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Abstract A novel human ScFv H12 against SARS-CoV has been selected from a SARS immune library. In order to produce a
large amount of ScFv H12, pET28a-H12 expression vector was constructed and ScFv H12 was expressed at yield about 30% of
total proteins in E . coli . Here two different refolding procedures were used to refold ScFv H12 from inclusion body: gel filtration
chromatography and dilution. The results showed that ScFv H12 could be efficiently refolded by both procedures. However, the
refolding via gel filtration was 1.5 time more effective than that of dilution. The affinity of ScFv H12 to SARS-CoV virion was
detected as Ky = 73.5nmol/mL.
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MEMFRIPREEE RERNRITAEERERE L,
SARS J&— Fi il SARS 7 IR % % (SARS-CoV) 5|
EEEARERE Y M EERRBITSAY. R
% SARS B K M K17 & 18 2 4% Hil, 4R 1 0 5&
SARS By #1368 7 12 70 B B il AS A RT LA YT SARS #Y
AR AT A B B R Fu g 6 &, T E X SARS-CoV
BURPLE MBS L R R R A F W ERERA
BES LY, AEAAMERBERERNET
SARS B PUIRE, MU M8 S s bk, Hd —
HESEFAHR B R TESREESEHEMS, A
TREBIRGAE G A PUE H12, AT H T
TFRIE R4,
HTHEABRAERKBITEY MR K TEREIEY
SBEEHNEARER—OWE, aREEAQ
FaEE - EENEHIRAREANEERANBZ
MEHEAR. REENMX THRAEANEHTH
BT BEEMTFEARMNIKERE
R.EBSEHEAREANEE T EAR., £LK
KA BFE M7 X SARS S bk R KB B — &%
B HI2 #9T TR, AT 2 & HI2 X
HAESNAESERERLETIEAF, R V,-Linker-V,
R, I H Linker KR A T H WX H 21 B
(SGGSTITSYNVYYTKLSSSGT) , XF T 3% # 7 =, i) B8 4
bk R BEHENIN A HRE, H i, 5 5T e
A HI2 EH:, 8o, o TR AT IR
EUHMRAFEERRAE L,

| G

1.1 ##

1.1.1 JRR SR . pET28a( + )R BE R LI HE
# BI21(DE3)M¥ B Novagen A\ #l ; & A B4 PLIK HI2
HH i # & pDNAS'" 4 = M SARS % 5% B 44 %
X

1.1.2 iXF 58 REIEE S T4 % 8 (NEB);
DNA % i b i 7 & (QIAGEN) ; $1 His-Tag 4 |
JE& Sephacryl S-200HR # Chelating Sepharose™ Fast
Flow His & #1 £ ( Pharmacia) ; HRP #3712 B9 £ $L &,
(Pierce) ; Bio-Rad W tH)Z 4T R 4 Biologic LP K B ik %
2K WA Model 550 Microplate Reader; 78 £ & %t
f X Variable Angle Spectroscopic Ellipsometers (J. A.
Woollam Co. Inc.).

1.2 A&

1.2.1 BEHAENRABENE.: B H12 73,
Wit T — Xt # A B YA A M54 :5'-GGT CGC GGA

TCC GAC ATC CGG GTG ACC CAG TCT CC-3';5'-TGC
GGC CGC AAG CTT TGA GGA GAC AGT GAC CGT
TG3'c PCR V"I KB HHA B YN A BamH 1
Hndll WA EHAEERF R, BB ARSIHE
pET28a( + ) A B Y i &5, T4 pET28a( + ) ¥4 4k K
iAH BL21(DE3), PkEUAE 7R PCR 45 , F 8l FF , 6
%, pET28a-H12,
1.2.2 HiEH AR £ K pET28a-HI2 H 7 [& 37°C
ARG, KA 10% M & LB 578 ,37CAEK
E ODgy?1 0.6 ~0.8, A IPTG E A ¥ E 1mmol/L,
BERERIS 4h, BOBERK, B REE &, 250k
£ IF KAV ER4Y , SDS-PAGE 4 £ ixTE R .
1.2.3 Sikkgite: BEERE, 8.0 RESEK K
PLYE, 43 31 & 2.5mol/L NaCl,0.5% Triton X-100 FI
2mol/L JR E #J 50mmol/L Tris-HCl, pHS8.7, 2mmol/L
EDTA WU, B 5 B0 UL 3E B O 4 4k )5 89 B 3%
17
1.2.4 HEFANEN. A BBEEN Kkl
5 B AL IR A 13000g B0 30min, REUTIEE &, &
W (6mol/L %k B& AL, 25mmol/L Tris-HCI, pHS8.7,
10mmol/L. EDTA , 10mmol/L. DTT) ¥ f# 25 ¥ , N {#IF £8
FEAK 6mol/L ¥, MM A SV R =& &Y & (& i 8
MCEHRTE.CEBRAEY. B 1nL BFREHR,
Z i M A 300mL & ¥ ¥ (3mol/L JR &, 25 mmol/L
Tris-HCl, pH8.1,0. Immol/L i J& % 23 bt H K, 1 mmol/
LEALBEI A e H AR, 0.4mol/L LIS E ) ER K
0.1 mg/mL, 4C # & 24h, % % 0.25mmol/L R &,
25mmol/L Tris-HCl, pH8.0,0.15mol/L NaCl 7§ & 2% 18
BT, 2R JE LA 25mmol/L Tris-HCI, pH8.0, 0.15mol/L
NaCl A BT, Bk & L-XS & B &K% & DTT, B 7~
Y131 His EMAEai L ¥R 48 .

