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¥ # K I

Ak HR%

TR R

(PR KA s 2 B 2 A U =, KD 410078)

WECREWRE R AT0E 58 SUFT R B w2 BEATRAL AT FU . PCR 4 B Xl rh 4 fih 2 N4 K )7 B W2b Rl W2a, %
Ty P 7 T 3 IR ) B3R N 8 1 JBURE pcDNA3-W2b pcDNA3-W2a FIXUEE A7 B2 1 pcDNA3-W2b2a, RN, WER AR W

RFERYE . KR AR 43 I I WL R S S N R, % IR ST pcDNAS 7
I A FE R 2 A M SRS I T 9K L S . 2N RO IR G I 56 4 AR
iR BN, pcDNA3-W2a2b XA W 4/ BULE 1gG Piik/K T 22 @ T 5 B 41(P < 0.05), H. pcDNA3-
W2a2b SURALE AN BRI CD4A'T 55 CDS8* T bk 4 40 M AR W AT W B AT S 1

R FR) 2B A7 I (]

JFURL. ELISA 54590 113 1gG Pk KT,
NG RS S HUREE T 500 4>, WEE/N

20, pcDNA3-W2a2b WA 1 47 /)N

FAIG IS R) I B TP B R N R W AL(P < 0.05). SZEGEE BRI, SHHUHIHR wa2 RO HREWH S /DA P05 duR g
R3PS, JFH B H pcDNA3-W2b2a XURALIE 1 1 S B R AR T- pcDNA3-W2b. pcDNA3-W2a [ 5L A0 2 1.

KR oA, RO, EARL, B AMRLL, RS

ZR9ES R3825

73 B H(Toxoplasma gondit) /& —Fh 43 A0 )12 1)«
LA A A LIS BUR TR, 2 &g R
d, WEmGLWKE, MEE TR, JEG,
A W AT I T SR ) R B A RS REE, SE
R RSB ER . A8 TR SO R R
S8 G B Ty RS A0 sl )3 e A BRI AR 1) 32 B
Jifhz —W. T AYPHB ARV 8, KRR
LRABNPIG R RSS2, DB E
FIRFEIE T R TR, (AR R, HAT
Webrz e = AR O A RIE, KEEEE
% IR 2 i B 5 T8 R AL U IR A4 2 1 i) A
o, HESREED v AT — i R OR, (HA AN
LR TR RS, T EHEKEA
TP S5 DR B 7 (Pt vk s ) % e iy, R
FHBEDA E 20 AR — AN B 2 AP R R AL I L) Bt
PERAE i, DRI R8O, Hoz et
U5 R S e N BT 0 1 o . R AT W IR A
FAT IR WAL AT DNA Hew. W0 547 0 ik 2
LA BT N AR, AR i o R PR T
Til# R DNA B 1. AN SCAE T ar 5 1 U
SEREDLIR 7C3-C3,  ABLIXA U He A8 de Xt
5B HURGE N B BAT s RS, F S pe
PRAEBRE S B 07 16 75 T HUB B T cDNA 3L 3R 1S

(AT T Ok, e HOW SR 8 T AE /N B 1 4
PELRPE, IHREWIT.

1 M#57E

1.1 ##

111 WAL ORI RS
DNA marker 4 RARAAL 2 Tf”nn B2 e A 37
& OMEGA /A )7 i RNAase A 4 Sigma A @ %
i PREIPEN VIS BamH T « EcoR T« EcoR'V <
Not 1 ) H Fermentas A ; Taq [ % TADNA %
FERE B B AR TREAF s HRP brid bt/
i 1gG I H e A,

