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# E ELHEASHSARSHRENEANSEANEEMFA . LRI RRERVUN NEARBRNSE
HR B 560 M EEM, AEAENRELYHMENED T A2 R EHMSARSKENEARBASEA
FEMEERFD AIREETRERENT-EER BB, 58 EHK pET28a( + YW Neo 1 /EcaRI &5, FE S
EORBRNEOREMBRAES. WEHARSAAKETE BR2I(DE), MAEH THERASARS RAESE
HRFEREANEARBERESEANIAE . ELNSARS MENMEEAASHEEAREM0%LE . S0 UTE
HERGEE. BB FEEEAREAERAGALEE T EEANBSES . SVH LT . EFERAEORE BTN

PR AR R

X8 SARSHE, FLIERG, XHERE, g, HEHE
3L 4 S 1000-3061 (2004 ) 06-0856-06

PEHSES Q8 IWERINTE A

FE AR L A (Severe Acute Respiratory
Syndrome, ] 5 SARS), E—M B REHE LA,
SARS M EARL S BRI N 10~ 14d, ZHiFR 1 A
NEFETREFRFOEAIE FETFE 15%
EE" Y, SARSRBR MMM ARKE, T
DR ARG BT AL, R AR ZRE
HE5% B, SARSIHEFER - F £ IEH RNA R #,
HEREFNCLME" ", GenBank WE AT T #i
BEKEHFH, AAAEE T BEAH KL HR
Al EHRFRAREASYEE TER.

SARS 35 Z 0] A Vero-E6 MK K H AR
FIFI I 5 SARS SR B H# v T K W SARS fE Ik
M BE % e 7 T R BRI SR A B Bk, (LR R B 3
1 SARS 8 BEAEDUIR A W 51, 2 7= B P, BF
HROEHNBEANERBEIL SARS RERRERS
Wil &R H . SARS B AKE < MBIk
ARG, BT LA 7E R W M 5 A B SARS IR E R
AT HEMAE, LEREAERLFE, HEXE
FREBENENRM2%, —BEENXBEAYNER
5B BHT IR, 7E B R B BT R 0 i R B B R B i
EH. SARSHEMAEO NEQRARENRET
¥, fE & ¥k SARS SEE 2 18] 7 40/, B LA MRS
JEwHH SARS S LA WA M EBE . SARS
FERIIHNEORET SARS RENE I 15 R

Wi B 1 - 2004-04-01, ] A ¥ :2004-07-26.,
« EREE,

AU EEESRERFEURSERTRENE
BRSNEFZES.

WiBs SARS B M RHEER B EENKH, B
RSN FEBURT R Z AT B o i, X KB R
BirHREh EEIREMERENER I A,
SARS M ST H. BRI FREME THRESHEE
B HAREREMESS LA ATHIER SRR AN,
BrA SARS FR & H) S EA MR A M EREA.

AR @S B LT SARS B EE S EHMN
EOMERMITH S WE S RIUREALE SARS
FRENSESRBNNEOR B, RELBENERE
EPMHMENER T KFEREFHNSEBRR
MNEAFBROEATT BN AEH BB,
FIHEETIBRBEAZLSEARBRANEARR

. WRAER, . REMMEEATAT SARS HEH

PR LR 0 K W S 5
1 MP57E

1.1 ##
1.1.1 E#5mER
fA X BI21(DE3) R E ik # 1k pET28a( + )
2 H Novagen 2 Al F= afr o
1.1.2 S FHPERN
PR#| 8 Nco I .BamH 1 . EcoR 1 & T4 DNA ¥
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FEEF SARSKESHNEONERUHREASH BERERALERE

857

$8F4 TaKaRa A A= 8. FRaifbifil& X MNB
RS EE B P E M DNA B Ll & 9 TaKaRa 40 Al
P o S-Sepharse FF BH & F & ¢ 5 Pharmacia 2% Al
784, POROS 10R1 # &N ABI 2 &) ™ &, DTT &
IPTG 4 TaKaRa 48]/~ . HERM AHFOLE>
AHT A

1.1.3 PiSARSHEERUEOKE R EFALE:
GBI A w4 F= I HL SARS M ¥ Hi ELISA KT B K
FyEXT R, & 16 4y K i (9 SARS 4 2 D 4 FH 4 o
B, EXAMBHAZRERT,

1.1.4 BB BN BB Y™ 96 TLAR, B
HEAYBE(HRP) R ICH RN p R TR Y
B Sigma 227, HE RN RSB R AL E S,
1.2 FHik

1.2.1 EEREMNE: B K% TaKaRa 2 6l F B
Tl

1.2.2 HEE7E Y DNA BB GEE B3k E
B E F1L; B M SDS-PAGE T E— B4 T
WEFHEEEATEY#T. HEARNERHEHS
HITRAE,

1.2.3 DNA FF31 447 : Fi TaKaRa 24 7] B 4 4L 3R
Ml &R, ] DNA £ H s F (M F.

1.2.4 HESARSHESEARNNEANRAEDS
THRENEIRALEERNR.

MERE S S TEEM LBYH L BT EHke
B, A Y 200mL LB IR FEN=AEE
N, M EREEZREE 60pg/ml., B 37CEIKNE
FiA®. WH BEBEMNT 4553 200ml LB
WEEREN AN, SREMNER SOmL, &
JTCHEENEHER 1h, AR5 M IPTC ZAWE
0.1mmol/L, 30CHEFE X 2h,

BESEZIZMAEAN 1000mL THREE L
(8000r/min .10 min . 4C)REH K HE F 100mL
HE 2R (20 mmol/L PB pH7.4.10 mmol/L. EDTA
1 mmol/L. DTT.5% H ) A, KB 7~ %5 10 min,
8.0 (12000 r/min .30 min.4°C) W F¥FME.
1.2.5 FESARSHKESEOMNEAMBAEA
MRMEIERG AR R: M LB mAERE
MRS ER, A ma e, ERMRENERER
50% ., B KM &, KA EL (12000 /min, 20
min 4C )Y ED R, Al 500mL -4 B (20 mmol/L PB
pH7.4.0.5 mmol/L. EDTA.0.2 mmol/L DTT) & ¥ ifl
G, BEAZNRA, NV EHBREN IR, B0 (12000
t/min .20 min.4C )W 1§, H¥E I S-Sepearse FF I

