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LERE, RRPREEN 6.2 % (P<0.000 1), SHMHNGALEZEER,; FERRELEREN, LRNEMRALAPELT
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Abstract: Objective To clone the cytochrome P450 gene (CaCYP2) involved in C-6f hydroxylation modification of
triterpenoid saponins in Centella asiatica, systematically analyze its molecular characteristics, tissue expression pattern and
subcellular localization, and achieve prokaryotic soluble expression, so as to provide experimental basis for clarifying its

function in triterpenoid biosynthesis. Methods The full-length sequence of CaCYP2 was cloned from C. asiatica cDNA and
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subjected to bioinformatics analysis. Quantitative reverse transcription polymerase chain reaction (QRT-PCR) was performed to
detect the gene specific expression in different tissues. Seamless cloning technology was employed to construct yeast two-hybrid
vector, prokaryotic expression vector and subcellular localization vector for self-activation detection, recombinant protein
expression and tobacco transient localization analysis, respectively. Results The CaCYP2 gene was successfully cloned. Its
open reading frame (ORF) was 1 443 bp, encoding 480 amino acids, and it belonged to the CYP716 family, hence named
CYP716E116. The predicted protein had a relative molecular mass of 54 430 and a theoretical isoelectric point of 8.98, showing
hydrophilicity. It contained a typical CYP90-like conserved domain and one transmembrane domain. Subcellular localization
results indicated that this protein was localized in the endoplasmic reticulum. qRT-PCR analysis showed that the expression
level of CaCYP2 was highest in the leaves, which was 6.2 times higher than that in the roots (P < 0.000 1), showing significant
differences compared to other tissues. Prokaryotic expression results indicated that a soluble recombinant protein with a relative
molecular mass of approximately 91 300 (including a 40 300 tag protein) was obtained after isopropyl B-D-thiogalactoside
(IPTG) induction. The yeast two-hybrid experiment confirmed that the yeast two-hybrid vector had no self-activating activity
and could be used for subsequent screening of interacting proteins. Conclusion This study successfully cloned the CaCYP2
gene and characterized its molecular structure, tissue-specific expression pattern, and endoplasmic reticulum localization. It
also confirmed that the protein can be expressed solubly in a prokaryotic system. These findings lay an important foundation

for further investigation into its catalytic function and regulatory role in the biosynthetic pathway of triterpenoid saponins in C.

asiatica.
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TR BT IR = 2 TR 2858 WA T 5 C. asiatica
(L.) Urban. Zr AR FEM., 22, of £, R,
HARSEARL, IR G RAE T80 "CUKFER .
1.2 R

RNA $EA 7 & (Fast Pure Plant Total RNA
Isolation Kit). R HE§ (2XPhanta Flash Master
Mix). S #5635 & (HiScript II 1st Strand cDNA
Synthesis Kit (gDNAwiper). [R5 & (5min
TA/Blunt-Zero Cloning Kit) £ 7] 5 5 41 77 £
(ClonExpress II One Step Cloning Kit). GV3101 4
FFE 32 25 DHSa KT B RS2 25 40 i |l
& (StarPrep Gel Extraction Kit) F i i #i2 By
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U MERE AR I A IR A ], BRI N 1) B
EcoR I. BamH I T2 XEEVHARFRAA],
Easy PAGE® 72 tf R i i i e i il 77 & (12.5%
SDS-PAGE %) T ") 38 v ks LE R B i
AR AR, 5 A -B-D- AR LM
(isopropyl-p-D-thiogalactopyranoside, IPTG) 4+
VEEREAMR LA, BERH %M BB R
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Cell. GV3101 (pSoup-p19) W4T ik nfE st A=W H7
ARABRA A, 25 B W i s 4 (% . BL21(DE3)
Chemically Competent Cell b 5T i 3 485 B 7
HIRAF, LB T &M Cacetosyringone). 2-M ik

iM% (2-morpho-linoethanesulphonic acid, MES)
F Sigma A7, LB 723 04F OXOID A,
PBI121-EGFP. pET28a. pGADT7 & pGBKT7 #
ARSI ERAFE . B MR — M m B R A
PR 2> ] 58 B 51 0 ORI 7 o
2 Bk
2.1 FAEEMEZ RNA WRRERREER

PRI S SO LR « 25, I B, 3. AR
% 1.0 g, 7 AITBONRE TS IR A Pus b i .
| Fast Pure Plant Total RNA Isolation Kit {7l &2 HX
A RNA, I 1% BEREER FL A I € RNA R
J . f#H HiScript II Ist Strand cDNA Synthesis Kit
(gDNA wiper) Rl &0K RNA # X584 cDNA, 7~
Wz VKR I I E R B, —20 CIRAE
22 FMEE caCYP2 EAEMTIE