B.AEE M Bk )s 8 %K 130005 &
A> 30min, I 3E A 8mol/L JR &, 50mmol/L Tris-HCl,
pH8.7,2mmol/L EDTA, 10mmol/L DTT 25 14: & 75 fi& i3
®, &0t 0.45um B, BE B KE R B Sephacryl S-
200HR JZ #7 £ (10mm x 1000mm), & % ¥ 4 % X
50mmol/L Tris-HC1, pH8.3, 0.15mol/L NaCl, 0.4mol/L
L4 , 2mmol/L EDTA, 0. 1mol/L JR %, 0.4mmol/L
IR BB H OB, 1mmol/L & 4L B &4 Bk H BK, W o
0.2mL/min, WA AP IK B 5%,
1.2.5 SDS-PAGE H yk & Western blot £ {llj : SDS-
PAGE .3k, B3 12% 43 & B¢ ; Western blot 43 7 : SDS-
PAGE Ko W EEIE T HL R B3 & 9 70V ¥ 3h, BL
MHEAEOTRN RS A, 5% BB B £ H, 4
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W) BLPT Hise-Tag HIE N hr. SR R kil
(HRPYBRICEHL LY =B, A HRP %00 . X6
Fr W O p i
1.2.6  ELISA %« i £ JH 8l {k ) K% SARS 47
g OB 150 6B ) U B 96 JLAE AT
% B % BSA T PBS 1)37CH M 2h, B
B DA B 0 8 0 BEE B 37 °CHRE The Al PBST
e PRS SR HISEER 4 0 0 B0 BT His6-Tag ik A
BT HRPE BT BN B, OPD-1,0, B A 2mol/L
H, SO, #& 11 BB 75 490 nm 48§38 4L 0D (456
e A )
1.2.7  SPFERT MR R M . RS 2 SR
5 R O B R % M8 W X Variable  Angle
Spectroscopic Ellipsometers 1. A Woollam Co. Ine. ) il
SR ALY B SARS i i k0 255 7
EAE R LA K, F i H A R A R
AT AT PBS B AN HL R A (R R (R
B A5 G L R DK IR 2 o A K R 2 5
I, 300 £ 5B ILF S0 0 B £ 3 T 1 K R
Tl 22 ] H B0 R 90 e 25 A ol %L MOTE 3 U R
Shy
2 & R
2.1 193 SARS SR B RAREHE

JE T Bradbury '%(f:‘“” Y RN E oA £
pDNAS, JEITH#IE 1 SARS G B 14 5 L 5 M b 7
O SARS $E R AHEENTIR 12, PSR HI2 M5 HE
FE i A X0 1 £ B Clinker) B 4 708 NE pDNAS
o4l # om o B R i o 21 Bk
( SGGSTITSYNVYYTKISSSGT & ik $f SeFv HI2
pDNAS A1 #] {4 {8 05 70 K 1 3 HB2151 vp AT % %
IR {H R TR REREAE , AS B 1 e b i) Zh A s
B DRl T AR R AT TR I S A H2, 3R
1K B4 BT HI2 HE (N o [ 3 42 1K 36 1K pET28a
(+ ) b M pET28a-HI12 ER TR (8 1), FH &
fR# PCROE 20 FUE Iy % & BE R 112 B 5 5 OE
i