B Hat. @5 &A 0.5%8 Triton X-100 BB HE
ARR2E, H Smm/L REBHER, ZRFH
Th, B W i, id 35 b S-Sepearse FF PHE F 4
sk,

1.2.6 S-Sepearse FF PH By i {t - Fi 7 5 ¥ (20
mmol/L. PB, pH7.4.8 mol/L JR % .0.5 mmol/L EDTA.
0.2 mmol/L DTT) # ¥t F-# S-Sepharose FF T H,
ERERE 1.5 ml/min, b RS RS R WAL 4 R
B AEEKEHSHERE O EFEBRKRES,
Wk S E S, 12% SDS-PAGE ik & @l &
HES, HEBRI KB IETREIPMSARS MESE
HHNEANMEES.,

1.2.7 UM R A a4k - %X S-Sepearse FF 1 &
FHESAHSEOMNEANBESELEN, BN
BHOSRZER, ENERFTH., e, WAHR
ARIEEEAEHAANSLOBEETRHE &,
AosnlBARERATH SEAMNEBNRE
£%ERQ, E R A& EHE (4.6 x 100mm , POROS 10R1
BEJB, ABI 22 H) 7= )i AT alidl , LHEIG R 20% 21 .
0.1% =R LEEEBHEH, W& N 3.0ml/min, K5 H
20% ~ 80% [ L BA 75 WK FE D AR, WO AR I IR 2 e, O
THE -20C,

1.2.8 ELISA iA% : R AR ELISA, H4i b i & &
SARSHESEAMN RANMAROMIE, W
ML % B P SARS #5 3 P & (1gG 2 IgM). A
50mmol/L % #8 £h 75 M (pH9.6) Wi B SARS FEHM S
FAMNEEOMRSES, CHMKN, 1L
100pL,4CHf . MRS RICHR[9].

2 B

2.1 SARSHESEAMNEARERUMNKE
EHEARBNEESH

FlH ANTHEWIN S 3%, @ i+ 8 ol
SARSIRE S AN N HANERMFF( GenBank,
No.AY278488) KB N EESM Nm¥E 1 T HERE
2B HEMTEFERNBIFEREE,SEQEK
I NRHME 162 MEERELE 60 MEEMIER
BOIFEREE. ZREENEZEYHRENE
B, 4Rt ¥4RaE LREREEN SEH
MNEBEANEEF. ASEHM NEARERE
B S W T Neo | Y S(THAERD) X 8 4
P (GCCAGTCACC) , HEE B TEB T ATC Z

CRBRAT—AEBBT GGAEE 3SR MT BamH 1

B CFEEET) R 3 MR RE(CCE). #
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SBRNSEARXEABRN S WMMT BamH 1 B8
E(TEEE M EAMEPEE(GT), 7 3/ &
T & IEFEF(TAA) A EcoR I B R (T HEZ

HMVEHITRPEE(AC), F4EMAEIEARL
BSTHKTE EEA pET28a + )N Neo I R
EeoR I BBYINI AN,

L6 S SARS #58 N RATUE R EE A DNA F51(796 bp) :

GCG AGT CAC CAT GGG ATC TGA TAA CGG TCC GCA GTC AAA CCA ACG TAG TGC CCC CCG CAT TAC ATT TGG TGG ACC CAC
AGA TTC AAC TGA CAA TAA CCA GAA TGG AGG ACG CAA TGG GGC AAG GCC AAA ACA GCG CCG ACC CCA AGG TTT ACC CAA
TAA TAC TGC GTC TTG GTT CAC AGC TCT CAC TCA GCA TGG CAA GGA GGA ACT TAG ATT CCC TCG AGG CCA GGG CGT TCC
AAT CAA CAC CAA TAG TGG TCC AGA TGA CCA AAT TGG CTA CTA CCG AAG AGC TAC CCG ACG AGT TCG TGG TGG TGA CGG
CAA AAT GAA AGA GCT CAG CCC CAG ATG GTA CTT CTA TTA CCT AGG AAC TGG CCC AGA AGC TTC ACT TCC CTA CGG CGC
TAA CAA AGA AGG CAT CGT ATG GGT TGC AAC TGA GGG AGC CTT GAA TAC ACC CAA AGA CCA CAT TGG CAC CCG CAA TCC
TAA TAA CAA TGC TGC CAC CGT GCT ACA ACT TCC TCA AGG AAC AAC ATT GCC AAA AGG CTT CTA CGC AGA GGG AAG CAG
AGG CGG CAG TCA AGC CTC TTC TCG CTC CTC ATC ACG TAG TCG CGG TAA TTC AAG AAA TTC AAC TCC TGG CAG CAG TAG
GGG AAA TTC TCC TGC TCG AAT GGC TAG CGG AGG TGG TGA AAC TGC CCT CGC GCT ATT GCT GCT AGA CAG ATT GAA CCA
GCT TGA GAG CAA AGT TTC TGG TAA AGG CCA ACA ACA ACA AGG CCA AAC TGT CAC TAA GAA ATC TGC TGC TGA GGC ATC
TAA AAA GGG ATC CGC G

HEA BN E SARSHE SEONREMEFEN DNA J551(916 bp) :

