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Abstract:
disease of pigs. Classical swine fever virus (CSFV) is the causative agent of CSF. The capsid (C) protein and the

Classical swine fever (CSF), one of OIE-listed diseases, is a highly contagious and economically important

glycoproteins E™, E1 and E2, are structural components of the virus. E2 is the most immunogenic protein of the CSFV
glycoproteins, inducing neutralizing antibodies that provide protection against lethal CSFV challenge. In a previous study,
we developed a murine MAb HQO6 against the E2 protein of CSFV. In this study, the variable region genes from HQ06 and
constant regions gene of swine antibody are fused and cloned into the eukaryotic expression vectors to establish a cell line
which can stably express a chimeric porcinized MAb (cHQO06) against E2 in CHO cell. The purified cHQO06 antibody
protein was determined to be successfully generated, which exhibited high reactivity between cHQO6 and the E2 protein of
CSFV by enzyme-linked immunosorbent assay (ELISA) and Western blotting. More importantly, we investigated the
neutralizing activity of cHQO06 against CSFV. In conclusion, this study generated cHQO6 for efficient and stable production
which can be used against to develop novel diagnostic assays, investigate the structure and function of the E2 protein and

generate novel preparations of diagnosis and treatment.

Keywords: classical swine fever virus, monoclonal antibody, genetic engineering antibody, chimeric expression, suspension
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¥4I (Classical swine fever, CSF) J&/“H A5 C FIMEEE T E™, E1, E2 & CSFV

f& T R 1 — Fh UL Y, R E K
TR, Rt R s DAE4 4 (OIE) 4]
N WA AT R AR A — 2 s e CSF G IR 2 0
J W # (Classical swine fever virus, CSFV),
CSFV J& A B Sl IE 6% RNA f 55, JER4
K2 12.3 kb, SR dRHER 8 8 1 AR P
I AL G i — > KA TF R e 2 AE , gt
— A 3 898 NMEIEMAMMZREN . XL R
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(gt AP, B2 o [ MBS, HA L
HANX, FRIEuG MBS BEIX, K E2 R [ E A
PEME 10 B2 R AR L A RN g R
L S B gl B e R P
IAh, E2 & CSFV By EZA PR ER, i
SR A p AP IR R A U0, B2
FEAFEEILA B, C. D, A PUAHLRSEF K,
FA B A S BT IX., 4% B/C A1 A/D YT
HEF (aa 690-800 F1 766-865)!'1131,

E2 2K [ BT RURRE C 20l 2 s so ek
P S U101 e ARSI S AT TR, 3R
il & 7 —tR B B2 SR REYLA HQO6, &
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Al DU SN CSFV C MRFIA T 0E B2 )
LAMERAL, ZHEEPUARE N REEREN G
(IgG) 1 B, %diohy x WU,

R T 5 R A PR R B AR 1 A% A8 R AN iR
FaE APUrE S £RE RS, EAR T, KA
I FH LA if v B 4 R 3R AR HQO6 T E (HC)., %
B (LC) MYHEM, FH 5 A tE o X AR A
ARG, b E R, FFEE CHO 4if
FRaE . RREIREN N CSFV E2 B A MRS
AL PATERETTIA (cHQO6) . il o 6 il 5 56 i 512
cHQO06 5 CSFV E2 & [ HA R4 1 5 i 3 1
i H., 3 s AR I U S H AT AR CSFV Ry
By, Ht, ABFIEIEM, £%F CSFV E2 #
1R 05 3 TR AL B0 58 BE PR cHQO6 1T IFRAE |
ERFIE, NWISY CSFV E2 EH45M . UhfE
DI IT R BRI CSEV 12 W FIA I i 30 25
et

