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KB T Rhinocladiella mackenziei B & K 7~ 5 1% 7K fElg AY
FIEGLSEEF MR
HRAY X\ ANIKR® EFED FAmE’ %47 Raw”
(1. TAPAEEARLEPE S LT VL RFEY TRSEE 1L B8 214122)
(2. TolEEZ TSRSt ER2ERE R T A E AT KEE 300308)

H E. [¥%] 2AFEHEA(Zearalenone, ZEN)Z T LR 2O EH FEZL—, AT LA
FAHOLERT EXMIZFMK. BAAARRA T 20 ERFEHIAGARES ZHD101 B #4824
BE, REHRILER 2R, [869]) AFERNERFEHFGHIALE L Loy p R, FkiE
FHRE R4 ZEN Bfgds, [ %] AT GenBank 4438 E 694248, ZI—/RB T A KFA
J0.% (Rhinocladiella mackenziei CBS 650.93)%) Rmzhd 3B, M pET-46-Rmzhd Ji¥s. #)F XAt
BRZIRZFoF A BAT. BT ALK ARG AT R A o bbtl, 81T ZBURANEIR &5 AT
B . (4521 I —A#749 ZEN KB RmZHD, RmZHD & pH 8.6 = 45 °C £+ T 847
Re, mEBEARZ I, SMSITERY, 835600 A B Falm ) B R R A2 T A i
RE G R B, (4561 AR A EE T K 9 T BRI B A2 T Ak b a4 i 7 4T F 2 e,

KR EARF TR, Rikdik, BEFHR, AAETH

Expression, purification and characterization of a novel zearalenone
hydrolase from Rhinocladiella mackenziei
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Abstract: [Background] Zearalenone (ZEN) is one of the most widely contaminated mycotoxins,
which causes huge economic losses to feed industry and animal husbandry. The lactonase ZHD101 is
the most widely studied ZEN-detoxifying enzyme. However, its application in industry was limited by
the low thermostability. [Objective] In order to realize the application of zearalenone-degrading
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enzyme in industry, this study explored a ZEN-detoxifying enzyme with more prominent enzymatic
properties. [Methods] We found an Rmzhd gene from Rhinocladiella mackenziei CBS 650.93 in the
GenBank database, and constructed the pET-46-Rmzhd plasmid. E. coli system was used to express the
target protein. The protein was purified by using affinity chromatography and ion exchange purification
system. Enzymatic properties were analyzed by high performance liquid chromatography (HPLC).
[Results] In this study, we characterized a novel ZEN hydrolase, denoted as RmZHD. RmZHD exhibits
the highest activity at pH 8.6 and 45 °C, and has a higher thermostability. Analyzing the structure of
RmZHD, we found that the higher contents of salt bridges and solvent-exposed prolines might
contribute to higher protein thermostability. [Conclusion] This study provides foundation for
improving the industrial applications of zearalenone hydrolases.

Keywords: Zearalenone hydrolase, Expression and purification, Enzymatic properties, Thermostability

T oK IR B Sl (Zearalenone, ZEN), X#% F-2
BER, PP AT M R AR A A AR R B
R, FEMARSHIIEN =R H SR EE
Ko K. N WSRO, R WL
— R R SRR ERERE N BRI YL
B ENERGERZ—, EHBYLLAR]
7 b PR TR R S A . FORIR BRI A 2
MESE BOTETE, RES MR ARG G, SRS
FEWNERBRY, FEAERBBAYEAL, 450
WA E RIFERY, AN, FRARERER BA e
MEUEYE, 28PRERANES, sl 7
g Sy | R

YRR B AL 2R R R BT g B R E
(I BE 7, (E BRI T = Xt ZEN ikt
P, B A S SR AR, T R g ) T
REF= A BT TR, ANRESEISE i, IrdE
SR A W B 7 B O Y2 B, AR
FAHRA, AP ENEY R, FERDR S TR
IR IR ALY HRTITIS A2/ ZEN [ A
JEOR TR TR 20K T B R OK R B0 I K A T
ZHD101"M | R H AT B AR ZEN 1BE J110 32
FI| Mk B VZ 9 G7E, (B Takahashi-Ando Z5U2%f
ZHDI101 ARAM R RAEFR, ZHD101 fodiRiE
Sk 37-45 °C, Heidi pH A 10.5, 7E 50 °C &4 Fi%
AEYE, TR R A T S EAE Tl
R RCHURER FH . N T 2B T K IR B AR ) LR i
SEANLEE, T UE— A P W 1 T R N 2% )
ZEN [ fit it .

