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B E:Be NEAN TR E PAS0 Kk CYP5150AW6 3N /E 8 5 5538 Sanghuangporus baumii R & WIEH FIThEE
Bk RH PCR #iAR3k4E H R cDNA FoleK, B AEYE BRI o i i 2 2R 7 51 R R E A
W7 R R R AR R IEE & PCR ARG HAFR R M BRI . ER BRI PwERBIEFEFT
TR BEAE Copen reading frame, ORF) J¥FI4x1K 1758 bp, 4wl 585 MNEIERE, X 7 FJi =N 66 080, Z[H FR P450 442
&N CYPS1504AW6; BEIEX TR CYP5150AW6 & AN R E B, WA EM B8 CYPS150AW6 & [ 7E4
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W, FFHAETFSAM BOA IR, W ZEFE TR SR D RENAEK KGR, it BIEX CYP51504Ws FEFEY%E
EL5HT, N SR ZERE RS FZFAKEE R R T E SRt T Hin k.
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Cloning and expression analysis of CYP51504AW6 gene of cytochrome P450 family
in Sanghuangporus baumii
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Abstract: Objective To explore the function of CYP51504AW6 gene of cytochrome P450 family in the regulation of growth and
development of Sanghuangporus baumii. Methods The full-length cDNA sequence of target gene was obtained by PCR, and the amino
acid sequence was analyzed by bioinformatics online software. Prokaryotic expression vectors were constructed by homologous
recombination. The gqRT-PCR technology was used to analyze the expression characteristics in different developmental stages. Results The
total length of the P450 gene (ORF) was 1758 bp, encoding 585 amino acids with a relative molecular weight of 66 080, and it was named
CYP51504W6 by P450 international naming committee. The prediction of the transmembrane region showed that CYP5150AW6 protein did
not have a transmembrane structure. Subcellular localization showed that CYPS5150AW6 was modified and synthesized in cytoplasm and
mitochondria. Phylogenetic analysis showed that CYP5150AW6 protein was closely related to CYP5150L8 protein of Ganoderma lucidum,
which was in accord with the principle of species classification. SDS-PAGE results confirmed the presence of target protein bands between
75 000—100 000 (containing 20 000 of the labeled protein), indicating that the obtained gene could successfully express the protein.
According to the results of qRT-PCR analysis, the transcript level of CYP51504W6 gene increased gradually from mycelium stage to fruiting
body stage, and reached the highest level in fruiting body stage, indicating that this gene may be related to the growth and development of S.
baumii. Conclusion Through the identification and analysis of CYP51504W6 gene, it provides a theoretical basis for further study of the
function of CYP51504W6 gene in the regulation of growth and development of S. baumii.
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W. Zhou & Y. C. Dai AWFFIX G did o B 55
# CYP450 I CYPS150AW6 3EIR, Fxf Hidk4r
UG BT UL A FIR & B B R R R A KCF
ST, EENRLD ST CYP4S0 FE K DR ITT T,

[FJ I gk — B 7 12 3 DRI 2 5 S s AR R Y
1 I B2 Atk

1 RS

1.1 R

BRI I Y A T AR 28 5 SR A DL10T (&
54 KP974834) KT E. coli TCFERFk DHS50
KIS PR BL21 (DE3) Al i% R iA /A& pET-32a (+)
ORI T ZRAE AR R S AR R 2 B S =
1.2 R

QuickCut EcoR 1. QuickCut Hind 111, PremixTaq
. TB Green™ Premix Ex Taq™ II ( Tl
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Table 1 Primer sequences and predicted fragment size

EIEZEZ S M3 (5°-37) T v B K /Mbp
CYP51504W6-F1 (PCR) AAACGGCCAATGGAATTGTCTA 1800
CYP5150AW6-R1 TGTGTCACAACTTCTCCTCGAGTG
CYP5150AW6-F2 (PCR) TATCGGATCCGAATTCATGGAATTGTCTACCGCCGGG 1790
CYP5150AW6-R2 GTGCGGCCGCAAGCTTTCACAACTTCTCCTCGAGTGC
pET-32a-F (RT-PCR) TAATACGACTCACTATAGGG 712
pET-32a-R GCTAGTTATTGCTCAGCGG
CYP51504W6-F3 (qRT-PCR) CACTCGGGGACCATCACCGCAAACA 155
CYP5150AW6-R3 GTCAAACTCCTTCGTCCCACCTCGC
a-tubulin-F (qQRT-PCR) CCAGCAAGCGTTACCGATT 129
a-tubulin-R TCCACGACGTCCATCGTTC

