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Abstract  This study is (1) to improve the stabilization of human scFv to rabies virus; (2) to prepare active human dsFv frag-
ment; and (3) to evaluate the biological activities of dsFv. The dsFv Vy and V| were separately expressed in PET22b( + )/BI21
(DE3), solublized and combined in appropriate molar ratio in refolding solution. The resultant dsFv fragments were evaluated for
its protection against rabies virus, its affinity and stability, in reference to the cognate scFv. The dsFv was found to hind specifi-
cally to Vero vaccine of rabies virus. Compared to the scFv, the dsFv was more stable, had higher affinity, and was able to in-

hibit the infection of Rabies virus to Vero cell. This established a solid basis for the clinical application of dsFv 1o rabies virus.
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L Fv B R a5 . Huston %' 7E V, RV, s EE
it — A FEHEAK (linker peptide) RSB KA E M, RN
BEEPUE (scFv) o REBREH| TR scbv AH R
G WEN  BE scFv FE H R A HAK K E 1 /18
BRI EE BT REME ., JLHAE 37CH scFv
MREMEE XSREHETERHERTEHH
FEHMEBERE-EEX. ATHEX—-BRSE.F
ANEV, MV, ZHERSAT —THEE ZHmE. M3
dsFv7 L S B TARD dsFv WiERE, 55
scFv #HEL , HERE A IEF BB sl .

HWERE -BLALRESMEE KUK ER
ARFEERGHTERRE seFv BRE A BB
AR A, B RS A  E A
ST H AT TR EE S, B A PCR E S R E
scFy IV, I 44 U EREBH V. B 100 L R EERF
FIAT =P EMER . HE THERKE dsFv v,
V. REREE, RUFFRE R B dsFv V.V,
R R RGP Rk, Hl & I alifb B i R
TERFE dsFv Uik F B, 7 L B AR scFv 1B
STRE X K A Y iE T TR

1 M#5 T

1.1 ##

ANBEIERFEF scFv MK &S 00 30EK (6] #
HWHIE R dsFv Vv, RAEEF Y 5w b b A%
H&; S HEME R B, Anti-Lewis' dsFv (A #§ Ly-ds-
Fv) B EFERRFEE AT ZE AR EIE R ERR
FEWY I ETUA Y AAZH & E R HF PM EE Vero
T H Nk E R TR N | T RO Y A M A
¥k aG A P B 2 5 A 4 K E TR TF B K Vero
HMAEEEY¥H¥RITREERAF.

1.2 dsFv v, MV, REFRAMRRERZE

BiEHIIE RF# dsFy V.V, BAEEM K
kA Nde 1 1 Not I 347 WREGYT, 43 3 5 & [F #£ 3L
AU BT B9 pET22b( + ) 2R IR T4 % $E A% 4%
#4k E . coli BI21(DE3),IPTC S . EHAEHUN
T ARk
1.3 &sFvEAERNMEMA{L

Vy FV, SRR FITE B R R P R, W
BEMAREBENHES, V, FV, KBIK 1.5:1,
MATTEBEMB T HHREE N 1:100. 10CHH#HAT
& 16h.

¥ g &K BB A 30kD &8 I H, 4C,

4000r/min B .[» 4h, R AT EWN V, MV, ARG
T B RA b ONi-NTA ARl fl S | i g Ve R g i
HR B ESSERAKY 2x SDSHEREWHWRIES,
i Smin FE L, B LH AT 15% SDS-PAGE # ik
T, HAWEREAE QT 4CH PBS B
KRB EAERGTE T - 70CHH -

14 RERRE SHVHRAERREESEH
(ELISA # )

KRR E Vero & 8 I 6L 80 MK 7 FE AL A [R] i
E.Ef o LR, HE&EHEEWEFEE B T BSA xS
B8 . 3% BSA-PBS(pH 7.0)i#1T# M 5, m A H PBS
RS B 4B AL HUAK (scFv, dsFv) , B fL 70pL, HRP #7iC
RIL His-Tag FURVE — 30, LI A TR A |
1 B W N EY ,7E 450nm P K & oD {4 -