1.1.2 RS FOR. KA # DHSa b A= /17,
7C3-C3Blue script JURLP, FAZ KX AR pcDNA3
JURE A A ARAE.

s ARES TR

* [H K HARRFE I A B I H (30371260), WIMA “+—1” EK
LI(2006SK 100D R “ | —H” EFRHEE IR A TG 7 ).
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1.1.3 SRR SR, SRR RH KA
FEAEARFN. SPF REI/NRL, 6 JEud Aty MM
e, AR A (20+2) g, T H R RAESEER S L.
1.2 A%
121 HE BRI, BRI SR 1R
Y{aE B2 98 BT (http://ca.expasy.org/) $E 1L 1 & 11 5t
M AF: Translate, Computepl/Mw. Scanprosite-
SignalP. TMpred. TMHMM F1 SOPMA Fiilll 2 [
JLEite, JEik B 40K . e RRPTIE IR H K R
B B AEY) TREA W BUR 2 XF51 47, Wb,
CGTGGATCCCGATTGCGGAGACACATG F1 CG-
GGAATTCGCGTTCT TCTCTTCGG, 4 %51 A
BamH 1 EcoR 1 BYIf7 51, W2a, CGGGAATTC-
GCGCATGCTTCTACTCCGTGCT 1 CCGGATAT-
CGCCGTTTCTCGCGGTGTATG 73 5l5IN EcoR T «
EcoRV FEYIA7 5. 43 5l EL 7C3-C3Blue script Ji i
A B W2b, W2a. RNARRW R « B
1.5 ply 514 2 pl. 10 x PCR 22 #1310 pl
25 mmol/L MgCl, 10 ul. dNTP 1.5 pl. X7 /K
72wl Taq M 1 pl, SRS 4K B0 100 pl. PCR
% ¥ : 94C ¥l 45 P 4 min; 94°C 1 min 20 s,
52C 1min20's, 72°C 2 min, FLHEAT 35 NG,
e 72°C ZE 8 min. FHEH K H R BE 1%
iR dleeEhy O NN B aE wrlFA B @
122 FRADE W @RS, R
¥ pcDNA3 1 W2b 437l | BamH T A1 EcoR T 34T
MGV, 2 1% 10 B IR B S8 Jieg v bk A DU i 73 1)
FH eI R 75 & A PCR 77 490 B Wik 771 & [0 Wi il
PIray. $ R B/ itk =61 1 L] 16°C it
W, HRARTOITIE AR5 45 B DHSa,  HHB0R
TR LB ARG 37C HaRd . KA H T
J B FURE iy 44 4 pcDNA3-W2b. K R F (1) 55
W F 2 pcDNA3-W2a. $RECT-H 37°C £59% 16 h /2
AR, W EE 2wl /E AR, 1% iR
PCR J% N 44 B B4 N1 B I v Be. RO i
b N GBIk, S . KD
PCR %5 # 1E A 1K) v P 2248 Bl 2R TR 28 w) ik
AT F.
1.2.3 BRI R RS E. pcDNA3-W2b2a
P B R 4 pcDNA3-W2b Fil pcDNA3-W2a 73
A BamH 1 A1 EcoR VAT XYL A, G800
BR7 155 B AT Y P (P R R 2 — B
124 EAFRKMKERN S0 S/ 1
BB FR B (R =) )

1.2.5 SIERPUREGI. ¥R RH HOsiE 17
SN RUIEIE N, 72 b AR B TP A
T, EERRE, ARJEAEER A, FRAN 6t
FETHfE RIS, —20°C 717 % H.

1.2.6  RALRETH I e defl. LIk s 41, 34
FAHJTRIAL, 1 5T pcDNA3 X JR41R1 1 AN
HERACH B, B R/ BB 4, RE41% 20
H, MERER:. R E SRl (1 2 ok M
FORE oy I A B K R R 1 gL, &M 4 55k,
MG BRI RS LR S, DLPAT T LA AR 7 ) ik
Bty BRGNS 100 pl. TR G G55 2 RS 4
JE Sy minaE s, AR ER KL 100 wl A= B ERK.
1.2.7  ELISA &Ml e /N UG 1gG. 43 3T F 2 /iy
FMARR GBI G 2 4 J, /R, 485
WCAR /N B . AR T UL 1 b FH )42 ELISA
AR e /N B 1gG Pk, B 5 B RH BRI 1
TR PR, FH A2 B R KO A RO TS BT R (R
H 5 gLy, ARG EEARAR, ARIIIEE 10 100
Fike, FESL 100 i, [FIRHEZS (. BHAE R B 6
WL P ORI A I b I SR B 1eG
(1: 15000 Fik), HEfL 100 pl. JHEH(TMD)FI
OB(H,0) % 1, = IE.28C)I'E 20 min &
H,SO, %1k J NV, 25 FL ¥ 0 FH i bs A0 (B K A
450 nm) AT IE A, BARTTVES WOCHER[3].

