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Abstract

To construct the yeast display system of classical swine fever virus E2 glycoprotein BC antigenic
domain, gene fragment was cloned by PCR using pVEXE2 as a template. E2BC was inserted into the
site of BamH 1 and EcoR 1 of p1v5AG to produce recombinant surface displaying vector of
p1E2BCAG. p1E2BCAG was transformed into Saccharomyces cerevisiae by LiAC method. After re-
combinant cells were cultivated, indirect immunofluorescence was used to detect E2ZBC expression.
The results indicate that E2ZBC protein was displayed on the surface of Saccharomyces cerevisiae
cell successfully. This work provides a foundation for the development of Saccharomyces cerevi-
siae vector oral vaccine of CSFV E2BC protein.
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LM TE2BCERE, HiEABEERRRXBAp1v5AGH BamH IFEcoRINL i, MBREHBRRRRIER
&, FLIACH BHARBERAW303, WREEHBRE. EHARLREFE, NEEHAMRETEHN
Histr2E i M E Rt 4, MW His-E2BCRI S RIAEH. £RER, EHABREREA SO,
RUIE2BCEAMIIRIA TRERE, AT KB O R H B T &4 .
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1. 5|

FEE 9 R (classical swine fever virus, CSFV) & 3 2 B HE % 75 )8 A FE ML I L1 IR 8E RNA R #E[1]. R
BRRE R AH i — N2 4000 N AEER I 2 B 1, AR AR R IR S T B 40 B A0 B B 1 B SRR AR AR 4 A
ZEFMJER A (CL E™, EL A1 E2)F1 8 M ELE A (NP, P7. NS2. NS3. NS4A. NS4B. NS5A F1 NS5B) [2].
SR E2 AL TRFEMBRBER M, S5 Ead s, e T A IR S, & CSFV
FEAT PR ES. E2 158 AL By C. D UMLK, Hordt B C XN A bt Ji ve ) 32 2 X
15[3] [4].

BE BRI M R T RS R4 — M e A R IE IR AW B R R R4, VR CH) 2 M T
PIREALTR) . MR R TR ET . MAEAEE. RO BUCERE . SoR AU ARG BURPUR PR
Fgd . SIS IR S AU 5] -

B SO P R I B 26 [ R RS (LA BE T B2 B 1 a BEEE BB 320 MM BRI N S e B 1)
¥ CSFV E2 HH BC U5 R /R ERE BE 0, F ()2 S e oot 7 ikl 144 His 82 A FR451) BC
UL G O RIRIE, NEET B2 S BC PUlE I B R 2 A 22 i ) 2558 T SR A

2. MM5EFHE
2.1. #%

2.1.1. B, BiF

ZH Pk E. coli DHSo 8 H At 35 4 2N AE W AR R 2 7] 5 BRIZ P £E(Saccharomyces cerevisiae) W303.
RIEHAE pIV5-AG [6] S BRI £E w303 Hi ARAL K+ #h5 ¥ 42 fff: pcDNA3.1 FiA#ifk. pVEXE2 H
FUKL(E E2 7 41) A S EG 25 OR AT

2.1.2. )3

PR 114 3 V) BamH 1 F1 EcoR 1. DNA Marker DL2000- T4 DNA Ligase. 10 x T4 DNA Ligase Buffer.
6 x Loading Buffer 2y TaKaRa /> 7~ ih; DNA Marker 5000, 2 x Power Pfu MasterMix I3 5 1t 5t BioTeke
VAR PR AT R DNA /)N B PR ) 2 1) & R RIS & B 52 SR A AR (WU A IR A+
His-probe (AD 1.1.10) mouse monoclonal 1gG F1 goat anti-mouse IgG-FITC IJ § Stanta Cruz Biotechnology.
519 (Primer) & AN PCR 70l Fr H op 56 8 A BOR (L 50 A BR A B 5E B
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2.1.3. HEFE