1.5 HERFE dsFv A EMHAUE

PUIE R 3 A TR B 44 RO R X 5 F0 1 3R B EURE
Eh e B AT HLEE Y E R Vero BT AL 96
fL¥, 3% BSA-PBS £, N AtHEIME B iR 4 fk
NIBALHUEK ,37°CHEH 1h. PBS-T 264k, it A & KR [F
MeFE NH,SCN(0.2 ~ 2 mol/L) ¥ 0.1mol/L PBS & #
(pH 6.0), B 4L 100pL Z R E 15min, PBS-T {4k ,
A HRP ¥7iC 8 41 His-Tag 3L (&, B L 50uL,37C
lh, ML AR BB NKY., 86, MA Imol/L #i A&
KAERBLE R 0Dy, . LA ODy, T # 50% B #H Ly
) NH, SCN Bk BEFE R A X R FI D F 5.

1.6 HEARKSE dsFv AT REERD

e R R WM AT BE R B E R A T R
Z—. MM HEANERESELLRITES L XK
[4,11]. FAMYE . PBS 5 4ifbHi{k7E 37C L[5 5%
F.URB_EMRENE, AREENEREDTE
WPk S PBS TE AR E T E#EH 3h RN -
HIMRREHRAVEEBEI S RERENIREE
PBS F F 10°CHFH 3h KA .

1.7 HBRRS dsFv B BER D> st

¥ ] 5 B scFv F dsFv 3L (& 1 B2 MEM 35 95 5
JE% N 400ug/mL, A MEM 3% 77 25 16 56 BE 7 B
BR—CB&EHBEATUEMA 24 LM FRRN,
BHMASETHAERAT oC HRFEH B, BEK
BILAE KRB 10 ~ 60 1, HITIERA
Vero & B lgY U 14 1 FA 1% %4 B/, Ly-dsFv fF B 4% 3¢
B, BWBEEEM 4L CE 37CKIA th. FHFHE
FIFH Vero #i LB WHER T L3R 24 fL4H MIF TR R
WL, EfLEM ImL, BT 5%C0, 4 CRABAHEF
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F8~0df5, EEFREHE 0. 1% HEEN 10%
RS SR B K YL fh S ~ 8min, KB E FRMEEFE

M FItRsR

2 % R

2.1 HERKS GSFVEAFAANH&E

Vy, MV, WA BIEE RN IE R W
BREELHARSERESE KT & 36h, SDS-
PAGE iR WE 1, V, fl V., EH L 25kD &b
BT —1TRAEEA (LKE S), ILEB7ER TR A
MAEW S~ 10min [FHAKRERN V, MV, HIMEH
(WEkiE 4), M7E 37°C 10min W& E K45
22 MEARSARRGCSERESESH ELISA &
IJ—FI%

LLA [ 95 B e B B9 IE R 38 A Veero Y& # L 4R,
SHAEMETR B BABETAME, MAK kS

—3, ELISA fill 55 R WA 2 f11 3,
2 3 4 5 M 6 7 kD
P — 97
| S — 66
s — 43
o *\4{ — 3
i — 20t
:&N\;? — — 4
M1 $LIERBE dsFy HE 1Y SDS-PAGE 7+ #1
Fig. 1 SDS-PAGE analyvsis of dsFv to rabies virus
M: protein markers; t: total cellular proteins (control); 2,3: purified

dsFv: 4: dsFv after tOmin n boiling water; 5: Vy protein and V| protein

after folding: 6: denatured V| protein; 7: denatured Vy protein.
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ZRER PERRKS dsFv S HBAHLIK scFyv

—HALLSE KRBT Vero BT R4 A, H ELISA
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Fig. 3

2.3 HEXFEARAGHEXFENHDE
PG R R v LS LU B R B (K dsFy 58 A

Specific binding of dsFv to the antigen

PUAK scFv 3TIE RSB BT 2/ 0 (B 4) . A
#71.69 B A, FFE MR N NH,SCN B B9 509 B,
sckv %t i B NH,SCN ¥& B BDAH XF 56 f1 71 35 80,
0.8mol/L, 1] dsFv & 1.4mol/L, X A #f5 1Y ds-
Fv S E KRR TR ZMABEE T scFv.

