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FE 7R R R B bR K A (E. coli)
BL21(DE3) . FE ik # ik pET28a(+), i A< 5256 % {3
FE;OTA FRuESh, & B85 B TRARAF
LA Taq fif§ ,Takara =4 T. AR Al ;Neo 1 |
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1.2 NE5E&

Gene Explorer PCR X, bU M H FHE A R
Al BRI Z AN AKTApurifier 2 1P 4 16 2
45, [ GE A7) ;LC-10Avp plus = 2 A (038
A, H A B e A5 RV 7R B0 ML, 36 [ Beck-
man A H) .
1.3 Fik
1.3.1  FEYLFAR pET28a(+)-Af-OTd A E R
it NCBL #9015 5., #&it51% Af-0Td-F.CAGTC
CATGGATGGGCGCCAGTAATCCCATGATG |, Af —
OTd-R:CAGTCTCGAGCGGCTTTTTGTTCTCCATC
A2 7 i o S DR A o SR 1S H SR, alide s
) DNA F BLFl pET28a (+) A4 il #E47 Neo
I ,Xho 1 AUEGY), g MISCE 8 v BE#E AT T4 lig-
ase ¥ % XL AL , 58 W pET28a (+)-Af-OTd 41
WK HE IR E. coli BL21(DE3)EZ %
i, WP LR IEM G HE TR T2
R S R7 A Sy
1.3.2  Af-OTd FFfEREME TR 8 1.3.1 1
JP 45 SRR W ) pET28a (+)-Af-OTd FHH: 58 e T 3%
FiF 5 mL LB WA 23 (kan & W .50 pg/
mL) .37 °C, 180 r/min ¥53% 16 h #4771k, LA
19 [7) Ho ) 5% FfF 200 mLL & A M R ST 09 LB i
R R 53 37 °C, 180 r/min 55 3% & ODgy=0.6~
0.8 K W 4380 4 S50y F 300 mL F2H, B0
40 mL, Jf % LW E 0,0.1,0.4,1 mmol/L 7 il
IPTG, & F 25 °C, 180 r/min iF % % 5 %5 A-OTd
HH L, B0 K JF ] Binding Buffer (20
mmol/L. NaH,P0,,0.5 mol/LL NaCl,40 mmol/L Bk
M pH=7.4) VEFEHA 2 ¥, 10 mL Binding Buffer
G PR T BT AR S TR R R R K T
B O T 4 °C, 12 000 r/min £5.0 30 min 223
ANMRE R, B E B, B R TE 28 0.22 pm U8
B UE 45 Af-OTd FHEFH .

it AKTA R4k R aifb N E e .
Binding Buffer SE-fif Nit)Z #r #: )5 , Elution Buffer
(20 mmol/L. NaH,PO,,0.5 mol/L. NaCl, 500 mmol/L
Imidazole;pH=7.4)‘75'ﬁEE Hbs 8, AR 38 1k 1 g i
LA IS B P R T IR R R A R
B0 (3 ku, Millipore) H1,4 °C,5 000xg &0 3
h, BRI 0 WO AR A7 2% W (20 mmol/L Tris—

HC1,50% H i ;pH=7.4) F & , -80 CI4 A7, T )5
S D A
1.3.3  Af-OTd B H R fift OTA WHEIE
B 990 WL A 10 wL OTA fifi % v i (P :
CME=1:1 B OTA FRUES:, BL AL 1 mg/ml, 145 1
B ,37 CH B 15 min A1 30 min B BURE
HPLC-FLD #:ll OTA W&, (@it C18 41, K
150 mmx4.6 mm; Jish . ZHE: K KR = 96:
102 :2; i 3 ;1.0 mL/min; JFFF &2 .20 wl; A& 00 9%
K BRI 333 nm, A8 460 nm,
OTA & fiff % = (G f% BT 7 B -G A ) & = )/

i 1T 2 T x 100% (1)
1.3.4 IR X A e Af-OTd B 76 PRS2 DL
OTA P& fif 580 7 9 75 0k Ry A, 80 S 0z Uk By
30,40,50,60,70 C. S F 1000 pl:990 pL
M +10 L OTA it & W A I N A RIRSI G TR
) 3 B SR 15 min Jii i A 25 (AR B4 9 B A 28
1ERR . Kl OTA (5% 8 &, 1153 OTA B K ff
R R AR SN IR
1.3.5 pH X F& M B Af-OTd % M5 L
OTA P& fife 22300 7 1) J7 3 o 6 Ak, 152 )b pH E
5 6.0,6.5,7.0,7.5,8.0, L& &R 1000 nl:990
WL B +10 wL OTA i, B Ak RIRA G
T iE IR E R ROV 15 min J5 0 2544 TR I 3h
AL RN . K OTA 5% 84 i3T5 OTA ByR%
fift %, W o B A )N pH AL,
1.3.6 WK & & X B I Af—OTd B 14 19 5% e

