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[ Abstract] Objective: To clone the full-length glycosyltransferase genes (PpUGT1,PpUGT7) related to
saponins biosynthesis in Paris polyphylla var. yunnanensis, and perform bioinformatics analysis, relative
expression analysis and prokaryotic expression analysis. Method: Total RNA was isolated from P. polyphylla
var. yunnanensis with use of the Eastep” Super Total RNA Extraction Kit and converted to ¢cDNA. Specific
primers were designed according to the transcriptome data to clone the full-length gene. Relevant software was

then used for bioinformatic analysis of the protein sequences. The relative gene expression levels were detected
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by real-time fluorescent quantitative polymerase chain reaction (Real-time PCR) and the prokaryotic expression
vectors were built to heterologously express recombinant protein in Escherichia coli. Result: The open reading
frame (ORF) of PpUGT1 was 1 827 bp, encoding 608 amino acids, and was predicted as a steroid
glycosyltransferase; the ORF of PpUGT7 was 1 380 bp, encoding 459 amino acids, and was predicted as a
triterpenoid glycosyltransferase. The calculated relative molecular mass of two proteins were 67.6 kDa and
51.3 kDa respectively, and both of them were hydrophilic proteins, no transmembrane domain, no signal
peptides, both showing high similarity and conservativeness with homologous sequences. The results of Real-
time PCR showed that the expression level of PpUGT1 was root>leaf>flower>stem; the expression level of
PpUGTT7 was stem>leaf>flower>root. In addition, PpUGTs proteins were expressed in E. coli. in a soluble form.
Conclusion: The genes of PpUGT1 and PpUGT7 were cloned successfully. Real-time PCR showed the genes
were expressed differently in different plant organs, and their recombinant proteins were successfully expressed

in Escherichia coli. This study lays a foundation for functional characterization of PpUGTs and analysis of the

biosynthesis pathway of saponins in Paris polyphylla var. yunnanensis.
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yunnanensis. BCHAR (2K W fEVEH S 2 T -80 °C
VKA DR AT 5

Eastep® Super Total RNA Extraction Kit it 5l
%, GoScript™ Reverse Transcription System i 77| £
(Promega 4= ¥ 2~ W, it 5 43 % 2 0000307741,
0000209334 ) ; Phusion High-Fidelity 5 & M 5% = 2
R (PCR) Master Mix Buffer, EcoR [ -HF,Not [ -
HF, Cutsmart Buffer (New England Biolabs 2\ & , #it
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A AR A A 5 40 5 S #N61211, #N221011,
#M20110) ; DHS o J8% 37 25 4 i (52 A it 20 A= 9 B 2
AR A LS 03688) ; EasyGeno it i 5 41 5 [ ik
&, FastKing RT kit i 7 & [ KR A LR (dba)
A R F]HES 23 B N #R 6419, #Q6211 ] 5 5 14 3 -
D-Fi b2 FLBEH (IPTG) (Inalco 23 ) , it 5 P13/342/
129) ; KAPA SYBR® FAST Universal ik 7 & ( 3£ [
Sigma-Aldrich 24 & , 3t 5 0000086119) ; + — ¢ KL i
% B - 5 VY 47 Tk Jie 35E JiE L Uk (SDS-PAGE ) B i PR i
Be il A & (LR A RAEWHE ARG RA R, #S
091619191101) ; pET-32a" % i& # 1& , HIS-MBP-
pET28a 35 # AR S AL 52 46 2 LR A7 5 H Ak 2% 350 1

&1 PCR3I¥F3
Tablel PCR Primers sequence
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2 FHiE

2.1 RNA 2} & %% 5% 2 I Eastep® Super
Total RNA Extraction Kit a7l &5 15 B 45 , £ B &1 A%
HEAY G RNA {8 1T 1.0% 355 0% B e s DK #E A7 46 0
2 I8 GoScript™ Reverse Transcription System % 5] £
WIS K RNA S 564 i cDNA.

