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Cloning, characterization and expression of a novel cytochrome P450 genes
PcCYP in Poria cocos
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Abstract: Objective A cytochrome P450 gene sequence related to the growth and development of Poria cocos was screened and
reported to further enrich the understanding of the growth and development of P. cocos. Methods In this study, a cytochorome
P450 gene PcCYP was cloned from P. cocos, and some bioinformatics tools were used to predict the physical and chemical properties
of the protein, as well as the molecular characteristics of the domain; MEGA 5.0 was used to perform multi-sequence alignment and
phylogenetic analysis of amino acids. The gene expression levels at 6d, 8d, and 10d of fermentation were quantified by qRT-PCR.
Results The results showed that two transcripts of PcCYP, PcCYPI and PcCYP2 were founded from P. cocos for the first time.
They were 1590 bp and 1542 bp in length and encoded 529 and 513 amino acids, respectively. Sequence analysis revealed that they
both had a conserved P450 domain, a signal peptide and multiple phosphorylation sites, which secreted unstable hydrophobins;
multiple alignments of amino acid sequences and phylogenetic tree results showed that the PcCYP was similar to CYP502 of the
basidiomycete Coprinopsis cinerea; qPCR results showed that the expression of PcCYP1 is lower than that of PcCYP2, suggesting
that PcCYP2 was the main transcript of PcCYP. Conclusion Hydrophobin PcCYP is closely related to the growth and development
of the fruit body of P. cocos, which lays a foundation for further research on the biological functions of PcCYP in the growth and
development, genetic rule and breeding of P. cocos.
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M3 P4S0 (CYP450) | Z/rAi TAEME
th, R—RKAA AR WA MRS 2 D)
REEIE B ZRY, FES 53R IR
HEM . B AR s A
FACTERIDR, BB TR & — ik 5 e R4 BT 5
R, FEHEARAH 2500 ZF CYPs #iK
W, FEZ5ZH5KR. k. SEEMLEME
W1 IRBACE =W 1 A=W & B 78 BL R AR 245 %
fiff 45 75 T B8 ARV 2 ELBE SR IR B 25 S
WG R, CYP #h VT EEN MG, MR ZR
EHGEET CYPS150L8 AL B iy 3-
¥ 2E T 5-8,24- 1% -26-fk (HLDOA) 191; #&
A HUE R AEM SRR P450 A AL
HelB1. HelB2. HelB4. HelB3 47l fifk C-4B ]
HER B . C-16 Ffb. C-20 HIER LML, C-6
FEALA C-7 FAAENY; BEEHRGHOSIET PaxP i
1t paspaline #{t /9 13-desoxypaxilline!'ll; 7RFEHR A
B R PA50-1 AL NIFEAIRIR A GA1412);
FOREG IS R R Trid LRI E G4
Hi 4 BN N A BT B A =gl sy
R B R INEWA T VIdE. VidG. VidR FL[F{EH
i 4-methyl-fecosterone & demethoxyviridin <
FIAEU4, Bk 4, AL PASO R TSk
PR )% R A b o B A R AR A, o i i R
B 7 VEUE SRR B AR B Valsa mali W] Vmeyp5
BROR A A M R0, JE KRBT R 10
o CYps w FNRIEH M T 482 Antrodia
camphorate L. ¥ SEARTE 00 R 2 5 WoR 77 %
UESE cypAd 5 XAIEESE Agaricus bisporus (Large)
Sing. T SRMIE A REENT, HK T P450 1T
SEARTE R AL (0 B 5 A 4

IR% Poria cocos (Schw.) Wolf % FLE R H
B, M RUERRE A, KR
YE R NAREE 2B A = s K4 G0, (HRT H
2y I Ry LI T P> . 5 — 7, i
IREFIARMIE L = 2GR FT, S EL A 3
Bl FURE N 55 o AR SEI0 5L T B UL AR 25 B A AN
W2 s A ER R R Z R RIEK
CYPA450 85 RE R  AKFFHORISHEN ), ek
HUT PcCYP1 VLS EREPE B V1K PcCYP2 FIFF I
HEK R, Itk B i S5 R e AN D) REEAT
W15 M, CAAE— RN FE PcCYP BRI
D REBEE HE T

