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Abstract: Tripterygium wilfordii 3-hydroxy-3-methylglutaryl coenzyme-A reductase (TWHMGR) is an
important regulation site in terpenoids metabolic pathway in cytoplasm which is the first speed limit enzyme of
MVA pathway. In order to investigate the effects of TWHMGR on the biosynthesis of triptolide and celastrol in
Tripterygium wilfordii, the overexpression of TWHMGR (OE-HMGR) was studied in this paper. We cloned the
full-length of TWHMGR to construct overexpression vector by Gateway technology then delivered the expression
vector into Tripterygium wilfordii suspension cells by gene gun. gRT-PCR was used to detect the expression
of TWHMGR: the expression of TWHMGR was increased to 1.75 folds over the control group (empty vector:
pH7WG2D) in the overexpression group. The accumulation of triptolide and celastrol in the suspension cells
of Tripterygium wilfordii was detected by UPLC, revealing that: the contents of triptolide and celastrol were
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increased to 163.93% and 190.04% of over the control group in the overexpression group. Based on these
findings, the positive effect on the accumulation of active terpenoids, triptolide and celastrol in Tripterygium
wilfordii was found and the results laid a foundation of the synthetic biology research on important active

terpenoids in Tripterygium wilfordii.
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H bt 404 A 7). Phusion™iB {# H DNA R AW H
2 [H NEB A 7] .EasyTaq® DNA B & EEW 5 b 4
AT A R #h R 506 5 26 [E Sigma A .

TWHMGR £¥E2F 754 1A NCBI (http://
www.ncbi.nim.nih.gov/) 4 #1 T TWHMGR 1% 1 & 177
%, FIF NCBI ORF Finder i & TWHMGR [ T i %
BEHE, F BLAST F2/71E NCBI $dis 2 ip 3E 47 YR PE AR
Z, H DNAMAN 8.0 ¥ ft-%f 5 41l 147 2 57 41 LU X,
JH7E MEGA 7.0 Hiiid Clustal W HExT, % neighbor-
joining 75 K 7 2 e kAL AT,

BP RMAMENIIEMA R DEH TWHMGR-
ORF, {{iH] Premier 5.0 Wit AHRL 514, FHAEIER 514
BN CACC FRG 14 A i, HMGR-F: CACCATGGAGG
CCCGCCGGAG, HMGR-R: CTAAGAAGAACCAGC
AGCAGAAATATTG. PCR M AKk &R N: 25 pL 2x
Phusion HF, 2.5 pL 10 mmol-L ' HMGR-R, 2.5 pL
10 mmol-L ' HMGR-F, 1 puL HMGR 5 ki, 19 pl
ddH,0, EfkFR N 50 ul. KM FEF: 98 °C 30s; 98 C
105,56 C 155,72 °C 1min 3t 35 MEIF; fJm 72 C
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FILHAR, PCR B AA %y OE-HMGR J5ikL 300 ng,
pH7WG2D #44 300 ng, 1 pL LR /i, 0.6 pL TE Buffer
(PH 8.0). SN FER: 25 C, 4h. PCR 4% 4L E. coli
Transbo B2 AN, HUBH M v B gk 47 00, W Ak
Ihia, 1% H 2% E OMEGA /A & ) Plasmid Maxi Kit |
A&, IRUH B HEE TWHMGR i R IA KR IEHK
P BURL, 4 N OE-HMGR Jfi ki .
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B, R B MSEAREFRIE (A 0.8% K
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FEAMAEEFE 3 MRLL L A BE 40 4R T [E 44
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OE-HMGR Jii ki N, B3R R 41 F: 5000 ug &47
100 pL 2.5 mol-L™* CaCl,. 40 uL A5 pehs B (6 pL
R REE] 40 ul). 20 ug i TR K. % iRk R
A& A, WiEE 2~3 min, #EEEL, # L
o 2B 70% ZFEAT 100% 2SIk R, 18
O F I 100 b 100% L8, BB G, 15

