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1 E:. [¥%] 2 KkKENWHT(zearalenone, ZEN)A LA MR —BAAMAETERNERASTE, |
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650.93)49 Rmzhd & B 45 N SR BEE T, Thit RAT SR A B, 81 G200 E BT A B R T £4
B M [ 45 R VK 8% RmZHD *f ZEN #9847% 5 A 16.67 U/mL, 3} a-ZOL ¢4 87% 7 %4 9.85 U/mL.
SDS-PAGE #&M &35 = #Meg5F =, 532844 30.7 kD &4, AAB EFHEREA4ES. RmZHD 4
RiE pHALA 9.6, RIEREL A 45°C, FEABIFe A, [448] AR % R A 2 KA B BRK B
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High expression and characterization of a novel zearalenone
hydrolase from Rhinocladiella mackenziei in Pichia pastoris
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1 College of Biotechnology, Tianjin University of Science & Technology, Tianjin 300457, China
2 Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China

Abstract: [Background] Zearalenone (ZEN) and its derivatives are a series of mycotoxins with estrogenic
activity which are widespread in mold contaminated cereals. Mycotoxin contamination has caused huge
loss to food and feed industries. To develop an efficient solution is an urgent task. [Objective] In order to
promote the research and application of zearalenone hydrolase, we constructed the recombinant plasmid
that highly expressed zearalenone hydrolase in Pichia pastoris. [Methods] The Rmzhd gene from
Rhinocladiella mackenziei CBS 650.93 was transformed into Pichia pastoris GS115 for heterologous
expression. The high expression strain was screened and the characterization of recombinant RmZHD was
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analyzed by high performance liquid chromatography (HPLC). [Results] The ZEN and a-ZOL degradation
activities of the recombinant RmZHD from the supernatant were 16.67 U/mL and 9.85 U/mL, respectively.
The molecular mass of RmZHD was about 30.7 kD, and the purity of protein was very high, as shown by
SDS-PAGE. The optimal pH and temperature of recombinant RmZHD were determined as pH 9.6 and
45 °C, and RmZHD has a good thermostability. [Conclusion] The results can provide guidance for the
heterologous expression and potential industrial application of zearalenone hydrolase.

Keywords: Zearalenone hydrolase, Pichia pastoris, High expression, Enzymatic properties
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SRS, HXF ZEN BKA#TE J1J& ZHD101 Y
1.66 15, #EEPEHE T ZHD101°, HF ki

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2014 A

Microbiol. China
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IREEEERRE GS115, LASEIE Rmzhd 76 S AR BE A
S IRERIA . (Rl B4 RmZHD AR =1 BT T
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ot &, B2 AR RAE; &
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BN AAK pPICOK Fl Rmzhd FrBti%dz, ¥AbL KT
W DHS50., LSLBF-Hiiik, W& 100 pg/mL 2~
%5 % (ampicillin, Amp), 37 °C HiFEad . eI
TKIRHEREL R Py, %0 T, R R R
IK# A pPICIK-Rmzhd
1.2.2 FHEFIEBAKRENEFREEE GS115
WY pPICOK-Rmzhd Feik8UA A Sal 1
ML L, PCR 2iifblnllis Al NanoDrop
I DNA . 5 800 ng LEMEAL =My Hi i A S ARE
GS115 JE&Z84 M, fFHHRE 2.00 kv Bl
4.6 ms, RFHEBIREEA Amp (100 pg/mL)4T
PR MD AR |, 30 °C 5535 3 d MESHTE A K.
1.2.3 % PCR #&EHF
FEHLERE. MD A b 5 AN BATEYE 2 40 uL 547
0.2% SDS M, W55, WK 5 min, K
% 5 min, 10 000xg B.L> 1 min B 3% 0.5 uL fFN
PCR i, PCR WA (20 pL): ExTag DNA %
A WE2 U/uL) 0.1 uL, 4R 0.5 pL, 10xBuffer
2 uL, 1E. IA5#(10 pmol/L)4% 0.8 pL, dNTPs
(2.5 mmol/L) 1.6 pL, 100% Triton X-100 0.4 uL,
ddH,O 13.8 pL. PCR W a5 MRS R 4
WHE. PR PCR P34 2t e Uk A
1IN Rmzhd G B HEAREERE GS115 FER A
1.2.4 FHEFREER GS115 MTFHEFIBESRIE
FEHC MD - M B 7% FE S [ ok B AR R
(geneticin, G418t YPD V- b #4711k
G418 WREHE N 0, 0.1, 025, 0.5, 1, 2,
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3 mg/mL, 53 2-3 d, WERK. TEANFWE
G418 MR _E PR S BT ek & 5 MERNT
2 mLYPD E53R3rp, Bl G418 WL (R it 14
5 1-35, F30°C. 250 r/min ¥ B HIK ODggo 15
1.3-1.6. FLL 1%EM &R E 3 mL ) BMGY #5
Fekbrr, 4kgEhi3E 24 h, 1 500xg .0 5 min £
o A2 mL BMMY 3555, FFRIAESIESR, B
[ BERR 24 h AN BB LR N 0.5%HFHUE, 2
F e A5 S ) 1 [R] s L A8 AS TR] g e 22 1] Y 3 3k
25, SDS-PAGE knillZ5 8, ¥ KIEF44771k7,
R FREL L BIASEE