Yeast Nitrogen Base W/O Amino acids, adenine, L-Trytophan, L-Histidine, L-Leucine & BIOSHARP
NFE P BRE AR, BRI E LR RN ARG RTUEAR; BEHERIEE OXUID LTD.
Luria-Bertani (LB)}5 7735 & 1% %ALY, 0.5%M BHEIY), 1%EE AR, YPDA BifRiL &4 1% BHEHX
Wi, 2% R (IR, 2%7% 455, 0.003% adenine. SD 5 773E 5 0.7% 2 5L BRI £} &K (Yeast Nitrogen Base,
2%), %P, 0.003% L-his, 0.003% L-trp, 0.003% L-leu, 0.005% adenine, [E4A& 47N 29% ) E g o

22. Bk

2.2.1. E2 A BC RIH(E2BC) R H 72 £

R4 E2BC E:RM 7, Beit—xf B TSI, AETFREEAMRN, £ B0 5uminA
His i35 B AR E F40, B R#EIYF5N: U: 5-CAAGGATCCCATCATCACCATCACCATCGCGTTATA
CCTCATATTGC-3', L:5-AGCGAATTCACCCTGGTTAAATCCCTCA-3', . FilFgI4 5% B
PIfz 5 BamH 1. EcoRI (FRIZAriR, RHAN His br28 8 H). DL pVEXE2 A FRCNEAR, FIH PCR #
E2BC &K /i Bt, PCR F=#)% BamH | fl EcoR | XUEFY) . #EAR IS, %3 T pcDNA3.1 E AR RIAH B
LR

B AL E. coli DHSo B2 A4, AT Amp fiitk LB [EAFHR, EIRdi. PRIRvE#HEAT
7% PCR, e RH AL T . HU PCR %5 BRI R VA, HMhififk LB 55785, SRl Ridi AT WU 1) %5 7€
U ) 45 5 TE A ) BE M A - AT U

2.2.2. BBRRRIERANE

SoH i 7 1E fff () 25 41 #8548 pcDNA3.1-E2BC ##£47 BamH | Al EcoR | XUEFY], K345 () E2BC Bt o[ &
PIVSAG HARRIMIRIAL i, B sk i vs B BL(& 1), W Bk p1-AG-E2BC, #4k E. coli DH5a &
AN, & HEARIAH A pl-AG-E2BC.

2.2.3. RiLFRAEAL ZRREER S

SR, K E AR pl-AG-E2BC VBRI RERE[7]. HUERERERE W303 HFh T 5 ml iRk 775
YPAD, 30°C, 200 r/min FHR#%HiFRiE® . LA 5 x 10°AN/ml R0 25 EE 3 Rh %8 50 ml YPAD R 77, &
30°C, 200 r/min $R¥% 1575 E AT 2 x 10" ANml, F 50 ml JCH 50 L 3000 g B0 5 40%h, U sE4m
. BRI T 25 ml LE/KE, BEEEEG, F K. H 1 ml 100 mmol i) 2B (LiAc) ¥ il &2 B

Himli Il BamH | EcoR | Xhol
V5 AGalC

Figure 1. Map of p1lv5-AG expression vector
1. FRIKFF plvs-AG Elig
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Y, HEBEADTLHEM 1.5 ml B0, FiEE05s JUeaE, W L. 500 uL 100 mmol
ZIRBR(LIAC) AT EF 40 (2 x 10°/AN/ml), ¥ 1 ml ss DNA(CAA)RE i 2 5 min, PUgEvkKKhA . Ik
GiAMAR AR, B 50 pL BEREANARMBIARIC IO R, BLOUTIELIN, PR A OB % R IR I
FA “EEAVIR AW+ 240 uL PEG (50% m/V), 36 uL 1.0 mol/L ZF&%E, 25 uL, ssDNA (2.0 mg/ml); 50 pL
JKAUF R DNA (0.1 pg F 10 pg)). k& OE HERMEEAERE . B 30°CHE 30 min 5, & 42°C/KH
HH A 20 #) 25 min. LL 6000~8000 r/min [¥138 5 250 15's, FREFAIREW. W 0.2 ml L& PBS Jnf &
O, BRI, BUE SRR T IR P AU 37 54(SD).