1 MRI5EE

1.1 #8

1.1.1 BHRFFRL K% P cocos (Schw.) Wolf B
Pk GIMS5.29 WL RN KIGHAT 1 Bk
DH5a W F _E gt A i R IR A .

1.1.2 EEAIA4LRF PC82-2X A8 FastHiFi PCR
MasterMix. Zero Blunt Quick Ligation Kit 3115 F 1t
O ESRAY R AR A ; RNAiso Plus 71
H Ki% TaKaRa A #; RevertAid™ 55—t cDNA
A AR 7 W H Thermo Scientific 24 & ;  Gel
Extraction Kit 14 H It A2 EMRR AR A
A, PCR 5IW& BT 51 € s SR A Y+
REBRA T TE MK HARARF L itk O s [= 745
Mt

1.2 Y&

DHP350 A i 55 77 46 Col B B2 R &
A]), HNYC-1102CD BHRGHEIR CREBERE A R
AW, DL-CJ-2N B TAE G (JERARBERG /K
BIRAFD, BRI EKE dbs—4Y
RHEEBRA R, CFX Connect %t %E £ PCR 1% .
MyCycler ¥ PCR 1% #tRHE RS (£ H Bio-
Rad /A %)), NanoDrop (3£ Thermo Fisher 2
A, K GRINERHEIRAFD, Kt (Lifg
—HARAFD, BHFRVH pH it (EEEZE
DD, BOHL (3EE Bio-Rad AF]), —80 CHEAK
HUKFE ChREZEERR A,

2 7k
21 IEFEMBEFREG

LB. PDA Fll PDB ¥:FRIEHC 2% (HF 1%
SETRS B 2 BOY. RERIIEK 4 CRAF, #
FiT PDA “PARIGFRIEE ERJIRERRAE 28 C T HE
7%, M T PDB WARGFREETHIAE 28 C. 150
v/min F&fF FEEFE. KA DHSo #6807 LB 3537
FAE 37 CTHZR.

2.2 RNA $2BUX ¢DNA &%

WHETE PDA PR B35 7 d IR 2, 1E
R VR I 78 0 W B R 5 8 TaKaRa 23 7] (1)
RNAiso Plus X772 HL RNA, $2EU7:5 2 10
P47, FHHEH RevertAid™ &5 1 4% cDNA &1
WA GRS 1 4% cDNA. 13 cDNA 8 W E
J5—20 CLRAF# .

2.3 PcCYP HEHAMTE
AR E IR E A S B Chttps/www.
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ncbi.nlm.nih.gov/nuccore/469660165? report= genbank )

AR A 3 s AR N e 485 R i ade th R AR5 T 22 F T
A RAKE Bz R RISN) CYP450 FEH, ik H
Hh— 2B PeCYP, RIEH CDS FHI T AR
S 519 PcCYP-F1 1 PcCYP-R1 (3% 1), DA
cDNA AR AE H PR LA AT S 19 . PCR M
& %M 25 uL 2 X A8 PCR MasterMix, 1 uL PcCYP-
F1 (10 pmol/L), 1 uL PcCYP-R1 (10 pmol/L), 1
pL cDNA, s 4&FL 50uL. PCR N FEFF A :

