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Abstract; [Objective] To construct and express DENV4-like particles and study the immunological properties. [ Methods] The
prM and E genes of DENV4 were amplified by RT-PCR. The recombinant plasmid pGAPZ-sprM/E-D4 was transferred in yeast X33
and expressed. The proteins were identified by SDS-PAGE and Western Blot. The VLP were purified with sucrose density gradient
centrifugation and observed with section electron microscopy. Three groups (15mice in each group) of Balb/c mice were immunized.
Antigen specific antibody was detected by indirect ELISA. Indirect immunofluorescence was used to detect the combination of serum
with natural virus particles. Flow cytometry was used to analyse mice spleen lymphocyte phenotype. Enzyme-linked immune spots
method (ELISPOT) was used to detect the secreting IFN-y, TNF-a, and IL-10 spleen cells. [Results] The recombinant plasmid
expressed in the form of virus-like particles in the yeast,for 20-30 nm in diameter spherical particles. The VLP stimulate antibody
production in mice was similar with the inactivated virus group. Flow cytometry and ELISPOT results indicated that VLP was similar to
inactivated viruses that the number of IFN-y, TNF-a secreting cells obviously increased while the number of 1L.-10 secreting cells was
not high with dengue virus antigen stimulation. [ Conclusion] The DENV4-VLP has been successfully expressed by Pichia expression
system. It showed good immunogenicity, which can induce Balb/C mice to produce effective humoral immune response and prefer
induce Th1 type immune response to Th2 immune response.
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B % 7% (Dengue Virus, DENV) B YL A 1] 5]
AL B HE N (dengue fever, DF) & H Ifil #4 (dengue
hemorrhagic fever, DHF') B AR TELEBE ( dengue
shock syndrome, DSS), H:H DHF/DSS % /™ ,
WAL (H AL 24 i oK e 1 A= A
RO IT 15 0 FUE B o e B AR OB (virus -like
particles, VLP) J& FH 5 85 45 14 25 1 41 L B 2R
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DENV4 ik B FF JIURL I X H A 2w R 04T 1 3
AT

1 #H#HS57%

(N =2 ki)

BHENETE 4 % (DENV4A)H241 ¥kl HE DG
RO ORI, AU C6/36 diif Hi A
EXP e
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KT TR %2 A5 40 (DHS o) W F RAR S #]
iz B 38 3 AR pGAPZaA 1%+ Pichi Pastoris
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SignalP 3.0 Server http://www.chsdtu.dk/services/
SignalP/ (15 5 K7 51 F 5 43 A7 ) ; Primer Primer
50 (51#¥ it );DNAstar  ( F K T4 7081 ) ;
Clustalx1.81 (ZHFFLXT)
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MEM 5 7R 8% 7 5 FIG 48 L% (Gibico) , 1 F
Invitrogen; RNA Jf 48 3K 71 & . S % % il 7 &
(Takara) ; Zeocin $T 4= & (Life Tecnology ) ; ¥ % 5%

K7 & (QIAGEN Rneasy Mini kit); 4 % T H.if
(Takara); SI¥H IR AR AR, [FN-y fl
IL-10 20 K135 5 (R&D A 7l ) 5 IFN—y  TNF-
o 1 IL~10 ELISPOT 2751 &5 , L bk 20 440 7 53 25 9
1 HEIGERE AT AP (eBioscience 2y
A]) 5 B IR 584/ A58 Ak (Sigma—Aldrich A7),
1.5 EWHZE
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S SR IEYHS prM A5 S K . prM L E SR
T i B A R FE AL R, pGAPZ—sprM/E-D4,
J R 26 M Ak # 4k X33 1% £ 7 Bk, SDS-PAGE |
Western Blot %522 H 8 FH 3Rk, U1 A HLBER I
BEREIURL , RO B R0tk . SR E R O
HEAL, R BCA 2 1 43 B et s 3R] 4 % e
W KR B Al ik i VLP BEATE R, Ak i
VLP Jit T-80 CLRAERF o 258 BEE S5 56 (PFU ) il
SERRREEIE , R B INWBR KGR R . R A%
ELISA R BT RE SR, ()82 g o e kA
WS LG 5 RN T 145 &, Rk
A3 BT /IS BROMEL IR B 40 i 2 Y R IG5 BE A
(ELISPOT) A6 1 % 94k £ 40 Jifg 43 26 TFN —y  TNF-at
A IL-10 FI4IEL,
1.6 SKIGENY

SPF 2% 4 JEs #itE Balb/C /NI T il k27
Y,
1.7 sk

R R T 22 s G T I, — IR e - IR A
REJGES 14 KNG 28 K, B N 7 . #IK
g% 58 4 o IRAA I ZLIR Y, s S s R 58 42
9 AR ZLAR Y, K6 55 R FHE XS B, PBS Ry B
PEXTIE SR 50 pe/ 2, B4 15 HU/NRL,

