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Abstract; To clone the manganese peroxidase gene Ps-mnp1l from Pleurotus sapidus PSl contributing a lot to the
lignin biodegradation activity is important for the analysis of protein structure and functions of MnP and the under-
standing of manganese peroxidase gene function and transcriptional regulation of Pleurotus sapidus. Based on the
analysis of ribosomal rDNA Intenal Transcribed Spacer (ITS) sequences, the classification status of the strain PS1
was defined. Ps-mnpl was cloned by using the methods of Genome Walking-PCR and Reverse transcription-PCR
with primers designed from some white-rot fungi which contains the conserved sequences of the known manganese

peroxidase genes (GenBank No. KP189358.1), We used a variety of modern bioinformatics technology softwares to
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clone the manganese peroxidase gene and analyze the protein structure of Ps-mnp1l. For example, after the cloning
full length DNA sequence of genome walking method, prediction of the full cDNA sequence of manganese peroxidase
gene by using contigexpress splicing software; comparison the DNA and ¢DNA nucleotide sequences alignment analy-
sis by using BioEdit software; prediction the RNA splice site through Augustus website, following the comparison
and correction of Ps-mnp1 sequences by using the the NCBI database; understanding the compositions of the intron
and exon by using online software Gene Structure Display Server contrast of white rot fungus manganese peroxidase
gene. The results obtained in the sequence analysis of Ps-mnp1 from Pleurotus sapidus indicated that the {ull length
of the DNA was 1 854 bp containing 14 exons and 13 introns. Meanwhile, exons and introns composition analysis of
the genes Ps-mnp1 from Pleurotus sapidus, compared to other white-rot fungi manganese peroxidase genes, sug-
gested that P. ostreatus and P. sapidus belonged to the same genus Pleurotus, but the manganese peroxidase gene
structures between them were entirely different. The Ps-mnp1 gene included a signal peptide of 20 amino acids and
held Open Reading Frame of 1 095 bp, with start codon ATG and stop codon TAA ,encoding 364 amino acids. The
results of protein phylogenetic analysis by MEGA 5.1 software revealed that Ps-mnpl and 6 strains of white rot fun-
gus protein clustered on short branches MnPs, and differentiated 5 long branches of MnPs group formed by disulphide
bond. In addition, the 3D structures of Ps-mnpl were built using homology modelling technique, and the results
showed that the binding sites of the protein ligand included 1 Fe heme,2 Ca ions and 1 Mn(II),and the those sites
were non-conservation, The results also suggested that the modelling similarity was 72.51% compared with P, eryn-

gii VPs, This paper could establish the basis of the study in the structure and function of the Ps-nmpl. It is further
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helpful to offer reference on the variation of protein engineering of the Ps-mnpl.
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AT REMATREES SEYREME, L 5 KA
BATA g B 0 T2 %, 4id | ALY B (MnPs)
F R AE S B FL B (Ceriporiopsis subver-
mispora) B £ W] 47 b 11 F B MnPs [ T. B8
(Urzta et al.,1995;Ryu et al.,2013), MHEEHRE
FHAFH ] (Basidiomycota) . BE %5 H (Agaricales)
¥ B Fl ( Pleurotaceae), fil B & 1 % 1 fil H
(Pleurotus sapidus) » X & A1HTH 4 B ZHRME,
H—KE N R BRI Z AEA R A AN ER AR
J@EBE (Thorn et al.,2000), ZEEBNM KK ERF
HENFAYRZH Y E L RER R F5E,2012;
TR E%,2006)  LHRESHIERFZ0, ¥ HH
FHRAERIE A,

F1 & B (White rot fungi) 43 #9 B 41 % % K FR
RARAGRE S Y B (MnPs) 5F, & 6 5558 8
(Laccases ) fl A Bt & i & & ¥ B ( Lignin
peroxidases/LiPs) fl £ T §8 1 & 1L ¥ B§ ( Versatile
peroxidases /VPs) % (E % HF%,2014), | F AR
R AR B U RIVE 8 1 8 X K R R B TR GR
HIREARBE ST . 1B MnPs 7ERRfE R TR E WIER R

SMVEARIE B S P R E T X EEE M (Nou-
siainen et al.,2014) . Janusza et al.(2013) FIWF 5
SEEL T EB MnP, Laccase #1 LiP 3 [ I gk fn i
ik #. Cohen et al.(2001) #F 5% 7 F %5 Ml B
(P. ostreatus) KR Z MM EEH MnP 1 VPs 32
Mn®" BIRZ 0, 43 A7 T B A A B3 B R M AR SROK
. Ruiz-Duenas ef al.(1999) BIBF 55 7ok T % M)
B (P, eryngii )MnPL1 f1 MnPL2 W 1T B2 f1E &
¥ 5, B T B H R MoPL1 Al MnPL2 B4 T4
R, 5K &R E ¥ 5 W (Phanerochaete chry-
sosporium) LiP(Du et al.,1992) fll P. chrysospo-
rium MnP(Johnson et al.,1994) #E4T R R &E&, B
AT ARERGEEBZEZNHEAER . SHME
EMRBEA = EAEY, BT, X T EBME MnP1
B R T RN R A A 0 T 8 R DL AR GE
M EJ& T Fp A R & R [E] MnPs B§REHF EGHEE
ER HEXMEFERSHEBARZAEMEX
RAERHFH# AR,