2.2.4. E{EET E2BC BEFEREN

BREUAE SD PHR_E B BE AL 73RN T 10 mi (1) SDC 595 3E, 5597 16 h. LA R %M T 100 ml
SDC }5973E, PR T7 48 ho 1597 4500 rpm B0 5 min YL R K, H PBS B0tk 3 s, HI PBS H
A% OD600 = 6. 200 pL BV B O, 37 1, FEIE T 200 puL & 1%BSA [ PBS H1. il 1 pL( L.
YEHREE 1:200)—Hu (Rt His #41), 37°CHELE 2 h, B.03F Lig, H PBS ¥k 3 Ik, F&y%T 200 pL &
1%(W/V)BSA [£] PBS ", il 1 pL(TAE#E 1:200) ~HCEPLR 1gG-FITC), #% 37°CiRAE 2 h. PBS k%
3G EIRYTIE, RGP B M EZ[8].

3. &R
3.1. E2BC EHE =&

DL pVEXE2 AR MMM, PCR 71 E2BC H FIER A B, &l 2 ] L 250 bp 4b%5 —HBH5Z DNA 4%
W, 5 E2BC E:F IR/ 255 bp #HEF, o3k H 5 F E2BC.

¥ E2BC FE[H Fr BOEE R B B £ A 34k pcDNA3.1 #J BamH | F1 EcoR | fi7 5, g% S 41 F ki ik
pcDNA3.1-E2BC. H BamH | Al EcoRI HATXUEGY) % 5E, 193] 175 E2BC R/MHREE B H 741
SrHT AT DNAMAND.2.2 H4 45 (1) 5 51 S5 AP S EAT LU o3 #r, o 3@ NI B 2[R E2BC 7741 54
BT A —3, o il # 4 8 4H £ i pcDNAS.1-E2BC.

bp M 1

2000 —

1000 —
750 —
500 —

250—

100—

M. DL2000 DNA marker; 1. E2BC gene fragments

Figure 2. Amplification of E2BC gene with
PCR
[ 2. PCR # 1 E2BC & HA
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3.2. BRRRREHHIGE

Fl BamH | Al EcoR | XU/l pcDNA3.1-E2BC 3k#3 E2BC JE K F B, ¥ 4lifb 546 AN plvs-AG ki
FARIIF RN A, B 334k plvs-AG 1) vb A BL(1&] 1), £ BamH | F1 EcoR | XV %€, 3kiF5 E2BC
RAN—BOHFE R B, R s & 7 S 2k pl E2BC-AG (41 3).

3.3. EYHEEE E2BC BARIA

FH T2 S B e Y Y (i A I AT His FRZ5 E2BC R A&7 O R B R AE B B IR R 1 . LRI
P His ArZ S sn BEHUA N — BT, PN FITC FRIe PR 19G. e s adeta)a, F o8 il
82, [t P R T B 8 A W R B A e (K 4(a), BE AL AR IR B pl-AG-E2BC 1P RE4H i W 2 3]
T e N(E 4(b), R E2BC & RRINRIATE T BEREAN MR 1H -

bp M 1

250 —

M. DL5000 DNA marker; 1. Digestion of pLE2BC-AGs

Figure 3. Digestion of recombinant vector
plE2BC-AG with BamHI and EcoRl

& 3. EHE1A plE2BC-AG WEGNLE

(a) Normal yest cells (b) Recombinant yest cells

Figure 4. Detection of E2BC expression by IFA
B 4. EERERCRERN E2BC ZEAKRIE
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4. g

P RE RN R G0 0] R R~ R E B, 8 e v o B A T REAR AR T B A R AN,
JifE, ARG AR . I BRAN M BE i B R AR Ve TS T, DRI A P RER T R /R L5 2R TR
515 T R U1 5929