1.2.5 %E%+EH RmZHD BIEMENE

Ee R EE FE 40 RmZHD B§GE . AR
1 pg IR BBk 1 ANBRE 1B, R R
2] RmZHD F 55 UmL R,

MR NIRZR . XFIRY) ZEN, ROVAKRZR N
225 pL, HA R mE I 20 pL, 2.5 mg/mL ZEN
5 uL, Tris-HCI ZZ & 200 pL (25 mmol/L Tris,
150 mmol/L NaCl, pH 7.5); X{JEH a-ZOL, [
KZNy 245 pL, WEERELWEWR 40 uL, HAR4
5 ER RN AR RMR . BAE, 30 °C R
15 min, fiILA 1 mol/L HCI 50 pL 1 300 pul 2% 1|
S o G RBORAR IS (HPLO)AG I ZEN 155 6 .
FEAL 20 uL, FEHR 30 °C, FEAH N ZE-7K(60:40,
AR, Vi 0.6 mL/min, Welch Ultimate XB-C18
FE(4.6x250 mm, 5 pm)ZrESPENE 16 min, KM% K
4 254 nm.,

Ko He AR P B T 2H RmZHD AR, O
JEYI A ZEN. feil O pH 7EBE R £E 2% M (pH
6.0. 7.0, 8.0). Tris-HCl M (pH 7.5. 8.0,
8.5. 9.0)FITH MR- A AN Pl (pH 8.6, 9.6,
10.6) F e o il RN IREETE 25, 30, 35, 40,
45, 50, 55 °C T, 4r5I7E 40, 45, 50, 55,
60 °C FM#ALHEEF 1. 2. 6. 10 min, 10 000xg
B0 1 min JEIE BV R FR AR, B LA
e, FrA SN 2 ANFAT, S2E0 45 RECE
PO

1.2.6 FHEZEHMANL

FiFRE2H RmZHD A3 200 mL, 5 000xg
20 10 min BCEWE, B EIEWGENTE] pH 7.5 1Y
25 mmol/L Tris ZZihifiH, F DEAE BH & ¥ 3ctt:
alifk, P4 HFREAMEFT pH 7.5 /Y 25 mmol/L
Tris. 150 mmol/L NaCl & i, {447 F-80°C.
1.2.7 4EgAgTE MR

WAL fs I TR EERRE R 0.15 mg/mL, £
AR AR IS Y ZEN Fl a-ZOL FOTEME, SO AR
FUREIN 2K B 1.2.5 bty , 4§ RmZHD XJJI%
Y1 LTS 1 U/mg R

2 AR5
2.1 pPICIK-Rmzhd TixHIRRHE
pUCS57-Rmzhd J5i K 25 it V) F1 H, K U7 ¢ 100 i
Rmzhd B, UM 200 ng/ul, B4 pL i
ko W 1A FioR, RIULEEES 1000 bp 4bfT—45 0
— . WIS, 5 Rmzhd F B 798 bp 454, W
g Ab PR pPICOK FEUIE I, 7= Wk i ok
220 ng/uL, HL 0.5 pL k. E 1B FrR,
8 000-12 000 bp Z[Alf7—4%1, 5 pPICOK Fr B
9 276 bp FiHo KX Wi R Bk )G, PRECE
JEEMN R, Y pPICIK-Rmzhd T4 F ka8 AR 2
esis

