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ZOFEMNEZE P450 Kk CYP6620B1
HEEZEREZTIEADH

HEm, FIE, kb, RIS, 48 #
(AL RF HFR, BRI BRIKE 150040)

 OE: [HM] kRS RE =R EWE R IR h O CYP6620B1 F:R 4K cDNA, JExf H AT
A5 BT R AL RIS b, DL I B 5 T S5 88 =i 2R W0 & BOS  U JB vm = s e AR e 4
[J713: 1 R QRT-PCR £ AR KM CYP6620B1 KR AE 51 S 224k L A TSRS R B B B Ko
K PCR # S8 HARIRM H WA ) cDNA [P o4, RAENMGE B AR LA 7 17 3 8 A 0 B R 2 [ 4
¥o K LIAC/PEG 23545 5 20 B I % BEE ¥k INVSc/pYES2-CYP6620B1, J3K Fl B bR G il H 8 =ik & & .
(4559 ) CYP6620B1 FE N /L2 T AR B W BN E KT 23U FAHE PR, 5OiEm s RiEd
RS SR BAYIE, iS5 =& oA, kRS T CYP6620B1 JE[K cDNA &K, N
1629 bp, il 542 NEIERR, NEAE S KIS IESE M, WA E AL TR RN A R N, R GesE Lo b 45 Lk 1,
R  CYP6620B1 & H A4 2 A R fe s 70 TR R 7R, CYP6620B1 5 H 5 ¢ B E BN 45 &
RE AR IF B RIFAIRHEM 5, CYP6620B1 A Rl DAL BRI % BF T bk INVSc sz Il ik, HL o 20 R % BF 15 1k
INVSc/pYES2-CYP6620B1 Hist =i & i 3 m T AT Ak . (450 ) iR BT e 2 55 D R im —ws &%
BRI CYP6620B1 B K, JE5F HlAT 43T, IR ANIR FULIE R AL 3 T 3% =W AW & & 15 i D e B4 1 LAtk
KA RDERT AROEK P450 B BRI HERE S AEw
FESES: S718.43 XEkFRRERS: A NERS: 1673-923X(2026)05-0158-09

Cloning and eukaryotic expression analysis of CYP6620B1 gene of
cytochrome P450 family in Sanghuangporus baumii

XIAO Wengqi, LI Yawei, GENG Nannan, SI Chenyuan, ZOU Li

(College of Forestry, Northeast Forestry University, Harbin 150040, Heilongjiang, China)

Abstract: [Objective] To clone the full-length cDNA of CYP6620B1 gene, which is a key gene in the downstream pathway of
triterpenoid synthesis in S. baumii and perform bioinformatics analysis and eukaryotic expression analysis of the gene, with a view to
providing a theoretical basis for the elucidation of the mechanism of triterpenoid biosynthesis pathway of S. baumii and the enhancement
of triterpenoid production. [Method] The transcript level of CYP6620BI gene was detected by qRT-PCR at different developmental
stages of the mycelium, protocorm and zygote of S. baumii. The full-length cDNA sequence of the target gene was obtained by PCR
amplification, and the physicochemical properties and spatial structure of the protein were analyzed by bioinformatics online software.
The recombinant Saccharomyces cerevisiae strain INVSc/pYES2-CYP6620B1 was obtained by LiAC/PEG method, and the total
triterpene content of it was detected by microplate reader. [Result] The transcript level of CYP6620B1 gene in different developmental
stages of S. baumii showed a trend of increasing and then decreasing, which coincided with the reported trend of total triterpenoids
in S. baumii, suggesting that it might be involved in the regulation of triterpenoid synthesis, and the full-length cDNA of CYP6620B1
was cloned and obtained as 1 629 bp, encoding 542 amino acids, without signal peptide and transmembrane structure, and the sub The
results of phylogenetic tree showed that the CYP6620B1 protein of Taiwanofungus camphoratus had the highest homology with that
of S. baumii, and the molecular docking results showed that the CYP6620B1 protein had the lowest binding energy and good docking
conformation with lanosterol; the CYP6620B1 gene was successfully expressed in the Saccharomyces cerevisiae strain INVSc, and the
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total triterpene content of recombinant Saccharomyces cerevisiae strain INVSc/pYES2-CYP6620B1 was significantly higher than that

of the control strain. [ Conclusion] In this study, the CYP6620B1 gene, which may be involved in the triterpene synthesis pathway of

S. baumii, was successfully cloned and analysed, which lays the foundation for an in-depth investigation of the gene’s function in the

triterpene biosynthesis pathway of S. baumii.