T RIS FoR RIS

The underlined part represents the homologous arm
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3 ER59%H
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DIR DR EHEZE RNA REFERE cDNA
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1 CYP51504W6 E[E PCR £5R
Fig. 1 PCR results of CYP5150AW6 gene
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KIFEFF &7 1 > 1758 bp [ ORF, #4ifd 585 Nt (KR 0.5%, AN THRER 66 080, 01N
g (K2), HA P50 BBEIER PLNO3195 fR5FEERIER. CaoaHar10Ns000s41S20, SR FEECH 9367, HILEHT
(/9 3). ProtParam #AHTEEREIH, CYPSISOAW6 4 9.02, SE/KMEREFHMEZ-0.136, AMaE RECNZ
EAP AR S B 11.3%, PIER & ER 3852, Ui CYP5S150AW6 &K Erfae A

1 ATERA AT TETCT ACCE DD TTT CTCACTARA TAT AR EA TRC TCET TCT ET ETCOC CE TTIC TAGC ARA TT ARACR ACRAEC ACCCT TR TARCCCATT CIC
M E L ST 22¢€ FLTEKTYHEKMLV YLOCGCPHRS S BL N ¥ S TLVZLZLHES

101 TCTCECRECACAACETCACEACTATEACACT ACTICARECCTTET TEECT AT CTTOE GACTA TR TC TEATT ARG 0E CTACT TCETACT TAGET CTACEAT
L ¥ Q HN¥ VTTMHMTLTULOQZ?2ULULZBZ2TITFZG®LTYULTIUHKEBERTYTFUWVLHERZETT

201 TTTCECCAATATCCCTEET 0 TOCEAGEECT T ETE 0 TE AAA GEAT ATT TC AGE CA S TCT TOAR TOR AR A0S ST TEGARET TOC ACCATEARC TCETT
R N I P & P P B AR S WL KOG Y FB Q V FHNBNCGEWUEKTFEFHHEHETLTV

301 GREARATACEERAGCETEETT AEEET 0 OCATEECT TT TEECT AT GA BEATC TET AT GO CRC G5 AT COT CT FEC CT TACAC TATAT TATT GTC AR GEATC
E K Y& 8 VVEV PMZBREFETYEDTLTYTYZESRTUDUPTLZERLEHETTITIWVYESTD

401 ARTACATCTATGARGARRCTAGTECATT TATCACAT CARADRETCTE ARATT TRECA CCRABC CTTC TTT CT ACACT O5 8GE AC CAT CACCBCA RRCRAEDE
Qg ¥ I YEET S R FITSEHOELIETFOETUSELILZSETTLUGSEDDHESRIEUSQgHE

501 ARAEATECTCARTCOCETETTCTC IO TEAGECATAT BB EAC CT AC TOCCA GTC TT CARTT OF AT TRC TC ATEAE CT ACE TEATE CACT AMEC CE A CRE
KE M L N PV F & LB HMPBRDLTILZPUWVTE FUENSTIOZZEHETLERETDZERZTLUZRZEDQ Q

601 ECECEAEETEEEACERREERETTT GACE TTA TECACTE GO TTT CC 06 AEC AG CTC TG GAETT TA TC BEECA GEE 05 GCTTCEE ATR TE COTITEA TEC0T
B R & 6T KEFDVMHENWILSZRBAZRRLETFTTIGSQOEESE&F &Y ABTF DR

701 TTCECERCE ARG AR B EAT CARAT AT S TR AT ATE TE AR GAR AR T SRR DT GAC ST TT TTIC AR GA CRC TC TTIT CT ACETC AR TITCT IO CTT S5 6T 6T
L BDEEZ RTUETYO®E®EER TV EEKTIOU® ®E?E?TT FEFTEH RKTTLTETLUBI®QTFEFTLTZTE?HWVTWV

801 ERACATCEETTC TCCATCATT TOR IO G ARG ET GET AE AR TOR AT 00 CAT T ARR AT CE TR AGER ETCCT TRE AR ET CAC AR ATT TT CT TTATAGCCAG
¥ I ¢ 5 P FF R BEYVYVESTIUPSUEKETIVEEZ SFTLEWWVTTDTFEFTLTYS3Q

