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Significance and preM Sequence Analysis of Different Mutant Japanese
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Abstract: The significance and preM sequence analysis of two different mutant strains of Japanese
encephalitis virus during persistent infection was studied. Two wild strains of Japanese encephalitis
viruses (JaGAr-01 and Nakayama) were used to infect a human hepatoma cell line. Persistent infection
was established after the cells were subcultured several times. Mutant viruses in persistently infected
cells were collected by freezing and thawing of the cells. Viral titers were examined by plaque assys in
BHK cells. The preM coding region of four Japanese encephalitis strains, two wild-type and two mutant
viruses from infected cells were amplified by RT-PCR. The PCR products were sequenced and the preM
sequences of the four strains were compared. The results showed that there was a single aminot acid
mutation (E9 Leu—Arg) in the JaGAr-01 persistently infecting mutant in comparison to wild-type
JaGAr-01. Two amino acid replacements (E9 Leu—Arg and E13 Val—Ile) were noted in the
persistently infecting Nakayama and its wild-type strains. The amino acid sequences of the mutant
strains JaGAr-01 and Nakayama were completely the same. We inferred here that genotypic variation
existed in preM region of all mutant viruses and that genotypic variation of protein encoded by preM
region may play a role in persistent infections and may contribute to the maintenance of the characters
of Japanese encephalitis virus and replication.
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FRFN Nakayama #E) 23 SIS N KN73 4, 200 20 RN A AR5 7 S0 73 R gAY, I AR Ik e A
LR S A2 VR R AR 5995 o I preM X4 5 51 0EAT RT-PCR 453 2 W RO #2110 preM X JE[R F Be, NI ZE IR
M7 R AT AN 0T, FEPIFRE R preM X )P4 TR . preM XEEFRIMF &R B7R, 1 JaGAr-01 Fi4:
PREER, JaGAr-01 2R A bk (JaG-per) 1 1 MEHRR Ltk B R (58 26 A7 U—~G) i BUHMN 2
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FEEEEIR) o A HIERIBIAL S G () JaGAr-01 FREUEAHR Y Nakayama 5 SLEAPRIIIE D P FIAHIR . N4 L0 75
FRELIRGAR TR preM X AFAEIE AR 5, XN AR 57 1] BE L% X 2 L R R B e S 50 7 AL A R VA R
KR WATVE W RITTG; FFEUEGs; preM XA HT; FEDI AR 57

FESHES: R373 XHEARIRES: A

Z A RNA Wi EEIE G5 305 5 3 BORF AL L 1
KA, XnRES RS A M E L BRI E A
W 5 R AR AR S, AR B R 8 R kA T Gy 915 )
RGN A AT N, WiAT T 2R R (2
W) JEIERE RNA e, G NARDIE KHAT
PECHIMG R (L) J&— TR XIS A ph 22 R4
95, HAETEmIA 30%, 55H 50%MEE “I4
A7 RS THARG T &G RED . H Al
I PR _F A BE AR AR b4 1) £ o 753k s, el S
FRSEIE Y [ ) 200995 B A S 4B, S HL e )
AN WA 4E . i W] 2 s # 45M B 1
HpreM X TERFSLE G B IIE R, AR
AR KINT73 40 PR 7 20905 7 1 2 S e A
Y, N EEDRIIN T S5 B0 R I G0 B3 1Y) preM X
FEHVIHEAT 53 B 9T LU & A8 Sk preM X P 471 1) 22
A I Br 5 AR E R .
1 #RERE
1.1 4HREFA%ES

AN A N KNT73 bk, dn sy s &
10%JiE 2137 (FCS) () RPMI1640. 5575 A £ i
B JaGAr-01 #k (1959 443 &) Al ¥ B £k
(Nakayama ¥, 1935 535, —H WAL
KN73 4 furh e RFL s g 2 4F .
1.2 RS HFERERIE T

JaGAr-01 PEA1 Nakayama ¥k % 7 /4 KN73 41
Mo, LU EEE m.o.i (multiplicity of infection)=10 W
BT KN73 40}, 37°C . 60min Jii , N5 F7 M AE S0ml/L
CO, AR TE, £F 90%4H Mt BLAR PRI, 47 4%
o IREIEIRIRAF A MY B2 A )5 P34 5~6d
FEAR— IR, AR AR IR SR FH e o 9 2 11 A9 A B A g
1T o BRRARARHT R IURT 7R S B Al MR A7, Bk
P AT 3 IRV VREAAT 20 40 J 9 B
1.3 fREHENE

