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Abstract: High expression of zearalenone (ZEN) degrading enzyme gene (zlhy-6) in Pichia pastoris strain GS115 was
achieved by codon optimization and multi-copy construction in vitro. The codon-optimized zlhy-6 gene sequence was
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synthesized with the alpha factor signal peptide coding sequence and inserted into the pAO815 plasmid. The expression
plasmid containing 1-6 expression cassettes was constructed by enzyme digestion and transferred into P. pastoris GS115
strain to obtain the ZEN degrading enzyme recombinant strain. The molecular weight of the recombinant protein was
28.9 kDa, which was consistent with the theoretical value. After 3 days of induction fermentation, the protein concentration
reached the highest level and then decreased; the expression level was the highest in the induction culture at pH 5.0 and 4.5,
while the expression level at other pH was very low; the expression level was the highest when 0.8% methanol was added
every day and 10% inoculation was added; the expression level of four-copy transformants was the highest, and the enzyme
activity reached 10 U/mL after 3 days of flask fermentation, The degradation rate of ZEN in 1 g corn ballast was
44.08%-75.51% when 0.1-0.5 mL fermentation supernatant added and hydrolyzed for 24 hours. The results of this study laid a
foundation for improving the industrial fermentation level of ZEN degrading enzyme and its application in eliminating ZEN in

food and feed.
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8.0, FFAEREFR L FE AN i/ B R E & B pH
FEARMRFFAZ) . HERNE (FEEBRSECh
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zlhy-6 E[H$% P. pastoris {65 7104k,
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H (1),

caattgatgagatttccttcaatttttactgcagttttattcgeagceatecteccgeattagetgetccagtecaacactacaacagaagatgaaacggceacaaattccggetgaagetgteatcggttactcagatttagaag
gggatttcgatgttgetgttttgecattttccaacagcacaaataacgggttattgtttataaatactactattgecageattgetgetaaagaagaaggggtatctetcgagaaaagagaggetgaagct ATGAGA
ACTCGTTCCACTATTTCCACTCCTAACGGTATCACCTGGTACTACGAGCAAGAGGGTACTGGTCCAGACGTCGTACTTGTTCCTG
ACGGTTTAGGTGAATGTCAGATGTTCGACAGATCCGTCTCTCAAATCGCAGCTCAGGGTTTCAGAGTCACTACCTTCGACATGCC
AGGTATGTCCAGATCCGTCAAGGCTCCACCTGAGACTTACACTGAAGTAACCGCTCAAAAGCTGGCCTCTTACGTCATTTCCGT
TCTGGACGCTTTGGACATTAAGCACGCTACTGTCTGGGGTTGCTCTTCTGGTGCTAGTACTGTTGTCGCTTTATTGCTCGGCTACC
CTGACAGAATCAGAAACGCTATGTGTCACGAGTTGCCAACCAAGCTTTTGGACCACCTTTCTAATACCGCCGTTTTGGAAGATG
AGGAAATCTCTAAAATCTTGGCTAACGTTATGCTTAACGACGTCTCCGGAGGTTCTGAAGCTTGGCAAGCCATGGGTGACGAAG
TCCACGCCAGATTGCACAAGAATTACCCAGTCTGGGCCAGAGGATACCCAAGAACTATCCCACCCTCCGCTCCAGTTAAGGACT
TGGAAGCCTTGCGTGGTAAGCCATTAGACTGGACCGTTGGTGCTGCTACTCCAACCGAATCCTTCTTCGACAACATCGTTACTGC
CACCAAGGCTGGTGTTAACATCGGTCTGTTGCCAGGTATGCACTTTCCATACGTCTCCCACCCAGACGTCTTCGCCAAATACGTT
GTCGAGTTCACGCAGAAGTACTTGTAAgaattc

1 zlhy-6 ERILFEF
Fig. 1 The optimized gene zlhy-6. The capitals: the optimized gene zlhy-6; the lowercase letters: the gene of o signal peptide.
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6 ¥ Dl F ka5l 7.8 kb, 8.8 kb, 11.1 kb,
15.8 kb, 20.5 kb, 2 BamH [ b b vk &5 B an &l 2A
Fion, BE¥E UUEC B i 4y TR i, Bgl 11/
BamH [ XUEFLILSRANE 2B fias, 135 Dok =4
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B 2 ¥Rk KB BIKSHTE

Fig. 2 Analysis of constructed plasmids with restriction
endonucleases. (A) Hydrolyzed by BamH I . (B) Hydrolyzed
by Bgl II/BamH II. M: DNA marker; 1: pAO815; 2-5:
pAO-a-zlhy-6, pAO-(a-zlhy-6),, pAO-(a-zlhy-6),, pAO-
(a-zlhy-6)g; arrow: expression cassettes.

