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AT Z P450 ZIE PtCYP72A4546 H5Pg. T HBEENMN S FRIES
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TRAFEMI, TNRAEEAN, "R EIN o E MM I, IE4HM0E A7 73 7K W] PtCYP72A546-GFP Rl & 2 [ €N
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200 pmol/L 525 ¥# (chitosan, CHT) AL¥EF, CYP724546 3T 12 hikl&{H, 70nl7 BRI 7.45 £5H0 5.49 £ fEEAE
Y (PR 3R BHELIETT, CYP724546 HIRIEZIH] (6 h), H LIFEEIE TR, it BxhzEd CYP724546 £
HWTErE. x50, ARG ARTEIE & =05 25 G SR/ 10 D) e 5958 Jeal .

X mA; IR P4S0; WANMEN; AEWE B BEEEE

FESHES: R286.2 NHRFRERE: A NEHS: 0253 - 2670(2024)03 - 0919 - 09

DOI: 10.7501/j.issn.0253-2670.2024.03.022

Cloning, subcellular localization and expression analysis of CYP72A546 gene of
cytochrome P450 family in Polygala tenuifolia

LUO Yao!, JING Yiyao!, HU Benxiang' 2, YANG Bingyue', JI Haiyue?, YAN Yonggang', ZHANG Gang',

ZHAO Fan?, PENG Liang!

1. College of Pharmacy, Shaanxi University of Chinese Medicine/Shaanxi Engineering Research Center for Application and
Development of Chinese Medicine in Qinling Mountains/Key Laboratory of “Qin Medicine” Research and Development,
Xianyang 712046, China

2. Shaanxi Institute of International Trade & Commerce, Xianyang 712046, China

3. Yulin No.5 Hospital, Yulin 719000, China

Abstract: Objective To clone the open reading frame (ORF) of cytochrome P450 (CYP450) gene CYP724546 from Yuanzhi
(Polygala tenuifolia Willd.), and analyze its physicochemical properties, phylogenetic relationship, tissue expression, expression under
hormone and abiotic stress. Methods Based on the full-length transcriptome library of P. tenuifolia, the cytochrome P450 family
gene PtCYP724546 of P. tenuifolia was screened and cloned. The amino acid sequence encoded by it was analyzed by bioinformatics
online software, and the molecular characteristics such as physical and chemical properties and structural domains of the protein were
predicted. The evolutionary relationship was analyzed by MEGA11, and the relative expression levels of different tissues, hormones

and abiotic stresses were detected by real-time fluorescence quantitative PCR (qQPCR). Results The cytochrome P450 family gene
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PtCYP724546 was successfully cloned from P. fenuifolia. The full-length ORF sequence was 1 560 bp, encoding 519 amino acids with

a relative molecular mass of 59 770. It was a hydrophobic stable protein with a conserved domain and no transmembrane structure.

The secondary structure was mainly a-helix and random coil. Subcellular localization analysis showed that the PtCYP72A546-GFP

fusion protein was located in the endoplasmic reticulum. The results of gPCR showed that the expression of CYP72A546 in roots was

significantly higher than that in stems and leaves. Under the treatment of 200 pmol/L abscisic acid (ABA) and 200 pmol/L chitosan
(CTS), CYP72A546 reached the peak at 12 h, which was 7.45 times and 5.49 times that of CK, respectively. Under abiotic (PEG6000
and NaCl) stress treatments, the expression of CYP724546 was first inhibited (6 h), then up-regulated and then slowly decreased.

