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(VH) 554 28 X (VL) A3 M Ak, & B A R AT
PR A TR IR 45 5 5 S P B S /N DI RE S A B . ooy
TN, By T S AN B R 0 A B, O L 8 A DR
R e 3 A AU A A R (5K U R
To FHN AT RW] scFv i 45 Bl 1k 0 AR i ), )
FE Ay G 00 K 82 R o i Y — ol bR SR A
U IR SRR RV SRR R AR A B
R 5 scFv 7RI P ARREE ", 5 T W WFoT
RTERFEPR P EIA D 05, R
T € R PR (sedsFv) , BAT 845 59 1L 9% AR W 1
PR AITEPET L NPT AE R R R T B B A
SOS7 BEWS iy A AN T2z $tb v FIAE K 9 5 , I 1) X 4
RAF G 75 T <7 S 56wk 1 B R A
NI ATk ] SOST M BEABTR, LA & A
I o RS E S pUIR R R R A R I B
Xf H AW 2 0 PR HEAT BESE, LU B B8 RV IR 97 24
Py (0 Bk 5 B85 FE Al

1 MoKAe Tk

1.1 ##

L 1.1 Gtk CEERR AR KIGAT A DHSa il E. coli
BL21(DE3) g H TaKaRa 2% &) 5 5£ K W55 9 2 b #E 2L
77 CVS-11 .CVS-24 AR ZE A7 ; CVS-24 2 /N L
P A2 SE I E LDs, o 1077, Rk 4K pET22b
(+) AR ZERLF.

L1200 ) i e ) & ook £ B0 & 0 A
Axygen; 4% Fp R #] N V) B . pMDI18-T vector, T4
DNA % $: W W [§ TaKaRa 2 #; Ni-NTA K
Genehealth 23 7] 7 i 5 G T B 5w B BT AR i B 6 5t
RIS T 5 DEOLARICTE R A% B R 5 TR
AZE A 5 N AT R 58 1 (vero 40 fL) fH ] L 2
Hr4E [ 7 PV2061 BBk, il T BUR A W IR A
FRZS 7] A 7 (200906030-1) s HRIG Jy == M A= i it
Jr A= 7 0 N FE K e f 9% BR AR (200905028-1 ) 5
Evans Blue W B g4 T .

1.2 scdsFv B FRiLx 4t

12,1 iR E Bk SRy 91 i A3 Rk s T
PR Y A8 2 AR A R T SO57 () VL F VH
8, 3645 VL f VH 31, JH (GGGGS) , (9 linker
FPo) 4R R 78 VH (44) K VL(100) £ 58728 — A~
FAETR Jy 2 W R , 76 ¥ 51 W 3 152 1 EcoRI Fll Neol
Bl U7 13, ¥ P 41 (774 bp) 3% K i% TaKaRa 24 ]

