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Abstract: [Objective] The aim of our study is to improve Coprinus cinereus peroxidase (CIP) for
textile dyes decolorization. [Methods] We synthesized CIPmt4, a CIP gene with Pichia pastori
codon bias and 4 amino acid substitutions (I49S, V53A, M166F and M242I), using our gene
synthesis and site-specific mutagenesis platform. Then, we carried out random mutagenesis using
CIPmt4 as template, after three rounds of error-prone PCR and high-throughput screening by
assaying enzymatic activity toward 2,2'-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid ABTS), we
obtained a mutant (CIPmt5) with improved enzymatic activity. Furthermore, we built the
3-dimensional model of CIPmt5 and wild type CIP using Swiss-model software, analyzed their
thermostability using molecular dynamics simulation and investigated the decolorization ability of
CIPmt5 and wild-type CIP for 7 textile dyes (Congo red, Amino black, Methyl orange, Methylene
blue, Aniline blue, Bromophenol blue and Crystal violet) subsequently. [Results] Sequence analysis
revealed that 5 amino acid substitutions (I149S, V53A, T121A, M166F and Y272F) were
accumulated in CIPmt5. Compared to the wild-type enzyme, the specific activity of CIPmt5 toward
ABTS was increased to 2.01-fold (24.44 U/mg), and its optimal temperature and pH were changed
from 25 °C and 5.0 to 45 °C and 6.5 of the wild-type enzyme, respectively. The optimal
decolorization pH of CIPmt5 shifted toward neutral to alkaline pH except for methylene blue.
[Conclusion] The new variant obtained through directed evolution shows its potential in industrial
application in textile dyes decolorization.

Keywords: Coprinus cinereus peroxidase, Directed evolution, Enzyme properties, Dyes decolorization
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V53A B3] Houborg ~ AGGTGGTAGT-3')  CIP50 (5'-TCCCCGCGGTGG
149S  V53A GGCTGGAGCTAAAGAAGGCAGTG-3")
3] 4 (149S  V53A PCR PCR
MI166F  M2421) CIP 95°C 5min 95°C45s 56°C30s 72°C
1 min 30 72 °C 5 min PCR
PCR pH 1-18-E6 PCR
2-33-H4
CIP 1.4
1 PCR Sac I EcoR 1
11 pPICZo A
L1 GS11S pPICZaA-CIPmt DH10B
DH10B CIP/GS115 pPICZaA-CIPmt
(37 CIP
CIPwt pPICZaA Invitrogen -
1.1.2 DNA
TaKaRa DNA L5
96 (
PCR 1.5 mL BMGY®") 30°C 200 r/min 24 h
Ni-NTA Spin Columns 3 000 r/min 8 min 500 uL
QIAGEN Heal ~BMMYP (8 gL 0.5 g/L
Force Neofuge 15 ( ) ) 29 °C 200 r/min
NanoDrop 2000 24 h 0.5% 5
Thermo Scientific S1000 PCR  iMark pH
Bio-Rad 3
1.2 CIPmt4 3-43-c7
GenBank CIP ( X69457) 5 CIPmt5
49 53 166 242 CIPmt5/GS115
1.6
4 CIP CIPmt5/GS115  CIP/GS115
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1.3 PCR SDS-PAGE
PCR pPICZaA-CIPmt4 NanoDrop 2000 280 nm

CIP1 (5'-GCGAATTCCAAGGTCCTGGCGG

[6=1.597x10* L/(mol-cm)]
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pH 55 35 °C
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pH 6.0 45 °C
3 640 3-34-c7
CIPwt  2.01 (24.44 U/mg) pH
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2.2
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43 kD (D
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9.827 g/L
2.3
2.3.1 pH CIPwt pH 5.0
CIPmt5 pH 6.5
pH 3.5-6.5 pH 75% ( 2A)
CIPwt pHS5.0 2h
pH 4.5-6.5 60%
CIPmt5 pH6.5 4°C 2h
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1 CIPwt CIPmt5 SDS-PAGE

Figure 1 SDS-PAGE analysis of purified recombinant
CIPwt and CIPmtS
M 1

CIPwt.

CIPmt5S 2

Note M: Standard protein molecular mass marker (sizes in

kilodaltons are indicated on the left); 1: Recombinant CIPmt5
purified by Ni-NTA Spin column; 2: Recombinant CIPwt purified
by Ni-NTA Spin column.
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Figure 2 Effect of pH on activity and stability of
recombinant CIPwt and CIPmt5
A pH CIPwt CIPmt5 B pH CIPwt
CIPmt5 3
+1s.

Note: A: Effect of pH on activity of recombinant CIPwt and
CIPmt5; B: Effect of pH on stability of recombinant CIPwt and
CIPmtS; Data points are the average of triplicate measurements,
error bars represent 1 s.
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20°C ( 3A) CIPwt 35°C CIPmt5
35°C CIPmt5 45°C
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Figure 3 Effect of temperature on activity and stability of recombinant CIPwt and CIPmtS
A CIPwt  CIPmt5 B CIPwt  CIPmt5 3
+1s.

Note: A: Effect of temperature on activity of recombinant CIPwt and CIPmt5; B: Effect of temperature on stability of recombinant CIPwt

and CIPmt5; Data points are the average of triplicate measurements, error bars represent £1 .

1 CIPwt CIPmtS
Table 1 Kinetic parameters of CIPwt and CIPmt5

CIPwt CIPmt5

Substrate K Keat Kea/ Kin K Keat Ko/ Kin
(mmol/L) sh (L/(s'mmol)) (mmol/L) ) (L/(s'mmol))

ABTS 62.80+7.77 17.190+0.310 0.274 54.86+5.68 19.75+0.47 0.36
2,6-DMP 711.00+9.40 0.12240.006 1.72x10°* 504.60+36.64 2.10£5.66 4.00x10°
Guaiacol 150.20+3.05 0.200+£0.005 0.001 117.70+15.27 2.5542.43 0.02
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A B
4 Swiss-model CIPwt (A) CIPmt5 (B)
Figure 4 Structural mapping of CIPwt (A) and CIPmt5 (B) 5 CIPwt CIPmtS RMSD

predicted by swiss-model software

Figure 5 RMSD values of CIPwt and CIPmt5

2 CIPwt CIPmt5 pH
Table 2 Comparison of optimal pH and decolorization rate of CIPwt and CIPmtS for dyes
CIPmt5 CIPwt
Dyes
Decolorization rate (%) Optimal pH Decolorization rate (%) Optimal pH

Amino black 42.99+1.39 6.0 35.05+0.86 3.0

Methylene blue 40.34+0.02 3.6 35.08+0.99 5.0

Congo red 31.71£1.99 5.0 26.78+0.81 4.6

Methyl orange 26.84+0.16 7.0 26.31+0.26 3.0

Crystal violet 58.70+0.73 6.6 53.31+0.94 5.0

Aniline blue 68.56+0.62 6.6 65.09+1.63 6.0

Bromophenol blue 92.51+0.73 8.0 23.88+1.14 5.8
3 [35] Swiss-model

149S V53A IX
tRNA
K 49 53 121
[37.39] 3
CIP CIP
Cherry
Cherry cip E239G CIP pH 331
4 E239G
pH 3-26-G5 (149S  V53A MI166F E239G M242]
Y272F) pH 65
Cherry CIP 1.13  (13.74 U/mg) 40 °C
V53A pH
MI166F 149S V353A ( ) E239G
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