Keywords: Sanghuangporus baumii; cytochrome P450 enzymes; gene cloning; eukaryotic expression; triterpenoids

# ) 328 Sanghuangporus baumii 5& — 25 35
TR THEM ENREAEE, EREFEESMTR
dbHh X M, ZEEEA PR BUMR. R
B I B A5 2 g R B, o =R ORI E
R E G B SR, H At WD S
ERERIU == RIS, e LU A S T S B
RV, B T A RAE B L, sy
FF BT 2 B R =AY & Bas L], 2
T e AL S PN e Ry e
B AR, B5DRE = EEd PR
2 %1% (Mevalonate pathway, MVA pathway ) & 1%,
HEGRY) . Bk 4B A Cacetyl-CoA) it S8 AL IL Jii
FEREIRAL . R SE — R AL SR AR B 18] =
PEPCER I, X A R AR R S A
X HE, AHE T WA 2 Fh SN A A B
KRG R A B

CYP450 2 =i KW SV & ki b i — K H
BEEARE Y, E R R @ R 4R
AN [FE B R A SR OB LAE R B L R Ak | T 2
RUBRE S AN AT BE 4], AT T B 4h /8 = & 5 D) Rg
TR =i A . BB R A PO R R,
T ST 2R DR 20 Hh 4 5 BRI 85 000 2% CYP450
B[, i 805 MR, IFARE RGK B MR
Ry 32 AER AR U, HERF CYP450 525 HE R Bl
B2 HRF AR SFIEEAC, ACH DB 0 T e 1
PI%E, RTRYRE AN CYP450 ZE
FHE A G, IXAE— e R AL IR TR 5
B =i A OB RIR AN AEAT .

AN B T ST =0 T RS O AE H r T L
i, A FCHT AR H RNA-seq £ AR X 2 5 H 04
R BETE (B2, ISR Hddtir
T PR R CYP450 5t 3L Rl CYP6620B1
HRACPFRZANES S B DR = R B
h, HEMHATRSS5ZFDSZE =G AT
Bt — 2 B L T AE, X CYP6620B1 F [X| ¢cDNA
JP A K AT LA A MG B2, FFIR A%
5 [R 7E TRPS P BF b =l & B DR, IR [ B
HIhRe KRN 2 5 S8 =k (AR & BOS 1R B E
£t

| RS

.1 ®
111 HikkS5#Ek

AW TP ) B B 3555 Fh DL101 (GenBank
KP974834) HiZRAEMML K ZE AR A FH L B0 =
SEPIF ORI K WAT 1 e B 8 bk DHS BRI 9% £F
B RIE B INVScl. BRI EZRER A E M pYES2 3
WA K% Takara “EV) A ]

1.1.2 i 7

PR il ¥ N U1 % Hind 111, Premix Taq . TB
Green ™ Premix Ex Taqg ™ [ (Tli RNaseH Plus)
5. 5XIn-Fusion HD i 77l & Prime Script II 1Ist
Strand cDNA Synthesis Kit {7 &
RT reagent Kit with gDNA Eraser (Perfect Real
Time) 4 H K% Takara A ). FHY) L RNA FEHL
R E B HEEE R DNA [BSGR 7 & T Ik 5t
RARAEA A F . PR BGAA & H i Omega
oy Ee T R i Bt B H K (dodecyl sulphate
polyacrylamide gel electrophoresis, SDS-PAGE) i
AT ZREREA R AT

Prime Script ™

12 RORAAEXEMEF CYP6620B1 B H
RIS

S PME S © 5, R T RN A I
IR B ey JRFEA 7SR, FIRHEY) S RNA #2
BUR ) &2 BRI RNA, 0 sl 0 & d
% ¢cDNA, F|H Primer Express3.0 & i14F 75149
CYP6620B1-F3 il CYP6620B1-R3, LA a-tubulin 3£
RE N 2347 qQRT-PCR [ v, [ E 3N EE
RIEEBIOARRF CAE, HBAR 2 HHRED
SR ER B M B R AR e ok 1Y,

