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SDS-PAGE #= Western blotting A& & Bt &L B LA+ B 69 & a9 R A F R, A1 F GE & B shibAz bt B 09 &
8, AARENRENTEN R GEE, ¥ARRH ZFHIMLEYW prME &8 5k KA RS AR E 4G
PrME & & 5 R R #| & 894 BRAE A RA 5B %5 4 B R, ZH R fn, ELISA # Ak %, /s R i 49 FoAk K-,
PR IR M SR Ao, SDS-PAGE 4 R A AL FR BT AL R LT E pPME &8, B Za £
70-100 kDa % 18]; Western blotting £ & 2 743k &35 49 prME & & B4 RAFA R Bk, #—FiE% prME &
B AR X33 FAEARG T X b RiE, RARAEKBWE ., LB &G, RSB RILET E) F kA £ 35
F¥ K F 1x10°Da, B it prME & & T R % Bty Fide. WKL I A 12 30-50 nm 8 # HAEH Ak
(Virus like particles, VLPs). % J&iX3a%E R &9, #hib/56) £ &8 10-15 ug/ R EBH s R4 3 Bl Hikid 3 &
el Z g REE T, SR T B R E AT AW B] JEV UK. 45 prME VLPs vA 10 pg /R 497 & 5 R F 7
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J G ) B 6 o Fe AR B A 10 80-1 1 160, Lif 4 R R AR FEEE KL JEV prME & R 8K £ KignE],
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Secreted expression of Japanese encephalitis virus prME in
Pichia pastoris and immunogenicity evaluation of the
virus-like particles in mice
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Abstract: The study was to express prME protein of Japanese encephalitis virus (JEV) in Pichia pastoris and then to
evaluate the immunological properties of the recombinant protein in mice, so as to explore a new way for subunit vaccine
development of JEV. The JEV prME gene was amplified by RT-PCR with genome RNA of JEV vaccine strain SA14-14-2
and subcloned into pPICZa-A vector, designated as pPICZa-prME. pPICZa-SprME was constructed same as pPICZa-prME
besides with the additional 19 Aa signal peptides coding gene of the JEV cap protein C terminal. The linearized expression
vector was integrated into the genome of Pichia pastoris X33 under the control of the alcohol oxidase (AOX1) promoter
and induced with methanol during fermentation expression. The expression of JEV prME protein was identified by
SDS-PAGE and Western blotting, and then it was purified by S-400 High Resolution HiPrep 16/60 Sephacry. The
expressed products of Pichia pastoris were visualized by electron microscopy. In the immunization test, four groups of
four-week old female mice were immunized subcutaneously with different doses purified JEV prME protein with complete
Freund’s adjuvant at a volumetric ratio of 1:1 and a control group was injected with sterile PBS. 10 pg/dose purified JEV
prME protein mixing different doses nucleic acid adjuvant (Naa) was vaccinated in mice as the same mode. SDS-PAGE and
Western blotting indicate that JEV prME was not cleaved between prM and E during secreted expression in Pichia pastoris.
The purified recombinant prME was eluted in the first eluting peak which indicated that its molecular weight about 1x10° Da to
20x10° Da and may form a multimeric. Both the culture supernatant and the purified protein, examined by electron
microscopy, we found to contain JEV virus like particles (VLPs) with diameters of 30-50 nm. The anti-JEV VLPs antibody
titration reached peak at 3 wpi and still maintained in mice at 7 wpi inoculated with 10 pg and 15 pug prME. The strong
antibody response was observed when the mice immunized with prME mixing nucleic acid adjuvant, which elicited high
neutralizing antibody titer among 1:80 to 1:160. In conclusion, although JEV prME protein expressed in Pichia pastoris
was not cleaved, which formed VLPs and showed efficient immunological properties in mice experiments.

