Botanical Research fE#)%W 3%, 2012, 1, 23-29

Hans iXith

http://dx.doi.org/10.12677/br.2012.12004 Published Online July 2012 (http://www.hanspub.org/journal/br)

Recent Research on I soprenoid Biosynthetic Pathway
and Metabolic Regulation of Functional 1soprenoidsin
Medicinal Plants

Qiujun Wang, Ben Zhang, Jianwen Wang”

College of Pharmaceutical Sciences, Soochow University, Suzhou
Email: *jwwang@suda.edu.cn

Received: May 2nd, 2012; revised: May 25th, 2012; accepted: Jun. 3rd, 2012

Abstract: Isoprenoids originally from medicina plants are natural products of diverse bioactivities. |sopre-
noids were synthesized in plants via the mevalonate (MVA) pathway and the 2-C-methyl-D-erythritol-4-
phosphate (MEP) pathway whose regulation mechanisms are research hotspots in recent years. This article
gives asummary of recent explorations on isoprenoid biosynthetic pathway and metabolic regulation of func-
tional isoprenoids in medicinal plants.
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ST BREGRIZEAEY, FIEER I M
AR R 2 AR WTF 5T O RO 3 8 SR AR AR 5 v ) 24
28 ARSI AE RIS IR AR IR A K
HAETEF IR SO 2RiE .

2. EYARKZHREHER

KLk, HEBRBOA AR YL R A
BYRIME— A& AT ik, R 28 e I — A A
AR RO W R KRR % 12 (mevalonate pathway,
MVA pathway)!"®, ST KA R I, WK
HIEY) & D AFAE P SRR SR — @A N AT oL
HEAT R R IR, AR AR ) O BRI E A
VERERIHEAR, AR b & Wil id 1X —ig 1t
HRRE. R SRR AR B RE/2C- 3 -4-
T R -AD - 77 5 B /1% 14k 1% (1-deoxy-D-xyl ul ose-5-phos-
phate/2C-methyl-D-erythritol-4-phosphate pathway,
DOXP/MEP pathway), ‘& 3 ZAEAE YIRS 140 il 25
A HEAT, B T M AR 2R A

[10-12]

2.1. MVA &8

MVA &% 5% - Bloch fll Lynen F- 1958 414 %t
TESYDFIRERE R R I, FZELEAN M A YR A S
PR R R AT, ORI B R R0, 7R b (B
1), 3 51 Z.H 4 A(acetyl-coenzyme A, CoA)4E & Fi
3-FRFE-3-F LR WL AHES A(3-hydroxy-3-methylglu-
taryl-CoA, HMG-CoA), % N7E Fe® i 14 fig
(quinine) 1% EN T B L BE4HEE A BEIE 4 I (acetyl-
CoA acetyltransferase, AACT)fll HMG-CoA & it
(3-hydroxy-3-methylglutaryl-CoA synthase, HMGS)}t[]
AR, B, HMG-CoA i J5 i (3-hydroxy-3-
methylglutaryl-CoA reductase, HMGR){&{t, HMG-CoA
ANRI TS AT 6 AN S 18 Hp R A 2 G R (me-
valonate, MVA), NADPH AiZ [ v [F & A 78 ATP
MEMEEETHIZSET, HRKREEEF(mevalonate
kinase, MK)FI1% 12 F 2 1% i 5 (phosphor-meval o-
nate kinase, MPK)¥ MVA R 1b, TEBERR F ¥ R
(mevalonatephosphate, MVAP)F1 £ 2 B ¥4 % R (pho-
sphormevalonate, MVAPP); #xJ&i, MVAPP 7EEERER
FF 2 13 182 B 72 I (pyrophosphomeval onate  decarboxy-

24

MVA pathway DOXP/MEP pathway
CoA
lAACT\ HMGS GA-3P + pyruvate
HMG-CoA I DXS
l HMGR DOXP
DXR
MVA
CMS
MVAP
CMK
MPK
MVAPP Mes
1 MDC HDS
PP HMBPP
DS DS
Pl I 431\
IPP =—==DMAPP
DMAPP Cytosol Plastid