ST X GenBank BB FERIZHE, LT
— PRI T2 R E & 1 RmZHD (GenBank
k5 ACW19936.1), H5 ZHD101 (GenBank %
S5 ALIN6790. ) IR PR RIVE R, T 65%
(1), @i % RmZHD 2 A P iokifg gt . ksl
FELL KBl SR FAE, & B8 RmZHD Xf ZEN fi7K
fi#1& 715 ZHD101 #124, {H RmZHD HA 8 &4
FesEtk, (4% RmZHD HA RN it
Y ZHD101 MIbAEL, ABF R T —Sesmmiie
PR E LS TR, X Se25 B T KR
s I G e Rt ) T A et I B B Sl

1 #B5HE
1.1 ##

1.1.1 315 #HK
1E 11591 (5-GACGACGACAAGATGGCTGCT

ACCAGAAC-3")HI 5] #1(5'-GAGGAGAAGCCC
GGTTACTTCAGGTACTTTCTGGAGG-3') Hi & K
FER S\ GG S28e i 2UA pET-46 EK/LIC 1
| NOVAGEN A #] .,
1.1.2  EZERFIFLIE

Phusion /£ H DNA R4 . T4 DNA 4 ,
Thermo Science /A7l ; DNA Marker, Fi#FEERGAY)
THAARAF; PCR =Waifbifil g, ok ius
e, BCARFG, WYEttze EYFRHARA
5 1 Marker, Invitrogen 23w ; BKME, Merck /A F];
LB 5550k, il By 7l B A BRA v HAfthi
XAy 7 b
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Figure 1 Sequence alignment of RmZHD, ZHD101 and other homologous proteins

PCR Y. m# R E LML, Eppendorf /3] ;
BRI . BER R RS, Bio-Rad A 7]; AKTA
purifier ZifL Z4¢ . Ni-NTA EMIZH14E . DEAE [H
B acHtt, GE Al AR S AL, |
MERBEAEYVFH AR A &R EE O,
Thermo 23wl 5 RRCRAHEIEAL, LHEACRH A TR
Al WAHERAT, HORHE REA AR EER
B KA, Invitrogen 23 A .

1.2 A%
1.2.1 FRAE

DK ZHD101 A28 362 7 51 7E GenBank HifE

17 BLASTp HuXf, EHUPFIAITERE 50%—70%Z
6], Rt rp OB i s B A 22 57 1) e 91 1A 5 R A
A AL TG T3 M, R AR T 22 IR & Y
Rmzhd FEP BATR R MEALTE ) o DIHCARBIR ST e 4
Rmzhd FENHEATIRADITE .

TACERIEH N EIXF Rmzhd FER I TR 46
%, 16 R EHEE 2 (Polymerase chain reaction,
PCR)XS Rmzhd KR TIASM 38 PCR KR
(50 pL): 2 U/uL Phusion DNA %47 0.5 uL,
100 ng/uL MR 1 ul, 10 umol/L 1E . A 519145
2.5 uL, 2.5 mmol/L dNTP mix 4 pL, 100% DMSO
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1.5 uL, 5xGC buffer 10 uL, ddH,O 28 pL. PCR J%
W& 95 °C 5min; 94°C30s, 60°C30s, 72°C
1 min, 25 MEH; 72 °C 7 min, 193/ PCR F=4)
4ifb J5 35 1] pET-46 EK/LIC #R AR F) & 44 g 5
pET-46 EK/LIC #fk I, B E iy iy adAi i A K
FFEA DHSa B2 S 4Erh, SRIFI RIBIR B & &
EHEEZEAmp)IER LB Ek b, W H PR
TR BRI A w0 LA 1 s P B BT
KifFF-20°C, HT/RerFkaifbses,
1.2.2 RmZHD ByFRik4Ek

WM T8 pET-46-Rmzhd JFoRi ARG
BL21(DE3)Bz 84, SRS R iR 2 5 A2
THEZAmp)PIER LB ik b, WH PRBCA
%1 5 mL &7 100 pg/mL 2% 5 8 2 (Amp) 1/
B, 37 °C. 220 v/min EFHRHHEEEKZE 0Dy
i3k 0.6-0.8 i, #5452 100 mL ) LB 55373k,
37 °C. 220 t/min ¥FFRMEAEAERKZE ODgoo Hik
0.6-0.8 ¥4 A 5 L 1 LB JIffiH, 37 °C. 220 t/min
Kt 4 h BRI 2 16 °C, AT IPTG 2L
0.2 mmol/L, FARIES 18 h B DA HIA,

