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ET ELISA R ZAHTERENAFHIESEE

SkFBIE, BEIL, TWE, K, &IHT
Tkt F FIRRMAF R, FTddbsr FRA s 2DHR T8, FabiKE 2 075000)

WE: FIRNARIEREARAE LT BATAR FHLETUR (scFv). ML FHATH F ik e) e 308 e P42 & RNA, #|
J| RT-PCR R4t R4 —4 (DNA BB 3 b ke T4 T R(VHF 45 R(VL) AR A &, KRB EEE4 PCRF%, AE
M % Bk Linker 33k (Gly,Ser); 4% VH A& B f= VL 2 H42 %, scPv 2 H F 8, Xhol . EcoR I bl AinBas Bty soFv /& ik 2R A%
F LI pET-260 ¥ M FLfAs sCRv-pet-26b, PRIRFE ML AR INE LR K5 N AMATH BL21 F #ATH-5&3, 1L His A2t
AT F AN, RIGH ) ELISA A 4 AR 6975 M, R T £GX 5. T AT B 440 4ke LR TAZ 4k, 1833 SDS-PAGE #= ELISA
RILER A, HFRIAN TEATE LEFAST EAH 30 kDa, HAeh TAE LS, T AL BN T FATF B 1L I
waF.

XBEIF: ST EAFHE; scFv ; ELISA
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Preparation and Identification of Cronobacter Single-chain Variable

Fragment Antibody using ELISA

ZHANG Xiu-yuan, HUANG zhi-hong, WANG Li-xia, CHEN Yi, ZHAO Rui-ping
(College of Agriculture and Forestry Science and Technology, Hebei North University; Food Safety Research Centre of
Hebei North University, Zhangjiakou 075000, China)

Abstract: Specific single-chain variable fragment (scFv) against Cronobacter was generated using genetic engineering. Genes coding for
variable regions of the heavy and light chains (VH and VL) were amplified by reverse transcriptase-poly merase chain reaction (RT-PCR) of total
RNA from hybridoma cells secreting Cronobacter monoclonal antibody. VH and VL were fused together by Splice Overlap Extension
(SOE)-PCR with flexible polypeptide linker (Gly ;Ser)s to construct the SCFV genetic fragment. The scFv-pET-26b recombinant plasmid was
constructed by double-digestion with restriction endonucleases Xhol and EcoRl, followed by cloning into plasmid vector pET-26b. Positive
clones were selected for extraction of scFvpET-26b, which was transformed into Escherichia coli BL21 for expression using IPTG & an
inducer. The expressed recombinant protein was purified by His affinity chromatography and identified by sodium dodecy| sulphate-
polyacry lamide gel electrophoresis (SDS-PAGE) and enzy me-linked immunosorbent assay (ELISA). Genetically engineered strains expressing
Cronobacter scFv were successfully constructed. SDS-PAGE and ELISA results showed that the molecular weight of the expressed scFv was
approximately 30 kDa and that the obtained sd-v could specifically bind to Cronobacter and is a potential candidate antibody for the detection
of Cronobacter.

Key words: Cronobacter; single-chain variable fragment antibody ; enzy me-linked immunosorbent assay
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H AR BAR 5000 1. ARG AR FAE 2
AR, BRI 2R 77, AR TAE B T R K
I, AT R PRodH IR A, S R R SR
Rr 777 CAAEAR 2 UB0Z Hi S HIRHAR TR
BAE,

HUEEHTA(single chain variable fragment, scFv){E
RNE =R Pufk, NHDNARE AR AR & AR TR AR
OHR T VX FE RT3, &, AR5l
HIE RSB, &4 115 EAM A I IR
18 AR DR — M N T iE 1. BT
HEAG T/ B EC TR 5 AR S 3
el KAt A S0 e, FERBIR o R AR I & i 75
G 77T s th 2 ve R BUA S 5 R iR ok L)
et

F RN ANE B ST 50 % VT B R BB A4 4
(RAH S SCHRIR T, ARHIT T RS DR R ARl Dy
T RIE BT R TUA R TR, 15
K B TR SRS UA B S H PR R R S ST
Y, IE3RAS 50 B vk AT e VE B BRI R R 4
Dtk SR e B VR B e B A I SR — A R
13 50 DA AT R PR B A2

1 MR5EEE

11 ##

111 Fk. ERA @Itk

T VAT BRSSO A, AR SIS A RE R
1A pET-26b Jii i, 72[E Novagen 2 & ; K AT % JIM109.
BL21, ASLIGERAF.
1.1.2 FZXA)

