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Using mouse model to evaluate the immune effect of DNA
prime-protein boost strategies targeting Japanese encephalitis
virus
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Abstract: In order to evaluate the immune effect of the genotype I Japanese encephalitis virus prM-E
DNA vaccine and the prM-EIIl fusion protein subunit vaccine on mice using DNA prime-protein boost
strategy, the prM-E gene was inserted into the pVAX1 eukaryotic expression vector. The recombinant
expression vector prM-E-pVAX1 was constructed as a DNA vaccine for initial immunity, and the
recombinant prM-EIIl fusion protein was obtained using a prokaryotic expression system as a subunit
vaccine for enhanced immunity. Thirty two female BALB/c mice aged 4-6 weeks were randomly divided
into four groups, and a prM-E-pVAX1 DNA vaccine group, a DNA prime-protein boost immune group, a
prM-EIIl subunit vaccine group, and a pVAXI1 vector control group were set up. The specific antibody
level in serum was monitored by ELISA, the neutralizing antibody titer was detected by plaque
reduction neutralization, and the cellular immune responses induced by different vaccine immune groups
were analyzed by cytokine expression abundance and lymphocyte proliferation experiments. The results
showed that the neutralizing antibody titers induced by mice immunized with the DNA prime-protein
boost strategy were close to that of the group immunized with the single prM-EIIl subunit vaccine, but
significantly higher than that of the group immunized with the single prM-E-pVAX1 DNA vaccine. DNA
prime-protein boost strategies induced effective Th1/Th2 immune responses in mouse models, in
particular the Thl cell-mediated immune responses. This study provides a new immune strategy that

may facilitate the prevention of Japanese encephalitis.

Keywords: Japanese encephalitis; DNA vaccine; prM-EIIl immunogenicity; DNA prime-protein boost
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& pVAXT ¥l v [ ROME B2 B 22 M B RS
JIT % B Y5 s it A ) ] R S B AR A
KIBFFE (Escherichia coli) IM109 B REIE T 5
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122 EZFREHROUWERELE

TRIzol ¥ 2 BUR # RNA, LA RT-PCR JZ )i
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A KIS 2R prM-E JE N K B R IR
1K pVAX1 435I EcoR 1 Fl Xba 1 #4730 1)
AhPR KB UIALPRIS RS prM-E LS pVAXI
# A} T4 DNA Ligase T 16 Cid i, #
BREETEY AL Escherichia coli IM109 B
AN FEHLPREL LB [ 4485 55 3 AN %
AT 54 50 ug/mL RHFE R R LB KR 57
Fer, 37 °C. 220 v/min R FREIEFT PCR
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£1 BALB/c/NRBREAE

Table I The immuno-schedules of BALA/C mice

Groups Primary immunization Boost immunization Booster immunization
prM-E-pVAX1 DNA prM-E-pVAX1 prM-E-pVAX1 prM-E-pVAX1
prM-EIII protein prM-EIII+FCA prM-EIII+FIA prM-EIII

DNA Prime-protein boost prM-E-pVAXI1 prM-EIII+FIA prM-EIII

pVAX1 pVAX1 pVAX1 pVAX1

=20 CURTEAS L, 55 42 R RE A BEHLER 3 2
/N BRUIR BR R 1 1 25 0L 375 FF 200 B DS - 355 =
F FPUA T B, Wb sts , SRAEMLIE
Tl 25 VA E5L 40 6 P b £ 40 3 S e
1.2.6 ELISA #&i /)& 0 ;E 45 F M AR K
I B4 ELISA J7 75 7 2 /)N B it 37
R VEHUARKY, BERHCEREr4ifkny EIL
FEHHU 0.5 ng/ LB T, S%BERE TR A,
BALIMAM 11100 FFUG 2 f5 A% e By fe
/NBUMLE R 8 —$t, HRP ARic l EP/ MR 1gG
(1:2500) YER=H0, BPRIGIIE 450 nm P
WG REME, DA P/N>2.1 B L TR f KRR B AR 4
SRR I R S PR
1.2.7 EBER D B FAi e
M JXE ik /> v R B G B S S 5 42 RSk
A W25 S e 28 /N BRI 5 H BT AR T B 45 e
JE/NERIMLYE 56 “C KK 30 min, M 110 JF
RHEAT 2 MG LU RS, R BR IS S E A
100 PFU MR eI SEAFUR A, 1% PBS %5/
R AL 775 Ak PG 7 4HL A R X BEEL, DARE IR 2D %o B
2H 50% 5 TEEIA IR S5 e i 8% B85 SRy 322 AL TR 1) vh
BTN €T
1.2.8 ELISA #&i/ R 11L& PR FRIZFEE
WAL /N AR ELISA 3] & 46
M) fo )5 55 42 RRAE M 45 G 4/ Ui i
IFN-y. IL-2 il IL-4 By kK FP,
1.2.9 i EAEIETEIR I
KA 2x10%/mL A4 bk E 40 it B A
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2 96 FLANMEREFEH, 100 pL/AL, I AL
M5 pg/mL WS ERIER 400, AR
i E A 3 L, I ConA (AU Jy 5 pg/mL) il
T B B P X BRI 2 1 B R X B K 96 AL
Mk T A AR AR T 45 9 72 ho BRLIA 10 pL
WST-1 IF , PSR 37 3—4 h, BRI E OD.so
fH, 715 ¥ 45 %0 (stimulation index, SI)=
OD 50,1t~ O0Dys0, 11/ OD,s0 1s—ODyso 511"
1.2.10 HRitZESH