1.2.8 41 CD4" T 55 CD8" T ¥k (=41 Jfu LL {5 1
. NI 2 G, R TSR SRR, TG
PRI, K 1 ml 40 MBS (5 A 1.0x10°~ 1.9%
104 /ml) & T BD A w] L HRE S+, UMK 2
. 1500 t/min &0 5 min, WH 900 wl B, 0
PE-CD8«. FITC-CD4 (i Fl' H1 iy i J& 2 17 48
0.05 gL)HEPi & 5 pl, IR G#ES 10s, =
TR EEYEIHCE 30 min. 1 500 t/min &S0 5 min, F b
. BEIN 2 ml PBS W, PG IR 24 IR A
10s, 1500 /min &> 5 min, H L. EHEH
PBS Pk — k. I 1%Z R HEE 100 wl, FiEim
Vi 2] 10s, 4C{_RAF. £ E BD A A/~
FACSCalibur it X 41 f2 {1 I CELLQuest 3K {43k
CD4'T. CD8' T 4%, 715 CD4'T 55 CD8' T
LLAH.

1.29 /R PTBGE R R RIS 4
Jil, LARS T B RH AR GE 11 s v S B 988 20 R0 1
H/NEL(500 A 7 H), WEEE0 /N BRI IR A 1
BUABET IS [A].

1210 St M. gt HodE R 4 o
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SPSS11.5 3F 2 % Kruskal-Wallis ¥ %, UL x+s %

7N, k%KM EXCEL fHiE.
2 2 =S

2.1 RAOLEEF

XK AT IR TR I S B AT
25 vH 43 M1 (http://ca.expasy.org/), HEMHTFER] a2 H
B # A1 2 —fr T WK EE 32 ~45 fr, g fd I Xk
GTCGAAAAAAAAAAAAAAAAAAACTCGAGA-
GATCTTTTGAGC, 3t 42 4> bp, ME T-IkBEIT S
FERAE, S0 PR AL AT IBOR,  HUCE 55 b e 41 (1)

331 bp DNA Bt H TRt R AL Wi, A
W2a. B RN = N0 T IKEE 1~80 £7, 4 ft
K 4 ATGTATATCTGTATAGAAGGTACGCA-
AAAAGGTAGGATCACAGACGCGCATGCAAAA-
ACACATTCCTCACAGACGCGATGGCGTCCTGC-
ACCTGCAGTGCCGCTTCTTCATTCACCGATTC-
ACATGACATTTTCCTTCGACCGGAGAGACGAA-
AACATCCGTAAAGCGGTGAGTGTCGTTCTACG-
TATCGCCTCTCGTCGCCGAAGAGAAGAAATT,
3£ 216 4> bp.  [AIFEECELE L/ 411 226 bp DNA J1
BT REER A b, frdah W2b (B 1).

(a) 115k ProtScale output for user sequence (b) 1k ProtScale output for user sequence
. 1'0 Polarity/Granthan— Polarity/Granthan—
105} 10
10.0F ol /

9.5¢ [
2 9.0r L
s} S 8
@ 85t A
80} . al
758 ' "
7.0+ 1A 6L
6.5F f
6.0 5

20 40 60 80 100
Position

20 40 60 80 100 120 140 160 180
Position

Fig. 1 Prediction and selection of epitope
(a) Epi-position of gene wx2 ORF1 at 31~ 42aa (W2a). (b) Epi-position of gene wx2 ORF2 at 25~ 70aa (W2b).

2.2 PCR¥ &
DLBTRE IR ox2 AR 38 1 W2b, W2a JTEX,
KNS A AR 2).

bp M 1 2
2000

1000
750

500

250
100

Fig. 2 PCR products of wx2
M: DNA marker; /: W2a, product of wx2; 2: W2b, product of wx2.

23 ROEHBRFIAEEYT. PCR EEMNFLER
W AR A 9% T KL pcDNA3-W2b.  pcDNA3-
W2a FlX A 2 1 FORL pcDNA3-W2b2a JH il 1) Al

PCR %€, Si KRR Bud A L& 3, 4). K50

%€ ]34 [f] GenBank H [RIAH Y 7 81 JEAT LB XS, TERH
8 NT 5 I

bp

M 1 2 3 4 5 6

Fig. 3 Restriction digestion of recombinant plasmid
and identification by PCR
M: DLI5 000+D2 000 marker; /: Recombinant plasmid pcDNA3-W2b;,
2: pcDNA3-W2b plasmid digested by BamH [ and EcoR [ ; 3: PCR
products of pcDNA3-W2b; 4: Recombinant plasmid pcDNA3-W2a; 5:
pcDNA3-W2a plasmid digested by EcoR 1 and EcoR V ; 6: PCR
products of pcDNA3-W2a.
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Fig. 4 Restriction digestion of recombinant plasmid
and identification by PCR
M: DL 15000+ D2000 marker; /: Recombinant plasmid pcDNA3-
W2b2a; 2: pcDNA3-W2b2a plasmid digested by EcoR 1 and EcoR 'V ;
3: PCR products of pcDNA3-W2b2a.

