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Abstract: In order to understand the immunological effect of nonstructural protein of Japanese en-
cephalitis virus (JEV), we analyzed the eukaryotic expression differences of NSI, NS2A and
NSI1-2A, nonstructural proteins of JEV. CPE was observed on BHK-21 cells by observing JE
live attenuated vaccine (SA14-14-2 strain) and JEV Guizhou isolate (GZ strain) respectively. Cell
suspensions of virulent, attenuated strains were collected and their total RNA were extracted.
The NS1, NS2A and NS1-2A genes were amplified by RT-PCR, and six eukaryotic expression
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plasmids, pcDNA3.1 (+)-NSlr, pcDNA3.1 (+)-NS2Ar, pcDNA3.1 (+)-NS1-2Ar, pcDNA3.
1 (+)-NSlq, pcDNA3.1 (+)-NS2Aq and pcDNA3. 1 (+)-NS1-2Aq, were constructed success-
fully. The healthy mice were immunized with the above plasmids, and the blood and tissues of
those mice were collected for JEV antibody detection and cell immunoassay respectively. The
results showed that JEV GZ virulent strain and JEV SA14-14-2 virulent strain could proliferate
and produce CPE on BHK21 cells; The results of routine blood tests and T lymphocyte subsets
detection showed that the 6 eukaryotic expression plasmids immunization in mice increased the
levels of CD4" and CD8" cells significantly or extremely significantly. The results indicated that
the cellular immunity produced by the non-structural proteins of the attenuated strain JEV was
slightly better than that produced by the non-structural proteins of the attenuated strains, but the
difference was not significant. These results provide reference for the basic research of encephali-
tis virus pathogens.
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Table 1 The nucleotide sequences of NS1, NS2A #1 NS1-2A’s primers

AR 3197 (53 SO AR R e

Name Sequence Enzyme cutting Amplified
site fragment length

JEVg NS1 F 5'-CGCGGATCCATGGACACTGGATGTGCCATTGAC-3' BamH | 1 245

JEVq NS1 R 5'-CCGCTCGAGTTAAGCAGCGACTAGCACCACATACCTC-3' Xho |

JEVq NS2A F 5'-CGCGGATCCATGGCTTTCGCAGAGGCCAACAGTG-3' BamH [ 492

JEVq NS2ZA R 5'-CCGCTCGAGTTATCTCTTCTTGTTTGGGTTGC-3' Xho [

JEVg NS1-2A F 5'-CGCGGATCCATGGACACTGGATGTGCCATTGAC-3' BamH | 1737

JEVq NS1-2A R 5'-CCGCTCGAGTTATCTCTTCTTGTTTGGGTTGC-3' Xho |

JEVr NS1 F 5'-CGCGGATCCATGGACACTGGATGTGCCATTGAC-3' BamH | 1 245

JEVr NSI R 5'-CCGCTCGAGTTAAGCAGCGACTAGCACCAC-3’ Xho |

JEVr NS2A F 5'-CGCGGATCCATGGCTTTCGCAGAGGCCAACAGTG-3' BamH | 492

JEVr NS2A R 5'-CCGCTCGAGTTATCTCTTCTTGTTTGGGTTGCA-3' Xho [

JEVr NS1-2A F 5'-CGCGGATCCATGGACACTGGATGTGCCATTGAC-3' BamH | 1737

JEVr NS1-2A R 5'-CCGCTCGAGTTATCTCTTCTTGTTTGGGTTGCA-3' Xho |

v g TR BEBR

r. Attenuated strain; q. Virulent strain
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2Ar 1 pMD19-T Simple-NSlq, pMDI19-T Simple-
NS2Aq.pMDI19-T Simple-NS1-2Aq [H M & 20 [ ki
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JT LA L)
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S AU P20 s A, peDNAS3. 1(+)-NSlr;
E. pcDNA3. 1 (+ )-NS1-2Ar;

DL2000 marker; 1. Control; 2. The result of double digestion of plasmid; A. pcDNA3. 1(+)-

NSIr;B. peDNAS. 1(+)-NSlq; C. pecDNAS. 1(+)-NS2Ar; D. pcDNA3. 1(+)-NS2Aq; E. pecDNA3. 1(+)-NSI-2Ar;

