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TABE MCT 28 RNAI 518 A BEREIOE MR 5 £ 1A R AR

Fmwml BRHEL K L. HAEL K oKL Exael poml
FHEEY . 5 BT, Ema

(1. HHERERER R0, L5t 100069; 2. HE AP ERRHA B 2 SR G, AR E 5K S S =
HrE s, Jeat 100700; 3. HESERRLKSEPERZA AR, PERERFT LT E S SER =, it 100069)

WE: MCT K EWE K MEP @2 L E TR CHN, AT R A Gateway 7o % 8 20 5 R F4 & TwMCT 2k
R RNAT Rk gk, 3307 K/NA 484 bp 180 A B, it B RAEHE AR K TWMCT RNAI £ /kde N 3185 A &
IFAIML. SR UPLC ME &AW REMER A M A&, SR BRI A8 H R ME A BRO RN & =M% T
SR pK7GWIWG2D 435l FFE T 23.4% Fl1 42.8%. [AH FIH qRT-PCR il TWMCT %[ Ak & gz B
BILR (R ILE, SERER, AN T X R4 pK7GWIWG2D, TWMCT ik & R T 29.2%, TWDXR. TWGGPS.
TWHMGR 1 TWHMGS [ A % 21k &35l F B& 7 36.3%-31.3%. 62.2%F11 29.1%, {H TWDXSI)F & & il T 114.2%,
M TWFPS WA B E ML . AP REERNIIE T T TWMCT FIRIEX R AR SIE R B AR ZFHEA
PR R AR B B E MR, Nit— SR MCT Rt 35 A RS 3R 0 2 W0 & B R 42 ML i) B8 5 JE T
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Abstract: MCT is an important key enzyme in the terpenoid biosynthesis in MEP pathway. In this study,
Gateway technology was used to construct RNAI vector of TWMCT, and a vector fragment with a size of 484 bp
was obtained. The TWMCT RNAI vector was transferred into the suspension cells of Tripterygium wilfordii
by gene gun. Accumulation of terpenoids was assayed by UPLC, and the result showed that the content of
triptolide and celastrol in cells decreased by 23.4% and 42.8%, respectively, compared with the control group
pK7GWIWG2D. Moreover, the gene expression of TWMCT and major genes in terpenoid biosynthesis pathway
was detected by qRT-PCR, which demonstrated that the expression of TWMCT reduced by 29.2% relative to that
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of the control group pK7GWIWG2D, and the relative expression of TWDXR, TWGGPS, TWHMGR and TWHMGS
diminished by 36.3%, 31.3%, 62.2%, and 29.1%, respectively, but the expression of TwDXS was up-regulated by
114.2%, and there was no significant change in TwFPS. Thus, it was verified in vivo that interference with
TWMCT expression significantly inhibited the accumulation of triptolide and celastrol in Tripterygium wilfordii,
laying a foundation for further exploring the regulation mechanism of MCT gene on the terpenoid biosynthesis

in Tripterygium wilfordii.
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W2 A BRI T P B A BB A T A
(Tripterygium wilfordii Hook. f., Tw) 154 B4R
ARBES, BAEXRIE. EIERShY, & AR
FEA B F R W, R E AR R
(triptolide). =i FHE ALK (celastrol). F5 AN
e F & . DU FUR B, B AR RA RIEF1I4t
PR A, it LRI, R AT T K
WA R, FABA KT LIRRAED, K
PEAC oS,

Gateway " 7 £ A 7 B3z i BP Al LR fi7 5 45 57
PR A ORI TR A A B % A i3 A A e £k P
F ALy e N p Ay BT, SR 3T LAR ] — RN T
AR T T v 30 e 7 A A Bl R IR AR DA R DK
198 7R 25 R T i ) v 3 B Gateway #1418
RNA T3 (RNA interference, RNAI) & —F 7 514
SRR F B, BEm R, R PH TSR R R,
I3 S IR 2 AT O AT . BLLE R
i R 3 DR o e A e TS R Ak A 2R A U A
A7 THE.

