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Abstract: In this study, a unique antigenic epitope 3; YAEYT; on E protein of duck Tembusu virus
(DTMUV) was identified by phage display technology with purified monoclonal antibodies
(MADb) 1A5 against DTMUYV E protein. To determine whether the 3; YAEY]I,, sequence is con-
served among the E proteins of flaviviruses, we aligned the E protein amino acid sequences of fla-
viviruses. The results revealed that YAEYI was highly conservative in DTMUYV strain, but the
epitope sequence wasn’t conserved among the corresponding amino acid sequence of the E protein
in other strains of flavivirus. Dot blotting assay showed that epitope 3 YAEY]I,, had a good affini-
ty with positive sera to DTMUYV, and there was not cross-reacting with JEV-, DENV-, WNV-
positive sera, suggesting that ¢; YAEYI,, was DTMUYV unique epitope. An Epitope-ELISA assay
was established by using unique epitope (5; YAEY]I,, ) fused protein and used to test duck serum

samples which were also detected by the Neutralization Test as the standard method. According
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to results, the specificity of this test was 100%. The sensitivity of this epitope-based peptide

serologic test for DTMUYV infection was 96 %. So, Epitope-ELISA was a specific method for de-

tecting antibodies against DTMUYV.,

Key words: duck Tembusu virus; epitope; cross-reacting; Epitope-ELISA
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Table 1 The oligo nucleotide sequence of designed short peptide expressions

EE7) 731 (5'—>3") TR Tk
Primers Sequence Truncated peptide
1A5-1-F AATTCTACGCTGAATACATAC

1A5-1-R TCGAGTATGTATTCAGCGTAG YAEYT
1A5-2-F AATTCGCTGAATACATAC AEYI
1A5-2-R TCGAGTATGTATTCAGCG
1A5-3-F AATTCTACGCTGAATACC YAEY
1A5-3-R TCGAGGTATTCAGCGTAG
1.3.6  JFkiiE S # ik M Western blot 434 * Madison, WI, USA) %} DTMUV 5 % %% 7% /&

I Py TE i 1 R BORL HE AT E  RAL R B T AR
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H—41,37 ‘CHEH 1 h,PBST(0. 1% Tween-20) ¥
3. B 5 mins AR S5 12 2 000 f5# B HRP 45
WA st/ R TeG AE 5 40,37 CHFH 1 h,
PBST(0.1% Tween-20) ¥t 3 i, £Eji 5 min; DAB
B WL IR,

1.3.7 P A A P54 43 b M GenBank |
IR A AR 1Y i 7 R e BE k. gk 2, A
DNAStar Lasergene Program ( DNASTAR Inc,

DENV.JEV.WNV ## E & H #1757 4 LX), PL oy
Frifi 21/ DTMUV E 8 [ 5 26 M Bt It 35 007 76 8
93 1 P TR

1.3.8 U & A7 38 LN 1 43 Bt FI I Dot-
Blotting 43 i £ 2 (1) DTMUV E £ 1 i 2 PE$1
FAifE DTMUV,JEV . DENV, WNV FH ¥ ffiL i 8]
)28 SURONEE o 5 5 - FE il AR IR BE . B 5 L
AP NC BB, = 08T 4 30 mins F 5% B g 7L
(PBS)37 °C #fFH 1 h,PBS ¥t 3 31, i 5 min; ¥
DTMUV (1) JEV (4 ) .DENV (A ) . WNV
RO BAPEIMLE 1 : 10 5% B .4 CHEH 1K . PBS
Ut 3 i, A 5 ming B HRP AR FEHN 1eGLF
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Table 2 Flaviviruses strains used in the sequence analysis in this study

R A R4 GenBank % 2 2B E B Isolation information
Virus name Strain name GenBank No. Hb 5 Site Ay Years
DTMUV TA JQ289550. 1 China 2010
DTMUV DK/TH/CU-1 KR061333. 1 Thailand 2013
DTMUV GDHD2014-3 KT159713.1 China 2014
DENV-1 HNRG24827 KC692511. 1 Argentina 2010
DENV-2 DENV-2/Pk/Swat-02 KJ701507. 1 Pakistan 2013
DENV-3 D83-144 KJ737430. 1 Thailand 1983
DENV-4 EHI310A129SY10 JX024758. 1 Singapore 2010
WNV USA AY646354. 1 USA 2002
WNV FtC-3699 KR868734. 1 USA 2012
JEV HENO0701 FJ495189. 1 China 2007
JEV CC27-S6 AY303797.1 Taiwan, China 2003
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Fig. 1 SDS-PAGE analysis of purified MAb
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Table 3 Peptides sequences of phage clones and their consensus sequences
e bl
Phage clones Sequence
C1 S R N L S Y A E Y 1 Q 1
C2 G N Y S E Y 1 A% G K L \%
C3 S S Y H N Y 1 Q F R N T
C4 S S Y T A Y 1 M A R G Q
C5 N S M S E Y 1 N Y 1 I T
C6 \% D Y S T Y 1 S R L T S
C7 N F M N Y A E Y A% Q K K
C8 \% D Y S T Y 1 S R I T S
C9 T \% H S Y E E Y 1 \ Q K K
C10 \% S P Y A E Y T A R R
C11 w D Y N L Y 1 K Y \% A R
Cl2 \' D Y A L Y 1 S R L T S
Consensus Y A Y 1
Virus TA 84 K A T Y A Y 1 C K K D 97
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3 EMBEEBAS2HE Western blot 4347

