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Abstract: A simple, fast, and visual method for detecting antibodies against peste des petits
ruminants virus (PPRV) using colloidal gold strips was developed. In this study, the pET-32a-N
was transformed into Escherichia coli Rosetta (DE3) for expression. Hybridoma cell lines were
generated by fusing SP2/0 myeloma cells with splenocytes from immunized mice with the
expressed and purified N protein of PPRV. The PPRV N protein was labeled with colloidal gold
particles as the gold-labeled antigen. The N protein served as the gold standard antigen and as
the test (T) line-coated antigen, while the monoclonal antibody served as the quality control (C)
line-coated antibody to assemble the colloidal gold immunochromatographic test strips for
detecting antibodies against the N protein of PPRV. Hybridoma cell line designated as 1F1 was
able to stably secrete the monoclonal antibody against the N protein of PPRV. The titer of 1F1
monoclonal antibody in ascites was 1:128 000 determined by indirect enzyme-linked
immunosorbent assays (ELISA), and the immunoglobulin subtype of the monoclonal antibody
was IgGl, with kappa chain. The obtained monoclonal antibody was able to specifically
recognize the N protein of PPRV, as shown by Western blotting and indirect immunofluorescent
assay (IFA). The developed colloidal gold test strip method was able to detect PPRV antibodies
specifically, and there was no difference between different batches of the test strips. Testing of a
total of 122 clinical sera showed that the compliance rate of the test strip with ELISA test was
97.6% .The test strip assay developed in this study has good specificity, reproducibility, and
sensitivity, and it can be used for the rapid detection of PPRV antibodies.

Keywords: peste des petits ruminants virus; N protein; monoclonal antibody; colloidal gold;
antibody detection

/NP (peste des petits ruminants, PPR) R TEIR, HALIEREE RNA JEN4], 665
-t/ A4 S PEk B (peste des petits ruminants 6 FPZEMIE T, fLHE A 5E & F (nucleocapsid,
virus, PPRV)5 M —F R FMBFAE/NL 4380 N) . B & (1 (phosphoprotein, P) . il £ & 1
Y s e e . PPRV JB FRIZGEHFR  (fusion, F). LT [ (matrix, M), L% 2 & A
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(hemagglutinin, H). X% H(large, L)A 2 4~
LRI 1(C A V)R, N R PPRV B2 i
hE i E HmE RSN 1, ERRE W
B E LN EEEE T, 78 PPRV Kl FIE sk i
SERVEIR, T B AR vk LA R R S
PEFIAS SO M, 1R A BRIZ s 1 1R 12 W
e M, MR R B R ST R R R
SYFFANOIHT, K PPRV 530 AL, 1AL, 111 3
FIIV B 4 AR [R] sk (L1 2/ 0

PPR FEImKRERI AR DR HIEH
fili %, Bt S 8% A= 2H 4 (World Organization
for Animal Health, WOAH)SI Jy 4 4f 15 i) 5 )
Fedi, FE A — S W . o
F&FH IR AR A R, X E Ol s R R
I TIR . Rk, AL WOAH BA
e T PPR ARy H A bR e R, DA
HAE R PPRI. HATIRER PPR 2R T K
MRS e, () 2 1 PPR 2 i 2 7R 40
L 35 I W b & S AE A 75 RO EE SR IR AR 1Y
Nigeria 75/17, R4 F Nigeria 75/1 55725 4 it
FiegE, ATLMEshPRAT 1 AR e ),
HRGERFAGESEN R, N RERER
W, 1S EHEA A4 PPRIBTER: . R, #
SL—FPPE Y PPR PRI vk % TR [E PPR
A R4 A R L

