
T7/SP6 promoter region of pGEM& -T Vector were used to
sequence the Inserted and identified HAV fragment. a Tag
DyeDeoxy Terminator Cycle sequencing kit and a 377 DNA
sequencer (Perkin EImer) were used to determine nucleotide
sequences. To eliminatethe possibility of errorsin the sequence
due to Tag polymerase for PCR, at least three clones of each
amplified fragment derived from two individual PCR products
were sequenced. Also to correctly determine the sequence of
extreme 5 terminus of HAV genome, a5’ RACE reaction was
used to obtain the acDNA fragment from 5" NTR of genome
with 5" -Full RACE Core Set (TaKaRa). Analysis, alignment
and tranglation in the amino acids of the obtained nucleotide
seguences were done using the sequence analysis program
OMEGA (Oxford Molecular).

RESULTS

Dynamical characteristics of adaptive enhancement of H2K7
replication in KMB17 cells

Although HAV has been adapted to grow in cell culture, even
cell culture adapted variants grow considerably slowly with
low virus yields and characterized by an asynchronous onset
of replication®34, HAV usually established ersistent infection
in cell culture with protracted replication cycle, but replication
cycle of maximal accumulation of HAV in cell culture was
dually shortened with theincrease of passages, even cytopathic
effect (CPE) appeared®>®], Attenuated HAV strain H2K 7 didot
cause CPE in KMB17 cdlls, its replicating peak of was days,
the infectious titer reached. OLgCCIDsyml™2. In this study,
attenuated strain H2 at passage K7 were passaged in KMB17
cellsevery fourteen days. At last the change of incubation cycle,
from 28 days to 14 days, resulted in the increase of both
antigenic and infectious titers. At first passage of adaptation
(P1) the antigenic and infectious titerswere only 1:16 ELISA
units (ELI.U) and 5.83LgCCIDs;ml™, respectively, at P6 the
antigenic and infectious titers gradually increased 0 1:64 ELI.
U and 6.77LgCCIDsml ", respectively, at P12 obvious
enhancement of antigenic and infectious titers (1:256 ELI.U
and 7.0 LgCCIDsyml™, respectively ) occured, More
enhancement appeared at P18 with 1:512 EL|.U and 7.33
LgCCIDsyml™, respectively, at P22 antigenic and infectioustiters
reached the highest levels of 1:1024 ELI.U and 7.83
LgCCIDsyml, respectively (Table 2). During thewhole passages
no CPE appeared. Furthermore, one-step growth dynamics

showed that at P22 at days 2, 4, 6, 8, 10, 12 14 of culture antigenic
and infectious titers gradually increased, at day 14 antigenic
and infectious titers reached the highest levelsof 1:1024 ELI.U
and 7.8 LgCCIDsml, respectively, afterwards, the infectious
titer gradually decreased, but antigenic titer remained unchanged
until day 26 (Table 3). Theincreases of antigenic and infectious
titers with consecutive passage showed that strain H2K7 had
been further adapted successfully in KMB17 cellswith shortened
replication cycle of 28 daysto 14days.

Table 2 Titers of different passages of HAVH2K7 on KMB17
for 14d

Passages Antigen titers Infectious titers(LgCCID, /ml)
1 1:16 5.83
2 1:8 5.5
3 1:16 5.67
4 1:32 6.0
5 1:32 6.5
6 1:64 6.77
7 1:64 6.67
8 1:64 6.5
9 1:64 6.67

10 1:128 6.83
11 1:128 7.0
12 1:256 7.0
13 1:256 7.17
14 1:256 7.0
15 1:256 7.17
16 1:256 7.0
17 1:512 7.17
18 1:512 7.33
19 1:512 75
20 1:512 7.67
21 1:1024 7.67
22 1:1024 7.83

Table 3 One-step growth dynamics of HAVH2K7P22 on
KMBL17 cells

Post inoculation days Antigen titers Infectious titers(LgCCID, /ml)