K52 H A H 25 mmol/L Tris. 150 mmol/L
NaCl, 20 mmol/L Bkmg . pH 7.5 RZEnhi B A, 4
R =5 R 20 M B R LB AR (4 °C, 20 min)J 4 °C,
15 500 r/min B.0> 90 min, B5.0J5 A IR ED Akl
Tt PRI A EIFH 25 mmol/L Tris . 150 mmol/L
NaCl, 20 mmol/L BKME . pH 7.5 (25w Pk
Ni-NTA 2% A2 b 4 b, fl ok w6 B2 (20—
250 mmol/L)PEMi His-Fricd FIEE . SRS I B iE AT
#| 25 mmol/L Tris. pH 7.5 B9ZE i, Fif DEAE
FEs ettt — 2P alifh, SEM 0-250 mmol/L
NaCl ePEPEM . LA A alifb B B2 1E 4 °C il
F1 AKTA purifier Zifb RGHA T SR & A BAR
AR AHRY4E 2 25 mg/mL, fE4A7E 25 mmol/L
Tris. 150 mmol/L NaCl, pH 7.5 FUZEuhifi . {17
F-80 °C,
123 FEMHENE

RmZHD PR E SN . B0 R/D 1 pmol

AT il o SO 1 U B SO AR 2R 210 L,
Hrh 3% 5 ul Y5 mg/mL ZEN)HI 5 uL [iff
(0.25 mg/mL RmZHD), 200 pL /Y 25 mmol/L Tris
150 mmol/L NaCl. pH 7.5 W25, 30 °C FJii
10 min ZJ5, fLA 50 pL 1 mol/L HCI I 300 uL H
P SO0 o PR U8 S B 20 pL {4545 Welch
Ultimate XB-C18 #1:(4.6 mm=250 mm, 5 pm)# &%k
WIS RS T FERERRR 30 °C £ T H
60%[1 ZJE LA 0.6 mL/min (37 HBENL T3k, WOGREE
K KA 254 nm, A IR R] A 13 min, R
P T AR

FETE pH 6.0, 7.0, 8.0 (BERELZE MK), pH
7.5, 8.0. 8.5, 9.0 (Tris-HCI Z& k), pH 8.6, 9.6.
10.6 (H 2B - S A A AN ZZ v %) 0 9% ok vh I
JV 10 min By Hof il OV pH (B, A A SO
L2 (25 mmol/L Tris, 150 mmol/L NaCl, pH 7.5)
SYHITE 25, 30, 35, 40, 42, 45, 47, 50, 55 °C
ZUF T 2 min, A A IRNREE 44T
N 10 min A 2 IS SV . B 143 IHE 40,
45,50, 55, 60 °C MHFLLFE 1, 2, 4, 6. 10 min,
AEFRE B R VRO BN 30 °C ¥4, 30 °C.
8 000 r/min Z5.0> 1 min 5B IR ARG, #E
HPFoE M. Fra SCRdE T 2 YOPA 7555, 5050
S5 RICFAME
1.2.4 FHIFNEESHT

Z P H X8 Clustal Omega (https://www.
ebi.ac.uk/Tools/msa/clustalo/) 1 ESPript (http://espript.
ibep. fr/ESPript/cgi-bin/ESPript.cgi) i 17 ' ;  FI
ESBRI 7t £ 1. H (http://bioinformatica.isa.cnr.it/
ESBRIITSEAACH 5 AL H A R T AL A
JH DSSP R 4t Hoxt R Pymol Hifk:
H: 1 (http://pymol.sourceforge.net/).

2 HFR5E
2.1 RmZHD EHMRIEA L

FIF Ni-NTA £ FZHr 1 DEAE 8 +5¢
AT XA A T 2 (R 1) Bk R B ]
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Table 1 Purification of RmZHD
afiff LY 5% 45| SEH & ALY} afifb AL
Purification step Protein (mg) Total activity (U) Recovery (%) Specific activity (U/mg) Fold

Crude extracts 2975.0 127.50 100.0 0.043 1
Ni-NTA 52.2 65.70 51.5 1.270 30
DEAE 25.0 34.75 27.2 1.390 32

SDS-BE NI LI (SDS-PAGE)BEA 74347, 45 SR 4niE 2
FiR. BREAMS TR 29.5 kD, 4ifbiEH
Srfia 5 HE A TS, &8 RmZHD
B, TR RS AT
2.2 RmZHD HIEEZ 4 RRIAE

RmZHD & 45 7 FE 2 0.25 mg/mL i1 78

DRI, 25 3 FiR. TERRPESRE
kD M 1
1531
93—
72—
57—
42—
31— -
24—

15—

2 RmZHD #{L ik E

Figure 2 Purification and the SDS-PAGE analysis of
RmZHD

. M: #HH Marker; 1: #ZifbAY RmZHD #H.

