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Preparation and bioactivity of anti-human red blood
cell ScFv and CSFV E2 bifunctional fusion protein
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Abstract: The aim of this study is to construct a bifunctional fusion protein, which can conjugate both human red blood cells and
antibodies against classical swine fever virus (CSFV). We respectively amplified 2E8ScFv and mE2 genes from different
recombinant vectors, in which 2E8ScFv gene is the single chain Fv gene against H antigen of human red blood cells, whereas mE2
gene is the main antigen coding region gene of CSFV E2 protein. We used overlap extension PCR to obtain an artificial fusion gene
segment 2E8ME?2 containing genes of Both 2E8ScFv and mE2, then ligated into the expression vector pET-DsbA and expressed in
Escherichia coli BL21(DE3) PlysS host cells, after induced with IPTG, the target fusion protein was successfully expressed and
identified in inclusion bodies by SDS-PAGE and Western blotting. We purified the fusion protein and renatured it from inclusion

bodies to obtain a native state of well biological activity. The Erythrocyte agglutination test results indicated that the fusion protein
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can conjugate both human red blood cells and antibodies of CSFV.

Keywords:
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1.1 FHFRM. R BFHRAME

# 4 Fiki pMD-2E8ScFv (A Hi NLL4iffl H
PGP REPTA L PR ) b 72 55 1 2 B e B I 1
FERT R G WITSE O3 B s F 4 FOR. pETmE2 (&4
CSFV E2 HH EE PR GSIX Z K mE2)®Hil CSFV
o B MLV H4) F 5 R A R A B A R S R T IR K
BT 01N JFA% R IA K pET-DsbA | FRIATH Bk
BL21(DE3)PlysS M AL 55 % (R 47 ; 20 14> CSFV FH%:
M3 . 20y CSFV BRI . 34 Z58 5 25 A 1E
B¢ PRRSV FHPEINYE . A a8 8 STV BHAE 0LV |
WRAREE 2 B PCV2 BHMEINTE . & DAL R
PRV BHA L5 F1V84 40 /)N 25 PPV BHAE I ¥ 44 h A 5
B =R
1.2 EFERKFH

T4 DNA JE4 . BRI N YIRS BamH 1 F1 Nhe 1.
Tag DNA R4 fili¥4 Jy TaKaRa 23 ] 72 i ; Wizard PCR
P aifikiR & . IPTG #J°8 Promega A FIFZ i ; W
JE4T 6 x His FRIEREPLIA N Merck 23 H] 7™ i 5 BT
AALYIEE (HRP) FRicFHi R 1gG il 1 432%™ i s
HRP #5330 FPiH 1gG o~ Santa 23 777§ ;s Ni-NTA &
Halifb B Bg A Qiagen 23 7= i s A ALTIAS e H KA
W JE RIS BEH KA R Sigma 28 5] 7785 Hifti] 4y
RSN T
1.3 =48 PCR 5|¥i%it

HRAE FE & E{ PCR AYJF AT mE2 5 2E8ScFv 3
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S, it 4 5£E4 PCR 519 (& 1), Hhg 9
2E8ScFv-F/2E8ScFv-R [ T4 i & 1l 2E8ScFv JEMH,
514 mE2-F/mE2-R il T4 H A mE2 A,
2E8ScFv 34 15 AL mE2 5" 15 Mg 0 H
wWFH (BAsEEsr) AT RBE P, DHEIT N
2E8ScFv-mE2, 2E8ScFv-F Al mE2-R 1Y T | 25 7
TR 5L BamH 1. Nhe 1 BV 5, 51
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Table 1 Recombinant PCR primers

Primer names Primer sequences (5'-3")

CGCGGATCCCAGGTGCAGTTGAA

2E8ScEv-F GGAGTCAGGA
S ESSCFV-R CTTGCAGGCTAAGCGTATTTCCAA
v CTTTGTCCCCGAGCC
ELE ACAAAGTTGGAAATACGCTTAGCC
TGCAAGGAAGATTAC
CGCGCGCTAGCAATTGGGCAGACA
mE2-R