B E A 4B HEH, Sigma AF]; Xho |
. EcoR 1 [R#IMEN UIBE. T4 DNA &8, Promega
Aw];  GoScript ek Z40, Promega AT ; DNA
Rz [EIURF) &L Oligotex mRNA Mini Kit. QIA quick
PCR Purification Kit, Qigen A #l; FURHEBGRAFIE,
R AL AT . His-Tag HRP. K& % (kana), BBI
AF]s LBREFREL, JEROEESIEAR]; B SO,
AT PBS. PBST. Wi, SRl 54
F-B-D-BACKE IR APTG), JbntdIAR KL 25 A F];
DNA Maker 2 000, DNAMaker 1 KB, KRR
NG

1.1.3 3l4hemK

* 1 R TIEITE BT IE5 )

Table 1 Primers used for scFv gene

HEZ S HE 21
VH-Back AGGTSMARCTGCAGSAGTCWGG
VH-For TGAGGAGACGGTGACCGTGGTCCCTTGGCCCC
VL-Back GACATTGAGCTCACCCAGTCTCCA
MJK1-FONX CCGTTTGATTTCCAGCTTGGTGCC
MJK2-FONX CCGTTTTATTTCCAGCTTGGTCCC
MJK4-FONX CCGTTTTATTTCCAACTTTGTCCC
MJIK5-FONX CCGTTTCAGCTCCAGCTTGGTCCC
VH-Back-EcoR 1 TACTCAGAATTCGCAGGTCCAACTGCAGGAGTC
VL-For-Xho I TACTCACTCGAGCCGTTTTATTTCCAGCTTGGT
Linker GGGGCCAAGGGACCACGGTCACCGTCTCCTCAGGTGGAGGCGGTTCAGGCG

GAGGTGGCTCTGGCGGTGGCGGAT CGGACATTGAGCTCACCCAGTCTCCA

AR SEGH AR EE VL RN EESE VH AT FTE L 5142
225 NCBI W3 F /SR P4 B IR 500 ATE Imai S BT
51 Al B vt §784 scRv 5] AR 9 2k 44
pET-26b HIlE AL U@ 51424 H9) VH FT VL 1
W 2558500t o R Primer5 AT Mega, (i
HE T A TREREA RS AR AR AR
114 =EZME

DNA HLyk A, Jbxi7S—1X#s) s PCR 1.
SDS-PAGE HLUK$EE . BEIRAUEIX, BIO-RAD A Fl;
AR FR A LRH-250-A, TR B EST )
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DNMO026 4= H shlg b,  Abut R BE AH RA
12 7%

1.2.1 ¥ RNA #42K

W 3 BT B 258 AN M 97 A8 B 1<10" N4
J, 5000r/min, 5min E.OP0EIN, I E, ™
#% 4 & RNeasy Midi kit 1271 S A EHE LS AT 1 4258
AL RNA.
1.2.2 VH#f= VL ¢4 0%

K F promega A ® ) GoScript Reverse
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Transcription System 31T %% & 5 —%E cDNA,
LL cDNA AR, LA VH. VL T E 519 PCR 4
¥ VHA VLB, RS2 95 CHIAE T 5 min;
95 ‘CA¢P£30s, 50 CiE/k30s, 72 °CHEfH 1 min, 3t
30 MEFR; 72 °C GEAH 10 min. SN A EET Bl
VB FELK, B ImIA Y f B,
1.2.3 &K scFv A F $HE A PCR ¥ 3%

¥ VH. V0L AT B SN E G N — S T AR
X Ptk scFv R A B B 100 ng 1 VH. VL B E
NBERR, EEELEH PCR RN VH. VL BENLHHEZ AR
scFv, 55— PCR . 241 4: 94 C A2 1 min, 63 C
Bk 1min, 68 CZEH 1 min, AT 20 AMEHR;
B 5 LA VH(Back) A1 VL(For) 514, %1k PCR ¥~
W scPv, RMNZEAEN: 94 ‘CAPE 1 min, 53 ‘CiB/k 1
min, 72 “CHEf 1 min, P30 K. M =T B
FE B Pk, TS B T £ PO,
1.24 £ F#AE scFv TLLR At ML