13 CYP6620B1 HH =&

FHAZ R £ DR AT 1) 2 1 5 B B 1R R b Bk B
B A AE PDA AR e, Rr iR 22 KT A f
MIEAR 1 em (3T FLAS W L SAT AL 10 A F BF
¥ B DR B2 B 2 % 250 mL PD 1) = A i, 7E
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5 3

25 “C. 150 r/min 261 FREEIRG H5 7% 12 d, WLdE
T T S50 P 22 AR IR AE VAR PO R B A . SR
H ) 5 RNA $2HGA T S 32 B T 538 5 RNA,

Rl oA FE R IS, P REF AN GEH RS
Z W5 RNA 58 cDNA, DL B3 1 cDNA

=1

MR, CYP6620B1-F1 fil CYP6620B1-R1 H 5|4
HEAT PCR Y1 (£ 1) . PCR I 147242 3 g bl
IR LKA J 5 50 FH BRI AR . DNA [B] Wit 771
&AL, AL G R R Y A BT .

HEZ S

Table 1 Primer information

ElEZER S

Primer name

515 (50— 3"

Primer sequence (5’ — 3')

TR BOR A

Predicted fragment size /bp

CYP6620B1-F1
CYP6620B1-R1

ATGAATGCCCCGTTGACCTT
TTAATACATGCTTGGAAGCTCTTGG

1629

CYP6620B1-F2

CYP6620B1-R2

TCACTATAGGGAATATTAAGCTTATGAATGCCCCGTTGACCTT
GAACCCCCCATGGTAAGCTTTTAATACATGCTTGGAAGCTCT

1672

PYE-T7
PYE-CYC

TAATACGACTCACTATAGGG
GTGACATAACTAATTACATGATG

329

CYP6620B1-F3
CYP6620B1-R3

ACTTTCTGCTCTGTCGTCCTTGT
TTTCCCCACTCAGCGAATGTT

149

a-tubulin-F

o-tubulin-R

CCAGCAAGCGTTACCGATT
TCCACGACGTCCATCGTTC

129

T N RIZE /> R [FIJEE . The underlined part represents the homologous arm.

1.4 CYP6620B1 RS MEEFENR

#] FH OREF finder # ff ! Conserved Domains
(https://www.ncbi.nlm.nih.gov/) Titill CYP6620B1 F£[A]
HITFIR S HE A OR Sy S5 A8 . FIFI %K Prot Param.
ExPASY-Prot Scale tool. Net Phos. TMHMM,
Signal P, WoLF PSORT Tt Jll CYP6620B1 Zi &
B2 A I EAGPE B SRBKVE. BERRALAL R 15
BRIX 55 ik LA R 4l i s A 1. R F SOPMA
A SWISS-MODEL £ £ %4 73 35l F il 2 11 /9 —
RGN M = 45K, {8 Auto Dock Vina B A K¢
CYP6620B1 # 5 5 1 R 3K =i tb 5 Wi AT 0 7
X4, FEAEH PyMOL 3047 o3 A ) ik, 1o,
I MEGA 6.0 #1444 R Grit A g 1,

1.5 CYP6620B1 EE ARG hAIRIAS

1.5.1 CYP6620B1 ¥ NAERR G ES BE vp s S 3R I8
R4 CYP6620B1 %R 4= K 7 71 Wit & & i 5
) CYP6620B1-F2. CYP6620BI-R2 ( % 1) , Jf
PL cDNA A AR 347 PCR ¥ 84, ) A bR 1 o
VIS Hind TIIXF pYES2 # A& AT B V1, 285 H
SOSoo a7 S 2l Ak [ W Ze 14K pYES2 #ifk 5
CYP6620B1 % [K Jv B it A7 [R1 R B 26, O 85 20 )i br
KA AT # DHSo B2 S 3G, iAm T&
100 pg-mL " Amp [ LB P4 I, 37 CHIET KR
I, PRHUPH TR T 34T PCR SN, K A6 I 1 A )
FH P4 B o 2 R i 7 - 2 B 4 o A s 0 e v

