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DIFFERENCES IN HAEMAGGLUTINATION ACTIVITY AND
ELECTROPHORETIC MOBILITY OF E PROTEIN BETWEEN THE PAR-
ENT SA14 AND ATTENUATED VACCINE SA14-14-2 STRAINS OF JAPA-
NESE ENCEPHALITIS VIRUS
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Summary. — E protein characteristics of the attenuated Japanese encephalitis (JE) virus strain SA(A) de-
rived from the live vaccine strain SA14-14-2 were compared with those of the virulent strain SA(V). SA(A)
showed lower haemagglutination (HA) activity with broader optimum pH range of HA reaction than SA(V),
and the E protein of SA(A) had slower electrophoretic mobility in sodium dodecy! sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) than that of SA(V). These properties of SA(A) E protein appear to be caused by
eight amino acid changes found in the E protein coding region of the SA(A) virus genome.

Key words: Japanese encephalitis virus; attenuated vaccine strain; E protein; haemagglutination activity;

electrophoretic mobility; amino acid changes

JE virus, a member of the family Flaviviridae, is an im-
portant mosquito-borne virus associated with a serious hu-
man illness. In the People’s Republic of China, the live at-
tenuated JE vaccine strain SA14-14-2 was developed from
the virulent SA14 strain by multiple passages in primary
hamster kidney (PHK) cells and mice (Ao et al,, 1983; Yu
et al., 1981, 1988). The live vaccine strain SA14-14-2 was
markedly attenuated in comparison with the parent SA14.
The vaccine strain SA14-14-2 grown in PHK cells has been
used exclusively in People’s Republic of China in both hu-
mans and pigs.

We compared the nucleotide sequences of the SA(V) and
SA(A) strains derived from parental strains SA 14 and SA14-
14-2, respectively, after plaque purification in BHK-21 cells
and growth in C6/36 cells (Aihara ef af., 1991). We found

Abbreviations: BSA = bovine serum albumin; FCS = foetal

salt solution; ic = intracerebral; JE = Japanese encephalitis;
MEM = Eagle’s Minimum Essential Medium; PAGE = poly-

p.i. = postinoculation; s¢ = subcutaneous; SDS = sodium dodecyl
sulfate; TPB = tryptose phosphate broth region of the SA(A) vi-
rus genome,

57 nucleotide differences resulting in 24 amino acid substi-
tutions between the two strains in the entire 10,976
nucleotides long genome. However, the genome changes
responsible for the virulence or attenuation cannot be de-
fined yet. There are eight amino acid substitutions which
originate from 11 nucleotide differences in the E coding
region. Many missense mutations are located 1n this region
in contrast to the rest of the coding region where 43
nucleotide differences lead to 16 amino acid substitutions.

The large number of amino acid changes found in the E

coding region may affect E protein characteristics of the
two strains. In this study, we examined the HA activity and
clectrophoretic mobility of E proteins derived from SA(V)-
and SA(A)-infected mouse brains and demonstrated differ-
ences in the properties of these two E proteins.

BHK-21 cells were grown at 37 "C in Eagle’s Minimum Es-
sential Medium (MEM) supplemented with 5% foetal calf serum
(FCS) and 0.3% tryptose phosphate broth (TPB).
C6/36 cells were grown at 28 “C in MEM supplemented with 10%
FCS and seven non-essential amino acids at a concentration of
0.2 mmol/l each (Igarashi, 1978). The virulent JE virus strain SA 14
and its attenuated vaccine strain SA14-14-2 were obtained from
Dr. Y.X. Yu, the National Institute for the Control of Pharmaceuti-
cal and Biological Products, Beijing, People’s Republic of China.
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Table 2. Amino acid differences in the E protein between the SA(V)
and SA(A) virus strains

Amino acid Amino acid residue
4

position” SA(V) SA(A)
107 Leu Phe
138 Glu Lys
176 Ile Val
177 Thr Ala
264 Gln His
279 Lys Met
315 Ala Val
439 Lys Arg

“‘Position numbering starts at the first amino acid of the E protein.

as well as the slower mobility of SA(A) E protein in com-
parison with SA(V). No change in the single potential N-
glycosylation site in the E coding region was found. Three
of eight amino acid changes at positions 138 (Glu to Lys),
177 (Thrto Ala), and 279 (Lys to Met) affect the charge or
hydrophobicity. These amino acid changes may alter the
electrophoretic mobility of SA(A) E protein (Panyim and
Chalkley, 1971; De Jong et al., 1978).

The Leu to Phe substitution at position 107 occurred in
flavivirus highly conserved sequence, residues 98-110. This
region has been suggested to be part of the receptor binding
site, based on analysis of E protein antigenic structure (Mandl
et al, 1989; Roehrig et al, 1989). Roehrig et al. (1990)
have also suggested spatial overlap of residues 225-249
within R2 domain into residues 98-110. The mutations of
SA(A) at positions 138 and 279 are proximal to this over-
lapping region. The substitution at position 138 (Glu to Lys)
could cause a change in alpha-helix propensity and affect
the secondary structure of the E protein due to the change
from a negatively to positively charged residue. The substi-
tution of hydrophobic for hydrophilic residue (Lys to Met)
at position 279 could change the beta-sheet propensity. The
amino acid changes at positions 138 and 279 presumably
introduce conformational change in the receptor binding
site on the E protein and lead to the altered HA activity of
SA(A). The predicted conformational change in the E pro-
tein may affect virus binding to the receptors on neural cells,
leading to the decreased virulence or attenuation of SA(A).
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