12 [RIUA sc Fv A BURN 4 5 ki pET-26b 73 511K H
Xho T . EcoR T PRl 14 VIR AU, PCR F=#Hlii
J& » K F] TADNA FEH BRI XU ) 1) scFv AT pET-26b
1616 CiEH: 16 h, &8 B KT B IM109,
i 34t %) B S A T U D)6 I F s b i 4 MER A
PR R mI R,
1.2.5 scFv #9i% 5% &% SDS-PAGE %€

Y BH PR 2H T R NI KA BL21 H,
¥ 55 B VEFT B scFv-pET-26b-BL21 B bRiZERI T &4
100 pg/mL Kana(-RASEZR)H 5 mL LBR: 7= 11 37 C
R IRG TR 50 L TR, 4% 1:100 HLfl
PRI 5 mL LB 3EFR (% 100 po/mL Kana) H,
R 7% 3 h A A B WA 1) ODgooik #10.8~1.0 247 B
HUH 500 L BERAENSTIR, A3 INZIRE N
0.1 mM [ IPTG #AT15S, 4R8E1E7E 5 h. FIH His
| A A bR T 12% SDS-PAGE 4347, #6: H
M H.
1.2.6 scFv 53R (L FHATH) L4NE

% O =2

D450nm(|ZH K‘JEX#!}»E‘ )- OD450nm(7F E{;&fg H"]SCFV)

S0 AT BB B TR VR 1% IR ARR Ty MO TG
R G, JoBE I PBS PR 3 K, 5000 r/min #5005 B
R B & PR - 76 96 FLGR , B A(L.5 mg/mL)
#1100 pL/ALIOR, 4 CHEHIR, H PBS ¥k 3k
Ji, 200 pUALIMN 0.5% Bl FL4r 37 CE I 1h )5,
P PBST itk 3¢k, W44tk f5 i ais (2, 1,
0.5,0.25,0.125 pg/mL)$% & 100 pl/ALIEIAN, 37 C
W& 1 h, PBST ¥Etk 4 X, 100 pL/fLAIA 1:5000 #
B T His-tag-HRP —#1, 37 CH¥E 1 h, PBST
etk 5 K, $4H8& 100 AL I BrEE L] 1) 5
W, 37 CHEELHFE 20 min J5 I 50 pl/FLAYT H,S0,

(10%) 1k, T 450 nm BB IR . LA
L Al ANty S s g A L S e e e (B | R i G
[9~10]

P 8B RTT VRS 25 4l il e% 4 bk B AT
(ATCC29544. 1QCC10459. ENS5329. ENS6309-4).
KIGATFEH(ATCC8739). #F57 BAFE (ATCC12453).
R LI T IR # - (BICIQ4061) HIPifi. fE 96
LR, K a3 B S BRI TATE (2 g/ml) 100
/FLEIE BRI iR ELISA By 54738 YR B
WiE, BHREEAT1T
127 % F#EH scFv 538 Fgduiks 4
ELISA Kz

7 96 FLIR _E, #IN(1.5 mg/mL)100 pl/ALe %
WA, 4 CRAEUEL R, ToW PBS Ptk 3 Ik,
200 pLALINA 0.5%Mifig Ak 37 CHM 1 h, FH
PBST %tk 3 ¥k, 100 pL/FL(1: 10000)/ 5% AT i
BTLRERUAR, SRJETERRFLA IS R R (1~5
Lo/mL) 582 TEFT 1 scPv, LRSI 782 ¥ AT B scFv
YERYIEXR, 37 CH#E 1 hJ5H PBST 1R 4 U5,
IONFL His HEFR$4T, 37 CH% & 30 min J5H PBST
et 5 %, 4% 100 /LI S0 BT B 5 3,
37 CHEEGHFE 20 min J5 I 50 pL 1] 10%H] HSO4
Zb L, T 450 nm AT BRI OD AE ]
S {7 TR/ vy = 8

x100%

OD,500m (FHPEXTHED

2 SENERESSHR
2.1 WEEAE R EARa S RNA B

B

1 | RNeasy Midi kit 1471 &0 A2 ffd A L 70 2
B8 e PR HUARZN I RNA, 1%58 ISk B i DEPC