F 23 B 1 S iy il e s 25 5 B Ay
W EFI G TR B R 40 e N I B LU R, 7 24
FLIEFEAR P 5215 5% 1) BV 4 bk BHK B,
SN 0.6%I1) HIIELTHE AN S A 1%FSC 1) MEM
IR, 3 d G R EERE 2, TR 1% 45 i,
TSR B

XEHS: 1003-5125(2006)04-0309-05

1.4 preM X RT-PCR 7%

WO RR LI A A i, FH I 5 R 4 T P AR
RNA. LLiZ RNA 1E 5tk U456 EE preM X 1%
HIRIE N S1Y), § 36 BAKCREh) 253bp, LIS 14
H: 5-TGTTATAGCCTGCGCAGGAGCC-3’, N5
YA 5°-ATTCCAAGCGAAGCAGGAGA-3. RT X
N &AE K RS9 10pumol/L, dNTP2mmol/L, ¥
BESEE 0.5U, BARRL 10ul,  42°C,1h &% cDNA,
PCR & M 4 fF: #5197 %4 10pmol/L ,
dNTP2mmol/L, TaqgDNA K51 1.5U, SAF 50ul,
TSN 94°C Imin FUEPE, 94°C Imin , 60°C
2min, 72°C 3min, DNA 315 [ W4T 40 MGIF,
T 72°CHEAH 7min. PCR ;F#IH 1.5%5 bl At e i
PKUESE .

1.5 preM XEEFF|SHT

£ Sambrook ¥:P, MK sEER 1 B0 PCR
) N preM XRG4, s BRI 7 N
AT AT, HAR T2 WAl FI i 5. 1Eh
X, JaGATr-01 BY A2 FR AT Nakayama B AEFK 1) preM
XA M 7 vk B se4h, JaGAr-01 B A BRI
Nakayama # 4= #f preM X 5 [K] 7 411 B 1 ] e 5 DR 2
(GeneBank 545124 AF069076 Fil U70413),

2 gR

2.1 HEREEKNTI AP 2RSS E
JaGAr-01 FEF1 Nakayama PR/ H: KN73 41 Y,
JE YL 24h JaGAr-01 #£F1 Nakayama #£ [f1993 25 &5
4L 2.4X 10° PFU/mL 5 8.2 X 10* PFU/mL, JaGAr-
01 ¥R 752 LE Nakayama FRZ) 5 30 5. 45
2 20d JaGAr-01 F&F1 Nakayama KR I1)955 75 72 43 1) J&
17.2X10° PFU/mL 45 1.72X10* PFU/mL. &4 )54
40d F190d, RIALARES 7 ACHIZE 17 AR, PYAR K0
RN 10°PFU/ML. H AT SELAE48 2 4L L,
SEARAR 145 4R, 40 M 93 75 1 2 ORI — B 4 REAE
10° PFU/mL /Ko #2J8UYJ5 19 KNT3 ik
S A B IC A L, AR L A PR AR R
(cytopathic effect ,CPE), {HZHL 4 il ¥ 14 5E M4
JEIE G AN A, RS A B A5 N 8] (doubling
time) A 18h, TMRFEIEALAN NI 23 ho
22 BIREK preM XAZEHELF 5 R AL B 2B L
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B e E YL 54 35d. 40d M 45d, BILALHES 6
Ry 2B 7 ACRIZE 8 AU, HEAT preM [X B4k K
I, SRJGAIAE—4E . 2 AR, RIMEAREE 70
. 28 110 ARFIZE 145 AR, H RT-PCR k43 7 %)
4 ¥k Z g9 B IF) preM X A FE K AT 1, sakE, I
J7, FERHTIP AL, PP A ik K e s JE
AR SRR preM X IR 4K 253bp (B 1), Zwfid 80
NEIER
JaGAr-01 KLSNFQGKLLMTINNTDIADVIVIPTSKGENRCWVRAIDV 40
JaG-per  .......... Ro
Nakayama ............... Ve
Nak-per
JaGAr-01 GYMCEDTITYECPKLTMGNDPEDVDCWCDNQEVYVQYGRC 80

