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Effect of isopentenyl pyrophosphate translocation on the
biosynthesis of triptolide

Meng Xia®, Yifeng Zhang®, Haiyun Gao', Yuan liu*, Xiaoyi Wu', and Wei Gao'?
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Abstract:  Triptolide has wide clinical applications due to its anti-inflammatory, anti-tumor and immunosuppressive
activities. In this study, we investigated the effect of blocking isopentenyl pyrophosphate (IPP) translocation on the
biosynthesis of triptolide by exogenously adding D,L-glyceraldehyde (DLG) to the suspension cells of Ttripterygium wilfordii
at different stages (7 d, 14 d). Subsequently, the cell viability, biomass accumulation, triptolide contents, as well as the profiles
of the key enzyme genes involved in the upstream pathway of triptolide biosynthesis, were analyzed. The results showed that
IPP translocation is involved in the biosynthesis of triptolide. IPP is mainly translocated from the plastid (containing the MEP
pathway) to the cytoplasm (containing the MVA pathway) in the early stage of the culture, but reversed in the late stage.
Blocking the translocation of IPP affected the expression of key enzyme genes involved in the upstream pathway of triptolide,
which in turn affected the accumulation of triptolide. Understanding the characteristics and mechanism of IPP translocation

provides a theoretical basis for further promoting triptolide biosynthesis through synthetic biology.
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Fig. 1  Biosynthetic pathway of terpenoids. AACT:
acetoacetyl-CoA  thiolase; HMGS: 3-hydroxy-3-
methylglutaryl-CoA  synthase; HMGR: 3-hydroxy-3-

methylglutaryl coenzyme A reductase; MK: mevalonic acid
kinase; PMK: phosphor-mevalonic acid kinase; MDC:
mevalonic acid  diphosphate  decarboxylase; DXS:
1-deoxy-D-xylulose-5-phosphate synthase; DXR:
1-deoxy-D-xylulose 5-phosphate reductoisomerase; MCT:
2-C-methyl-D-erythritol-4-phosphate  cytidylyltransferase;
CMK: 4-(cytidine 5'-diphospho)-2-C-methyl-D-erythritol
kinase; MDS: 2-C-methyl-D-erythritol-2,4-cyclodiphosphate
synthase; HDS: 4-hydroxy-3-methylbut-2-enyldiphosphate
synthase; HDR: 4-hydroxy-3-methylbut-2-enyldiphosphate
reductase; IDI: dimethylallyl diphosphate isomerase;
GGPPS: geranylgeranyl diphosphate synthase; FPPS:
farnesyl diphosphate synthase; SQS: squalene synthase.
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i (qRT-PCR 1Y, 3&[¥ Thermo Fisher Scientific 2
7], Quant Studiob).
1.2 Ak
121 FRESFHMIER

R 2.0 g A K AT, FHbigiAs | AR RORILIEA
— TR AR IR AL, R 40 mL 7 0.5 mg/L
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REDUR (3 FO BT 25 0, BEREIIE o DAAR i it 0
AL (Vi) 5 ARIETER AL (Ys) AYLLAE (Yi/Ys) Al
FOXS REARRUE A e (X) PEZRAPERNT, 2l by
gk, I P il i b o ith ST St
AP RTE,

o 3% 45 fF . Waters HSS T3 C18 {4 % 4
(2.1 mmx100 mm, 1.8 pm); i shHH 0.1%H R /K
(A)-Z i (B), B PEME(0-2 min 60% A, 2-8 min
60%-35% A, 8-10 min 35%-20% A, 10-13 min
20%-10% A, 13-16 min 10% A); *:i 40 C;
# 0.3 mL/min; #FAERE R 5 b, BURESAME: BT
Z BT ESI, IE B FRATN R 2 SO A
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#*1 qRT-PCR3I4#1&%I
Table 1 The primers used for qRT-PCR

Primer name Primer sequence (5'-3")
TwHMGS-F CTGGAGGTAGGGAGCGAGAC
TwHMGS-R CCATAGCAGGCATTGGTTGA
TwHMGR-F GGCTTCAAAGTGTTCATTGTT
TwHMGR-R TTCATCCCCATTGCGTCA
TwDXR-F TCAAGGATTGCCAGAGGG
TwDXR-R ATGAATGATAGACTGCGGATG
TwHDR-F AATGTTACTGTGAGACTGGCGG
TwHDR-R GTTGGATTGTGTATGATTTCGTTGG
B-actin-F AGGAACCACCGATCCAGACA
B-actin-R GGTGCCCTGAGGTCCTGTT
TwHMGS: 3-hydroxy-3-methylglutaryl-coenzyme A synthase;
TwHMGR: HMG-CoA reductase; TwDXR: 1-deoxy-

dxylulose-5-phosphate reductoisomerase; TwHDR:
1-hydroxy-2-methyl-2-(E)-butenyl 4-diphosphate reductase.
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Fig. 2 Effects of adding D,L-glyceraldehyde (DLG) on cell viability and biomass accumulation of T. wilfordii
suspension cells incubated for 7 d (A and C) and 14 d (B and D). Error bars: SD, n=3; *: P<0.05.

