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B OE: B8 @SR ROB KB R R (bongkrekic acid, BA)RY S HEGI Jr ik, A HE LIRS BA
BB TR HUR I AT IR . B3E AR W %[ 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride,
EDCJ:4% BA 40 J5 5 25 i3 115 1 (bovine serum albumin, BSA)FIHIE & [ (ovalbumin, OVA)ZMAABEE, 43
BB BA 7 F(BA-BSA) LB (BA-OVA), A BA-BSA %) Balb/C /N, BUSBERCRAT#Y /1N BUMLIE 5 /1N
Bl NIS- 115 e A LR T Rl o SR T 4 5 4 IR 4922 W 5 (indlirect compettitive enzyme-linked immunosorbent
assay, iICELISA)YFA Tk, Gk th B8 43 WA BT it Rp S MU IR 9 2SS T AL, ) P FRURR RV A T 0 e PR 75 30 Bk
REASE S0 WA BT DU I A0 L, SR R P25 A 0k 2 K B BT R . 1) P 1 R -V 5 i e 12 Ak /K 7Y
PR, 38 ) IR G e W B IS4 S ALY . 5RO RUA LT BA )i BA-BSA Fl BA )5
BA-OVA, fifii k1% BA Z25R 4 bk BA-3FIEY, ST REFLIRMRM N 1x10° 8638 ABFFREy T il & ks
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Preparation and identification of monoclonal antibodies of bongkrekic acid
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ABSTRACT: Objective To establish an immunological rapid detection method for bongkrekic acid (BA) in fresh wet
rice noodles, and prepare and evaluate monoclonal antibodies that specifically recognize BA. Methods BA semi-antigen
was coupled with bovine serum albumin (BSA) and ovalbumin (OVA) carriers using the carbodiimide
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) method to synthesize BA immunogen (BA-BSA)
and encapsulant (BA-OVA), respectively. Balb/C mice were immunized with BA-BSA, and the spleens of mice with
good immunization results were taken and fused with NS-1 myeloma cells of mice. Indirect competitive enzyme-linked
immunosorbent assay (icELISA) was used to screen the hybridoma cells that could secrete the desired specific antibody,
and subcloning was performed using limited dilution to obtain a single cell that could stably secrete the desired antibody;
in vivo ascites-type monoclonal antibody was prepared by in vivo induction method. The ascites-type antibody was
purified by n-octanoic acid-ammonium saturated sulfate method, and the potency of the purified antibody was

determined by enzyme-linked immunosorbent assay. Results Immunogen BA-BSA and coating antigen BA-OVA were
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successfully synthesized and the hybridoma cell line BA-3F1E9 was obtained by screen. The titer of this monoclonal

antibody was 1x10°. Conclusion A method for preparing highly specific monoclonal antibody against BA has been

established, which will provide a theoretical basis for developing a rapid detection kit for BA in fresh wet rice noodles.
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KT B iR (bongkrekic acid, BA, C,gH330,) & HIABFER
B D SR K TR AT A A — R AT LS R B P R R R,
BT 20 4 30 HACHEf 2224 Mertens £l Vanveen 7EMF
T JTUHE R & e h i R B BA JE—Fham Il
%, ABIRAMZHGaERERY, SEMAERE .
TER G SR R Ge i, FEMORE R . R,
— H S R gl M AE T, R W oK A AR
Jo AR - e A AR A 25 g R e e R
FR, BT BA [ HETR, 100°CTF /K & B Al T 28 38
(120°C) AN RERE SR PE . AR R AMRIEA 1~1.5 mg
F) BA A BES A AR TESE, T —IFEE A FAR BA XA
IREPEBEIE R 3.16 mgke ", PEAERSGT, [ 2014 48
LIk, T BA SR EY PR RR L TR, Wit
ik S0%LA MR R T T AR A R A R R RS
FITRIBIATT AL I, HEA7 BA Ay BRE R AR ik o2

HETERXT BA BRIy v8 R Z Rk, AL
BRI RO G- S B R 0 RO
ARSI | R SORR - A B R Y5 ey
R EARMER TR, (R ARG (], FERRAA R, HERAE
B4R, EAENMRUEI . TR T PP 5 25 G i g
SN R . R MERA A A S RE ST L B
Y iR IMRSZ R, FRRR R S I BTk S
VERUEAAS RIS, g 2 B A i e A Pk i A 202,
FEFHUARN BA Kl Jr ks Serkom, RS, FARERE,
BAME . L, BF5EH BA S S REHUARMTHI X T BA HTREH
RN EA -y R 25 it 3 o