PPR SZI6 % B HUAR I 7 s A 455 5 B P A
I (virus neutralization test, VNT)®! Byl EEN fsss
P HUR K (agar gel immunodiffusion, AGID)!'” | 4
SEDHTUAIR IR (fluorescent antibody test, FAT)!
1 i S B 20 i 2R 5 WF 3 (reverse  transcription
recombinase polymerase amplification, RT-RPA)!? |
TR SR T 45 3 (reverse transcription loop-
mediated isothermal amplification, RT-LAMP)!"!|
TEFEC S 728 W 6 55 (enzyme-linked immunosorbent
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assays, ELISA)™ . PCRUSY, fh2F &G 43 Hr
% (chemiluminescent immunoassay, CLIA)!®
WA 4 G JZ T4 AR (gold immunochromatographic
assay, GICA)FI ¥ i % )= Mk (quantum dots
lateral flow immunoassay, QD-LFMA)!'", 7
PPR HUARAG I J i rfr, VNT SRkl i G AnifE
W2 WOAH \A] [ bR 51 By 2 Wy vk, (EX)
SR N BRI EOR B, HLARE R ), AN
AR, WOAH #7735 4+ ELISA
(competitive ELISA, c-ELISAE M 4% 02 F 4K
REGPEAG T, (EILERAE D IR, A& S
FH PR E AT CLIA A REE S . FF
SRR SRR AR UL A, T A T A
BRBIF A, AHZIT R Sl ks A 5%
Fori e AR B, PR T HAE A 7 — 2 By I
AU, QD-LFMA SR . SR LI i
HPGm B m, BAR AT IR BT i A
(E R A AR X 8 i 7. GICA PR S fd
LN - R % INAE RS 27 2 8 S 2l
LERGFIE . BT, AWFFELL PPRV N EH
1l 78 -5 v REPUARAE Sy BrpE 2R e iR, LA
3351 PPRV N 2 FE Ry G Rt s A I 2k
BB, H% PPRV KGRI A4 ik,
B TE R A% P A H3E ] TR R AW,
PPRV HT A i) BV isf A6 00 4 4655 ik o

1 MHE7%

1.1 e

1.1.1 #fe. |HRWN. MEFRKEHY
JNERUE BEIRE AN A SP2/0 . A PN %8 B 40 g

Vero . 4 F- S0 40 L . KW #F & (Escherichia

coli) Rosetta(DE3)BAZ A 4fL . #5747 N L E

ZHTRL(pET-32a-N) . A %Y [ 5% %5 % (foot and

mouth disease virus serotype A, FMDV-A)FHE:

B<: cjb@im.ac.cn



4918 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

3% . O %Y [ B 9% 7% (foot and mouth disease
virus serotype O, FMDV-O)FHIEIM Y . 155 5%
#(goatpox virus, GTPV) K FHPE LT . “F FIEWE
2 (orf virus, ORFV)FIAji & [T FH 1l 37 FH 1L
IRAG TR B B B 9 o s A R o S
K= R 175 PPR JERET (Clone9 #)M4 H KEEA: 9
Bt A FRAF; B4R MIEM H Cegrogen 2N H];
6-8 JHl % JC 4 A i 4K (specific pathogen  free,
SPF)Z% BALB/c /)N ih U v LS B sh ) 55
FARAFISRAE; 122 G IR Mg RE T ILARA
M TR Y. BT SE5 3l 34 7™ A e R S
B E R A I o A fR R AT, IR L ARG
AR PR W 5256 sh W Ae B2 D Ss b (ot
HES: 2022001005).
112 EERF

X6 His A28 1 B 5g BEH T (4B 6) FIBRAR 1) 45
AL Wyl (horseradish peroxidase, HRP)FRic A 9T
W 1gG W B bt S e e HoR A IRA w5 Ni
NTA Beads 6FF g [ Kb AR A R
Fl; DMEM}:553E06 H Gibco A H) 3 3 RS2k
L IBRATE RN AR . RS-t
I8¢ 1% J6) 1F (hypoxanthine-aminopterin thymidine,
HAT) FIVR B W54 - i Ji3t 1 (hy poxanthine-thymidine,
HT) H Sigma A w5 A 5g EHTARE % 0E U
& 5 N SR ER AR -B- 2 FLE 1T (isopropylthio-B-
galactoside, IPTG)F PageRuler™ T4t & (143 T
HFREM H Thermo Fisher Scientific 23 7] ; PPR
PiiA& ELISA A0 A50) £ 08 A 1 AR SR A M B4
AIRAR; B NC BRI IR S REW
H F#AN—EYEARERAA,; 41MEHEH
(bovine serum albumin, BSA)J H Amresco 2y
IR (87w By S S Vs VT
1.2 EREHMRIEMETE

