A2 0 T OB % XiF FBERSMERERPRERFOTISNES
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Oct. 25, 2020, 36(10): 2206-2215
DOI: 10.13345/j.cjb.200117 ©2020 Chin J Biotech, All rights reserved

c EMEARET

XAt kS, A, BRES KRREEL AXE Y, pAeC

1 bR, L7 LM 110866

2 thEREER A YRR RIRREY S e S SL e, Jbat 100101
3 EEB2ERE RS, JLaT 100049

4 EREEEHEY R T YA =R, by 100101

5 LUK, KB A 230601

XU, 5KOG, BUHARK, . BRSO LSRR S T RE BT Bl MM RE . AW TR AR, 2020, 36(10): 2206-2215.

Liu Y, Zhang Y, Wei YQ, et al. Development and characterization of serotype-specific monoclonal antibodies against Dengue
virus NS1. Chin J Biotech, 2020, 36(10): 2206—2215.

B E: BF R4 (Denguevirus, DENV) R &HRAEE R A | 260 REE R A, b T2 ik KA B 4 % o do 5 A
HEBHRR, FRAERIIBALIRTERE R ORRBOESAT. HFINLAF ki 57507 R F) f i A
DENV &%, KR KA HILsh M e 293T Rk F464 7 4 # DENV @iF# NS1 & &, L% REdit 425G
HARBE T Axt NSL & & 098 ik duik. F) R BEEX % 92 R W 7 % (Enzyme-linked immunosorbent assay, ELISA).
Al 4% %, 9% 3% K% (Indirect immunofluorescence assay, IFA). % 9% 55 4 X3 (Dot blotting) VA& & & Jj %95 ¥P
@ K5 (Western blotting) #A BT 4 & 49 3% 5 IE Suk RE 95 A 2R A R A A2 NSL AR Z 4 NSL & & . RIFe9% %
ARk 8.4 2 B4R T2 %] 1-4 & DENV NS1 & & 4918 8 & ik & 3 4k 51412 DENV-1. DENV-2 #= DENV-4 #) fo
AL AR VA BT 4] &6 DENV NS1 #uk A A gk, ROR A0k k8 ELISA +T Brik % 5| R F) fo 75 % DENV.DENV

A AR I AR 69 ) & A 3R 5] DENV i A ELISA T ik 9 2 32 o4 Bk % 3| & 3 DENV ik A 49 15 R4 b
B T Ak,
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Abstract: Dengue virus (DENV) is the most widely transmitted arbovirus in the world. Due to the lack of diagnostic
technology to quickly identify the virus serotypes in patients, severe dengue hemorrhagic fever cases caused by repeated
infections remain high. To realize the rapid differential diagnosis of different serotypes of DENV infection by immunological
methods, in this study, four DENV serotype NS1 proteins were expressed and purified in mammalian cells. Monoclonal
antibodies (MAbs) against NS1 protein were obtained by hybridoma technology after immunizing BALB/c mice.
Enzyme-linked immunosorbent assay, indirect immunofluorescence assay, dot blotting, and Western blotting were used to
confirm the reactivity of MADbs to viral native NS1 and recombinant NS1 protein. These MAbs include not only the universal
antibodies that recognize all DENV 1-4 serotype NS1, but also serotype-specific antibodies against DENV-1, DENV-2 and
DENV-4. Double antibody sandwich ELISA was established based on these antibodies, which can be used to achieve rapid
differential diagnosis of serotypes of DENV infection. Preparation of DENV serotype-specific MAbs and establishment of an
ELISA technology for identifying DENV serotypes has laid the foundation for the rapid diagnosis of DENV clinical infection.