AGGTAGAAAGC

1.4 2E8mE2 BMEERFEHRFRIEHAMEER
BE

Ay I LH Tkl pMD-2E8ScFv #il pETmE2 |4
1 H (IR 2E8ScFy fll mE2,PCR 1 24344 . 95°C
WAEYE 3 min; 95°CAEME 30s, 56°CiB-k 30s, 72°CHE
1 min, 30 MEFR; 72°CHEMH 10 min, LAAEILIS )
2E8ScFv Fl mE2 B id , Sk FlH & iE i PCR J7
P 2E8mE2 fil G FE R S5 —% PCR VAR R A «
2E8ScFv Ml mE2 #:H 4% 0.3 uL. 10 mmol/L dNTPs
1 uL. 10 x Buffer 2.5 uL. 5 U/uL Taq % 0.3 uL, FHK
FIXZEAK N ZE AT 25 uL,  PCR R 45444 95°C
FiAZPE 3 min; 95°CZ8 M 1 min, 58°CiE K 1 min, 72°C
FEAH 2 min, 7 NMEH . YL RNEE G, 75X
I Z I AS |9 2E8ScFy-F Fl mE2-R 4% 0.3 puL,
SRJG 95 CHIZAEME 3 min; 95°CZAEYE 1 min, 61°CiE -k
1.5 min, 72°CHEfH 2 min, 30 MEH; HJ5 72°CHEf
10 min, ¥ Ei& PCR F=#4ifbn)5 5 pMDIS-T
Simple A4, H4L TOP 10F &2 S0, $2HU%R
Ri, 28 PCR K U] 458 I P05 95 UE S5 51 2 75 1E 1 o
F BamH 1 Fl Nhe 1 WGV 2 J50RL, Ff 2E8mE fil &
LR 5 B 3] JFA% 2 18 21Kk pET-DsbA 1, #4 XL
RERALG 8 R IB UK, Bz RB AL TOP 10F
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JZ SN, FEEUTCRL, 45 PCR MV % 5E T T
A UE L S A 2 75 IE A
1.5 2E8mE2 g5 EHMIFFRIER SDS-PAGE
S

¥ pET-DsbA-2E8mE2 il & (£ ik # ik 1k
BL21 (DE3) PlysS, B FHPE AL R, LA 37°C .200 r/min
TR I E ODgoo [N 0.5~1.0 Bf, FA IPTG B
W 1.0 mmol/L #ATHFHIFR, EOUE | mL
H AT SDS-PAGE 4347, 71 /| BandScan /4 =&
H AR RO et [0 Bl U A TR VR A T R 7 D
PRALEE, 23 SIS DTIE RN 3, UT3E A 1 mol/L NaCl
M1 0.5% Tritonx-100 # WM, #H1 8 mol/L JRE
W, % AR IR OB M WO BV AR AT
SDS-PAGE 734, il H (18 F1 &A1 O o
1.6 2ESmE2 gi&ERMak 5 S

H4E 1.5 Ak IR A DTTE HEA TR R IR 3R
iR, WERBMREGEA LA 6 NMEmRrg, W
I JT Ni-NTA-His-Bind B{fE* A Talifl, BAA#AE
Z M Qiangen /A ) Ni-NTA I H4ifb i, Bk
ZE v Ay . 100 mmol/L NaH,PO,H,O, 10 mmol/L
Tris-Cl, 8 mol/L JRZE, pH 6.3; VLM 1 .
100 mmol/L NaH,PO4H,0, 10 mmol/L Tris-Cl, 8 mol/L
PRZE, pH 5.9; WHZ i 1 24 : 100 mmol/L
NaH,PO,-H,0, 10 mmol/L Tris-Cl, 8 mol/L JRZ,
pH 4.5, SDS-PAGE *f4lifb 5 & #1708, RH
Bradford ¥AE4ifb )5l & & AWK, HEWWR
(20 mmol/L Tris-HC1, 2 mmol/L EDTA, pH 8.5) Fil¢
EHWEZE 100 pg/mL PLF, % P o R Rk
FERFEZE 1 mol/L, SR I AR JE A5 I H AN 4201k
BRI H BR, (2 FE 43 5135 3] 1 mmol/L Al
0.1 mmol/L, FEA-RAT, B A1 e ZE iR b FH e S
)G T 16°CHE 20 h T EM. EHEER)E,
JH 20 mmol/L Tris-HCI (pH 8.5) 2% v ifi i #r 52
48 h, £} 6 h #I—I% . Fl PEG20000 ¥4 & HEEH ,
I AR
1.7  Western blotting 48