Bl DUBR BN 2 99 7E preM £ 1A DX Ssk 1) 2 R 7 S % L
4R
Fig.1 Alignment of amino acid sequences of the preM proteins

of JEV wild strains and persistently infected strains
Note:All the amino acids of JaGAr-01 wild strain is written in abbreviated
form while the differences are indicated for the others. A dot indicates the
same amino acid as the JaGAr-01 wild strain. JaGAr-01: JaGAr-01 wild
strain,JaG-per: JaGAr-01 persistently-infected mutant strain, Nakayama:
Nakayama wild strain, Nak-per: Nakayama persistently-infected mutant
strain

TEIRFERFER IG5 5 40d, BIALARER 7 AU,
MR FFAIK YL JTaGAr-01 #k5 Nakayama # preM
DA P IR IR 1y 91 S s R IR RS R A AR 5
ALUEREFE. R5FFBRRCHE L 29, &
o R FE R AR R A AR AL

WP JE R LAE o FREHEGE JaGAr-01 FRAIHF
SEEG T LLRIA R preM X I7EAR 5 5 A% 1 IR I
I SR FER RS 5E M F (& 2). 5 JaGAr-01
S ERRAZ TR 21 B, PR R S IR (1 TR U 2
A 99.6%, i JaGAr-01 BfERREIEIRIFHILLEL, )
AR TE IR FUEER 0 98.75% (3R 1)

R 1 LRI TR ERR M AP ELIE AL TR D preM. DR
B IR 5 SRR RIS R A LR

Comparison of the homology of nucleotide sequences
and amino acid sequences of the preM proteins of

Japanese encephalitis virus wild strains and their
persistently-infected strains

Tablel

JEV strains Homology of nucleotides ~ Homology of amino acids
JaGAr-01 100 100

JaG-per 99.6 98.75

Nakayama 96.0 98.75

Nak-per 99.6 98.75

Note: regarding JaGAr-01 wild strain as control, compare other strains with
it. JaGAr-01: JaGAr-01 wild strain = JaG-per: JaGAr-01 persistently-
infected mutant strain. Nakayama: Nakayama wild strain. Nak-per:
Nakayama persistently-infected mutant strain.

JaGAr-01 AAGUUGUCAAAUUUCCAGGGGAAGCUUUUGAUGACCAUUAACAACACGGACAUUGCAGAC 60

JaG-per

Nakayama ........... ..o

Nak-per

JaGAr-01 GUUAUCGUGAUUCCCACCUCAAAAGGAGAGAACAGAUGCUGGGUCCGGGCAAUCGACGUC 120

JaG-per

Nakayama ............iiiiii i

Nak -per

JaGAr-01 GGCUACAUGUGUGAGGACACUAUCACCUACGAAUGUCCUAAGCUUACCAUGGGCAAUGAU 180

JaG-per

Nakayama ........ U

Nak -per

JaGAr-01 CCAGAGGAUGUGGAUUGCUGGUGUGACAACCAAGAAGUCUACGUCCAAUAUGGACGGUGC 240

JaG-per

Nakayama ............ C....... C..U....oo

Nak -per
JaGAr-01 ACGCGGACCAGGC 254
JaG-per
Nakayama ..................
Nak -per

(733)
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Fig.2 Alignment of deduced nucleotide sequences of the preM proteins of four Japanese encephalitis virus strains
Note: One letter code is used for the base of a nucleotide. The base sequence of JaGAr-01 strain is written in full while the differences are indicated for the
others. A dot indicates the same base as the JaGAr-01 strain. Bases are numbered from the first base of the PrM gene. Strain designations are listed first,
followed by other strains. JaGAr-01: JaGAr-01 wild strain, JaG-per: JaGAr-01 persistently-infected mutant strain, Nakayama: Nakayama wild strain

Nak-per: Nakayama persistently-infected mutant strain.

2.3 JaGAr-01 BF A R FRIF 4 R HK preM X F51 53
#r

M JaGAr-01 BFAERRELER, FFEEmAAe R )
preM [XIRAXAT | MZAFIR LA A A AR+ (5 26
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i U—=G) JHFHER 9 28R (Lew) —F5%IR
(Arg). JaGAr-01 FFLLE YLk preM X 8% 1% |
B 1A SR 0.35%,  H N 4 it 2 BE PR 110 48 St o
M 1.25%.
2.4 Nakayama FFHEMRRIFEAET FHRE preM