A bp M 1 bp

3000
2500
2 000

1 500

1 000
798

1 Rmzhd (A)FA pPICIK (B)EGHIE U % E
Figure 1 Identification of Rmzhd (A) and pPICIK (B) by
digestion

7¥: M: GsDL10001 DNA Marker; 1: B Rmzhd BT

2: Bl pPICIK FokimEyI 4.
Note: M: GsDL10001 DNA Marker; 1: The extraction of Rmzhd,
2: The extraction of pPIC9K.
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2.2 pPICYK-Rmzhd 55 NEEFREE £} GS115

¥ pPICOK-Rmzhd Wi%E NI EEE GS115,
MD FHR L B . BENLIEE 5 NS, BV PCR
B9 UE Rmzhd #6465 BIRERE R A . Qi 2 o,
FRICAESL 1 BT B GS115-pPICqK, 2-6 A iEH
(5 TR . BAYEXS R b B B ISR Y 5 14
7, VK PCRHY, SANFEMLHSAT LAY 34 5 Rmzhd
Fr B R /INGRAT o 100 B B BTL3EE BB TR 9% 4 oA B M
M. HHIRIFETE L 4] DNA F PCR SRERIF
FAFEA, M EYE PCR NP Ay (24
2.3 pPICIK-Rmzhd TEEEFREE B} GS115 H BT
. FIEFNLE

Pkik MD VAR 7K 7E YPD (G418) -4l b i1
it . 25 VR N IRLE BE BT R ), i % DAL
MyTEAR M EL T, WMERGREERENOR
PP, i S SR 48 h R IR B I W 10 uL,
SDS-PAGE 5l A5 100 A6 - 375 8 il 7% ke
RmZHD %4335 5 BHE 8 1K/ 30.7 kD,
SDS-PAGE /& H 4> ¥ i K/N22h 30 kD
(F 3A), SEIRMEMAT. SCH PR TR 3341
G418 2 3 mg/mL WA T A IR, HARH
JIAZ K . Rochelle ZEPRaF s e L 1
WP R T EAE KN, Xkl F—TF

M 1 2 3 4 5 6 bp

798

2 HUFHPCRETHER

Figure 2 Identification of transformants by PCR

#: M: GsDL10001 DNA Marker; 1: BHHEXTHR; 2-6: 5 4M%%
{LF PCR j=4).

Note: M: GsDL10001 DNA Marker; 1: Negative control; 2—6:
PCR products of 5 different clonies.

TRBTPE TR, W5 PG e 5 328 A Wi 15 )
SRR ANIE L. 7E G418 HeFE N 0.5 mg/mL HY-F-
i O 2 11 TR AR s A L TR R, BRIk
BRE RSN 16#RE TR

Xiang ZFPRTFE & B, ERE#A ZHD101
B2 dEFREAER, BMERSED, &
AR . ARSI, Bl A U5 5 B[R] Y 2E
K, 16#KARE 2 d J§ RmZHD Rk ER
%, RHA BCA @ il &kl 8 (kN
0.15 mg/mL, 3 dJ5HEASEBHEI, ARE
B, BRI RG T, HRREEEK, W
FARM NS 1 2mss, ARBENEARSH
(2R R AR Y . ARS2ge 3k RmZHD
Y5 Xiang 221323511 ZHD101 A HeRa e PEBST . 52
I Hi5E GS115-pPICIK-Rmzhd KEENHK: 48 h, FF3k
19T EERIB I AP

FIIFH DEAE B & - 2c kX)W 1 4tifk,
SDS-PAGE FaillZifb 455, Wil 3B frs, 4hifbiy
R D s R [T AR e v

Ao 1 2 3 4 5 M kpB1 M K

——170 =
=11 130
—93 —93
—72 —72
—353 —53
- 4
30.7 — e —— -3 Seas 3
,—23 —23
- 14 - 14
»—10 - _ 10