CEMREGH RS EY 2~3 s, BETIKHIRIEST
F o ¥ A R J5 132047 pH7TWG2D 25 3 5 b (1) B3 . &
AOMAE 1300 psi, i 1100 psi AT S48, FdiEE s
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4, fAEY S RNA SREGR &, %S i
1T A RERIF AN B RNA $RE. {# /1] Fast Quant
cDNA 55— & i &, U1 H 8 RNA S
N ¢cDNA. T pH7WG2D #HfkH, 4 hygromycin
(Hyg) hBt. Bk, DLREE433IH) cDNA Jytstk, H
Hyg %55 51 % Hyg-F: ATCAGCTTGCATGCCGGTC,
Hyg-R: ATCATACATGAGAATTAAGGGAGTCAC it
1T PCR Y14, PCR X NAK 24 25 pl 2xPhusion HF .
2.5 uL 10 mmol -L ! Hyg-R. 2.5 pL 10 mmol -L * Hyg-F.
1 pL FEH cDNA. 19 uL ddH,0, H KR 50 ul. M
T&:98°C 30s,98°C 105, 56°C 155, 72°C 1 min 3t
35 AMEFR; 5 72°C 5 LE{#H 5 min.

qRT-PCR #i1l TWHMGR #B3tRIAE LLiifE
SEIRTEI cDNA 1E N gRT-PCR (54K, 1 F] Premier
5.0 &itMHMN 51, Q-HMGR-F: GGTTTCTTTGGCG
TTGACTT, Q-HMGR-R: GACGACCTTGGGCTTGA;
LA p-actin £ K{FE AN 2, p-actin-F: AGGAACCACC
GATCCAGACA, fp-actin-R: GGTGCCCTGAGGTCCT
GTT. fii | KAPA SYBR" FAST gPCR Master Mix Kit
4T gqRT-PCR X B, = Fifk %: 10.0 puL 2xFast gPCR
Master Mix. 0.4 uL 10 pmol-L > IE[A 5[4, 0.4 uL 10
pmol-L 1 3147, 1.0 uL cDNA. 8.2 uL PCR-grade
water, SRR 20.0 pulL, MR 95°C 3 min; 95°C
3,60°C 30sH & 45 MEH . f# F LightCycler® 48011
SEI O E B PCR R4 TWHMGR 12 R AR T
RiLE. WHE SMARESR, M 2 kit HEN
ot ik P, R 45441 cDNA it %k
41 cDNA 43 B AR A AT TWHMGR $5 57418, B
IS Pl 5 DR AH G 32 (R AR 4K
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BEMNE SHAMFRINL 100 mg KA 48 1)
TR EIE M, R ER BE LR R A5 FDU-
1110/FDU-2100 & T IRHLEAT ¥R T8 . VR T 1
Jei HORE SRS %5 PR 20 mg, i\ 80% HfE 1 mL, 4°C
%, LA 40 kHz. 100%Ih#* . 25 C#EA 30 min J&,
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BAH B A 0.1% H R /K . A FEBEML 26 4F: 0 min 70% RE I HMRG SUILH F e T ARG dHbi . Eit
A, 5min 65% A, 8 min 65% A, 15 min 30% A, 21 min it FEdr, T [ HMGR #5845 3L [/ 17298, TWHMGR
10% A. HEMUERE 0.4 mL-min, SERER: 5 uL, M b S HMGR B H R T — 3%, f1Ed 1.
i 40°C. WAMFRMBMMPK A 2194 0m, FL 2 TWHMGR FE AR MR

