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Advances at Researches on Regulation and Expression of Genes to
Biosynthesis of Ginkgo Terpene Lactones

Wang Jinyan Chen Peng Jiang Fei Ma Jiangli
( College of Horticulture and Plant Protection, Yangzhou University, Yangzhou Jiangsu 225000, China)

Abstract: Ginkgo terpene lactones, an important ingredient with biological activities only in
Ginkgo, especially with the higher content in Ginkgo biloba leaves, is one of main quality indi-
ces for extract of Ginkgo biloba (EGb) , have been widely used to make pharmaceutical and
health care products . To improve the biosynthesis efficiency of ginkgo terpene lactones by bio-
technique is an important way for increasing the content of ginkgo terpene lactones in Ginkgo bi-
loba leaves , research on regulation and expression of genes for ginkgo terpene lactones biosyn-
thesis has an important theoretical and practical significance. In this article, the advances at re-
searches on the main types and molecular structures, the pharmacological action and the way,
position, key enzymes and substances of biosynthesis etc. of ginkgo terpene lactones were sum-
marized after referencing domestic and foreign related literatures published in recent years based
on the authors research direction , and the main problems needing to be solved in this research

field and the prospect of research and utilization for using the biotechniques to increase the con-
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tent of ginkgo terpene lactones in leaves were proposed based on the research results and devel-
opment trend in this field.

Key words: Ginkgo biloba L. ; Terpene lactones; Biosynthesis; Relative genes; Prospect

A (Ginkgo biloba L. ) fEFRER. A%, AR TP ( Gymnospermae ) 41 75 44
( Ginkgopsida ) 4877 H ( Ginkgoales ) £2 75 F} ( Ginkgoaceae ) R 75 J& ( Ginkgo ) HIME— A= F7Fh, 2t
REBHENFREDZ—, WHRAED R ELE" BAH MRS+ 0 E 5%,
HEABRREEZ ., WEARLA D MBREE" . KLY THETIA RS
YR, TARATHE AR AR A R AT B, AR aY A B4R B AR YT A (A
RV E R BEFAT LB R TR AN, R, WA NBERSH & EMRED, BRI
BEM; H—HE, ALERBEHEAMEER, Bk, ATLEBERE B NEEA RN
DASCERRLAR™ o BRIk, T4RATRE NEERIL AR EEER RHATEH . £WE BAREH®
. TG SRR CEY TS, HAEE TREARBIHRAEANREAY S BERE B3R
FARARE NER A B EAE NN BZ—, MRENHR. FIH. FREXREER,

1 RAEENEGEITZRSAEHN

AT ERIES AR, W4 A NBEH RN, SANEEA RSN e
BRER, FRECHWE, BRAEEAE 1S MR TAR, FRHOMEER, BAENEEAE 6 AT
A, B, C, D, E, FERMNMELE, HoaiE 1 MRIF-[4, 4]-F 58 (spiro-[4, 4]-
nonane) ,1 4~PUE KM D,3 A FLICAEEER C.E.F, IR FLA.D il C 3R — 2K ERR
SR 25 M, F 3R C 3R K25 R A7, PUEREIER D J& TR0, 88355 A D 4bF 251
O THRE s 3L M9EEEUR T, F f C 3F BB R T, C-10 BREETHR— 2R A%, 58
BEA AL, EERIB R M RES, R 48, %0 SA, REZ98 Na* K* Ca™ %3 Tallf
MV T BRI F ESREE B3 AT AN TR R AR, S A R TR Z MR T
N T TR SENRYE . R, AR T 02 A B, AT RN R ARG A W R A 0 A B AR
FI™!, Furukawa'® 8 U AR AR b 20 B 15 35 N ERAL & 9, 7E 20 M 42 60 44X, Nakanishi
417121 701 Sakabe ") 43 51| AR S AR A0 TR 43 8545 3 i P BE 9 5, Nakanishi 25 i 13" H-NMR,
CD L B At B R R SR, BB T 4RA5 IS A( Ginkgolide A, GA) 475 IR B(
Ginkgolide B, GB) VAT NEE C( Ginkgolide C, GC) F4ERZT AR M( Ginkgolide M, GM) R A=
ZERg (LI 1), Hrh A IEE M BAEE TR, UG R A Weinges %11 BT i rp 43 85 9 %
ERPEM L S NEE( Bilobalide, BB) ( JLIE 4) ; Weinges'"®! 25 IR AT -7 X 43 B th — i i)
ZHENER RS, EVAR AT I ER TOLE 1), I HARAT S ) RAEM & 8L, 3Fil 3 H-NMR F1° C-
NMR 23 8% 2 B R E T HAL 450, 5ol Y. Wang 287 3R H] LC/DAD/ESI-MS Bk A
RS BB R B % T AL 45 M 845 IS K( Ginkgolide K, GK) A4 25 A K L(
Ginkgolide L, GL) (WL 2) , kIS WA M/ B 18 8] — N IR A AR L B Y =1
323, 14- KR NBEIFAr 44 AR N EE N 3) ,Ping Yu'™ JUARAHR 53 BS 18 8 — 7
(f5 2415 PSR i 45 9 Bilobanol (WL 5) o T LAB B AT A7 1k , MARA i 3543 B3 45 5] 10 4N
FEfL Y. sl Ay E B X BI7E FREF R ME B M B AR,
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B1 GEMESLHE
Fig.1 Structure of Ginkgolide
(0]