95 CHiAME 5 min; 95 CAEME 15 s, 58 ‘CiBk
30s, 72 CZEfH 1 min, 32 MEHR; 72 CLEM 10
min. PCR “M% 1%35 e HESEER KR 5,
Fra H B RN 5 #EAT VIR Bl . [Rlis ™= 5
pZERO-Blunt “VARIm#EAESE, W2 DHSa K
B RZAAML, JHRMTEH 50 pg/mL 2R
AEM LB [FEERFRIE L, 78 37 CHIRFRM
7% 16 ho POk pE T HRTE PCR %€, FHVEREE
12 F I SRAIE o

x=1 51955
Table 1 Sequences of primers
PAS FHl (53" FEHIRMbp

PcCYP-F1 ATGGATCGTATTACGGTCTTTCTTCT 1590
PcCYP-R1 TCAACCAATGACGTCGCGAGTGG

PcCYP-F2 ATGAGGGATATCGGATTCCAGCG 150
PcCYP-R2 GGACTAAACGTCTCTGGCTCAGGG

PcCYPI-F CGTTGTGGCACAGTGGTTC 156
PcCYP1-R CCTGCTGTTATTTGAGCGCT

PcCYP2-F TTGAGAAAGAGTGGCGGGTC 151

PcCYP2-F CGATCAGAGTAGTTCGCGCT

2.4 PcCYP EEMFS R A G HH 1T

IR 2 TP E S5 /5 NCBI B N8R
YIFhY CYP450s S AEIRT ¥l 5 AHT 7 v FEAS 21
PcCYPs ZAZERTHILLXT, KA MEGA #fFHgg
R (neighbor-joining, NJ), bootstrap 15
BN 1000 K20,

=2 TEEEMAMEEE P450 INEESE KR NCBI R

Table 2 Functional information and NCBI accession number of different fungal cytochrome P450

i % A 315 g B i)
BB EEL] S, cerevisiae CYP51A1 NP 011871.1 KBk Fusarium graminearum tril AAQ02672.1
CYP61 P54781.1 trill BAC22120.1
5% Aspergillus nidulans CYP53A3 AAL10516.1 tri4 AAK53584.1
ppoC AAT36614.1 B8 JJ& Fusarium sporotrichioides  trid(CYPS8) AAB72032.1
PpoA AAR88626.1 AR JJE Fusarium oxysporum fum6 ACBI12553.1
ahbB AAR15377.1 CYP505  BAA82526.1
CYP60A2 AAC49196.1 CYP55A1  P23295.2
CYP62 AAC49192.1 LRI Myrothecium roridum trid AAC49958.1
CYP504 CAB43093.1 K RIRIRE Leptosphaeria maculans sirB AAS92544.1
CYP504B ABB20530.1 sirC AAS92547.1
CYP62 XP_681093.1 sirE AAS92549.1
WS R Alternaria brassicicola orfl BAI52800.1 &% Penicillium paxilli paxP AAK11528.1
W ME Aspergillus nonius cypA AAS90045.1 paxQ AAK11527.1
% Aspergillus fumigatus CYP3la ACF17705.1 ‘&YW Candida albicans dit2 CAK54651.1
CYP51b AAK73660.1 alk8 CAAT5058.1
glic EDP49542.1 CYP51 ACT21069.2
gliF AAW03300.1 CYP51 XP 716761.1
ftimE BAH23999.1 SRR LR Candida maltosa CYP52 CAA39367.1
ftmC BAH23996.1 CYP52A4  P16141.4
ftmG BAH24001.1 CYP52A3b  AAC60531.1
¥ Aspergillus clavatus CYP619C2 ACG60892.1 I &FKE Candida glabrata CYP61 KTB21909.1
CYP619C3 ACG60891.1 IKE5% 06 Chaetomium chiversii radP ACM42407.1
At & Aspergillus oryzae CYP55A5 BAC01275.1 BN G Streptomyces venezuelae  piKC AAC68886.1
% Aspergillus niger CYP53A1 P17549.1 &% K2 9 115 Nectria haematococca CYP57 AAC01762.1
FhMhE Aspergillus parasiticus aflu Q6UEH4.1 ROR 2 TEERE Trichosporon cutaneum CYP55A4 BAB60855.1
aflQ AAS66031.1 B Gibberella intermedia CYP503A1 Q701P2.1
HISIRE Cryptococeus neoformans CYP51A AAF35366.1 P450-1  CAF31353.1
W 1% Aspergillus flavus CYP51A EED56341.1 IR Gibberella moniliformis fum? AAN74815.2
CYP51B EED50354.1 fRIRHR IREE LR Yarrowia lipolvtica ALK3 BAA31435.1
putative CYP450  AAT65721.1 ALKS BAA31440.1
H R EFHH Phanerochaete chrysosporium CYP51 ACI23621.1 ALK5 BAA31437.1
WK RA Coprinopsis cinereus CYP502 BAA33717.1 R 2 Ganoderma lucidum CYP5150L8 AVZ44872.1
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2.5 PcCYP EEMEREMEREST