XF5 9

bj Nakayama BfAERRAH LG, FRELEGHRILE 11
MEF RIS K A AR 7, 53 ) A AL T 7> 21 1)
26 7 U—~G, #3717 G—A, %39 i C—~U,
%45 L U—~C, 51 i U—C, % 99 {7 U—~C, f
126 {7 U—C, % 165 {7 C—~U, % 189 {7 C—U,
% 19547 C—U, 55 198 Az U—~C, HH% 26 {7,
537 A0 5 39 MIIRIE AR R R BT 2 MR K
AE, BB ER (Lew) — &R (Arg) K
513 EERR (Val) — R AR (le). HAMRA
8 MIEE R AE DAL, H I gAY IR 2 SRR N AR A .
Gl oL IR FAREE AR 5% 0 3.9%, AH Y gt
AR LN 2.5%

3 itig

o4 BRSO A (ST, TR R AEY)
SRR SRR A A L . ISR 3 A
HULE, M4 A s iae, I o hEg sy
ZAEHE T HE N TR, B AT s S e G 4
J o AN S P FH PR R SR e JaGAT-01 B 2E
FEFI Nakayama B AR 7 &G AN KN73 41
JEPTEESL . H AT CIESALAR 2 LA L, di i A 52
- HYERRLE 10° PFU/mI KV, Ui W% e e
AU ST 3 FH AT AT 1

LR TSR R A KN 10976 MZAFER, H
55 3w ARGt X e — NP AESE (ORF) 41
Ji&, ORF #ifih—ANFr 3432 ML I 2 B (T4,
Ja B AMYIE RN Cy prM/M. E (1) 3 /M&5
FEE AR NST. NS2a. NS2b. NS3. NS4a,
NS4b. NS5 %5 7 MEGHE . BN, KED
M J2 Zli s R R Bt 2 75 N SRR M AR SR
A, ERYANHT, M 85 LUBEEAL A A R
preM FIJEAAEAE, preM H 2 AR M BEAA 1) —
oy, TEIREREG G, EROE A AR WA
MAE MK M R OERE BN R
(€1, preM/M = BEASHAE A 5T R0, 0991 HH 2F 1 e v
RIFRBEVER, J15 E 8210 M C SR PSR4l s 4
Ym0 ¥, BRI preM 2 (I7EIR RER YL T A
HEZEH.

MFFLIE G JTaGAr-01 £ A1 Nakayama #5573

21 4%
el W, WA preM X FERHESNIN 1-2 N RA
Ao 5 JaGAr-01 B 2ERRAI L, JERRER gL pR

1 NEFER KA sk, F1 Nakayama 3744k
b, Fralisk gt Nakayama #R A 10 ML HR LI
FERAAR S, AR e 3 ML e BT
MNAFERE W, WEREFr SR B, BhfETR

(defective inerfering, DI ¥ %5 K 2 FIAFEBHAS
2B G B 10 S . A S rh P R S
Pk preM XIBIAEAEEE 9 A2~ K2R,
PR LR BN E 2 FE R, 5 R DI K1 TE
AHHIER, TR EERES DI KL~ BT 75 19 5E
(R, AR TR LGS 75 (1) 2 S 5 . 5141,
TERR S Gk 22 308 e (R A% P IR 1) 22 e A 2
PR i~ 125 =47, & T-UTBR AL . A o,
$e LIBITE SA-14 BRNIRRERR SA-14-14-2 BEAT So e
T, KL preM & FIICR LM AN, (HA
I LU I PR AR S R () S R R 8 e AR AR S, A
LRI BEANFIRRI) preM DX 3L R A B Gy FE b 2
TR AL FATAEZE S o ARSI AP AR Sk A
F AT IR H S e AU AN ) s FE R 1R A2 Ak, AH G AL T
PR el s LR A A B K, BRI preM X A4 4
FIMI RS, X preM X741 1) g PE LR ST, 4
W5 rE R FE B S AR R R A %,
HRIRI A, FELIE Y JTaGAr-01 B Al Nakayama £ preM
XAEAR 5 fa 5 M se AR, W e S A8 AR e Ak
RGP RE T, Gl O B R, AT R
RN RS

o3 B PEIRAR S B S preMIX 38 A <4k, HEMH 5

oA ek A e i 7 S e IRl B A AR
A Ko MehbpreMIX 71 i B FF 2L B GL i Bt v (1) H:
A LA S S E SR IR S5 R IXCIINS 3 8 1 1) 6 &R
WA T3 29T,

BUs: HAGREERIAT L RBE ARSI R
ORI, IR
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