AEERFE T ZAME PST EHKE Ps-mnpl
FEDIFHAT T EBA T REE M AR RS L
WM, JEE R L, @8 T Ps-mnpl lEAE
HR = HEMER, KR ERNS @I Ps
mnpl & H B DI REIZ ML T BB S A .
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1.1 W RR

e 70 BB #k PS1 (Pleurotus sapidus PS1),
Wy B VAT b4 A ) B 5T BT L B AR 8 T 2 PR U 9l 2 B
MR EERMAEYERE.
1.2 E £ k%l & % DNA FE

PIBCE M E R E R 5 mm® B /p 3 ¥
B2 M TE D2 (PDA) I B F I 55 % 5 A e ik
fToissR,24 CRENFSd AL FHLETE
KBEFMBS%, WREE LGN EEHLHA TR
F 4 DNA W H, kK B TIANGEN 2 7 # DNA
HEHEARBUAF &R B DNA.
1.3 EMME ITS FFly i

KA AR ITS KB 88 H 5 % 1TS1/
ITS4 # 47 PCR M 88 GR AW %, 2006 ; Gardesm
et al.»1993). ITS-PCR K Mk & (50 pL):10 X
PCR Buffer 5 pL,dNTP(2.5 mmol/L)4 pL,ITS1-
F FI ITS4-R 5|4 (10 pmol « L)% 1 pL, rTaq
DNA B&EF(G5 U p171)0.25 pL B4 DNA 1 L,
ddH,O #M3 37.75 uL. PCR ¢ #BFINF .94 C
A 5 min, 94 ‘CEEHE 30 5,56 CiR K 455,72 C
FEMH 2 min, 3t 30 MEK, 72 “CHEfH 10 min, PCR
T YE 1.2 Y W3 Re 88 B B i Dk AT R, 0F
G k7B ol b 22 4
1.4 287N E Ps-mnpl HEEEE

IE GenBank " F & H MnPs {57 53 % 1t
S AT PCR Y 1, 137514 PS1-F 2k 5'-CGCT-
TGACATTCCACGACGCTAT-3', F ¢ 514 PSI-
R & 5-GATCGGCTGCAGCGATCGTGTG-3',
FI R & 43 HI SR BCSR 7 00 B A B (40 5 DNA
RNA, DL BUR % 2 H 4 DNA #il & #2515 10
cDNA HH#i##4T Ps-mnpl DNA 5 cDNA JF51 i1
PCR " #, Ps-mnpl 3P cDNA &K ¥ 51 F Ji 7
3 F (RT-PCRYIAF & ; Ps-mnpl #F DNA
KT, k6 KL B % (Genome Walking-
PCROVHEHMMEFIN(RBF%,2012, 2%
R BT R R B o TR R —Fp ok, RIBEM R
Wit 5 X 3 X I = & 51, ik bR
23 =REX PCR W AR IR KM B
BERC B B R BRI F 5, DL B BAR SR E B R,
2 &R UL P e T AR R AR P H 4T .
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TESLE Ps-mnpl BN I HE OS5 H, R
MZMmAREYE B ¥ ARG A,2013; Yang et
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B cDNA 2 J3 515 f Al BioEdit 43§ 8¢ 4 Xt
DNA #l cDNA BHBRFF S X 8id RNA B #7
HORETF/4N 8 F) Augustus T B 35 Chttp://
augustus,gobics.de/) T A& F s B F WAL B
MR, JF £ NCBI L #E 47 [ R e X 9 8 1E )5 51,
R H ORF Finder J 2 X & W B ORF, 547
WBEETMAIEEDSFMHIEFEAME; RA Gene
Structure Display Server 2.0 ZEXB®AX L ABH
MnPs RN G FRIE FEARST: 5HE
HEBARRREBREBZR G ZR, R N EHE
HERME Ps-mnpl WEHRSZ SR, #FH
SignalP 4.1 Server ¥4 (http://www.cbs.dtu. dk/
services/SignalP/)%t Ps-mnpl KI5 5 B3k 47 7 I
HAMAELR KM SWISS-MODEL $4E FE (http://
swissmodel.expasy.org/) #E4T Rl IR = 4 45 #4) 7T B 48
RV TAE,

