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REVERTED VIRULENCE OF ATTENUATED TICK-BORNE ENCEPHALITIS
VIRUS MUTANT IS NOT ACCOMPANIED WITH THE CHANGES IN
DEDUCED VIRAL ENVELOPE PROTEIN AMINO ACID SEQUENCE
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Summary. — Serial passages of tick-borne encephalitis (TBE) virus strain 4387 isolated from the liver
and lungs of the bank vole through the salivary glands of Ixodes ricinus ticks led to areduction of'its virulence
for laboratory mice infected via peripheral route. When attenuated mutants were passaged through mouse
brains, virulent phenotypes have appeared in the 3rd mouse passage. After 5 consecutive passages the virus
was more pathogenic for mice after peripheral inoculation than the parental 4387 strain. The nucleotide
sequence of the envelope proteins of the strain 4387 was studied after passaging through ticks salivary glands
and subsequently through mice. The sequences coding for the envelope protein E of the virus from the first,
third and fifth mouse passages were compared with those of parental virus and mutant attenuated in ticks.

The attenuated mutant differing from the parental strain 4387 by the amino acid substitution from
glutamic acid to lysine at position 84, and from isoleucine to threonine at amino acid position 319 revealed
strongly reduced pathogenicity for adult laboratory mice after peripheral inoculation. The attenuated mutant
regained its virulence after 3 — 5 mouse brain passages, but the two amino acid substitutions were still

conserved.
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Introduction

TBE virus belongs to the family Flaviviridae, genus
Flavivirus. Like other flaviviruses, TBE virus contains
RNA genome of positive polarity with coding region for
three structural proteins: the capsid (C) protein, the precur-
sor of membrane (preM) protein, and the envelope (E)
protein at the 5” end. The coding region for the nonstructural
proteins NS1 to NS5 continues towards the 3 terminus of
the genome. All viral proteins are encoded within a single
open reading frame (Mandl et al., 1988, 1989).

The flavivirus protein E contains about 500 amino acids
and is usually glycosylated. It represents the viral haemag-
glutinin, induces a protective immune response and plays a
central role in the biology of flaviviruses. Like other viral
envelope proteins, protein E is believed to mediate also
other important functions, such as receptor binding and the
fusion of the virus membrane with cellular membranes after
low pH-induced conformational changes (Guirakhoo et al.,
1989 Kimura ef al., 1986)

Virulence of an arbovirus is a complex character that is
influenced by selective pressures of vertebrate hosts and
artropod vectors (Nuttall er al., 1991). The factors that
influence the virulence of TBE virus are not yet defined but
it seems reasonable to assume that the host through which
a virus passes have a selective influence on the virus pheno-
and genotype.

A single amino acid substition in E protein of TBE virus
can lead to an attenuation as tested in the mouse model. By
growing TBE virus in the presence of E protein — neutraliz-
ing antibodies, seven neutralization escape mutants were
selected. One of the mutants with amino acid substitution
from tyrosine to histidine at position 384 in domain B of the
E protein revealed strongly reduced pathogenicity for adult
mice after peripheral inoculation, but retained its capacity
to induce high titers of antibodies (Holzmann et al., 1990).

Similar experiments were done with Sarawak strain of
Japanese encephalitis virus. Eight neutralization escape mu-
tants of E protein were obtained. Several showed decreased
virulence in 3 week-old mice after intraperitoneal inocula-
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Then 6 pl of this reaction mixture was used in the subsequent
amplification, which was performed in a final volume of 50 ul
containing 10 mmol/t Tris-HCL, pH 8.3, 50 mmol/l KCI,
1.5 mmol/l MgCly, 0.1% gelatin, 200 ng of sense primer (nucleo-

tides 953 - 972, GATCGCGTTGCACACACTTGGA), 200 ng of
antisense primer (the same as in cDNA synthesis), 0.2 mmol/l of

each deoxynucleoside triphosphate and 2.5 U Taq DNA polyme-
rase (Promega). The mixture was overlaid with 50 pl of mineral
oil. The amplification was performed in an automated thermal
cycler (Pharmacia LKB Gene ATAQ Controller) at 95 °C for
5 mins and in 40 cycles at 94 °C for 1 min, at 58 °C for 1.15 min
and at 72 °C for 1.50 min. The final extension was at 72 °C for
10 mins. The PCR product of the expected length after 1st (Fig. 1),
3rd and 5th mouse brain passage was electrophoresed in 1% aga-
rose-cthidium bromide gel in TBE buffer. There was no difference
between the tested passages. Fragments were purified from aga-
rose gel by Gene Clean (BIO 101).

The PCR product was treated with § U T4 polynucleotide
kinase (BRL Gibco), and blunt ends were made with 2.5 U Kle-
now fragment DNA polymerase I (Boehringer) and 0.025 mmol/i
of each deoxynucleoside triphosphate. The ligation was perfor-
med in 30 ul volume using 200 ng EcoRV-cut pBluescript KS
(Stratagene), 66 mmol/l Tris-HC! pH 7.6, 6.6 mmol/l MgCla,
10 mmol/l DTT, 66 pM ATP, 5% polyethylene glycol, and
1 U T4 DNA ligase (Boehringer) at room temperature for 4 hrs.
To the ligation mixture was added NaCl 0.18 mol/l, digested with
2.5 U EcoRV (Boehringer) and used for transforming of Escheri-
chia coli DH3alphaMCR (Gibco, BRL) utilizing white-blue X-gal
and IPTG (Boehringer) selection.