SN R R H s, BT 1g(FPKM+1){H
FL#¢ Unigene [IAHXS FRIA &, TRIEAXTE mRIAE
(1) CYP-like 2:[K /7 %1, F|H Primer Premier5.0 i1t
3’-RACE (CaCYP2 CDSF) #15-RACE (CaCYP2
CDSR) 514, LB cDNA AT PCR 3
(R D, KEcRait s H R B S pCE2
TA/Blunt-Zero #4884, HAKIFT I DHSa 3%
AL, 78 LB (Luria-Bertani) [ (& 50
mg/L RI&E ) Eifik. PREICETHEHET LB Wik
A (f 50 mg/L RIBEFFR) PR EG R,
PCR Al BH 4 B 7 S 326 2 =) U

=1 549F5
Table 1 Primer sequence

gk 5 (5°-3”) Hi&
CaCYP2CDSF  ATGGATACACTAGTGAGCTTTTCACC ORF [X 75 f%
CaCYP2CDSF  ATGGATACACTAGTGAGCTTTTCACC
CaCYP2 121 F ACCATCACCATCACGATGGATACACTAGTGAGCTTTTCAC V4 Bl 5 o 28k A 4
CaCYP2 121 R CTATCGATCAATCAGTTATTTTTGATGAGGCACGAGGC
CaCYP2ADF CCATGGAGGCCAGTGAATTCATGGATACACTAGTGAGCTTTTCAC AD # A
CaCYP2AD R TGCCCACCCGGGTGGAATTCTTATTTTTGATGAGGCACGAGGC
CaCYP2BDF TGGCCATGGAGGCCGAATTCATGGATACACTAGTGAGCTTTTCAC BD #iAkfy
CaCYP2BDR CGACGGATCCCCGGGAATTCTTATTTTTGATGAGGCACGAGGC
CaCYP2PEF TGGGTCGCGGATCCGAATTCATGGATACACTAGTGAGCTTTTCAC HAEANH
CaCYP2PER TGTCGACGGAGCTCGAATTCTTATTTTTGATGAGGCACGAGGC
CaGAPDHS F GCGAAGAAGGTTGTCATC DS
CaGAPDHS R GAGCGAGGCAGTTAGTAG
CaCYP2F TTTTCTCTCTTCTTCTACTTCACCC SR 5% E & PCR
CaCYP2 R CACTGCCATTTTTTCGCCTA




PER 202648 B57% BT Chinese Traditional and Herbal Drugs 2026 April Vol. 57 No. 7

= 2721 -

2.3 EMEREZESSHN

i B £ 48 1. 2. NCBI Conserved domains
(C https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.c
gi) 7t CaCYP2 25 {R~38; OREF finder Chttps:/
www.ncbi.nlm.nih.gov/orffinder) 73471 CaCYP2 £ [
[ FF 7 % 52 HE ; ExPASy ProtScale Chttps://web.
expasy.org/protscale/) 734 CaCYP2 £ HHIZEHI/K
5 FEZE M3 SignalP-5.0 Chttps:/ services.healthtech.
dtu.dk/services/SignalP-5.0/ )  F1  SignalP-6.0
(https://services. healthtech. dtu.dk/ services/SignalP-
6.0/) Tl & 115 5 ks TMHMM-2.0Chttps://services.
healthtech. dtu.dk/ services/ TMHMM-2.0/) Tl i 5
45 K3k ; PSIPRED 7t £k T. B (http://bioinf.cs.
ucl.ac.uk/ psipred/) Tl CaCYP2 £ 51 2 4514
SWISS-MODEL (https:// swissmodel.expasy.org/) Fil
M I CaCYP2 &5 1) =R A5 MR A 5 4 2K
BLAST (https://blast. ncbi.nlm.nih.gov/Blast.cgi) %
R CaCYP2 ZRMFYEFFS; FIH] DNAMAN #fF
X RS BR PP 7 [P, A MEGA12.0 B AFHa
CaCYP2 & H # %t # £ ® ; Cell-PLoc
(http://www.csbio.sjtu.edu.cn/ bioinf/Cell-PLoc-2/) X}
CaCYP2 & H#EAT WM 5 {7161,
24 CaCYP2 EETHME L

