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Preparation, purification and identification of polyclonal antibody against
secretory aspartyl proteinase 2 of Candida albicans

QIU Meng, ZOU Xian-biao, LI Lei (The First Af filiated Hospital , General Hospital of
PLA, Beijing 100048,China)

[Abstract] Objective To prepare and identify polyclonal antibodies against secretory aspartyl proteinase 2(Sap2)
of Candida albicans. Methods Candida albicans genomic DNA was extracted as template, target gene fragment
SAP2 was obtained by standard PCR amplification; SAP2 and plasmids pMAL-c2x ( +) were cleaved with two re-
striction endonucleases,and digested products were joined, then the recombinant plasmid pMAL-c2x/SAP2 was con-
structed; Sap2 was expressed as soluble form after induced by IPTG in Escherichia coli strain BL.21 (DE3). Nine
BALB/c mice were immunized with soluble Sap2,so as to produce antiserum against Sap2. The titer of antiserum
was determined by indirect enzyme-linked immunosorbent assay(ELISA). After purified by ProteinG affinity chro-
matography, anti-Sap2 polyclonal antibody was resolved by SDS-PAGE and its specificity was determined by West-
ern Blot. Results Anti-Sap2 polyclonal antibody was successfully prepared and the titer was =1 : 51 200. The anti-
body could specifically recognize Sap2 by Western Blot analysis. Conclusion Soluble Sap2 protein can be used as an-
tigen to immunize animal. It has better antigenicity and immunogenicity. Polyclonal antibody against Sap2 can be
prepared by animal immunization and expressed high specificity, which has laid the foundation for development of
rapid diagnosis of invasive Candida albicans infection.
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PEBE R I R R4 Bk 2 Fp e 2 Wk
R FE LA TR AR D SRR G L (ELAG HE AR ARG BA
PEAE R ABEHERR 2 W7, W AR B 7 ik I 3%
7 BAEAT R A 22 19 B T T LA 12 I 1) < A o » (EL ARG
B (1 ~4 JiD I RAR (5070 22 47) . JEARER B
ZAFTEER T TE S A A RIMTC Rt LA B A
P8 ML A N o i e A R R L H S R T
PURTEE 90 L2 or W R A IR &E H S . AWF
FEET X AR 2 B R R R I R E IR
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1.1 HH

LT RBREkRE R BIRZERRARER SC
5314 Hyb Rt R A= — BE e B IR L 1 52 560 2 2
JEA% IR H A pMAL-c2x Wl 5 Jb 50 5 & A1
HARAIRAT .,

1.1.2 SLBah4 %6 i BALB/c /MR 9 H,
PREE (20 £ 2) g, SPF ¢, thy 43 F 42 S50 5y v oo
Fefit,

1.1.3 T E®BXFERXF Pyrobest DNA B4
fitf \ TADNA 3% $: . LA Taq DNA 4 i . BR il o4
WNYIEE EcoR T M Sal T ¥y B TaKaRa 2 #;
RNase [ W H Sigma A #; IPTG W 5 F#A4 T4
PWLFEA 7] DNA R B a4l mosGn &6 A
e R ZE e AR W RHAT FR 2 7] 5 FRAL B 2RI A
sigma 23 7] 5 50 [ JH K I 5 4 i (E. coli) TOP10 11y
R 20 AR R FRA R 35 E. coli BL21
(DE3) %32 25 4 i B RAR A AL BB b A BR A
) ; Amylose resin(EL & JE M3 i) & Factor Xa &
HEEE B NEB 2w 96 [C 58 4 e ) Bl RS 58 42
g B Sigma 23 w5 FH0 R 1gG-HRP 1y A b5t
FRFEAEYPHARA A s HiTrap™ protein G HP
EAZM A B Amersham Pharmacia Biotech 2%
] ; ECL Western Blot Kit & 7 8 4k 2% &G
A G A e Bt A YRR A BR A ]