R T @SR R SR BA Gkl i
ABFFEE S BA PR AR I A g D,
HETT % BALB/c /N, IR0/ BULAN L 5 /) Bl NS-1 -3
A A, ik R & IR T A BA
FSEREUR, AR — LA SRR T BA PRI S
A SR R

1 #HRERZE

1.1 RFSHR

SPF 2 f) Balb/C Wi/ (6~8 FA#E, AEZ 20 g/H,
W F T RKEEESLRSIY PO, LRsHYiraiEs:
SCXK-(#)2018-0002),

BA[/rHr 4, PHts IS8 B2 (RSB RA A ;
HER, T2 R, MihEHER . RIEER . WikEER,
WIKEER . M EEE B KRR (54l 2580
K An HEY) T L), A 103 2B (bovine serum albumin,
BSA). Bl [ (ovalbumin, OVA), 1-(3-—H &L IE)-3-
2 BTk W i B2 5 [1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride, EDC-HCI]. N-#2F:B8FAMEY i
(N-hydroxysuccinimide, NHS), T J# . M. fRmR 494 .
— KA . BREREN . EALET . IIEREN, T OKGEERE
TR BRER TR WRERRR . FPAERIR . IERR(0HTAL) |
A E AL 3 E AL R 2 1500 (Macrogol
1500, PEG 1500) . 50xHAT 5 F BEUS AN  SO<HT i 77 5L (2E
WA (bt e MR AR B A FRZA F]); PRMI 1640
B R B CEYHR G, REFER CHRBHEA R A |); fhde
MAEEVHARR, BRI (LB A RA AL &
HERIFR . 4-7F L HEIR % £ it BR (2-[4-(2-hydroxyethyl)
piperazin-1-yl]ethanesulfonic acid, HEPES), & MifZ(EY
BORG) . BCA 28 F s B2 I 7 R G (i AR T A T
PEMAR AT RN |l ), Sk QR (A, i b TATBR
23l NON-F 5L H % (N N-dimethylformamide, DMF)
LR WOt s, bR hr T A AL RHE R A A PR H);
NS-1 4L (A PHEARL, a2 ).
12 HF5RE

TD5 ZE 4 A SV O HLCETE S RAAGE O PSR
H A F]); Multiskan-FC AR (3 FEFEBRC M /RBHE A IR
/N H]); SDLA-B-1101 #ZE/KHL(TE RIMRPL BRI RHE R A
BRZH]); PW-960 42 H SR UERBLARYINC AR K A
FRZY ), XW-80A i it ik 3w (RIITT F1 &K AE M RH AT R
23 El); BPX-52 HFRAE Y 5 AR (b i R 7 A A
A /A Fl); CLM-170B-8-CN —EALMKT FR A (R e
By 2B PR l); S100F+XSZ-D {818 B iMss[Je HE{X &%
()RR, SW-CI-LFD B TAE & R Mg ki s
FRZ\ H); Cary 60 UV-Vis 060G RETHLHERFHL (Hh ) A R
AA]]; HZT-A2000 HLF-RAP-(RTEE 0.01 g, A AR SR
A IR F]); BSA224S-CW M KA (K5 0.0001 g, 82
MR AR (AR A PR F
L3 WA
1.3.1 FRE AR

(DR TR TR S I ) T o5

PRI 1.0 mg BA #F0.2 mL DMF 1, #kH3 mg EDC-HCI,
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2 mg NHS % F 0.5 mL pH 8.5 AYTfRLE 2% M (borate buffer,
BB), KHTEHEMAGEE P, ZRMATEL 6 h, 155 BA I
1k, FREL 8 mg BSA AT 1 mL pH 8.5 i BB H, ¥ ik
BA {& LB I A R (1A, S IREE N 8 he 4°CF
0.01 mol/L B§EREL 2% il (phosphate buffered saline, PBS)i&
Hr 9 Wk, HFURIERE 8 h, BLECEIFRIY BA fufE)i.