Figure 1. Upstream of isoprenoid biosynthetic pathway
1. EMERR-HERE LPER

lase, MDC)IAE F T IR T 1t i 13 ) 45 1 12 (i sopen-
tenylallyl diphosphate, IPP)™™°, PP 7 53 /& ) £ i 1k
S+ (isopentenyl diphosphate isomerase, IP)f#fL T
T = B A & £ B R (dimethylallyl  diphosphate,
DMAPP).IPP 5 DMAPP Jy2& 5 I8 Il &0 & i 5
JGo

BT H R R 1 T B 4 0 A% R — /N AN Tl i
T2, R HMGR B A A2 1238 47 b 10 5% PR s g,
L HMGR #2524 - S R o & O E T
AR

2.2. DOXP/MEP &%

1993 4F, Rohmer &1 XE LA H A T —
FHNI . AN 2 R (1 1PP £ g 217, Schwarz
5(1994 4E)TE FUARTS N BRI AR & BN, TEAEA 1A
it R T xR AR i T DOXP R MEP
FEZIBAEH) T E G AT, BIARY DOXPIMEP i
18, EARE T Y K2 B A B AN — Le 2y A
HAERA AT, AR ARig a0

fEzEat(E 1), &k 3-EER HhEE(D-gly-
ceraldehyde-3-phosphate, GA-3P) A1 il 2 (pyruvate) ££
5Tl 1% it S8 A i B8 5 1% (1-deoxy-D-xyl ul ose-5-phos-
phate synthase, DXS) I 4 &7 DOXP, 4% T
RAE S~ IR it A6 A T B 58 Ji7 S5 4 18 (1-deoxy-D-xylu-
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lose-5-phosphate reductoisomerase, DXR) 4L T, DOXP
KAy TN EARRGE R R, A% MEP. B, MEP
& A-TIR-2C- A L IR BEE 7 -4- i AR IR & 1IN (4-
diphosphocytidyl-2C-methyl-D-erythritol-4-phosphate syn-
thase, CMS). 2C- &5 G 4l 5 -4- I 1 FE B TR VG (4-
diphosphocytidyl-2C-methyl-D-erythritol kinase, CMK).

2C- WL R e WERE -2, 4-FERE IR & %1 (2C-methyl-D-
erythritol 2, 4-diphosphate synthase, MCS). 1-#%3%-2-H
£ -2-T I -4- FE W5 1R & B (1-hydroxy-2-methyl-bu-
tenyl-4-diphosphate synthase, HDS)%% — Z 51 i () {4k,
TIERE 1-F23k-2- F J-2- T ) -4- FE 1R (1-hydroxy-2-
methyl-2-(E)-butenyl-4-diphosphate, HMBPP), HMBPP
7E IPPIDMAPP 4 i (IPPIDMAPP synthase, IDS)f
R RZ&IEL IPP F1 DMAPP?, DXS 5 DXR A
DOXPIMEP 3842 rvifif 12 2/ 57 13— Jis A ) B A R

[21]

2.3. TR

Wit LA AR, IPP BB, HhHTEA
BRREE AL, THEAE P AL T 34 N B )
SRk DMAPPP 121 SRAE S 10 54 7 B (prenyl-
transferase, PTS)IIfiAL T, PP il DMAPP L “3k -
7 8“3k - Sk MR i G e AR ) LR R IR
(geranyl pyrophosphate, GPP); GPP [ 5% — 4>, =
A IPP 4 ik Ve B £ R (farnesyl  pyrophosphate,
FPP) A4 2= ) LI 4 2 ) L2 £5 15 iR (geranyl geranyl pyro-
phosphate, GGPP). GPP. FPP il GGPP ix 3 Fili ] A
3 ) R R N 1R 288 ST A T R v R S R T
Wik E(E 21,

2.4. MVA &5 DOXP/MEP &2 E R R 3z

MVA %125 DOXPIMEP i {2 EAE Y40 N 1 2
PLEARANE, (BB R FE ML IR . S
HERE T 20 VA R B MVA I8 42457 BT 5, DOXPIMEP i&
AT N BAE R 206 & gt 1PPRY . 7R3 kAT
R 2 R0 R DA K BC- R RE SR I 2 BT e %
BH A S I M R A B G R Bk | DOXPIMEP i#:4%,
Hh 4y 1/3 [k EH MVA 1 DOXPIMEP #4219,
Towler 437 BHIT 5 4£ 5 1 MVA 5 DOXPIMEP 1%,
RO L= SR B2 ZREmM, R
O RFERE AT BE MM R R PSR 1PPPY, Schra-
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Figure 2. Downstream of isoprenoid biosynthetic pathway