2.4 KN ZE ELISA %453

] ELISA VASE I 45 AR W, PRI R AT % i
pcDNA3-W2b. pcDNA3-W2a Ml W % {7 ¥ 1
pcDNA3-W2b2a 4 ¥ e 5 F 77 AL e e 1 1gG Pifk,
BT 3 R a6 4 FIA Sk, JEEF A 5
KTy A ) 2 £, KW 1gG Piik R BHTE.
W VR I 7 T 2 BRI (R SR A B T A bk A (B3 T

M4, JUHJZ pcDNA3-W2b2a 41

(P<0.05). ZERINFE 1.

pcDNA3 Fl NS %
B TR R AL

NN =

Table 1 Detection of IgG in serum of mice by ELISA

Before The time after last The time after last
Groups immunization immunization immunization
Owk(A) 2wk(A) 4wk(A)
NS 0.121+0.056 0.124+0.045 0.127+0.029
pcDNA3 0.132+0.039 0.145+0.065 0.154+0.035
pcDNA3-W2a 0.126+0.025 0.182+0.028 0.256+0.015"
pcDNA3-W2b 0.131+0.085 0.186+0.065 0.263+0.059"
pcDNA-W2b2a  0.129+0.072 0.187+0.058 0.297+0.074"

YAs compared with the control group, P < 0.05.

2.5 BRYBE CD4* T 5 CDS* T ith B4 B I 8% &9
T

AINBRR RSG5 4 18, WO BB 40 i 2B AT
CD4". CDS8" T ¥k L 41 A Y/ ¢ Il . 25 R B,
pcDNA3-W2b. pcDNA3-W2a 1 pcDNA3-W2b2a
41 CD4/CD8* T Wk 4i My kgl -7, HH CD8 T
Mgt BN, CD4*/CD8 T k41
Jit LE B B 2 AK T pcDNA3. NS X 4 (P < 0.05),
H. pcDNA3-W2b2a 41 CD4" /CD8" T ik [ 41 i1 LL. A
BERTPIRRM R4, SR ILE 2 fE s.

Table 2 Detection of T lymphocyte subsets of mouse splenocytes

Groups CD4" (%) CD8"(%) CD4'/ CD§'
CD4" subset CD8" subset Ratio of CD4"/ CD8" subsets
NS 36.36 14.10 2.58
pcDNA3 38.65 15.51 2.49
pcDNA3-W2b 42.14 22.32 1.89
pcDNA3-W2a 40.77 20.81 1.96"
pcDNA-W2b2a 45.07 31.90 1.41?

YAs compared with the control group, P < 0.05.

YAs compared with single epitope vaccine group, P < 0.05.
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Fig. 5 T lymphocyte subsets was analyzed by FCM
(a) Immunized CD8". (b) Immunized CD4". (c) Control CDS8". (d) Control CD4*. The representative CD8', CD4" T lymphocytes test results of
pcDNA-W2b2a group and NS control group were selected.

2.6 IMERER RRARIPIER A7 35 A A 2 KT pcDNA3-W2a 41(P < 0.05), it
PR 4 JRE SN NI T 500 AN B 3 BloRr S DR (0 R B BB R AR — i IR

T SERNRIIARREM 2B . BERRRAL N, AESER /N R AR I TR A K, HXERA

FE AN ARG I A W ST pcDNA3 4 K NS 41 M P g iE 3, |6, 7).