58 DAL A P 2 A D L R o SR P A/ U TR
Bl E 42K B4k ORI R 1T, AR 5 7E = TR o s i 4
T, B R T NS PR A o AR A
{615, ReIlid . D7 (EHbEERE DN, T EL AT DASRAS LR
I 1A 4 K P e A

5 A A P LERE A A P 2 ER L T 48 6 P PR 2
iz (mevalonate, MVA) &2 AT BRI 2-C-F Jk-
D-7R&¥ FE-4- TR (2-C-methyl-D-erythritol-4-phosphate,
MEP) &4 & k. Hrh 2-C-H13E-D-JR -4 BRIt
Rk #% # B (2-C-methyl-D-erythritol-4-phosphate
cytidylyltransferase, MCT) /& MEP i&4%H 5 B ) 5%
W, HAEL MEP 25l 4-(5- B R i 1)-2-C- 1 % -
D- 7 # B%  [4-(cytidine 5-diphospho)-2- C-methyl-D-
erythritol, CDP-ME], 7E& Rl Kb &Y nid 2 &
EEEAEN . Tong &5 55 7 A MCT
(TWMCT) JE[A, {H %5 R Rk 5 5% 7 2 Jik H 22 A
T RRAF Y G BB H A AR 8 o A A

FIH Gateway i ARFIE T TWMCT ] RNAI #ifk, If
W 12 A T T TR M 5 AR N BT A R R AN
e NBAR BRI B AR R AE AR
AR, [T TWMCT LU G 28 2B 6 g 1%
b At R R SRR L, AR A N 36 IE T R
TWMCT [R50 H 2 i il 87 M 1 40 B A 7l FH R T
FABRA R BZHMENEM, Jik— B MCT %
AT 8 4% B A T 5 28 2E 4 B F O AL 1) B Rt

mRER*%

YR ARSI R T A BRI A 7R T
H4 05 mg Lt 24 —HERLZER (24-D)+0.1 mgL™
BEhE (KT)+05 mg-L 'K TR (1BA) 1 MSK
tRBFEFE D 3T 25 °C. 120 r-min PRI S T IR
BE R o A0 E R AL R T 2 BRUR S 4y T AR 2 SRS
EYRIRAE

H@5iF  pENTR™/D-TOPO® Cloning Kit,
LR Clonase TM Il Enzyme Mix, # & pK7GWIWG2D
(£ Invitrogen 2 7F]); KB Transsa (E. coli
Transbe) EZ MM (At & XNEEMHERFRA
7]); Plasmid Maxi Kit il & (35EH OMEGA A #]);
Phusion R A1 (32E New England Biolabs
/A 7]); KAPA SYBR FAST gPCR Master Mix Kit (£
KAPA Biosystems 2 7); &t RNA $2 iU & (b
OIS A E MR AR TR A A]); PR /N B2 X 7
%, Fast Quant RT kit (with gDNase) 7l & (ALK
RAEMRH A RAA).

X85 & LM (PDS-1000/He, 3 [ Bio-Rad
ATE]); SERF R OEE B PCRAX (QRT-PCR, QuantStudio
5, 2[H Thermo Fisher Scientific A #); & & OB
4 (UPLC, 1290 Infinity I, 2 Agilent 2 #);
T3 8 A i 4 (1.8 um, 2.1 mmx 100 mm, 3
Waters A #]); 51 P06 B P AR5 B A6 5T B 1%
BHEYHEARA R A 7] 561

TWMCT EFEH RNAI FEH 1 R TwMCT
FEF %, FIF Primer Premier 5.0 # 4 %iti% % 41
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RNAI F B FRE R 519 MCTi FIR (% 1), DL TwMCT
R B AR, ARYE Phusion 15 E 5K 4 B
FHAT PCRY B MNFEF: 98 C AR PE 30 s,
35 MEH (98 ‘CAEME: 10s,56 ‘CiBk 15's, 72 “CIEAif
1 min), )5 72 ‘CHEM 7 min, 4 CIRIT. 1% K5k
B B I FL UK A2 ) PCR 724

Table 1 The primers used for vector construction, verification
and gRT-PCR

Primer name Primer Sequence (5'-3)
MCTi-F CACCTCTCGCGCATTGCTTATGTG
MCTi-R TCGGTGATGTACACGGGATG
M13-F TGTAAAACGACGGCCAGT
M13-R CAGGAAACAGCTATGACC
Kan-F ATCAGCTTGCATGCCGGTC
Kan-R ATACATGAGAATTAAGGGAGTCAC
gEf-F CCAAGGGTGAAAGCAAGGAGAGC
gEf-R CACTGGTGGTTTTGAGGCTGGTATCT
gMCT-F CTTGTGAATAGGGAAGGTCTC
gMCT-R CTCCAGCAGCAACTGAAAT
JDXR-F AATCTCCTTGTTCGGTTCCA
gDXR-R GCTGGTTGAGGCTGCTGA
gDXS-F GGCGACTACTGGGTCTTTCTT
gDXS-R TGTCTTTGCGTATCATCATCCT
gFPS-F GGGTGTATTTGCGGAGT
gFPS-R CGGCAGAATCTAATGGAG
qGGPS-F GGCAAGAGGGTTCGTCCAG
qGGPS-R AAAGTAGTGCATCACCAGCAAG
gHMGR-F GCCTTTGCTGCTGGACGACTA
gHMGR-R CCGCTGCTCTTCTGGCTGAC
gHMGS-F CTGGAGGTAGGGAGCGAGAC
gHMGS-R CCATAGCAGGCATTGGTTGA