1.2 F*k

1.2.1 Afg#2EHEE DNARR e iLR

SC 5314 HREEFD T 52 B R 1y #5837 C g
T 48 h, PRIEECA K0 BT EE 3G % 1 v b 3 0o B 3
PRG-I I 22 BEBET S DNA,
1.2.2 BAmEmERM(PCRY # SAP2 W A &
#r & GenBank ™ (R 22 B B 1R SC 5314 fk Y
SAP2 #%17# J¥ %) ( Genbank, XM_705969) , # #f&
SAP2 i 4atis 55 Fl R A% Rk Ak pMAL-c2x J37 5]
HIBEVIL S B 518, BS54 .5'-CCG CAATTC
ATGCAAGCTGTCCCAGTGAC3'; F i 21 ¥
5'-CCGGTCGACGGTCAAGGCAGAAATAC-3'
CFRIZHR> A EcoR T . Sal T VIG5 , BHATE 2>
R . DL R 22 B RETE SC 5314 fy 4t
K2 DNA SR, #R4E LL 15149, FIFH Pyrobest
DNAG iUl # 4T PCR 9715, 3815 SAP2 H Y Fv Bt
(169~1 194 bp), PCR 44k 94 C HiZs ¥ 5 min,
94 CARME 30 5,50 CiB Ak 30 s, 72 C ZEfH 1 min, 3L
30 MEFR . g 72 CHE{#H 10 min, 4 C I 4 PCR 7=
Y. RS W, PCR 774 4 Ak 7 & [l K
alif, SAP2 Hiy B
1.2.3 E4EBREKLFRRNmAERLEE HBEH
pPMAL-c2x 1 E. coli TOP10 4%F1 & 2 mL Amp*
LB WA 72 5 b Campicillin: 100 pg/mL) , F 37°C
JZUHRFR (200 r/min) K5 77 5 38 0, I SDS g 24
fifiE U R, DNA, K alifb iy SAP2 JLH F Br Y
JFA% 338 5okl pMAL-c2x 78 37 C F 243 EcoR T Al
Sal T UGV 2 b, BUEGFYI™= P02 1 V0 35 e b 58 g v
VKRG S FESR AT R WOBOS RSB B ) R B R sk .
DNA F Brob 35 473 ek [m] 05 28 2 Ak 38 5] 6 2 £k il
Y= 4. ¥ 4K DNA 54 A DNA ;B iy Ll
(10 3~1 4R ED M3 #4143 DNA fii
AW, 76 TADNA & AE T, 250185,
16 CRI & EH ) 4 CLRFE, T CaCly 344l
#IFAL E. coli TOP10 J83Z 25 241 i, Pk % PH % 52
Wt A B2 SR o TR T Tt DT 68 2 R P 53T o
1.2.4 SAP2 #HEM £+
L.2.41 V& PTG # $k#* HEARZEKE
#H K pMAL-c2x/SAP2 #% {1k & %2 % 40 s BL21
(DE3) . L BUBA I 7% & 3 mL Amp" LB 535 5
(ampicillin: 100 pg/mL, FEHE 0. 2 mol/L), 37 C
FURG G TR U H 20 BB 150 pL S 1% 55 R
Bepe T 2 3% 5 mL Amp' LB i F 318 b,
37 CHRG AR LEREFE 2.5 h; OD600 Hy 0. 6~0. 8 B,
A — R A IPTG 4K EE 0. 2 mmol/
L, DL 16 CHRZE5 1557 14 h, RN A0 IPTG 7
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SR BELL . 4 000 r/min 8.0 10 min &
FARUINE  EaT 1 mL 1) PBS 5 4R A
BEREA R B 3776 13 000 r/mins 4°C B0 FE & 20
min, B IGAES I B FUOER S . BJEE 10 pl
BRI s A 5 X loading buffer H1, ¥R 5] 5 i
20 min, ¥ #1J5 10 000 r/min B.[> 1 min, % SDS-
PAGE sk H 8 10 FRB 50