A B

kDa M123456 kDa M123456
80— 80—
60— 60—
40— 40—
30— = 30— =
20— ~ 20— -
12—= 12—
C D
kDa M123456 kDa M123456
80— -~ 80— =
60— = 60—
40— = 40— =
30— = -—— 30— =
20— = 20— =
12— 12—=

B3 HHESGHTFIE

Fig. 3 Selection of recombinant GS115 transformants.
(A-D) Harboring pAO-a-zlhy-6, pAO-(a-zlhy-6),,
pAO-(a-zlhy-6),, pAO-(a-zlhy-6)¢. M: protein marker;
1. transformant with pAO815; 2-6: fermentation for
1-5 days.
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Fig. 4 Effect of gene copies on protein expression level. (A) SDS-PAGE of supernatant of transformant haboring
different gene copies. (B) Gray value of protein band. 1-4: pAO-a-zlhy-6, pAO-(a-zlhy-6),, pAO-(a-zlhy-6),,

pAO-(a-zlhy-6)s.
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Fig. 5 Expression time-course of protein in P. pastoris. (A) SDS-PAGE of supernatant of transformant. (B) Gray value
of protein band. M: protein marker; ck: pAO815; 1-5: fermentation for 1-5 days.
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pH Methanol added (%) Inoculation amount (%)
kDa M 3.03.5404550556.06570 kDa M 06 08 1.0 1.2 1.6 2 4 6 8 10 M kDa
- = —80

80— = |

80— 60— - w0

o 40— 8

40— o]
30—

30— — 20

12—

El6 pH. FERMEREMHENEAREENTIT

Fig. 6 Effect of pH, methanol and inoculation amount on protein expression.

2.8 ABEEi& ZEN PEFETEM

HA R AR A S SIEFR 3 .d, 1 #0L1,
2 ¥501. 4 81, 6 ¥ IILT KB LI ZEN
R G5 3.0, 6.0, 10, 6.0 U/mL, %5%
HEALFRE AR 0 (B 4). B A
LR RN 1 h IR ZE H ZEN B#fR 99%L) |, izs
JRE X B B R ) & BEOIG ZEN FEf (& 7)o X
eSS R I T S PRI, 76 1 mL SRR
FRYNIN 980 L IS (ZEN &% 20 pg/mL), Jx
I 2 h ZEN B Rfig s fEARIR 250, AR 2
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R, FRWIASI 5T P b i i) 22 98 DL BRI Pk ke I TR
B V242 1 19 8 OV 49 15
29 ER#EH ZEN RIFERE

AN/ Bl SRR S S 00 1 £ GRLR
W TR . A PRAGSE . (HJE ZEN RS R 76 & 5 1
RErb R GE R D DR AR R 50 F i & I
XIfr ZEN (2 mglkg) ) FEKIESETTACEE, ¥
FILAE AL P A B AR ABOR . FOKAE P B 9 TS
B 0.1, 0.2 105 mL/g, 45%4nE 8 fr
N, BEEBIIER , KA T ZEN 3 g dikEAR,
JEHT 6 h FEARHCRECIL, 6 h DL R R T
V-G o TR )TN N A R A RS R, R AR
M, CYEEAANE D 0.1 mL/g I, 2N 6 h,
ZEN MIREfR AR 14.28%, J2 )% 24 h J5, ZEN
(R % 44.08% . S H AR N>l 0.5 mL/g B,
AbBE 6 h, ZEN FIREfRENIA S 64.29%, 4L BE 24 h,

http://journals.im.ac.cn/cjbcn

30

o: CK
A: Treated with supernatant
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B 7 FHEEXRELFRER ZEN FE#Z
Fig. 7 Time course of ZEN hydrolyzed by recombinant
enzyme.

110r m: 0.1 mL supernatant/g

100} o: 0.2 mL supernatant/g
A: 0.5 mL supernatant/g
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70F
60F
50t
401
30f
20—t .
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8 E K ZEN PEARAET 8] 32
Fig. 8 Time course of ZEN in corn hydrolyzed by
recombinant enzyme.
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TR ZEN BIREFRERA 75.51%, HdEFRA,
X FORE P ZEN A 50T I R AR

3 %%

NSV 0 i o N =l 3 e S S |
zlhy-6 Fi¢ R B AR BR300 FOm dr kb T Ak, 5
o155 IR A 7 9 8 A5 B, JFH pAO815 itk
MEE T 248 DR IR A, B H i A BE R R
GS115 Ptk , /15 ZEN ARG = 205 i 2 IR 4
. EAE NS T 28.9kDa, SHLISE—5,
FEHWHEFERE3d, EIIWIKERRS, ZFT
F%; 76 pH 5.0, 4.5 2AF M A SRR, Rk mim,
HoAl pH Rk EARD s FERUSIN 0.8% A I BE . %
Pt 10%REK i 4 BN FEAR
KK, K 3d, BEEPESE] 10 U/mL, 24
JESCHR 1514 IE 1 49 £% 7E 1 g F KA H A 0.1-
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44.08%-75.51%.
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- B Filg 4 O B T — o A, R A TR
&M FR R ZEN It —E Mg S %, A
=, ZEEGEER pH b 8.5, fRidE RN IR E K
37 CV e A pH — R e g R
HALER R pH L, LA, ZBEATI, 724
77 RN B S Pk s B A, LA, A AR AT —
EFE, WE SR Emitfl . e s A |
WEIEARAE A S 2% WFAF 5 1k R IR Y il pH L 2
E R P EE, NTGERE R PE R, 2k ZEN
R f e &0 . DR A A
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