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SSORE WU AN 7 3 BT 6 BT ASSOR B 2R A 8
N IRURAL AT o] FEAE SR L, SE I AP B F Y
RIE R A % S R R, R BT R N
TR AT, BT I ARG MIF SR i 5 BoR
AL TR, AN, AWE AR o I 6
(6) P TR JEE IS A 28 1) PG A St 2 I B e B LA 3R
5, APURRA A2 % - ARkt
IR T BE5E T W) okt

1 #MR57F%

1.1 #y

111 JEB . WK AR ). Escherichia coli TOP10
F- (Invitrogen A w])H T H B 2L K oe [ 5 47 1 .
S. cerevisiae MT8-1 (MATa, ade, his3, leu2, trpl,
ura3) M BB JE 78 23K JFORE pICAS 4 1 H A 5T 4B K
SPRE R SR A N, SOk b A A B S Bh
(GAPDH) Ml 4 %] ¥% ¥& ¥ B 70 W 175 5 K
J¥ %) (MQTFNLPLKVSFFTVTSYFSLTVS). 3
PSA6_HUMAN >k H Human Fetal Liver Creator
SMART cDNA Library (#£ K& R IAFFH O 2 4E).
BRI ME N DI . TADNA JE £zl TagDNA 2K &1
4y TaKaRa A #] ;' 5 YNB 4 H Difco 2 #] ;
His.tag monoclonal antibody 4 [ Novagen A ] ;
FITC %5 ic /] Alexa fluor 488 goat anti-mouse IgG
(H+L) antibody % | Molecular Probes 7 @] ; HRP
Frid FEHih i IgG i A LA\, BA1050;
HL91 3DTD12DACRATIE AN MR G ), AP AR
FIB AR o WAL 6 B n EPUAR IgG1, b 11107
FLHT 2G2E4DY (A8 AN MRS 5), A B NUR A
JEH IR 4% 7% 1§ kappa 1 (GST13-13) 5. v B Bk
IgGl, ZHr1:107, KA EHE M RERA
WIHARABR A A HI4 . TRAT.

1.1.2 BiR3k. SD K5 973L: YNB 6.7 g/L, 7 % bl
2 ¢/, Leu 30 mg/L, His 20 mg/L, Ade 20 mg/L,
Ura 20 mg/L. SD-CAA ¥57%5E: YNB 6.7 g/L, %]
B 20 g/L, R IKf# T % % 20 g/L, Leu 60 mg/L,
His 20 mg/L, Ade 40 mg/L, Ura 20 mg/L.

1.1.3 PCR 5|9, i i 5|3 i Bl A TAY) T
FEORMRSS A IR A ) G . ARG pICAS £ SelE A7 17
%1, X F Primer Premier5.0 4% & +F 51 4. HisF:
5" TTACTCGAGATCATCATCATCATCATCATC-
ACGCCAAAAGCTCTTTTATC 3’ (5 Xho 1 BIf7
#), HisR: 5’ CCGGGTACCTTTGATTATGTTC-
TTTCTATTTG 3' (%% Kpn 1 BG VI 53), 514 HisF