P E4H ki pET-32a-N #%1k E. coli Rosetta(DE3)

http://journals.im.ac.cn/cjben

JRAZAANNE, PRBCR S RERERNF 10 mL & 2K
H 82 0 LB ¥igrdkh, 37 °Cididd¥iss. B2 mL
FreFR I RO 2 200 mL S S & R LB
SR I, 37 CHRG IR BN A KW, fn
ALY E N 0.5 mmol/L B IPTG, 37 °CiS5
ik 5 h, BRI, UTTE BRI ELZ2 i ik
(0.01 mol/L, pH 7.4)FE &I M, B.OH
IR TR AR R A N &
., FEuE1T SDS-PAGE 43 #1 }% Western blotting
1.3 M RZR

FHWE R 22 m14(0.01 mol/L, pH 7.4)JH %
alifb i) PPRV N ZE WS 1| mg/mL Jfad gFR
B WA 150 pg/ A, ISR g 4k
FIFLAL, B ERE T 2 mE S BALB/e /MR, %)
WAHIESE I 2 RS TR s, B A O S
RIS A E 2R FLE, s il S iR AR [
WIS . 5 3 IR 556 2 Ul . 765 3 IR
S fa 1 R /N RUIRAE R 1L, 2L PPRV N &
1 AL Y M4 ELISA J5 HEAe i s /N B
WA . EREHUASN B S /N 100 pg/ R
HEAT vl g
1.4 PPRV N EHBTEHRMKS&

W g /N UL A I 5 B BT 4RI SP2/0 4%
1:10 Hf & T 50 mL .04 HIRA), 2 000 t/min
200 10 min, ARG YIET 37 CKisH,
60 s NZEEHATRE 37 °C 50%KE L _FE
I mL, SRS, #9830 5%
fEMA 10 mL 37 °CHi# ¥ DMEM FEafih; 5
%, 2 000 r/min B> 10 min, FF B3, A&
10%fE 45 ML 7E DMEM ;3756 (% HAT)EE £
FRTE 1.2x10° MR, F 37 cCKBHHHE
10 min, PLEAFRN 200 pL/ALF45 T & A 1 3%
MY 96 FLMRR, 37 °C. 5% CO, M4 i
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3o BAEIEHE 3. 6. 9 RIS HAT f§ DMEM
B BT, 55 14 RIS HT B9 DMEM
BRI TR, RS SRS AR B 100 pL
3%, LA PPRV N 8 AL #E 0Y Bi Am AR FH 1) 42
ELISA J7 X 225 A b3 b A5 i, K o
T P A L A 2% 52 988 200 it 3 2ok A BR A R ik alifb =
100% PHPE o 7R 35 3% PH P 4 52 983 20 Jifd 26 4 i
AU (1.0x10°-2.0x 10O s 7 41 10 JH i 227
WEPE BLAB/c /N, il A5 K B B e R A4
1.5 BREREKELEE

151 BHAaGURTENEE

il £ IS K B O S PR DT M A B3l . R
VIR-TR IR % 7 vk oAb K Y, SDS-PAGE 43#r
4l , #%"8 Thermo Fisher Scientific /3] Rapid
ELISA Mouse mAb Isotyping Kit 1 H] 45 X 5. 57,
LRI T 558 o
1.5.2 Western blotting £ &

PL PPRV N £ 115 25 B B AR &R A 7
SDS-PAGE, HL UKk 45 o J5 % B 2 R it — 9 & I
(polyvinylidene fluoride, PVDF), 5%/t g3
M1 h, BT 0.1 ng/mL FATEFERUAR(IF])
B TBST W, 37 °CHFHE 1 h, TBSTUERE3IK;
BRI T 0.1 pg/mL HRP Frid F=E4T L 1gG
i TBST %W 37 °CWEE 1 h, TBST Uil 3 X
J5i, DAB B 3E1T Western blotting %52
153 IFA EEERERKFRMN