F. pcDNA3. 1(+)-NS1-2Aq
B1 ZBHARNHNEBYTIER

Fig. 1 The double digestion results of recombinant plasmids
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A B XEE (24 h) s B peDNAS. 1(+) 25 ki 55 34 s C. peDNAS. 1(+)-NSlIr 5 %% (24 h); D, pcDNAS3. 1 (+)-NSlq %5 3
(24 h)5E. pcDNAS. 1(+)-NS2Ar §£: (24 h);F. pcDNAS. 1(+)-NS2Aq ¥  (24 h);G. pcDNA3. 1(+)-NS1-2Ar s e

(24 h);H. pcDNA3. 1(+)-NS1-2Ar # 4 (24 h)

A. Control group (24 h); B. pcDNA3.1 (+)-null plasmid transfection; C. pcDNA3. 1 (+)-NSlr transfection (24 h); D.
pcDNA3. 1 (+)-NSlq transfection (24 h); E. pcDNA3.1 (+)-NS2Ar transfection (24 h); F. pcDNA3. 1 (+)-NS2Aq
transfection (24 h); G. pcDNA3.1 (+)-NSI1-2Ar transfection (24 h); H. pcDNA3.1 (+)-NSI1-2Ar transfection (24 h)

B2 B#EEERALERVEERN 6 MEZKIZRIE BHK-21 AEHHRIEER

Fig.2 Expression of six constructed eukaryotic expression plasmids in BHK-21 cells by indirect immunofluorescence staining

e s BHK-21 40005 24 h, Yl 48 40 M 3 48 4
RNA, #17 RT-PCR, ikl RT-PCR =4 , H ik 45
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() 5% YL 4 A0 A0 Y RT-PCR 45 51 1 0 [ 44
TESE T B 3k BRI 7E BHK-21 4i i /5 3 %35,

12345M

bp

1. BIPEXS 5 2. pcDNAS. 1(+) 52 Y 21 g 5 3. pcDNAS. 1(+)-
NSI-NS2Ar 5 4t 4 )fg RT-PCR ¥ ## 7= ¥ ; 4. pcDNA3. 1
(+)-NS2Ar % Yt 41 s RT-PCR 4" #% = ¥; 5. pcDNA3. 1
(+)-NSlr # e 4 Jifd RT-PCR §" 3 7= 4 ; M. DL2000 #H X} 43
F o S b

1. Control group;2. pcDNAS3. 1(+)tranfected cells RT-PCR
product;3. pcDNA3. 1(+)-NS1-NS2Ar tranfected cells RT-
PCR product;4. pcDNA3. 1(+)-NS2Ar tranfected cells RT-
PCR product;5. pcDNA3. 1(+)-NSlr tranfected cells RT-
PCR product; M. DL2000 marker

3 BEKREPAMME RT-PCR yBER

Fig.3 SA14-14-2 strain RT-PCR results of tranfect cells

2.3 Gf/NRIUE AN T ik S 4R 2% A 46
5 By 45 2R s 3 MXTIRZE S 6 A e
CD4 " 40 a9 48 A0 17 0 - 5 A B 2k 7K 4 R0 28 3k 4

12345M
bp

1737
1245

492

1. Btk 5 2. peDNA3. 1CH) F Ye 4 i 5 3. peDNA3. 1(+)-
NS1-NS2Aq # e 41 il RT-PCR 4" # #J ; 4. pcDNA3. 1(+)-
NS2Aq Y 4 s RT-PCR ¥ 7= #; 5. pcDNA3. 1(+)-
NSlq # e 4u e RT-PCR §" 8 r=4); M. DL2000 3%} 43+ J&i
AR

1. Control group;2. pcDNAS3. 1(+)tranfected cells RT-PCR
product; 3. pcDNA3. 1 (+)-NSI-NS2Aq tranfected cells
RT-PCR product; 4. pcDNA3. 1 (+)-NS2Aq tranfected
cells RT-PCR product; ;5. pcDNA3. 1(+)-NSlq tranfected
cells RT-PCR product; M. DL2000 marker

B4 BEKRERMAM RT-PCR i HEER

Fig. 4 GZ strain RT-PCR results of tranfect cells
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Bk NS g2 4] 22 55 B 3% (P<70. 05); 5, 55 7 #k
NS2A Gz . 55 B bk S 2 411 I CDA ™ 20 Jfd 1) %%
R (P<<0. 01 TR TR AL e 4 .