2 GR57M
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FRMB R ITS XK PCR ¥ 18 7= 4 20 5 3%
5679 bp W H BT F. ¥ zJF 5 & K 5
GenBank %% 54 KP189359 M4 &4 REH, 1~
31 bp & 18s rDNA # K F%1,32~263 bp AN
(] b X (ITSD) 731, 264 ~421 bp 4 5.8S rDNA 4
W F51,422~619 bp N E FEIFRIX (ITS2) F#5,
620~679 bp & 28S rDNA J£%]. £ GenBank H7,
BBk PS1 5 1 BRE B o B B B 52 32 /Y % LU B
(Pleurotus sapidus )RR S047 EH X R B NEY,
THBZH ITS 75 & & * (query coverage) N
100 %, MUMEIX 99%0 . & 102 DEHRE BLAST [
STEERFW, 5 30 BB M B (P. ostreatus) AN [F)
IR PR RS ITS B EZHER 7% ~99%,
FAIME D 9800~9900 5 53 12 sRERME ;12 #kH
RME(P. nebrodensis) ;7 BB MME-CP. flori-
danus) ;15 FRPIBLNE (P, eryngii) ;4 ¥RIEK F B
(Lepista sordida); 9 %R M B & & ¥ &£ F
(Pleurotus sp.) Fl 5 BR K & 1 F 4tk B9 BB (Un-
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Table 2 Percent identity of amino acid sequences among known Ligninolytic enzymes
Sﬁ% SFR4EB Abbr, 1 2 3 4 5 6 7 8 9 1o 11 12 13 14 15 16 17 18 19 20
cequence
1 Ps-MnP1 58 51 57 63 62 53 53 51 46 51 50 48 54 58 60 50 55 47 41
2 Po-MnP3 43 52 54 52 48 48 46 43 44 44 45 48 77 54 43 56 50 30
3 Le-MnP 2 47 49 47 65 65 64 66 68 68 66 51 45 47 67 45 37 41
4 Tv-MnP 1 66 64 52 52 54 48 54 54 49 51 52 66 51 55 35 43
5 Tv-MnP2 76 50 50 52 45 51 51 44 55 55 8l 50 57 32 33
6 Tv-MnP3 52 52 52 47 49 49 47 49 52 74 49 56 33 70
7 Pc-MnP 1 100 82 70 78 78 72 52 46 50 70 47 49 43
8 Pe-MnP 2 82 70 78 78 72 52 46 50 70 47 49 43
9 Pe-MnP 3 72 76 76 73 53 46 50 74 48 25 50
10 Cs-MnP 1 75 74 92 52 42 44 73 41 28 35
11 Cs-MnP2a 99 75 53 44 50 73 46 33 27
12 Cs-MnP 2b 74 53 44 50 73 47 33 50
13 Cs-MnP 3 52 43 45 73 44 38 44
14 Fm-MnP2 51 51 52 45 36 30
15 G{-MnP 51 45 52 33 44
16 Pr-MnP3 50 56 22 67
17 Ds-MnP1 53 34 34
18 Pc-LiPA 25 37
19 Ty-Lacl 61
20 Tv-Lac2
2 2.6 MBERMNE Ps-mnpl BREKEZEH
o Ridife FIA b3k 20 4~ (B A R R MR B E E T,
% P T,
w85 248 & o B JE7E ClustalX 2.0 BR1F 1647 4 B R 51 52 22 1
Xt ¥ H 45 R A MEGA 5.1 8, R H
Neighbor-Jioning M B E MM E Ps-mnpl BH
ZGEBER. T MnPs.LiP #l Laccases B & &
iR 7 3 2 (8] 3 A5 BE B8 AU 3, B RCIR A 43 S 8 AU TR
BBAAHAEE R REERBE N ZRINEZ X
%, B 3REY, ERME PsMnPl 5 5
Po-MnP3 . Gf-MnP .Pr-MnP3. 3 4~ Tv-MnPs #lI
Pe-LiPA BN —H , WAEARFTERHFAEZMH
4 TRRAERD 8 LB E R B AL MnPs, H4b,
BB 4 B A H 8 B Fm-MnP2, Le-MnP2, Ds-
ke MnP.4 4~ Cs-MnPs.3 4 Pe-MnPs, .41 % 11 B %
Tv,
& % & s a2 5 TS E R KR MnPs h—4 .3 B &3

B 3 FEWMETARCEERSEYEE. BN
AEELEAYEYEOREER

Fig. 3 Phylogenetic tree based on the genetic

distances among protein sequences of MnPs,

LiPs and Laccases from white rot fungus

58 BN H , BARAE T TR — J& B P B BT G
MnP  H K AR B e ZE R IR, 0 58% .

F 8 7 [F] — F Fh MnPs 0 [6] TRGai S A BRS8N
B REE—E. .2 ANZBERE Tv-Lacs
7l T.#8 7% A 9§55 B F MnPs f LiPs A . fE 4 4
BHY, WENEAREARER, . FAEERT O
W 4y WK TR B B8 R 5L h MnPs, LiP F
Laccases Z MR EHEE . ML ABER T RE, &
HWEEEREHE 3 D Pe-MnPs fil Pc-LiPA ; ZR G 2 5
34 Tv-MnPs fll 2 > Tv-Lacs [l TEREH ZMH], &
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