ANIEHEMBEE %8 pENTR™/D-TOPO®
Cloning Kit {745 LU0, KB s 1o 4 i fr B
IEHf ) PCR 7245 N 114 /& pENTR SD/D-TOPO #H
HE, MR BP . . PR JS B M)A B E. col
TransSe JEZ SR+, /E54A 50 mg-L ™ RIlER
(kanamycin, Kan) 1 LB [Fl {485 77 5 1 F AR _E kAT 07
e R H T B — e BE RV i, (8N T T3 L 1)
A5 M13 FIR (% 1) #H4T PCR A, K45 21
S L BT B B O AT I, RSN T R AR (1 4

TWMCT RNAi Z&RAE  FH PO iR/
PR B B I 5 45 SO B RN T AR I kL, R
it Gateway LR Clonase™ Il Enzyme Mix it
Bi45, /£ LR Clone Il SEAMMER T, B8 AE
5 pK7GWIWG2D # A AT H 24 B, tHFR LR M.
TR E A % B S R P 4 A B E. coli Transba &2 3

Y, fE545 50 mg-L DA R (spectinomycin,
Spe) 1 LB [ElfAR: =B -F AT iE.
% 5 — e B V& iS5, FIA 9149 MCTi FIR 24T PCR
R, Hr 15 380 1) 2% 5 A6 BB I P T AR AT 0 7, A
TWMCT RNAI # AR IR & 2B R .
BLABREZHBENESR 0= AW
HAREIFMEREARMT 05 mg-L ™ 24D+0.1
mg-L ™t KT 9 MS [l #7231, 25°C. 120 rmint
G SFAT IR FR 7 de & 3 mL MS [ AR B 5 B0t
Ri % 200mg HATFEEIFANE
TWMCT RNAI #{kr% AN FIH Plasmid Maxi
Kit 57 &R pK7GWIWG2D  H A& Fil e &5 3 1F
i) TWMCT RNAI #/& 5k, Bl pK7GWIWG2D
R A A ot IR, R S DR AR T s 5 R AN
TWMCT RNAI # A& 1 BURL 73 il 3 A0 B Pl k% 5% 7 d J5 1)
ARV, NG 04 i 4k B2 AE A [ 2
THFE7d. AR RE S NEYFES .
TWMCT RNAI 4k Ihik N\ &3 4 B 59 36 JiF
M B RNA $HGRAFI &, 0 nl e Ik 8e 5597 7 d J5
R N R BV 4H R S RNA, %18 FastQuant RT kit
(with gDNase) XA EH4E T, 5 RNA SO R
—%% cDNA. FIH 5% Kan FIR (% 1), #1T PCR Jx
N, RN AT A MCT K H RNAI A By 1
TR AHTE], Kl cDNA HE 5 3 A Kan fiPE bR ic 2 4]
F B, PAISREGAE TWMCT RNAI 4R 2 15 il sh# A\
FIE A BERFAEA
ELABRENELABRLENRERSSENE
Tl A2 Y E N TR R T A B T UV S5 A R T 48 ho
AU TG AR BE S MERRR &= 20 mg, 400 B T3
A 1mL 80% (viv) HEFHE.LE Y, T4 CRIBERK.
ZJGTE 40kHz. 25 CE&AF FBAHEE 1 h, SRJEH &
O F 13000 xg F &0 10 min, _EFEWGE 0.22 pm g
JIEC 5 A T3 FE 7 A1 UPLC X 234G 75 2 i FF AN TR
NREARZEE R RS L, JshHH A 2 100% Z
JiE, WEIAH B & 0.1% (viv) HER/K . B v i id F2:
0~5 min, 70%~65% A; 5~8 min, 65% A; 8~15 min,
65%~30% A; 15~21 min, 30%~10% A, i A 0.4
mL-min™, ¥ 40 C. BAMRES E R 3.
TWMCT EEFRIEEMMN L cDNA AR,
5% gMCT FIR (% 1), 2 KAPA SYBR FAST gPCR
Master Mix Kit 7 &3 B 45, A gRT-PCR Ak
RO E ) TWMCT R IA1E L. LA Efad 1E NN S 8L,
H5WA gBf FIR (% 1). &RMifAZ&R: 10 uL 2xgPCR
Master Mix, 0.4 uL 50xROX reference Dye low, 0.4 pL
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3% (10 pmol-L™Y), 1 pL cDNA, fl ddH,0O #h & =
20 pl. JRRiZ&AE: M4 95 CiHEAT 3 min, FHEIEIR
40 ¥K: 95 ‘CA5 1 3's,60 “CIB K IEM 30's, 5 Uk AR
FERNENR, RGN INIEREZ: 95°C 15,60 C 205,
fE 0.1 C-s* FHEI R hRETR I ER, 95°C 1s. 3
PR 270G g i A S R AR xR kB8 A
FEAE R 3 K.