3 SDS-PAGE #MIEEFREEE RiX RmZHD Fn4gifl
EEES

Figure 3 SDS-PAGE analysis of the recombinant
RmZHD from P. pastoris

W A HREEXHNEOREIENEN, 1-5: BT
1-5 d ARSI A FRAE; B: 2ifkh RmZHD RLUKE.
M: 5T R

Note: A: SDS-PAGE analysis of the recombinant RmZHD with
different induction time, 1-5 indicated the culture supernatants
after being induced with methanol for 1, 2, 3, 4 and 5 days,
respectively; B: SDS-PAGE analysis of the recombinant RmZHD
after purification. M: Protein molecular weight marker.
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2.4 EiA RmZHD HIEGF 4R

N B R EERE GS115 4] RmZHD H & 7™
Prxt ZEN RREf#REST, 1 50 uL B3N 1 h
K RmZHD %} 12.5 pug ZEN BOREMS . 455
K 4 FiR, BEROVAERT 15 min X} ZEN f0 [ iR
B, 15 min J58B T2, 20 min AJFEME 97.39%
) ZEN, 30 min J5PK ZEN S84, Rk
SWE 1 mL 4 ZEN-JIM KBERCPERIN 1 pg 19
ZEN, };zm“ 9h J& ZEN A 5E 4. Xiang 2%t
zhd101 FITERS LAl . #5 DIER0m L . AR
S ke N R REERE GS115 %1k, 1 mL B ZHD101
R 30 min FEA# 10 ug B9 ZEN, BEE 1K
0.33 U/mL. ASEEh, 20 pL A8 b3 KON
15 min [ 7 5.01 pg A9 ZEN, FRIE R EH
RmZHD %} ZEN B 714 16.67 U/mL, %E\A n%
FW, WEREEZH RmZHD XF ZEN FOFEARIER
PLF ZHD101 LA K HAtb R JH 1

ASZI I T RmZHD % a-ZOL 1 [ 1 1
F2J% 15 min FEA# T 5.91 pg 19 o-ZOL, 75 K Bk
H' RmZHD X} a-ZOL HIHE 7174 9.85 U/mL. A Hf
SERP, MXT ZEN, ZHDI101 XF &1 0 & i
a-ZOL /KM 16 J1 A 40%57 . FEARSIE
RmZHD % o-ZOL /KNG 12X ZEN 1% 11
60%, XM T RmZHD MUK ZEN B REAR 1%
1, X a-ZOL [RIREt AT 55 i (A R A 16

Residual content of ZEN (%)

0 10 20 30 40 50 60 70
¢ (min)

E 4 =40 RmZHD HIPEREE MR
Figure 4 Activity analysis of the recombinant RmZHD

Kzl pH AL XS EE 2 RmZHD P52 00 1 45
RN 5A FroR. TERERRERZE K pH 6.0-8.0 Z[H]
W, BEE pH (EMIEHN, RmZHD (X EEE A
43.71%Z 8T8 95.45%; 7E Tris-HCl ZE P pH
7.5-9.0 ZIa], MXTEHGREE pH F3E I 68.07%

120.00

-e-PBS
- Tris-HCI
-+ Gly-NaOH

100.00

—

80.00

60.00

T

40.00

Relative activity (%)

20.00

T

0.00 I I I I I ]
5.0 6.0 7.0 8.0 9.0 10.0 11.0

pH

120.00

1

100.00

80.00

T

T

60.00

40.00

Relative activity (%)

20.00

0.00 L L L L L I I J
20 25 30 35 40 45 50 55 60

Temperature (°C)

120.00

100.00

80.00
60.00

40.00

Relative activity (%)

20.00

0.00

Incubation time (min)

5 RmZHD HIEgE 1R

Figure 5 Enzymatic properties of RmZHD

. A: pH X RmZHD J&PEMSEM; B: IREEXT RmZHD {EE
5N C: RmZHD (A E .