¥ I 6xHis.tag #1525 11 )7 5] (CATCATCATCAT-
CATCAT)#i A\ ¥ BEL H] & 7R 304 pICAS, fi T %
v A NS a-agglutinin 2 (8], B pICAS U il 2,
P& pICAS-H. 7 [ 3 [l PSA6_HUMAN 1) 5' 51 %)
P5: 5’ ATAAGATCTATTCCCGTGGTTCCAGCG-
CCG 3' (% Bgl Il By YI 7 £1), 3" 514 P3: &
TAACTCGAGAGTCTCTCTCTGCTAGAG-
CAACA-AGG 3’ (% Xho 1 BEUILT £3).
1.2 A&
120 XK IA AR # & . L Human Fetal Liver
Creator SMART c¢DNA Library H # 77 &
PSAG6_HUMAN (738 bp) [Pk k5t P5 F1 P3 4
RS, PR E BER, B8E  BE K pICAS-H
WARZ BV . &k TOP10, $EHU AL 7 i
ki, 23 XCEE DA T A e, £ B A T
pICAS-H-PSAG.
1.2.2 MRS M BE ) B A B % % A R
pICAS-H-PSA6 &4k, VAWK R VE F A I B
MTS-1, ¥4 SD “F#k, 30CH ¥ 2~3 K, M
AR, BB AL T 4RV PCR ik & H 13
E 4§ «6-MTS8.
1.2.3 FEAFERENE FRIA. BHLBRE 6~8 FRE 4L
[ REZE SD ARG AL, % N SD-CAA 1A B 97 &
H, 30°C, 220 t/min £53% 24 h, 6 000 r/min &L
5 min WARRIAA; A BT SD-CAA AR EE 77 2k,
AH A 61597 24 h, 6 000 r/min 5.0 5 min YA
A&, pH 7.2 PBS(8.0 g/L NaCl, 1.92 g/L Na,HPO,*
12H,0, 0.2 g/L KCl, 0.24 g/L KH,PO,) VL 3 Ik,
5 1% BSA [f] PBS (Ao=10) B ], HEAT Sz 9
Frid, MR R R, HiiRiEER
e IR R AR AR AR AL B TR 45 AT
1.2.4 FEAMERERIL B U E R o A 5.

B F A (1.2.3) BSA & 14 (1) & 77 1 BF 40 fy
200 pl, B 0.4 wl BUJ5 His.tag 1471 (0.2 g/L) 58
EERERYL 37CHE 1~2h PBS PE#% 2 X,
200 wl PBS (1%BSA)&TT, M 1wl FITC Frid 5T
i IgG — Pi Alexa fluor 488 goat anti-mouse IgG
(H+L) antibody (2 g/L), =#i#d & 1 h. PBS YLk /5
O R 41 B {% (COHERENT INNOVA 300,
Beckman Coulter) 51l

A His.tag 915 T2 B «6-MT8 BEAT o %
JESLE, A pICAS [ TP BE pl AE g I PEXT
FE, A L SRS O e B 40 82 1T PR~ 1) 2 Dl B
X-mean {H X Bt o6 1) i€ 78 238 1 (1) K/, BLBT o6
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(1555 3DTD12D4 5 «6-MT8 HEAT i 296 V6 52 5
PA pI A A BT, DA Y B 4T 2G2E4D9 1
TEHRT Rt A PR SRS N P 5 4 i 9 1T 1191~ 35 ¢
JGHRIE X-mean {H S WEEIR I a6 HURIE 1) S
1.2.5 AT WAMEI 5 M2 It 24 AR D
DIRETR o6 I REAN M FE S, 5506 B EE BX51
(Olympus) FHIMEBEMEE, N IEHE K 495 nm,
H Image-Pro® Plus version 5.0 (MediaCybernetics) %
PR

1.2.6  TEREPIEE G0 75 W B & (yeast-ELISA) !, HY
A (1.2.3) BEREAIAE 50 wl T 1.5 ml B, B0
gt B3, DN 100wl 3 4 F0R BEI B pt, 37°Cil
A 1 h ¥E¥ W pH 7.4 PBS-T (8.0 g/L NaCl,
2.9 g/L Na,HPO, *12H,0, 02 gL KCI, 0.2 gL
KH,PO,, 0.05% Tween-20) & .0» ¥ % 3 K. WA
100 wl HRP #ricd FHi N il IgG — 90 (FBESL 1 ¢
5000), 37°Ci%H 45 min, PBS-T ULk 3 . ¥
RGO 22087 1.5 ml A8, N W) (OPD)
150 pl, 37°C NG WY 20 min. 2008 E3E 100 wl
2R A FL(H LI 25 50 pl 2 mol/L H,S0,) £
1B BEFRC(SURISE, TECAN) A 4, K3l