(2K R VAT 1 E0 0 T P ) 5

FREL 1.0 mg BA ¥%T 02 mL DMF ', FRBL 3 mg
EDC-HCI, 2 mg NHS #% T 0.5 mL pH 8.5 i) BB #, #57i
HRMARES, ZHEHEEL 6 h, 155] BA HIbK PR
B 5 mg OVA % 1 mL pH 8.5 () BB 7, 5 ik BA iG1LR
TIMAZE VAW, =iREERN 8 he 4°CTFH 0.01 mol/L
PBS BEHr 9 ¥k, AHKIEING 8 h, BLOECEERIY BA A

AR EDC 35545 BA 522U, 5 BA 2Kt
JE43 3 584 11 BSA il OVA flEE, 15524415 BA-BSA
1 BA-OVA. FERIMIFHEFHEETTHF 230~360 nm AL 34
Mtk o
132 R IR B M

# BA %7 BA-BSA 53 [RE AR ERIRS, 5
2 FALE, WS 0.1 mL %5 6~8 JE# Balb/C #i
PN, B RESHECAS BA-BSA 100 pg, ZJR4H 2
JALIAH AT BA-BSA 2 )i 5 3 [OR S8 2 RNE & 3L
JEHATIE I T S e N, SR B 3 IR, Uil al
BRI TR ML, 438y, UL BA )i BA-OVA U
T BR AR, P I 2% T 4 T K 4 %8 W 92 (indiirect competitive
enzyme-linked immunosorbent assay, icELISA)F: il 43 #7 1L
THBARZL M BT BA (ISR o SRS BE N Ao (i
. BA MRIRCR AR /NR, FAIBAG AT 3 d 47—
hit g, 3 d S B g g 0 /0 BRUVE 48 A 5 N BR
NS-1 B9 40 M A7 4 A 7
1.3.3 @ik A ik it

Fie/ )N LD 210 6 -/ B N'S-1 5B 2 i =5~10:1 I 1E
BRAT 50 mL B.0E ), £ 1500 r/min B5.0 5 min, 35
LVEW, RATRERBR T, FHFREHEE L8R
RA), HEDE BT 37°CKIE T, FHAE 37°CHKIE I
PEG | mL S ABLLE T, e, 76 1 min 4
H5E, 37°CAKHERE | min, ZJ5 eI R TRAE 5 min INFITA
10 mL 37°CHiHu RPMI-1640 J57:5E, FEZE 1000 r/min B5.0
7 min, & LIHW, MAGE S HAT B33P S0, K
20 0 TR IR AT JE i HAT 55 35 SR B b, IR S
5], B IRBRLAEAL 100 uL IMAE A FFEYIE 100 pL &)
96 fLANMEEEFRMR D, HIEEFR T HEFRM T 37°CHEFR, CO,
TN 5%,

AEJREE 7 d WERANM A A KR, B HAT 75
R —IR, 10 d 5 HT 5555 30, 1540 MK 3%
FLIR 1/3~1/2 B, MR b 35 A icELISA HFATAM, [H]4:4

M (0OD450 nm), FLHHIF N BA-OVA, LI P/N=2.1 (P A
£ OD {8, N NFAEST IR OD {8)1E N B PEHIWARAE . Xt
W25 5 A B X BA 0 2% 155 119 4 B LA 2 T B
KA R BRI T e e, BERRFREE . X BA fi =
F R BHPEFL R pe b . 1SS TekE 3 WEk L b, RERTA 4000
FUBHE G 100%, 5 KB 35 5 1

1.3.4  #BERARMK e B &5 sl

JEAK R I 10 2 6~8 AR Balb/C /N,
TSR 0.5 mL. — )R, FAMEBEES 11004
FAZIE AN, 1~2 JAUS /)N BRI B 2588 Al i A 4 37 AR R
HIEK, /N RIE AR K 3] — e T R AT I AE IR K - KK
FAAREE .04 1000 r/min 2.0 5 min, BOPEE BiE. 7
FHE S YR .0 10000 /min B0 5 min, B
icELISA JEUEA T

MoK 2tifk: B 1 mLE7K, F0.06 mol/L pH 4.8 112,
R ER 2 MG AR 2~4 A5, BTN 33 uL IEFR, Jhidt
30 min, 4°CH#+ 2 h, 4°C, 12000 r/min %5.0» 30 min, B 3%,
AF, F3E 1/10 9 0.1 mol/L pH 7.4 1 PBS ¥k, 3
JH 1 mol/L NaOH ¥ pH Jy 7.4, HitHE FiRhnZE(4F pH 7.4 4
MOFIRRBRER AT, FFE 2 h BY 4°CL%, 4°C, 12000 t/min 5.0
30 min, 3 V8 o KHTIES T8 B AR 0.01 mol/L pH 7.4 1
PBS 1, 4°C4514F FH 0.01 mol/L 1) PBS & #riRL .