Note: A: Effect of pH on the activity; B: Effect of temperature on
the activity; C: The thermostability of RmZHD.
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BT F] 86.13%; 24 pH (B NF] 9.6 I i 11E
PEfcim . pHAEARZER N E] 10.6 BYEPE TR, (Hif
TR 91.02% 11 AH X B o 196 B e R e B Gk 1
RmZHD 7€ i P 45 144 T Bg 1% JL T A Z 5 m
RmZHD B 5 i B T s ARG S AN 37.65%
BT E, MREEF] 45 °C WHEVERE, IRAEYE
SLTH R ISR B A TR, SRR 55 °C W
A 22.79%HI AT E , WKl SB P, AT
& RmZHD 7E pH 9.6 AR 45 °C [ 4504 T i
PR o

HIBAXT ZHD101 () #4883
ZHD101 7£ 50 °C Jn#AbHE 1 min J5 6 {0
30%52, SRT, 4Nl 5C Fix, RmZHD 7E 40 °C Fl
45 °C A 10 min J5FRARTE R 5 AR B P62
BIARK, ] 50 °C A FFERRTE, fndab B
2 min ZJGI0H 59.17%MADS T, Hi#4 10 min 5
T 27.06% I AEXT S o FHULAT VA Y, FEEE IR
BErp IR RmZHD E e e M 7 ZHD101,
FFTF ZEN ZK i) Tl o
25 KM EMEFRBEBREKRPENRA
RmZHD B14% R L3R

TE KA A B RmZHAD, AR YEEHS
TE SR H ZEN BY7K ARG 118 441.28 U/mg,
%} a-ZOL HELIE 71k 244.36 U/mg, 1 L # Al 3K15
5 mg FAP, WEAEEIAR RmZHD 5 KA AR
He, X ZEN R7Kf#7% J1°k 133.33 U/mg, %} a-ZOL
MRS S 78.80 U/mg, 1 L KR 4lifknl 15
90 mg 1R 1) FERGFFEHFIE MR
REERFE PR, [ RmZHD 788 5 iy 0% 18
BEm TR, BHBERERSE A —2

F1 EFREEMNAMTEPRIE RmZHD RYEE
Table 1 The activities of RmZHD in P. pastoris and E. coli

IPEH
3 g

ARWFFEXRSFE Rmzhd 4T T HEIR EERE A Y
SRR, RS T mRERIAHMR . SDS-PAGE /R
FIRE AL R, K/NSHISE 307 kD —E,
RmZHD [ PE s s, 76 P i miR i 55
TRTRAMREE 40% LA b 3E M, B PR X LT
JUTP- TR, RmZHD WiaEEE R 45 °C, 5K
Jo AT B H 3R 3K 0 S A Y R S R — B0, T
RmZHD 5 ZHD101 AH tb B A B4 f i #4: . i
il @R, RmZHD A Sk ZEN K HATA:
Y o-ZOL Mfie 1. K L35+ RmZHD X ZEN
HIREE 718 16.67 U/mL, % a-ZOL IS 114
9.85 U/mL, 5HHABEERERIER ZEN JK g AH L
HAT 5 i B RS d v, i HLS KT i R G L
W HAT I B

S PRI IA Y RmZHD HA 5= 1)
N7, AT LGB A R SR L O R R
PR SN EE 37 808 AN 55 kS5 O
eilb—4 5 RmZHD WFRiE L tnl IR IL A
il TR, MR — L% RmZHD [
PR LA F Tl AR 7= . FOR IR BRI AR R 15 Y i
PPHEAHEGERZ —, RN MER T ZAF
f, FRWERI, MR K & FR 5 s B T
BRI, dgh NI E g sl 7% . (il
FH K fige Tl 6T 0K 285 75 46 T 25 28 A 7 [ A A — ol s
. s ATHTIBEE . RmZHD AR
ZEN JKfREG TAL R AT F RAFH TAE IR, B
T A SIS O (R AE A B M R R A

KIBRG HEA Xt ZEN (G 1
Expression system  Protein (mg)  Specific activity
against ZEN (U/mg)

Xt ZEN #83E 1
Total activity
against ZEN (U)

Xt o-ZOL (1L 71
Specific activity
against 0-ZOL (U/mg)

Xt a-ZOL M ETE 1
Total activity
against a-ZOL (U)

133.33
441.28

YeIREERE P. pastoris 90
KIGHFE E. coli 5

12.00x10° 78.80
2.21x10°

7.09%10°

24436 1.22x10°
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