(P <0.05), HXUGRAL P pcDNA3-W2b2a 41/ i

Table 3 The survival time of mice in different groups after challenged with tachyzoite

No. of mice in different time

Groups No. of mice Mean survival time/h
144 168 192 216 240 264 288 312

NS 15 10 0 0 0 0 0 0 0 150+8
pcDNA3 15 14 2 0 0 0 0 0 0 16610
pcDNA3-W2b 15 15 10 8 3 2 1 1 1 217419
pcDNA3-W2a 15 15 9 6 2 1 1 1 0 194279
pcDNA3-W2b2a 15 15 14 10 6 3 2 1 1 23543592

YAs compared with plasmid group and the saline group, P < 0.05. ?As comparted with pcDNA3-W2a group, P < 0.05.



e 1056 - EMYEEEYMIBHE Prog. Biochem. Biophys. 2008; 35 (9)
3001 T MHC 4 TAEAERERZE 5, — AN 2 20 K R
250 MR MHC 4y TE5 6P 4 T AN, T

% 200l u {793 7 FIE b e 2 B s 4% 15 B MHC 4 T4
2 150} B, NIH R T S da . ok, FAEwines
Z 100} 4% G B8 5 P SRR 22, A P 4 e R
7 ol R ARSIy, DA S AT LU G 5 S5 7 1z
. VEAETT S R 1 5 e J s f k. s vl

: 2 oo ? BT S0 e 7 s RE LA AR 1 40 1 S

Fig. 6 The means of survival time in different groups
of immunized mice after challenged with tachyzoite
I: pcDNA3-W2b; 2: pcDNA3-W2a; 3: pcDNA3-W2b2a; 4: pcDNA3;
5:NS.

Survival rate/%

12 3 45 6 7 8 9 1011 12 13 14
t/day

Fig. 7 The survival rate of mice in different groups
after challenged with tachyzoite
o—e : pcDNA3-W2b; m— m : pcDNA3-W2a; o—o : pcDNA3-W2b2a;
A—A:pcDNA3; ¢—¢ : NS.

3 it it

RALBETT P A B ) i R B v, FAT T
I, RSS2 4 HARAEASL
RIEMBEAT R A B Ai4E, R IUE S ALK 4
CTL AR 8 S W 5 S i . K # CTL RAV
B itk A MR AL AT DL, AR A e DA A 2
AL A T REN . AL VA B g Y R AL
(L PR R B AT 38 1 O AL JF R B U RIS A4
NP R ANy R R BRI PN E 26
s, CUAERRGEE NS, A A ER VR R 3 1 11
WFFTRPRA i M e e Ok . H T 2 A
FEHUS RN BH I RAL, a6 iR AT B H R A
RALBETT, TR I e B N2 AT B i 1 57

Jf H 5 At DNA ZERiAH LA I RS R, H26,

P2, N AR A A HJ

PNP SRR GiBU R/ 7 5. N E L
PR 75 T B cDNA SCPESRTF 5 TE HUBT 3L ] w2,
FJEAE GenBank 3¢ (5 35 4 AY238892). i ik XL
0595 DN E AT AR SN IE L R A A5 5753 B ek
TS, UEWEIOE SIS A E S IR —A
JEL 53 F B AR, Gnfish B R 1 PR A 49 kul'?,

A HE 5T R A g AW R R S W STET
(http://ca.expasy.org/) et i A 11 5T 73 B A A0 i i
K ox2 HIPTR R AL BEAT T 100, A3 2 /> B 4 /i
EVACE SR e TR R N S LY/ NG R S
L Befi s Hl g9 buaos 2R, RO AR
HORKDAET PCR ¥ 1Y MM V) %%, H B 40l
FAT T 45 R D ARAE I VEAL T, X F B
G, AN 7 ARG Z 5 s iR
RIS AT 22 S0, AT TR ) VER 2 — A 40% ~
60%M. % L& 2 IR Em R F, A A% R IR T
oL ISy S50 A7 g i X HEAT T IROK, LA DR AT 1)
SEHE.