2. EYARRZHTIHER

mek S 3 i U M (RO AR e AT — RS S R
A I T SRR T T ok AN SR, @it
e AR R A TR B, SR TR 1PP ] LLTE
S 0 S AN AR 2 BT ZE AR, AT L S 40 M 2 ] ol 9
) MVA #1421 DOXPIMEP 128k RiEe ok, I Hiz
iB R G5 i Calt il JE A PR, T 1 1 R
TEE B AR R AN R S A AR R R PR A AR K 2 4
BRI T BEAEEP). DL RIS R RR R R
A ] BEAFAE R (R =W A8 S, AR I A2 [A) I e v
YIRS 52848, Y IR0 38 a0 AT
Vet — Bt . [RINTAATEROE, PRl —4%
g4I, PLREIFHRIIEH R w5 A i
JIT 75 JEORL AN R % sl 8 T 5 — g AR BRI A v ) 7
YIS EFMEOS, Jhsh, 2 DOXPIMEP &2, 5%
B DXR 5P 52 B 5 G VA 77 Bl e 8 R A1 )

Rl TF i DXS 5 DXR #ik K FiET iR,
IFi) s A TIF 45 3% B J0 A 5 D) g ) 11 B 9 6 iR 1R 2R
R A A R B 4 Y. Flores-Perez 5134
b — 5 W SR R AR g S ) CLP & (I RS 1 5
DOXP/MEP 12 Bg7K - A7 E A o IX Leff ST H 7R 7
FARUTE AR AT BEAFLE B S A IR o

3. HAEYARR _AIEER T
EMERIBE

3.1 Hif5E
Fifi i C10 RGBS I I 4
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TCHRG, DABERIR. PR HATAEMRIE R AT
T S AR g e, e A2 R &SR
WE e, T Rk, EARMAESRY ST E
J Iz . Ak A AR T RS AR Iz
SR IE O g T A S O D T E R N o
AR A SRZUN B RER, A H 55 FiE AT AR
A PUREMA PR S oh e, Biid i & k3 Bl
DOXP/MEP &4, 25 1% — I & 87t |PP 5 DMAPP
TG, PSR M R0 o FE B A B AL
it 7o GPP, AE ARG E MU FL RN .

DXR 7EHGE A A DA B 2 — A B 1%
B, itk DOXP SRtk Ik i AL A MEP, 1%V
& DOXPIMEP 4R34 1% r e 5 52 (0 Rk ) i,
B DXR 2R C M T T hli. KRG, Tk, B4,
R B 5 2 R 2 B AR BB, R AR R e
RKIL 24 DXR FEK 4L, DXR LEHABAE Y 45 DL 3
R A AFAE . DXR HIRIASZ 6 HE | AR AR B R
FiTE F s 2 1425739, Mahmoud 5 Croteaul O
fiih DXR gL, gk 7wk Fr b il &5 s i
B EEATRS M RS S T 50%; [FII, e
IR R R T P AN B IR s B 2T, IR OB A
R e M SRR, AT TR S T A
VR 5 PTG (14 Js SRR e N it , T 3RAS ) i ik DR U 3R
FELR o A PR g 10 55 B L B A A ARG 35%0~55%,
I Y6 A I 3 B U o o 2 B0 s 28 | W A sl A
PIHKARLEH, DXR FIRIE &5 Bl 05| W A= Ve it A7 2
ESI DSy ESan

MCS b 2-f iR -4-(Ji 15 -5 - B lR)-2-C- H 3
-D- R BEEEE A B 2-C- H I -D- 7 8 1 I -2-4- 3 (L 1
2, KB MCS 3 F BRI & 5K k5] bk
VB R IEA DG, R MCS R A ) H4%
AL IR0 R T R TR skt

3.2. &Rk

f&52ms & C16 WiRaY, ="K i aii
FITHR, EERAT ATz, WA RE AR,
A ENEVEAR 2 P 2R A R 10 G R B T MVA
Bi%. IPP 5 DMAPP 1EiZNe SRR & 1 (farnesyl
diphosphatesynthase, FPS)f{ ¥ T A= i i2: e 22 42 i iR
(farnesyl diphosphate, FPP), E4% SCA7 sAEA I f5
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s AR R i — 20 G B P s A