FIKMEL A H 14 SDS-PAGE HLIK/MT G, #
#% % NC JJi5 I #£1T Western blotting % 5E . —PiikH
Wik, 258 BRIRPT 6 x His PATEREPIIR (2ESmE2
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G E AW 6 M ERIRZ) A CSFV &R il ,
XTRE 4350 HRP FRicEHi R 1gG MBI
1gG, LR ARIKA N (DAB) BOSEHHr. U
W3 Ik 0 2 AR AR Ao BT XT IR R B A
PRRSV. SIV. PCV2. PRV I PPV A ifi v % il &
5 H#4T Western blotting £,
1.8 4RSI IG 0N 2ESmE2 R EEH A
AN

B 20 {3 CSFV [HYEITE (4 IDEXX CSFV
ELISA HUAAK A & 50IIE) , #% 50 pL/AFFLAK v m
A MEERR Y, SR 5 1 B L AR YOI A 20 pL W
IIREFE M (500 pg/mL) 1 20 pL 2% O BIAZL4H
M, JRAT, BE 30 min, WELLEE. A0 BATEE
M (&5 FREAE B PET-DsbA 25 # K £ ik E 1
DsbA).20 1y CSFV HiARBAE I (4 IDEXX CSFV
ELISA HUAA IR & 50 0E) AU A& UL B 1
MLE XTI L 20 BIEC AL B il AB B AZL4010#: O
RUNZLAAL, PR R T AR o SO M A R AR,
i LR AT ERE, 30 min WIERBEEAE LS,

2 &HR

2.1 2E8mE2 & EHFEZFTIEHIRIIERETE
DLV 2 okl pMD-2E8ScFv 1 pETmE2 Ak
B o3 19 48 0 H LD 2E8ScFy Ml mE2, 438774y
KNG R 732 bp F1 393 bp, 5 Y14 H B —2,
Ph 2E8ScFv Ml mE2 A v B A isiA , i i o 5 G
PCR ¥ 2E8ScFv Fl mE2 PN, 2ESmE2 filv &
(1125 bp). ¥ 2E8mE2 Fr Bt wif& %] pMDI18-T Simple
ok b, S IR G 1 AR IR EK pET-DsbA, Z:[if
Y1 PCR 476 , BT 4R45 K/ 1125 bp 1 7 B (K
1), Wpas R R Z A B Sl & 5 N 2E8mE2 — 2,
H O IEWh 6 AR BRI T A
2.2 2ESmE2 IS ERAMFTIE. U REN
PEHL pET-DsbA-2E8mE2 #% {L. 1 #ll pET-DsbA %5
WIRXT BT PTG S ERL, 450 E 37C.
IPTG ¥ &4 0.3 mmol/L . i%F 3 h B35 i k£ ik,
FkE EHEAREASERN 30% A4, %4 SDS-PAGE
M, IZRA R A RS U 3, AR
WHEARE (ENK), HXSFREY 65 kDa (K
2), SR AT, RE-WEQWATER . T

Haifb)s, |AMAERETH 95% At (K 2). 4ifk
Jei P A TR A 28 2 e IO i 22 M mT AR 1 LA AR )2 T
PEMYEE 15T, Bradford VAR N AT 1 vk 45 J B 1 240
FEZ5°N 500 pg/mL,

2.3  Western blotting &

FiK 1 2E8mE2 fill & 8 114 SDS-PAGE HLJk ) ,
HAE NC WKL, 43Pl 6xHis HLogEHiIAM
CSFV B Ifil i 54T Western blotting #5101, 25 H7E
65 kDa &b ¥4 Bl — £ 5 S M P R P2 Ay (]
3A), TilF A PRRSV, SIV, PCV2, PRV Fil PPV
BRI 135 % 2E8mE2 fili 5 25 11T Western blotting
R, 25 R TGl S e Bty 3 (1] 3B), B
K Rl A R T RE 4 B 5 BT 6xHis B 5w RE BT AR K
CSFV i H Il ¥ & Az R S R

1 E4AFEH pET-DsbA-2ESmE2 BI W EG ) & F

Fig. 1  Identification of pET-DsbA-2E8mE2 by enzyme
digestion. M: DNA marker 15000; 1: PET-DsbA-2E8mE2
digested with BamH I and Nhe I; 2: PCR product of 2E8mE2
fusion gene.