Conclusion The cloning, identification and analysis of the CYP724546 gene in P. tenuifolia laid a foundation for further study on its

function in the synthesis pathway of triterpenoid saponins in P. fenuifolia.
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tenuifolia Willd. B{UPIMzE . P, sibirica LI TIEAR, 16
BT (MR TEZ), R, o, MR, BA2aEs.
AT IR I DR, G TR E 85 Mk
Gu TURSRZM [ 42 FhaE s Ry B =8 AL iz
—, IfRIE LT H BT 3 AL R LY,
BN TR B2, &2 A T E AL, 48
JEAZRACHX, DARRPE . (L E AL, R —FhiE R
PERR BRI o AR T S KB A 3
BSOS =k R, B eRaE >l
2. BiEr. PUTESEZEERS, fEmSEYTh, 5%
BRI =i A SV AR S R A RTAR LN B
BB WA 3 M B 2 3 BB B-E
Al (B-amyrin synthas, B-AS) {4k 2, 3-5A L& )%
(2,3-oxidosqualene, OS) LK B-EWIEEE, 2A)G PB-
T IEEEAE CYP450 1EF AT C-28 ARG IR
2, 2 CYP450 1 UGTs A= E et NI
A O 2 I = SR ST A (K P450
(cytochrome P450, CYP450) e tEYIA N e K OB
G, BA PR Bk M 2T 22 #A8), DRI mT DA b
Ao TR B T BA T2 B, &
B 50528, YL RS YIRS A R,
CYP450 AL ISR SEB =i s 2 A AT
REAUI DGR, R =ME2ER B & OB AR 1) U0,
P450 FERITERER A K R B i fE B G E A,
AT RIS % Bl AR S AR e B, 4
AR MM 2K P4S0 B LR 1%
PLI R 5 SRR, PTREAE MR KA
18 ARG R KA EEAEH . MYBE YA
KRG S &P AR PR AR

ASERERE PCR SCRERR] TIZE CYP724546
S, IR AT MG B BRI
Wi N2 367, A B TERANIR D CYP450 B[R 7E i E

PRGBS P B AR, Rk B W 8 e A
B AR g A SR PR LR IR 3 A i i 1A%
TAEE R A BT BEE T A, Wik PR R T
& CYP450 F=A D fe e AR e -
1 MRI5EE
L1 #R

FERLT 2021 4 10 A BRI R 25 K225 i
Vb (B H ) R, GBRVE R 25 K AR
BN 3 FAEE P tenuifolia Willd. Sz %,
AT T
1.2 EEFEZEF
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10%). #h (NaCl, 100 mmol/L); Wjiti I & /K1E N
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7=, DNA B GRS aife i B R BE, 5
pMDI9T &4 3144k DHS0, HREUSAYE va ik %
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F 1 PtCYP72A546 EE R ERFIEDISIHIFT

Table 1 Primer sequences for gene cloning and expression analyses of PtCYP72A546

EIE/EA S SMFFH (5°53) & 14 =M KM bp
PtCYP72A546 F: ATGGGACTATCATCATTGGCCACC TR A 3 1560
R: TCACAGTTTCCGTAAAATGATAT
qPtCYP72A546 F: CTCGGACAGCATTTGGGAGT gPCR 128
R: TGTCGGCAGAAACCTCCATC
GAPDH (HZH:[A) F: ACAGCAACGTGCTTCTCACC gPCR 128

R: CCCTTCATCACCACCGACTA

2 PtCYPT2A546 EFE SIS B K Mub
Table 2 Bioinformatics software and websites for analyses of PtCYP72A546

EMER AR FRIRAE L2 A
T ISR BEHE https://www.ncbi.nlm.nih.gov/
TR A A 5T T ProtParam (https://web.expasy.org/protparam/)
RIAZ1: hregvag WoLFPSORT (https://www.genscript.com/wolf-psort.html)
ESEy s wiibl| ExPASy(https://prosite.expasy.org/prosite.html)
TR LR T SOPMA (https://npsa-prabi.ibep.fr/cgi-bin/npsa_automat.pl? page=npsa_sopma.html)
=R EETN SWISS-MODEL(https://swissmodel.expasy.org/interactive/qakFDp/models/)
EREgi SRl SignalP-5.0 (https:/services.healthtech.dtu.dk/service.php? SignalP-5.0)
P8 A TR TMHMM (https://services.healthtech.dtu.dk/service.php? TMHMM-2.0)
AL 3 I AL MEGAL11 Chiplot (https://www.chiplot.online/tvbot.html)
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HEA CYP724546, 4mtd 519 NEEE, A
CYP450 FIfRFEEMIR, IESZHA CYP450 Kk
(K 1~3).
32 EYERESH
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XF PtCYP72A546 4t Hi4T 22 J7 A il 73 4 .