1 ME5x%E

1.1 8RR, fREFFRHKL

AR 400 (HEK293T) 3% 540l (PK-15)
W) 19 5 ) s 7 P A S o 5 o ] B O B A
Ml (CHO) Wb Rl = Be A A . k% HEK293
200 6 vy ey 2R V5 Sl W AR ) it 1) R AR 5 TR O
A BRA AL CSFV A1 TRRTE PK-15 4l %
103/ Reed-Muench 22 38k R ™. 12
o 1R AR pFUGW S Bl KL psPAX2 . pMD2.G
H Addgene #eflt, FIEPUIAEBEFEREEN X
F35 50 pcDNA-HC F1 pcDNA-LC Hi W /R -2
ST TR VAL G B8 T BA DR A
1.2 FZEiXF

Prime STAR® HS DNA H-4 7 . BRI 1)

®: 010-64807509

fitf BamH 1 | EcoR | , T4 DNA %%/ . DNA |
FEE PR S5 B TaKaRa 23] 5 H Y ok Ar 50
519yt AR YA w5 . HiTrap Protein A HP
%At (5 mL) W4T+ GE Healthcare A Fl; 43+
154 10 kDa I IEE T Merck 2wl SR
AALPIEG (HRP) Fric i RbiiE @ EREN G
(IgG) H&L (Abcam 7~ H]); BRIt 1gG (BD
Pharmingen /A ) ; HRP A7ic A9 LL2EHT R 1gG .
3,3,5,5-PUHI LR (TMB) JIK¥Y . 47,6-—fik
FL-2- 2RI (DAPL) B SCHT#E (Evans blue) .,
SRERENE (FITC) tpiciy 1gG ¥y -+
Sigma-Aldrich 23 H] .

1.3 EHRNAEE
A pcDNA-HC Fil pcDNA-LC J5 ki AT ,

P14 cHQO6 Hff (HC) FEEEE (LC) M. 3

B BE RS LUK SE AR o T B S, B E W
A I ENRGEF 37 CHEYI 4 h, KI5 R
YIJE 1) pFUGW BTRi 4K T 16 ‘Ci#4% 8 h, il &
4 fiki pFUGW-HC 1 pFUGW-LC., 51 ¥ %41
W% 1,

1.4 #HFTiX cHQO6 IREEFNEE 55 HY 4 A
AHME

B JFiki pFUGW-HC 1 pFUGW-LC LA K
W JFk. pMD2.G il psPAX2 FL45 YL 5] HEK293T

# 1 cHQ06-HC #1 cHQO6-LC 45 F 43|41 75
Table 1 Specific primer sequences for amplifying
c¢HQO06-HC and cHQO06-LC

Primer Sequence (5'-3")
VH/VLF CGCggatccGCCACCATGCCGATGGGC
TCCCTGCAGCCCCTGG
VH-R CGgaattcTTATTTACCCTGAGTCTTGG
AGATGGAC
VLR CGgaattcCTAAGCCTCACACTCGTTCC
TGCTG
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A, il R IEPUAR HC F1 LC MR . ¥
S UG EC (MOI) g 10 gy
CHO #Jifl. 48 h ZJaXI4Mait&, N A PR
T T U B L s, SCHROEL b 3 R R A e
DB AW A BS (DAS-ELISA) #EA T4,
A 3 G 45 L0 2k . cHQO6 B A2t 5% -

1.5 cHQO06 HIRIEFNL L

£ CHO-cHQO6 4l ifl 72 b5 % 1 ¥ , fifi FH il
RV AH)Z M 288 AKTA explorer XJHiikuEfT
alifl ., B IR N AR R 8%+ b i
PR 51 - 2R N s T e B JiE v Uk (SDS-PAGE) £
Piikdi %, FE 0 FH Western blotting & /7 14047
cHQO6 M2 % LA K 5 bt h 1gG 1 S i
1.6 DAS-ELISA