2 SDS-PAGE #2451k 89 2E8mE2 B & & B

Fig. 2 SDS-PAGE analysis of purified 2ES8mE?2 fusion protein.
M: protein marker; 1: negative protein control; 2: recombinant
bacterium protein before being induced by IPTG; 3:
recombinant bacterium protein after being induced by IPTG; 4:
purified 2E8mE?2 fusion protein.
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3 2E8mE2 Fi& &= BRI Western blotting 45

Fig. 3 Western blotting detection of 2E8mE2 fusion protein.
(A) 6xHis monoclonal antibody. M: protein marker; 1:
recombinant bacterium protein after being induced by IPTG; 2:

negative protein control. (B) Positive sera. M: protein marker; 1:

PRRSV positive serum; 2: SIV positive serum; 3: PCV2
positive serum; 4: PRV positive serum; 5: PPV positive serum;
6: negative protein control; 7: CSFV positive serum.

24 LIMRREEIREKE
MEEM

KA 2E8mE2 fl 5 E . 2% O R AZI4f .
CSFV BHE i & #1720 40 it A i, 4521 20 1A

mn SRS B R EEE LS (8] 4A), T DAAS ik 3Rk

1 DsbA U 2ESmE2 fili & A7 R AR RO IR,
AMEREEE NG (8 4B), HH 20 iy CSFV It
55 2E8mE2 @A HEAEMG, HREERE (K
4C), PL A, B I AB BRI A LT AN 4T 1 3R [R) AR 91X
¥, SRR FREEEN S (K 4D), JH PRRSV,
SIV. PCV2, PRV £l PPV FHYE L% 4355 2ESmE2
A EAEN, IR EEELE (K 4E). 15 2E8mE2
EiAﬁlél/E\ﬁ 5N HMEEGRE, T AR

H 5 CSFV B I & AR eSS 6

3 itk
TR 24 H Kemp 55T 1988 4-7E Science &

FCHE AR T AR g g et 1
U DL F S R LD A AT AR s A
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Fig. 4 Erythrocyte agglutination test. (A) Erythrocyte
agglutination test of 2E8mE2 fusion protein and CSFV positive
sera and O type human red blood cells. (B) Erythrocyte
agglutination test of negative protein and CSFV positive sera
and O type human red blood cells. (C) Erythrocyte agglutination
test of 2E8mE2 fusion protein and CSFV negative sera and O
type human red blood cells. (D) Erythrocyte agglutination test
of 2E8mE2 fusion protein and CSFV positive serum and human
red blood cells. 1: A type human red blood cell; 2: B type
human red blood cell; 3: AB type human red blood cell; 4: O
type human red blood cell; 5: negative control. (E) Erythrocyte
agglutination test of 2E8mE2 fusion protein and positive sera
and O type human red blood cells. 1: PRRSV positive serum; 2:
SIV positive serum; 3: PCV2 positive serum; 4: PRV positive
serum; 5: PPV positive serum.

TIAGE 2o A 2% 52 B 1k 1 4 B AU BE 43 (P21 44t i
FAPT 5 HIV-1 gpd PUIEAKAACHRE 1), a0t B AR
AL LT A0 R SR B, T A W R
HIV i #5804 , RV Th A7 e BT HIV-1 gp4l Ml
T s Bk R E 5B, A AR e, SRt
RIAE, MR HZ 2] TRRE . 1994 4F, Lilley %M
YR H DNA S HE AR, BEHT L1040 B i AR 5k
A5 gfh HIV-1 gp41 8 H 35 N2 HEFR 1) DNA Jr
BrEdl, bl g T T HAE HIV-1 PREi2 Wi
WIIREIRF , VAN TR BE AN, BLJE 8
12 I FH T XU RE I il 45114

P T B AT £ 40 6 3 T A 2 Ay A
DA T o315 A, PR A IS 4001 B 26 b J 75 55
W RS N LA A A e R R, R R R TR A 5 ik
BEPUN LT AN H 2 107 H PR A BEE BTk CSFV E2 F %
PURIX G, WE—FEERENE 5 AL 4l ss 4
ABf% 5 CSFV P RN D) Rl A 2 1 %zzl
AAEEAR ALY, T AR A ) PR A DU
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AR TR T 20 FARBEOR (i Trx A0
DsbA %) if3VFZINRESRLINGETE E. coli P IERHYT
B, WESHE N (PA SR T IEMT S0 E
AT R A, A BT R I pET-DsbA
FORER, WIBREE AT TR A TR B H