B, I T Simple T 244 I,

Wik T T 8Kk i B 09 B, H EcoRT Hl Neol
XYL, I 45 Bk pET22b ( + ) IR FE XU D) ) , T4
DNA ZE4EW&E 2, ¥ 1k E. coli DH5a,PCR Fifi Y] %
SE N Y IE W 19 BUORL AR E. coli BL21(DE3)
1.2.2  scdsFv [19if% & %15 . 350 BL21 (DE3 ) /pET-
scdsFv BAF 7% T % 100 mg/L X FHFH KM LB B 3%
Berh 37CHRG IR . i 12 50 K ik i3 7R W
FOFBBE LB (A 100 me/L Amp) 35 F6 35, 37°C 4k
Wi FE R 0Dy} 0.6 — 0.8, Jil A IPTG 2y i
1 mmol/LiFE5 37 CIEZ 3% 7 h, 12% SDS-PAGE
R ik 1 00, I8 85 1 5 B 2= NC b, BT His
PR PR —Bt , BAR o E AL W) I (HRP) bR 1C 40
RZEREDUAR N 5T, DAB 4 J5 MELE5 R,
1.2.3  scdsFv # 4L 52 P 2 500 WSUBE T A4 7
Weis oA 1% Triton .2 mol/L JRE 4 mol/L JR &%k
BT EAE AN IA, 18 mol/L JREFH MM,
PLNi-NTA #E#E17 5% 6 His bR 54 1 A R FZ Hral
o WAL 11 PBS B Jm 3 T @ M i v, 724331
&4 6 mol/L.4 mol/L.2 mol/L.1 mol/L JR &
0.02 mol/L PBS ¥ ¥ H i 47 4 & B AT, i X &M 2
pH7.4 0.02 mol/L PBS v, & 11K Hi#47 SDS-PAGE,
PEG20000 ¥ 4p 4lifk 45 H 230 mL, 3 ff Bradford protein
Assay 127010 7 Hok B
1.3 scdsFv ZEER RV HRELEFFEKRD
1.3.1 ELISA 34 sedsFv 8 F #9405 S M 25
B B AR R B Vero 22 (L UL I 48 8 € B¢
PV2061 50k ) 6 4 W R 8 A ) 3k 32, F 4 96 fL
M. 3% BSA-PBS (pH 7.0) #E 47 £ M J5, In A H
PBS #i B AL HTIAR sedsFv, 4L 50 wL, HRP $ric
(4T His-Tag HUARVE — 4T, L OPD S ik# ., i A
1 mol/L & FR 2% 1k S W J5 L 75 492 nm KTl € OD
B, BSA fERIPEXTIR
1.3.2  scdsFv X B 20 23 rb A R 9 5 0 5t 45 S 7
SIS JUAER BTG B CVS-24 1 # 4H 2L 05, %
5 d JE AT /) B 2 28O B e, 80% ¥ T R [
SEJG L 5 2% BSA [ PBS £ 1], — PN &K F W
scdsFv &2 V1 11, 48 [6] B b LY PBS Jy B 4 %) B
P RBT 6His BTk (1: 1000 Fi B ) , fie 5 im FITC-
SEHUARBUIR (1: 1000 7B ) , LS5 R,
1.4 HIERREE scdsFv BAEXFNANUE

% [ Macdonald %5 """ ) J5 15 AT, AF K 95 9
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# Vero J£ 1 L 0.05 mol/L fY Bk B2 3k 2% b W
(pHY. 6) Fi B2 1 mg/L AL FFIK AR ,50 wlL/fL,4C
R H SR, N 1% BSA 300 pL/fL,37°C &
M1 1 hy 5% 30 P, i #5 O & PE sedsFv 50 pL/4L,
37°CHER 2 h 1 PBST ¥k 3 W5 #E47 B 550 AR +h vk it
A3 ARAL M NH,SCN ¥ 3 60 pL, ¥k BEHKIK A 0,
0.5.1.0,1.5.2.0,2.5.3.0.3.5.4.0.4.5.5.0.5.5
1 6.0 mol/L, EE#EE 15 min; FJ PBST % 3 ¥X, i
A HRP #7094 His-Tag 344, 43 4L 50 uL,37°C
2 h;PBST ¥Ei% 3 ¥k, 0PD K9 i 4 3 32 B OD 0 8 o
ZE B SR AR VR I IS B A BT AR 5 BT R A5 5 1 0D, H
TR 2 R OR  509% B 2 NH,SCN ¥k B B R iz Hi K
) SE AT HE 4, L mol/L IR .

1.5 scdsFv thf0 & 4 i

1.5.1  scdsFv {4 F5 v F03E 1 A0 K 0 < ) 2 6 i A
T RE AR 6 (FAVN) 31 JE 47 5 K% b A 14
PRI . FRiE S OIE #EZ£ 1Y 0.5 TU/mL ) Hi 4
RIGTERIEERE (o 1 JeAE 96 FL 40 M 55 5% A Hh A%
FEAR BRI sedsFy 4044 K b o 5, ) s 35 B L B 1
X HR L FEAE & L P A 50 L 100TCID,, iy CVS-11
AR B, 37 C AR 1 h SRS HFLINA 5 x 10" 4~
BHK-21 45 ,37°C 5% CO, }53% 48 h, HEHW,
PBS ¥ 1 ¥, ¥ I A [ 72 30 min, T4 5, in T ARk
FE# FITC #3ic 4T RV & & APiik,37°C 1 h J5,PBS
Ve 3 WK, FE TG WA BT SR, 1T sk AL 40 2 e kT
B 4 b, 3R A B8 A 2 6 kR b X R D 50% 1)
scdsFv B R BE L , 30 28 5 AR e S L3, BT FAVN 3
BT TR sedsFy &4 (TU)