B atifb () BRPUE 1gG 4 1 : 250 F g, 7E4 C
5T, LLAEAL 100 uL f3 4% ELISA # 12 h, 4
o s, FFLIA 150 uL PBST i3k 1 1%, 2
e 54 5% FBS 1Y 5% 5 FL i A ELISA fL
Mo, 4L 100 L, 37 CHER 2 h, ¥aifbhy
cHQO6 £ 2 {5 KA B AZIF LR, T 37 CHE
A1 hE, FEdUA, A PBST ¥k 3 K. #ik
T PBST W1, fin A AR & 401k 4 ity
(HRP) #RiCHIHRPisE 1gG H&L (1:4 000), T
37 CHRZEFE 1 ho WA PBST i34 3 G MA
TMB ¥ B4, 15 min J5 A 2 mol/L H,SO,
ek S, e v P B AR AAE 450 nm R Ab A
IR e B

1.7 A E3#% ELISA & ¢cHQ06 5 CSFV
E2 EARIR L E M

439 N FH BHK-21 41 il 2235 19 CSFV A T THk
E2 M. 7% HEK293 4ififi %51 C ¥k B2 &
Haiaifb i) CSFV AT Ik ELISA #i, &AL
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W% 4ng. TE 4 CHUE 12h, SRIGH 5%BiIEFL
T 37 CHI 2 ho #4ifb iy cHQO6 4 2 £ R 4
B M ASL S, F 37 CHFE 1 h, W PBST
PRk 3 K, A HRP FRic B %P 1gG H&L
(1:4000), 37 CH#&H 1h, TMBJKY B G5
o7 PSR {UAE 450 nm I K A0 A6 I g 516 B

1.8 % Western blotting & cHQ06 5
CSFV E2 &H R M &4

¥ BHK-21 40fig iK1 CSFV A1 #k B2 &
I F1E 7 1 HEK 293 41 fifd 63k 11 C #k B2 & (1 iF
1T SDS-PAGE, IS ENERHIRLI4ER (NC)
e, H S%BifEFL T2 E 2 he N PBS
PRV 1 U5 8 NC Bl 2 HQO6 IE /K (1 :1 000)
KAk cHQO6 H, EiRMEHE 1.5 ho i PBST
PRI 5K, IR 5 min, PREEEE, 28T
HRP FRiCHIILESTR (1:1 000), Pk 1gG
(1:2500) FEIRPFF 1 h, W PBST )G,
fifi F 2 D RB 9tk 2% B OC UG o B RS ik 474
i, PRAF KA AL

1.9 mEPNIRXE

¥4tk cHQOG6 Hidk 2 f5RAIMFE, fik 6
MRBEEEER 4 ANEE, 58l 100 TCIDs 1)
CSFV A IHRSEARTUR S, T 37 CilRffhIE
2 ho B TCK ZBET 20 CUkAS b1 & 40
15 min, RJ5¥ CSFV BHYEIM T 1:100 ke,
AL, T 37 CWEF 2h )5, WA PBS BE¥
5K, BIR 5 min, PRIREATHRIGIA 1:100 %R
{9 FITC FRiC i 1gG A1 1 = 1 000 F B B 7 SOl s
WA 37 CIRAR, W 1 ho MFE 454N H PBST
THUE 5 U, B 121000 i B9 DAPIL K41 i
¥egeta,, 37 “CHCE 10 min, ] PBS Wik 5 W5,
I FH 2 1 U 43 b A4 vh A A
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1.10 FitZEoHh
1. GraphPad Prism 5 #4404 B 84 .
IRZEL TR KT S IE (X ) IR E R ZE (s)

2 ERS5HH

2.1 cHQO6 =4, Rt EHRRHIME

PLF R pcDNA-HC 1 pcDNA-LC AR AR ,
3 L R S 1 43 91 cHQO6-HC . LC
HEEH, i 1A FR, EAEA/N R 1500 bp,
BEER/NA 750 bp, RUIHM A BB 5
W, BHFHRZL BamH 1 #1 EcoR 1 MY 5 1E
1 500 bp Al 750 bp kb BUEES S, I 4%
Bon, H5HRFI—8., 4REH, Bk
pFUGW-HC 1 pFUGW-LC &5 (& 1B).