CK 413 hn 2 £% (Kl 3A). SR, #5537 14 d
B AR AMZ DLG i35 24 h, A
H AR CK 4IFK T 72.1%, 1M J5 45 i ) o5
FABERREREZH LT, H5 CK AR %
Z5 (B 3B). LA LZ5 UL, 785 A T B 7 i
BRI R ], 24X IPP %15 BEATREMTI, B
ONTHE R R 0 B B R A AN IR AR e R

SEG TN HE R A G R A AR
2t MEP i&12 & BUX —FF WAL, i — 20X oy
A [ 4 M5 72 B A A 85 . i TR A RS
AR L 5 I OCHERT AR Y BT 1IPP 1 R —E
(IR SEPE, #7E MVA FIl MEP 142 0] IPP %% iz 4%
REIBT A5 LT, MEP 3125 LI IPP X 5 23 JiE H

http://journals.im.ac.cn/cjbcn

RMBERRIGEEM. Hitk, X FE#% 7 dEHE
NSRRI, BRE R AR RS
JneT e 5 LN BT R A OG . — TR, |
DLG #MEMEE SR MEP &2 A B & £
IPP; —R“iiyn”, BIMEIR (MEP i&42) i 2
LT (MVA 342) 1 IPP /b .
SR, X T 4595 14 d 9 E A BER TR AN &
% DLG % )a, AR RM e TR
Ja BETRR Y, HEM MEP &2 IPP () 2R
WA [FAE A AR L AL . an SR AR 5 AT
MEP i& 12 0 & & B Z 11 1PP, R4 iifk T )5
24 h NS F 20 i SRR A D DR - DA L o
(MVAIE1Z) S AZI A (MEP&FE) M IPP A it



BY SIRRGEEHREENE/NBEREEYSRIZIN 2045

257
20t
I5¢

Content of triptolide (ng/g)

0 24 72 120 168
Induction time (h)

B I8¢
4l DLG-14

121
101

Content of triptolide (ng/g)

(=T oS B e ]

0 24 72 120 168
Induction time (h)

El3 DLGXIEH7d. UdFELABREFHARATLABRRREIENTM
Fig. 3 Effects of DLG on contents of triptolide of T. wilfordii suspension cells incubated for 7 d (A) and 14 d (B).

Error bars: SD, n=3; *: P<0.05.

Wb, HEEIF SRR IER, MEP &P A Y
AN IPP BTG £ . B bAERr, AEEAEH RA
Y& RGE R AAAE IPP B2, Hizad B HA —
) B 25 AR
2.2.2 DLG WMEABFEAEYA ISR X
FERBERZ
HIRAIRTY PP i A R RAEW S
B4 FALE, PR BIANE PS5 55 DLG J& e i
MEP 425 R IPP, i — 0t AR RAY
B g IR AR L R AE DLG SRS T4
MW A . o5l g TWHMGS F1
TWHMGR L1 2 TwDXR FlI TWHDR > MVA #il
MEP & 1% I iy G i il 3 DR E 4 7 3K IR 3 a8 it 1 4
Mro ZANEPEE ] DLG REZ M MEP ik 484 %
IPP, S X AN [v] 455 35 sk 3 16 25 A TG 2 17 400 i ot
=, S5 MEP %4 I TWDXR 1 TwWHDR J:[A]
LKikmry BN Z—H . LREERER, HHETd
B A REEIFHIZ DLG iS5, MVA 1 MEP
IR AR U DG B L R SRk R AR T CK 41,
{H TWDXR 44555 72 h #1168 h W/ fa) k4
bho SZAM, XTI 14 d BEARER AL
M+, Bk TWHMGS %% /5 120 h, 168 h fil TWDXR
PS5 168 h —ANHF ] s LR Rk A CK 41
Ak, TWHDR ¥55%)5 168 h A3k ik 5 CK