Keywords: Dengue virus, NS1 protein, monoclonal antibody, serotype-specific
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fever, DF) fEdk, n&ke. k. BEEZHIME
SEMPR, TERPE ST RIS, 7T LA,
TERBOHRRE DU R, 40 R S R e el L A
JEAC T B o] RECE M #4 (Dengue hemorrhagic
fever, DHF) 1% i {k 5 25 & 1k (Dengue shock
syndrome, DSS)™ 2. yycigk 2 x] I Y
X V7 L7 TR 74 A 4% By i 111, B DENV 7
TE BT AR M SR e 4 5% (Antibody-dependent
enhancement, ADE) MLl , & Bl F #1844 o
DENV, 4k & B Ys 5l i 15 7495 75 i 0T 45 ) 5 | ke
T O 9096y T B IR E
KH#S2E 15 Z VAT W JLEE, X 45 R Fdt S il 1
R RO LR 22 %t 4R,
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NS2A. NS2B. NS3. NS4A . NS4B #l NS5), NS1
S AR AR B A Fp v — ] A0 2 A A 1
J& DENV HEEWERE 7, EREALH . Wi
ZF 2 D) R ey b 3 v 8 o 4 AR RS RS AR
AH B J5 2 9 5 — R BV AT £ I v PR 1) NST,
1 NS1 4% FAER I DENV 8 i £ o s p o
X &3] ADE I, X Zuosige i, ROREIA
PR R EE LS T, IR TR, X R E
W EAE A MR EEE . Hre b
() DENV L85 27 R ™ it 32 T2 DX 40 BT I G 11
FEIMERY, RO & PCR = i LIX 4y, {H
M T BE9S T 2t PCR G A% 52 56 2= (= R T 21>
B GO B Be, W IR R KR 2 AL T A K
X, AR, a0 ELISA . e 4 fa%
EHr8 AR (Immune colloidal gold technique, GICT)
%, HA AN BEFERENMTSE, HItgE®
X 439 B 0L 375 769 A9 G 8 27 A N 4 AR B3 B 24 T Y
SEPRT K o

ABF5E R ] 293T 4 i ik 1-4 B DENV NS1
HAEN, LEMZENai b5 %% BALB/C /MR,
il & T 2 ¥kt DENV-NS1 38 FH % K i 375 45 55 50 2
FOREPTIAR . FRATE RITES] 3 MRAEAS FE U
— ME R PTAAR, JEF X Eehi iR ELISA Jrikhg
A R B DENV (ISR, Ay 5 s
WA RIG YT 7 R AE— 098 NS1 A9 Dh RE 24 5
SER

1 MREFE

1.1 ##l
111 ok, REMER

LA AN i C6/36 4. N E R 4n i
HEK293T 4 . /INBLE-HE58 40 L SP2/0 4l . &
W3Rk 34 pcDNA3.L TR 4 AR S22 R AT, 4 Fil
MiH % DENV #Fbk AL =R, 7050
Dengue virus 1 Nauru/West Pac/1974, P17763;
Dengue virus 2 Puerto Rico/PR159-S1/1969 ,
P12823; Dengue virus 3 Singapore/8120/1995,
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Q5UB51; Dengue virus 4 Thailand/0348/1991,
Q2YHF0. ##uWi#: (Yellow fever virus, YFV),
FERWIHE (Zika virus, ZIKV). T8¢ 255 (West
Nile virus, WNV) . 4% fixi 98 %5 7 (Tick-borne
encephalitis virus , TBEV) il H A 5 4 5 &
(Japanese encephalitis virus, JEV) #ZH NS1 &
HI AR S 86 2 il 25 T R A (20l & 5 M NS1
i i L DR B B A% 2R 38 BT RL pET-32a/YFVNS1
(GenBank:JX949181) pET-32a/ZIKVNS1
(GenBank:KX266255.1) pET-32a/WNVNS1
(GenBank:JX015523.1) pET-32a/TBEVNS1
(GenBank:KJ922515) . pET-32a/JEVNS1 (GenBank:
NC_001437.1), # 1t KW FF i BL21(DE3), &
IPTG SRk . HEFREE G EAZEIHRTT).
112 EERA