SRS H AR BB BUB A RCR , Bla 3 SRR
TPV AL AR U e . FE LR AT e —

H—, pET-DsbA #ARI-A i T A 4 H 0y ] 3
ik H I, AWFFEIE AR % )58 5 a8 E ]
PERIR W B AR, AR5

filg & E U IRE AR, BARG RS TAE
R — R BRI, AR Rk P AT AR R
HAEY e, (WA T DI A SR
it ot HMIRAR B R 5 R AR T RPN AR IR AR AR B
AR T RIR AR E AR A P R A A LA

FEARHUR, &) T RREIF S AR Ao R s ALIRIA
S S e SR e AT U N Iy W N D I e ed 6o 4 =
G, ARIT it

il 12 Western blotting 5 Z1 2] ifd 5 52 12046 £ 28 ik
Sz, AW EAY 2ESmE2 filS & B AT 5 ALT
MG X5 CSFV Huik sy iy agtk, AT —
A 3 ST R JE L A 1) DRHUAS T ) 21 0 R AR IR B AT R
TR A, FELT AR ARG P IR
B TN, g A TG O 4 3o AT A — Bl s
flitt5 2E8mE2 il & & FIE A S A C, EEKE
ARG E AT GEfl & R AR, J2H M hE
E%ﬁﬁ,@%%%mm&zmmwﬁﬁ%ﬁ%ﬁ
filG S TS A G i, FRRIT T —
HHF5T, 7 2E8ScFy 5 mE2 i JFM: ik Bt 2 ] % 42
—Bt Cyl FrBt CRUET 2E8 FhPAPERGETE E X ¥
Hy, LASERas (o] s, {5 40 Jt I 5 285 A 32 1Y) e
PUMRAS T BELRS 25 A 1) 21 40 1 2 1 (9 L) B il 5 2 14
55 M3 AR R BUAAR Z TR A RS G

REFERENCES

[1] Kemp BE, Rylatt DB, Bundesen PG, et al. Autologous red
cell agglutination assay for HIV-l antibodies: simplified
test with whole blood. Science, 1988, 241(4871):

1352-1354.

[2] Niu JZ, Liao XR, Yu QL, et al. Application of rapid
whole-blood agglutination assay (RWBA) in detection of
HBsAg in different populations of China. J Hebei Univ
(Natl Sci Edi), 2002, 22(4): 366—369.

[3] Gupta A, Chaudhary VK. Whole-blood agglutination
assay for onmsite detection of human immunodeficiency
virus infection. J Clin Microbiol, 2003, 41(7): 2814-2817.

[4] Siedenr M, Zapirz V, Ishida M, ef al. Performance of rapid
syphilis tests in venous and fingerstick whole blood
specimens. Sex Transm Dis, 2004, 31(9): 557-560.

[5] Nie J, Zhao HL, Tan XH, et al. Detection of antibodies
against Hantaan virus in patients’ blood by autologous red
cell agglutination assay. Chin J Zoonoses, 2003, 19(6):
66—68.

Heih, BUEAL, WL, SF. M A SO BRI
0 &3 AIE L B 4 I T T A S AR, P
NS A4 AR, 2003, 19(6): 66-68.

[6] Meng WX, Wang RT, Zhang YF, et al. Preparation of
bispecific monoclonal antibody against HIV p24 and
human group A erythrocytes. Chin J Cell Mol Immunol,
2004, 20(5): 582—584.
dOCE, EIH, KEIF, % U HIV p24 FIA A LT
20 i XU S B S B BT R I IR . A S 4 T d e
Z4i, 2004, 20(5): 582—584.

[71 HuY, Yang JY, Zhu L, et al. Expression, purification, and
characterization of an antihuman RBC ScFv-HIV gpl160
fusion protein for hemagglutination based rapid detection
of antibodies to HIV in whole blood. Chin J Exp Clin
Virol, 2007, 21(1): 76—78.

BITE, MEVE, RE, . LA gESUAR HIV SR
Rl 2 AR TR M . AR S I R R 2
Z&K, 2007, 21(1): 76-78.

[8] Shao CL, Shi LJ, Yao ZX, et al. Cloning and expression of
the variable region genes of the monoclonal antibody
against H antigen on human erythrocyte. J Immunol, 2008,
24(2): 238-242.

ARG, sAIZE, BhuhER, 45 LALLM H HilssE
PR R 5l BRI R GA . AR, 2008, 24(2):
238-242.