K PT3H) PeCYP R 731 A E IR 7 51 [ Y
P b6 %) :  http://www.ncbi.nlm.nih.gov/blast; http://
www.ebi.ac.uk/Tools/clustalw2/index.html ; PcCYP
BRI gt 3 A BALPE UM ] ExPASy #idfs
( http://www.expasy.ch/tools/pi_tool.htm ) I 17 4
Mr: FAEL T H TMHMM Server 2.0 Chttp:/
www.cbs.dtu.dk/servicess TMHMM/ ) . SignalP 5.0
Server ( http://www.cbs.dtu.dk/services/SignalP/ ) .
TargetP 2.0 Server Chttp://www.cbs.dtu.dk/services/
TargetP/ ) . NetPhos 3.1 Server C http://www.cbs.
dtu.dk/services/NetPhos/) 73l HEAT 8 (i 25 1 [X
Sk, AR E AL . BERRALAL S AT A
CDD ( https://www.ncbi.nlm.nih.gov/Structure/cdd/
wrpsb. cgi) FEAT 5 F 5 IR ST S5 R 0 BT o
2.6 PcCYP ZEEAREHERTREED T

4G PeCYP F:PH s G2 2 A F T4
( PcCYPI . PcCYP2) 73 3| Wit %% ot %€ & 51 W)
PcCYP1-F/PcCYP1-R . PcCYP2-F/PcCYP2-R (%
Do LA his3-1 HHZFEFEEY, FIA] qRT-PCR Ml E
PcCYP SERAN AR ALK KBS TR 64 8. 10
d B LR R A Rk R . XA CFX96 Sk
WfER PCR A (EEHSR AT, qRT-PCR L5
TiiEAE IR HE 20 /2 F] RealSYBR Mixture (15256
VBT, AR 3 IREHE, PeCYPI,
PcCYP2 WIRHX RIE TR A 2728 L AL 22,
3 ER55H
3.1 EF PeCYP ERERIRE

PABESR 7 d BIIRZS B 2 N R R RNA,
MHLIKEEE R (& 1) "% 28 S S fse R
2952 18 S 2 1, KW RNA BA R, 5eBMEE
o, LA T JE EsE .

M 1

1 kb

M-Marker 1-RNA

1 RNA EAGHRIKE
Fig.1 RNA quality detection by gel electrophoresis

PRGN SR SE 245 B R 3REL PcCYP
KW CDS FFAI R R ESI Y, LR SR
cDNA NEMHEATY ., 153 14> 1600 bp LA K
RS, SR 2. BIHKY, WD
PR IGEAAREIEN T, WP R ER PcCYP £
1) CDS A 2 FliFsl, HAEKm 1 &F5KEN
1590 bp, #wtdh 529 NI, M 1 KEHIT
KN 1542 bp, 4 513 NREERR, HIEHEN
PcCYP R W REAEE ML BB o Wik R 5
NCBI H fR % 2 K 20 Chttps:/mycocosm. jgi.doe.
gov/cgi-bin/dispGene Model?db=Wolcol&id= 131022)
HATEEX, KB PcCYP HIEEH 9 MNETA 1
ANHMET, HHE 9 MMNETF ) 48 bp AT REAEAE
EREERY), XIS Ry sy, e
TR AR PeCYP2 (] 3). AT i35
B R BAFAEIE BRI, (R X B B R v
SEVEFIY) PcCYP-F2. PcCYP-R2 (£ 1) #H4TY"
¥, PCR PR 2.5%35 N HE S e vk A i, 45
B 4 fiion. 7E 100 bp A1 150 bp Miiif 2 4%
M, Hop 150 bp B PcCYPI e Fr BU s FE#GES,
i 100 bp ] PcCYP2 KBRS, Kk
IR 1 B B D) AL