2 1:8 ND"
4 1:16 6.0
6 1:32 6.67
8 1:128 7.17
10 1:512 75
12 1:1024 7.8
14 1:1024 7.17
16 1:1024 7.0
18 1:1024 7.0
20 1:1024 6.83
22 1:1024 7.0
24 1:1024 6.8
26 1:2048 6.5

*Not determined
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Mutational Characteristics in Consecutive Passage of Rapid
Replication of Strain H2 during Cell Culture Adaptation

The process of adaptation of HAV in cell culture was also a
process of serials of mutations in genome and results in
attenuation!*y. The rapidly adaptive passages of H2K7 in
KMB17 cells caused the change of replication cycle, from 28
daysto 14 days. Themaximal virusyields appeared at 14 days
at P22 (Table 3). In order to investigate whether the shortened
replication cycle of H2K7P1-22 in cell adaptation wasreflected
by mutational changes in the genome, which was thought to
be responsible for adaptation of HAV, and whether related
mutations were responsible for the adjustment of shortened
replication cycle, we sequenced and compared the entire
genome of four passages (P6, P12, P18, P22), the mutations
correlating with adaptation at different passages were
identified. The results revealed that mutational numbersin
genomes of different passages increased with adaptive
passages, and mutations scattered throughout the whole
genome. There were only 6 nucleotides mutations appeared in
the genome of P6, and nucleotide identity was up to 99.93 %
in comparison with that of H2K7, as shown in (Table 4),

Table 4 Differences in the genome sequence and amino acids
of the HAV H2 K7 with HAV H2K7 P6, HAV H2K7 P12, HAV
H2K7 P18 and HAV H2 K7 P22

Nucleotide Location Nucleotide Amino acids

position K7 K7P6 K7P12 K7P18 K7P22 K7 K7P6 K7P12 K7P18 K7P22

33 5NTR C C C U U
263 5NTR U U U U ¢C
378 5NTR U U U U ¢C
510 5NTR A A G G G
646 5NTR A A A U U
88 VP2 G U U U U A S s S S
1178 Vw2 C U U U U T | |
4022 2B T Cc cC c c T I I
4558  2C A A A A C Q Q Q Q P
4802  2C U U U UuU ¢ A A A A A
4949  2C A A A A U T T T TOT
4968  2C A C C C C N H H H H
5193  3A cCuU U u u R C CcC Cc ¢
5217 3A G G G G U A A A A S
5336  3C G G G G A L L L L L
5715 3C A A A G G T T T A A
6427 3D Uu u G G V V G G G
7256 3D AU U U U A A A A A

two mutations occurred in VP2 coding region (at nucleotide
position 858 with exchange from G to U, resulting in amino
acid exchange from A to S, at nucleotide position 1178 with
silent exchange from C to U, resulting in no amino acid
exchange), one mutation in 2B coding region (at nucleotide
position 4022 with exchange from U to C, resulting in amino
acid exchange from C to I), one mutation in 2C coding region
(at nucleotide position 4968 with exchange from A to C,
resulting in amino acid exchange from N to H), onein 3A
coding region ( a nucleotide position 5193 with exchange from
Cto T, resulting in amino acid exchange from Rto C), onein
3D coding region (at nucleotide position 7256 with silent
exchange from A to U). When H2K7 was passaged up to P12,
7 mutations appeared, in addition to 6 same mutations with

P6, there was a new mutation appeared in 5° NTR at nucleotide
position 591 resulting in a nucleotide exchange from A to G.
P18 had 10 nucleotide mutations occurred in the entire genome,
among 10 mutations 7 mutationa changes were the same with
P12, three new mutational changes appeared in genome, one
in 5" NTR (one at nucleotide position 33 with nucleotide
exchange from C to U), onein 3C coding region (at hucleotide
position 5715 with exchange from A to G, resulting in amino
acid exchange from U to A), one in 3D coding region (at
nucleotide position 6427 with exchange from U to G, resulting
in amino acid exchange from V to G). At P22 there were 18
nucleotide changes appeared in the genome, on the basis of
P18 additional 8 nucleotide mutations appeared, twoin 5 NTR
(at nucleotide position263 with exchange from U to C, and
378 with exchange from U to C), threein 2C coding region (at
nucleotide position 4 558 with exchange from A to C, resulting
inamino acid exchange from Q to R, at nucleotide position 4802
with silent exchange from U to C, resulting in no amino acid
exchange, at nucleotide position 4 949 with silent exchangefrom
A to U), onein 3A coding region (at nucleotide position 5217
with exchange from G to U, resulting in amino acid exchange
from A to S), onein 3C coding region (at nucleotide position
5336 with sllent exchangefrom G to A), onein 3D coding region
(at nucleotide position 7 256 with silent exchange from A to U).