Wasilenko 5[ 101 = 0 S B 28 10 % 2= B 1 s TRERFAI SR,  SE AR RR B O RS sseny, 7%
SHUAFE T R RIBTR. Lei Z5[11]4 & VUBOREE HENL Ik Ron 2B R R, RGN RIFE S 4
TR A TR . IR, AP AR R HA RS 1 1961 AT 1IG2a Hifds. B seih iR, 1
PR ¥ 4 F] A DT HENT (e o Kim 25121045 i s 4 SCZR AT B 5 B 2 AR ApxIIA BER R AL
B R TR SR T . SR 5 x 10" AN EAIBERE RN, BRGNS A T i
FELITT 98 FECERAT BRI ORAP R SR o G2 /N BRI Sl 28 TSR AT 1R 72 /BT S e DR 22 40%.  Zhao
S5 L3 FH I BE A 0 2 1 R B AR ) 8 1 11 AR 1 3 2H 2R R BE973 B3 (Infectious hematopoietic necrosis vi-
rus, IHNV))J i EBY100/pYD1-bi-G. WL fh [ RIZEL 5, 7T SRAFARAR e ARE S ) e SOvE o IR /s
FEMEL JE ARIHTE IFN-1 A Mx-1 k7K R E 3w, 394 T i B Ak, SeafRir 22 45.8%.

CSFV [ E2 ¥ 85 (4 /2 B £ R PR, BE T S VAR BRI Pk . E2 TREA T4 N AL B,
C. D YN ThREX, Horf By C X#2 F ERFERE KX, Bt Ry A4k . Dong 55[14]
HHH% T E2 A BC MR EX AN ES LA P1-P5, 3147154 1375 A & A (BSA) M EEL. X
e SRR AR R R, PR T A IR R ). ERRI R, R A R AT, G RR A
[ A AR AR IR R IR R AE T

AN CSFV (1) E2BC J: R4l NI BEJR /R A 84, 4 E2BC S5IERF4HMEE H fs it a BEAE R
R RIA ) FH R P REAH L Py 2 1 08 B ISR T ML (GPI 4 78) ¥4 E2BC 2K [ 4ifi i TE IR BEAH L R 1
BEXF His Fr%8 8 A (a2 e 5O e o E2BC 152300k, 4 i 7E BRIP Per BEAH MO R 2 1T X 28 TAF
NEET E2 A By C PUEIkI CSFV e REE AR IR T It ) 34 1 kA

e HE

[l 5% 5 48 HE 4 5 4000 H (31130052)

SE3#k (References)

[1] Simmonds, P., Becher, P., Collett, M.S., et al. (2011) Family Flaviridae. In: King, A.M.Q., Lefkowitz, E. and Adams,
M.J., Eds., Virus Taxonomy. Eighth Report of the International Committee on Taxonomy of Virus, Academic Press,
San Diego, 1002-1020.

[2] Lindenbach, B.D., Thiel, H.J. and Rice, C.M. (2007) Flaviviridae: The Viruses and Their Replication. 5th Edition,
Lippincott Williams & Wilkins, Philadelphia, PA.

[3] Van Rijn, P.A., Van Gennip, H.G., de Meijer, E.J. and Moormann, R.J.M. (1993) Epitope Mapping of Envelope Gly-
coprotein E1 of Hog Cholera Virus Strain Brescia. Journal of General Virology, 74, 2053-2060.
https://doi.org/10.1099/0022-1317-74-10-2053

[4] Van Rijn, P.A., Miedema, G.K., Wensvoort, G. and Moormann, R.J.M. (1994) Antigenic Structure of Envelope
Glycoprotien E1 of Hog Cholera Virus. Journal of Virology, 68, 3934-3942.

[5]1 ER%K, skfh, BohE, 25 BEEARERERRIERG AN HN]. FEAEY TR E, 2008, 28(12): 116-122.

[6] Vinopal, S., Ruml, T. and Kotrba, P. (2007) Biosorption of Cd*" and Zn2+ by Cell Surface-Engineered Saccharomyces
cerevisiae. International Biodeterioration & Biodegradation, 60, 96-102.

[7]1 Gietz, R.D., Schiestl, R.H., Willems, A.R. and Woods, R.A. (1995) Studies on the Transformation of Intact Yeast Cells
by the LiAc/SS-DNA/PEG Procedure. Yeast, 11, 355-360. https://doi.org/10.1002/yea.320110408

[8] [AkETT, #REZ, M, %5 HIV-1gp4l I RER I BIR K RIEAL[I]. AN TR, 2008, 24(4): 684-689.