{di [f] GraphPad Prism 5.0 #FE4T S B0 %k
WGt orir. FIRSRE R 200 « ke
56 43 B 45 D2 2 ) S B 45 () 25 S/ (P<0.05 22
FRE, P<0.01 230 EE).,

2 BREM

21 prM-E ERFH#H PCR # &K prM-E-
pVAX1 E4H A BB S E

DU S AR LN T B Z i % GS Bk
—4f cDNA #7351 prtM-E-F #1 prM-E-R
J5 Wit PCR 4384525 T B 2 ki 7
GS thiY) prM-E B[, K15 T 2 079 bp 1 B,
FBOUNG U2 (B 1A) B AR H Y
FEPG AR pVAXT 2l , H EcoR 1 1 Xba |
PEAT XGOS, T . UG U) % e 45
WoR, AT SRR S A5 (K 1B), P45 AR
B, AR B R—4 2 079 bp 58RIk %
BAE, SEU 20, R prM-E R IE A A
AT pVAXI1 #ifkr,
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Construction and identification of prM-E-pVAX1. (A) PCR amplification of prM-E gene from

genotype I JEV GS strain. (B) The identification of recombinant plasmid prM-E-pVAXI by restriction

enzyme digestion.

2.2 prM-E-pVAXI1 7£ BHK-21 #f ff H B3 Bt
ik

Gy BB 25 R N, 528 Bk pVAX] FE
# BHK-21 440 kb, FE4L TR prM-E-pVAX1
Yy BHK-21 4 MR W4 J5 4l i85 5% B3R N
Prlsi, 5 prM Al EIL A0 5% /N 5™ AR 1Y
Mg RN, BT PSRRI ST (B 2), —4%
EH5r TN 53kDa, 5 JEV KRR E&EH ST
WK/, —4rF=EHN8 kDa, 5JEV M
H A5 RK/h—3 R prtM-E-pVAX1 HH
JBiki7fE BHK-21 40firhREGEIERG KL, HHEHM
EHAEWS W BHK-21 4 018 3 5 AR5
9 E M AR T, X A5 i 2 e s
AR 8 Mo 0 FEAEABORE , PRI, AT HED
4 R prM-E-pVAX1 $:4t BHK-21 4iififl)5, %
K B R A 20 E AR AR T AP
A 2H R T8 U BE AE UKL

[z e O A R BN, SR TR
AR pVAX1 () BHK-21 40 %) FEZH AR L, 5 Y
T prM-E-pVAX1 H 41 Jiu ki 1Y) BHK-21 4 fifd A] X
R R LI A0, RWEHFR prM-E-
pVAX1 ¥4t BHK-21 4ifiJ5, REWSIE#fFREH

[5
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PEE (E 3),
23 RERFSNIRAESKTMFRNE
ik
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2 ELHFRH prM-E-pVAXI1 RiEF=H B Western
blotting % &

Figure 2 Identification of expression products of
recombinant plasmids prM-E-pVAX1 by Western
blotting. M: protein marker; concentrated culture
supernatant of BHK-21 cells transfected with
recombinant plasmid prM-E-pVAX1 (lane 1) or
plasmid pVAX1 (lane 2) for 48 h.
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3 EERERAWIEELARA prM-E-pVAX1
7£ BHK-21 fR 1 B R 3E

Figure 3  Expression of recombinant plasmid
prM-E-pVAXI1 in BHK-21 cells verified by indirect
immunofluorescence assay. BHK-21 cells transfected
with the plasmid pVAX1 (A) and prM-E-pVAX1 (B).
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Figure 4 The dynamic curve of specific antibody
titers produced by immunized mice.
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B -5 FTIR S0 028 41 %) TFN-y F1IL-2 1k K
W 2 2 = F prM Fil BTG5 40 R S0 2 21 Al prM-
E-pVAX1 DNA JZ il (P<0.01). prM Fl
ENG SR el 1L-4 FRRAKOERE, RE
HET prM-E-pVAX1 DNA JZ 4] (P<0.01)
F DNA ) -2 s s g 4l (P<0.01) (& 6).
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Figure 5 Virus-neutralizing antibody titers against
JEV GS strain for the antisera collected on day 42nd.
*: P<0.05; **: P<0.01.
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Figure 6 Detection of cytokine expression levels
in serum of the immunized mice. ***: P<0.001.
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J3E T e LA S PRI RS 2, 784 i 4 3 5 A S Ak 7 2K 3T
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ANHRARUFI Rk 25 2 02 1 % T PR AR B 1 e 4
FEAE B [R] UK (E R BIF N 53 AN T 58 35 2 1 9%
B, b b G M %, ¥
PE 1 AR T LA [ ) A AR HL S B A A Y A s AR
PR o ARWET AL T AU 2 i 25 95 0k o0 2B
Yikt g}, ik DNA ) fe-25 11058 5 s G s /)
B, ROt —FPE S A iR R ROR L R
Yz el . AR AR BIE B /IS 09 390 )7 3 4 5 1
LI 58 (R Ve S35 5 58, DAGR k5 4 Ml 1) fit
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B 7 SNtk B4 RIS 7E K T4
Figure 7 Detection of lymphocyte proliferation of
the immunized mice. *: P<0.05; **. P<0.01. rP:

prM-EIIl recombinant protein.
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