Identity comparisons of genomes of different passages
Complete nucleotide sequence analysis of four-passage
adaptive variants revealed an identity between H2K7 and P6
of 99.93 %, between H2K7 and P12 of 99.9 %, between H2K7
and P18 of 99.87 %, and between H2K 7 and P22 of 99.76 %.
The identity comparisons showed that mutations increased
gradually with the increase of passages, but at high passage
obvious mutations were concentrated in 5 NTR region, for
example, P22 had 18 nucleotide mutations, 5 of 18 mutations
appeared in 5 NTR region, the other mutations scattered
throughout the coding region, during adaptive process no
mutations appeared in VP4 coding region, VP3 coding region,
VP1 coding region, 2A coding region, 3' NTR, the identities
were 100 % (Table5).

Table 5 ldentitiy comparisons of nucleotide sequence of
HAVH2K7 with HAVH2K7P6 and HAVH2K7P22

Genomic HAVH2K7P6 HAVH2K7P12 HAVH2K7P18 HAVH2K7P22

region (%) (%) (%) (%)
GENOME 99.93 99.9 99.87 99.76
5’UTR 100 99.86 99.59 99.32
VP4 ENCODING 100 100 100 100
VP2 ENCODING 99.71 99.71 99.71 99.71
VP3 ENCODING 100 100 100 100
VP1 ENCODING 100 100 100 100
2A ENCODING 100 100 100 100
2B ENCODING 99.74 99.74 99.74 99.74
2C ENCODING 99.9 99.9 99.9 99.6
3A ENCODING 99.42 99.42 98.42 98.84
3B ENCODING 100 100 100 98.53
3C ENCODING 100 100 99.85 99.85
3D ENCODING 99.94 99.86 99.86 99.86
3’UTR 100 100 100 100
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DISCUSSION

Although the wild-type HAV grew poorly in cell culture, it
usualy did not cause CPE, and tended to establish persistent
infection, after consecutive passages cell-adaptive variants
were characterized with higher replication yield, rapid
replication cycle and attenuation*¥, and nucleotide mutations
increased with adaptive passagesi*’.. On this basis, the
development of alive attenuated hepatitis A vaccine (H2 strain)
showed good immumogenicity and protective efficacy®®. a
variant of vaccine strain H2 was isolated in the consecutive
passages in KMB17 cellswithout CPE and characterized with
rapid replication cycle of 14 days, higher infectioustiter of 7.8
LgCCIDgml 2,

From the viewpoint of evolution, cell adaptation of HAV
depends on the interaction of HAV and cell, the internal cell
environments form a selective pressure on the virus, in order
to survive the viral genome gradually mutates to form new
phenotype to adapt cell environments, so the accumulations
of mutation with increasing passages result in more adaptive
phenotype, more rapid replication cycle and higher virusyield.
In accordance with this, in a continued passage process of
vaccine strain H2 at passage K7 in KMB17 cells, with the
increase of infectioustitersthe mutational numbers of genomes
of different passages increased, P6 had 6 mutations with
infectious titer of 6.77 LgCCIDsyml?, P12 had 7 mutations
with infectioustiter of 7.0LgCCIDs,mit, P18 had 10 mutations
with infectious titer of 7.33 LgCCIDsyml™, P22 had 18
mutations with infectious titer of 7.8 LgCCIDs,ml. One-step
growth dynamics of P22 also showed that 18 mutations of P22
resulted in shortening the replication cycle from 28 daysto 14
days. The results suggested that although H2K 7 was already
an attenuated strain, the mutations of genome was not sufficient
to completely adapt the KMB17, only further mutations
increased its adaptive ability in cell KMB17. The sequencing
and analysis of genomes of different passages of several cell
culture-adapted variants of the HM 175 strain of HAV also
showed that with the increase of infectious titers the mutational
numbers of genomes of different passages increased® 24,