DMEM 4l 55 3% 3% \RPMI 1640 4 fifg 5 57 5 |
BG4I (Fetal bovine serum, FBS) #4543 H
Gibco A w7 il s KA A TOP10 J&sz 2540 i
RA SIS R A s PR PEN DTN Not [ . Xba I &
T4 DNA JZEHEFE A K% T AEY) TRARA A
TMB iKY B A . Bk 4R & . BCA &I
IR & B A R A AR A R A
LinKine™ HRP {855 & H st L5
w596 FLAEFR AR W [ IR AR DR A PR A
Protein A SEF1ZH1H: . Ni-NTA His Bind Resin I3
Bt XS EYEARA WA A B A
fitf (Horseradish peroxidase, HRP) #ric 1L EPT
W 19G W A AR A EARARA A /NEBT
6xHis 52 5o RPN 3 3 5t 15 B s B Kk
JEARAE; ISR 3 IR 58 Ak 1
H Sigma 47 ; Lipofectamine 2000 1 [ 3% &
Invitrogen 23 H] .
1.1.3 Y

6 JAil SPF it BALB/c /NIl H At 5t 4
AR S A R
114 HMREREESR

5275 C6/36 M, 7E&A 10% FBS 1640 K57
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Skrh, 28 C. 5% CO, #5746 TR, FER B
JZAMMEIE , S BIIERD 4 R iE R DENV, BZFE 1 h
Ja, FERFIE, HE S 1% FBS RPMI 1640 £
FRILARLE TR, 4-5 d SRR AR R TR, &
FRES R TR, —80 CIRFES . & 75 293T
i, 7654 10% FBS DMEM 4 it 1% 37 3
37 'C. 5% CO, I Ff i 72 =X 40

12 KWHE

121 HBRZIBEMWEESRE

DENV f 4 Fpifi i NS1 2 13k [H 7 41
(DENV-1, GenBank: KX452065.1; DENV-2, GenBank:
KX452045 ; DENV-3, GenBank: AB189127.1;
DENV-4, GenBank: AY858049.1), |74 %+
HALIEAE C 3w A 6xHis AR5 5 H 95 M 4 MER A
PR A R A R AT N T A B PURD H B3 K
2 Not I /Xba T AUFY] J5 ve ke 2= HA A A i 1437
i) pcDNA3.L #ifk, Wyt A RAEMAK, ik
TOP10 JEaz A4, wAk)s, PRBCREE TR
W PCR M XU DI A TS 7 o W 28 55 5 25 S R PR
3% 2 A T I TE A Y BOR A R /1 o
DU P 45 S TE i 1 SOk R FH B B AR e ik, 43 5ol Gk
A gL 28 PR AR K1 293T Ziiffi T (Lipofectamine
2000 S5FCRIIRA Y, 2.5 uling), #EfT/ b KikFt
AE, [FIRHEE Y pcDNAS.L 23 [ F0RL A 240 il
FIPEXT R, B4 48 h J5, /NPT 6xHis Frss
BT BT AR X e 1 B 4H R ORI EA T Western
blotting % 7E .

1.2.2 1-4 % DENV E4 NS1 BEHAKH &

P ER RN BN o 5L gy 293T i i 47
KRk, DWOREA. Mk 720 5, 41
WEREJE 1300 r/min 5.0 10 min ZER41IETLE, &
0.22 um JE AL 8 I B 10 kDa # BE vk 4 45 kA 7
Wedii . @it AKTAFPLC & 12U e T s
T4 B A E N & Superdex 75 43T = AT 4tk
e BFREE 0%, SDS-PAGE %iE M 4
1.23 /MR

4ifbJ5 ) DENV 1-4 BIE 4] NS1 5 HIR
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BIRVE ARSI, LA 60 g/ HA 7l -5 9 Rkl
FLAb 5] 6 ik SPF ZeifEr: BALB/c /Ny #i
BT 2 X, 42 6 HU/NR G A 2 SRR G g
—k, g 4k, BURREE 7 d, /MERER
KDL, A ELISA I 5E G/ N, it
PR fe s 0/ INEREA T ol B0, IR S s
Jit, 100 pg/fE . 3d 5, /N A4 SRR IS A A
1.2.4 Z3cE M RLE 5k