901 G:'TP.CGP'IGP'I{'TP'ICGP.GP.G)HP)GPTP.G('I'G'IGGPGPG:GGPGP'[GPCP'[GSC!'P)GSPGPP)GITGSP)TGSGSP).GGPTPT(?'IG}.G{'GT'K‘TIC
Y B ERETIXZVE S DD MZBEIETEIETYVTGEGMOEET DTITLSUVL

1001 TEAARBCCAATATEEC R AR AT AR GA TEACAGAC TACC TERA GG AR GARET TAT TE GACRA CTEA ACACC TTCAT CCTAGOR EET CREE ARACE ACATC
L ER HMZBARZLRLIUENEEDTDZ RLTPETEETYVYTIUG QLU ETTF EFTITLZERZGEQETTS:Z

1101 A AT AT O e EE AT TTECACT TACTT TC TCA AC AT OO GADE TEC A AET OE AT TEA SECA TEA RR TTACT SO EEC CA R AECAGTATEGE ERR
H 2RI R BTULHTUILLSQ HPD V@ FBLERDETITHSRERUBEIEKTETH HTZ®ESE

1201 ToEEATTTCEACTATEATACE CTT AT GG CFT TACCA TACC TTE ACEC TET 6T ETCEC GA GRS B0 TA CECET TTACC CTCCT 6T TICTATCETCAT TOGCA
F D FDY DTULMOZERERLILU®PTYILDXRV CBRETTLZ BRBRTWYTYU®PEPTVSIVIHBE

1301 CPJ‘.CH‘.GGPPK}IK‘G}TWWUUM}TWU}TMC}K‘MG}CEG}P_GP.(TGFGPTP_FP.CGP.GPTJ‘.CCGPTJ‘P}.G}JGP}TJ‘CG}JCGT
E D2 I L PLGBREZRWWPITUL S RDOE ETETIU NETIZPTIETEKUENTHNTUW

1401 GP'KGTI'K‘GPTTP'ITGBS'ICGPJTP@P.GC‘))GP.GG.PITMGSCGP.GPPTGCGGPGSP.GTGSP)P.Ct"lGP.CPGP'lGGTIGPPKCPCT'IWP.G)_GP.GC‘
v # I I & 8% N B S8 KB IWOGEU NRXETEUWETPTDHBRUWILUENEZPTLTPTES

1501 ETeECARAEECACATA TECCT GEAET TTATTOG TCT AT EATEA CT TT TAT M CTEET G5 006 G5 CT TECAT TEE TT TCARA TT CECAC AR ATGCARCTER
¥V A K A HMPEV ¥ & 3 MMTTEFIGEEGEERACI & FEKFPFRALZEMMETL

1601 ARCTCETTTIETCCAT ST ECTORAETT CITCARAT TTEAGOC AEER B0 EA RET 56 AETEE CAER TET CT BEAET AECTRAGACCT ACAC TEARRGETIC
K LYV L 8 MULILETFTFUHKTEFETFPGEELEVEWOQQMS3EYV 2RPTTILEGESES

1701 TeCEEAT AR GEETT CEATECTEC0TT TEARACT TTCAE CACTC GAGE AEARE TIETE &
A D K& 3 ML PLEKVVS ARL1ILETETEKTL?®

2 CYP51504W6 £[E cDNA P52 KR HmBHEERFS!
Fig.2 Complete cDNA and deducted amino acid sequences of CYP51504AW6 gene

1 250 500 750 1000 1250 1500 1760
o ——

RF +1
Specific hits Cypx
Non-specific p450
hits PLNO315
Superfamilies p450 superfamily
List of domain hits o
Mame  Accession Description Interval  E-value
B pd50  pfam00067 Cytochrome P450; Cytochrome P450s are haem-thiolate proteins involved in the oxidative. .. 214-1653 3.01e-29
E:} PLN03195  PLN03195  fatty acid omega-hydroxylase; Provisional 268-1668 3.55¢-26
CypX  COG2124  Cytochrome P450 Secondary metabolites biosynthesis, transport and catabolism. Defense... 952-1731 4.67¢-19