Putative positive clones were selected by quick screen method
comparing mobility of covalently closed circular forms of plas-
mids. After digestion with Sa/l and Xbal (Boehringer) positive
clones containing the fragment of expected size were chosen and
then sequencing (T7 sequencing kit, Pharmacia) of this clone was
carried out by the dideoxy-method of Sanger et al. (1977), using
double-stranded template and gene specific primers. Clones were
sequenced in duplicates.

Results

The change in the phenotype of the attenuated TBE virus
mutant 4387/Ir7 after passaging in CNS of laboratory mice

When attenuated TBE virus mutant 4387/ir7 obtained by
serial passages in /L ricinus ticks was inoculated ic into
suckling mice and the mouse brain derived virus was used
for sc inoculation of adult mice, the virus mutant retained
its attenuation. All mice inoculated either with 10% mouse
brain suspension (108 ic LDs50p/0.01 ml) or its tenfold dilu-
tions up to 1 LDs0/0.01 ml survived the infection, devel-
oped HI antibodies in titers 1:40 — 1:640 and were protected
against the challege with the virulent TBE virus (strain Hypr)

100% when the titers of Hl antibodies were higher than 1:40.

The mice with titers of HI antibodies 1:40 (50% of mice
inoculated with 1 LDsg) survived the challege in 50%.
Virulent phenotype of TBE virus mutant 4387/Ir7 reap-
peared in the 3rd mouse brain passage From 84 adult mice
inoculated with virus doses 10% - 102 ic LDs0 (79%) died.
The 18 surviving mice (21%) developed HI Ab in titres
higher than 1:40 and survived the challenge with virulent
TBE virus. Fifty percent of mice infected with 1 ic LDso
survived and 50% of these survived the challenge (Table 1).

Table 1. Changes in the phenotype of TBE virus strain 4387/1r7
after passaging in CNS of mice

First virus Mice surviving/inoculated (%)

?i(;SﬁDSO/ The 3rd passage virus The Sth passage virus
0.05 mi) Infection Challenge Infection Challenge
10° 112 (9%) 11 112 (9% 11
107 4/12 (33%) 4/4 112 (9%) /1
10° 1112 (9%) 11 0/12 (9%) -
10° 4/12 (33%) 4/4 112 (9%) 1/1
10" 312 (25%) 313 012 (0%) -
10° 212 (17%) 20 012 (0%) -
107 312 (25%) 313 012 (0%) -
10! 6/12 (50%) 306 21217%) 2R
10° 12/12(100%) 3712 6/12(50%) 3/6

Mice infected sc with various doses of TBE virus strain 4387/1r7 from the
3rd and 5th mouse brain passage. Mice subsequently challenged sc with
1 000 LDs0/0.05 ml of TBE virus strain Hypr.

After two additional mouse brain passages the virus titer
in suckling mice reached 10'% ic LDs0/0.03 ml and the virus
was more pathogenic for adult mice than the parental strain
4387 after peripheral inoculation, but still some mice (9%)
survwed the sc inoculation of high doses of virus (1()
10%ic L Dsg), developed HI antibodies in high titers
(1:640 — 1:1280), and survived the challenge. After the
inoculation of mice with 10 and 1 ic LDsg survived 17%,
and 50% of animals, respectively. Half of the mice in
inoculated with the lowest virus doses did not develop
sufficiently high HI antibodies to survive the challenge
(Iable 1). The calculated titer of this virus passage
( 1084 ¢ L.D50/0.05ml) was by 2.8 log units higher than that
of the pdrental virus strain 4387.
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Neu 451
4387 /Ir7MlL
4387 /Ir7M3
4387 /1Ir7M5

Neu 501
4387 /Ir7M1
4387 /Ir7M3
4387 /Ir7M5

Neu 551
4387 /Ir7ML
4387 /Ir7M3
4387 /Ir7M5

Neu 601
4387 /Ir7ML
4387 /Ir7M3
4387 /Ir7M5

Neu 651
4387/Ir7Ml
4387 /Ir7M3
4387 /Ir7M5

Neu 701
4387 /Ir7M1
4387 /Ir7M3
4387 /Ir7M5

Neu 751
4387 /Ir7M1
4387 /Ir7M3
4387 /Ir7M5

Neu 801
4387 /Ir7M1
4387/Ir7M3
4387 /Ir7M5

Neu 851
4387 /Ir7ML
4387 /Ir7M3
4387/Ir7M5
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However, lysine is found at this amino acid position in
E proteins of all neurotropic flaviviruses so far studied,
'm‘ludinp West Nile, St. Luis encephalitis and several
strains of Murray Valley encephalitis (Castle ef al., 1986:
Imm et al., 1987 Lobigs et al., 1988; Nitayaphan 1990).
Significance of amino acid mutations at position 84 from
glutamic acid to lysine and at position 319 from isoleucine
to threonine in protein E is not fully understood. | v yelow
fever 17D vaccine strain contains a total of 68 nucleotide
changes, also in other proteins, or even in noncoding se-
quences of the genome (12
which may contribute to the attenuation (Jennings ef al.,
1992).
Itis possible that under the selective pressure of a factor
in salivary glands of ticks the attenuated virus was obtained

from heterologous population, and in the process of

“readaptation” to the mouse brain the virus regained its
virulence by changes in other genome regions. To provide
amore complex picture and to understand better the relative
role of different parts of the genome in the TBE virus
virulence, also other genes of virus genome should be
investigated,

re
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