2.2 IRiE cHQO6 ZHAf F B iF ik

5% 3 )5 A 2D T 96 fLAkH, N
A PR TR 2 0 1o A o o 400 M, S8 B L %%
A7 26 PRI e BRI, WOBCE B3, R A
PLikJe.0> ELISA Kl Biik 5 bt s 1gG IR

= bp  Marker 1 2 3 4

",

2000—

1 ZFHFKEK pFUGW-HC #1 pFUGW-LC Bt

NYE . KEIEEIREH, 65 . 21 5 25 54
Ml seRE R SR IR S RPUE R 1gG R PR
9R, A A REN PFHMEANAE (B 2A). FFiX 3 BRAl
IR/ R NS e S L QR B WL N APA C /I % NI
ELISA K45 5 WoR , 6 5 40 vo B il 8% 5% b
WS RYUE 1gG NPy, H 550 RO
£ (& 2B).

2.3 cHQO6 J& iR Ju iR iE 1% B+

Waifb )5 0 6 S Al sEpE R FIE (R
4 1 mg/mL) H#H47dEIR K SDS-PAGE 43 #T,
5K cHQO6 HUIATF] liIh A #Epik 160 kDa
RN, SR IEPUARE 087280 (B
3A). N T HE—4E cHQO6 HiiAJE e sb ik
ok, AT 8%IEiR)5E SDS-PAGE 17
Western blotting %%, 7E 160 kDa A EHi 4
FH, XKW, cHQO6 Al LA 1gG HLik i
(K 3B), DL E45HUERE, cHQO6 FifAk iy sh2H %
AT RPUE 1gG 1B, BRI IR
() E2 25 [ 5 5m B

bp Marker 1 2

3  Marker bp

Fig. 1 Construction of recombinant plasmids pFUGW-HC and pFUGW-LC. (A) Amplification results of cHQ06
heavy chain and light chain by RT-PCR; 1-3: the gene of HC and LC; 4: negative control. (B) Identification of
plasmids pPFUGW-HC and pFUGW-LC; 1: pPFUGW-HC; 2: pFUGW-LC; 3: pFUGW.
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32
1F
= T &
= - S — Cutoff=0.45
=l H & il ISIniZl I
345678 91011121314151617 18192021 2223242526
B 4
-6
= 21
. ¥ 25
- -8~ Supernatants of CHO
< 2

1:2 1:4 1:8 1:16 1:32 1:64 1:1281:256
Dilutions

B2 cHQO6 41 & KTk
Fig. 2 Screening of cHQO6 cell line. (A) Screening of positive cell clones of cHQO6 using double-antibody
sandwich ELISA. (B) Reactivity of different cell clones of cHQO06 with rabbit anti-pig IgG in a dose-dependent

manner.

kDa

170
130

100
70
55

40

35

25
15

B3 cHQO6 IR H KA 1% Hy 4
Fig. 3 Activity measurement of porcinized antibody cHQO06. (A) The generation of cHQ06 was examined using
SDS-PAGE. (B) The reactivity of cHQO06 and rabbit anti-pig [gG was examined using Western blotting.
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2.4 cHQO6 R THEHIEE
L E]4% ELISA F1 Western blotting 36 IE

cHQO6 HiiAFI CSFV E2 &AM SNPE, ]
ELISA 455%H, cHQO06 Hilk 5 ARFEIL RS
FIAM E2 OB EA RIFA RN, I H 25
HEAREE (B 4A). BT iE—2HE cHQO6 it
RS, W Western blotting 2 46 46 il
CSFV C ¥RALA T TRE B2 #1115 cHQO6 HiikAY I
NP, I R HQO6 (MR 1 mg/mL) 1EKKH
PEX R, 455, cHQO6 HiiAIR S| CSFV E2 &
FIYRE 15 TR AP HQO6 (K 4B), 27 L fiTid,