M 1

2000 bp

M-Marker 1-PcCYP
2 PcCYP E[H PCR 15749 1% A5 AL A B ik A
Fig. 2 1% Agarose gel electrophoretogram of PcCYP PCR

amplification product
K J&/bp

I T T T T T T T T T T 1
1 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
PcCYP 1 = — - = -

PcCYP 2 -
PR

HNET MNET AT AT YIFF 51 48 bp

3 PcCYP BEELZHIREE
Fig. 3 Structure diagram of PcCYP gene model
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Identification of PcCYP alternative splicing

Fig. 4
fragment by 2.5% Agarose gel electrophoresis

32 PcCYP RZ LB N

N T HEN PeCYPs (5K 3KA R IIRE, AT
MIEFEAAREE P45S0 s R Tk B A FF
HIREMITAM 60 % CYPs &IEMFHI, FHAIH
Clustal. Mega #45 PcCYP GIERRF HI3HAT LLX 43
WA ARG . SR 5 For, SKET
ANEPIFH CYPSI. CYP52. CYP55. CYP53.
CYP503 5435l TN —3, PcCYP 5K A1
Coprinopsis cinerea W eln2 4mi] CYP502 LLHAH
T, RUHEN CYP AIREJE T CYP502 ZCREEA .
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Fig. 5 Phylogenetic analysis tree of PcCYP protein

3.3 PcCYP £¥MEEENR

Sy BIRE PcCYPI Fl PeCYP2 CDS 541, #Hi%45
FIFHMIY 2 KRR T 5. i ExPASY-ProtParam

tool FM AR FAEABALIERT, 45RW%K 3 For,

PcCYP1 H1 PcCYP2 FHX 315t &5l 4 59 568.35 H
57 67534, ZHETHENL, HARERBCT 40
Nk EEE, i 40 NAREEA, TGk
PEE N-2~2, FERZEAIKEEA, EE
FoRNBKYE, B PeCYPL F1 PeCYP2 ¥ A FaE

FAKEH. [, FIFHTEL T H ProtScale TiilEE H—
REER] FRRYE, 458 (B 6) R/ X3 4T

3 PcCYP IB{LMERTUN
Table 3 Predicted physicochemical properties of PcCYP

i fh7 PMER
PcCYPI PcCYP2

ibop il 59 568.35 57675.34
FERIN 529 513
S (pD 6.18 6.04
NFR Ca683H4152N7200767825 C2603H4031N6930740S25
TRERY 41.99 4021
PR —0.156 —0.112
REFRER (AsptGlw) 4> 60 59

TERAREES (ArgtLys) 4> 54 52




2023426 A $54% E 128 Chinese Traditional and Herbal Drugs 2023 June Vol. 54 No. 12 . 3967 »
)
PcCYP1 PcCYP2
4 4 Hphob. / kyte & Doolittle
34 3
1 |
2 ! I | | i r | | [ ..
| |
| i X i Il P 1 111 ; ] 1 1 1
g?_ 1 f| | Il | il Il_ Pl h l.'lr | P’S 'Il i [ II, | |'|. Ay TR L IIr |
=0 | " Wl I fi | '}:I f HI li i |I 'f'!l. I =0 i | | |,"|I .|” ".":.'. FI | J lI o |-"-, /|
,li, I: Illl |1' } Ll ! .1” |! i I ..‘.'I. ' | II:] -1 I| lll i il 'll 'I_[ -|“ ||I | 14 I I | - II.lI
{1 I' uy o ' " iy ‘
L [ I . -2 ' f |
{ | 1 ¥ i
3 -3
0 100 200 300 400 500 0 100 200 300 400 500
7. &5 /bp 137 15/bp
6 PcCYP SEBLER7K M4 T
Fig. 6 Hydrophobicity prediction analysis of amino acid sequence of PcCYP
srRGUE, BRI K, 53R 38R . Cescore
o 5 ke e o S 1.0 + S-
5T KT S5 SRR IAZE 1~17 REBR N ES I (K Y-score
o ERE TSR (B 8) KW PcCYP1 08
PcCYP2 HIESMALE . WalEmms ey &
N = 04
PcCYP1 A1 PcCYP2 BfAAE T AbifArh. hTHEH
N NEA TN 2 0.2
o Bl B A i 8 1 8 DAL e s S e AR 2 1 o ) g g —
TR EEER, SR ER PCYPL Al * L S .
PcCYP2 ¥fFAEZ IR AL 5, Forh PeCYPL 1 0 10 20 30 40 50 60 70