FEMaLam il 5 SP2/0 4ffiglh 105 M LR H
PEG yEHEATRlG o Al 5 A0 R f [ A% 37 38 (%
HAT) 47 i BE 35 5% o W01 8] 38 2 7] 422 ELISA J5 ik Xt
Phik i) FeREMEA T 2 U 6, B 2R 0 e BH A A R
1.2.5 DENV NS1 B igEhiksl & 5% F

0 0 2 i PR SRR A A 10% FBS 1640
Beedt . 37 'C. 5% CO, ¥53esih KBRS,
2 A I R BOYII HEA T R, LA 1081
0.5 mL/F Ay 5] s v S 30 kA e SO /0 B
o, R/ NERUE R R BRI 7K . LA Protein A
FAZMAE A LI K5 3 ¥dT, SDS-PAGE %5
BABTAE
1.2.6 [H¥& ELISA

FHAL #8439 B¢ 1-4 AU E 20 DENV-NS1 &
M. EHVREHE NSLEE T, ZERWHE NSLA&E . 7
Je i EE NSL &, MUL IR 8 NSL &, H
AWk EE NS AR, (2R EEN 2 ug /mL,
100 pL/fL, 4 °C, i ALHY; PEil PBST ik 3 1K
3% BSA £ W ENA, 200 pL/fL; 37 CIRAAME
2 h; Ve PBST ¥E¥ 3¥K; —Pi(r NS1 #dp) .
B P o R (R A g/ RS ) , ¥k 100 pL/AL,
37 CURAHMF A 1 h; FHPEM PBST ik 3 1k 1L
B 19G /> —H1(1 © 5 000), 100 pL/fL, 37 C
TRAAMEE 1 h; PEM PBST ¥R 3 I WA TMB
100 pL/AL, #EEEE 10 min 2245, Ha LA
50 pL ZRWHFATE . BEbR{EH 450 nm &b
Wefh
1.2.7 [EBRERIGRE

¥ C6/36 ANffusl = 24 fLRh, 2912 h 540
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Ji 4% A 31 80%)5 kY 1-4 B DENV, [AiH% &
IR Y A M AE Ry 7S O B R 40 B R O
IR, FWEH (20 C) 4%2 5 H i 25 1 [ 5
10 min; i PBST ¥t 3 3 ; 5% BSA, 37 C, 4]
1 h; MA—#T (ZlifbfEHE7K) 5 pg/mL, 100 pL/AL,
37 ‘CH¥H 2 h; PBST ¥k 33k ; #BHEIIA FITC Aric
HIEHEL 1gG (15 000), 37 ‘CHREGIEE 1 h; H
PBST ¥k 3 /5 (FFaiiEt) FEDO6 WA Tl
1.2.8 HHREEITIAR

& 1-4 AIE 4 DENV-NS1 HEH %
SDS-PAGE J5#: % PVDF G754 1% BSA.
S5%LAE Uk TBST HHEREA 2 he &M
DENV Hit (1:1000) 7EA—$t 4CHF LK,
TBST ¥ 3¢k, £ 10 min B i Ak (HRP)
PRic i EBT R 19G fE —Ht (1 : 5000) == i
H 45 min, TBST ¥k 3 ¥k, &K 10 min, /a1 H
L7/ AT ASREG I FogTS -
1.2.9 BEAFAL

C6/36 4 /sy 1-4 %I DENV, [RIAFEE A
SR A LA S 23 IR R RIS AR S i A 2 A 2% e
WS R, IPH HIRER IR A A R B |,
B 2min J5 £ 1% BSA £/ 2 min, 7ESHA—PL.
ZHURAW (DENV HHT/E R —HT 1 1 1000, HRP
PriclEHT R 19G /2 =4t 1 © 5000) H#FE 10 min,
FH TBST ¥k 3 ¥k, Bk 2 min, f)a il FARY) & 6
5wl TS
1.210 MHLHRI.L ELISA ARk i 1

DA 326 AR A5 1 38 FH ) B b G bl A bl , Rl
FH TR I3 TR S BRSO R 1 e g, 2
RbRIC S I S F (LinKine™ HRP i
FIEr), 43Sz TR 4 Fhofy 75 % DENV A A] 4R