FH PPR 2 14 75 %% Vero 20, KHES%
HRk[21-2218 57 GTPV., ORFV Y452 40
MO 7, FRAR s B AR S, ] 4%4H 21 [
SEWZE IR E 15 min, PBS WEYE 3 K 0.2%
Triton X-100 % {17 5 min, PBS VE3E 3 ¥k; H
1% BSA /] 60 min J5 A X Ry BHVE R 2589
A 3 E IR 60 min, PBS ¥R 3 ¥ fnA
1:100 Fi B 40 Bl 1gG-FITC =il mEOLIE &
40 min, PBSVHVE 3K ; B T2t B Hils ™0

&: 010-64807509

25 [A] BP0 B AN 5E Vero 20 oA b X BE .
1.6 BRIASIXLKFBIHEZ
1.6.1 RIXEH&

SRR IR — R S il £ M (A 4 v T
¥ 1 mL 1.0%E AN AZE] 99 mL @ik,
AW 3 min, AEWIFAERTIMA 1.6 mL 1.0%
FEAEIR =MW, FFEFA 5 min, HFIZIE
RIRLLE, AN, BREASHERANEE
M, 4 °CLRAF .

1.6.2 &EHRICIRETAIGIENGEW

¥ 400 uL A4 0.2 mol/L K,CO3 A F] 50 mL
ARG R S pH, EiRIEFE 30 min, &
JG A 700 pL #9 1 mg/mL PPRV N % [1IF K =
Ui HEE 45 min, fIIA 10% BSA FLWKFE N
1%, 4REEitE 45 min, 4 °CEE 2 h. SRIGHHI
IRAVEIRAE 4 °C .3 000 r/min Z5.0> 15 min; %
B, EFUUE. B EIEWAE4 °C .12 000 r/min
B30 10 min, 3 EIEW, 7ETIEPFIA 5 mL
WA & B WAE S hmic iR E T 4 °CRIVKAH
Hh ORI H
1.6.3 HmEBLE

B B 2F 4k R R T AR S A R
(0.01 mol/L PBS. 0.5% PVP. 0.5% Tween-20.,
2% PEG20000 il 1% BSA)H 30 min, Vi T i
FR BRI b b, 37 °Cad i TR, 4-30 °C%
R
1.6.4 XK RYELE

FH=4Ems 0K PPRV N 21 5 1F1 BA3EkE
AR 43 ) W55 05 F 4 2 &1 4 25 i | (nitrocellulose
membrane, NC i), 43 FIMSRE 26 5 B4k o 4
Fr PPRV N 25 [ ][] Wi S 22 3 i &2 4 5
b RBE AR ARE, Ui, T
f o B e E IR
1.6.5 BEAESRAEHUNAEZRERAE

H4 75 pL MG FE S INFENIFEFL -, 10 min
JE R LS . 25 T 26 A C £R3 I 6o RS bt 1

B<: cjb@im.ac.cn
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FPBHTE; T AR, C 25 ORIk R
PE; C M T A5 S Joakl .
1.7 I EF RN

FA S 1 4R 4% i K I FMDV-A |
FMDV-O. GTPV. fi& [REHVEME, ] PPRV
BH P 0 975 47 XoF B L s AR ) AR S

¥ PPRV FHME MG # M 1:10, 1:20, 1:40.
1:80. 1:160, 1:320., 1:640. 1:1 280 1 1:2 560
FOVERE, ARSI 75 L, 25l AR AR
SRUEATHRGEIN , T 46 4% A A 0 AR