152 /NEURA R A sedsFy 2R 1109 v GG
P FAR o B /N BRBERLUR P P RS M i R AT .
N s (HRIG) AR S X5 BRI 3 K U8 &
Il 3% (HRIG ) F PBS #£47 1000 1% F1 5000 5% B , %
ST B A BH P X R 4l Ak S Y sedsFy 23
JEASE R 2 A5 A0 R N0 B, DA RS AR R A )
25LD,,CVS-24 R4, 7E 37°C i F 90 min, 8K J5 7 I
FEVK EBOA IR Tk b 410 HEW (3 -4
JE 13 - 16 ) Z kBRI I, I N VR 4 25w/ H
5 dFETT HBOR T, id %/ B A 06 R BE T AL
FH sedsFv 25 [ ARSI A 78 505 5 A DU sedsFv &
mALAN A AR . JOF D PBS T 5 4 AF B
PORi N

2 #X

2.1 scdsFv FEMRESREBEHHE

P scdsFv-pET22b i 1) % 5 45 4L 5 7 45 2
SE4—3, BIAE 774 bp F1 5493 bp kb2 51 1 38 H Y
B Be Mk B (WL 1) o

I M

1

bp bp bp

774 bp—>

E 1 PCR # 1% scdsFv(G) 1 pET22b-scdsFv Eg1J] 7= 4 B
KR

Fig. 1 Agarose gel electrophoresis of scdsFv(G) and identification of
PET22b-scdsFv by enzyme digestion. 1. sedsFv ( G ) ;2. EcoRT + Neol;
3. BamHI; M, . DL2000 DNA Marker,M,.250 bp DNA Ladder Marker.

2.2 IRENBSREGH.EH8

BL21(DE3)/ pET22b-scdsFv ] IPTG i 5 % ik
JE WA R AR, 2 4b B 5 3£ 4T SDS-PAGE LK , % 1 Hip
SEWE YL, #F 30 kDa KbV B 1 A H AR, KNS
TUITAR A (UL 2-A) , R B sedsFv 78 TR &k,

kDa 1 M 2 3 4 M, yp,
94.0 —
662 — -8 B
45.0— = —58.0
==lhe - B e < 30kDa — 460
26.0— -

= 30 kDa—> —30.0
20.0— -

—23.0

144— -

2 SDS-PAGE %1 Western blot #& il ( A ) scdsFv & H
%i%(B)

Fig. 2 Expression of scdsFv detected by Western blotting( A ) and
SDS-PAGE(B) 1. Crude extract of E. coli BL21 ( DE3)/pET22b-
scdsFV; 2. Inclusion bodies; 3. Purified scdsFv; 4. Western blot
analysis of expression of sedsFv in BL21 ( DE3 ); MI. Protein

molecular weight markers; M2. Pre-stained protein.
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HHAMEAFEIE AR ZRIE, UARIEIE A AE
1t Western blot 385 FISH &AM HIWE B (WA
2-B),

8 mol/L R Z ¥ 40 i K 78 /3 ¥ %, i Ni-NTA
FE, USCBE Uk I 45 11, SDS-PAGE i B8 — Z% 71, B W1 &
PEJ5 , 28 Bradford protein Assay 127l & , 4ifk . &2 1
JE B H A 0.2 ¢/T, PORLER ) v 9 [T i 5
5 20%
2.3 scdsFv EAR RVERELESFHERNER
2.3.1 ELISA £l scdsFv 25 F 040 5 4 5 45 5 0
PREE R « LA [ AR B AT R s o8 25 92 B0 88, I A Sk
JEPUE R W5 3 sedsFv FLk, IF B m A @ $i 4k 1 —
5, BSA FEFIPEXT R, ELISA K50 25 2R R, AR
Wi g scdsFv I 5AE R Vero JEHFE R 455, A
BEBT S5t e B2 0 B AR T R AR (DL IET 3)

20r
1.8
1.6 B Vero
141 N BSA
12}
1.0}
0.8}
0.6 |
04}

oD 492

100 50 25 12.5
c(antigen)/(Lg/mL)

3 FERFS scdsFv IR ELESFH

Fig. 3 Specific binding of scdsFv to the antigen

2.3.2  scdsFv X /s UK 2 20 AP 8 R 0 o B L
FAE A TR DN S5 2R csedsFv 58 CVS-24 11/ R
i 20 230 IS 15 F e ik g (o, m] WL WT R 51 , i

BAEXT I BSA W JC 5% 2 (%€ Ve i o W] sedsFv 15
NI L R R R R A G RE T (UL 4) .

4 scdsFv 533 CVS R ED /3% 3¢ & K7 BA 14 (200 x )

Fig. 4  The positive result of immunofluorescent staining of scdsFv

(200 x ). A:scdsFv;B:BSA.