Fig. 3 Western blot analysis of the reactivity of short peptide-
fused protein
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WNV () E & [ 790347 A 45 R o DTMUV
E HAPUREN YAEY] R RR TS DTMUV
b 5 R B R DR ST I JC B R AL 22 S T A
JUAN B 2 0 AN B R RIIHLE R AL YAEYI
4 DTMUV i BTl 260, DL IE 4.

2.1.6 P38 X A BT i 3 Dot~
Blotting 45 % & Bt Jf %7 YAEYI 5 DTMUV [
PRI 2 B A R 25 Rk . HLAE At 200 7 PH
ML M) AN B A 28 S ik R HL R R AL YAEYT
& DTMUV e s 2= 07, WK 5.

2.2 Epitope-ELISA 2 Bf FiE#Ear

2.2. 1 PUIFRAL LA 8 1 b Bl R A L B
EMmBEENTE AR SRR A

Tl 2 B R T H R RE L B E T UL T I A LR R A
AGIEN eI VA R S TR E RN 137 95 Al Ed
MR 4 HPERMEEWE 1 100 M E 6.4
pg + mL ' IR L EAT 12 80 R BEHT, B P/N
AR,y 8. 48, HML 6. 4 pg « mL ' RAHAK
FEALBE AR L1 ¢ 80 Sy I I Fe A A5 4K .

2.2.2 IfEEPAWEE LS BOIREE.
5% JEAEFL 1% BSA 1% M. 2% BIEE AMEN
SO ELTSA Ak 47 2 1 5 I 375 B 5 F 47 460
mPFE 5,5 H 8RS E W N 1% BSA i, P/N {E
Ch 7.8) Fe K H I B #5719 Epitope-ELISA £ 7
O R AR RN 126 BSA,

DIMUV  TA 75 PTMGEAHNPKATIYAEY ICKKDFVDR 99
DIMUV  DK/TH/CU-1 75 e 99
DIMUV ~ GDHD2014-3 /- R S 99
DENV-1  HNRG24827 75 --Q- - -TLVEEQD-NFV|-RRT- - -- 99
DENV-2  Pk/Swat-02 75 --Q- -PSLNEEQDKRFV}- -HSM- - - 99
DENV-3  D83-144 75 --Q---IL-EEQPQN-V- -HTY--- 99
DENV-4  EHI310A1298Y10 75 --Q--PYLKEEQPQQ--|-RR-V--- 99
WV USA 75 cemeen D- - -DPAFV[-RQGV--- 99
WV FtC-3699 75 cmmnn D-RAPPAFV[-RQGV--- 99
JEV  HENO701 75 --T-----E-RAPSS-V|--QG-T-- 99
JEV  CC27-S6 75 --T-----E-RAPSS-V|--QG-T-- 99

4 BEREREFREZEREFILER

Fig. 4 Homologous sequence comparison of flaviviruses




1964 EOMoB OE ¥ O 18 %

YAEYI YIRTPACWD E protein

Anti-DTMUV

Anti-JEV

Anti-DENV

Anti-WNV

ES5 nERCSHEFRSMELETREXRNESSHT
Fig. 5 The cross-reactivity of the epitopes to the Japanese encephalitis virus (JEV), dengue virus (DENV), West Nile virus (WNV)
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Table 4 The optimum antigen protein coating concentration and the best dilution of the serum (ODys) um )