DL OTA R fige 220 72 1 77 3 R BE il | 15 7 I g
K& 8N 0% ,2% ,4% ,6% ,8% . I A& % 1000
wL:910 wL fiff % +80 wL A [A] ¥ B2 ¥ 4% +10 wL
OTA & . W AR R IR AT S5 T i ik Tt B 8
W pH £ F KB 15 min J5 I S5 R FR B89 3 5 A
Zegb N, Kl OTA 5% 88 115 OTA B REff
R B A RS B 6F BT Y R
1.3.7 4@ B 7 K EDTA X & @i Af-OTd i 1%
PERSE I BEIO 8 A 5 e A R L4
J& BB T Ca®,Co™, Cu®, Mg®, Mn®, Zn* , K* &% 4 &
A EDTA, N 3 S R & v, {2k
1 mmol/L, JZ W A& & 1.980 wL i i +10 pL
100 mmol/L 4 J& B F/EDTA ¥ % +10 wL. OTA f%
W VAR Z 2980 wL R +5 pl 200 mmol/L
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o EEE A BEE A-OTd % 85 3 MR 5 #7 33

EE B FHW+5 wL 200 mmol/L. EDTA ¥ #+10
pL OTA £ WK . H SO AR RAR A5 T i i i
RIS pH 2 0F N KR 15 min J5 A SE ARG i
AL IR O, K OTA 5% 88 &, 1155 0TA
4 R SR 235, 00 260 1 462 I 8 0T T 1 52

2 ZBREHSW
2.1 Af-OTd BEfEEHRIES 4L
il 1 signalP 5.0 (http ://www.cbs.dtu.dk/ser-
vices/SignalP/) 7 #7 , Af-OTd B {55k, K3k
LN 23k Af-OTd, WIS Y R 15 5 I Ah 7P
G, IR AR T G 5 — AL I R A Z e (CAA)
Bl HER (GGC),C ¥ 6xHis bR il & %
M 1 2 3 4 5 6
ku =
66.2

45.0

(a)
T a. M. B Marker;1.3.5. 4 IPTG iS5 M EHH;2.4.6. K4 IPTG iS5 M B H A ;b. M. # H it Marker;
L. glifb)5 A-OTd F4fift i

ik, WA PCR ¥ J5 15 2 0955 520 H 1) L i
5 pET28a(+) %4z , U4 & pET28a(+)-Af-0Td
AR R ORI E% A E. coli BL21(DE3) | XF
PR v B D 1 3 E D) LE i 1 B 4 R TS
SRkl

=20 P R R 40 2L 0,0.1,0.4, 1 mmol/L /Y
IPTG 5%, MW #1T SDS-PAGE Btk
SR WE 1a rw , 1~6 JKIEHTE 45 ka BT H K
NG HUIAAF R E RS, Hdh 1.3 5 0kE (&
IPTG 5 5 ) 47 b 2 4.6 TKil (R4 IPTG i S)
KB E G, UL Af-0Td 3£ N7E E. coli B1.21
(DE3) H s ¥y %3k, H IPTG 8% 0.4 mmol/L Ay
ARSI S

ku M 1

66.2

45.0
H &

(b)

Bl 1 Af-OTd B SDS-PAGE #EB Fa ik B
Fig.1 SDS-PAGE gel electrophoresis of Af-OTd protein

2.2 Af-OTd B& 7 B ERiE A 5 17

e 1.3.3 RN AR ZR A Af-OTd 41k 5 i
WA 10 pL OTA fiff %5 ¥ , OTA £ J57 & ¥k J& 35 3|
10 wg/mL, JZ R B 6] 2 min B HPLC /& 45 5 40
&l 2b s, 58 2a #H LG, £/ B B (B 7E 8 min 247
B OTA W B 45/, 4015, 0TA & ff %8 i
60% , [Ali, 7644 B4 B A] 4.5 min 2247 H BTG AR
i SCHR[1910r 3 %W R B 7 ) OTae, >4 S Bisf
f] 4E K 2 15 min B}, OTA #% Af-OTd 58 4 [ 1 | 1%
ERPEN | Aifk iy Af-OTd B B AL OTA [ At
W,