% : 010-64807509

HARITAL, HA s a] s 25 2 R Rk i U B AL T
CK4l, WK 4, Bl 5. i EiRgEReIH, FEHFA
T BT A L SR AN RIS T, Y IPP Feas e RN
MVA Fil MEP i&42 I Ui OGSl JE DR e ik 1 ) A8 Ak
A, Y DLG AT MEP i&42 4 L IPP,
WA SR S MR, A% & DLG BT IPP %38 X} 8
ST 2 R
223 IPP #%i8. HAHEHR R BRHEIHAY AR
KB R R IA B AT

454 2.2.1 F1 2.2.2 BUARES S, b IPP &%
iz, HAHER R BB LI G BGER b OCHE
FER F TR =3 Z (B A A 1 o 7E 40 i G 3R
(7 d) FHWT IPP iz ik, ATBH T IPP Ji MVA &
%, 1R MEP i& 12 () IPP g i) ] N R HER,
R ABER E N BFERET . SR, b
TRUEAH M N BB RS e 50, AR IPP Rt
FRRE BRI, MEP 348 13 14 G SR 6 4] 1 PR
TR iR, HERIA SR T, S T A e
HEMEBEM, HEERES AR ESTHYS CK
AR AHERRYBREZEZEH /N SZ MR,
IR SR (14 d) DWBHBYT 1 IPP Jiln] MEP i&
", MEABFRNEHRERE TR, HEEE
MEP &7 | i i) & B 5L DR 1E s B 40 7 Hh
HRAEAHER RN REREZRE TS ka2

. cjb@im.ac.cn



2046 ISSN 1000-3061 CN 11-1998/Q =¥ T #2244k  Chin J Biotech

A 40

— ol i TwDXR CK
g M DLG-7
— 100
B
g 80f
g
5 60r
[+]
Z 40t
=
il = Easal |
0
24 h 72 h 120 h 168 h
7 d cells treated with DLG
C
257
TwHMGR CICK
| N M DLG-7
=3
5 157
g
o 107
=
5 5t
- "
0
24 h 72h 120 h 168 h

7 d cells treated with DLG

4 DLGMEFTIELEHEE ZFMMERRIZIENEI

9 ock TwHDR
- 8 mDLG-7
£ 7|
B6f
2 st
E 4t L
23
< 27
(=2 1k

0

24h 72h 120 h 168 h
7 d cells treated with DLG
D

°r ek TwHMGS
E s| mDLG-7
B4f
3
2 3
22t
=
@ 1

0

24h 72h 120 h 168 h

7 d cells treated with DLG

Fig. 4 Effects of DLG on relative transcript level of TWDXR (A), TWHDR (B), TwWHMGR (C), and TWHMGS (D)

T. wilfordii suspension cells incubated for 7 d.

MRS FHURIEIE IPP 438 {71 T35 AN HEH £
A A B e p R T T A DR TR A T
FAEYA BGE R IPP #Eis it A R . B
7d B ERABER RN, IPP 5432 (1 )7 17 22 M
A BN AT, SR 14 d 9T AR TR
L, PP 3z () 5 ) D) 2 DA A4 o i A 1051

3 WwE5%E#®

XFANEIESE S TS, HRER TS E
PN SR A5 R A MERRIE R AT 5B . — Bk UL,
BT TR R Ry, HASBIRAIIE
AR A B O SN S R BROE W .
TEAIEFE ] DLG A ELU R, X AR S SCRREF T
TIHAESS . MR SCHRRIE , DLG AhJRYER A

http://journals.im.ac.cn/cjbcn

) TR AN A R P8 O 1 mmol/LPS 24 R e
T BRIV B A Ry SRR

WAL R TTH . FEEAEHREDS
BOEFE, MVA 5 MEP &R A1 fE7E IPP %45 .
LA R — AR, YBHWT IPP %5 )5 ,
MVA Fil MEP & 12 I 14 5 B i35 R 2 15 10 1% 5L A
RS, XSRS R A X EEE
F MVA 1 MEP i&%8 il - fe HoA a5, W
FPP 1 GPP fy#% iz 000 Y \PP &3z i FHLITIN) , 7T
fie 52U FPP il GPP 7E Wi 4% iR 12 18] (1 4% 38 38 i & A=
s, AR S D 1PP 5 0 BEL T 35 A B4 5
HCAT BB BOM IR A2 1 BRI R 0 2 38 S B — 3
LG, AH AR R A 75 38 3 5 S TR A it 5 i
— 5.