1.3.5 3 5 BERARGRE L 3 M

BCA RGBT : H BCA ¥ Bk BE I & i
FIEULEA, bR e dh SR A I A B BERAR Y, T BCA T
YERIM A BIREFRAR Y, 37°CIF T 30 min, BHIE=EE, 7F
AR A FLAE 562 nm ARFIWSGEE(E, 1A AR A
MBS .

BUARRIE M # BA A5 BA-OVA 43 Bl B 2 f it
HeJE 4 025, 0.50, 1.00., 2.00 pg/mL, 100 pL/FLAuHk1E B
PR b, AU TR RR A, R A icELISA W E AL o
13.6 #ABFAKRIRET

A5 SR F AR I R % s 50 A b AT e, He
SR, BPUATER 1gGl. 1gG2a. 1gG2b. IgG3. IgM
A B Y, 4°cCEAE R L 37°CaYE 2 he Wik, AT,
IMAE R ZEIRIEE 1 he Yo 30T, A —ERFUBTIAE,
FIIEE L ho YEAR . F0T, AR M B 0 B i Ak )
M pricl AP, SIEIFE L he Ve, F0T, AR
T REEZE IR E 10 min, MIA 2 mol/L BiERL 1LY, F
BEAR AN E 450 nm AZLAYMROGREE(E, 38 i RO 1 7T )
AR ST
1.3.7  #EFEFARZHENZ

— i FH = B0h il ¥ F (50% inhibiting concentration,
[CsMERVEM BT R U, @it BA 1 icELISA 43
HERDRI AR, ARdESl BT AR 0.3.6.12.24 .48 ng/mL,
LI BA Frifl i vie B 0% B R R AL BR, 450 nm WROGEE (A
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J A AR, L LR e
B ICs00
1.3.8 S50 AR R4 S X,

AW REEE ., T2 FX. MhEHEE, RSH
. OWKek#ER . WIKER ., MIEEER B, TOKIRE 8
bR B i A 728 OO 2, 83 icELISA 133 BA B
FEREPLIANT 10 ppm ¥R BE B 8 Fhbr il i U TG B, LAt
Wil 75 19 BA BLSEBEBTIRIRE S . DABRHTXT BA 1 1Cs,
5 &S5RI 1Cs I E 43 /B A HAE X i %, Hip
BT i 2N, WULEH BA BT REHIARNZ BA HIRES
PR

2 HERE5HH

21 EEMENERK

AWFFEH BA 2405 F BSA. OVA #AEIHI%& T
54405 BA-BSA Fl BA-OVA, i3 24Nt a a4
R, 55 1 TR, BA BRSNS EAT R T4
PUJR BA-BSA . BA-OVA &8 & MmEe, o dHA — &2k,
(K AT LA BA B4 5 BSA |, OVA Bt A ZE 1 218
AL

BT, RS Hbs o 22

20

10 mmWZ SGAH

1 1
220 240 260 280 300 320
P /mm

Bl 1 BA SEPUR A @ BRI MG
Fig.l1 Ultraviolet scanning spectra of BA immune antigens
and coated antigens

22 NREEBREMN

¥ BA-BSA 04/ BUSHE I & 25 A /N BRUBA P 1l
VTR BERG RS, SR T BEAD i bk I BA-OVA e f:
Al Ve o 0 PR IS AR AR BRI B, HEH 450 nm WK
FEAE R 2.0 A2 A7 B X o7 (14450 0 D J8 LA R B o 5 7
R 3 B AR . 2ot 4 RGP (3R 1), K2
SRAFH M LE 1:8000, HrJ AR E R 1 pg/mL BFRL
itk

®1 RENRSTMENRMN

Table 1 Titer of polyclonal antiserum in immunized mice

AR FEXE 1:1000 1:2000  1:4000  1:8000
15 0.065 3.262 3.020 2.744 1.803
25 0.058 2454 1.853 1.378 0.813
35 0.062 2.624 2.358 1.796 1.389

23 BREMAEENRLE SiFiE
MEE G — RS, O HAT B3R BEkir =PI, ma
10 dJm, FIHT B RILIE T 240k, Frml o 40 M4 7% K 214
G 13~1/2 AR}, UGS ff ] ELISA Ak T4 5
PEBTORAG I, 8 2 WA FLAT 43 00 R 5 Pk A4S 114 2 52 988 24
Jilo PEREARILE R BHE . X BA I B 4N F LA T
2 M 5 B, SR A PR BTk R AT e I, 5 PP
K. X BA R A BHPEFL IR FE R . LRk 3 Kk
PLE, FRETA 4L BE 234G A 100%0, 3 K8 37 I
1o 13BN RERE S MR S 1k B ST B BRI 2 s R A, 4
% 2 iR, f4 - BA-3F1E9, % H 86.6%.
T2 BRRERZEARE L ERNIIEIE%)