e

A1 Hind Il
Vi Linker | vy

pET28a-H 2

|

¥ig. 1 Schematic diagrant of pET28a-H12 expression vector

B pET28a-H12 4] % 3k # {F 2

Marker

schv

— 750 bp

HR Y SeFy HI2 2K

PCR identification of S¢Fy HI2 gene in the

H2 PCR%ESEH
Fig. 2

PET28a-H12 expressinn vector

2.2 BEEHAE HI2 MiESRE

H pET28a-H12 JE 5 3 A K #F 8 BL21(DE3)
hEik. 4 IPTC S 4h o, WP R A . A
SDS-PAGE HL 3k 5p 67 22 38 ™= 8. S5 R0, A K8
20kD 1 W 5% BN S R HL Y 2R EHE B O A4
HI2 Fik o4, ik B i SR 189 30% L b, H R 8
Ik G AP 30 . G o — A (R iR
Bl IR 2 R T A A S ) | 2 ar

3 SDS-PAGE i 3k 5F 67 SUBEHL (£ HI2 (9% 5 Feik
Fig. 3 SDS-PAGE analysis of the expression of
ScFv HI2 in E. coli
1inon-IPTG induced cell lysate; 2 ~ 3: IPTG-induced cell lysate (21

supernatant (31 and inclusion body {4}

2.3 BiFEAAL

HRAE SCHK HEIE pH (L (9 W 9 28 B A F T &
FE RADR T pH 8.7 A8k 28 i X #1484
HI2 L AT 3R 4Bk - SDS-PAGE 4347 7%, Bk
PRI s T ik 90 A b X o E e T A
i
2.4 BEESEMREHNE HR2

R E AT R MR S B E R EE
BT HBORGE W A T B RS
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o

MR R
LHAPE Sy ol sl TR IR HI2 B
PERTREE T SeFv & 47 1 N i E
B E R A ORI E RS E
BT I, AT AR e 1B T R Y I R T J:Si

o JHAR RS 1D

b A e feR g

JfE 3~ 3. Smal/L n-htT 50% JF
B LA B 0 S A e B R R i
b A I L7 B 4 e 1 L GJEHW" S ER.
G PP S PRGN 0E A A M R AT
0 1 6 2 AL SE AR M E 3mol/L REHE
g R REIE N 0 myfml. A5 35 ACE L F A
GSH/GSSG Sk . {6 1y — it 5 FiEagIp sl o
bR T AT R B kb ) R A RS

IERTE B IA T 0. 4mal/L ﬁéﬁﬁz‘ 2§ i 5 F1 Al
B 0.25mal/L bR E 2 vl 18 S U8 L 8K 1S A A
His & FUFE Y £ 22 vb MOt o L F BB A His s 0
FEe i Al Ak, 2R R e B LREBLIK 28 SDS-PAGE fiI
Western blot 5387 80 5 > 950, %A Z B {& =4 F
4y EMEE Sehy OB S E MR Mk EL R
P B ek 1L 1%

s— .

q0—

29— ‘.-u

4 gtk H12 £ikYs
Fig. 4  Anal
:SDS-PAGE: B :

Ak 4 87
s of SeFv HI2 hefore and after refolding

i blat 5 1z inelusion bady : 2

puarifie

body: 3:HI2 refalded by dilutian; 4: HI2 refolded by gel filieatian on
eolumn
2.5 HEH
A B L W2 T O TR R 1 A9 TR 4
- YRy JER U S R S H ]
IR N A A (RIS v § DBl ]
FES B AR M2 oh i F i 4 Sephacryl S-200HR

R HE 4 dmL T8 8 01 CACHE 2me/ml) 1 FE L
0. 2mlmin BEAT PR S0 B LR S, 0 | R
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PEH L G 2 MO 3 a9 BICh DTT BOR % s ig 1.
6l S0mmol/L. Tris - HCI, pH8.3, 0.15mol/L. NaCl,
2mmol/L. EDTA 2 i 28 18 % 47, 8 15 Al pBS & #7,
HE T IS B9 % (1 SDS-PAGE B Western blot il , iiF
WM IS 3R o 29KD BE— Z&Al (18 4) . & AT S LA
HiE aa%mﬁ;ﬁm Ik 5 A 0 A 3 L

&}

VA el i Bl 5 T ik 7059

08 s00
néa 1 400
2 04 r 00

3 3 2

024 L;\_»—H\_ ]

100

no | 0

1] 200 400 BN a0 1000

rmin

€S Sephacry]l S-200HR & I 2§y #1 4
SRR A HI2 K P00 DRI P
Fig. 5 The refolding of SeFv HI2 with Sephacry] S-200HR

1iScky H1252: DT 3 urea; — UV ———conductivity .