BY SIRRGEEHREENE/NBEREEYSRIZIN 2047

A 14
TwDXR CICK
A W DLG-14
(]
B 10t
=
5 8¢
g 6l
©
; 41
=
® 2l
0 L n N
24h 72h 120 h 168 h

14 d cells treated with DLG

g

361 TWHMGR CICK
o W DLG-14
2]
ks
B8
3
g 0f
2 41
=
2 j

O 1 1 1

24h 72h 120h  168h

14 d cells treated with DLG

B

14 TwHDR CJCK

12 F M DLG-14
=
510t
h=?
SR
§ 6f
©
2z 4t
E m
[:F]
& 2t

. =

24h 72h 120 h 168 h

14 d cells treated with DLG

4°0J; TwHMGS CICK
M DLG-14

s T

5

2 40}

5

§ 30 b

2 2t

=

2 10}

0 . —
24 h 72 h 120 h 168 h

14 d cells treated with DLG

E5 DLGXEF 14d EABREZFHMERRIEZSHIFN
Fig. 5 Effects of DLG on relative transcript level of TWDXR (A), TWHDR (B), TWHMGR (C) and TwWHMGS (D) in T.

wilfordii suspension cells incubated for 14 d.

EFRAERRAEY GRS, IPP iz 2
B MR ZS R, B e e, RA
R K Y 2R B2 MVA Fl MEP 38748 I 0 X f il
R FRERAE T — R AE, Hitk ]
W 2B R AR W65 S MVA Fil MEP #1244
A—ERFHME . T4 MVA fil MEP 225
FAER Z YA U B , i — S 3 ER
] MVA i&62 IR HMGR ()& —38 4
PRI A L HABTT (MEV) LK MEP 42 |6
SEEEEEN DXR 9% — 5w G P4 i 70 il e 25 3R M
(FOS) AIMIEH: 1755 il ¥ 75 /2 T 2 77 &40 it DAL T L 7
MVA i, MEP #4251 MR kS 10 umol/L
MEV i35 B AP 21 2 T T 28.9%,

% : 010-64807509

4% IV FE 2l 100 pmol/L FOS %), /A
R EFE TR T 55.4%, t ik W MVA #l MEP
WRELFES S HABERRNEDE . 85543
B S g R, AR 45 MVA il MEP gt
25 HAEHRWED G, HFWATEL
HAEM (Crosstalk).

AT BE ELHZ B B e R R AR 6 it
R IPP %32 W I 25 R i S ARG A3 0L, o
BT MVA Fl MEP 23t/ 2 5 AP K406
BB, 58 3 T 2 FH 2 A W U PRI LA
[Fi] Bt i () 42242 1 4 5 o 2 i 3R R AR 1
FEFEOTIL, R AHER ZAYE AR
FSE IR AL — 7 I B 2= A

. cjb@im.ac.cn



2048 ISSN 1000-3061 CN 11-1998/Q A4 T #2244 Chin J Biotech

REFERENCES

[1]

[2]

(3]

[4]

[5]

6]

[7]

(8]

[9]

[10]

Lv QW, Zhang W, Shi Q, et al. Comparison of
Tripterygium wilfordii Hook F. with methotrexate in
the
(TRIFRA): a randomised, controlled clinical trial.
Ann Rheum Dis 2015, 74(6): 1078-1086.

He LG, Liang ZY, Zhao FQ, et al. Modulation of
IL-37 expression by triptolide and triptonide in
THP-1 cells. Cell Mol Immunol, 2015, 12: 515-518.
Li RJ, Lu KY, Wang Y, et al. Triptolide attenuates
pressure overload-induced myocardial remodeling

treatment of active rheumatoid arthritis

in mice via the inhibition of NLRP3 inflammasome
expression. Biochem Biophys Res Commun, 2017,
485(1): 69-75.

Chen ZY, Veena SW, Sulagna B, et al. Triptolide
sensitizes pancreatic cancer cells to TRAIL-induced
activation of the Death Receptor pathway. Cancer
Lett, 2014, 348(1/2): 156-166.

Yuan SQ, Wang LP, Chen XX, et al. Triptolide
inhibits the migration and invasion of human
prostate cancer cells via caveolin-1/CD147/MMPs
pathway. Biomed Pharmacother, 2016, 84:
1776-1782.

Li XG, Lu QL, Xie W, et al. Anti-tumor effects of
triptolide on angiogenesis and cell apoptosis in
osteosarcoma cells by inducing autophagy via
repressing  Wnt/B-catenin  signaling.
Pharmacother, 2018, 496(2): 443-449.
Rohit C, Veena SW, Satish P, et al. A preclinical

evaluation of minnelide as a therapeutic agent

Biomed

against pancreatic cancer. Sci Transl Med, 2012,
4(156): 156ral39.