GTGGATCC GAA TAC ATC TCT GAC GCA TTC TCT CTG GAC GTT TCC GAA AAG TCT GGT AAC TTC AAA CAC CTG CGC GAG TIC
GTG TTT AAA AAC AAA GAC GGT TTC CTG TAC GTT TAC AAG GGC TAC CAG CCG ATC GAC GTA GTT CGT GAC CTG CCG TCT
GGT TIT AAC ACT CTG AAA CCG ATC TTC AAG CTG CCG CTG GGT ATT AAC ATC ACT AAC TTC CGC GCT ATC CTG ACT GCT TTIC
TCT CCG GCT CAG GAC ACT TGG GGC ACT TCT GCT GCA GCC TAC TTC GTT GGC TAC CTG AAG CCA ACT ACC TTT ATG CTG AAG
TAC GAC GAA AAC GGT ACT ATC ACT GAT GCT GTT GAC TGC TCT CAG AAC CCA CTG GCT GAA CTG AAA TGC TCT GTT AAG
AGC TTT GAG ATC GAC AAA GGT ATT TAC CAG ACC TCT AAC TTC CGT GTT GTT CCG TCT GGT GAC GTT GTG CGT TTC CCT AAC
ATC ACT AAC CTG TGC CCG TIT GGT GAA GTT TTC AAC GCT ACT AAA TTC CCT TCT GTC TAC GCA TGG GAG CGT AAA AAA ATT
TCT AAC TGC GTT GCT GAT TAC TCT GTG CTG TAC AAC TCT ACC TIT TTC TCT ACC TTC AAG TGC TAC GGC GTT TCT GCT ACT
AAG CTG AAC GAC CTC TGC TTC TCC AAC GTT TAC GCA GAT TCT TTC GTA GTT AAG GGT GAT GAC GTA CGT CAG ATC GCT CCA
GGT CAG ACT GGT GTT ATC GCT GAC TAC AAC TAT AAA CTG CCG GAC GAT TTC ATG GGT TGC GTT CTG GCT TGG AAC ACT CGT
AAC ATT GAC GCT ACT TCT ACT GGT AAC TAC AAC TAC AAA TAT CGT TAC CTG CGT CAC GGC AAA CTG CGT CCG TTC GAA CGT
GAC ATC TCT AAC GTG CCG TTC TAA GAATTCAC

2.2 EZESARSHE SESEENMNEQREN
RAFARERRMNHE

(DE3) ¥ ¥ =P H S EIHE L (60pg/mL) HE
B IBEFER L, B 37 CEHF IR, KHEEN B S

WEUR R pET28a( + ),/ Neo I #1 EcoR T AR
Wk CRhER, BTEETK
o i Neo I 1 BamH I XUBEHI L2 & LK) SARS
FAENEABRAFE,H BanH]1 Al EcoR T NEEH]
GBI SARS W E S EE AR A B, 70 58 %k
Bl s, BTEETKA,

BGBEREE R LA 3 FhA§YI S DNA H B L #E
il — B0 B 4 ] T4 DNA HEHERBE 82, i SARS IR
NEAEEFESSEOZEAAFRE BumH ] %
BE . ASR & pET28a( + )M Neo 1 ﬁ]‘EL‘ORI
iR ZE, Rik—T SARSHESHEARBRESNE
BRrEMEEES. AERELA 1.

2.3 HARNNGESETE
WL EENEARE® LI XBFE BL21

MRAETFEE(GHFIER1-85), HHEMHBIY

"4 mL WK LB B FHE(EFRB R 60pg/ml) 19K

M,E 37CHRP K oh, I ImL, B.LWHE., 2
HH 50pL S FARKBEEKE, B KE Smin, B0
(4C,12 000r/min )Smin, B EE (KE FE) 1L A
EPCREMR, ANBEREERRE S WMKE5 0 (5-
GCGAGTCACCATGGGATCTGATAACGGTCCGCAGTCA-
AACCAACG-3") M S EBEARBE R B 3 WME31 B (5'-
GTGAATTCTFAGAAAGGCACATTAGATATGT-3') 4 K
SlA,PCR Y EEHE—REM SARSHKENEN
ERARBRSSEOERAIE. ZBEITEHAR
B BH P 2 46 B, R § 38 4K 49 1701bp MR ER B A
HBt, PCR LRI R : BB AR 1L, BT #5198
% 1pL.10 x Buffer 5.0pL. 2.5 mmol/L dNTP 4.0uL.
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S protein gene fragment
Bam H1 IR [ coR]

BamHI+EcoR1

pET28a(+)}+N+§
6956 bp

B1 RLSARSKENSEARBANESARK

£ B A ORI

Fig. 1 Construction of the recombinant plasmid expressing
the chimeric protein of SARS virus S and N protein

Taq DNA &85 0.5uL (2.5 u) \E & T 7K 37.5uL, &
&R 50pL, ¥ 1% & 8:94C 30s.60°C 30s.72C
60s,30 &3 ; B )5 72°CEM Tmin, B PCR ¥ 147>
Y SuL, i 1.2% B9 Agarose BEIRCKS M, 4552 ,8 N5
HFP.%2.3.4.5.6%5 54 %HibTFH#E 1701bp
MEKERFER(RE2),W%¥ 1.7.8 53 1 #1LF
BEVHEEZERABR., WHIEEL, A 5 M LTF
SHSARSAENEAEFRABES SEAXERR
KRKERA,

W~ - —ww

B2 Fl1.2%#) Agarose BERCHI M 8 1
LT PCR ¥ 18 Y
Fig. 2 Analysis of the PCR products from the 8 transformants

on 1.2% agarose gel
M:DNA markers (DL2000, TaKaRa);2,3,4,5,6: PCR products from
No.2,3,4,5,6 transformants respectively;1,7,8:The PCR products from
No.1,7,8 transformants respectively

RS SEAFHFEN, MEFRE A SARS
RENEARAABS SEAXRABRNERER
BEF5,DNA FFR 0 e, EARB I F RBER
SARSRESELNEEAABEMNERREAARER,FH

SE2IER.