B2 BEMBREH
Fig.2 Structure of Ginkgolide

B3 MEAEN
Fig.3 Ginkgolide N(GN)

B4 RARPNER
Fig. 4 Bilobalide

i T
Ginkgolide A(GA) B8 08
Ginkgolide B(GB) OH. ., H. OH
Ginkgolide C(GC) OH OH OH
Ginkgolide J(GJ) H OH OH
Ginkgolide M(GM) | OH OH H
R,
Ginkgolide K(GK) H
Ginkgolide L( GL) OH
RI R
GinkgolideN( GN) OH OH
O
OH
R X
P /
OH

5 Bilobanol
Fig. 5 Bilobanol
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2.1 SREMGHELSHEYSHIER

2.1.1 MVA

KHILLE , AT K259 572 H FF 2 IR i 72 ( mevalonate pathway, MVA) & i, iX 4%
A% - Bloch F1 Lynen (1958 ) & 4575 4 1 e £ b & B , BRI H: 32 B 78 40 o S AL ) i
PRF AR R BT LA SURR R 40 I R & AR . E X RE AR P A Z B A A (acetyl-coenzyme
A, CoA) 7E Z it CoA: Z it CoA C-Jif 3t %% iz [if§ ( acetyl-CoA ; acetyl-CoA C-acetyltransferase,
AACT) #4k F 45 & L Z BE 2Tk CoA (acetoacetyl-CoA) ' SR 5 Z. B 2t CoA 5 Z Bt CoA % 3-
FH3-H LY ik CoA 4 i (3-hydroxy-3-methylglutaryl-CoA synthase , HMGS) f#{L45 5 %, 3-
F2HE-3-H 3 % Bk CoA (3-hydroxy-3-methylglutaryl-CoA , HMG-CoA) "' #k J§ HMG-COA A J5
[if ( hydroxymethylglutaryl-CoA reductase, HMGR ) f#£ 1k, HMG-CoA & ¥, b [8] 44 B 2 1% ik ( meval-
onate , MVA) , RIZ%H5 B A AT 38, 3% 2 MVA 3842 b i BRdE 4 3R ) ; F 38 IR R B ( meval-
onate kinase, MK) (240 e ik B R I R T i phosphomevalonate kinase , PMK) 25172 ATP F1 —#t
LRE T2 5 TH MVA BEER1L, T2 5 -8R TP #25R ( Mevalonate-5-phosphate , MVAP) 1 5-
FERERR F #2302 ( Mevalonate-5-diphosphate , MVAPP) ; £ Ji& , S-FE B R Y 72 13 88 it 72 1§l ( meval-
onate 5-diphosphate decarboxylase, MDC) #f:{k, MVAPP [Bi#2 & i, TPP™) ; 7 S5 J0 475 5 e ik 55
i (IPP isomerase , IP1) /R T , IPP AL 524444 DMAPP 7E 1P {45 T AT AMH EAEL
T U Y e AR e B8 Tl JE SR R B R 5 U ( farnesyl pyrophosphate synthase, FPS) , fiE{k—4>F
) DMAPP FI 53 F-H) IPP 45 £ 2 iUk JE 2 AR (famesyl pyrophosphate, FPP) )y fif
M ILHR PE R A , F- 225 LA 0 L =00 A 5 i

22 - MEP

Rohmer %5 fE ELZ 4N P AL T A AKH T 2 IRER R IPP A k42 , G Schwarz
L LRI AR AT IR RO 4 A et FER A R R B T X — MR R AR T £
BB A — a2 A s U R B R AT R 5 - I S A B /2 C- Y B4 - B RR 4 D-
75 8 B BE 1-deoxy-D-xylulose-5-phosphate/2 C-methyl-D-erythritol-4-phosphate , filf LAt #% F8 N
MEP,, XX SR HE e B A rP b AT , Rk Bk 42 . MEP 342 = R4 A A4
Y 5 J2: T B R ( pyruvate ) 1 3-8l & H il B ( D-glyceraldehyde 3-phosphate, G3P) ., T4 E fig Fi
G3P 1E 1-ii 48 -D- A ERBE-5-85 R & BB ( 1-deoxy-D-xylulose-5-phosphate synthase , DXS) /£
Az 1% 1-J5 48 -D- A B -5 -8 8 ( 1-deoxy-D-xylulose-5-phosphate , DXP) ) 3 & MEP &2 45—
AP P, 2%, 75 DXP iR B SR (1 -deoxy-D-xylulose-5-phosphate reductoisomerase,
DXR) fEHIF , DXP £ )i+ 8 HE I8 [ AR Al 2-C-F 3E-D- 7R B B 4-BE R ( 2-C-Methyl-D-erythritol -
4-phosphate , MEP) "**) 3% J7 Ji J& DXP & 4% I f T B2 59 BRI R, SR KW A T AR i
B o £ 2-C- W1 BE-D- 7R 15 -1 R bt 220 B2 %% #% il ( MEP cytidyliransferase , MCT ) 4554
% 4-(5-FEME IR M ) 2-C-F BL-D-75 #% i [ 4-( cytidine 5-diphospho ) -2-C-methylerythritol , CDP-
ME] P (5w i8 15 ) -2-C-FF J5E-D- 7 ik M 1L 2 i [ 4-( Cytidine 5-diphospho ) -2-C-methyl-
erythritol kinase, CMK ] 4k CDP-ME B ER kA iR 4-(5° - B ie M H ) -2-C- F JL-D-7f ol
fig-2 -2 ( CDP-MEP ) , CDP-MEP f£ 2-C-H JE 7 Bk b -2, 4-34 £ 8% 1R & il 1§ ( 2-C-methyl-
erythritol 2 ,4-cyclodiphosphate synthase, MCS ) /£ T ¥4k ok 2-C-H ZE R BEMEIE-2 , 4- 35 L W iR