lg(% of imtial ()1, )

t2 - —— dsky
1.1 + —— schky

1.0 L L L I —_

0 02 04 06 08 t0 12

NH,SCN concentration (mol 1.}

Bl 4 BREBRER R B LLER seFy
dsFv X ERREWENS

Fig.4 ELISA measurement of relative affinity of

14 16

sckv and dsFv using thiocyanate elution

24 MEARFEARRGHETREHEILER

REM LMY N R EEN LYt
Z— FATRM T I RISFEH scFy Al dsFv TE [ 1E
MPBS HEyfaE AR L IR RE T MR
R, R A S,

RN, PBS H 37C1h i, scFy &M 2
BIREAR 2h R B BEAR WA IE M. M dsky {N7E 3h f5
EHER AR, LG —EERE . BI5% 6 Ret{Rska]
LA B, i iE &, 2h B seFv AY 3 1 0 o 15K,
1M1 dsFv B)IEPEFESS 10 KL AT 41 2 .

HEEENERE R ER,35CH scFv iiE
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FHE AR 40°C B HE P 285k . M dsFv 7E 41C
&ML I F I, 2CEAEE. ERILRES
PERISLEE S, seFy 7E 0.5mol/L JR E it £ 3B # £ 1%
P, dsFv 28 F Smol/L IR E W ,37°C 3h 5 R i H¢
2.5 HERFES dsFv IMBR /D RFILie

P& FPUE R E seFy il dsFv 3K B B fE
BEEEMEBEJS , A aG MR TE Ko 35 0l BE 1T 30 M S8 58
TE T BE T 1A o e A B 4 0 SR AT B, R B
G FEW T AR OAMBER, EEHEPIER
W dsFv PR H B FIHLIE RKIRE Vero BT IgY 3T

2.0 A
1.8
1.6
14
z 12+ ——dsh
SR —— scfy
08+
06t
04+
02 r
0
01 2 3 4 5 6 7 8
Time 1n PBS/h

ODysy

25 35 50 45 50
Temperature/ C

& —#E ] LLSE 2230 ) T8 B b B 6 17 05 3 BURL, L
Wl F B 5P A Br i vk BE BUIE BL L dsFy | BEAY ok 1
A 32pg/mL I HE5E 2 W . 1 H B A FUK seFy 7E
—E T HE b AT i BE A TR R (HAS BE 2 AR A
1M Ly-dsFv Xf aG ¥R IE K 0 3 (U BE TR B T 40 i /6 A -
XU B M PUE R dsFY B A BRBERE R
HAE R E, B LR EE N Vero 4 BT A9 TR Bt .
05T R B S B A0 AR R AT B B UL
D VEREHR, scFv HLIA R Bk Al 10 i B 6 78 A
EARGELMMmE, TSR EEEAR L.

()I)Ji(l

01 203 4 5 6 7 8
Time in PBS/h

ODysp

Molar urea

5 dskv 1 scFy ROEREME L&
Fig.5 The stability of scFv and dskv

Ajstability of scFv and JsFv at 37°C in PBS; B: stability of scFv and dsFv in human serum at 37°C 5 C;thermostability

of scFv and JsFv at various temperatures after 3h in PBS; D:stability of scFv and dsFv incubated for 3h at 10°C in PBS

containing various concentrations of ured.