2.2 HEMPpUGTSIENwlE sy Hrif SRR A
B | O 8 A5 B VA Bl e B i RE TN 2 5%, 2300 i 44
& PpUGTI Ml PpUGT7. {#i i ORF Finder (https://
www.ncbi.nlm.nih.gov/orffinder/ ) 7£ £& B A4 X > 571 i7F
AT IT i B8 32 4 (ORF) 43 #f , 32 F Primer Premier 5.0
BT A2 ORF i s 3519, PCR 519 ¥ 51 {5 B L
£ 1. SIWFIEACI B R YR AR RA
GRSy A

5149 Jr 4 (5'-3") JHi& KB /bp

PpUGT1 |3 ATGATCACAGTGAATGGAATGGCGA DR v e 25

T ¥f CTACAAAAAAAACCCCAAGGGAAAACAAC 29
PpUGT7 ¥ ATGTGCTCTCCACCGCCCC 19

T if TCATTTCATGGCATCCGCAAAG 22
EcoR I-Ul  Lii# CTGATATCGGATCCGAATTCATGATCACAGTGAATGGAATG JA% 3 ik /A by 41
Not I -Ul T CTCGAGTGCGGCCGCCTACAAAAAAAACCCCAAG 34
EcoR 1-U7 Iif TGATATCGGATCCGAATTCATGTGCTCTCCACCGCCCCA 39
Not I-U7 T GGTGCTCGAGTGCGGCCGCTCATTTCATGGCATCCG 36
UI-RT |t CCCAACCACTATTGTCCCCT i} %€ s o 12 3 A it % 20 R (Real-time PCR) 20

T it TTTGCCAATACCATCGCTCG 20
U7-RT ¥ ATCCGATCCACCAACGAGTT 20

T iff ATCCGTCAGCAGCATCGATA

20

fige 3 JE (R DL JH FE B cDNA SR, f ] v B 5 |
¥ & Phusion High-Fidelity PCR Master Mix Buffer
4T PCR §7 4§ , PCR 7= ¥ 22 D) I 1o Wi Jm 3% 4% =
pEASY- Blunt Zero 5 % £ 1A I % 16 = K 3% 4 18
DHSo /&7 S UM, 5% Ak 76 & A 2% 19 LB A KR
FEEE T BE FR2 12 h, PR IEUBH M PR I T AR By AR A
EE 3R 249 6 h, B R PCR JC 15 J5 2% 2 b 50 4 1 % R
A EARA R R
2.3 HEM PpUGTs FEN AW {5 B0 br (1
Editseq {1 5 15 i e 7% il i D9 A% 8 IR T 91) 8 2% A
SR 74 ; i F ExPASy A ProtParam T. B (http://
web.expasy.org/protparam ) #il il & H A0 XJ 43 F1 &
5B 4 5 ff 1] TMHMM server v2.0 (http://
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www.cbs.dtu.dk/services/TMHMM-2.0/) i 17 5 i< 2%
¥4 43 #1 ; TargetP 3.0 server (http://www.cbs. dtu. dk/
services/SignalP/) #1715 = Ak 73 Hr . it FH 1 B A= 4
3 [ B P8 2 (NCBI) (http : //www.ncbi.nlm.nih. gov)
WA -5 F BLAST 1 H e 4T @ 6 12 17 41 e X, AR
& BLAST 4521 F 2 [ )y 5] , i i DNAMAN $i
HEAT £ & Wt d Jl MEGA 6.0 % 4 #4 8 Neighbor-
joining & 4t # b K . fff il PRABI-GERLAND
(https://npsa-prabi.ibep.fr/) #1785 F 2 4544 T 5
SWISS-MODEL(http://swissmodel.expasy.org/) #£ 17
S YEA B T

2.4 A FEAM PpUGTs % M Real-time PCR4F#T  HU
££F -80 °C (1 JH & M4 () A [F] %5 B $2 L RNA, = ]



5527 250 8 il
20214F4 A

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 27,No. 8
Apr. ,2021

FastKing RT kit i 71 & Ui B 45 #E 47 ) % s o DLk AS
) cDNA “H Real-time PCR f5 i , % B GAPDH %: A
KNS B WP 1T PpUGTs 3£ ] (1) 36 3K 43 #7 -
AN BETIANAEYFEL 3ANHEAESE KM
45 FOR 2k AT A A