DOI: 10.12677/amb.2017.63010 77 A HTI


https://doi.org/10.12677/amb.2017.63010
https://doi.org/10.1099/0022-1317-74-10-2053
https://doi.org/10.1002/yea.320110408

HIPNR S5

(9]

[10]

[11]

[12]

[13]

[14]

Stubbs, A.C., Martin, K.S., Coeshott, C., et al. (2001) Whole Recombinant Yeast Vaccine Activates Dendritic Cells
and Elicits Protective Cell-Mediated Immunity. Nature Medicine, 7, 625-629. https://doi.org/10.1038/87974

Wasilenko, J.L., Sarmento, L., Spatz, S. and Pantin-Jackwood, M. (2010) Cell Surface Display of Highly Pathogenic
Avian Influenza Virus Hemagglutinin on the Surface of Pichia pastoris Cells Using Alpha-Agglutinin for Production
of Oral Vaccines. Biotechnology Progress, 26, 542-547.

Lei, H., Jin, S., Karlsson, E., et al. (2016) Yeast Surface-Displayed H5N1 Avian Influenza Vaccines. Journal of Im-
munology Research, 2016, 4131324.

Kim, J.M., Jung, D.l., Eom, Y.J., Park, S.M., Yoo, H.S,, Jang, Y.S., Yang, M.S. and Kim, D.H. (2010) Sur-
face-Displayed Expression of a Neutralizing Epitope of ApxIIA Exotoxin in Saccharomyces cerevisiae and Oral Ad-
ministration of It for Protective Immune Responses against Challenge by Actinobacillus pleuropneumoniae. Bioscience,
Biotechnology, and Biochemistry, 74, 1362-1367. https://doi.org/10.1271/bbb.90941

Zhao, J.Z., Xu, L.M., Liu, M., et al. (2017) Preliminary Study of an Oral Vaccine against Infectious Hematopoietic
Necrosis Virus Using Improved Yeast Surface Display Technology. Molecular Immunology, 85, 196-204.
https://doi.org/10.1016/j.molimm.2017.03.001

Dong, X.N., Chen, Y., Wu, Y. and Chen, Y.H. (2005) Candidate Multi-Peptide-Vaccine against Classical Swime Fever
Virus Induced Potent Immunity with Serological Marker. Vaccine, 23, 3630-3633.
https://doi.org/10.1016/j.vaccine.2005.02.008

Hans X

SRR BB 5 2

1. FTFF40M T http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
TNRFIRAEESE: [ISSN], HAHIT] ISSN: 2327-0810, EInJ 25 if]
2. FTFFHIPIE T http://enki.net/
Ao« BRSCHEREE” BEN, HIANSCEbRE, BRI

hEE S http://www.hanspub.org/Submission.aspx
HATFIHEAE : amb@hanspub.org

DOI: 10.12677/amb.2017.63010 78 A HTI


https://doi.org/10.12677/amb.2017.63010
https://doi.org/10.1038/87974
https://doi.org/10.1271/bbb.90941
https://doi.org/10.1016/j.molimm.2017.03.001
https://doi.org/10.1016/j.vaccine.2005.02.008
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:amb@hanspub.org

	Display of Classical Swine Fever Virus E2 Protein BC Antigenic Domain on the Cell Surface of Saccharomyces cerevisiae
	Abstract
	Keywords
	猪瘟病毒E2蛋白BC抗原域的酿酒酵母表面展示
	摘  要
	关键词
	1. 引言
	2. 材料与方法
	2.1. 材料
	2.1.1. 菌株、载体
	2.1.2. 试剂
	2.1.3. 培养基

	2.2. 方法
	2.2.1. E2蛋白BC抗原域(E2BC)的基因克隆
	2.2.2. 酵母展示表达载体的构建
	2.2.3. 表达质粒转化至酿酒酵母
	2.2.4. 重组酵母E2BC蛋白表达的检测


	3. 结果
	3.1. E2BC基因克隆
	3.2. 酵母展示表达载体的构建
	3.3. 重组酵母菌E2BC蛋白表达

	4. 讨论
	基金项目
	参考文献 (References)