3 i @

AR RBE dsFv V, .V, BREERH 5
BITEFZAEDIE REEREBRDLFEE. K
il & T A EHMILERBE Py HLE R B . &
IS dsFv BITL R RS E S HE A&
WA B XA, XHGA T H A ALE A A&
KSR ESEE. M EMARNERD
IR E dsFv X K B Vero R [ A #H Xt 2k 71 /1
FEBER T schv, AR HEATRE R B T dskv BIERSE
PESCHE E L HEHT NH, SCN AEFEAGBE 71 427, 1T 55 B
X EM S IR E

PHERRTE dsFv SHBARHEK scFv FMLEL, &K

R EFHBEEKES. &£ mF M PBS b
3TCHER 2~4h, schv FHEREMA L H LTI K
R rEdE, M dskv HAEFRE . E PBSHPH 6 X
B SR B WM EEAME S 37CHETF 10d L ET
AR EE M, M HMEERAIE B, dskv B AR
E M AR R (L EZ AT RE 77 98 R R, 35C
B seFv BTG HEFF R IR MK 40 C T L E MR &Rk 2k,
ifi dsFv 7€ 41°CHf I A 1R FRE.RCE R A
. seFv 7E 0.5mol/L YR EF B &K i, M dsFv £
Smol/L FIFRE N Al REFFRBRE M AZHE. o7
HIFEHE,JREZEHE N dskv &k m] — s ms 7
V, F1 0V, BgEE AR L —F iR B R T Sk
TTHRRE.
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SHe#AY—H BREEENREESTRTIE
RMEBEFEZ—, AARERRAMWEHNIE
RFEE dsFv 5 HBARFK scFv HLL, KT EFR R %
KEEUE MEFMONREHEYEHEES . F
BAYUER P8 dsPv AT FF R M0 P AE R 3, F] 1
58 X Vero 4 L #) W I, AATRTAI i T 5F R 5% 75 X 42
M) RY, X APUERFREEN TREIEERIK
HIN B E T Bl 75— 7. dsFv R EN B
BEHEARI RME, MAH FHEBEERSH, FR
PR AR scFv MIFE R KRR Wik 2 ik iz
E M OCH B — R R R AR
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LA A5 Ay -1 A= Ay 3N 56 TH AZ K - 4 B ST e 4D

(Lo REMRHEEARR S ERISEREZ—. AT HRZEHRNRBY O EESEITRE X% R+
IR ok LIRS Z P DR ERESTALER TR, LM AEDHEERX LS i G .
FLEML . 1) —FP R, Q0 Geobacter sulfurreducens W il AN &I T TEBRM TH S HMEAE BT RY  HARE AN XH
HHEESRE MY ERETPEXEER. ZENESEERBHNRME L, ERNES LMK S P iTE s A
TEAE R R B S SRR A S BR O B AN 5 e . 2) (L W Bk B FF B ( Thiobacillus ferrooxidans ) RE 7 % i6 SR B 1% ) . JF 66
M ZERedl . ek DESFEREITEHART AN RLIE. RKEHR ARB>EB—&KN GF-1 AIHE . THTF
HET I EMEARNESE ELRVBAKSEDE RN EZHAFER FA8E xRS AREFEAYNE BEEnE L
RYE MM WA SRR RME. 3)—FMRE 0D RIEE (Rhizopus arrhizus ), 7€ T B8 8 5@ 8F . 9008 A9 %08 35
1009% #5754 H 5 LB R &5 Sia BB ahis ol R o o W FR e IR SR IS e RO fa F L MR B A KL Ui [R] BE A
TRER T A R 400 PO 1 R AL ol il 0 R 1R RFROR  — MR R BR BRI R A BT i, — 2 R i IR T 4 9 #1 8 off ol A o f
PGS Ry PR . ZL0FRMANSIEFE:. - BERTHYRENZRE. CUW 58 EETHECELEHEN
HBEY AIHERAEREOHE, WRERAKKHHEEEEH D TR E RN LR UEBRE KX H R AER LR

BRELOW IR TR, T . XA R M EER T Z MR RE R R

FREHFEO A Ay fh 2 B CELT B

LELBERNSY) . “EBRTUBRAREFMAORMA . TEEATHRS KM ERAEBY . FHERE TR 1077
T.ERMPEMT . A @ KT QSHME 2353 %), RER /D, (Bl @ o 52 4 FE A& 9 OB ) 3% 12 01 I (42 R

) it REAEHEN.

G L AR Y 15 4 1B 8 (LR A ES & BRSO B A IS 3 R R I LA MR R AT AT Y R HE A T

BOEEMERAGTR.
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