Marker ~ PtCYP72A546

2000 bp

1 000 bp
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1 PtCYP72A546 EF PCR &R
Fig. 1 PCR results of PtCYP724546

1atgggactateatcattggccaccattgcagecctttcagtzatig tgtitg cagtgctgacatggatatgg ag tg tg gtaaactg gatatgg ctgaagecg aagaagetagagaggigc

MGLSSLATIAALSVIVFAYV

LTWIWSVVNWIWLKPKEKLERC

121clgagacaacaagg ttttcaagg caatccatacag cattitetttgccgacatgaaacag aatagaaacgtgitcatggagg ceaaatctaagecaateaatetgg gegatg atacagty

LRQQGFQGNPYSIFFADMKQNRNVFMEAKSKPINLGDDTV

24] ceteg tatcticecteatg gectgeaaaccgtacagaaatatg glaaaaaticgticacatggtigg ggccaattccaag gg tgactettatg gatecigaccagatcaaag aaatttta

PRIFPHGLQTVQKYGKNSFTWLGPIPRVTLMDPDOQIKEIL

361 atcaagatatacgactttcaaaag cctacatcaaatcocctig teaaaattctggctact ggectig caagt tatgagg gteag aaatgg getag acatagaaagattatcaatecaget

IKIYDFQKPTSNPLVKILATGLASYEGQKWARHRIKIINPA

48] tcaacciggagaaatiaaagatiatgttatcaacgtittatg aaagcacaatggatatgatiggcacatgggaagg gatgatatetgcagacag tteg tgcgaattagatg atggeca

FNLEKLKIMLSTFYESTMDMIGTWEGMISADSSCELDVWP

60] tatctacagaactttactigtzatgtyatttctcgg acageatttg ggag agctacgagg aagg aag geg aatititg ag ctictgaaagaactag ctgag ctgacaatcaagg tgata

YLQNFTCDVISRTAFGSSYEEGRRIFELLKELAELTIKVI

72]1cagticgtitataticcggeatggagg titctgccgacaaataccaacaagaagatgaaagaaatcg acagagaaatiagatectcactgaagaatattatcaacaaaagagagaaagcg

QFVYIPGWRFLPTNTNKKMEKEIDREIRSSLEKNIINKREKA

841 3ggaaggeag gagaaccgaataacgagg atttgctag goatacttitggaatcaaatcacaaag aaatcasagatcatgataacag gaag gaagitgg aatgaccatecatgatgtgatt
RKAGEPNNEDLLGILLESNHEKEIKDHDNRKEVGMTIHDVI]
961 gaagaatg taagctatitiactitgctggacaagagacaacatctgttttgctgg tatgg accatg gtattgitgag ag gtatccttattgg caagtgcatg caagg gaagag gttty
EECKLFYFAGQETTSVLLVWTMVLLSRYPYWQVHAREEVL
1081 cage titttgaagaccgaaag ccagatttcgatggcctcagecaccteaaaattgtaaccatgattctgtatg ag gttctgagattatacccacctgtaategtictcaacagaagtg t
QVFEDRKPDFDGLSHLKIVTMILYEVLRLYPPVIVLNRSYV
1201 caagaggagacaaaactiggasaacigacatigecticg ggagtgcaaatttcitccctg acttitggttcatcatagtcatg aactatg ggg tgacgatgctaag gaattiaaccea
QEETKLGKLTLPSGVQISFPVLLVHHSHELWGDDAKETFNP
1321 agagetittelgaagg aatitigaagg caaccaaagg ceagg titcatictteecatiig gatgg g tecteg catttg catag gacagaactttgectigtig gaagetaaaatgg ea
ERFSEGILKATKGQVSFFPFGWGPRICIGQNFALLEAKMA
144] ttggcactgattctacaacgtitctcttttgagetttctecatcatatacteatgcecccacaactg taattacactecagccicaacatg gtg cteatatcat tttacg gaaactg tga
LALILQRFSFELSPSYTHAPTTVITLQPQEGAHIILRKL-