In contrast to the other viruses of picornaviruses, mutations
of cell adaptation of HAV scattered throughout the whole
genome and cooperatively acted to enhance the growth of virus
in cells. sequencing of cell culture-adapted variants of the
HM175 strain of HAV showed that P16 had 19 mutationg?¥,
P35 had 25 mutations*® and P59 had 42 mutations®, P6 of
cell culture-adapted variants of the H2 strainin KMB17 had 6
mutations, P12 had 7 mutations, P18 had 10, P22 had 18,
although different strains in different cells had different
mutations, these variants shared common mutationsin 5" NTR
andin 2B, 2C, 3A, 3B, 3C, 3D coding region of the genomes.
Experiments with chimeric infectious cDNA clones indicated
that the mutationsin both 5 NTR and in 2B, 2C, 3A, 3B, 3C,
3D coding region contributed to the ability of the virusto grow
in cells of African green monkey kidney lineagel'*'2. These
results revealed that mutationsin 5 NTR and in 2B, 2C, 3A,
3B, 3C, 3D coding region of the genomes played more
important role than othersin cell adaptation.

The5' NTR of HAV formsahighly ordered secondary and
presumably tertiary structure, and contains el ements necessary
for both viral translation and RNA replication®, HAV
tranglation is initiated in a cap-independent fashion by a
mechanism that involves the binding of the 40s ribosomal
subunit at a site located hundreds of bases downstream of the
5 end of the RNA which has been termed aribosoma landing
pad or an internal ribosome entry segment (IRES)2337381,
Mutations analysis of 5 NTR showed that the IRES of 450

nucleotides was|ocated downstream of nucleotide (nt)161 and
extended to within 40 nt of the first initiator AUGE4%, The
efficient trandation activity by |RES necessitatestheinteraction
of secondary and presumably tertiary RNA structure with a
set of specific eukaryotic trandation initiation factorsand also
noncanonical host factorgd®“4- Therefore, it islikely that these
5" NTR mutations enhance trand ation by atering the affinity
of the RNA for cellular proteins that either positively or
negatively influence the activity of the IRES.

In our study in the continuous cell adaptation of H2K7,
the sequencing showed that increased infectioustiters with the
increased passages of H2K7 in KMB17 cells correlated well
with the increased mutationsin 5 NTR. P6 had no mutations
in5 NTRwith infectioustiter of 6.77 LgCCIDsyml™, P12 had
1 mutation in 5 NTR (nt 591) with infectious titer of 7.0
LgCCIDsml?, P18 had 3 mutationsin 5" NTR (nt 33, 591,
646) with infectious titer of 7.33 LgCCIDs;mlt, P22 had 5
mutationsin5’ NTR (nt 33, 263, 378, 591, 646) with infectious
titer of 7.8 LgCCIDsoml™, in addition to 1 mutation (nt 33 of
P18 and P22), all mutations appeared in IRES. According to
the viewpoint mentioned above, one mutation (nt 591) in IRES
of P12 may change the secondary and presumably tertiary
structureof 5" NTR of K7, thischanged | RES structure enhance
the affinity of K7 RNA with cellular proteins, resulting in the
enhancement of trandation, among 3 mutationsin 5 NTR of
P18, 2 mutations in |RES further enhance the affinity of K7
RNA with cellular proteins, resulting in further enhancement
of translation, among all mutationsin 5° NTR of different
passages, 4 mutationsin IRES of P22 produce the most efficient
affinity of RNA with cellular proteins, yielding the maximal
progeny virus. A comparison with the modelof 5° NTR of RNA
secondary structure of the HAV genome, proposed by Ali et
al®, suggest that the G to U mutation (nt 646) of 5 NTR of
P22, located in the terminal part of the5 NTR (loop V), could
lead to an RNA duplex folding stabilized by an additional
basepairing, resulting in further increase of infectious titer.
Consistent with our result, Graff et al also showed that increased
mutationsin IRES of different-passage GBM/Hp8/24 played
arole in enhancement of infectioustiter and acommon G to U
mutation (nt 646) of 5 NTR of strain GBM appeared in GBM/
Hp8/6, but mutations of different positions of 5° NTR of
different HAV strainsin different cellsmay reflect the different
interactions of 5 NTR with different cellular proteins. It is
worth noting that P6 had no mutation in 5 NTR, but the
infectious titer only reached 6.77LgCCIDsoml%, 0.9
LgCCIDs,ml* more than that at P1, indicating less important
role of 5 NTR in early cell adaptation. Consistent with our
result, Frings et al“? found that after 5-passage adaptation of
primate cell-adapted hepatitis A virus strain HM175 to its
growth in guinea pig cells, the infectious titer reached 6.3
LgCCIDsyml, but no mutationin 5’ NTR. Taken together with
our result, it suggest that during early adaptation there were
different waysto improve HAV fit with a specific complement
of host cdl factors and that growth restrictionsin defined host
cells had not been determined solely by regulatory interactions
of cellular factorswith 5 NTR sequence, which concerned
mainly cap-independent tranglation initiation.