2.5 M OE B PpUGTs % N B B R ik B W
EasyGeno R # & 21 5@ B& X A & Ul 91 5, %
PpUGTI, PpUGT7 & B i A\ Ji 4% 3= 35 % & HIS-
MBP-pET28a [ EcoR [ F1 Not I i s 2 8] J- #% 1k
2 R %A 18 Transetta(DE3) . ¥ TS H A
B LB [E A SR B P G SR 2 12 h, PRECH PR SR T VR
TR F7 Kb 55 35 29 6 h, B PCR JBiR 5 i 24
AL . MRS AR AL M A A AR
A R LB AR 55 35 55 15 35 B A g o FE
0.6~1.0, A IPTG 24K & 0.5 mmol-L", 16 °Cif
$FEKiK24h, 4°C,12000xg &5 .0 3 min i 4 & 1A,
L 50 mmol-L" Tris-Hcl(pH 7.4)10 mL 5 & , 7£ K%
TLLS s/5 s #8H BERE 10 min, % IR 850 5 B 3 2
17 SDS-PAGE,

3 ERS5HH

3.1 EURNA $2HU 4 P 1.0% 350 s W 6 e Fi, K A
R H AR AR B B RNA L 28S 1 18S 45717 1 i 52 4% , WL
B 1o SR, B RNA BTV % 7F 300~500 mg- L7,
Ao It T 2.0~2.2, Ay s> 1.8, S S B3R

A B M 1 2

8 000 bp
285 — 5000 bp

3000 bp

185= 2 000 bp

s

1000 bp
750 bp

AL AR Y B RNA SR HEE I L Uk 5 BB 5 7% 7% [l 5L [H] (1) ORF
15 ;M .Marker; 1.PpUGTI ;2.PpUGT7
E1 HEXBEERBHREREPpUGTs)RKBIK

Fig. 1  Gel electrophoresis analysis of glycosyltransferase gene

from Paris polyphylla var. yunnanensis

3.2 W E B PpUGTs JE [H 78 [ 4% Ph1.5% B g
W B JE L VK R DN PCR ™ 4, H /Y 2574 A T 1 000~
2000 bp, 5 HUHK AL —3, WIE 1B, BH M v B 7
25 B 5 5 St AL JRUT A EL R R YL 99% , 3 B v
W), PpUGTI 3N (GenBank: MT160184)ORF [X.
£ 1 827 bp, 4 1% 608 4~ & % g ; PpUGT7 3 [l
(GenBank: MT160185)ORF [X K 1 380 bp, 4i i 459
IR .

3.3 PpUGTs#E M ERAL Mk i Wil PpUGT1 #H % 43

F i 67 570.60 Da, FHIS 55 5 5.94, 17 T
585 (Asp+Glu) 69 4>, 1E HL 5% 3 (Arg+Lys) 57 4~ s A
REZRB 4168, 8 TAREZEA B RZEN
86.45, Mg K FE KL M -0.077, T Jg K MEE 1 K
1 rb o g s B R S R (9.2% ), % B B AR 2
ot 2 R AN 0 2 R (2.0% ) o PpUGTT A XS 73 - 5t it o
51 340.76 Da, # it % W iy 5.75, 4 1 W gk B
(Asp+Glu) 574>, IE HL 5k Ak (Arg+Lys )47 4> iZ 8 H
IR E R BN 39.98, 8 TR 2 & M IR T R B
80.96, ML /K $6 K M —0.128, UM g 3 K ME K 1 5 &
b o e s B S SE R (8.3% ), 1 i e AR Y O I
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3.4 PpUGTsH LIS F 5 Kt 25 A
SEF IR BT 7%, PpUGTs 34 AN A7 75 15 IR 45 46, Sy i
S, WE 20 15 5 K43 B Wi, PpUGTIL Al
PpUGT7 & 47 Sec {5 5 Ik (Sec/SPI) ¥ 1] BE 14 43 51l by
0.002 2 F10.008 5, A % A {55 5 Ik (Other) i) 7] g/
4350k 0.997 8 F10.991 5, T Wi & 24 K & {5 S ik,
FAET AR L, WL 2. W PpUGTS 7] BE7E 41 Jifd Ji
TR FEILTRE
3.5 PpUGTs# 1 =9 45# 7 PpUGTs 1Y — 4%
S5 P - B E | E R 4 RO R U] 5 il A B, DL AL 3,
A G B D s il 2 3 A R oG 1, £ PpUGT I
PpUGT7 143 5l 5 1 59.21% H1 59.26% ; Hiik N a-12
WE L 43 51 5 HE 32.07% F 33.12% 5 FiE {55 23 51 5 FE
8.72% M1 7.63% , 43 #L T WK% ) AS [R] B A o
3.6 PpUGTs I H =AM AU 34 =51 i
W 43 A7 7R, PpUGT 2 11 55 R 7 1% BF 6 B 3-B-7
ERE R RS (UGTS ) B 36.65% M7 5 AHAIPE
PLiZ 26 1 (SMTL ID: 5gl15.1) B 5% kA A, i 3 5] P
HEA K PpUGTI 2K 1 M9 = 45 4, B v il ol
157~554 i & 82 , WKl 3. PpUGT7 & H 5 #l /M JF
rF ) %4 B L B Bl (UGT74F2) B 39.51% Y JF 51
AHRLPE , LLIZE 1 (SMTL ID : 5u6s.2) A 4% M 1554, i
o [F] PR AR 1 PpUGT 7 2 H 1 = 2025 0, 14535
BBl Ry 7~459 i B KR . PpUGTI N HAT 17~ H £
AN G LR B S 2 LA 25 6 ST, T Al PR AT -5 T R
T B G A O U, m M SR A EAE S L
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Fig.2 PpUGTS protein analysis of transmembrane domain and signal peptide analysis from Paris polyphylla var. yunnanensis
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Fig. 3 PpUGTs analysis of secondary structure and prediction of