Keywords: Japanese encephalitis virus, prME protein, Pichia pastoris, virus like particles, immunological properties
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Prime-Script™ RT-PCR kit RNA
cDNA GenBank SAl4-4-2
strain (GenBank Accession No. JN604986)

DNAstar (Version4.0)  Primer (\Version

5.0) JEV prME
JE1 JE2 CapC
JEV prME JE3 JE4 ( 1)
cDNA PCR rTaq
DNA 25 uL 1.0 uL cDNA
3.0 uL ddH,0 50 uL PCR
95 C 5min 94 °C 30s 55°C
30s 72°TC 2min 30 72 °C
10 min 4 C PCR

1%

122 JEV prME

PCR JEV prME
pPICZa-A EcoR T Xbal
prME T4 DNA
pPICZa-A
TOP10
prM 19

#1 PCREFESIHMFI
Table 1 Primers for PCR
Primer

name

JE1 CGAGAATTCGAAGGCTCAATCATGTGGC
JE2 CTGTCTAGATTAAGCATGCACATTGGTCGC

JE3 CGCGAATTCATGAAGTTGTCGAATTTCCAGG

JE4 CTGTCTAGATTAAGCATGCACATTGGTCGC
AOX1F GACTGGTTCCAATTGACAAGC
AOX1IR GCAAATGGCATTCTGACATCC

Primer sequence (5'-3")
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pPI1CZa-SprME
Cap C
pPICZa-prME
1.2.3 JEV prME X33
pPICZa-SprME pPICZa-prME
Pme I
X-33
0.2 cm (BIO-RAD)
15kVv 5ms 25F 200Q
30°C 3h
YPD (1% 2% 2%
2% Zeocin™ 100 pg/mL)
30 C 3-5d
YPD 1%o (VIV) Zeocin
30°C 16-18 h - -
X33 DNA
AOX1F AOXI1R PCR
1 PCR 1.2.1
200 pg/mL Zeocin™ YPD
30°C 3-5d
1.2.4 JEV prME
Zeocin YPD
5mL BMGY (1%
2% 100 pmol/L (pH 6.0)
1.34% 4x107°% 1%
) 50 mL
30 'C 220 r/min
ODsoo 2-6
5 000 r/min
5 min 1mL BMMY
( BMGY 1% 1%
) 50 mL BMMY

16-20 h
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250 mL 24 h
250 pL 100%
pPICZa-A
96 h 12 000 r/min
5 min SDS-PAGE
1.2.5 JEV prME
0.22 pm
(Biomax100
Millipore Bedford USA) 3 500x%g
4°C 25 min 2 mL
HiPrep 16/60 Sephacry (S-400 High
Resolution GE) 15 cm/h
3mL
SDS-PAGE
Western blotting
pPICZa-A
SDS-PAGE  0.33 A
3h 5% 1.5h PBST
1 1000 JEV prM
E 2 h PBST
1 3 000
IgG ( ) 1.5h
PBST 3 Western blotting
( Tanon )
JEV prME
HITACHI-7650
BioPhotometer D30
( Eppendorf)
prME