1.2.42 AXEFSXRAEHWNES WRILEREDN
MY REEFRIEEZ 1 L, AR L

1.2.5 HoyEadft MNA4CARHEPEDB Amy-
lose Resin 10 mL Z£ A 2.5 ecm X 10 cm B ZE A
o, AR UL B S e A Sk R P i 22 bl (20
mmol/L. Tris-HCI, pH 7. 4; 0.2 mol/L. NaCl; 1
mmol/L EDTA) P52 9 AR 88 75 il 1 5 25
Ly E3E (13 000 r/min, 30 min)40 mL _F#:, #500%
1 mL/min, Jit 28R SRR S PR A TR 3 IR
DI S )2 TE a5 & . FHEA 2% P b vt
alifb it 2y 12 MAEIARF, RN B R A vEHE b ik,
A B (10 mL) % A 50 mL B4, A 300
pL Xa A7 #9805, B T & Be iR 61k,
4CIRA B, BEY)E A BTSRRI i
7 B AT b v e 2y 2 AR AR BRI T 2R
RimEgYI e BB .

1.2.6 Ry iE &l & Bl Sap2 & H ] PBS
Wi B S LI AR 0. 5 mg/mL 5K, WIIR e i, o 55
it rSap2 Fk [RS8 A4 500 pL RS 5 785 5L
fb. B9 H 6 Jiily BLAB/c /N &4/ F s B
JERT WL 5 rSap2 & . ®1IR S 55 5 o B 250
pg. WIRKAPEIT S 14.21.28 d SR ss , S ) i
FEE R 25 pg, AR E 3 K. hsR S I 5 El
ARSERAER 1 - 1 IRA ik b, Rk )5 7
d REE# KL 50~100 pL.3FLL 13 000 r/min &0
5 min, REUMIE 29 30~50 pl, 5% F 8] 42 1l Bk 4 92
W R 36 (ELISA) I 2 5040

1.2.7 o3 ELISA 3 2 s st P e
IR rSap2 R BEE LR E 5 pg/mL, LA 96 FLH
FEA L FL 100 L, 4 Cib . PBST BEAR 3 Y.
150 pL/FLE I .37 CEHHA 2 h, PBST ik 3 1
PO A LA B 5 B LKA 12 10041 = 200,
1:400,1 1 800,11 600,13 200,16 400,1 :

12°800,1 1 25 6001 : 51 200, FfL 100 pL,37 CHEHE
1 h, [RIEHH PBS FE 25 ot BE 15 /0N BRI A B
XTHR. PEAR 4 K. BUOBURBEARIC ) APt R 1eG #%
112000 FBeJG » 454l 100 pL,37 CHEH 30 min,

% 4., BILIMA 100 L TMB JE# 28 i . 37°C
B4 15 min J5, FFFLATA 50 pL 215 (2 mol/L
H, SO, K BEAR A A BEFR AL, LL 450 nm B3 K
ME4FL OD A, L OD450=>2. 1 £% 3¢ % B FL 1
LI 5 e W R A B A B I ELISA 20t

1.2.8 Fm g ey 4 KEPuim g PBS #i B 4
£%,0. 45 pm fFLUE B B4 . #E& 5 mL pro-
tein G 2EFZHTHURL, 28 AJZ M AR, R 10 5T R
PRFR I 23 T4 1) PBS % i i i F- 1 5% ATAE 22 5%
LRFRE KGO  1 mL/min, FE U A 5
BlZE AR T S AN e i R S R
$2 1 mL/min 38 . K B TE BE S A IR TS
05 P T SF R A RSPl LR A
2 AR pH 2. 7 HRBRVEBEB R  Je 37 H
B FRE S min JFICEVEBIR, R 3 W, ZJE AP
BIA 100 1L 1 mol/L Tris-HCI(pH 8. 0) iy s Fi1ZE
WP pH R 7. 0, AW R &
pH {H 545 & WA A, 7 H PBS Vi £ L4k, H
BCA 105 4ifb J5 2 se b AR vk 2

1.2.9 HiftrSap2 Z ksl #
AR Sap2 I EAE 5 pg 17 SDS-PAGE LUK, 3% fli
JE BBt Sap2 Z FEREBLIR 11 1 000 FkEfE—i. HRP
PRCHEDTR IgGCTAEWEE 1210 000) fE =41, fif
H ECL Western Blot Kit 55 22 53 {27 & A7
& B0 4T Western % E[J3E (Western Blot) 23#7t .