cHQO6 Hifk 5 CSFV E2 # A BT ik

2.5 cHQO6 A BRFEHIFIER

HQO6 1 LLiH %] CSFV E2 & 14 % 1 1Y
"PLFDGTNP7® i1, 7 % 5] cHQO6 J 75
HARFIRREAIRE S, ¥ CSFV Ll 100 TCIDs
SR 2 £% R 50 B cHQO6 HLIA M T &
SR IR PK-15 4110, 48 h 5 EATIRI o
R (IFA). Z5RE/R, 7E1:2, 1:4F1:8 1Y
cHQO6 # AL, ARAHl E] CSFV 1R FHEOEAL,
HAE 1216 1Y cHQO6 FikefLHr, HAMF| 52k
kb, XM, cHQO6 HFIELH N 1 :12 (K 5),

A

4 -m- BHK-E2 B
A BHK y S @
-8 HCLV-E2 < %fo Q@P \)4

3 -¥ Suspension HEK 293
- Csppv Q;b ‘32» -1 *29
- PK-15

<2 HQO6 L

cHQO6

0 560 25‘0
cHQO6 (ng/pL)
4 cHQO6 A BY Kz iz 1446

125 62.5 3125 156 7.8

3.9

Fig. 4 Detection of the reactivity of cHQO06 with the CSFV E2 protein. (A) Indirect ELISA. (B) Western blotting.

cHQO6 1:2

cHQO6 1:4 cHQO6 1:8

400 pm
CHO 1:2

400 pm

CHO 1:4 CHO 1:8

400 um

cHQO6 1:16 cHQO6 1:32  ¢HQO6 0 ng/uL

5 Wi

400 nim

400 pm

Es5 RAPMREEN cHQO6 fiiAX CSFV & H Fn{E M

Fig. 5
represent 400 pm.

®: 010-64807509

Neutralizing activity of cHQO06 against CSFV infection determined by neutralization test. Scale bars
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3 ik

SIS FHTAS A T —#REF XS CSFV E2 1
() BUJE B TE BE HTAR. HQO6,  FFIE S fT A iR 5
CSFV E2 &1 ""LFDGTNP"™® | f— A2tk 3
(U, AR G A B UM A 1 R 0 3
K, IF HLIE 25 A i A RE K IR A7, A 0T RE
T WP IAR P ALE TR RE Bt Rk
E MR ST, B2 R 2 A s i S5 A
TR A DU, B RIEHUAR SRS R aE a2 X
A B IRPUA R E E X iR E A R £ A3
AR BRIR B AR & B IR LA R i .
I, 7EdT CSFV E2 S FHUiRmfr R, s
PUARTEAERIRYT R AANE, AR ECH
(1 BRIR BT A A ATE TR PU AR R e X, il 22k
NREIRYUA; I T CHO 40 363k R 40 A 4%
EHBD, B ERERS cHQO6 HiikEH,
UL I AE T RS 1k cHQO6 Y CHO 4ilfii &
JEiE T KRR SR AN . R Ak B LAk
PR,

e LA T E, FRAE A R A 2
¥r 24 AKTA explorer gifb ik E =, MEHIR
Z i AKTA 4iifb 8 (R i g m & A
aifb kAt 2y, HEARS M, Tk
B, AKTA explorer Mt FAEG 445 1KY
D5 AL, PTAERE R R, KR TR AKE A
I 0T, R AR 5 A/ (1 BRSHORS i b SO 44 7
FUAE T, B KRB bk G 0 A B8 11 R

eI, FRATTNH IFA AR
W TPk R R . RS E TER
SRS WbR WERRE T, X PIARTE 1 mg/mL
W T RSP RIS R 1212, RSN AR, A
A2 i T e PR HRE R ] — PR R AL,

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

Jt LA RS DR A1

FATE G UESE Tz Br AR i 520 v A i 9
BEMMAES, HFEARIFMEMT . FiL,
cHQO6 £ A5 il 77 1l 9 i FH HL A5 AR /&5 1 BF 5%
Ho 76~ a5, AN A cHQO6 Hit
g 5w 4 ELISA R 7 vk, W FF BB CSFV
PG I ) 24 5 S
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