Previous studies showed that 2B and 2C coding region
mutations are essential for cell adaptation of HAV, mutations
in other regions have no independent effect, but act
cooperatively with mutations in 2B and 2C coding region to
enhance replication®. 2B and 2C coding region are found to
have 251 and 335 amino acids, respectively. Protein 2B is
involved in the rearrangement of cellular membrane?. Protein
2C isconsidered to have helicase and NTPase activitied®. The
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functions of 2B and 2C suggest that the mutationsin these two
regions play important rolesin cell adaptation of HAV. During
continuous passages from P6-P22 of H2K7, 4 mutations
appeared in 2C coding region, two were silent mutations, two
resulted in two- amino acid substitutions, one was common in
P6, P12, P18 and P22, one mutation at nt 4558 from A to C
only appeared in P22, causing amino acid substitution from Q
to P, this substitution may enhance the function of 2C, and
further increase the infectious titer at P22. In contrast to the
previous results™, in sequence of entire genome of 4 passages
(P6,P12,P18,P22), only one mutation appeared in 2B coding
region at nt 4022 from U to C, but not resulting in amino acid
mutation, thismight suggest that 2B protein play lessimportant
role than 2C in KMB17 cell adaptation of H2K?7.

Mutations in 3A coding region of the isolate in Italy
correlated with CPE¥, but our result showed that although
mutationsin 3A coding region appeared, even a unique amino
acid mutation from A to S occurred at P22, no CPE appeared
at all passagesof H2K7in KMB17 cell culture. The mechanism
remains unknown. The other mutationsin 3A, 3C, 3D coding
region of P22 may cooperatively act to further enhance the
virus replication.

Comparisons of entire genome of P22 with those of
continuous passages of GBM and HM 175 in different cells
showed that although the mutations existed inthe same5' NTR,
2B, 2C, 3A, 3B, 3C, 3D coding regions, most of the mutational
sites were different, these differences revealed different
interaction of HAV with different cellular proteins under
different selective pressures.

From our investigations of sequence analysisof consecutive
H2K7 passages and a comparison of their growth
characteristics, we can conclude that 18-nt changes scattering
over the genome are cooperatively responsible for further
adaptation characterized by rapid and shortened replication
cyclefrom 28 daysto 14 daysin KMB17 cells, the mutations
in 2C coding region play more important roles in increase of
infectioustiter than other mutations, the mutationsin 2B coding
region show less important role than it usually doesin cell
adaptation, nucleotide changesin 5 NTR seem not to be
relevant during initial stages (before P6) of cell adaptation
because of the significant enhancement in infectious titer not
correlating with the mutationsin thisregion, but in late passage
(P22) mutationsin 5’ NTR which seem to affect obvioudy the
replication cycle of H2K7 in cell adaptation.
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