Wang PY, Zeng WJ, Liu J, et al. TRC4, an improved
triptolide derivative, specifically targets to truncated
form of retinoid X receptor-alpha in cancer cells.
Biochem Pharmacol, 2017, 124: 19-28.

Xu HT, Tang HY, Feng HJ, et al. Metal-mediate
reactions based formal synthesis of triptonide
and triptolide. Tetrahedron Lett, 2014, 55(51):
7118-7120.

Vranovd E, Coman D, Gruissem W. Network

http://journals.im.ac.cn/cjbcn

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

analysis of the MVA and MEP pathways for
isoprenoid synthesis. Annu Rev Plant Biol, 2013, 64:
665-700.

Isabel MP, Erika K, Claudia H, et al. Metabolic
cross-talk between pathways of terpenoid backbone
biosynthesis in spike lavender. Plant Physiol
Biochem, 2015, 95: 113-120.

Hemmerlin A, Hoeffler JF, Meyer O,
Cross-talk between the cytosolic mevalonate and the
plastidial methylerythritol phosphate pathways in
tobacco bright yellow-2 cells. J Biol Chem, 2003,
278(29): 26666-26676.
Opitz S, WD,
methylerythritol ~ phosphate
pathways contribute to biosynthesis of each of the
major isoprenoid classes in young cotton seedlings.
Phytochemistry, 2014, 98: 110-119.

Aarthy T, Mulani FA, Pandreka A, et al. Tracing the
biosynthetic origin of limonoids and their functional
groups isotope
inhibition in neem tree (Azadirachta indica) cell
suspension. BMC Plant Biol, 2018, 18(1): 230.
Palazén J, Cusidé RM, Bonfill M, et al. Inhibition
of paclitaxel and baccatin I accumulation by

et al.

Both
mevalonate

Nes Gershenzon J.

and

through stable labeling and

mevinolin and fosmidomycin in suspension cultures
of Taxus baccata. J Biotechnol, 2003, 101(2):
157-163.

Wang YD, Yuan YJ, Lu M, et al. Inhibitor studies of
isopentenyl  pyrophosphate  biosynthesis  in
suspension cultures of the yew Taxus chinensis var.
mairei. Biotechnol Appl Biochem, 2003, 37(Pt 1):
39-43.

Johan AR, Kenneth TK, Morten TN,

Expanding the landscape of diterpene structural

et al.

diversity through stereochemically controlled
combinatorial biosynthesis. Angew Chem Int Ed
Engl, 2016, 128(6): 2182-2186.

Nikolaj LH, Allison MH, Britta H, et al. The terpene
synthase gene family in Tripterygium wilfordii
harbors a labdane-type diterpene synthase among
the monoterpene synthase TPS-b subfamily. Plant J,

2017, 89(3): 429-441.



BY SIRRGEEHREENE/NBEREEYSRIZIN 2049

[19]

[20]

[21]

s

Tong YR, Zhang M, Su P, et al. Cloning and

functional characterization of an isopentenyl
diphosphate isomerase gene from Tripterygium
wilfordii. Biotechnol Appl Biochem, 2016, 63(6):
863-869.

Tong YR, Su P, Zhao YJ, et al. Molecular cloning
and characterization of DXS and DXR genes in
terpenoid biosynthetic pathway from Tripterygium
wilfordii. Int J Mol Sci, 2015, 16(10): 25516-25535.

Liu YJ, Zhao YJ, Zhang M, et al. Cloning and

characterisation of  the gene encoding
3-hydroxy-3-methylglutaryl-CoA  synthase in
Tripterygium wilfordii. Molecules, 2014, 109:

19696-19707.

010-64807509

[22]

[23]

[24]

Lipko A, Swiezewska E. Isoprenoid generating
systems in plants — A handy toolbox how to assess
contribution of the mevalonate and methylerythritol
phosphate pathways to the biosynthetic process.
Prog Lipid Res, 2016, 63: 70-92.

Yang D, Du X, Liang X, et al. Different roles of the
mevalonate and  methylerythritol ~ phosphate
pathways in cell growth and tanshinone production
of Salvia miltiorrhiza hairy roots. PLoS One, 2012,
7(11): 46797.

Wang YD, Yuan YJ, Wu JC. Translocation of
isopentenyl pyrophosphate for Taxol biosynthesis in
suspension cultures of Taxus chinensis var. mairei.

Plant Cell Tiss Org, 2003, 74: 283-288.

GRS M)

. cjb@im.ac.cn