Note: M: Protein marker; 1: The purified RmZHD.
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InE 8.6 B EFATE IR =, pH (ELARSEHE T B 16
PEFEAR, 24 pH {E N 10.6 IHE A5A G 2E, (HIETE
IR e G Y 28.5% (&l 3A). RmZHD 2 FATEAN
Ivi] 38 B A S AR 28 P S 10 min A5 214011 3B A
S50L, BEAE OSIREE TS, B TE M
5, YIRBER] 45 °C B SRR R, SRR AL
THEE G TEFF IR FEAR, 2RSS 55 °C IR H Y
TN e 1S LY 8.3%. H I FTAf % RmZHD &
FI7E pH 8.6 FIS MR 45 °C 40F F BTG P e s o
RmZHD #E F7E 40, 45, 50, 55, 60 °C N/
PAEF 1, 2, 4, 6, 10 min, AT ATER
RAAZH 30 °C [ 10 min, 52|UNE 4A FiRE
gER, 25 R R RmZHD 7RI RS 55 °C WA
FFURSTE , BEIHAAEFE 2 min Z 506 40%A0 154 .
FHARIFE A7 20 E ZHD101 AEEErE, Hed k3
ZHDI101 7£ 50 °C HFEgRIFAR 2R, BNkt #E
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Figure 3 The effects of pH and temperature on RmZHD activities
@ A: pH {EX RmZHD iEPEMEM; B: JREXS RmZHD i&E L2,
Note: A: The effects of pH on RmZHD activities; B: The effects of temperature on RmZHD activities.
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Figure 4 The thermostability comparison of RmZHD and ZHD101

¥: A: RmZHD #f25EME; B: ZHDI101 #fie .

Note: A: The thermostability of RmZHD; B: The thermostability of ZHD101.

2.3 RmZHD S # R F5I i Bt
PR T B M, B s
P )l AE Tlb S A R mT A/ A o, B ARk
R AR T et kLl e Tl
g m e L sz b T2 m iR, R
FE R H 5 4T 2 A AR (S . 5K AE
FH . B, O S SR K [ Y R R 2
455019 K RmZHD A1 ZHD101 (PDB ID:
IWZL) s AN P EE I D AR S
M)A T oA R R 2), RmZHD 1 ZHD101 %5
P A B R S A B, AU H 2k
1. {H RmZHD H#E#F % H B2 £F ZHD101,
ERARAI A0 5 A S PR e AR T,

%2 ¥ RmZHD 71 ZHD101 B E 4B XS
2R3

Table 2 Comparision of related parameters that affecting
thermostability of RmZHD and ZHD101

Enzyme RmZHD ZHD101
Disulfide bridge 0 0
Hydrogen bond 185 198
Salt bridge 23 17
Percentage of proline 22 (8.3%) 18 (6.8%)
Percentage of glycine 19 (7.1%) 20 (7.6%)
Percentage of arginine 13 (4.9%) 10 (3.8%)
Protein surface area exposed to 111231 11031.6

the solvent (A%)

TN, X 2 ANE A E SRR AR X R,
RmZHD i &R 5 2 e ZHD101 75 (8.3%F11 6.8%),
H 44 Z R BR 1 3 A 588 T Loop
IX(1#] 5). 28 TV 0 B IR SRR A R T AR T 26
LT R R, eI A s fva ) R R il A
iR & FE T RERR T RmZHD 08 e T . 28 LT
W, ITEERFTE AT, AR ki A
B E3C E R 70 2 2 Tl 24 R 1 i) BE 2§30 RmZHD
HAB SRS R R

A5 RmZHD 1 ZHD101 B945# bR

Figure 5 The structural comparison of RmZHD and
ZHD101

T S4%. RmZHD Z50y; W%k, ZHDI01 4544

Note: Green: The structure of RmZHD; Cyan: The structure of
ZHD101.
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