2 4 52

2.1 o6t ERFERTESEERMNNEESEE
PERERERE R RAA pICAS L2 78 BEAT 55 (MCS)
o BEAE 22 2 104 N — A~ 6xHis.tag bR K13 K 7
i, HF H B E AR RIE T S0 5 18k
pICAS-H £ {11 3 #2455 (] 1) Al ik

pICAS-H
6486 bp

Fig. 1 Expression plasmid of pICAS-H

o fF I cDNA 3C & 4 3 1 H 1 5
PSA6_HUMAN (738 bp) 1 N 4K pICAS-H, #2HK

AR TORE FH BRI N DTG Bgl T AL Xho 1 EAT
I, WKL 750 bp 45417, H Xho 1 A1 Kpn T 3
1THEY, L uk R BLZ 1500 bp 417, 54—
., W 2 #1183, £33 H 415Uk pICAS-H-PSA6.
00 > &5 SRAIE W 4l N\ R0 ORI H BSR4 5 vt
—3%, Y GenBank JFALLXT, TR —8UE
X 99.9% , & R T A BUPE Ik 100% . 8K 1A
PICAS-H JIT5 P2 250 B e 493 Tl 23 W A5 5 IR 210 A
INEE AR NS, BEEAN o BHEERILMIE
P2 B 20 PR ()R M -, A RS B R AR RN
MR, BREAS o BERZ T 6xHis.tag bx
57 A

bp

1018
PSA6_HUMANE
506

Fig. 2 PCR product of PSA6_HUMAN gene
M: DNA 1 kb ladder; /: PCR product.

M 1 2
bp
1636 6xHis.tag
1018
PSA6_HUMAN
596

Fig. 3 Restriction analysis of the construction of the
expression vector pICAS-H-PSA6
M: DNA 1kb ladder; I: PSA6_HUMAN; 2: 6xHis.tag
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I BE MT8-1 J& Leu~ His+ Ade~ Ura 1 Trp Gk
MRk, A o S AR A rh, Rk
B Trp, WA BEAE A Leus Hisv Ade H
Ura WIEFEVERFRIE SD 8% SD-CAA H/EK, M
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S B R A . e EA EALTOR #51E MTS8-1 )5 i)
I FIRAT SD FHL, £ Colony PCR %5E, S
RIKTRERME, Fik ik BRI EARERE (458
KEIR).

A His.tag 915 T4 W «6-MT8 BEAT 5% %
JESEIG, It A SRS O P B 2 T 1191 38 9 D' i
(X-mean) i) S P IR o6 10 R EIA RN, BT
PERER A TS 1 B 26, Bl P A AR e itk
ghty, WUEALRERE plAE N FIHEXT I, A0 R 35
TR RSO C Y b FE,  7F 495 nm PROLHK T,
TR 06-MT8 K IHAT 2R e 9, X
A pl LTI, «6-MT8 [ X-mean {4 pl ] 4
5 (B 4). 85 BB vl & 2, A ERIAN
a6-MT8 i g 2 T A — &l B W K 3 58 6 (. 5), fii

Percent of population/%

10° 10 10?
Surface display fluorescence

Fig. 4 Detection of the proteasome subunit alpha type 6
(a6) displayed on yeast surface
Mean(a6-MT8)=3.2, Mean(pl)=0.8. Il : pI(Control); [__J:a6.

(@) ® PN

Fig. 5 Microscopic observations of transformed cells labeled
with biotinylated FITC

Phase contrast micrographs (a, b) and immunofluorescence micrographs

(a’,b") of a6-MT8 (a, a’) and plI (b, b’) as a control.

pl WEZG B, UEHAMEE o6 B R E 7
PREBEAH M BE | B = R IA 1) R I BE R 1 — 2D
FILERPUR 6 PRI,
23 EEBEBRTMESES o6 BIEES T

Shy S DN A P BE 2R T8I Jg 7 () N U B AR o
56 He B BCIE B PR R AL, P a6 FL
3D7DI12D4 43 HI4E 12 100~1 & 10 000 5 SFiReJE
5 a6-MT8 &7 I B HEAT Yo 5 5 6 S 08 (pl 1B B
B PE0T ). 2ot Al e AR, 5 54T 3D7D12D4
PR BE i 1210 000 B, 6-MT8 ] X-mean 1
LR B W 2 e, R R AR R BRI
A «6 HAHLGEEWPURTEEE 6). % &2k
I R ACRE R RS M YE L, EE 113 000 1 A T
3D7D12D4 ¥ SEE0 MR

4.0r

35/ —I—
3.0

5 g

2.0p

X-mean

1.5¢
1.0}

0.5 ’—}
0

1:100 1:500

1:1000

Dilution

1:3000 1:10000

Fig. 6 Dilution detection of the immune activity of
displayed a6 by monoclonal antibody 3D7D12D4
[ a6; [J: pICAS.