BRI (R 1), 17F CaCYP2 HHF5
P Uity 73 3 U8 N BamH TR V)AL 2, B Hkg & 3
PBI121-EGFP #fk b, JEH CaCYP2-PBI121-EGFP
R ERIB B, TR FIAE. K2k PBII2I-
EGFP 5 & 1% /&k CaCYP2-PBI121-EGFP 4 Al 4k
RAFE GV3101, W ARH MES RS L8t T A
Wb PR S RE B, R S ST A IR E Nicotiana
benthamiana " v . JHERE AL 36~48 h J5 HEOG
HRFEREITE 488 nm WK TS EAIILES
IIATTEOL, GG ek ERER B KOG RFP %
Jebrid, LA H bR 8 B R A E A0
2.5 FHEF K pGADT7T-CaCYP2 5 pGBKT7-
CaCYP2 M3

i ClonExpress 1T 4 % b ik RIEBH AL
HbsF B, @& EcoR IBEVINI S 5190 (R
1), UMEE cDNA ABRY IGS 3 H BB
CaCYP2 #:[H, %18 ClonExpress INH 41 [z NiAA 2 ik
A&V, BESEEYER pGADT7. pGBKT7
LN BAE S CaCYP2 FED  BUATIER:, BA
DH50 E2 8401291, LA CaCYP2 CDSF #il CaCYP2

CDSR 5|97 ¥ PCR, 4 3# H H 12670 1
LD, I T A B 2R B R 2 A A 2 52 Bl
2.6 EHFRI pGBKT7-CaCYP2 BEESI RGN

i A B3Rz #2 Bk 77 & StarPrep Plasmid
Miniprep Kit), M7 E 8 B 32 H pGBKT7-
CaCYP2 Jiiki . ##E Y2H Gold Chemically Competent
Cell IXFZUHF, 751% pGBKT7-CaCYP2.
pGAL4 (BHMEXIE) 5 pGBKT7 2 &k ik (B
ST LA Y2H Gold FERFECZ S0, HHik
i+ SD/-Trp “Fh b, 29 CTHFE 3~5 d. fF SD/-
Trp “PIRKHEERDNEE S, PR ETEREA
5 BUSFET SD/-Trp/+X-a-gal/++AbA “FAR L,
29 CHFF 3~5d, MEEEAKRIIFHIEIRAT .
2.7 ELBEH K pET28a-CaCYP2 Ut

ffH ClonExpress IH 4 e Bk RIEFEH A
HAs B BL CaCYP2 ZEHIF) CDS 7510 AR, DL
EcoR I ABGYIN: AL, A8 4N o g% 5o b W sl e 1k
733 pET28a-CaCYP2 5% (3% 1), PCR ¥ 15 H Y
Fr B RIS o A3 FH B il 14 PN VI EcoR 1Y) pET28a
R, ik 58 EAHEE Exnase I 245 PCR §
HreiEsE . M EHBUA A DHSo KT w2
BAMEIHEAT LB BEAR 73 (50 mg/L R
FFE), 37 CiImR:FR. PREOMAL, W BETE T
LB Wik 753, (& 50 mg/L RIVER) HREEY
%, f§i ] pET28a-CaCYP2 547 PCR A&l K¢
B B R B BH M B RO B N R — i R R
FABR A =T
2.8 CaCYP2 RZEBRIE

I T ) 1R Ve R AR B R A R, N
KI#F B BL21(DE3) o 457 B VR B2 A 2] Agoo 19 0.6~
0.8 I, HXH 1 mL BRESC, F PBS Hig, &,
CAFEM A CREF AT S E D . R B wom
N IPTG Z&IKE N 0.5mmol/L, 18 CHEIKIES 16
he HFEREMERIGE 1| mL &0, A PBS &
B, BN, WS B (ESE RS EED. R
R AT L, ] PBS A, JEHE T
Vepd, BUEIEARME, WdORER C CRIEMEEAD.
RO JEPTTE FH PBS iR E A, M, WONFE
i D (CAFEEH, B, 12.5% SDS-PAGE
IR FR VKRN f 8 D Mo W e £ O R W 55 B
RILTF B,
2.9 CaCYP2 EEBHRMRIEDH

DIREERR ., 25, iF. 8. B 1R 6 NATH
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LUK cDNA AR, LA CaGAPDHS 2K AN S
FN, H¥&it CaGAPDHS 3K CaCYP2 HH Y
SERF PG EE PCR 519 (R 1. f#H 2X ChamQ
Universal SYBR gPCR Master Mix {7 & CiMER:
~F]) {E Quant Studio 3 (FEER K AR (XA AT
RT-qPCR [ V. SEEGHARAEA 2720508, HE
3 ¥k, 8 H GraphPad Prism 10 #4474t CaCYP2
BERTEA R H R R RIS R 22 57 B .
3 GZR5SH
3.1 FEE CaCYP? EAERRIE