2 #R
2.1 SAP2 B# A E PCR P18 SAP2 Hiy B

B 1 0 BRI BE UK R 7EZY 1026 bp 4b AT —
T 2T S U R RN W 1.

M 1

(bp)

19 329 —

1 489 —=
925 —=

M: x- EcoT14 I digested DNA marker;1: SAP2 gene
1 PCR Y= SAP2 3L A
Figure 1 Gel electrophoresis of PCR product of SAP2
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2.2 ETaHKBEmELLER WY)E. FK
DNA TEEER i B — 45 5 pMAL-c2x Jit ki K /)
(6 700 bp) MHFFHIA FI—255 SAP2 B R Bek
/N (1026 bp) FAFFIY AT . LA 2,

1 000 ==

M: DL2000 plus DNA marker;1: pMAL-c2x/SAP2 fragment
2 WHBM pMAL-c2x/SAP2 XU H) % &

Figure 2 Identification of recombinant plasmid pMAL-c2x/

SAP2 by restriction endonucleases digestion

2.3 EFaHEARONELERE B EHERAE pMAL-
2x/SAP2 3% 2/ ", WP 45 5 GenBank Hr
PR 22 B B bR AERE SC 5314 19 SAP2 JE [ ¥ 513
A7 R b R B 1 Ak e A ik 4, BV 468 i A
—T AHGRtS 0 2 IEFRAH R . H SAP2 JEHAH AR 7
] IE , R UE T 2R 7 50 i i IE A 1, R EE 241
JERERE L

2.4 FHEK pMAL-c2x/SAP2 8 7T M & ik
: A E. coli BL21 (DE3) ff) pMAL-c2x/SAP2 {£
16C T4 IPTG 5 14 h XM HWER, #t
SDS-PAGE Hiyksr#r HiE B 2 LA
WA, RIAF A BEAR 10%, TL3E & B E
REM 10%, WE 3,

2.5 BeEkaskit Wi RIENE DA
J&i « HTE RS I g X0 H 2 A1 2 M aliAb SR LT B V) s 45
REIR,41 kD AbAg — B B 400 . 4l =>90%,
LE 4,

2.6 duadiFegacidenl Gl A ELISA S
B A LR R LR T B R LIS LR R )

1551 200 Ph_E, DA e A/ BRUALTE 1 A BHAE X B
M, F B rSap2 B H /N E TR
TR PTIA .

|1

1: Total bacteria of BL21(DE3) transformed with pMAL-c2x
without IPTG induction; 2: Total bacteria of BL21 (DE3) trans-
formed with pMAL-c2x with IPTG induction; M: Protein marker
(from top to bottom:116,66,45,35,25,18,14. 4 kD); 3. Total bac-
teria of BL21 (DE3) transformed with pMAL-c2x/SAP2 without
IPTG induction; 4: Total bacteria of BLL21(DE3) transformed with
pMAL-c2x/SAP2 with IPTG induction; 5: Supernatant of BL21
(DE3) transformed with pMAL-c2x/SAP2 with IPTG induction; 6:
Precipitation of BL21 (DE3) transformed with pMAL-c2x/SAP2
with IPTG induction

3 TE#HM pMAL-2x/ SAP2 (iS55
Figure 3

Expression of recombinant plasmid pMAL-c2x/
SAP2 with IPTG induction

1 2 3 4 5 6

1: Supernatant of BL21 (DE3) transformed with pMAL-c2x/
SAP2 with IPTG induction; 2;: The eluent collected after adding the
supernatant into Amylose Resin column; 3: Protein marker (from
top to bottom:116,66,45,35,25,18,14, 4 kD); 4. The eluent col-
lected after washing the column with binding buffer; 5: Purified
MPB-Sap?2 protein; 6: Target protein cleaved by Xa factor