MENEARNFLASARS WHRESEORER
MNEAFBENBEEA.2K560 M EER, AR
NRANEARER, K259 M EER.CHISEA
B R29MEER AEZEG HERALER
A EEMER,

24 FEMAFAIEMMMEEE

B ERSNMHATEMNES 3nL LBIFFRE(Y
FARRE 60pg/mL) BB ,37CIR G B 3% 3h,
IPTG ZE 4 3 FE 0.5mmol/L, %K %E ik % 1% 5% % 5 oh,
BOWEREHETT SDS-PAGE RN, H2.4.5.6 54
ML TREMN 2 FREAN 60 kD A SARS 5/ #
SEAMNEOMBSED,MHE 1.3.7.85 44
HBUETIREAF(EI),

M C 1 2 3 4 5 6 17 8

Y— - =

o— - «— N+S§ protein
= 60 kD
43— ==
30— -
21— -
B3 #ESHAEFBANEAHBMSEAH

SDS-PAGE 43 #r 45
Fig. 3 SDS-PAGE analysis of the expressed chimeric
protein of S and N protein
M : protein markers( Pharmacia) ; C: the control E . coli BL21(DE3);2,4,
5,6:No0.2,4,5,6t xpreasing the chi protein (60kD,
indicated with arrow); 1,3,7,8: No. 1,3, 7, 8 transformants do not
express the chimeric protein

D M 1 2 3 4
“— w-
67— -

«— N+§ protein
60 kD

14 — i

B4 FSXSARSHEMSHARBRMNEAKED
M5 & E AL TG 89 SDS-PAGE 24745
Fig. 4 SDS-PAGE analysis of the expressed chimeric protein
of SARS virus § and N protein before and after purification
M: protein markers ( Pharmacia); 1: control E. cofi BL21 ( DE3); 2:
engineered E . coli expressing chimeric protein of SARS virus S and N

protein; 3: lysate sup of the engineered E. coli expressing the
chimeric protein; 4: purified chimeric protein of SARS virus $ and N
protein with S Sepharose FF cation exchange column and RP-HPLC
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B ¥ M 20 %

2.5 RIESARSHESERAANNEAHASER
9f g

#5 £2 S-Sepharose FF FH B 7 R F A & R
sk i R-& B A UE1T SDS-PAGE 4 #1 SR B, 4
LB SARSHESEAM N RANMRSEOBR B —
FBEML 0D EFF(LE4), EHEHEAW,
ALK SARSHEE SEAMNEQANAMSERSE
MARREMNFDEFOBESCGERLR o) KR K.
BEGHE, B E4EILK SARSWEKN SEHM N
HEHMMAEEGEELHN 0.5 mg/mL,

2.6 SARSFHESESANEANBMASEANR
FitEE

Hi 50 mmol/L BB £k 7 ¥ (pH9.6) 1: 500 W B4
LRI SARS REM SEOM NEANBAER.
BRIBEAR K BIE A 16 2 51 SARS W § 1gG ikl
H I 1 P SARS W& IgM i ME. &
(3 1) ER,16 B SARS 55 #H0 & B 0 #5554
PR 6,52 I, 1 440 SARS SR EEHL & M [ ¥k 1 ¥
HWHRBERMN, FENT 180 HEXALE.E
16 AL ¥/ F 0.05, B SARS W EH S &EH
MNEANREE Eﬂﬁﬁﬂ%ﬁﬁﬁﬁ%ﬁﬁu

%1 HAHALMSEAMHR ELISA &3 16 {7 SARS 7% IgG AR MRER (A}
Table 1 ELISA detection of 16 anti- SARS virus IgG positive sera using the purified protein (A, value)

1 2 3 4 5 6 7 8

9 10 11 12 13 14 15 16

0.240 0.364 0.503 0.488 0.709 0.547 0921 0.812

0.246 0320 0.489 0.440 0.737 0.513 0.8%4 0.851

0.981 0.542 1.234 0¢.222 0.688 1.114

1.024 0.520 1.147 0.234 0.709 1.209 0.334 0.529

0.386  0.498

3 it

M HUER SARS B # & KRR A SARS W= . 3N
EHAZHEFFEBET LA A MR, X LK
FRASTEYHER. EHERIEREYNZS,
FTEAFZ—HREBE CHEROEN 5, HAME
Mgy TR R SARS SR HLK M B e W
BAmd EAMESG A, U EKM SARS MEKR
RNA I RT-PCR.EFEH &, —RIER T, WA
AP #E# 3) SARS 55 8 B8R RNA RO 6 3] 22 He A
SARS W EEPL IR E 7, {H B M I 3 P K M SARS i i
RNA BIB#RIF A&, TRES SARS KW 0 A
P45 B ILAE 5 B RNA 32 U 55 I £ 0 30 SBU0R
FEEHX, HEiR# SARS IR B EMRERE
ERBR Tk, S TR SARS REVRANE
EPERE RN SARS RE . REMERE R, X H#H
LHNFHRRMTE, 26 EAHT, FEFRIERE
SARS REBEOSHETERFESEAARET
% RRXFHBBEENEEFERENSARS REE
AR RS EA R B, P AR
HITB#fTHE.

FRREFREMMAEOARFHHIEENRER
HOATHAA R RN E T ER,. AR eH
A ER RS B SR LM R RRT T
FEH&%4e RER FASHEERREEXL
R B e B¢/ 4 BIUE AR S M B H LR

EHE S HXANEOESER ML SARS &
HHEN  ABRES R AXHHBPEL, BATE
VR A PR A (8 I B B, B R R O (65 ST dR
B CIEB M HL SARS Wb kR, L& MiRic 2
—FMAEA.AHRESNRICHITER.
FiEH SARS BN SEHRBEMNEORE
HEEEATRS A EATTEEREREAFE,
A5 Faitk. 83 &S 8mol/L IREH
WEmEoi, AR BN BENEH. H&H
MAEOAESERMEMEZNNERE, AIRA
FHALNRSEY, AR ERESL, M
EHAmFENRERIENRFHERN, BERMEA
R AR B T JE R R SR, T BE R R AR A M

HEEAEEARE, REF SRS R,

ZRAEERMESAE, HET Z8/mAMEHN
A FHER N .