BLBRERENMERERLTERERARIEE
BRI BGOSR R EAEYE R 1-
it 48 -D- A [l 4% -5- 185 B2 A 1§ (1-deoxy-D-xylulose-5-
phosphate synthase, DXS) . 1- it (- D- A i 1% - 5- i iz it
J7 5 M B (1-deoxy-D-xylulose-5-phosphate reductoi-
somerase, DXR). %) Wi &8 (farnesyl di-
phosphate synthase, FPS). 7 M- JE 7y -3 — i R & il
(geranylgeranyl diphosphate synthase, GGPS) . #£ H
F % BE-CoA &R (hydroxymethylglutaryl-CoA
reductase, HMGR). # I 5 - CoA & (hy-
droxymethylglutaryl-CoA synthase, HMGS) . A cDNA
R, Efal NN SEER, KEE A DXS (TWDXS).
T M DXR (TWDXR). FHAME FPS (TWFPS). FHA
% GGPS (TWGGPS). & A % HMGR (TWHMGR) 18y
A HMGS (TWHMGS) K fRIAE, 590
#* 1. 28 KAPA SYBR FAST gPCR Master Mix Kit
A B, B gRT-PCR A gk 263442
TWDXS. TWDXR. TwFPS. TWGGPS. TWHMGR il
TWHMGS [ R A5 0L Bt R A 272 rikit 5 5 5
IR AN RE & AR ES 3K,

FER55H
1 TwMCT RNAI k432 894850
IS VL5 % MCTi FIR XF{E LB+Spe 15 95 5
S IR I T REAT PCROIN, R KR I 25 51 DL B 1o
32 TWMCT RNAI Jr B K/NA 484 bp. & B BH 4
BRI IORL, AT, &35 TwMCT J37 41—,
B TWMCT RNAI #4423 i o) .
2 TwMCT RNAI R IhEE N B 4 a4
43 LA % A5 21 ) pkK7GWIWG2D AT TwMCT

M Ri

750 bp
500 bp
250 bp

——— 484 bp

Figure 1 PCR analysis of the expression vector construction.
M: Trans 2K Plus Marker; Ri: TWMCT RNAI

RNAI ZH () cDNA J9tEitR, FIH 514 Kan F/IR i#47 PCR
R, 550K 20 FrSRIR) PR/ 1350 bp, A
PrPEIEDE Kan F B, 3B XT R pK7GWIWG2D #k {4 Fl
TWMCT RNAI #4k Ol Dh i A B8 A Bk 4 i

M pK7 Ri

Figure 2 Verification of successful expression vector transfor-
mation. M: Trans 2K Plus Marker; pK7: pK7GWIWG2D; Ri:
TWMCT RNAI

3 BLABEREFARGELABRRRENEARLZNESE

£ TWMCT KB FMMEL T, &2 BT
GRHE AR EME AR RS2 IE
3. HABEFRIE =LA A pK7GWIWG2D H52
39.0+5.3 pggl, 7 TWMCT RNAIi 41t /2 29.9+1.8
ng-g e WAL RMGEAREAS L 502+11.1
ng-gl, 7E RNAIi 42 28.7+54 ug-g L, H¥EA &
EHZER (P<0.05),

Bl pK7GWIWG2D
TwMCTRNAI

50 - *
60 4
40 4

I

20

0

Content of terpenoids (pg-g' DW)

Cerastrol

Triptolide

Figure 3 Contents of triptolide and celastrol in Tripterygium
wilfordii suspension cells. The data represent the means +SD of
five biologica replicates and three technical replicates; DW
means dry weight. A single asterisk indicates "P<0.05, n=5