& 010-64807509

1.2.6
JEV prME
2
25 4 ICR
5 4 (2.5 g 5.0 ug
10.0 ng  15.0 pg/ ) prME
(Sigma )
11
200 pL PBS
25 4 ICR
5 4

prME 10.0 ng

(Sigma )OpuL 1puL 5puL 15 pL/
) 50 mg/mL
200 pL PBS
2h 4°C
4 500 r/min 15 min -20 C
ELISA
1.2.7 ELISA JEV
JEV ELISA
JEV ED3
4°C ELISA
(PBS 2% BSA) 37°C 2h
PBST 3 1 100
37°C 1.5h 3
1 3000 HRP IgG
37 C 15h PBST 3
TMB
37°C 10 min
ODuso
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128 EcoR1 Xbal ( 1A)
JEV AOX1 PCR
56 C 10 X33
50 PFU/0.25mL  JEV NJ2008 PCR 2 400 bp
37 °C 1.5h ( 1B) JEV prME
BHK 24 37 °C 1.5h
08mL1 1 % 22 JEV prME BE LI AR EE B
2xDMEM ( 4% FBS 2% ) BB RELE
37 °C CO, 1 3-4d JEV prME
24 4°C
12 h SDS-PAGE
pPICZa-prME/X33 pPICZa-
50% SprME/X33 pPICZa-A/X33
70-100 kDa
( 2) JEVprME 72 kDa
2 HERE54M
2.1 JEV prME BB REHAWNEYILER prME
S {0 B2 5 PR M 52 P2 B9 07 ik pPICZa-SprME/X33
JEV SA-14-14-2 RNA RT-PCR pPICZa-prME/X33 pPICZa-A
2 kb JEV prME JEV Cap
pPICZa-A JEV prME 19 Aa prME
pPICZa-SprME  pPICZa-prME
A 2 M bp B 2 3 4 5 6 M bp
5000 2 500
2500
1 000
1 000
250

B 1 JEVprME BB RIZHANEYIREVEFRBREEE

Fig. 1 Identification of JEV prME expression vector and the positive Pichia pastoris. M: DNA molecular marker. (A)
Digestion of JEV prME expression vector. |: pPICZa-prME digested with EcoR | and Xba I; 2: pPICZa-SprME digested
with EcoR | and Xba I. (B) Identification of prME gene in yeast by PCR. 1-3: PCR products of pPICZa-prME/X33; 4-6:
PCR products of pPICZa-SprME/X33.
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Fig. 2 SDS-PAGE analysis of Pichia pastoris
expressed recombinant protein. M: protein molecular
marker; 1: pPICZa-A/X33 expression supernatant; 2:
pPICZa-prME/X33  expression  supernatant; 3:
pPICZa-SprME/X33 expression supernatant.

JEV E 4H1 prM
HZ
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53 kDa 20 kDa
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a5 EE
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3 Western blotting $EB B RIEEAHER

Fig. 3 Western blotting analysis of Pichia pastoris
expressed recombinant protein. M: protein molecular
marker. (A) JEV envelope protein specific mAb 4H1 as
the detection antibody. 1: pPICZa-SprME/X33
expression  supernatant;  2:  pPICZa-prME/X33
expression supernatant; 3: BHK cell supernatant infected
with JEV NJ2008; 4: pPICZa-A/X33 expression
supernatant. (B) JEV prM protein specific mAb HZ as
the detection antibody. 1: pPICZa-SprME/X33
expression  supernatant; 2: pPICZa-prME/X33
expression supernatant; 3: BHK cell supernatant infected
with JEV NJ2008; 4: pPICZa-A/X33 expression
supernatant.

1x10°-20x10° Da prME
72 kDa JEV prME
BioPhotometer D30

JEV prME 150 pg/mL

pPICZa-SprME/X33
35 pg/mL
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Fig. 4 Analysis Pichia pastoris expressed products by chromatography. M: protein molecular marker. (A) The peak
map of chromatography elution peak. (B) SDS-PAGE analysis of the protein in elution peak. 1: pPICZa-SprME/X33
expression supernatant; 2: sample of the second elution peak; 3: sample of the first elution peak.
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5 ESTRIEMREREEE KL JEV prME &8
Fig. 5 Identification of Pichia pastoris expressed JEV
prME protein by transmission electron microscopy
(TEM). (A) pPICZa-SprME/X33 expression supernatant.
(B) Purified and concentrated Pichia pastoris expressed
JEV prME protein.
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Fig. 6 Immunological properties of Pichia pastoris
expressed JEV prME protein in mice. (A) JEV specific
antibody Kinetics in the immunized mice was detected
by ELISA. (B) Mice immunized with JEV VLPs mixing
different doses of nucleic acid adjuvant (Naa). (C) The
neutralizing antibody titer in the inoculated mouse serum
at 4 wpi.
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