X H LIAC/PEG 724 # 41 Jfi K pYES2-CYP6620B1
A pYES2 A% 73 7] % N ERP % B INVScl K52 3
M, PR A BRI R B O AR A TR
100 pg-mL ™" Amp ] SC/-Ura [E &} 773 (SC/-Ura
Broth 8 g/L, %4 20 g/L, ifl§ 18 g/L, /K 1 L) 1,
29 ‘CHIE R 48 h, PRHUPHME R MRIEIT PCR 974
B E o ¥ T %) 2 T R R VRN S R TR R R A 4
AEEFT 50 mL 19 SC/-Ura WA 85 774 (SC/-Ura
Broth 8 g/L, %k 20¢g/L, /K 1L) &, F29 C.
180 t/min % FE 2 ~ 3 d BATY B8 3%, B,
W B T AR O B R & 200 mL i SRR (SC/-Ura
Broth 8 g/L, ¥F.¥%20¢g/L, /K1L) 1, F29C.
180 r/min 5 1 IR 2 ODg, N 1.5, B OWUEERE B
AR, TR
1.5.2 e ZH ERR R PR b 2 = A R B S e
BWEREERE R R E T 60 CHLAE TR EE
R, MRHL01 g TEOEF, MABEBR (10%
KOH+50% ZE%) 10 mL, 50 C/KI& 15 min. ZJ5
I 10 mL iE O, R RY, T B I ke,
YB3 K, A HHFFIGHK, 60 C/KIZET. H
CIEEfRZE R LR EY), B4R % 2.5 mL, RIH
2] T RE T o P = R B EGR N. IRE 100 pL B
HEERE S =R GE E T 10 mL B0, 70 C
IKIBZETIEINN 400 uL 5% 7 5 - VKSRV TR
1 mL & &8, JREJE 65 C/KHE 25 min, HIHEA
HEER, HCROBESSE S mL HRA, FH
AR T 551 nm AR e 6 EE A s
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2 HZREDH

2.1 CYP6620B1 BEREANRL B EREVEERIKTF

T e s A KR 97 1615 31 CYP6620B1 BE A,
P AT e A0 Ar . DU S S5 13 211 cDNA
MR, K H qRT-PCR £l CYP6620B1 3[R 1 7%
5w A E KB W B koK. CYP6620B1
FERTE W 24k, R TSRk FRE, H
TEIR B B oK P i, &R TH2E 6 di
B (P<0001) , HIZBEFEFKFERFARE
W BORAR SIS BTN ERES (B D, HAR
e sh 5 8 5 Z WA AR K E W BUS =ik 5 &1
AR P,

Kkok
3 —

FAXTFRIEE Relative expression
T

) i
0
6d 8d 10d 12d 14d EE FE&k
I B BBt Developmental stages

Gk [LRIE P <0.001 KT FREZER

“x**> represents significant difference at P << 0.001 level.

B 1 FELZBME CYP6620B]1 EEREEFRKFE
Fig. 1 Transcript levels of the CYP6620B1 gene at different
developmental stages

22 CYP6620B1 HH =&

DLEE 5 S50 L RNA G 513 B 1) cDNA N
A,  PL 5l %) CYP6620B1-F1 #1 CYP6620B1-R1
AT PCR 748, 2553 (K 2) &IR, 7£1000 ~
2 000 bp  [AI LR —F 14 56417, H BN S5
RS RARAT . Bkl BIWE AT I, D P 45
R5 CYP6620B1 =R &K JpH|—5, RUIZER
FLRE R .

2.3 CYP6620B] EREMEEFENT

2.3.1 CYP6620B1 & {9 FH Ab 4 )5 75 i
FIHADE B2 AERT CYP6620B1 %5 K % 3
St B AR ST SR AR TR R S
SEHKME. B RESE Myd. R A AT s 5 AT TR
. &% (B 3A) IR, CYP6620BI %K ORF
A 4K 1629 bp, 4mhth 542 NEIEER, HA P450
R AR ST S5 M4 . CYP6620B1 25 A X731
Dﬁ%j‘j 61 166 Da, §J\¥ﬁj‘j C2767H4284N74SO777822’