EHAR (T) 123N 2%, (S) i 22
AL BRERR (Y) B4 11 A 1 PeCYP2 FEHH
TS 48 bp, BT AT B BERRALAL s ELFE D5 2R
(T) £S5 23 A 2%/ (S) fif 19 4~ BREIR
(YY) £745 10 A (B 9). fRSFEEMI T 10
flizn, PcCYP1 %5 295~473 fifl PcCYP2 [
295~457 (WRAIEFRE CYP450 5 E A %Al
L, JBT CypX ZIORSFIEEH. 4k, PcCYPI,
PcCYP2 ¥J5 pfam00067. PTZ00404 EA5#B4 4
U A, T T PR B V) R 78I 53 kS

PcCYP1
1.2y .

1.0}

0.8}

g 0.6

{7 55/bp

E 7 PcCYP ERESHTN
Fig. 7 Signal peptide prediction of PcCYP protein

Hff) CYP450 (TIGR04538) E A ML . Btk
SEE UL 45 BHEN PcCYP1 F1 PcCYP2 &t A [F] )
BN T7 SRR A (R  o] R 2 5 B 2R A ]
(PR LR
3.4 PcCYPI 1 PcCYP2 BYFRIES R

SRR PeCYPI Al PeCYP2 3K ¥t 2 % 5]
Wit 4798 )6 8 PCR, T PcCYPI Lt PcCYP2 #%

0.4}
oizﬁ T 711
O R — —— e

0

00

100 200 300 400 5
{7 ./bp
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1.2

1.0}

0.8}

3 06
=

04

0 100 200 300 400 500
7 f5/bp
outside

El8 PcCYP ZEHEREHE TN

Fig. 8 Transmembrane structure prediction of PcCYP protein.
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Fig. 9 Prediction of phosphorylation sites of PcCYP
PcCYPI l e T
seq
Specific hit CupX
Mor-specific P50
hi PT200404
Superfanilie: p450 superfamily
Name Interval
i+ p450 AT are haem-Tiolate protewns involved in the oxidative 42504 9 18«55
MHPTZD0S04 FTZN0S 53510 42540
i CypX metaboines beosynthesis Tansport and cataboitsm. Defense 205473 7.71e-17
PcCYP2
Query seq. - - — -
Specific hits CupX.
Mor—specific PAS0
Nt PTZ00404

Superf anilins

I+ p450

11 PTZ00404

HCypX
+IP450_cycloAA_1  TIGH

List of domain hits i
+ Name Accession Description Interval E-vailue
v C e P450 me Pas e hae! olate D s involved in the oxidatve 424 124058
PTZ00404 o
124 C© ry s ort a

P450_cuclofn_1
P50 superfamily

2-488 2
53-404 3.16e-42
295-457 456e-20
340454 278205

10 PcCYP ERRTLHME I
Fig. 10 Analysis of conserved domain of PcCYP protein

SEAZ 1448 bp WA ST, Bk, AT+
Wit PcCYPIR, ERZERIRE PcCYPI H AW
FikE. £ PcCYPI M1 PcCYP2 %A K A4 R
FX&it514% (PcCYP2F Al PcCYP2R) [f)E &
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