TEZMBERE T, B ab PUR AR IAN a6-MTS
53 95 gt 3D7D12D4 FIHAT 2G2E4D9 (1E X}
WOER, RGP0, «6-MT8 1H /& 5 1
3D7D12D4 15 H 4L £h [ X-mean {i A B 46T B pI (1
SEELLE(E 7). M IEE R 4 65 DL RGO R B
). AEZOG BT I, 5 4T 3DTD12D4 [ WV
1) a6-MT8 KA I R4k L5 e (1 8), B XTI
pI R IE &0 NG B 8 2. UL 3l R W, R
70 W BEA0 L BE B AN R H o6 5P o6 FT
3D7D12D4 R IR e PSS & 01, WEBEREIR 1)
a6 H AT LUE A SR AU PR RN, $ER o6
R RBERER F T 3F— 2P ) yeast-ELISA HF5T.
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Percent of population/%

10° 10 10?
Surface display fluorescence

Fig. 7 Detection of the immune activity of displayed o6
Mean(a6-MT8)=4.3, Mean(pl)=0.8. 1 : pI(Control); [ J:a6.

@ (b)

2 wm

Fig. 8 Microscopic observations of transformed cells labeled
with biotinylated FITC

Phase contrast micrographs (a, b) and immunofluorescence micrographs

(a’,b") of «6-MTS8 (a, a’) and pl (b, b’) as a control.

24 BB GRERMINE (yeast-ELISA) /MR
BrEbER

i P LY AR v, B B EN e . W B
P& 71 ELISA, #ANREAE 8 I SR A S T 4
B, B DAZEARSIN . e foA 7 1 i) 8 52 30— PR
). 1 B 2R TR 7R I R A 1 R EAT AT R SRR DL
Pr&, 1 H R AT RO AL S T p AR SRR A, %R
B R AR R Al A IO R, A A
L S SIS =B B A 71 % NEL 1IN 8 v L - SN
B FORE R AU 7R o6 P 5K H A % BE 06-MT8, K
H yeast-ELISA 75 T a6 5 H A

yeast-ELISA S %6 45 R i & 9, 24 W
a6-MT8 5 P1 o6 ¥ 41 3DTDI12D4 [ N [ °F-34) A 4,

1R L %6 B 2 (pI+3D7D12D4) i 1 f%, 1 5 1E
i 0 B A (w6 +2G2E4D)AH AT A W W Xl X
G P& DG LI a6-MTS 5 JE X W ¥ 351 2G2E4D9
SN A 0 380 Y S P A S o (Bl AR 4 &5 R
A REIR: RRAEREERITN o6 5 EH AP
JRRs ek, HEA REFREILE, ik R
Pt a6 YL yeast-ELISA £ il J7 % 1K i N2 4T R 4 ot
FeAith.

1.4l
1.2}
1.0l [
5 0.8 J T
“ 06 ‘

0.41 l ,
0.2

0

HH

1 2 3 4

Fig. 9 Detection of monoclonal antibody3D7D12D4 by
yeast-ELISA

[J: Mean dilution, 1 : 500. /: a6+3D7D12D4; 2: pI+3D7D12D4; 3:

a6+2G2E4D9; 4: Control.

3 it ®

PR s PR AR R AR T W 8 1A R s IR R B
SRSt S P A HINE R P NI E D ot/ ¢ i
21 0 73 KB A (FACS) 3t 47 3% T & 11 1K) v 3 A 0
U M 0k . 56 ] JBR 48 21 T K27 1) Wittrup 4% A
IR BE 7 VA 2R BB MR IE UK 52 4K B AR AT 1
Ty, xF LU PR RALREAT T 0 M A i
T A SRR 27 PR AR FH 78 5 280832 1 1 B Jre s 4
RAENEY 1916 5 W ik AR 0 7 A T RS
BERE, IR TR B R A A e R R B R AR R
JETR BRI A G P e 15 DU ISR 5 45 45 v B
PRI EPEAMESTIR, B 7RIS IR LR R
PUSTIT R FUIRZERT . T 4032 PR RS AT g% T 4
IR NN ER DI IWE I S UBE S E R A /N L 1
Ji BONRBEUAR ] 22 DXy B (seFv) 1) TRERERE, 1
SER] UL, AR IR RER i s HAT DU 0 1 roxt
TE AL A AR AT TR AT B R