HU 15 44 PPRV I R MLVEFE &G, AN R
) 3k 206 2% 0[] St v 1) 38 46 2% A I A 9 It 3 R
i, AR AT 3 AN ER, faiats
EiAIRIE RG-S X
1.8 FfFEMiRE

g3 0 Ao 52 25 1l AR A5 5 R AL 1k
ELISA 7Gx 122 I R 038 FF a4 7 4G
W, AR AR AR

A kDa M 1

116.0

66.2 <—PPRV-N 79 kDa

45.0

35.0

25.0

18.4

14.4

2 EREG5M

2.1 PPRVN ERBTEHRMASIEZ
2.1.1 PPRVN EBHWALIILE

SDS-PAGE #1 Western blotting 43 T .7~ ,
PPRV N [ HA RIFA SO E RSP, K
/NS 79 kDa, HHEUIAHFFE 1),
2.1.2  PHMEZL 3 4 A

it F )42 ELISA X [T 55 55 1) 42 28 98 200 i I
TR TR, A B B %o BHA: 4 5 90 At T
el B FHTERIE 100%, BAHAG T 1R E /I
$T PPRV N R 122 4 Mubk, fws4a-h 1F1,
2.1.3 PPRVN EEH S RMEHRMK 1F1 B4k

ZoF TR -TR R ik AL IR K, B IREh 2%
M (0.01 mol/L, pH 7.4)i%E#7 24 h 5 SDS-PAGE
R, S5 EIR, HEREPIARLE A 55 kDa &2
A EAEFN 25 kDa ZE 47 R4, 4B TR BRER
(K 2).

kDa
180

130
100

70
55

40

PPRV-N 79 kDa

35
25

1 PPRV N ZEH SDS-PAGE X Western blotting £ E 47

Figure 1

PPRV N protein SDS-PAGE and Western blotting identification analysis. A: Purification of PPRV

N protein. M: Protein molecular weight standard; 1: Purified PPRV N protein. B: PPRV N protein Western
blotting identification. M: Protein molecular weight standard; 1: pET-32a empty vector; 2: PPRV N protein.

http://journals.im.ac.cn/cjben
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kDa
116.0

66.2

Heavy chain
45.0 —

35.0—
< Light chain
25.0

18.4
14.4

B2 PPRV N EZERSEREHRKEKALR SDS-
PAGE ¥7E

Figure 2 PPRV N protein monoclonal antibody
purified in ascites SDS-PAGE identification chart.
M: Protein molecular weight marker; 1: Monoclonal
antibody 1F1 ascites without purification; 2: Purified
monoclonal antibody 1F1 ascites.

2.1.4 EBSTREHURITE L E R RSN

I /I BB 5 BT R ATV 70 68 7 ) 6 o) B
PR R B TS, A5 BN, 1F1 &
BER 1gGl, BHAESN « §E(E 1), B4 ELISA
Kl 1F1 HeiAc4 2 1:128 000,
2.1.5 Western blotting ¥ 3&

)Wl Western blotting X3uA5 Il 1F1 1 PPRV
N EHARNPE, 250N, 1F1 GRS
PPRV N[, 1E479 kDa b PR 445 (81 3),
ARG 43 TR A A T IARCHE 1 R A RO
2.1.6 [EERBRAEE

ffl PPRV. GTPV. ORFV 453 F 40 if1
ZE . BHHE, DaifbryiE KB40 1:1 000

F1 BRRERKTREEE
Table 1

Wi EE—$0, FITCHRicrFHiil 1gG/E =t
HEAT TFA %08, SR En, Hil & s Epi ik
H 5 PPRV KA RN, KEFRSMERZEOE, i
GPTV. ORFV FIIEH Vero il 5 1F1 REH
N, Tet(E 4),
22 BRIRERKEHE
22,1 REERFFMH

AW A5 B 4R S5 K D FMDV-A |
FMDV-O. GTPV HiAffi & R IR MIE, 45%
Bor, HRBAEE S,
222 RKKRIBURMY

FHEE ST R AR5 AG DI A% LU AR B PPRV A
M, AR 1:1 280 BEMFEYME, FkEZE 1:2 560
A T 2R 800 7 R B (8] 6), ELISA fuisks
IR S AR B E 1:1 280 I R BATE( 2),
5 ELISA Z5 LM L, Ui BAAHI 55 il 55 i ik 40 2%
() BRI AR T 7 Ak ELISA 3050 4 .
223 REEWEEH