2.4 scdsFv iRt £ AN E

FHBR AR 8 1 B8 25 0 5 sedsFv X 4F K9 7 1Y
AEXS SR F0 7, SR A 146 80k 2. 0 mol/ L,
2.5 scdsFv H 075 46
2.5.1  scdsFv {4 &b v R 3 1 2L A 0 45 SR - Al
OIE #EFEHT RV A 92 BR 8 11 A5 1 o A 1 6 BR,
FAVN {E 1330, 1T 5815 5] sedsFv Hi 44 14 o FzL
>k 41 TU/mL,
2.5.2  /NEARP RS R sedsFy Hh RGP 45
B isedsFv 5 251D, CVS-24 JE 4 ,37°C 90 min J5 /)
UK NS, 14 d J5 FA% sedsFv 414 55.6% FLAE
52 f5H B sedsFv 45 30% BTt b B0at A ili , & W
scdsFv BErf AT CVS-24 U & 4 1fiL ¥ 1 FH % X
HEZH b, 1000 5% # B AT 100 % £ 47Tt 5o B0 B (W
# 1), scdsFv FHAEMNG 0 - 14 d /NG A E
5 E R BRI 2200, BB sedsFv X /)N BRJC B8 1 o

F1 INEEK scdsFv AfESNEL R

Table 1

Data obtained in an in vivo neutralization assay to assess the neutralizing function of the fusion proteins

Groups No. of mice alive after Day 5

No. of mice alive after Day 14

Percentage survival/%

25LD,, CVS + HRIG

1/1000 HRIG 10 10
1/5000 HRIG 10 9

25LD50 CVS + scdsFv

scdsFy 9 5

1/2 scdsFv 10 3

100

90

55.6

30

3 itk
s A A A3 T R B LR

PLZe 2 AL % 25 RNA, 22 J5 )= i 55 i cDNA Fi- LA
It cDNA AR JEFF VH Al VL 9748, ] linker % 4%
WEABEYUIR . &% RV G B A PP T N A
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BB A MEBE K, AR S R4S o AR T RUE SR, TR
BB IS A 4 S N HE R 19 3R 97 il 7). SO57 H
SEREBUARE X RV G 8 H 1 AR ERHLT, Dietzschold
5L B S0ST BAT T S, XK FB > RV f
A0 2 A PR 5 B PE 4F UE W) S057
HRIG EA7 AH I #9 rf FLRE 7, 8 b A3 [ 75 38 L b
N O A e AV B A N D G i K
SO57 W] 7% X J¥ FIAE Jg B BEHTAR I8 7 51, 25 SR UE W]
SO57 k% scdsFv A B4 9 RV 25 5 0 4 Fit e Al
T

INGFIER BB AN sedsFy  Fab 25 M IfiL 4 3
A A ZH 2 8 7, A0 5 38 S il A B Y BE ) 2 i
TARPUA XA BRI PR B2 R G, U i 4
SUP PR R R 0 AT RENY o H R X R R R
GBI W BT R % i R L Prion 2 95 SE A 5E h, H
scFv 2 I ik Bt b € A 38 2 A s 4l B AR /D R
fe ] A 45 Zh 4 b OE 52, seFy n] A2 # ik N 3R 97 AR
IR AN — R BRI RV G MR 1 scFy
TR R % 200 i 3R TR A1 2 Ao i, DA I ok R 0 JE e 4
JEL, A 40 s B 19 25 9 (siRNA 2 LA R (5 3R 55)
T scFv ZJ5 , AT )52 2% 25 4 1F R 41 .
IR SR A B Y scFy 78 RV AH 0 B 9% 14 8T
BRI AR A L,

AR FHERXT SO57 By — i B e PR EE BT AR
KIGHFF B EAZ R IK sedsFy 345 ). ELISA 150 %
Wlaifb VS sedsFv R AES RV R R 4565 IF g
56 /N A ZUED A i RV i I FAVN 4
W scdsFv XF RV By i AN 2 41 TU/mL; /N BRAK A
F AN R U] sedsFv B2 #8423 PR 47 (55. 6% ) /N R
ot Mk, DL b g5 R R B SO57 ok R
scdsFv B RAF 50 RV A8 77, I 76 4K 9 R o 5
N FE M 2 — R R AT scdsFv,

PR E 4 AT AR X VH R 55 0] A48 X VL 3l 5
linker B WA BEHTAR (scFv) , FR7E VH F1 VL 2Z [A]
T o — > A3 ) U R 3 R R T PR T AR R
FEPUAK (sedsFv) o sedsFv AR Z L. 5 1gG 1L
B, sedsFv 7 #0 ) 41 23 A T AR 09 0 B B ), T 4
(B BN . 5 schv g, T2 A4
HETRE_RKER, BA RS FEEE G
W, BHRE , AR A - 5 G A T R ™,
Tt scdsFv ¥ Bk 75 40 B 7= A2 By (14 5l 3 20 4K
B, BERE X RV sedsFv B 58 W H A

A scFy 5 G AR R 0 B2 RE T .