FHE T 3R (IR 9% K Ay 426.0 nm. LA 80% FR B R ¥ 71, TWHMGR #5571 3| 4 #9755 1740 bp 1 OE-
FUI TG A R PR A AR OAR ARG, BB HMGR f B, ikt I 2A FR; BT i 2
¥ E N 1. 25. 35, 10, 25ug-L . s hor S B 2B
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Figure 1 Phylogenetic analysis tree of HMGRs from plants, animals, insects, fungi and bacteria. ALU211310.1: Tripterygium wilfordii,
AAO085554.1: Nicotiana attenuate, QOXEL8.1: Capsicum annuum, ABK56831.1: Euphorbia pekinensis, CAA38467.1: Hevea brasliensis,
ACV65036.1: Panax quinquefolius, AAB69727.1: Camptotheca acuminata, BAE92730.1: Gentiana lutea, ADR51242.1: Coffea arabica,
ADXO05300.1: Acinetobacter baumannii, ADN51044.1: Wulcanisaeta distributa, ADQ43: 377.1: Sreptomyces cinnamonensis,
BABO07821.1: Kitasatospora griseola, ABY20976.1: Medicago truncatula, AAD03789.1: Morus alba, ABP04052.1: Corylus avellana,
XP_021282837.1: Herrania umbratica, AAB62581.1: Solanum lycopersicum, NP_000850.1: Homo sapiens, NP_001073446.2: Danio
rerio, NP_001116460.1: Sus scrofa, NP_001295235.1: Bombus terrestris, AAD20975.2: |ps paraconfusus, P54960.1: Blattella germanica,
AAB67527.1: Saccharomyces cerevisiae, SODQM8.1: Fusarium fujikuroi
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Figure 2 Overexpression fragment and vector.
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Figure 3 Multiple alignment of the deduced amino acid sequence of HMGRs from plants. The conserved residues are shown in dark
blue and homologous residues in pink, yellow boxes show the HMG-CoA-binding motifs and NADP (H)-binding motifs; ALU11310.1:
Tripterygium wilfordii, AAO85554.1: Nicotiana attenuata, Q01559.1: Nicotiana sylvestris, Q9XEL8.1: Capsicum annuum, AAB62581.1:
Solanum lycopersicum, ABK56831.1: Euphorbia pekinensis, CAA38467.1: Hevea brasiliensis, ACV65036.1 3: Panax quinquefolius
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Figure 4 Verification of successful transformation of expres-
sion vector. Hyg fragments of 1 787 bp

5 TwHMGR £EMExtRIEAZKN

43 ) DA 7S B 2R R OA 4L cDNA DR,
TWHMGR 553 51 04 38 7= 03047 B i i v i PR
M, Wi 5A Fior, LU RIEZ cDNA AR 51 1)
H I 2 R 2 B s s L, T A S A TR S B 2 S A
Ko qRT-PCR 45 R o0 #r iR, fEid KB4+, TWHMGR
22k B SR 1.75 %, Wik 5B Fias.

A
‘ ﬂ_ACIin
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B 259 | —
204

Related expression of TwHMGR

pHTWG2D

OE-TwHMGR

Figure5 Gene expression analysis of TWHMGR. A: Gel elec-
trophoresis of gene expression; B: qRT-PCR of gene relative
expression.  Single asterisks “*” indicates P<0.05, n=5
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Figure 6 UPLC chromatograms of triptolide and celastrol
standards and samples. Peak 1: Triptolide; Peak 2: Celastrol
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Figure 7 Contents of triptolide and celastrol in Tripterygium
wilfordii. The data represent the average + standard. Double
asterisks “**” indicate P<0.01, n=5
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SR MR N AR R . S o &
PCR H) 45 R A8 i —F¢, i RKEH TWHMGR £ [H
X RIE BT EHAT & T 0.75 5. FHAREH
RHMEABRA RN SR HRA 7 ETHT 0.64 Fl
0.90 . SEIR4E K, dRE TWHMGR X8 A
HZR AN AR A6 BOR A B 10 I ) A 4%
EM .

Aszih, %Kik TWHMGR JEEABHF R (&
Wi, H MEP &G ) MEAMLE (=i, H
MVA REAK) MEEHEE LTF, IESE A B
W I A ) B B R AR B AR IR A SR A LM, T
R HMEBERR . TFE MVA @42 Rl HMGR, 1
MVA il MEP &1 9= &394 Fr £, 5 MVA
BEFEEAEAR LRETES.

FENMIE AT AT, M TFARK
TN B AR R KA 5 7 SEBe A, 2 —Fh o
R B R e A T i, T R T DR AR P T R R PR B
iF. Zhang 2% Bt 35 TWDXR X & ik 1% b
FAe S Rk BB AR BT ER, Ak
HEM#EST TWHMGR IR M RIEREZ, T
— 50 St S5 DR A0 A ) £ R 42 A P FEAORFF 5
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