Table 2 Inhibitory rates of supernatant of monoclonal
hybridoma cells (%)

—
FRIERD e e U DIV
(mg/kg)

15 53.3 68.2 72.4 86.6

24 BEERKAGHIE S RBUNNE

W R R R A 3 HEIEOK, At 10 H Balb/C /)
L, KR K S R -B R DT Ve I alifb J5, FH ELISA i 4l
IR KA MY . 3 3 AT, KR sE] 1x10°,
H 3 HUB K L] 22 50N, X AR AE IR 2218 R 1.7%, FI
A5 1) 14 2% 5258 240 L R et 2 4 00 FIT 75 1) e S 2 PR R LA,
It BT m RS e R AT

=3 BREMERAEKAEMN

Table 3 Titer of monoclonal antibody ascities

B

KA
1x10°  1x10*  1x10°  1x10°
BA-BSA Jig /K 3747 2.969 1.592 0.584
20231012
BA-BSA /K 3.710 2818 1.616 0.613
20230915
BA-BSA JiE/K 3.805 2.795 1.562 0.724
20231021

2.5 ELISANESZR

i BCA 55 2N 4lifk fNE K SO EE 1 B e vk
7 6 mg/mL, 1L ELISA & HATA M, ange 4 arsn, Ht
RERAN R 1107, WIHRE T s A hl & Bk .
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Table 4 Titer of monoclonal antibody

EIIRE NS TN
EIIREN
1x10° 1x10* 1x10° 1x10°
BA ¥k 3.747 2.969 1.592 0.584
=R 0.112 0.073 0.070 0.065

26 BEREHALE
FABCAOT 7Y 25 5 12050 & 2 K Bk i 28 8, i i
W2 S AR P ST B A AT Y, W Y B A R LYo g
PR R R R BRI R, SCBG 45 R R, 1gG1 R AL
WG RE (LR, T H K B v BT By TG,
27 BRERAREE
FEATIAE BA 1) icELISA Arifimil ik, 545 ik
2RI ICs0 W3R 5 P, ARiEHZAHIEREL() R 0.9988, Ltk
KT FRERRZRAY 1Cso 4 6.9 ng/mL, LIMKPEA BT R
# 5 BA B icELISA trEHMHIf%Z
Table 5 icELISA standard inhibition curves for BA
BA AR i BT LR/

N " 1Cso/
W' EES Y (. %0
(ng/mL) BB ) (ng/mL)
0 2.284
3 1.649
6 1.201
0.9988 6.9
12 0.784
24 0.474
48 0.245

2.8 BRERAEERM

WHEE R, T2 R, MlESER. R9EE. K
MR KRR . SRR B TOKIRE 8 FhbRifE
W AT A8 SUR I BN 2 o HE 1Cs FIAE U AN 6 i,
BA 5 8 w938 LR/ T 0.1%, BB 5iX 8
R R RN, F—2 U BA BB R AT

Fo6 BEMEHAMRZYREE

Table 6 Cross-reactivity rates of monoclonal antibody

Xy ICs¢/(ng/mL) BRI/ %
BA 10 100
i >10000 <0.1
T2 & >10000 <0.1
R >10000 <0.1
REBHER >10000 <0.1
X - 7 % >10000 <0.1
KRR >10000 <0.1
&R R B >10000 <0.1
FOK AR B >10000 <0.1

AW R R ek BA BRS39S 3k E A
BSA Fll OVA BT % BA SE2&PU, i BA-BSA filfy
B BA-OVA . 18 24388 B ACKE S 32 B2 1) /N BUDL A 241 e
5/NEUNS-1 B BER AN A, X AN R 2 L 01 BE AT TR,
AT 1k BA 2253 ANORk BA-3F1E9, i A& 1% 35 vkl
SR FTIAI Ak, B IEE] 1x10°, 3 LR KBk
SR 22 50N, U BH a5 10 B o PR BT ARy S AR
RAF o T — W SRR T BA PRI S i1 55 £k
R R FRAL T S AR A

SE Bk
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