3 CYP5150AW6 & HRILEHIIE 747
Fig.3 Domain analysis of CYPS150AW6 protein

3.2.2 CYP5150AW6 HEHFEMEX /i B 77, XHIIRERI A BA BB R X2, A
REAFUTYI PR AR X IR, 28 a8 AEY-EL T R-EAREEEX BT CYPS150AW6
e4i e, HZHH 20~25 MEUKMEZ IR, 15 EAE TS, SRAE 4, RPEAANR
JIE DX RO 2 4 B — N R A e E S e e A ESIREE .
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Fig. 4 Prediction of transmembrane
CYP5150AW6 protein
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sever HEATAE ST, 45 2R CYPS150AW6 H
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WELSTAGELTEYKALYLCPASSALUNSTILVAKSLSQHNVTTHTLLOALLATFGLYLIKRYFEVIRSTTEAN
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5 CYP5150AW6 ERESKIUNER
Fig.5 Prediction of signal peptide for CYPS150AW6 protein
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Fig. 6 Secondary structure prediction of CYP5150AW6 protein
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3.2.6 CYP5150AW6 & H = 4w Lot Af
F SWISS-MODEL fE£#F % CYP5150AW6 £
H = 4E 45T 10 2 4, Cytochrome P450
3A4 (SMTLID: 4ny4.1.A) AR, 45 5 0
7o

3.2.7 CYP5150AW6 ARG Lo HT M NCBI £ #
JE Pk 55 D 3T CYPS150AW6 R IR 51
A — & [FIEE 40 2R P450 FKIRME LR 751,
i MEGAS.2.2 8 FHI%E CYPS150AW6 & [ &5t
AR 25 R NE 8 B, FrA ) CYP450 FpHE
DA G A () R SR N — Ko 3, BB B A — AN 3L
IR B SUREU N 2 AN/INr 3, BRG24 Kk
SRS AR N3, HERERAN—3. fER
— s, BEFRW CYPSIS0AW6 FHE R
Z CYP5150L8 HEHEA—3L, BHMERLELR
AT ELEG, AR A N 2 LA H . DA
EERTFE YR S E

7 CYP5150AW6 & B I = KA TN
Fig. 7 Prediction of tertiary structure of CYP5150AW6

protein

MR FLTE (KAF8259814.1)

— SEAUME (CAJ00405.1)

— B A HE (KAG1875755.1)
——— BT/ (KAF7294033.1)

K#E (CD033954.1)

—L_ ¥ (AYK39569.1)
——— CYP5150AW6
——— RZ¥ (AVZ44872.1)
METF (NP001077693.1)

— R (CAA96192.1)
E%*ﬁ@rﬁ (XP007866990.1)
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Fig. 8 Phylogenetic analysis of CYP5150AW6

3.3 pET-32a-CYP5150AW6 E4H FhirIiR 15

W LA pET-32a FURLAN CYP51504AW6 H:A]
ORF B4 5, 5% pET-32a-CYP51504AW6 B4 5k,
Pl pET-32a-F. pET-32a-R (£ 1) N5|¥#47 PCR
3k . 25 R IRTE 2000~4000 bp HILEA 2%
W, HIE R BRADA—8 (B 9). P RLIA
B IRIEERE A TN JER 2B 75, 75
G AT 45 AR B EE 41 TR pET-32a-CYPS150AW6 ¥4 %k
I o

54 32 1 M

10 000 bp
7000 bp
4000 bp
2000 bp

1000 bp
500 bp
250 bp

M-Marker 1~5-H {27
M-Marker 1—35- band of target gene

9 FEHFKI pET-32a-CYP51504AW6 PCR #5145 R
Fig. 9 Results of PCR detection for recombinant plasmid
pET-32a-CYP5150AW6

3.4 F|LHEH pET-32a-CYP5150AW6 [FA%FIE 54T

B o s B OIE B oM OE A R ok
pET-32a-CYP5150AW6 % N\ EI Kt i 82 A& 4
BL21 (DE3) J&, FIFHZKEN 1 mmol/L IPTG
SEMAEK AL, SDS-PAGE g frh iR, 7
IPTG 55 2. 4. 6. 8 Ml 10 h J5, HJ7E 75 000~
100 000 REH—FKBE—HMWEAZKW, KDN
86 080 bp (fL7 20 000 bp HIFRZEE ), REA
PRI ERIE SRR K, HEAREEHL
TEEAE (B 100, #E— DUk E 24 R pET-32a-
CYP5150AW6 T Y), Ffpeidd IPTG 5% 8Ll
KIEHHEHMEH.
3.5 CYP51504w6 EFREREBEFRLZBMENR
BRI

RINAF KB B (k. R 7540
(5 D BRI B RNA, E5%193) cDNA, LL
cDNA 1E F#itR, KRH gRT-PCR i A £ il
CYP51504AW6 I IRIE Ko S50 LA 11, ATLA
FE H CYP51504W6 FE R RIS K FAEAF BK B BB
SEIRIR EFES, BHAE TR BOA B &, 2
NIRRT B (BB BCEE 6 RIS 1 12 f%.
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1 2 3 4 5 6 7T M