B ARMNEBEW S EARFBREERT W%
TEXRMH O &, 3F #4717 50 M ¥ &4 B
SARS B # B VERO-E6 MK, & F B &, BH
i 7 A REFEL BT SARS SRR M, ik S A
KERRREPHAE REMARSESHTES X
RFEXX,

B O ARFFEFAFREEDATRENL
FREE AN, ¥t 4T T 4k 5 4R S FL BT SARS
B4 &L VERO-E6 £ 5%,
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Screening, Expression, Purification and Identification of Antigenic
Determinants of SARS Virus S and N Proteins

LI Yue-Xi'*  ZHANG Jin-Ha' ZHU Min-Sheng TAO Kai-Hua' HUANG Pei-Tang?
' ( East-China Institute of Medical Biotechniques, Nanjing 210002, China}
*( Beijing Institute of Biotechnology , Beijing 10007%, Ching)

Abstract The strong antigenic determinants of the S protein {162 — 460 aa) and N protein (1 - 258 aa) of SARS virus were
selected by analyzing the two proteins’ amino acid sequences using softvare ANTHEWIN. The two cDNA sequences of the strong
antigenic delerminants were synthesized chemically by incorporating the genetic codes that are most suitable for prokaryotic and
eukaryotic cells fused together and cloned into plasmid pET28a( + ) at Nco | /EcoR I sites, with the N protein ¢DNA fragment
is at the 5’ terminus of the fused genes. The recombinant plasmid was transformed into E. coli BI21{DE3). The expressed
chimeric protein existed both as soluble protein and inclusion body, which accounted about 30% of the total cellular proteins.
The inclusion bodies were washed with 0.5% Triton X-100 solution twice, then dissolved in 8 mol/L urea solution. The soluble
protein was purified by 3 Sepharose FF cation exchange column and RP-HPLC. The purified chimeric protein was identified by
ELISA using the anti-SARS IgG or IgM positive human sera and normal human sera, the results showed that it has good
antigenicity and spe;:iﬁcity. and could be used for developing diagnosis reagent.

Key words SARS virus, antigenic determinants, gene expression, purification, antigenicity
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Fusion Protein of Interleukin 4 and Pseudomonas

Exotoxin

with High Cytotoxicity to Cancer Cells

ZHANG Yu-Jian' HU Xiao-Bo' LI Su-Xia® TIAN Li-Ping' YANG Sheng-Li'

GONG Yi'*

' ( Research Center of Biotechnology , Shanghai Institutes for Biological Sciences , Chinese Academy of Sciences ,.
Graduate School of the Chinese Academy of Sciences, Shanghai 200233, China)
( State Key Laboratory of Bioreactor Engineering, Fast China University of Science and Technology , Shanghai 200237, Ching)

Abstract Receptors of human interleukin 4 (hILAR) have been found to be present on many types of cancers, so they could be good

targets for cancer therapy. Previously, a fusion protein {DT4H) was constructed with human interleukin 4 (hIL4) and diphtherial

toxin (DT) . Although it is high cylotoxic to several cancer cell lines, human immune response to it would be expected in future

clinical trials. Here another fusion toxin was constructed by fusing hIl4 to DNA sequence encoding the 253-608 amino acids of

Pseudomonas exotoxin (PE)}. The fusion gene was expressed in Escherichia coli which results in a large amount of the fusion toxin
(H404K) . Purified H404K was very cytotoxic to cancer cell line U251 and moderate cytotoxic to HepG2 and MCF-7, which is similar
to DT4H. Furthermore, for the first time we show that its cytotoxicity can not be inhibited by rabbit anti-DT polyclonal antibody.

These results suggest that H404K would be expected 1o have good therapeutic value as an altemative therapy of DT4H in the treatment

of some malignancies.
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Chemotherapy in current use for the systemic treatment of cancer
has brought about cures in many patients and decreases in tumor
burden. But chemotherapy fails in those patients whose malignant cells
are not sufficiently different from normal cells in their growth and
melabolism. However, these wmor cells often express surface
receptors or other molecules which distinguish them from their
surrounding normal tissues. The therapeutic goal of targeted toxin is to
target a cyloloxic agent lo cell surface molecules which will internalize
the cytotoxic agent and result in cell death. Targeted toxins consist of a
targeting polypeptide covalently linked 10 a peptide toxin. The
targeting protein or ligand directs the molecule to a cell surface
teceptor or determinant; the loxin moiety then enters the cell and
induces apoptosis by, in most cases, inactivaling protein synthesis!') .

Previously, a fusion toxin of IL-4 with diphtherial toxin 1-388 aa
(DT4H) has been constructed in our lab, since receptors for IL-4
have been found to be present on many types of cancers including
breast cancers, lung cancers, melanomas, renal cell cancers, brain

D=7 And its cytoloxicity to

cancers and pancreatic cancers efe.
cancer cells has been testified in wire . But, the development of an
antibody response to this toxin moiety-diphtherial toxin {( DT) will be

expected in vivo becanse it is a sirong immunogen. This will damage
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the efficacy of DTAH. A solution to this problem is to use a fusion
protein with different kind of toxin moiety. Here, Pseudomonas
exotoxin { PE) was chosen for this purpose because it is a potent toxin
and it has been successfully used in many targeted toxins. Intact PE
contains three domains. The cell-binding domain ( domain ] ) is
commonly replaced with other ligands. The resulting recombinant
toxins is a fusion toxin of L4 with domain [[ and [l {PE40), which
would be expected to have good therapeutic value as an altemnative
therapy with DT4H.

Since the carboxyl terminus of native hIL-4 participates in the
its receptor, L4 and
Pseudomonas exotoxin A showed low affinity. A successful alteration

former fusion toxin

was the application of circularly permuted IL-4'® | in which the native
termini of IL4 were fused each other and ASN® and Lys” were
created as its N and C terminus. This kind of reconstruction is based
on its three-dimensional structure and analysis of functional

glycosylated  sites'® ']

This strategy provides a new option for
improving the function of fusion proteins. Here, a circularly permuted
form of [L-4 was employed in this construction to improve the binding

to its receptor.
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1 Matenals and Methods

1.1 Materiak

Rneasy minikit was from Qiagen; ThermoScript RT-PCR systerm
was provided by Invitrogen; DNA marker, mesiriction endonucleases,
T4 DNA ligase were purchased from TaKaRa; the cloning and
expression vegtors, E. coli host sirains were stored in our laboratory.
1.2 Cell linies and cell culture

U251, derived from human glioma, was gained from Instmte of
Biochemistry ard Cell Biology and maintained in RPMI-1640 medium
(GIRCO) supplemented with 10% FBS (GIBCO) . HepG2 and MCF-
7, onginating from human liver and breast eancer respectively, were
stocked in our lab, and maintained in DMEM medium (GIBCO) with
10% FBS. All the cells were maintsined at 37 °C in a humidified
ineubator of 5% CQ, .