4 TwMCT EEMFIMFIXE RS

FIFH qRT-PCR Y 28 % TWMCT -3t Ji5 (1) 2% ik H 2t
TR, THEIEFARN RIA R, R ILE 4. TWMCT
RNAI [ K 3234 2 AH XS T X0 20 pK7GWIWG2D
E TR T 29.2%.
5 BRBEREYERER LFEERNRILER
2Ky

£ TWMCT ik 8 THIE O, w5384 BorE 56
LR RIE AL 5, XT3 FEZH pK7GWIWG2D,
TWDXS 1%k & Fii T 114.2%, TWDXR. TWGGPS.
TWHMGR I TWHMGS [ AE X} R IE &5 5 F BT
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& A BE MCT 22 RNAI X8

O TR I T 7 A 0 PR 5 T -+ 1213 ¢

Relative expression of TwACT

Figure 4 Relative expression of TwWMCT. Values represent
means = SD of five biological replicates and three technical
replicates. 'P<0.05,n=5

Relative expression of genes

L

G SR SR
1(.)
Q‘t'-

Figure5 Relative expression analysis of genes in the terpenoid
biosynthetic pathway. Vaues represent means + SD of five
biological replicates and three technical replicates. P <0.01,
n=5

36.3%. 31.3%. 62.2%. 29.1%, {H TwFPS A%} T-%f
MR BEER .

g

TEMEPIE KA R MEP &4, DXS 4k A i
W (pyruvate) FIH ils-3-BE (D-glyceraldehyde-3-
phosphate, G3P) A= it 1- it % - A i % -5- % R (1-
deoxy-D-xylulose-5-phosphate, DXP), DXP % DXR 1
b2 % MEP, MEP 4 MCT 1L 4 % CDP-ME, T4
ok B Ak S B fE A5 % (isopentenyl  pyrophosphate,
IPP), IPP £l H: [A] 73 S #4) A — FF Bk TR 0 266 £ i 1R
(dimethylallyl diphosphate, DMAPP) £— & 41| [z N J5
£ GGPS fifb A A - B A i B A IR (geranyl-
geranyl pyrophosphate, GGPP), GGPP Fi &t — &4
SN A TR ATEH 2. IPP AT DL I AR IR AL
#E B MVA fil MEP 8421, £ MVA 8454, HMGS

AL 2Bk 2.1t CoA (acetoacetyl-CoA) 4 3-F43E-3-
B 3L it CoA (3-hydroxy-3methylglutaryl-CoA,
HMG-CoA), HMGR {1t HMG-CoA 4 it MVA, MVA
Zit— RHMEAL G AT 432 IPP, IPP Al DMAPP £ — %
Yl NG FPS AL T AR ik Je SRR (farnesyl
pyrophosphate, FPP), FPP £:id— R 1| J¢ W A= il 7 A
RO E . ARBFFH, BT TWMCT RNAI RIEHAE,
F2 T SR N TG T B A A I S i S A
TWMCT F#JEMEREZM, KT TWMCT £k
&, & MEPIERA I Al F RFE MVA B4
BRI ER AR R SR EE T, TWMCT RIA=H
R, HIRRAETH TWMCT iR IERT 2 BEs 25
IR AR RME ARAL R RA L&
HIAEFH o 3BT B A B SR AR A g A5 Bl 2 B A
fIZR L ULG KB, MEP i&4% I TWDXR fil TWGGPS.
MVA &% TWHMGR Il TWHMGS ®is & E % F
W, FRETH MEP &% L TWMCT Ri&J5, #E
FIB 1R LU oy IR R I B R AE A R AR A, AT
FHE MVA @G I E AR R & TR, X0l
B V1 DA JEE AT ) 6 R4 PO, {H TWDXS f 2634 &
W B, X ] RE S AR Rk ) AR S T P
AR T TWRPS AT 3 M AR R B 5 T i b 3
Rk K,

Bl Ak HZME AL RENE REE T
Ui P G B R R 0 R S8 A AR AT I 2E, TR A R T R AN
BN RRLL A U SZ AR FE AN ], B8 TwMCT
X E A R T AN = 2R G AT R R IPP A
DMAPP W4 B 1 800 1] G2 — 201, 5 R iEA R
i 0 /TR ) SE R ST A ], SRR E I BT
AR, Ejrigted TWMCT Faik il T30 G 6 R il
AR EER 2 B G fF RS BATE &
M AR R P T A B T gty
MCT (2R, ARSI A AT itk — B4R TWMCT %
DRI T 2 TR s 20 M o0 2R 6 B TR AR AL A B8
Feaih, &R A HAREY R MCT BIfEH, R
0N TEMG SRR A3 108 12 b Al e B 2O 2T TR A e
s BT VE R AR O S AR A 2
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