4 HmEAML

Figure 4 Purification of target protein
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Table 1 Titer of antiserum detected by indirect ELISA

. Negative Dilution ratio
Titer Blank
control 1:100 1:200 1:400 1:500 1:1600 1:3200 1:6400 1:12800 1:25600 1:51200
OD 0. 04 0.03 2.95 2.49 2.13 1.75 1.42 1.13 0. 83 0. 48 0. 26 0.13
3.5 1 2
3 \
- 2.5 \ (kD)
L 2
- o [==Serum
a2 15 ——Serum
S — 45— - .
s e
0 . vQ\.Q\‘Q 35
NTNTNTN \-.\ \-rb N \..\ \.f\, \f—)
Dilution ratio of antiserum
5 [H]4Hz ELISA YL 8 ST Y B ith £ 14

Figure 5 Curve chart of the titer of antiserum detected by
indirect ELISA

2.7 #biFegsii BEHLINE 34T Protein G 3B
FZHralifbf51T SDS-PAGE HLIKEL . 25 kD F1 55
KD Ab R D, 2 25385 i 1 2% 5 RV 1A Ay e 0 A6
ToE AL LA 6. 4lifk)E BPiik 2 BCA 3
MEMREE R 1.5 mg/mL,

(kD)
97

66

43

20

M: Protein marker; 1: Antiserum; 2: The eluent collected after
adding antiserum into affinity chromatography column; 3: Purified

antibody

6 SDS-PAGE sp#raifb i Sap2 £ sifehiif
Figure 6 SDS-PAGE analysis of the purified anti-Sap2 poly-

clonal antibody

2.8 Western Blot 41 % £ Ehei 5+ &
Western Blot 43#7 . 2 waBEPUiARES Sap2 8 H 5
LG AN T RN 41 kD 4 H A 2458 I
7,

1. Purified antibody; 2:Antiserum before purification

7 Western Blot 434t Sap2 £ e b i ds 51
Figure 7 Western Blot analysis of specificity of anti-Sap2

polyclonal antibody
R

FBR 22 W BE T H T B sk v B 22 9 1 T 3L
93 1R TE ARSI TIRARAG LT 5 K A A2 2 Mk
Je WG A . R TR ) R A A
B TR 2208 B B A i S LA K R A . MUAoK
fi BT Y Sap 5 B 22 B TR A B0 1 R VDA G
ALK A 32 A0 SR L it R L AR ZH IR
1 = 1) 75 20 2 0 ok bk G sl AR AR R B kA

ABFSE N IR L2 BB TRARE R AR SC 5314 g
Rt SAP2 B, 5523k pMAL-c2x XY 5
BRI E 20 A Bk pMAL-c2x/SAP2, ik
PEEEX E W R R R\l iE R A 2 X HE %,
PMAL-c2x Z A2 —F i 400 & 1 Rl 3Rk S zlifh
R, %A MBP (1) E. coli malE 3£, FR i £
Se A A AT B SRR AL R tac 58 )5 3T
M mal E G SR G155 7] LA ks H 4
. 1M T E. coli BL21(DE3) {E R E %5
e R AR R AT ompT 2 B FE F1 Lon 4R
B A i e 2L (45 BL21(DE3) KA 4N H
Pt AN (EL2H L SR A F 1) 8 AR A P AR AT [ s A P
Bty b NI B i 2 1 5RO, AN AR R 7R
E. coli W 2B, Ry RS o A TR 4 L B A
PR T IPTG ML ARSI 8 S5 5 1 15
EARBBCRMEM. T 37CH 0.5 mmol/L,