[91 Yu XL, Tu CC, Xu XR, et al. Site-directed mutagenesis of
the major antigen E2 gene of CSFV, its high level
expression in Escherichia coli and the immunogenicity of
recombinant E2 protein. Chin J Biotech, 2003, 19(4):
439-443.

RN, WIKE, MR, 5. BN T B2 SRR 5E &
FEAZ | AE R T i) v S8 38 B 3K 7 ) (1 G e SR
) TRE2A4R, 2003, 19(4): 439443,

[10] Liu BH, Yu XL, Zhang ML, et al. Renaturation and

© HEIRHE B M S T TIR S Al Ohine S TE G

Journals. im. ac. cn



34 ISSN1000-3061 CN11-1998/Q Chin J Biotech January 25, 2010 Vol.26 No.1

purification of E. coli-expressed CSFV antigenic recombinant extended single-chain antibody peptide
polypeptide. Chin J Vet Sci, 2003, 23(2): 145—148. conjugates for use in the diagnosis of HIV-1 and HIV-2. J
XIMAAE, 432400, kAR, 5. R R IR R 7 Immunol Methods, 1996, 192: 13-23.
E2 EFITILJEZWKE/‘JE PEFIZifl. o E 2R, 2003, [14] Gupta A, Gupta S, Chaudhary VK, et al. Recombinant
23(2): 145—-148. fusion proteins for hemagglutination-based rapid detection
[11] Lilley GG, Dolezal O, Hillyard CJ, et al. Recombinant of antibodies to HIV in whole blood. J Immunol Methods,
single-chain antibody peptide conjugates expressed in 2001, 256: 121-140.
Escherichia coli for the rapid diagnosis of HIV. J Immunol [15] Qiu J, Swartz JR, Georgiou G, et al. Expression of active
Methods, 1994, 171(2): 211-226. human tissue-type plasminogen activator in Escherichia
[12] Dolezal O, Coia G, Guthrie RE, et al. Escherichia coli coli. Appl Environ Microbiol, 1998, 64(12): 4891-4896.
expression of a bi-functional Fab-peptide epitope reagent [16] Skerra A, Pfitzinger I, Pluckthun A, ef al. The functional
for the rapid diagnosis of HIV-1 and HIV-2. expression of antibody Fv fragments in Escherichia coli:
Immunotechnology, 1995, 1: 197-209. improved vectors and a generally applicable purification
[13] Coia G, Hudson PJ, Lilley GG, et al. Construction of technique. Biotechnology, 1991, 9: 273-278.

REOREDIREDREODMREDR LR EODR LR LR LR EDIREDIREDREDIREDIRELDIREDIR LD REDR DR LR LR LR LR KR KD

#r 45 I I

RREARMBRAERES ESE =5 N AR ARERE

HEE ZAR % ZH%RE
978-7-122-02768-9 Y 88.00 2008 4£ 10 A b Tk fR 4 AR

NS

BERILIRITIREE (PHA) I T 1926 4F, HA RIFHIM R E R4 1)
A REfREE, SRR ORI G iR “ap @ikl BT, Xt PHA MBS T
VENZ RN, W R B s S FEwE . AT MRRk
ST, AR TR A EEM R 2 TR, Y. & lA Y
U, PHA C &N — MR Z RS AERE I AR GG B

A5 H [ 9 N PHA ST IR & FRIE  RGT IR T PHA YIS AR |
YA . TR . R AT S DL O R T R, IRBE T R AR

o N4, MEUEW UL PHA, GEAW W PHA; BEHHAE™ SN, MapWbti, HEENEEN LY
SEWFSE T H ) PHA S REH

o WRLH, WAL EILIA PHA A= B TR, AR PHA 41k 5 A 45 Flogh B 7 vk

o  SLHMEMR, 7 LRI PHA W=k AL n) 8, J5 2255 1934 B AR T TR 5L 08 i e i i FH LA & PHA
RIS R B, SEE R T PHA A 4577 5 A&
AR EEEN, ARG, WALE PG PHA A 7= R ARG Al £ AR B3RS BN B B, o]

BEAELRLE 5 TR . AYHEAREMX L NITAS%

Journals.im.ac.cn © hER S M FTATIR BB http:// journals. im. ac. on




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3600 3600]
  /PageSize [595.276 841.890]
>> setpagedevice