A ST UE B 4T SO57 #R 3R 1319 scdsFv BEA
Al CVS-11, FAVN [ 7R o rf f & 4 41 1U/mL,
FHLA SO57 1 al A48 X 4 %F RV 5 B A B = 4
B AU RS WU Y SR Fe i B S5
Ul e B BRI B BT AR AT AR XS 4 A BE AR 4 Y
FUREE o 78 H B /N T BU R B 52 vt 75 31 AH [R) 45
&, Kalinke 45" 5iE B scdsFv fiE i #0K 3 P O 48 95
IR/ Bk S BOSE G 3 15 i s Muller 2501
F scFv HTT RV CVS fk, Ul B g ik B A
5 RV g5 & e R RE g, 1T RE 7R AE KO IR YT 1
BN B RIE T 4 F o

5 TR AR BT A BT AR RV sedsFy
FH, FAZRIBE 15 5] sedsFy 3 1 5 sedsFv fig 5 RV
LS G s E 40 AN B P 3 8 i B 2 A e R
WEPE e/ R e 32 BOE B o sedsFv A] BB ACH
RV B BG T 43 5 5 [ I Sy B 2R % 0 38R s 55 O fii %
HORR B 2 R G TR T PR s 0 sedsFy i —
A S T 1) A2 38 TR 43 14 L FH 25 0 A

%% Xt
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Construction and detection the bioactivity of human anti-
rabies virus scdsFv

Ruimei Yang''*,Songtao Yang’* ,Chengyu Wang®, Yuwei Gao’,Hu Shan',

Xianzhu Xia**

' College of Animal Science and Veterinary Medicine , Qingdao Agriculture University, Qingdao 266109 , China
* Institute of Military Veterinary, Academy of Military Medical Sciences,Changchun 130062 , China

Abstract: [ Objective] The purpose of this study is to produce new antibody molecules to neutralize the rabies virus
specifically by the way of constructing and expressing the human anti-rabies virus scdsFv (disulfide stabilized single chain
antibody) gene,and characterizing its bioactivity. [ Methods] We obtained the sequence of variable region of heavy chain
(VH) and variable region of light chain ( VL) of RV monoclonal antibody SO57 from GenBank, and it respectively
mutated into cysteine in the gene loci VH44 and VL100. The scdsFv gene was synthesized and inserted into a prokaryotic
expression vector pET22b (' + ). Purified inclusion body scdsFv proteins were obtained by Ni-NTA His Bind Resin affinity
chromatography and identified by SDS-PAGE gel and Western blot assay. The binding activity of scdsFv was identified by
ELISA and mouse brain tissues infected with rabies virus CVS strain. The relative affinity of scdsFv was measured by
ELISA using thiocyanate elution. The capacity of the scdsFv to neutralize the rabies virus CVS strains was determined by
fluorescent antibody virus neutralisation test (FAVN). The fusion proteins neutralized the CVS strain in a standard in vivo
neutralized assay where the virus was incubated with the scdsFv molecules before intracranial inoculation in mice.
[ Results] The fragment genes of scdsFv to rabies virus were constructed successfully. ScdsFv protein was expressed in E.
coli with approximate molecular weight of 30. 0 kDa, which could be recognized by anti-His mAb. ELISA results
demonstrated that scdsFv could bind antigen specificity. It was found that the strong reactivity of scdsFv to the smear of RV
infected mouse-brain was demonstrated by IFA. As determined by FAVN with a reference serum, the titer of scdsFv was
411U/mL. In addition, scdsFv could be 55. 6% protection of mice against lethal challenge with rabies virus CVS.
[ Conclusion | The scdsFv can bind antigen specificity and has neutralization capacity to the virus in vitro and in vivo. The
anti-rabies scdsFv is potential for application in rabies post-exposure prophylaxis.
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