16} A ABa

Cell number

iR (G/L)

5 \O> quyé QX,O»/\)(& \&,;v&

P aF
Q,@ N g,.\\
Qé?’ Q&é
ZH 51 Group
KE LhrRn SHMNA 2 70 2 (P<<0. 0D s /NE L
bR 2R 5 A R 4 L 3 25 S B 2 (P<<0. 05)
Marked with capital letter superscript means P < 0. 01;
Marked with lowercase means P<Z0. 05
5 %4 BALB/c/MR T B MR CD3Y CD4*™ BT
Fig. 5 The change of CD3" CD4™ cells in immunized BALB/¢
mice
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WA 2H ORI R P A% g & BHK-21 40 Jfd . i i
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peDNAS. 1(+) %8 ML A 6 HEAL AT K6 1) 4 5

Cell number

Akt (G/L)

KE FARFRR 5N A K2 2Kk 8% (P<0.0D /N5 |

b R 5 AH B2 L3R 2% 57 % (P<0. 05)

Marked with capital letter superscript means P < 0. 01;

Marked with lowercase means P<Z0. 05

6 4% BALB/c /MR T E AT E CD3* CD8Y F T4k

Fig. 6 The change of CD3" CD8™ cells in immunized BALB/c
mice

PESE 6 E B T peDNA3. 1(+)-NSlr. peDNAS3. 1
(+)-NS2Ar.pcDNA3. 1(+)-NS1-2Ar, pcDNA3. 1
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H1 CD8™ T bk 5 40 Jfl i) 2% ) S 18 22 5 0 1) 2 22 R 3
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Ik CD4™ Th 40 g mf A4y 1L-2 1L-4 [ 1L-5 1L~
10 IFN-y 2820 i X7, ] 75 S 00348 55 41 i 044 0 47
PENLZ;CD8 T 4 M2 R 5t T 40 B 3= 1 1 A
2 14 I K N NG S B T i O N
JiL s AT LA W P ] CTL 4 A B bk 2 46
R 380 6 R YT . T R R S T I B AN
i R B S BOAE FH V1 f g% 8 A AR DL DR RE A s
IR F-fiif . CD3 4 TRER A T8 T 41 L, 2
T g L W 2 br & . R4 CD4 fit CD8 mlg T
Y B4 B S T RE, CDA fE7E TR T 21
Mo CTHDY i, i CD8 £ ZAFTE TN T 40/
(CTL)ZH ., CDA™ /CD8 " il & W ALK 3 B f s
LI RE AH G 5, % 00 A . A IR B8 2 SR K B peD-
NA3. 1 (+)-NSlr, pcDNA3. 1 (+)-NS2Ar. pcD-
NA3. 1 (+)-NSI1-2Ar fil pcDNA3. 1 (+)-NSlq,
peDNA3. 1(+)-NS2Aq. pcDNA3. 1 (+)-NS1-2Aq
B /N BRI DA 3 Bk i 5 i CDA™ 41 i 19 +H X
i s Al CD8 ™ 4 it AF %o i 2t A7 BT 384 m , 136 P A4
W EAZ R E T LR Al . H
peDNAS. 1(+) H g /N H CD4 ™ . CDS ™ 441 ifg 114
B (525 OO R AH B B0 A 1G9 4R L X 0] R 2
KA pcDNA3. 1(+) & 45 LR B 32461 CpG A% L
(14) G335 I 0 T LA TN e 3 . 5k L 55 FE R AR 4
4 2 1 R 2H A SR ) 4 R) EE 5 o 40 i G g DA
IS Ay« NST Hie 20 A1 NSI-2A H s 20 4 2 9 75 bk
L5 4 B 1 e PE LI = T 59 R AR S5 B 1 T e 4
Hodra 55 B fk NSI e 41 25 5% 8 3% (P<<0. 05),
NS2A 3 41 55 55 A% o %8 4L 34 m CD4 ™ 40 Jifd 1) %30 &=
e Tom bR e ., AR E A R
A% J5R [ 4 8] EL A58 X 40 i G 58 CDS™ 1Y 52 i oA
NS1 szl (NS2A Huys 20 Foi | 55 35 Ak NS1-2A %4
L, YR DR A MR AR A5 A B A g 2 M s T 55 AR
EGMEARZEA. XT JEV WL E A RER
KA E B FRIB AR £ AR 450 & 1 b NS
FEH PR T AR Z R H R NST R4 & H
FEAL , HoAh (i AR S5 40 2R A SR AR g T X
SE R 25 0 B 10 T R X MUK B4R AT VF 2 AL TS TE
LN T 2NN T AR E B R T 2 %
JE 1 B R 20 B R IR YT A R L

4 &
LA EAR B, JEV g AES W E A BT

7 A R 20 S S WG T 558 B R I A AR R AR
Jo b g AH 22 S AR TI .
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