2 % X

2.1 pGAPZ-sprM-D4 HJ#gE R &K%

PHHRELY) DENV4(H241 ¥R) Y RNA FL5E 5%
cDNAJT, LL cDNA Mt H 8 51514 FDV4/
RDV4 §" 1 DENV4-sprM/E J:H | 2 H R B A
2 055 bp, WEFI G 5e b 224K pGAPZaA , 5917
GBI, s DLER 1, el e 4858 IE W Y pGAPZ-
sprM/E-D4-DH5a FHME FEfE R i 15 5%, SR HUBRE,
FH T AL B ARl RE X33, & 1 Fios , BV
HaF=H24 2 000 bp (VKiE 2-4,6-8,10) , 5 Wi 45
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Table 1 The primer sequences used in amplification

Primer name  Primer sequences and enzyme loci
FDV4 5'-CCGTTCGAAACGATGAGAAAAAGGTCAAC-3" (Bsp119 1)
RDV4 5'-TCCTCTAGACTAAGCGTGAACTGTGAAACC-3' (Xbal 1)

1 2 3 4 5 6 7 8 9 10 11 bp

1 32459 EE pGAPZ-sprM/E-D4-X33
Fig.1 The identification of the recombinant yeast clones
by primers FDV4/RDV4 with PCR

1. pGAPZaA-X3 3.:2-10; pGAPZ-sprM/E-D4-DH5a; 11.
250 bp DNA Ladder Marker

e 0,24 .48 .72 96 h M REEWE , B0 Ja Uk

SEMMPDITE , B RS A% , JTH PBS #i B, #E47 SDS—
PAGE il , g5 5 an &l 2 s

ku

60
45

2 SDS-PAGE #ill E Z B ZEARE R E S AR IE
Fig.2 Time-course of the expression of E protein by
SDS-PAGE

1:0h, 2:24h, 3: 48h, 4. 72h, 5: 96 h, 6. Marker, 7.
X33

H4 96 h B2 i 2L % W 1T SDS-PAGE Fil
Western Blot Kzl , WB ft FH A T {4~ DENV4-E
T 1 B s T4 (HB48 , ATCC ) Fll DENV4 #u3% Ifil
W, SRNE 3 R, 45 ~ 50 ku AT F) E

S Rt T ORRE LT Ao 2 4, R AT UL 2 B
W E EAZA SN, LIk ] WRE S B A U E
) prME £ FI457H

& 3 Western Blot #:ill E & 5 &%
Fig.3 Identification of E protein by Western blot

A the detecting antibody was Mab HB48; B: the detecting
antibody was anti—-DENV4 sera. Molecular mass of the band indicated

by the arrow ranged from 45 to 50 ku.

2.2 DENV4 VLP iRt BB EHE

SR FH TR 25 R R s Ik A R
WA B 1Y 45 2R EAT SDS-PAGE K61, & &
BLE BT 15%~30% W HEREEH , 5ORE 209%~25%
T2 UEAT Western Blot Kl , 2517 7] 5 DENV4-
E SR REPURLS &, SR EYE B EEN
T 20%F1 25% FERE = 15% R 2N A b i E
T ATEAE . B 209%~25% R 2 7 T T e v B 0
8RN 4 FiR Al EAR 20~30 nm B ERIE
Wokr, FEAEL prM/E 8 H DR SRR X 3%
iR 2R R B0 WSO B0 A o] LA
W, AR B0 e A T BCA I B A 1
i, bR RN TS R VLP S
WEHR 1.2 pg /pl,

E 4 fHEAEFERN DENV4-VLP
Fig.4 Detection of DENV4-VLP by electron microscopy
A, B: DENV4-VLP; Scale bar: 100 nm
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SEPEPUAR N BAYE, =B In , VP 415 JKH ik 7
UKz, BIEY VIP BA 5K
SR RERL T IEAL P AR S BE L 2 I RE ST o R
FEARPEVOC T IR AR IR PE M n] 5 KR 75
A LR

13 B DENV4-VLPs  [Inactivated DENV4
i
g 1.0 4 L
A
3
=
o
0.5 4
B % - ;[:
UU uj’ﬁ 1

0d 1?: d 2']': d
time after immunization
E 5 ELISA #illin/E 51 IgG ik
Fig.5 Antigen specific IgG antibody responses detected
by ELISA
At day 0, 13, 27, 34, sera were collected after Balb/C mice
were immunization, and indirect ELISA was used to test for antigen
specific IgG. Data were expressed as mean of absorbance at 0D450nm
with a standard error of mean (SEM) bar. The baseline (dash line)

indicates negative with normal mouse serum.