FAAS FIHE R iR 405450 15 3 PPRV I IR
My, SEFFHE N St e AR, R4 R
a5t RUESTIRASA RIFEE .
224 REES ELISA FAR

FHAE T £ 1k 4R 45 5 ELISA i &t
64 4R =EIMIE A 58 Oyl = MyEFEA TR . 25
FH], ™ ELISA BRI &t 118 13 FH M Im i .
4 ByFAMEMLE , FHIER 96.7%; ASWFFEHI 5 B
TR & ACARE H PR I 121 £, 1 BRI
FHPEZ£99.1%, PIEFFE 3 97.6% (% 3). MHkeik
LRI ELISA A48 AT Y 3 403 100 37
IFA TR, 25339 R HYE

Subtype identification of monoclonal antibody 1F1

Cell strain ODys0
M Gl G2a G2b G3 A K A
1F1 0.027 0.864 0.023 0.015 0.018 0.019 0.430 0.023

&: 010-64807509
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kDa M 1 2
180

130
100

< PPRV-N 79 kDa

15
10

3 BT [EH{KAY Western blotting £ 5
Figure 3 Western blotting analysis of monoclonal
antibody 1F1. M: Protein molecular weight standard;
1: pET-32a empty vector; 2: Monoclonal antibody
1F1.

PPRV Vero

3 WREER

PPR TCHFRLAWINGYY , M R TE AT
B R4 AR BR PPR Ay SCHE. HAT, Fdh s
B Al A 2L TR PPR. R E X PPR S24 75k il 4
JEME PPRGATASE] T e, (HH ik
A, SRR R R, AR N A
PPRV FFEA A1 X AL AR RS . 25T I,
i — Fp PR A P Ak FLIE A B I3
ORI J7 12 %1 F PPR B2 W 17 16 B3 vt s
ROR PR A EEE X

PPRV N & EAHuIatkag, HE MRS, 165K
B YL S 0 I TR AR N B PR S 1S
AL, HAE RIS BB AT 2 1 0 R R 1024230

GTPV ORFV

B4 [E#ERERCETE DR ENMRTRMEQR00x)
Figure 4

g - » 4-—‘—‘—‘*—-1
PPRV FMDV-A FMDV-0O GTPV Brucella
Control line —
Test line —
|
|
t Ll
7
_h, -

Identification of monoclonal antibody specificity by indirect immunofluorescence (200x%).

5 AR FEEF MR
Figure 5 The specificity of test strip.

http://journals.im.ac.cn/cjben
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1:10 1:20 1:40 1:80 1:160 1:520 1:640 1:1 280 1:2 560

Control line —
Test line — — —

™ M)
T .
-l

—_— - . . i

6 AR SR AT
Figure 6 Sensitivity of the test strip.

7 2 ELISA 2 {& tL AR PR M 5E HAET, T N EEE PRI vk F 25
Table 2 ELISA for multiply diluted positive sera ELISA, SEEEF|IFHEL N &8y T PPRV
Positive Positive Blocking Negative Positive " .

serum serum ODyso rate (%) control  control BELEBT ELISA™ » Balamurugan FHT N EHLE
dilution ST 3E4r ELISAPT PR S5 IS R 22 35 3
110 0.093 716 J63k N 7B (1 T LB Je.0 ELISAPY, 1 i
1:20 0.106 68.2 . . N R
1:40 0.100 70.0 0328  0.054 JESRAE B VA R A N AR R TR
1:80 0.138 58.6 ELISA®', 3R ELISA &l 7 y:3iF 52 7 N & 1
1:160 0.097 709 VES AN Jy kBB A A R T A5 1, RIZ O A
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Table 3 Comparison of the test strip with ELISA . N ot )
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colloidal gold by ELISA S B R AR % PPRV PRV IML 15 A 5 o e S

test P, 5 FMDV-A. FMDV-O. GTPV. fif K
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Positive rate (%) 99.1 96.7 BEE 1:1 280 B, AIgsIRAL R B, TR
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