RHBE PR A R AL 2 I TS 41t 1
Benit, H 2l A P 10 R BT
L 2 (R, 8BRS BORTT O i X — i
MR B iRz —, JCHRERE L B A
A SERIE W IX LS 1 R REAE I B R R R AT
UF I ARIERCR. eAh, WERER I ORI PR R H fE
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TR RAIRDL 0478, 78 H IS 272 90 i
FH 38 (A R EN 78 AN ELISA 25 7 52 51 )5 BRI, 38
I P RER T R 7 45 S H BB IEA T BH IR S B A BUE
A G RALIG A T e N EAE ], 1K XL 4
(1) SEREX(HE 41 cDNA ik 3L ML 2% 43 M1 i) 1)
S FRATTAE v B U AR £ T AR TR R B, A
PR AR o WH 6(a6)3E K PSA6_HUMAN 5
GST 7E i BF v il A 2 3K I H B B R 4l £k PR X
AR, REMA T BR o0 B B A% ol 46 R 9 26 T4 1 3F
Ji&. AR SR P B Ji T A R B D B N5 R B AA o
WS 6(a6) /N EBRIIERE MTS-1 R Hl, Jiik—HE
Ik B AR a6-MTS, 200 3040 M A AN 58 )
TUBEATIIE B, WERERE R (1) o6 LR 5 0 N TS
IR LA )1, yeast-ELISA HIH]25 52 AIE
S, FAUER o6 PURME AR o6-MT8 1 F 42
N SR BT a6 BIPUAR, IS8 50 R,
TR T RS B 0 A 05 2 T 151 5% 11 TR 501 1) R

Ubah,  ANJEER AR o W 6(ab) B REJE 7R f
FI LI S L e B BRI R AT, PR AL
IR RIRE— 2 # - AR SE T )
TSR O RE R I R o W HETE 45 R BRSP4
2 MU PR P IR 20 A, AT NI IR R SE K
SPiff o AN S I AR AR P LB B AR 2 R e
15, AN B KG A b A 52 044 1) B0 5 PR R AR 19 43
AU, [, R o SEIET JU E 0 JE mT 4 ) A A
MR PR, AR, Iz -
il & RGP A ) A
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Display of Proteasome Subunit Alpha 6 on
The Cell Surface of Saccharomyces cerevisiae®

TANG Yu-Qian, YE Mao, LIN Ying", HAN Shuang-Yan,
ZHENG Hong, WANG Xiao-Ning, LIANG Shi-Zhong
(School of Bioscience and Bioengineering, South China University of Technology, Guangzhou 510641, China)

Abstract In order to construct the yeast display system of the human proteasome subunit alpha 6 («6) and obtain
its specific monoclonal antibodies for epitope analysis and mechanism investigation of ubiquitin-proteasome
pathway, and set up a new rapid efficient way for the preparation of specific monoclonal antibodies (MAbs)
without proteantigens which applicated recombinant antigen into detection directly, the gene PSA6_HUMAN
coding human proteasome subunit alpha 6 was cloned into a yeast-displaying expression vector, pICAS-H, which
had been inserted a His.tag marker for expression level detection. As probed with a His.tag monoclonal antibody
and a specific monoclonal antibody generated by hybridoma, a recombinant yeast strain, a6-MT8, was selected by
flow cytometry and fluorescence microscopy analysis. Combining with enzyme-linked immunosorbent assay
(ELISA), * yeast-ELISA’ detection was established by basing on Saccharomyces cerevisiae cell surface
engineering and applied to examined monoclonal antibody and its valance. The yeast-displaying recombinant
antigen a6 with highly specific affinity was expressed efficiently after 48 h cultivation. The ‘yeast-ELISA’ was

demonstrated primarily to detect and screen monoclonal antibody successfully.

Key words ubiquitin-proteasome pathway, proteasome subunit alpha 6, yeast surface display, antibody detection
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