JKALHE, 7ETC RNA B ) Bk AE A 34T RNA EL KA
Fr, Wil 1R, AT WEREREMT 28 S, 18S. 5S
. JE IR, U RAER BT AL RNA TR

22 TZEAFIAERE VH fnZ ek VL L
R GoRikE:
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cDNA AR 35 8 VH & VL FEE B 71 1)
VH H1 VL 28 1%35 IERE S Rk il FEI i, il 2
FiR, G55SRy 18 i VH JE A BOK /N 9 350 bp £
i, YA VL EEE FBEK/N A 310 bp A4, T
H—, HERBKEERKTREN B, M6 Gk

jE.O

1 M

1 R BETEREMIE RNA
Fig.1 Total RNAfrom hybridoma secreting specific antibody

against Cronobacter
3E: M-Marker 2000, 1-% Fi#4TH afit & RNA.
1 2 M

2000 bp

1000 bp
750 bp

500 bp

250 bp
100 bp

2 RBIEAEPUREE VHFD W FERAY PCR AT 18
Fig.2 PCR amplification of VH and VL
JE: M-marker2000; 1. L B BRAREEVHE B 2-
5T AT AR EVLA K.

2.3 EZEAE BT MM sCFV By

1 M

2000 bp

1000 bp
700 bp
500 bp

250 bp
100 bp

3 RTIEHTE scfv R 18
Fig.3 PCR amplification of scFv gene
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JE: M-2000 marker; 1-5% % #EA4F HscFviL A,

£ PCR 4 39 3R15) VH FI VL FH B [T SCi 771 ]
W, KEREE. HEE B linker HHTH BILM PCR,
BEREASE schv Fr B, 4R 3 s, schv FrBCK
/NN 750 bp HARFE T, 5 FUIARRT . A E )
Fr B, HT RS AR A

24 EAFORE M B K R F

B L) scFv 33E47 Xho I EcoR T PRI A
VI Y), SRS pET-26b #idfi%4:,
A KT IM109,  §ifiide HH 4 B e 254 7 XU ]
BRI, PR e O )50 RS R 4 s, A4
R LAF A 2 750 bp B D) R, UER B e
IR TR, SRR, FEPE R 45 R i 5
Fis, BBERAER A3t 239 MR AR . H A E R A
1 351 bp, gmit 107 NE G RS K 297 bp,

gt 99 ML o
M, M

10000 bp
6000 bp
5000 bp
3000 bp

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

4 52 BE TR BB IIE
Fig4 Enzyme-digested products of the Cronobacter monoclonal
antibodies plasmid
7E: My-marker 1KB; M ,marker 2000; 1-%, ¥ &84T HscFv
B4 H

scFvELHERE 73

1 Gln Val GIn Leu Gln Glu Ser Gly Pro Glu Len Val Lys Pro Gly
16 Ala Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Ser Leu Thr
31 Gly Tyr Tyr MET His Trp Leu Lys GIn Ser His Gly Lys Ser Leu
46 Glu Trp lle Gly Arg Val Asn Pro Asn Tyr Gly Gly Thr Tyr Tyr
61  Asn GIn Lys Phe Lys Gly Lys Ala Ile Leu Thr Leu Asp Lys Ser
76 Ser Ser Thr Ala Tyr MET Glu Leu Arg Ser Leu Thr Ser Glu Asp
91  Ser Ala Val Tyr Tyr Cys Ala Arg Ser Asn Phe Asp Tyr Gly Asp
106 Tyr Trp Gly GIin Gly Thr Thr Val Thr Val Ser Ser Gly Gly Gly
121 Gly Ser Gly Gly Gly Gly Ser Gly Tly Gly Gly Ser Asp lle Glu
136 Leu Tsr Gln Ser Pro Ala Ile Leu Ser Ala Ser Pro Gly Glu Lys
151 Val Tsr MET Thr Cys Arg Ala Ser Ser Ser Val Asn Tyr lle His
166 Trp Tyr Gln Glu Lys Pro Gly Ser Ser Pro Lys Pro Trp Ile Tyr
181 Ala Thr Ser Asn Leu Ala Ser Gly Val Pro Ala Arg Phe Ser Gly
196 Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr Val Ser Arg Val Glu
211 Ala Glu Asp Ala Ala Thr Tyr Tyr Cys His Gln Trp lle Ile Asn
226 Pro Pro Thr Phe Gly Ser Gly Thr Lys Leu Glu Ile Lys Arg

5 7 DIAEHE scFv A ERFS

Fig.5 The amino acid sequence of Cronobacter scFv
2.5 scFv iy 5§ &3k & SDS-PAGE 4-#f
1 B P B L PURE e NSRS KA BL21 o,
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Z PTG %% @ARIA=YA His AL
Jii » SDS-PAGE 45 5 L& 6, Bl R A —46%14 30 kDa
46T, ULRH ScPv i Thalift, T 5T it ELISA

S5
1M

we —116 kDa

e —66.2 kDa

W — 45 kDa

¥ — 35 kDa

—25 kDa

8 —18.4 kDa
8 —14.4kDa
6 FRATEH scFv BY SDS-PAGE #&;MlzE R
Fig.6 SDS-PAGE analysis of scFv
7E: M-makers 116 kDa;, 1-2k4t.é9scFv.