2.4 BEINRE CD4F1 CDS'T itk B4R ZE 1k
¥ Balb/C /N T2 =R )5 7 d i i ik
B, , TG BR 43 15 AL Ik TV 4 B, FH 10° PRU B0 7
TR EL 20 M R 7 24 b, [RIE 35 7 oA 3
XFHEZH | W% E 5 CD3-PE A1 CD8-FITC 4T
T 53 G, F i =2 LR A I CD4+ i1 CD8™
T R 49254k . CDA*T Ik EV 40 i Ay A5 Ak an & 6
FT7N 40 B 0 AT AR, CDAXT 9k B2 40 Jifd
JC @ 35 M 25 5 DENV4A-VLP 41 Fl K 3 %% 75 41
CD4*T R EL 40 A B 43 H BH SR A F B HE A
CD8*T k[ 248 it 3] 3% iy J 9 A2 Ak an 181 7 i
7, DENV4-VLP 41 F1 K 7% 95 7 4 0 35 , CD8*T
I U A0 LA 2 RS i (P<0.05) , {H 5 CD4*T bk
EXL 91 ARG T &5 SR AL 40 b 31K T B TR

4,
2.5 ELISPOT 4 DENV4-VLP %% /R B2
s &

e 8 firw, 5 1E % Balb/C /N BB oI bk (2
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Fig.6 Detection of CD4+T cells in splenocytes in recipents
of DENV4-VLP and virons

FEUUF IS , 70 TFN—y, TNF-o F9 20 a5k H B
I, AL TIL-10 40 H0EL H AR A K2
A&, /NTF 6/2 x 10° splenocytes, HJ& | /38R AT DA
A LS PBS A LA Frsn, 452K 4¢7/8 DENV4-
VLP 5 I3 95 75 2HAH L BE % 175 5 Th1 B4 4052 1
%1755 Th2 RGN AR

1519
m pre—stimnlation
@ post-stimulation
L]
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DENV4-VLPs Inactivated EENV4  control

B 7 %e&f5 Balb/C /NRAEAE CD8+T itk B 40 Bidd il
Fig.7 Detection of CD8+T cells in splenocytes in
recipents of DENV4-VLP and virons

1) lymphocytes increased after stimulation, P < 0.05
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Fig.8 Detection of IFN-y, TNF-«, and IL-10 secreting cells by ELISPOT
A, 385 VLP A 175 S OR 4 P 4 A G g2 1y 2
3 3 #® (AT e, (HR X T 2 PR 1) SC R I, PBS ZH Y

G APB SR 2 B E A IEA & 1 2S [A)
MG TE RS T prM 2R A E3RE 50, B prM
AR R S PRy sk = 2 TE A DA S N
SEESE HTINT DENVI-3 AU prM 25 A1 E 25 1
FEREREFRIK R G h b AT T 38, BRI RRIE ik
e EEAERUROE X2 1245 Rk 708 B R A
KsEh, A 2 M RIEREWR A, iz bk &R
KRGS W FLI A R R R 0 KB AT
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MR RGP AWEAJR I E C &
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4, HA GAP JH ) T 1Y pGAPZaA W E]E3RIA 4
&, FIH prM E A &5 5 k5] 5 DENV4-
VLP (I Rk

DENV4-VLP %% Balb/C /)N EUAT DA7= Az 471 5
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755 T HAth Go e 40 Y 345

CDAT b U 248 AR 4l JH 5 90 240 L DA 1 25 5
Al LR34 Thl 1 Th2 P54 EHE  Thl 20 i 35 5
b IFN —y TNF-a A1 IL-2, Th2 40 g 3 2 43 il
IL-4 IL-5 IL-10 1 IL-13, IFN—y FI TNF-a %} fifs
PR SR B LR R AN, PRI Th Y4
oI5 I 285 08 9 5 R A T P B AR AR R EE R
HAETA Y, B GL f5 | R A B DL Th A4
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W IFN—y \TNF—a IL-10 F 6 T R E 405 5 |
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VLP 2H IFN—vy FlI TNF—a 4330 20 o 500 T 75 %)
HEZL, VLP 414306 Th YA K F IFN—y A9 41 it
BN IL-10 BT, (RS RAHERR ]
fiE 5 BURE B Bsf 8] 5,78 ¢, DENVA-VLP 41 53 11—
10 1 AL M 0 s, T TEN—y 241K

M2, ARSCHI AR EES T 0 S R i R R R
RGN FE RIS T DENVA-VLP, kI HAA B
WIS M | AT S Balb/C /N U= A2 A R 0 44
VAR IV 25 TN L S e 2 Ry A R O 8 i
BEFENURIRE P BEE T Rl IF X — 20 ) R
I B B0 5 NI PR L TSI I
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