Ji 2 HCR 8 598, HRIRSEH AN 7.00, ANERE R
BN 4577, FKARBCN 0177, NAEEEMIZEK
wH (E3B) . ZEAGAZIMBRAAE, B
F5 31 NLEIRIL S 28 NIV RFRAL DL S 16 A4
FrABRAL N (B30 , HARRABEEHAGES
Ik (B 3D, B) ; HEfiF4uiufi. Wi, 2ok
i ISP L YRR AN 4 A 35 5 ) LB A
WON15:4:3:2:02:01, RFZEAEEEYMHR
TP X R S8 BN T 5 A& A

1 M

2000 bp

1000 bp
750 bp

500 bp
250 bp

100 bp

1. CYP6620B1 #:H; M. Marker DL 2000,
1. CYP6620B1 gene; M. Marker DL 2000.

B2 CYP6620B1 £[E PCR HYERKEER
Fig. 2 PCR results of CYP6620B1 gene

2.3.2 CYP6620BI1 & [ = % 45 #9 15i ] K2 43 42

il

f8 1 SPOMA £ £k 8 {1 % CYP6620B1 £ [ (1)
TREERAT I AT, AR (F4A) BoR, A
42.99% b T a B HEIR 2, 8.67% Ab T ZE IR,
48.34% Ab T LR 4 HIARFS, R a- BRI
& i & CYP6620B1 £ [ [ 3 B 2 45 M) ot
i A} SWISS-MODEL 7E £k & 1 %} CYP6620B1 &
H =425 g g AT Bl o pr, a5 R (K 4B) &R,
CYP6620B1 & [ 45 #4 Fil il ] /2 LA Cytochrome P450
2B4 (lsuo.l.A) A HEH #4) & . {# F Auto Dock
Vina #F# CYP6620B1 25 2,3- b &l £E
S REAE S PR S R R AT T
P g Bk BoR, s AEME
CYP6620B1 & ) H 45 A BEIMK T 5.0 keal/mol,
Ho 5EE SRS AR N -8.39 keal/mol,
HHERBREE. F)5KH Pymol 1.5 BA/F#K
EH IS CYP6620B1 & [ 117> 7 X H245 Rt A7)
WAL M, 4% (" 4C. D) R, BAFE D
KIS, TR FEE R, 7EHEN
FIAS 1) R FIHE DI 250 7 MBS =R . 253 1 AR
T2, 254 R & TR 207 Fi & R, LA MY 214
KL 247 DLHIREEIR, 1K ELa SE R AT GEXT 4% 1l
EREE OSSN E A A SN ILEEZE .



o TA AR = 152, 7 He LN
162 MR, S BORIRYIME R P450 Kk CYP6620B1 KL K v by HAZRIE T ETRE.]
V-G Protein Classification .
cytochrome P450( domain architecture ID 15296966)
cytochrome P450 catalyzes the oxidation of organic species by molecular oxygen, by the oxidative addition of atomic oxygen into an unactivated C-H or C-C bond
Graphical summary [RF2Y R eIl show extra options » 4
1 S0 100 150 200 %0 300 350 400 450 500 542
| I Ll W T R | T T | PR P O T ke L | " et P v O ol T ra——
Uory 900 heme binding site
putative chemical substrate binding pocket
Specific hits CYPE4-like
Superfanilies cytochrome_P450 superfamily
Search for similar domain architectures | @ | Refine search | @
List of domain hits ?
Name Accession Description Interval E-value
[+ cYP64-like ¢d11065 cytochrome P450 family 64-like fungal cytochrome P450s; This group includes Aspergillus flavus ... 75-519 0e+00
B Hydrophilicity Plot for user_sequence C
Score: 34 NetPhos 3.1a: predicted phosphorylation sites in Sequence
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Score: 2 - Threonine
S Tyrosine
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Score: 14 H |
S
5
Score: 0 2
5
>
F4
Score: -1 2
W
s [
i If
Score: -2 C
] T T
] 100 200 300 400 See
Score: -3 g
Position: 0 Position: 100 Position: 200  Position: 300 Position: 400  Position: 500  Position: 600 Secqence; gosition
D E ‘SignalP-5.0 prediction (Eukarya): Sequence