1.3 Moleculsr cloning of mature human IL-4 and Pseudomonas
exotoxin (PE)

Coding sequence of TL4 was obtained by RT-PCR from human
white blood cells. About 1 pg of total RNA was reverse transcribed 1o
¢DNA using RT-PCR kit, 2 uL of cDNA product were then subjected
io PCR with the following primers to obiain the ¢oding region of human
JL4. Sense primer; 5'-asa teg aca cct att aat ggg tct cac-3’, and
antisense primer: 5'-tca gt cga aca cit tga ats tit cte -3, which
encodes a full-length IL-4 without signal peptide. Coding sequence of
Pseudomonas exotoxin { PE) lacking of signal peptide came from PCR
amplification of genome DNA of Pseudomonas aeruginosa ( ATCC
27853 ). Extraction of genome DNA was operated according to
Molecular Cloning (the 2nd edition) . PE was amplified by PCR with
5°-atg cac ctg ata cec cat tg-3’ as the forward and 5'-gea git act tca
gt cct cge-3 as the backward primers. Both of purified PCR products
were ligated into pMD-18T (TaKaRa) vector, creating pll4-T and
pPE-T.

1.4 Constructions of the plasmid for expressing fusion protein

The sequences of oligonuclectide primers used in  these
constructions are as follows: (a) 5° ppe got anc pgt ggc cac aag tge
gat ate ace a ca { GGNGG codons in bold); (b) 5° gea age tic tig
$8g gea asg atg tc ( Hind]ll site in bold) ; {c) 5' get ggm tec atg asc
sca act gag ang gaa acc t { BamH [ site in bold); (d) 5’ gec ace git
sec geo get oga aca cit tza ata tit cte { GGNGG codons in bold) ; (e)
5' gca age g gog gle cog agg gog gea gee tg ( Hind [ site in bold);
{f) 5' geg cgg oog cat tac gt teg 1ot te gge gec gy cog ( Nor | site
in bold} .

pHCPTLA encodes a 6 x His fusion protein with cpll4 ( cixcularly
permuted human I[L-4) . cpll4 is a protein consisting of twe parts of
pative 114, 38-129 aa and 1-37 aa of native IL-4 connected by linker
GGNGG . DNA encoding cpll4 was constructed by the method of gene
splicing and by overlap extension (SOE), as described!" , and the
product was ligated into pT7473 { derived from pET-21a} . Briefly, the
first part (1 — 37) and the second part {38 — 129) of mawre IL4 was

amplified separately using primers a, b, and ¢, d, so that the 5’ end
of the first fragment and the 3’ end of the d fragment are identical
and encode the GGNGG linker. The two fragments therefore annealed
in reverse order to form a template for the final PCR step using primers
b and c. Primer ¢ and b ereate BamH I and Hindlll restriction sites
and this fragment was ligated 1o the BamH I - Hind[ll site of pT7473.

pH40MK encodes fusion protein of cpll4 and PE4OKDEL, a
truncated PE. The toxin PEAOKDEL ( abbreviated PEA0K } conlains
amino acid 253 — 608 of PE followed by KDEL carboxyl terminus, and
was generated by PCR amplification of pPE-T with e as the sense and
f as the antisense primer. Then PEAOK fragment digested with
restriction enzymes Hind Il and Not I was ligated into the Hind [l
and Not I sites in the pHCPILA plasmid.
1.5 Protein expression and purification

E. cofi BI2! (DE3) was tramsformed with pH404K and
moculated with LB, When 0D, reached 0.5, IPTG was added to 1

mmol/L. and cells were cultured for an additional 90 min. Afier

sonication of eclls, mclusion body wes precipiiated and solubilized by
8 mol/L urea to a prolein concentration of 10 mg/mL. Dithicerythritol
was added to a final concentration of 65 mmol/L, and after overnight
incubation a1 22 C the reduced denatured protein was diluted 100-foid
with 100 mmol/l. Tris, pH8.0/0.5 mol/L L-arginine/0.9 mmol/L
oxidized glutathione/2 mmal/L. EDTA . After incubation a1 10 °C for 36
~48 h, the refolded protein was dialyzed with 20 mmol/L Tris/100
mmol/L. wrea (pH7.4), then loaded on DEAE-Sephamse Fast Flow
and eluted by 0.3 mol/L NaCl, After dialyzed again, the protein
solution was loaded onto an equilibrated 4 mi Ni** /NTA affinity
matrix. The column was washed with 20 mL of binding buffer
containing 0.075 mol/L imidazole. The recombinant proleins were
eluted with 0.25 mol/L imidazole. The purified product was dialyzed
against PBS.
1.6 Generation and purification of antibodies t¢ H4MK and
diphtherial toxin

The antibodies to HA04K and DT were generated according to the
protocol of reference!’®! . Purified H404K and DT were used as
immunogens. The matre form of DT was expressed in BL21 ( DE3)
as inclusion bodies, then were renaturated and purified by DEAE-
Sepharose as H404K. Rabbits’ serum was collected and purified by
ammonium sulphate method .
1.7 Western blot

2 pg of H404K and DT4H was separuted by 12% SDS-PAGE.
The blot was developed according to the manufacturer’s protocol. In
this case, anti-DT serumm {1:20 000) and AP-conjugated second
antibody (1:1000) were used.
1.8 Cytoloxity assay