1.80X10°
1.35X10°

N — — —— 1.00 X< 10°
W 7.50X104
W 6.30X10*

-

4.80X10*
-

350X 104

2.50 X 10*

1-2EAXTR: FikL pET-32a REFSFRIEMEAEH  2~7-Fk
pET-32a-CYP51504W6 %4 1 mmol/L IPTG %55 0. 2. 4. 6. 8. 10
h RIBMEAEENR  M-Marker #ikdiR N HWE A

Lane 1 is the blank control, E. coli BL21 (DE3) harbouring pET-32a
plasmid without IPTG was added; lanes 2—7 are induced at 0, 2, 4,
6, 8, 10 h, respectively, E. coli BL21(DE3) harbouring plasmid
pET-32a-CYP51504W6 with 1 mmol-L™! IPTG was added; lane M is

the protein marker; The arrow indicates the target protein

B 10 SDS-PAGE 734t CYP51504AW6 EREIFSRIALER
Fig. 10 Results of expression of CYP5150AW6 gene by
SDS-PAGE analysis
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B 11 cyYrsis04awe ERAERIREFRABMENER

KF
Fig. 11 Transcript level of CYP51504AW6 gene in S. baumii

at different developmental stages
4 Ve

CYPs TERMAEMFIZNEYIENT ZAFE, HS
HEEARREEA A R SRR, REE
P IIRE, BN RERIEALTRIO), IrsesEsk,
XTT P450 ZRIRBE DR R FURORER 5 L) KA i
M. AL FH PCR iR wHEER T
CYP5150AW6 F#:[K ({14 cDNA 741, 3474015
B2, G5 REH] CYP51504W6 3K B A 523411
ORF; CYP5150AW6 £ [T AT P450 XK IR
SR, A P450 FKREER; CYP5150AW6 5 H A
BHEBBEXAGESK, BT oKkt Es. W
i 7 A 45 R S N B 1 3 A T 40 T RN R R A
SRR RN 2R AR R A . R GuidE
e triEon, B5EE CYPS150AW6 EASRE

CYP5150L8 HHEAN—C, WHMEELELRE
T o HEM T 3588 CYPS150AW6 K B Thfg vl e
RZ CYP5150L8 FKITHAEFIL.

A Sz FE T CYP5SIS04Awes 3R 4K, DL
pET-32a fE R R L&, W T EHK K
pET-32a-CYP51504W6, % N KT BL21 (DE3)
i, JERNE SRR BRE A, OISR R AR
KiIEHEA. FEGEAT TR IPTG 30 &
FKiswIE, SARERAFRGEINEEOREED
WAK. UWIATEFEZRIERG T, HErEKES
CYP5150AW6 2 [RIA =R BB A e, mfE
FAZ RIS A DA SR IR 1 T3 — A 56
iE. ST CYPS1504AW6 FENE R LR EAFKE
B B2 PG, % B0 12 3 IR P 3 7K1 A T
22 [ B BT SEARBY BN B n, BB R R T RS
ROREMAEKKEEEA XK.

HArkEE o RN, i 30 /MK CYPs
RN LI fEEEF, A 8.5 Jifd
CYPs B [FI# KB, 11438 32 4> Clan, 805 > Family,
HIgE 22 A0 27, I FIE AR P450
BT RS SR SRR AN AR, 6 R
A5 EMRERKERIER. EHEYY, &
BEORSECSIBE SR I, “RELLPHEE” TR OfCYP82C4
ERTEABERRREER S, BENREHITIGZR
Wit e . EEEERVRKIHEL CYPT1D V5 Rk R £
R it fEhRERERE, oS5 IAABER. iR
PSR R . TR L B T R
CYP7344s [, MCIERERPFRIAE RS, GBfF
SR EEE (BR) K0, i ERAEKKE,
UeAk, FERLRE TR EE R ArCYP734A41 REEA:
KRKEAHRBY, ERBRGREY CYP450 £ R
Z5EEEKKE R, EAHERE T CT
CYP450 FERWIAF FR B X 5D, HZHEd Tk
HK. EEENA AR I . EREFREHS
KR CYP450 JEH A WARIE . AR5 IE
ORI - e S i | v e T 2
CYP51504W6 RN e 5 R B REMAKKEH
XK, B B R R A FE R VLA Frilt— S5
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