2.6 ELISA RMEMMPHEAEKFENE

A B A T TR M R [ 1 S
FEERA 22500 1 B T P A 09 T — 2 i 1)
REI250  FR AT TR S0 1 0 i 2 1 o AR AR ) SR T
H”‘fﬁ)ﬁ”’“/ﬁ\a . FERAT AN L 30pe/mL 1F R
SRR 10 A 2 90 8 B P B0 ETT AR I (A 1 6
B ) AE SR BE g T (A ES A BEAL T H R
& ELISA 1Y 0D M X BIAS A SR RS & a5t
T ife FE (O B B L 9 R P O 3 K0S 0 R RE T MR B I
EEG TR TE RN 2 5 Mk AR A9 PR HE B (& HI2
BLIRES AW EA R EPEN 1.06 ~ 1.51 ff. BiR
T e SR T[] L R AN (] BVAT R A
FROEERT (R HI2 7k B2 AS ], b & 1 EL AT o o S 4

16
Sckv dilution

Fig. 6 ELISA 48
Fig, 6 ELISA

0oL R H2 R

alysis the activity of ScFv H12

W HI2 refolded by gel filtration an n eolumn: [ HI2

refolded by dilution.
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X8 ELISA LR P AR ERBHAETIE HANER RS GEEZAMM N, B8

HI2 BEWRBEZHE, SHURS & KRB A # A X
THEST, AT B 4 A B PR AG 1 B LAk H12 B8

PR RS RIE 1.

£1 AHERSENEHEIR
Table 1 The comparison of ScFv H12 with two refolding methods

Protein Puri Activity ratio
i t:
Refolding method recovery unty OD wttiog by ot tesin! OD g b i)
Refolded by dilution 11.1% >95% 1
Refolded by gel filtration 70.5% >95% 1.06 ~1.51

Note: Protein recovery is the ratio of the quantity of the refolded ScFv protein per quantity of inclusion body before refolding; activity ratio is the ratio of ELISA

0D value of ScFv refolded by two different procedures in the same protein concentration.

2.7 BgHREFEMHNE
AR E R W RS, RITE— P E

T XK IE& SARS fe B BRI R M 1. 6 M (U P
WRAEBRBBEARARAEY > FZEMHEERK—
Fh3T R S I B, BT DU SR T % 8 T B3t IR
(SPR)fEZ A A LM IE RS TRZS
AL RB U BUR B LA 255 il 2, T3 i 4
FE RS E AR A FIAZB A E B SR HI2
RAE®FEMI, K, 4 73.5nmol/L(FK 2) .

F2 HEUSHRAKHR B HZESHREEFNN

Table 2 Kinetic rates and binding affinity of ScFv H12
Koo/[mol/L) =" -8-"]

Ko/S™! K,/(L/mol) K,/ (mol/L)

7.5%10° 6.6x107* 1.36 x 10 7.35% 1078

3o %

WEENEEREARMRELRE, FEAHERHE
THERRKBHERTHEABRIABEEBREL, ®* SARS
St AZH BRI , POE KB R PR R R e
Bl AR M EFETUER HI12 & —# Xt SARS 5%
B RETA ERK EEEEENNAME,

BENANEEREZ UABEELLE, BN
EHMRARCHERE ATMEEAEENE &HE
BRATLFX G —F B AR 5. HI2 £ RN
T WEX LS5 ESEMRETERE RN, BT
V,-Linker-V, BUB) V, ERT V, f£)G , 5@ % B E A
AR, Bk BT B9 Linker X0 8K 5 0 2] 845 U A& B9 37
BA0E, HL, PP B HI2 B4 S+ 0B,
AMUEF) TS HR2 KB4, AN TRE
KUpERANEEOE B RMEA.

WBREESENMEAHEFMAERENE .Y
BOEEERURY, EHERK, N 5% ~20%7,
WM EREEAXNEN, BREBT 1191
BHBWR BEEHEMERENAREE NS

EHAHR FEENE HEHTUESEAKRE
TEHE®Sdik— PR, HRERE, ZHR
B AR R, EREATHEERENE®
R B EAREDA H2 SHENE S
EHEAR NS THRBE M, B, 3 TRk HI2
HEHKRRERCTHRBEESMEHNEE HEH
AR REDUA HI2 A{UERF XK IE SARS % 7 R
AR, M B BA 73.5nmol/L & FE M N (R Hi &
WHE M K, 15 1000 ~ 1nmol/L, K, 88, 3£ 1 7 &
B XXM THAERETSNAKETEERE L.
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