After exposure to drugs, the viability of several cell lines
(U251, HepG2, MCF-7) was determined by the MTT assay. After
plating the cells, various concenirations of H404K and human 114
(R&D) was added. In some cases, 200 pg antibodies of anti-H404K
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and anti-DT were included for inhibition experiments. Cells were
cultured for another 36 h, then 0.5 mg/mL MTT was added and
absorbance in each well was detected in a microplate reader at 450
nm. The result was expressed as a percent of the control without any
toxin .
1.9 Clonogenic assay

The in vitro cytotoxic activities of IL-4 cytotoxin on U251 cell
were also determined by colony-forming assay. The cells were plated
in triplicate in 100mm Petri dishes and exposed to different
concentrations of IL-4 cytotoxin (0 ~ 100 nmol/L) at 37 C for 9
days, followed by washing, fixing and staining with 0.25% crystal
violet. Colonies consisting of > 50 cells were scored. The percentage
of survival colony was determined from the number of colonies
remaining in the treated groups divided by the colony number in
conirol group.
1.10 Indirect immunofluorescence staining of IL-4 receptor for
H404K

U251 cells were cultured on coverslips for 24 h, then incubated
with H404K at 4 C for 4 h. After washing with cold PBS, they were
fixed with methanol: acetone (1:1) at room temperature for 10 min.
Fixed cells were washed thrice with PBS, incubated at room
temperature for 2 h with primary polyclonal rabbit anti-H404K, and
diluted 1:200 with 2% BSA/PBS. Coveslips were washed five times

cplL4

1L4(38-129) TL4(1-37)
E His Tag fLinker : ’

H404K

Spacer

Fig. 1

and incubated at room termperature for 1 h with secondary FITC-goat
anti rabbit IgG (diluted 1:100 with 2% BSA/PBS) . Coverslips were
washed again and then mounted using 50% glycerol. As to contral
experiment, only the procedure of incubation with H4MK was
omitted. The fixed cells were incubated with primary and secondary
antibody directly. The cells were observed and digitally photographed
using a Nikon fluorescent microscope with Spot software ( Diagnostic

Instruments) .
2 Resulis

2.1 Cloning of Human IL-4 and PE and Construction of Fusios
Toximn

[L4 was obtained by RT-PCR from human white blood cells,
and PE from PCR amplification of genomic DNA of Pseudomonas
aeruginosa . Their sequences were confirmed by sequencing. In onder
to construct a fusion toxin for efficiently killing cancer cells, the
truncated form of PE (PE40), which is missing the native cell-binding
domain, was employed. And it was linked to a circularly permuted [L-
4 by a spacer sequence KLGGPE. A 6 x His tag was fused to N-
terminus for further convenient purification. So, H404K contains Met,
6 x His, GS for BamH | site, native IL-4 38-129 aa, GGNGG for
linker, native IL4 1-37 aa, KLGGPE for spacer and PE 253 - 608
followed by KDEL.

PE40K

KDEL

Schematic drawing of H404K

H404K was constructed by fusing cpll4 to PE40 with a spacer sequence . cpll4 consists of 38 - 129 aa and 1 - 37 aa of native IL -4 connected by a linker.
A 6 His tag was retained at the N-terminus. KDEL was followed at the C-terminus. Spacer: KLGGPE; Linker: GGNGG .

2.2 Protein expression and purification

The protein encoded by plasmid pHA34K was expressed in E.
coli BI21 (DE3). The fusion protein represented the main band on
SDS-PAGE analysis of the total cell extract and was exclusively

present in the form of inclusion bodies. The highly purified form of |

inclusion bodies, were subjected to dissolution, renaturation and
purification as described in Methods . Traditionally, PE fusion toxin is
purified by 2 steps of ion exchange and 1 step of gel filter. HPLC is
commonly used in this process. This limits the volume of loaded
protein greatly. In order to facilitate the purification process, we
fused a 6 x His tag to the N-terminus of this protein. NiZ*-NTA
column was employed for affinity chromatogram. Through simple two
steps, H404K appeared as a single entity and eluted in fractions
expected for a protein with a molecular mass of 60 kD, demonstrating
90% purity of the final product.
2.3 Western Biot Analysis with Anti-DT Antibody

In order to investigate whether there exists a cross reaction

between DT and H404K, a western blot analysis was used. Anti-DT

—3

—20
Fig. 2 SDS-PAGE analysis of expression of H404K
M :marker; | : inclusion bodies;2 and 3:lysed E. coli after and prior to

IPTG induction , respectively
polyclonal antibody was raised in rabbits with purified diphtherial

-toxin. 2pg of H404K and DT4H were blotted and hybridized with 1:

20000 anti-DT antibody. The result was shown in Fig.4. A 60 kD
band was detected in lane of DT4H and no band was recognized in
lane of H44K .
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M 1 2 3 4 5 2.4 Cytotoxicity of H404K on several human cancer cell lines
%D Several cell lines were tested to determine if H404K is cytotoxic
to them. We examined cancers derived from brain, breast, stomach
::: and liver. A glioma cell line, U251, was very responsive to H404K
- = with an IC50 of 0.7 nmol/L.. MCF-7 breast cancer and liver cancer
43— - HepG2 cell lines had poorer responses with ICg, of 30 nmol/L and 25
nmol/L, respectively.
31— The specificity of H404K cylotoxic action was tested with
inhibition experiment of excess recombinant human IL-4 (rhil4).
20— rthil4 showed the inhibition of cylotoxic action of H404K at a
Fig. 3 Analysis of HA04K purification with SDS-PAGE concentration of 4.25 nmol/L.
M: marker; 1 ~ 5; designate sequential fractions eluted from Ni/NTA In previous research, a fusion protein, DT4H, consisting of
column by 0.25mol/L imidazole truncted DT and IL-4 has shown similar cytotoxicity as H404K and the
: 2 activity can be inhibitted by the polyclonal anti-DT antibody { data not
shown) . Since we expect H404K can be served as an altemative
agent when anti-DT4H antibody is raised in the treatment of patients.
Functional effect on H404K of this antibody was tested on U251 cells.
60 kD— As shown in Fig.6, no significiant inhibition was found at all.
' 2.5 Inhibition of colony formation of U251 cell lines by IL-4
cytotoxin