H R T G S R g 25 ST, K Af-
OTd i W FH PR A7 22 vh i 7 I/ 200,400, 600, 800,

1 000 A A5 00 B RCHEA 740 B | B 1 A0 W) S R A4
o 78 5B B 8] A 15 min AT 30 min B 43 51 i 5
AR I BN AL 1R S, OTA FEfR 245 R gl 3
iR, 4 Af-OTd i B 600 £, SRR [E] 15 min
Bf, OTA [ R A 3 95% , M B, 76 HLPC {43 &
HE TG OTA &ty S A ] 30 min B, OTA
Rk fifk 23 100% , 1280 B8 8 0 1 X I F — 2 S
JO7 B[R] Y REA AN, i 22358 A B 600 £
) Af-OTd , BUCRE B 8] %2 4 15 min,
2.3 BEXMEMEE AI-OTd BEiE M Em
Af-OTd 7= HE A AR B TE 30 °C, ABFoRidE
TR IN Af-OTd 76 A [F) B2 T 1 B e v 1, ff e
FCf Ol w5 b B 4 R B A R T
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Fig2 HPLC Chromatograms of OTA for different reaction times

R A Af-OTd Xt OTA B R B H T8, M
T 50 CHY,OTA FEfif 335 99% , i B 4k 527
1, OTA B 23 ) 52 R B 35 ik 50 “C 2 Af-OTd
A OTA MRS IR EE . 4 T 50 CHT, Af-OTd

—e— 15 min

—— 30 min

OTA P fif 5
OTA degradation rate/%
)
S
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Fig.3 Effects of different dilution times

on Af-OTd enzyme activity

2.4 pH xtpEfEEE AI-OTd BEiE M0
pH X 1 HAT 3R 2 P IR FE Af-OTd
FEATR] pH 2508 T A& R T2, 4% 1.3.5
TR FRAE il IR B 50 CAME T ML 15 min
JE ek THE OTA FEf# 5 1 5 hal #1, pH=7.5 /&
R fp iy Af—OTd (19 fe i pH {H, OTA & R 550,
B PE G 5 OTA MR R RS, M pH<7
MIRRPE AT, B SOR KIRFEAR, 145 R ]
Af-OTd WY PR PR 55
2.5 HRSEXMEELRE A-OTd BiE %A 220
OTA “H UL 7 % 104 v 20 PR I A /)N 4 38 2o 4
D Af=OTd 75 A [R]P9RE e B2 25478 T X OTA 119 % i

NPT, 76 70 CCHF,OTA F A 224K 4R ] DA
TRFFTE 60% 224, Ud W v L T B fa il 20 7 3 TR A4
SRR T Af-OTd © B A B4 Tt v U6 e
jjo

100 (-
S
£ 801
W2
E.S 60
24
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= 20F
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0 ] ] ] ] ]
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i 2
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B4 AEHREX AI-OTd B i 4 8 %
Fig.4 Effects of different temperature
on Af-OTd enzyme activity

T IR ST NG Tif 32 15 100, A J S8 A 5 26 1 2
Jivd 25 40 3k 11 17 ) R (AL BRI R A L AN [V R e Y
JRNAR R AE pH=T7.5, HLEE R 50 CH&AMFE 15
min, OTA FffRE5 FAaE 6 s, TAE 2 A%
i g Af~OTd BT TS 7, LB 2 BN AR R PP G e
FEBARBOIN A, OTA R i 56 K BE BEAIR , >4 52 I A4
FNTEKS & BN 2 8%, KA il Af-OTd 1) il 1%
JIUT R 2 0, I Ry Hof KPR it 52 2
26 ©EETFRK EDTA X E@Es Af-OTd B§ i
4 B9 B 1

KR EA - & EEn, BaaE T
SRS ONIRGE A-OTd 15115 4 8 B 1 1 ¢
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Fig.5 Effects of different pH values
on Af-OTd enzyme activity

F A0 Al H] 4 )8 2550 EDTA Koy 4 )8 %
¥ :Ca*,Co**,Cu*" ,Mg>* ,Mn>*,Zn** , K 5% H X
Af=OTd T P A 520 . 1 mmol/L 1) EDTA 7] 584>
i Af-OTd FEffIE 2028 FI W% g R 4 s &
FIE5 A8, DA N 4 J 15 119 S L A 28 kg X R 7
G2 ) B X Af-OTd A i 7% 415 5 A 300 i 2R
i Co®, Cu® , Mn®, Zn* $ il R0CR 55 o W I, 3 i
90% (Kl 7) o Ay itt— 20 Wik 2 5 Ry 4 B85 % Af-
OTd Bl 7= A= W52, 645 SO AR & Hp Rl s A
1 mmol/L 4 )& & T 1 1 mmol/LL EDTA,7 # 4 /&
B X Af-OTd g 3% Ve i 30 ) 25028 19 15 321 22 i
(7).