I 55 7 e VAR PR RN E AU E/(ug » mL™") Coating concentration of antigen protein
Sera dilution 64 6.4 0. 64 0. 064 0. 006 4
+ 1.5184+0. 025 1.23940. 024 0.85940.022 0.669=+0. 035 0.55840.035
b - 0.243%£0.025 0.204=0.011 0.17640.012 0.15320.08 0.15240.011
+ 1.23240.053 1.028+0. 049 0.60640.017 0.543240. 044 0.40540. 026
b — 0.211+0. 020 0.163+0.012 0.11240. 025 0.1124+0. 020 0.092+0.018
+ 1.05140.076 0.882£0. 045 0.5727+0. 044 0.499+0. 021 0.32340.022
b — 0.154+0. 027 0.104%0.017 0.09340.017 0.074=+0.016 0.068=+0.011
+ 0.6332£0.058 0.521240.014 0.4337£0.018 0. 34320. 040 0.240=£0. 210
b - 0.11940. 006 0.079240.016 0.067=40.014 0.0602£0.011 0.05440.012

x5 REHARNHE
Table S The optimal blocking agent

3} 7 Blocking agent

o

fﬁmeter 5% B 2B SUMMERL  LAFmWAEE 100 A&
5% polyvinyl alcohol 5% skimmed milk 1% BSA 1% gelatin 2% ovalbumin

PR PR S 2 {1 (P 0. 838 0. 831 0.803 0. 805 0.828

A 1 S 24 (B (ND 0.148 0.134 0.103 0.112 0.124

P/N 5. 66 6.20 7.80 7.19 6.68
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2.2.3 LI de A S I (8] B 51 58 Bt R
A2 0 M 08 B A ARV B I A B P U & B 1t
T 0 B I 1843 95 R 37 °C 45 min, 37 °C 60 min,
37 °C 75 min.37 ‘C 90 min, 4 % W 5% 6, 24 F i i
B4 1 h e, P/N {5 K, Ry 7,327, 4 itk B 2 I
T AR A A 1 h,

& 6 I iE & 4 = AL B (8] # E

Table 6 The optimal reaction time of serum

RN 175 /F F B [E] /min Reaction time of serum
Parameter 45 60 75 90

FH M - 4 {E (P 0.716 0.828 0.832  0.896
B3P 24 5 (ND 0.109 0.113 0.128  0.131
P/N 6.569 7.327 6.500  6.840
2.2.4  ZHUE AT ROV N R A8 L

NSRS A L 5, 0 B B R4 g0 Sk 37 °C 45
min.37 ‘C 60 min.37 C 75 min.37 ‘C 90 min, 455}
WE 7, —HEAENY 1 h B, P/N {H N 7. 643,

0.8 7
0.7 1
0.6 1
£ 0.5
2041

e LA AT B, I T A G 0 45 R 90 e B
AT E 2 1 h,

RT BRIIREREABEHNHE

Table 7 The optimal reaction time of enzyme labeled antibody

ZHuAE R[]/ min

B L 4

Reaction time of enzyme labeled antibody
Parameter

45 60 75 90

FH P38 (P) 0.768 0. 879 0.969  1.027
5 - 24 {5 (ND 0.104  0.115  0.138  0.149
P/N 7. 385 7.643 7.022 6.893
2.2.5  [IFHME G 18 6 e H 4 DA 3 56 i ST

(1) ELISA o4 & 214, %F 25 431§ DTMUV [ 14
L35 RE S EAT ARG UL P 6 R 4 205 S 5 9 I A
() ODyso o F9 = FIT s B BHME I FL{E = 0. 235 +3 X
0.046 5, FZA5 B P PRI S8 0. 375, A& I
S5 =0. 375 B BH R R I &5 SR <0, 375 Rk
B4

s $HE

8 0.3 1
0.2 1
0.1 1
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Fig. 6 ELISA reactivities of DTMUYV synthetic peptide with negative serum samples

2.2.6 FRmrEE g FHE 2 a7 1 s 5 1
Prls A ELISA il J7 ¥ x5 DHV-1 \DEV ., MD-
PV B I 7 LA K DENV ., JEV, WNV % 55 35 [ 1
MG, 258K 7. DTMUV BH M I35 16 I 45
S0 PR Al 5 75 BH Mt v R I 25 SR 34 Sk B
OD fH/NF 0. 375, ULBIAHEFE &7 i) ELISA il
5385 55 b s 25 BH M I 3 VA B8 LRI R SR L
BT

2.2.7  HEp e E R G MG G127
SITEE R IR S M N ELE IR R REUNT
9% it 1) T 42 MR IR B0 AR S R B /N 1106 BB AR 51
152 d 57 1Y Epitope- ELISA 2 Wi 7 v T 4 1 BT,
2.2.8 MR R FH 457 19 Epitope-ELISA
i 77 ¥ 55 a3 AR S CSND bR o R 5k X
126 53 8 1L 35 FF 5 SEAT A0, 0L 2 9, I ¥ v A B

>
ov]
@}
es}
- b
Q

D
Iy Sera
A.DTWUV B 3% 5 B. DHV- T B 3% 5 C. DEV BH 4 1
i ;D. MDPV [H Y I s E. DENV FH P 13 s F. JEV B2 i
3G, WNV B4 i 7%