tertiary structure from Paris polyphylla var. yunnanensis
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7 AFN26665.1 BWGT73C9 Barbarea wigaris
9 AFN26667.1 BWGT73C11 Barbarea wlgaris
10 AFN26666.1 BWGT73C10 Barbarea wilgaris
'AFN26668.1 BWGT73C12 Barbarea wigaris
AFN26669.1 BWGT73C13 Barbarea wlgaris
10( AYA60330.1 PzGAT1 Panax zingiberensis
AYA60333.1 PjGAT Panax japonicus
K AYA60331.1 PzGAT2 Panax zingiberensis
5! AYAB60332.1 PzGAT3 Panax zingiberensis
A PpUGT7
BAAB9008.1 PhF3GT Petunia x hybrida
10( QOLFJ8.1 AtUGT78D2 Arabidopsis thaliana
98| AAMB5321.1 AAMB5321 Arabidopsis thaliana
ACS15351.1 Cp3GT Citrus x paradisi
54 ALO19888.1 CsUGT78A14 Camellia sinensis
92) AAD21086.1 FiF3GT Forsythia x intermedia
9 BAA19659.1 PfF3GT Perilla frutescens
KY354517.1 SISGT1 Solanum lycopersicum
KY354518.1 SISGT2 Solanum lycopersicum
QOM8Z7.1 AtUGTBOA2 Arabidopsis thaliana
AWW17242.1 OsSGT1 Omithogalum saundersiae
A PpUGT1
MG488290.1 Dz3GT2 Dioscorea zingiberensis
ABC96116.1 SGTL1 Withania somnifera
NP 001314026.1 GhUGT80B1 Gossypium hirsutum
QOXIG1.1 AtUGT80B1 Arabidopsis thaliana -

B4 BERBHIERFIRFHMLST

Fig. 4 Phylogenetic analysis of amino acid sequences of glycosyl-
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AWW17242.1 Ornithogalum saundersiae MADDDGCTGKPDGGGS...... 16
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Fig. 5 Multiple sequence alignment of PpUGT1 and other plant steroid glycosyltransferases
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Fig. 6 Multiple sequence alignment of PpUGT?7 and other plant triterpene glycosyltransferases
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Table 2  Expression of PpUGTs in different organs of Paris

polyphylla var. yunnanensis (X+s,n=3)

WH PpUGTI PpUGT7
i 1.97+0.48 0.13+0.14
E 0.10+0.06 3.14+0.31
n 1.00+0.19 1.00+0.18
1t 0.16+0.06 0.24+0.50
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