IIN%EBEJR Co™ 5 EDTA Zn*5 EDTA (¥ #
20 I, Af—OTd il 335 1 AS S0 ol 35 1 9k 22 4, 8
SRS, wEa0r, ERET 1 mmol/L
EDTA W A9 pH (L AF ,EDTA ¥ WA 3 5t 5 B
SRR AR R SRS TR AR T Af-
OTd 6P A T 2 — 2 58 0E , 43 ) 78 s 0L AR & op
whn1,10,100,1 000 wmol/L ) Co* . Zn*", R 7T 1
4 A B X Af-OTd B & 152, 4553 LA 8.,
Co*,Zn*7E 1,10 pmol/L 24 F , ¥4E 3t Af-OTd
R i 3% 1k, Y Ak 2 3 R MR 2] 100 pumol/L B,
Co™, Zn* YR I ) Af-~OTd Bl

ZE LT, 4 )R BT R Af-OTd i) i
W R B E R, R e B R AR T Ok
Af-OTd 1) = e S5 e A TAE AT IR A 0T

OTA W fi %

OTA degradation rate/%

kS &
Alcohol content/%
B 6 BEEEE A-OTd EiE M # I
Fig.6  Effect of alcohol content

on Af-OTd enzyme activity
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Fig.7 Effects of metal ions and chemical reagents

on Af-OTd enzyme activity
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Fig.8 Effects of Co* and Zn* on Af-OTd enzyme activity
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P S w B ARAE AU OTA [fit i Af—OTd 78K
Jo K VR v AT E A 3R A SR Ak, O R o) il
SRR T WP R R, IR A R R W Af-OTd 1)
it 15 k52 R pH (E . RS = A AR R
Wi, 2 M 28 0 M A 19 L B S 1 (30~70 °C), 50
C Ry H AR I8 BN R s VK T 55 B A5 1F T Y i
T BedE pH Eoh 7.5, BRIE S0 R Bl A2 5
B 5 T TR S T 22 BB T, TR
TR A% OTA B ST v] e R 7E 60% 7547,
SR YIRS & 1 KT 8% ,0TA F& i FIL-F- [l
0, T H WL BB 3 £ A A AT RS S B
8% ~15% 2 [0 £ iy FRRE AL 55 A4 18 Y pH {E
HB Sk v e R PR, R D 22 3 56 Y T 4L )
i PCR B0E mi 278 55 T Be PR AR B i i Af-OTd 1Y
il pH A, i i P A it 52 5, DT 2 T i A
o [ B & I, A-OTd B % 54 8 8 74
BEEVIMER, — i, E4EE AR EDTA K& 7
it 4 Jm B 1 B A7 A 1) RN AR & v Af-OTd 19 AH
Xof it % 3 BN R AR B A R Sy — i, 24
EDTA 4355 7 i 4 J& 25 1[5 B 7 s B A4 R s
ARt 0% 1 BT — g # A B B AR T . A ]
e 5 ZFPE FLEIA DG, 5] il 2 2 A A
(149 78 Ak, DA 52 i it %) 3% 1 291 A I 2ot R R R K
B, EE LR Co™ Fl Zn™ B8 X Af-OTd B % A
WA A (2 R D, 3K AT BE S Co Ml Zn™ B FAE M il
K+ S EEHE AW, A I T O i ARG 4317,
1 AT R 2 VE Ry i A 98T 7R B A 3 S AR
F18 | HARBL G 75 8 5 5 2R s i — 25 4T

A SCEEI Af-OTd 5 U8 85 2880 3R 38 IT 58 iU il
(ATl 2 Pk T ) 5 HR 5T, R Af-OTd PEBE R E— 25
ACT R T 8, A o 4l 1E 35 22 00 3 il A6 A 56 AT
M B 107 FH 28 A
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Abstract Ochratoxin A (OTA) is a fungal toxin widely distribute in food. Reducing or eliminating OTA in food and its
raw materials is of great significance in improving food quality and ensuring national food safety. Previously, the amide
hydrolase AF-OTd (Alcaligenes faecalis OTA degrading enzyme), which can degrade OTA, was identified from Alcali-
genes faecalts in the laboratory. In this study, the protein AF-OTd was highly expressed through gene recombination,
and the enzymatic properties of the purified AF-OTd protein were analyzed. The results showed that the degradation rate
of the purified AF-OTd enzyme for OTA was over 90%, and the degradation activity was affected by temperature, pH,
alcohol and metal ions. The optimal temperature and pH of the enzyme were 50 °C and 7.5, respectively. Increase of al-
cohol content lead to a decrease of enzyme activity. When the alcohol content increased to 8%, the remaining enzyme
activity was almost zero. | mmol/L. of metal ions Ca®*, Co**, Cu*, Mg*, Mn*, Zn*, K* and EDTA have different de-
grees of inhibition on the enzyme. At the same time, it was also found in this study that trace amounts of Co* and Zn*
could significantly promote the activity of AF-OTd.

Keywords ochratoxin A; expression and purification; degrading enzyme; enzymatic properties