+ 246 - Hh [ R i

2013 4 7 HE5 12 8% 4]  Chin J Infect Control Vol 12 No 4 Jul 2013

1 mmol/L IPTG 2 i S 4.8.12 h Kk EHE
H. 15 28 B iR, 15 IR E R 16C,
IPTG ¥ EREZE 0. 2 mmol/L, 75 5} [a] 2E K & 14
h f328] T HARME RO . R m A B H
B 30 FH ELBE TE R AR X MBP 2% FIRR 25 114 il
G E TR A2 AT A4 I R AR BRGE v eI
T T 25 R E QTSN ., — BRIV E. coli
Hh B A Rl B 1 R R AT ) e g I L E
M N sip MBP AR %5 B AFTE » AT BB 23 5% e A= ) T
P BORIS AR BA AR YIS R R O T 20 AR
2 LB E. coli malE 8 [ 4ah%) 75 T i 4 Xa
TN R P A G 8k A AR & — PR
I Factor Xa YJBk MBP Fr%8 . 3845 = 2 B fil & 2
H AN — 2 s Wil 25 2 s R bR 8 Hhil

BT R LA B R I R S AR M A R
B ABAFE R R AR B AR B SR, 5
ZAAL, Z vr BT 5 R I L ARG A8 O T
SN ] W RS0 I a1 KB = - A S A A
FHTst . 2 saBEdT A R i £ 0 SR TR Y
FiiE . LR SN m R S SRR SR R
UM OC . A 5¢ 50 9% sl W 00 T I o Al Ak Je 1
Sap2 AIIEHER 1 ANHAR TR ZE . 4l 8 =90 % , Wk
4 6.5 mg/mlL, HAG B 1) G IRk

Bl f P e IR s S L SR RN BR A A
TR AT AL BT S5 1 R S P e 28 TR
Yo LB RN o 5 ANGE AR AH B o A5 R A2 790 e
(7R AT 10~20 F507 . Seie 9 B bt M 76 2
alifb )5 AT P RE R A R TSI A Sap2 Hi )5
MIRSE . BB o & 8 4 A 2 T
AT PHTAARIC RN BBt TR B R I 47 4l Ak
PR — 11 1gG FLiR 3. 2 sekE PR alifb 7 i
AL FE R R L ITVE TS BERC I B E M LB T 2C 2T
PR MZNTER S . KEFEY e, B A2 M ik
S — A R AR S ) R Ak gy ik, 5 HoAh gl
A5 T AH L BR824 e S R A R 4 2 ik 4
LA FE AN PURFE LA R T AS Bk 4 L 2545 2 0%
FIBCEL IS A BERE I 2 11 B 43 1) 8 1 7K A g T LA
B2 BR PR AR B T IR TR, ORI
JEMrkaifb i nT DL ali A R L 48 s sk st ]
HARER R RCE R ML . Protein G & NEEIK T
FM B — PR O, B 1gG Fe BR&5 A1
RS RO EBKE N Protein A ML, 7T 5 A
WE 2 A KR S N R 2 R L
Y 1eG Fe AL A LR/ N 1eG A i o

AT B, B2 N T4k £ e B b AoR #
P, Protein G Jil i K TRE 45 M ALK
F.RBRT RREERRR G EHSHEAS AKX
W T 38 SUR AR R SRS A U Y
S PEN T ARBIR ST P 9 & HiTrap™ Pro-
tein G HP S FZ M A 3 & — Pl 09 3 T E 4186
F1 G W2 BT (6 T 200 S BR AR 3l 3k bt
IRa m B 9 B, g A8 45 G Re J) el i b
T E A G ZHA B 20 %, AT 3RS = 4l
FRR I Z PR, KAl )E B PR ESfT West-
ern Blot 43#7. 45 £ /R 7E 41 kD {7 B ¥ 4y 5+ 1
et Tl BT Sap2 £ 5 B ST AR BE 48 45 S 1k 1R
Sap2 P FEPUAREE MR bR — 25 Sr el
MR B PR 22 B B TR B B T S = S
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