Sk DENV-1, DENV-2 1 DENV-4 (¥ ST {4
> ELISA J5ik o RAES e 4 FfiLiis L DENV
J& 3 d G BB /N B AGL29 1 i LA B AR B
AR BN RIS, ) RT-PCR %ERHMES, M
HE Y ELISA J7 b T4

2 HER54M

2.1 1-4 % DENV EAKRRMWE K RKiE

DU AP I35 %L A DENV NS1 B P gt e AT
B U YERE B AL HUAK pcDNA3.L, #HEE 4 R0k
ki, X ERINN 4 FhFOK. pcDNA3.1-NS1-
DENV1.pcDNA3.1-NS1-DENV2 . pcDNA3.1-NS1-
DENV3, pcDNA3.1-NS1-DENV4 LA K %) 18 25 2 A&
PcDNA3.1 43 %5 4L 293T 4HMEf5 , %40 & 1
PE1T Western blotting ZiA50E, 2558 (K 1) &
AN, FEYY 4 FhE AL ORI 293T 4 fE 48 kDa 4k
B —4EE A, 5 DENV A9 NS1 & H K/h—
. SRMFLE Y75 3k pcDNA3.L 1 293T 4if
(Control) A 457 . KW ER 4 BRI T IE
WRIA

2.2 1-4 % DENV E4H NS1 ER 41k
4 44 TERA 38 R 43 1) % G 293 T 4 it i 4y
K FibE, WHEHFE O 300 mL 4 i,
Wedi J5 2R M E B o 1 2 M alide, RIS 4tk
HHMEN ., FEH% SDS-PAGE (K 2) iF, 4%
RO B TE 48 kDa fi Fik, H&AHH—,
HRN—2,
2.3 DENV NS1 B EiikE &
NEUEAIL S SP2/0 4RAE /ARG 5 2 [ Aks
FREE (% HAT) BEATOREES 5 . I3 IA] 3 Aok ] 42

DENV-1 DENV-2 DENV-3 DENV-4 Control

GAPDH antibody | te—— — G S 3 )

1 Western blotting #2: 4 # &40 BRI 7E 293T AR RiE
Fig. 1 Western blotting analysis of the expression of four recombinant plasmids in 293T cells.
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kDa M DENV-1 DENV-2 DENV-3 DENV-4
75 —

TTTT - - - . s
45 — w—

35 — -

25— .

15 —

10 — -

2 M#m;ER DENV Zi{kEL NS1 &R SDS-
PAGE ¥ %E

Fig. 2 Identification of the purified recombinant NS1
proteins of DENV 1-4 by SDS-PAGE.

ELISA Jrik Xt ki i e b b4 T 22 R O e, 0 ke
30 AR FH A5 ARk , pLak Hrp 5 MR TS
SRR, 4> 90E 1A3. 3E9. 10D8. 12C2. 13B11.
SR Ve 1 S o A 0 i % % B0 I )
/N U s il 25 I 7K o AU FH Protein A S5 FIZ A A X
K #AT4l4k, %4 SDS-PAGE %5, 45REIR,
aifb s PRI 2 KREA K, TR
435 48 kDa Fl 25 kDa, 5 {4 i) 55 e 5% K
MEFFE (B 3).

kDa M 1A3 3E9 10D8 12C2 13Bl1

135 — ==
100 — a—
75— .

45 —gp - b o e @w < 8kDa
35 —-.
L I — <« 25kDa
15—
10—

3 SDS-PAGE £7 5 #k4h{k DENV NS1 B
Fig. 3 Identification of five purified MAbs against
DENV-NS1 by SDS-PAGE.
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24 BREREYNREFFMEEIE

VLA 3 0 R 11 40 Ak BT R AR By /N BRI 43
BV —Bt, FFRIE ELISA J7 kil 2 B ve i
Rt a5 EoR, diik 1A3 Fi1 3E9 Xf 1-4 7Y
DENV NS1 & H A8 & RO, HUkRm
iK% 1 : 640 000;Hifk 12C2 HEH*F DENV-1 % NS1
BB SR, PR AE] 1 1 320 000;
Fifk 13B11 HAEF %) DENV-2 % NS1 2 14 5 & 4
FOWE, PLRsris®] 1 640 000; Hifk 10D8
HUEFXT DENV-4 7 NS1 8 1A 8 @ B R ik, Bt
A 10 640 000 (K 4), I HEERER,
il 28 8 BT LA B 7 R e R R L A
WEE . HARMRWEEE . WL R EE . Ve BN
B NS1 BTSN, F B a5 bkt
DENV HA R4 15 1