A AR R A s BB Y2 TR E S IR
MNEGFL I @A B AR T T o B AR B — PR
M8 ) —F . HFERRAGWEAPIER.
PrZe. Prerdife, b, JromR. ProkE
AP RREESEER, HFEA S, . o
SR A, R AN RENA . R A R
HOAF M, AHCEERE W ORI 5k,

HMGR . HMG-CoA JE% MVA, HT MVA
TR — AT R, Rk, HMGR #iA A2 35)
Y. Y. EE SRR AR R Rk
HMGR f3£15 15 8§ 7k J £ it & i w15 214,
A SIEEFES TR T, HMGR RN KA
o TEKBBRMNN, B0 R AT It At
HMGR 5 HAt 7578 2 & BObH O¢ TR R 360k B, JF
BRAREHEE R AR E LT HMGR e 74
— AR, A S 7 AR AN R R R 1 3
Fik, WRESEHIE MVA BE B Mnm, 5t
AEMP AR, $iH1ET T HMGRI KERIA;
HFEFES T LLES HMGR2, HMGR3 I KER R,
EARRSNESE T T, YN RERE R4
P A FEN, HET, ZANEEE HMGR 2 [A
CL45 5] 52} (Genbank: U14624, U14625 il AF142473),
BEHFERSREVIHKE HMGR EFA it —
BT

FAT, R B AR SR S A5 3R N 7
R RIS, I — P ARE R AR A
BN TS B R A RO R 2 — o TR RAR AR AT
Ri FORiAT 3T, 4 FPS 1R {6 5 B R Ak 5 R AR
tRE, CHEEHFSRTEESIER"T, R UEAR
HOEEE RGBS RN PR
BVE I SR E RATTETE S, Feng S04 844G iR
B & 1% A (squalene synttmse, SS)Jz X cDNA § A
HEERAEAR, EIHRIE KSR E R, KRE SRS
F S % A 8 A Y R AL 5 R R -4,11- I A B
(amorpha-4,11-diene synthase, ADS)FRIA & # L, IF
BARE T HERSTE"S,

UbAh, T AR 2 R S AR AR AT T AR
RKHERE. 2003 4F, Martin ZE9I7EE = MVA 131
SR KIGATHE SN 9 MERE, X 9 NEREN

Copyright © 2012 Hanspub
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MVA 1% A (1 gt 3 ] DL K% 5 8 2R A A K -4,
1-TI@-E R, AR KA R B MVA 12
A FERR-4,11- M5 & BSOS, (EH A T HE =08
o [ P S A -4,11- 0. 2006 4F, Newman (%0
WA S R, $m T %K TR
(S RRE-4,11- M B . 2006 4F, Ro &BYLL A
MVA &5 0 FAZ AR BRIE R TE £, SN TAL
T35 A BN I BSR4, 11 0 £ iR R
-4,11- @A il PASO A G EESEY, B T HEE R
REEROAEIRE, WX RRE T, 3R
87 1.5 mg/L 175 E R .

3.3. —iE%

TR C20 WAL G, DU T A A
PR, A ZHERTAEYIIR A Wl RS R AT
PIAEDEYE . A R ZEiE IS DOXPIMEP 4%
IPP 5 DMAPP JERE, PUAN R IRy 18—
i, 7oA GGPP, 1N A R SLFIE .

HRAT YT MARAS R iR, SR
YE I 2 R C 245 870 252, DXS & DOXP/
MEP &1t LI —AEE, ©fEfk GA-3P 5 pyruvate
Az DOXP, 2 %48 i) — AN R . 7R+
DXS [FIFEAFLE— N SR, AN A% i A
RRRNZED, Hili WA 5B DXS & T
DXS1 #, 1 Hal gLt HAth DXS 52, ARl
KA HE fEAEVRRR . LBKMRE A SR
i, FEEE B AR Py R A Y