TMHMM posterior probabilities for WEBSEQUENCE

0.8
E
3

g 08
e
&

0.4

0.2

0

100 200 300 400 500
transmembrane inside outside

Probability

SP(Se6/5PT)
-
OTHER

A. CYP6620B1 F FI{-F45143k; B. CYP6620B1 & 2K / Gk LT C. CYP6620B1 & ABFRRALALAiTHM; D. CYP6620B1 2 (85 IEL5 H4 T35
E. CYP6620B1 & ({5 5 ik &5 # Tt o
A. CYP6620BI1 protein conserved structural domains; B. CYP6620B1 protein hydrophilic/hydrophobicity prediction; C. CYP6620B1 protein phospho-site prediction;
D. CYP6620B1 protein transmembrane structure prediction; E. CYP6620B1 protein signaling peptide structure prediction.

B3 CYP6620B1 ZEHRAIBLIMER
Fig.3 Physicochemical properties and phosphate site prediction of CYP6620B1 protein

2.3.3 CYP6620B1 &[4 &% LT

M NCBI £l e h Pk 5 %2 5 55 55 CYP6620B1
QIR 75 BA — 2 R E 40 i (25 P450 Kk
R T, 18 MEGA # 1 #] & CYP6620B1
RARG M. 48 (K5 BR, BEHWE
CYP6620B1 & 1 54452 AEB40217.1 B AR N—
X, WEBGRARRIE, Mt tis.

24 CYP6620B1 EREIRERERF IS RIL

2.4.1 EEHJFHRL pYES2-CYP6620B1 fiky 44 it
WG LRI pYES2 BRI CYP6620B1 A Fy
BEM G, 9% pYES2-CYP6620B1 H 4 Fiki, LA
PYE-T7. PYE-CYC (& 1) N5I##t47 PCR § 1
farill. 55 (Bl 6) IR, fE2 000 bp FiT tHILEE
FE AT, 5N E R BORAN—BL HRE I
FA T ki 4 N pYES2-CYP6620B1 .
242 HEAFEREE GRS SR E

¥ pYES2-CYP6620B1 # 44 [ pYES2 # 14 LA

LiAC/PEG J7 2 N BRI % BF 2 A5 di e v,
AT 1) HZHL R AP % B 1R bk A 44 4 INVSe/pYES2-
CYP6620B1. W15 545 7% o 1Y) 2 40 % BE AN IR
T BR B, B A = I A B bR Ok T B =

g (7 R, 2R B RE B PR INVSe/
pYES2-CYP6620B1 & =i & & A (11.64+0.32)

mg/L, feXt 4Lk (5.52+£0.05) mg/L (] 2.11 %,
HEM CYP6620B1 1] fE 2 15 5 1 S5 3 =i & il 5 12
IR AR, T B e G I R = o

#x2 RIRE=SIELAEYS CYP6620B1 ERRBEHRLEERE

Table 2 Free binding energies of triterpene compounds to
CYP6620B1 protein

+ &

Jz“ 4&%% 31 CASHE . ?;.é.\aé

5 Chemical Molecular CAS No Binding energy /
No. compound formula ’ (kcal-mol™)

1 23-FMEMH  CyHsO 7200-26-2 -1.77

2 TEEBEEE CH,0  911660-54-3 -7.62

3 FE CyHy,0 79-63-0 -8.39

4 RERR CyH 40, 77-52-1 -7.69

5 GRFE REIL CyuH,0,  14351-29-2 -7.77
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Sheet ——
Tur;p —_—
Cojl —
v‘] l
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100 200 300
¢ O
SER ;
: s
& A253
ARG
A214
LEY
A207
ARG
A247
\]é
GLY
AP TYR A219
A257 A:250

GLY
A:218

Interactions
I:I van der Waals I:l Pi-Alkyl
1 et

400 500

A. CYP6620B1 R H =2t 45t4; B. CYP6620B1 &R =Zi45H4; C. 73 Tri% 2D Z5#4[El; D. 73 7% 3D 44l
A. Secondary structure of CYP6620B1 protein; B. Tertiary structure of CYP6620B1 protein; C. Molecularly docked 2D structure; D. Molecularly docked 3D structure.
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Fig. 4 CYP6620B1 protein structure prediction
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