TGI8 SN Y, 2 P 2 A R A 32 B IR
BUAA 1R 20 0 5 9% . %% . Gazzinelli 25 UIJF 50 % B,
CD8'T 41l it /2 1 3-S5 JB HUR B 1) 32 2240 i 2
. 7E IFN-y RSB RAER T, CD8'T 4H Jfafi 43
A Rez, TN =5 1 HUIHE 1 B % () SR A0 ™ A 4
JLEEAE S, ARSI, B A7 9% 1Y pcDNA3-
W2b. pcDNA3-W2a FUBEA % 11 pcDNA3-W2b2a
dl, WHeE S AR R 1gG Pk, T 3 b
REJG S 4 IR B e, SRR T R R A
RE A PUAR A {H3 5 T pcDNA3 FII NS %f 41,
pcDNA3-W2b2a 41 % 2w T 0 AL, Rk 4
J, N BBk A b, %% BLUK CD4 5 CD8'T
VPR 40 0 0 o0 B AL B T vy, JF HL CD8'T ik 2
gt B THEAE I, CD4'/CDS' T i i
FHONBE, IR AL A e e e, HXER
PERETT AR 5 R B AT B R, UL R
WD woxc2 PR P LU 5 8 duk gy, IR
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N Bk LA I EE . A A, A R R IT
Hpiik, RIEDUD I HURB e ORI ERT, HAF
SN M St LA k=2 CDS'T 41 A4
I H¥ CD4'T f 1 Thl 40, {2k Topy A1 Te 40
LRI AE 3k 5 e, LRG0 A 1) S e N 2 Hh R
FEAER].

H RTHFRI 5 dt DNA S B AEE S &1
I S B R S, Rl TR O K2 R
AN SR R D B, DRI 2 A Rk 4l P g
Ay % MHC FRAIPEECECR, PR H A
FZR P T AR A AN BRAR BRI B ORI
JEILX} 558 HUR B K RERESE /N BB TN )07, B
ERFENS, b G, VA RO 4 G A A 25 4
] DNA %% 17, L AFIE N A] 23 7 o4 201.8 hy 7.89
K. 174 h i1 95 K. AW 5+ pcDNA3-W2b,
pcDNA3-W2a Fl1 pcDNA3-W2b2a A7 5 HE G 5 /)N
BUG, T4 RH PR B Ui 8oty H/ RSP
A7 3% I 18] 43 A 235 he 217 h AT 194 h, & T
pcDNA3 ZH 1 NS % Hi4], JEH /& pcDNA3-W2b2a
WAL A SRR AT W 25 57, A T i
PRI RS RIS AL T FIR R IE ) DNA 2. Ui
I A wa2 1) pcDNA3-W2b. pcDNA3-W2a i 4™
BRI RENT, JUHIE pcDNA3-W2b2a XU A 2 1
o/ N BUIT TS SIS R E ], AT FRAR 5 T HU
PP BN, & PR AR R U

2 % x M
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The Protective Efficacy Induced by The Epitope Vaccines
From New Gene wx2 of Toxoplasma gondii in Mice”

TAN Kui, ZHANG Qiong, FAN Jiu-Bo, XIE Rong-Hua, JIANG Li-Ping, WU Xiang™, SHU Heng-Ping"”
(Department of Parasitology, Xiangya School of Medicine, Central South University, Changsha 410078, China)

Abstract Epitope prediction of a new gene wx2 in Toxoplasma gondii was analyzed by bioinformatics.
The epitope encoding fragments W2b and W2a were amplified from new gene by PCR, respectively. The
single-epitope vaccines pcDNA3-W2b, pcDNA3-W2a and double-epitope vaccine pcDNA3-W2b2a were
successfully constructed. Mice in group pcDNA3-W2b, pcDNA3-W2a, pcDNA3-W2b2a and two control groups,
pcDNA3 and NS, were injected intramuscularly with pcDNA3-W2b. pcDNA3-W2a and pcDNA3-W2b2a epitope
vaccines, respectively. As controls, mice were inoculated with NS or empty plasmid pcDNA3. The induced
immune responses were tested by ELISA detecting IgG, and flow cytometry sorting the subsets of T lymphocyte.
All mice were challenged with highly virulent RH tachyzoites to observe the survival time. Results display that the
level of IgG in sera of mice inoculated with pcDNA3-W2b2a was significantly higher than those in pcDNA3 and
NS control group, CD4*T/CD8* T cell proportion of immunized mice was significantly lower than those in control
group. After challenged with highly virulent tachyzoites, the mean survival time of immunized mice in
pcDNA3-W2b2a group was significantly longer than groups pcDNA3-W2b, pcDNA3-W2a and control group,
indicating that the epitope vaccine from new gene wx2 can induce protective immunity in mice. and the protective
efficacy of pcDNA3-W2b2a double epitope vaccine elicits better immunoprotectivity than pcDNA3-W2b,
pcDNA3-W2a single-epitope vaccine.
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