A.DTWUYV positive sera; B. DHV- [ positive sera; C. DEV
positive sera; D. MDPV positive sera; E. DENV positive
sera; F. JEV positive sera; G. WNV positive sera

7 fHFRERKE

Fig. 7 The specificity experiment result
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3 ARSI 10T 47 1 BE R L3 (PO 5 25 431 B 44 1l
{if (N) . Epitope-ELISA J5 % 70 il A5 0 21 97 4314 F
PEIML (PY 5 29 £y 1 928 1L 75 (ND 5 3 Aol A 00 7 725
— A RIEA 97 WG FHAE ML 5 25 43S B M

x8 HH MEESHRKEER

Table 8 Intra and inter-assay of ELISA

1 DALY o A 5 R A o D 315575 3] Epitope-
ELISA A6 25 5L (5 A X 45 551 R 100 %6 4 H X6 &
BEHR 96% .,

N i #HE I Intra-assay R % Inter-assay
Sample No. x5 BRRE/ % CV Tt BRFRE/ N CV
1 0.435240. 026 .89 0.42140.035 8. 31
2 0.669+0. 054 .07 0.71240.063 8. 85
3 0.792+0.061 .70 0.83240. 087 10. 46
4 0.51840.035 .76 0.52640. 052 9. 89
5 0.156+0.012 .69 0.15540.017 10. 97
6 0.17740. 009 .08 0.18240.015 8. 24

F9 MFHFXYEES Epitope-ELISA I i # JIl 45 R 33 bk
EWE
Table 9 The result of SN tests and Epitope-ELISA for detec-
tion of DTMUV-related sera

R I 754 §s87
Epitope-ELISA(P) 97 0 97
Epitope-ELISA(N) 4 25 29
M4t Total 101 25 126
33 i

08 XH A3 5 005 B B T 00 B B RO R R B
J& AT E SR R0 A AR R e o TR O B R
A5 A9 T LY 1AL AF AE — 2 19 58 SRR FL T DT-
MUV E & [ 8 57 19 E-ELISA (E-Protein-Based-

Enzyme-Linked Immunosorbent Assay) Ifil /5 %12 Wr

J5 2 LA B R P 4l i K 35 R AR O PR AL
ELISA L3 2712 Wi J7 1k 5 47 75 80 55 BH P 13 /9
38 SV [ AL 33k Shy W HEL A S0 B 12 I R T
—E PR AE AR I ) W AR R R A R B
ik ¥ — 4~ DTMUV E Z& [ % 5 ¥ 90 5 & 7
YAEYL M RN 7 T Epitope-ELISA 2 Wi 7
i Epitope-ELISA 12 W J5 i — 4 S M ity 46z il
J5 ¥ T AU DTMUY FH M 1 % HL AT R 1
177 % 5 A Ah 28 1% G 5 e TR B MR L v DL &

DENV . JEV . WNV £ 4 i 78 A BA KM .

AW FAALSE T Epitope-ELISA [ I &
3 o) R T R AR E PR R A S R i B
AR BE A 6.4 g« mL ' LY A B A A B B 4
180, Nyik B B AR ADIG L 120 BSA
1y 3t AR e R R BE s/ 1 AR R e g & . A
ST 1 Epitope-ELISA A9 J7 16 %} 25 £y 15 BF 7
ML 75 R A7 ARG 00 R G T 45 B e 28 A o 9 PR 1 e L
{HM 0.375, ¥Rtk FH,DEV.DHAV . MD-
PV .DENV.JEV 1 WNV B i 5 45 i {8 35 > 9]
PE B RIS DU 5 BB AL B X T DTMUV LY (1)
il . Epitope-ELISA £l 77 32y #t 8 48 7 R4 h
5.08%~8.07% LMl AE R R EH 8. 2426 ~10.97%,
AR5t R BCER /N T 1106, 8 BA [R] — 4 78 A LR A
[t 1) ELISA A i & i 25 2R 25 5% 8 K& i
HARIMELE., HELH Epitoe-ELISA £
75V T LT o R0 36 X 126 4y B9 00 3 RE S AT A
D, DA A R 50 Ry A B 2 101 45y B8 B P 1 v A
i s 25 0y B9 B PR 0 9E AE A 43 5 7E R Epitope-
ELISA K500 J5 ¥ %5 3% 101 £ 1 BH 4 1, 3% A & i 47
R, 45 5 A 97 4y FHA%E, 25 £y B e, U AR X 4 5
P 100 % , 1 #) ] Epitope-ELSIA # I J7 ¥ %} 25
9355 B 1 03 A ARG 0 45 SR o 359 A B 2 L ) A X6
U Ry 96 24

B4 55 g 57 1Y Epitope-ELISA 5l J5 2
JIFAG 00 3] 1 B AR S OD {8 ¥R A% 7555 F0 g B
WA R — i .
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