MR B AR A RNA 28 1%E iR HERE
R (BT 1-A), 537K 284 181 SSTRNA3 4%

A M al bl M a2 b2 M

2000 bp
1000 bp
500 bp

100 bp

ik, b 28S 5 188 K E LT 1, K
&L RNA FERME RIT, ToW PR, 5 2L Sn 2ok,

o R R - R A E U B Creverse
transcription-polymerase chain reaction, RT-PCR)
HESL, SRIFL) 1500 bp HYH 7B (B 1-B). Il
PSRN BAEK N 1 443 bp,  Fif 480 M
MR . 242 NCBI Blast b0 #fr, HEEEER P91 59
B N Daucus carota subsp. sativus~ /NEMIHE Coffea
arabica~ J0% ) BAEWNMEE Coffea eugenioides 15
Wk Nothapodytes nimmoniana E¥)Fh CYP % [K %%
T S R FVR 3 = T 70%. AR HIRHE, F
ZHEF i 44N CaCYP716E116.

a3 b3 M a4 b4 B M 1

2000 bp
1,000 bp

500 bp

100 bp!

M-Marker; al~ad-AHifE; bl~b4-#ikk 3 fiF; 1-HMEERFE K.
M-Marker; al—a4-undiluted; bl —b4-3X diluted; 1-target gene band.
Bl 1 FAEEMH RNA EREIKEE (A) 5 CaCYP2 RS KR EIRAETEEKIRE (B)
Fig. 1 Agarose gel electrophoresis gel images of RNA from C. asiatica leaves (A) and full-length cloning of CaCYP2 gene (B)

3.2 CaCYP2 EEFFNEMEEZ N

3.2.1 CaCYP2 HHEAMET T PREF S
iR, CaCYP2 S5 66~477 AR FIR X A1)
CYP90-like TR5F&5FIE, J& T CYP450 FEZ (] 2D,
ZEEH 480 NEIER AR, W1 RA
CaasH3seNeeoS2, X/ F &N 54 425.09, MRS
HL S (pDD) =8.98 (>7), s f M LR (Asp+Glu)
BHCN S1AS, 5 IEEATEIERR (Arg~+Lys) MECN 59
AN, BER SR ARE RECN 40.81 (>40), BT
AR ETPEE A Cell-PLoc 7EL N &R T M
JRI, SR A TR 2 SR — 5

322 CaCYP2 & H 1 5 Ik #1885 I 45 #4943 #r
ProtScale /#1578 CaCYP2 & A sE/K &R EE (1
) $rmL THUKERER (EED, FRsEKEE R
—0.217, HFEAREKME (B 3-A). ZEAZSE 15 7
R AL IH KR (2.678), % 255 A&
iR Ab ()57 /K P B 51 (—3.089 ) - SignalP-5.0 5 SignalP-
6.0 FHU 25 SR 251 o5 5 IRTIINE < 0.45 (1 3-B-1.
B-2), KIIZEEANE T HA Sec/SPI 73-ilhige,
ATAE AR IAER . TMHMM-2.0 5 545 K ) ¢
B, CaCYP2 & H — MBI, 256 HarKE
FHE, P ARk EEsiEEE (B 3-C).

Query seq,

here binding site
putative chenical substrate binding pocket

Specific hits
Superfanilies
]

CYPO-like

cytochrome_P450 superfamily

[Search for similar domain architectures

] ® [Refeseacn] @

 List of domain hits
+ Name Accession
[+ CYP90-iike 111043

.

Description Interval E-value
plant cytochrome P450s similar to cytochrome P450 family 90, subfamily A, polypeptide 1 66-477 0e+00

2 CaCYP2 EFHREEBRFRTEMBI

Fig.2 Conserved domain analysis of CaCYP2-encoded protein
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A ProtScale output for user_sequence B-1
3 ‘ Hydropath. / Ryte & Doolittia s
?'.“ ;\ ,, T | | 0.8
0. | Kli !t‘ i yl‘l ‘x ,J\ t (l
%7 ' fH ywh | ,,I’ I ELE
KR -1 | ) i\ ':1
=211 I LA
_3 | 0
Sl Db L L ] Annmmsis e s e
50100 150 200250 300 350400 450 0 20 4 60
=N A FeFIfLE
¢ TMHMM posterior probabilities for WEBSEQUENCE
e .
10 1.0
0.8 08
v v 0.6
5 8
lio'ﬂ =0.4
0.4[ 0.2
- 0 10 20 30 40 50 60 70