Btz Ah, a2 R e B A (F
HA) (B 5) DI EARER SR (KA
JREEEE 1) (&1 6) SRS UF B e PP I AR S
S5 EBoR, 1A3. 3E9 HUikXt 1-4 # DENV 5 &
B A R, 12C2 Pk K% DENV-1 i 5
EAA RSN, 13B11 Pifk HAHXT DENV-2 Al
HEAARSME, 10D8 Hilk H4H%T DENV-4 7
WEE AR, S ELISA K4 R —
e, UEBH T RIS A BT AT DURR S UM R AR e F A
EA
25 [EEFERLIRE

e 0GR (IFA) 25 R BR, Hl4&m
P a] 5y DENV ) C6/36 40 it 7= A i Sk I
N, FEANALE A B B LT s e (8 7). Hodhdt
A& 1A3 F1 3E9 Xt 1-4 Y DENV 54 88 i TGk 5
Fifk 12C2 HAFXT DENV-1 B & s s e #t
& 13B11 H4H%+ DENV-2 BUA &g i ok s Hilk
10D8 H &l DENV-4 I 55 w5 (143 P 5 1 A g e
R T HRLL 34 R BT (0 ), WX 5 Fep
LR 5 RN RS

. cjb@im.ac.cn



2212 ISSN 1000-3061 CN 11-1998/Q 4= ¥ T Fi#k

Chin J Biotech

Binding to DENV 1-NS1
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5 Binding to DENV 3-NS1

L «1A3 = 13B11
=+3E9 - 10D8
-+12C2e-Control

Fig. 4 Binding of MADs to diverse flaviviruses rNS1 proteins determined by indirect ELISA. A variety of rNS1 of
DENV 1-4, ZIKV, YFV, WNV, TBEV, JEV were coated separately, and then confirmed their response to MAbs (1A3,
3E9, 10D8, 12C2 and 13B11). These MAbs showed specificity for reactivity to DENV rNS1 only.
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3E9
kDa 2

100

M 1 3 4

- 48 kDa

15
E 5 Western blotting £ 4 #10;5% DENV E4E NS1 EQ 5 S B HMERUEES

Fig. 5 Binding of MADs to rNS1 proteins of DENV 1-4 determined by Western blotting. M: protein molecular weight
marker; 1: purified rNS1 protein of DENV-1; 2: purified rNS1 protein of DENV-2; 3: purified rNS1 protein of DENV-3;
4: purified rNS1 protein of DENV-4.
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T~ Antigen
Antibody

DENV-1

DENV-2

DENV-3

Negative
control

DENV-4

1A3

3E9

12C2

13B11

10D8

#l 6

°

MaRRRKEE 4 #MEE DENV XAREEBL NSL 5 5 kB RMERMEES

Fig. 6 Binding of MADbs to native NS1 proteins of DENV 1-4 determined by dot blotting to determine the reactivity of

five purified MADs to supernatants from DENV-1-4-infected C6/36 cells.

DENV-1

Virus

DENV-4

Control

7
Fig. 7

Antibodies

1A3

3E9

12C2

13B11 10D8

BERBRNAETE 5 HRBMS L 1-4 2 DENV &Y C6/36 4 &Y R L
Indirect immunofluorescence assays of C6/36 cells infected by the DENV 1-4 with anti-NS1 MAbs. 1A3 and

3E9 exhibited reactivity to all of the DENV1-4 infected C6/36 cells, while 12C2, 13B11 and 10D8 had specific
reactivity to DENV 1, DENV 2 and DENV 4, respectively.
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Fig. 8 Double-antibody sandwich ELISA to detect
different serotypes of DENV infection.
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