2.6 scFv 53¢ % AT W W A 6 LR

3.0
251
20

1.5F

OD (450 nm)

1.0

05F

0.0

0.125  0.25 0.5 1 2 PR

T AT B scFvIHR S / (ng/mL)

o

0D (450 nm)

Cg\")q ,-Lbbrb o

DY M
o> 65@

9
o & &

§o°\ &
7 (a) REIEMTE scFv B ELISA RNZER; (b) RFIEH
scfv 22X R B 455R
Fig.7 (a) ELIS Aresults for scFv; (b) Cross reaction results for
scFv
FIH ELISA J532480 scFv 550 B AT B 2 18] 11
giahed), Wik 7a o, B DRI scFv ik EE
R DI AR, OD {E tBEFHE YN . 2% B 26 5 B i T
T scFv 5 e e B UR AT T AL R MES &, I A S

e 1 5 PR ATEE scPv WREE R IEARSS . il HoAth U
T o, 2 AT R ) DL BRI T TR FRIAE SO
SR o Fias, M oscPv RRES B AT
(IQCC10459. ENS5329. ENS6309-4) %ié&r, {HFY
T 70 % i A (ATCC29544), A5 K i #F i
(ATCC8739). # - WEAT B (ATCC12453). #AMK
TOIREATIGE (BICIQ4061) 4idr, R ERT
SRR R, GBS BT scRv RAEAS XUV,
ME#ESAR TP HEMEE, AR RA SN .

2.7 = BEAFY scFv #4 ELISA Byl &

9T E T BT scPv 5 BT LR SR
Z A SE G gl R IGIE REAS [RIR 5 5 B W AT scFv
(1. 2. 3. 4. 5 o/mL), K74 ELISA kA&
ANRIAREE (1) sePv ST Bom PP IR Sa+ PEZE &
8 WILLE HBEE B VTR ScPv IRFZ Mg N, H
FH L] 2ot K - FP )26 5 5 1 AT 1 seFv I B
SAEAHC, R & 7 AT B BRI RE R T
SEA T B

20

J 1 . 1 I 1 I 1 l
1 2 3 4 5

5T W E scFv IR T / (pg/mL)

)2 / %
=

wn

=1

8 SERIEHTE scFv I5 ELISANIE

Fig.8 Determination of Cronobacter scFv by competitive ELISA
3 it

BT LA ) 48— FBCR AR /) B R s 3 ol
%, B ASR AnN R BN B TR AR K, B
R ARSI MIE ARG N R, FESFRI 0 R oT,
VLR, EIRPIFIIEAS 2 ), AR Bt #
BEFUAREI B9 i R IR RA FA WA K, 5
FREAT=, FHAT R TR 7 V20 1 5 Hopth 3508 45
TR ZINRPR, KRR T AR,

SEEG TR IR 2 His Fn A 5204 50 BV FF I 5
BEUA, IEEOARTR B 7 AR H AR Al AT I FR25
i L3 7L AE BL21 Hh T ek . A ekt
LB TR TR DL TR AP AE, TR
ATV G DT, AMUE ™ SR>, T HAE
ARV ST AR rh S A B BRI AR (R 454, SR
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FEEDUA N E YRS ES BUR IS . B A R
BB, A 5  RAE BT IR K — &3 b T 1k
Eigwes, CLaREtEER AR A, I SeRR R
SNSRI B, B0ER B
Sk, T PR R, B IR I (R

4 Z5p

AW s R TR R, IR 7 v D AT
B FIAE A PET-26b-scFv, @il IPTG ¥ HAE Kighf
BI21 ik Ihi5 5 ik, SDS-PAGE Hi jk Al 45 5 i
N, HFRIEME DR scFv 4 RN 30
kDa, FF:ELIRIVEMEE AR ALEE. ELISA Fuill4h
RERRILNE B EFE schv SREw P E AL
FERE RS A, BETI S5 6 R85 00 DB AT R scPv Ik
FIEAX.
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