50 100 150 200250300350400450
— P HEE P JEA

3 CaCYP2 EBFE/HKME (A)-

FeofE

SSBk [B-1 (SignalP-5.0 Fiil). B-2 (SignalP-6.0 FiM)] SERLEHMTM (C)

Fig.3 CaCYP2 protein hydrophilicity/hydrophobicity (A), signal peptide [(B-1 (SignalP-5.0 prediction), B-2 (SignalP-6.0

prediction)], and transmembrane structure prediction (C)

3.2.3  CaCYP2 8 H i — Z 45 ) A = 2% &5 1) Tt
SOPM fE4; TH AN <, CaCYP2 HEHH 228
A a-B8iE (47.50%) 201 NS #H (41.88%)
51 ANGEMEE (10.62%) ZHAL, LA a8 i A1 G A0
Zhi N FE (] 4-A). SWISS-MODEL LL4H i {6 &
P450 (AOA2GOHOW3.1.A) Y REAR AL 2 () = 2 45
PR, 5 g S A TR 45 SR — E. BEA! GMQE
(global model quality estimate) F4)°N 0.89,

A a- ﬂ?ﬁk

H|—8 M (seqidentity) A 72.84%, A FEMEEE
(K 4-B). i K#Z 547 (Ramachandran plot)
Bon (B 4-C), 96.19% 15 B AL T A FI X 35k, 1%
H 0.42%M 518, ¥ & A257 ASP Fl A32 ASN,
KZE A R SRR G H . A, =R
TR AR B X B S A A B A A T
SEIRAATT, PR A R E A g R T Re 4
AL X

%%L)”'J%Eﬁﬂ
S

& -FIERRILIE & Ay 0 -EIERRIRIE b A .

& -phi angle of amino acid residues; ¥ -psi angle of amino acid residues.

El4 CaCYP2ERZRLEN A). =
Fig. 4 Predictive analysis of CaCYP2 protein structure:

&8 B) SRE (©) Fm

secondary (A), tertiary (B) and Ramachandran plot (C)
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3.3 CaCYP2 #mESE B HIRLREL XS & R Gt fL it
HiE

B£T NCBI U E (1) Blast HXf 347, A AL
CaCYP2 H A& R BR P51 5% b Daucus
carota subsp. sativus~ /NRIIME Coffea arabica. Jt

& Je WAE R EE Coffea eugenioides ~ 3F I A AL

LA L
[EA )
/KL

b B S
At =
KAENY BT
ZHE

AR g
Je e A i

ElRlor B
KACVYHEAE

/N

oz B

ALiAC
KACVYHEAE

B

1% |
A
T B B i
el !
oA
ZH
e

RN ¥
AR ¥
T J8 B o s
Akttt -
KALVYHEAE -

=

Lycium ferocissimum~ KAEVURELE Cornus florida F
Z WK Sesamum indicum 52 ANY)F ) CYP 8 H 75
—EUEEEE 80%, FIH DNAMAN #4317 %
HILLSE, SR EIR CaCYP2 HIH AR CYP &1
(A —EEA 2] 83.62% (] 5), RIJZEATE
AL IR b B R R LR ST E

El5 CaCYP2 EBESHEHMBYM CYP SEBFFIMEIRIMELL AR

Fig.5 Homology comparison results of amino acid sequence between CaCYP2 protein and CYP from other species

A MEGA12.0 FJiE REUK AW RoR, TR
CYP EHASHHE N Daucus carota subsp. sativus i
8 N Daucus carotas FJ7- Apium graveolens Wik

FIHERKEL Heracleum sosnowskyi S5TERMEIN)
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Fig. 6 Phylogenetic analysis of CaCYP2 and CYP homologous protein from other plants
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7 CaCYP2 EB7EMMEM PIMARAHYERL
Fig. 7 Localization of CaCYP2 protein in tobacco mesophyll cells
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Fig. 8 Schematic diagram of recombinant vector construction of pPGADT7-CaCYP2 and pGBKT7-CaCYP2 (A), and the
electrophoretogram of bacterial liquid PCR verification for pGADT7-CaCYP2 (B) and pGBKT7-CaCYP2 (C)
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El9 CaCYP2 ZRRIEERBHERN

Fig. 9 Transcriptional self-activation detection of CaCYP2 protein
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Fig. 10 Schematic diagram of pET28a-CaCYP2 recombinant vector construction (A) and electrophoretogram of bacterial
liquid PCR verification (B)
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Fig. 11 SDS-PAGE analysis of prokaryotic protein

expression of pET28a-CaCYP2 recombinant vector
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Fig. 12 Expression analysis of CaCYP2 gene in different

tissues
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