& 2 PtCYP724546 EFE cDNA FH &KX HRLHEERFT)

Fig.2 Complete cDNA and deduced amino acid sequences of PtCYP72A546
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PLNO2290

p450 superfamily
cytochrome_P450 superfamily
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List of domain hits "

Name Accession Description Interval
[+ CYPT2 ©d20842 cytochrome P450 family 72; Cytechrome P450 family 72 (CYP72) belongs to the plant CYP72 clan, 84.515
[+ PLN0O2290 PLN02290 cytokinin trans-hydroxylase 12519
[+ p450 pfam00067 Cytochrome P450; Cytechrome P450s are haem-thiolate proteins invalved in the oxidative 92-494
(] CypX COG2124 Cytochrome P450 [Secondary metabolites biosynthesis, fransport and catabolism, Defense . 81-518
[+ COG3898 COG3898 Uncharacterized membrane-anchored protein [Function unknown]; 547

3 PtCYP72A546 EHMILEHIE

Fig. 3 Domain analysis of PtCYP72A546 protein

E-value
0e+00
6.17e-124
5.60e-77
9.01e-44
8.20e-04
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Fig. 4 Hydrophobicity prediction analysis of amino acid
sequence of PtCYP72A546
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Fig. 5 Prediction
PtCYP72A546
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6 PtCYP72A546 Ym0 E B EIRLEHQE TN 534
Fig. 6 Prediction analysis of the transmembrane domain of
protein encoded by gene PtCYP72A4546
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7 £5/bp
7 PtCYP72A546 ERE SRR R
Fig. 7 Prediction of a signal peptide for PtCYP72A546

protein
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SWISS-MODEL fE £ TIN5 #r PtCYP72A546
WA = 4E45#, H Cytochrome P4504B1 (SMTLID:
6c94.1) MR, TEE T FRN 100%, TINS5 R,
K9,
3.3 RS

M NCBI ##fs b 8 7+ YD K&
5izd CYPT2A546 RIEMF 4 AA —E RIEMER
YA L3R P45S0 FIR B 791 [H 5 Glyeyrrhiza
uralensis Fisch.. K& Glycine max (L.) Merr.. T ik
MR Lotus corniculatus Linn.. SFEHEY) Gastrolobium
bilobum- & 1& Medicago sativa L.\’ J+ Arabidopsis
thaliana (L.) Heynh.. E# Camptotheca acuminata
Decne.. ZJ#k Sesamum indicum L. WH¥ Nicotiana
tabacum L.1 35 11 2% FIH MEGA11 1 i) 484544
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[E 8 PtCYP72A546 & AR ZKLEMTRM
Fig. 8 Secondary structure prediction of PtCYP72A546 protein

9 PtCYP72A546 T HHI = REEHTN
Fig. 9 Prediction of tertiary structure of PtCYP72A546

protein
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10 CYP72A546 RS
Fig. 10 Phylogenetic analysis of CYP72A546
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Fig. 11 Subcellular localization of PtCYP72A546 protein in lower epidermal cells of tobacco leaves

144
12
] 10 7
&g
_‘.’.R_{ -
' 67 b
=
< 4_
— C
2_
0 T

(i ES iy

F ET7 ARG FEMUR AR R A 2 [0 A Gt 2 LR
(P<<0.05),
Different lowercase letters above the column represent statistically

significant differences between different tissues (P < 0.05).
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Fig. 12 Expression analysis of PtCYP72A546 in different
tissues
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Different lowercase letters above the columns represent statistically significant (P < 0.05) differences among different hormones and different stresses;

different capital letters represent statistically significant differences between different processing times (P < 0.05).
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Fig. 13 Expression pattern of PtCYP72A546 in response to hormones (A) and abiotic stress treatments (B)
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