Fig. 4 Western blot analysis of H404K and DT4H
2ug of sample was blotted on PVDF membrane and hybridized with anti-
DT and AP-labeled secondary antibody . 1:DT4H ;2 : H404K

We performed a colony-formation assay using the U251 cell line.
Two hundred cells were plated in each dish and incubated with various
concentrations of L4 cytotoxin. After culturing of 9 ~ 14 days, the

120
1201
U251 HepG2
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Fig. 5 Cytotoxic activity of H404K on several cancer cell lines and an inhibition of this cytotoxicity by hilL4
The result was expressed as a percent of the control without any toxin. hll 4 was added at a concentration of 4.25nmol/L. The dashed line shows 50% of viability
BMH404K; aH404K + hIlA

120 ¢ 100
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Fig. 7 Inhibition of colony formation by IL-4 cytotoxin
Two hundred U251 cells were allowed to adhere in Petri dishes and
cultured with various concentrations(0 ~ 100nmol/L) of H404K for 9 ~ 14
days, the percentages of colonies formed in control and IL4 cytotoxin-
incubated groups were compared.

Fig. 6 Antibody Inhibition Assay of HA04K
200ug of purified anti-DT and diluted H404K were added in each well of
inhihition group
WH4MK ; ¢ H404K + anti-DT
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percentages of colonies formed in control and 1L-4 cytotoxin-incubated
groups were compared. [L~4 cytotoxin inhibited colony formation in
U251 cell line in a concentration dependent manner. The number of
colonies in untreated groups regarded as the 100% control value. Less

than 1 nmol/L of [1.-4 cytotoxin inhibited colony formation by 50% ia
U251 cell line. These results were comparable with the dose
dependent kinetics observed in the cytotoxicity assay.

Fig. 8 Indirect immunofluorescence analysis of
IL4 receptor on U251 cell line
Control ; cells were cultured on coverslips the incubated with anti-H404K and FITC labeled secondary antibody; H404K : cells on coverslip were incubated with

H404K first, then stained with antibodies.

2.6 Immunofluorescence analysis of IL-4 receptor on U251 cell
line

To show direct evidence of H404K binding to U251 cells, these
cells were first incubated with H404K, indirect immunofluorescence
(IF) staining with anti-H404K antibody revealed definitive presence of
hybrid protein on the cells. In control experiment, no positive staining
was observed when U251 cells were directly incubated with primary
and secondary antibodies, which indicated the selectivity of binding.

3 Discussion

It is known that normal resting B cells, T cells, monocytes, and
resting or activated bone marrow precursor cells which express low
level of IL-4 receptors are not sensitive to cplIA-PE[B'M: . However,
when T cells are activated, 1L-4 toxin becomes cytotoxic to these cells
because activation of T cells up-regulates M~4R1 | However, in the
context of the clinical situation, it is not expected that a large number
of T cells will be activated in vivo . In addition, even if these cells are
killed by H404K, it will not cause too much deleterious effects in
cancer patients. These resulls suggest that there exists a therapeutic
chance by which one can target [1.-4 toxin to cancer cells but cause
little collateral damage to immune and non-immune tissues.

There has been a long history of constructing targeted toxins for
human cancer treatments. The toxins most commonly modified for the
construction of targeted molecules that have been clinically evaluated
include DT and PE from bacteria and ricin, Gel and PAP isolated from
plants“: .

Since all fusion toxins are immunogenic, ftreatment

ultimately results in an anti-toxin response, especially in patient with

(1. Clearly, the development of neutralizing antibodies is

solid tumor
detrimental to targeted toxin antitumor efficacy. In many trials,
retreatments have been limited to a few cycles because of the

development of neutralizing antibodies. Even when the antibodies

generated are nonneutralizing, they may form immune complexes and
accelerate clearance from the circulation. Therefore, patients treated
with the biological agent need to be carefully monitored for the
development of these antibodies.

Previously, a fusion toxin of TL-4 with diphtherial toxin 1 ~ 388
aa (DT4H) has been constructed in our lab and humoral immune
responses has been expected in vivo. In order to continue targeted
treatment after antibody appearance, we replaced the diphtherial toxin
with Pseudomonas exotoxin moiety to construct H404K. But both of
enzymatic domains of DT and PE have similar activity, which ADP
ribosylates elongation factor 2 (EF-2) . In addition, they have similar
molecular weight. So, the antibody raised from DT may response to
PE, and vice verse. Luckily, blast analysis of these two moieties do
not show significant similarity ( data not shown). This gives an
opportunity that when antibody against one was raised, another could
be available. In addition, some patients may have antibody against
some toxin prior lo treatment, then more options give them more
chance to receive largeted treatments. In this research, we mimiced
human immune response to DT4H in rabbits. Since a human version of
IL4 was used in the construction, rabbit anti-human IL-4 antibody
might be raised if DT4H was directly used in immunization. So, the
toxin portion of DT4H was used for injection. The results from westem
blot and antibody inhibition assay did not show that anti-DT polyclonal
antibody could interact with H404K .

In activity assay, H404K showed selectively cyiotoxic to several
cancer-derived cell lines. Similar to DT4H, U251 was very sensitive.
The reason may lie in the high expression level of TL-4 receptor in the
cell surface. Since clonogenicity in sitro ofien correlates with in vivo
malignant phenotype in xenografts, H404K was tested in inhibition of
colony formation of U251. The result was consistent with that of

cytotoxicity assay. These findings predict that the antitumor activity of
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IL-4 toxin will be improved in vive in animal models of human cancer.

In addition, the direct evidence of H404K binding to the target cells

was also provided in immunofluorescence analysis.

fusion toxins, like DT and PE series, their targeted characteristic and

Generally, despite of the large size and strong immunogenicity of

potent cytotoxicity still give them a good value in cancer therapy.

HAMK, maybe combined with DT4H will be a potential agent in

addition to the raditional anli-cancer therapeutic.
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