CMK N DOXP/MEP &% L ffME— iR, 1k
4-(5' - T R H 17 )-2-C- ! 5= -D- % i W IR 1k 2 ik
4-(5' - T IR MU 77)-2-C- F B -D- R i i -2- T e . CMK
fEZ R b CA R R, BRI SR
R L A R AP B, A
B CMK TS 25 pE, %35 R 52 2R iR H R
SEREE B, BRSPS R
;%[54]c

e VA Y NARSR A L) e sk i B
M —FhE BRI, BT HAEA B SRR,
BB IR EIGTT MR EZL ). R =3
i E 2@ DOXPIMEP 8125 i, A A 3k AR
Z 02153 7. Expésito 2R AR [\ 5 442

Copyright © 2012 Hanspub

R G AN, R ILLEAN N 200 mg/L AR A IR
if, DXS#iES ik, FNEEEBILE, KN
WA 32.7 15

34. =iE%

=R C30 WG, SN TR AT
FIRG Tz A TS . =2 i AP .
YU E E R MURE 55 Ak e SiE . =g
R G R BB MVA 812, 8% 1% 5 iU FPP
1E SS AEH N EN R, )54 & IFH i (squalene
epoxidase, SE)ELFEAS Ny 2,3- 5L e, FHiE—D1E
558 AL 8 1 AL (oxi dosquial ene cvclases, OSC9)fi)
AR 13 2R = w28 42 .

2 R R B IIRR B A =R KR AR
Y. KERE AL B, C 55, HAMIE. AR, Bk
LG EE DY, N B K Ry HMGR
BR B, IR AE BT BN R ST T 4
BT, SR IE R TR T B 2 A QS b il 4k 1T 12
HEZ 5 EE M AR B B Al

=SB G LS, A RE ) 5 56
58 5 (1L K 50) S 1) BN gy o MRS DL 2
EONMEL, TBE T A K GRS HMGR £ K 7 41 (Gen-
bank: DQ916106, EF133501), Al AEM(E 52T Boxt
H AT 70007, FERE T HMGR B F = 3Gk
L%k pBSHMGR, HALMEYEHE KL HMGR
DR J ol 2 ik DR AR 25 5 B ] 5 & L M 2R 28 4 i) 3
N7 16.67%7F1 12.25%.

35.

VSR ZAAE T A Y, GEEE. §
R R AR A A, O SR AR T 2
MVA &8, 5=ihRAEY4E sa LR R,
P 15 30T OSCs AP IR, CANEYIH 7 B %
SE T DURhAS[E () OSCs,  He o ) i % & B (lupeol
synthase, LS). 7 # i5 & skl (-amyrin synthase, -AS)+
IS I A K (dammarenediol synthase, DS)4 %,
B R MEIRATHR, AR 55 EE A R (cycloartenol  syn-
thase, CAS) £ i i 1A i (4 PR el (Y

TES ARG R HMGR A2 et i PR 2 —, 40
15 E B AR i HMGRL 5K PR fi 44 2 oh
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54k K B A B9 s(squalene synthase, SQS) /2 H5 %
fIRIEAL S . Choi ZIERIR NS SS fEHMIS
RN =5 22 A I A4 & B A IR SR i Th e,
HMANZ SS MFEFMAL KFHRPEE TS &L
Tt Seo 251 N SR b SS w kB M FRIE
#H A pCAMBIAL302, FdE I RARAAT B T 540
FmEFIREGER, FHRBAWZEY), 45R%K
W, FEIEDIMEYIEG SS iE M BT A S B A
RN, FE AR S Y =R R

4 B

iR =]

YT R IR A YR — P E TR,
A Z MG . RHEYIE R IR AR AT
WHoL, DR AR GRS OGN, s
YR RERER R HEAEYNEE, &N
TAFHEEME. BHAT, MYEF L MVA
#1775 DOXPIMEP &ARIEAMEL CHIGIRIT, X
Hr— w kB AR A G B A I 9 R AT AR T
WA T e E. B2, MYES R ErE Y
W, WA R R B AN RS 2R R U T, TR
AR B] 2 T AFAE P 0T AE He DA S W e 3 AT W) B AL
B AT AR R B . AR I I, IRZ G
gL HMGR. DXS SRR KR, AN R 7 )
BARMER S5 B g m 75 2k — Bt At ok, BEEAE
YRR AR, R TRENAR, 159 TP REZH
A P22 5 I A B 1) O 7E SE 00 = U — 1k
iR, WoRH TR R TT, AR AT X e S
B R B IR ) KRR Tl AR A 7=, 5 i AT
I,
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