6 2R TR EARTHT 2R

( 2-C-methylerythritol 2,4-cyclodiphosphate, ME-cPP )", ¥2 H 2 T 4% 2485 8 & i
( hydroxymethylbutenyl 4-diphosphate synthase, HDS) {4k ME-cPP 4 i, 1-¥23-2-H 3 -2(E)-T
Js 3445 85 5 [ 1-hydroxy-2-methyl-2-( E ) -butenyl 4-diphosphate, HMBPP]"** % 5 HMBPP
TE 5 SR S AR BRRR — LI TI SE AR B AR & FiURG (IPP/MAPP synthase, 1DS) "™ fE I F#44L N
IPP #1 DMAPP(5: 1), 3 43+ &) IPP 1 1 43 F#) DMAPP £ 7 - Jt 75 i 2k 42 B R B ( Gera-
nylgeranyl diphosphate synthase, GGPPS) 4k i 7 i FE 7 - JE A BE R ( Geranylgeranyl diphos-
phate, GGPP), ERFA iR SWHILFIEIA, PSR S BB A T A — %8
fiff ( Levopimaradiene synthase, LPS)#/E T4 Rz ie@m — & . BETRAK, (+)-B
ZHA 7 5E ( Dehydroabietane ) B4R AT W ERE & AT PR fA, 7ERFBERILE WA B HIE R
JG, MHEE PASO 258, MESHE—SHBMIER, REERELELEYE .

BRXWFRBREEARPHENAR, By kayEEMEEEAMHER, (B2 &AE
BRI, FHR RS T LAE AR B AR, PP 2RI &R 2R 3L
FEl, BTRAE AT LSS R AT Ac ) . BAh, Bk MEP 4270 BUAY 1- EA BB
A DA 0 B TR R BGRB8 BT D EOR B MR A MVA @42 B 7= 9 mT LAk A
Ftks, S5ERER

2.2 REWAELEYENERERXREE

BIHATAIE, KT ABRIL G Y AY S B R B — Lo e B 5L R Y 7o [ S 2R3k
5, MHRAGEM T REMPIR TIE, &40 %Ik E7E NCBI B 75 504 % fl
SHFEMFE1 P,

2.2.1 HMGR

HMGR j2 MVA Rt B, SoARE MVA B P IE— 1 RER, di
anp BRSSP BB LA . BATCABIREST . R, Fi. LS 2SS B X
BiAL[H . 1986 4F HMGR T B4Rk, A—F S5RE S MB/KEH R, 47 & 180kDa, 4t
A AT, #K 45kDa, ek 5.9, MY HMGR — f& LSk 8 K8 X AF 2E,
Sheng 257" B S AR 75 P 40 25 45 51 4 % HMGR A9 4 K cDNA, 4% GbBHMGR (' Genbank
No. AY741133), & 1 NgahS 571 PNE KRR 1713bp () ORF, H4b, iB3k15 GbPHMGR
41 DNA 7%, $#77 GbHMGR HA 4 NAbEFF13 MANE T HEBTE GhHMGR H 1 5 H Al
Yy HMGRs B ARE IR, GF 2 MERX M 1 MELXE, Southern 723l RT-PCR
G RERY] GOHMGR J& T/MEHE KR, AL R B ARKFRE, RERBFE.

2:2:2% XS '

DXS & /& MEP &2 56— 88, (BaREYwERY R mm s — 1 R#EP %K, DXS
KRB RN K BT B /3B [48] . Gong "' %5 MR FHIP AT 4 B M4 E T DXS 2795bp
HI2 1 cDNA, A8 1 D45 717 NEIERE) 2154bp ORF (JF B EAE) o @i LA (5
B2, R GbDXS 5 HAMAHYIFI 2R DXSs AT ZMREITREE, 54t DXSs fH{L,
A MR REZREEIK, 1 AN BRI S & AL A H E BRI 1 32
CREMETT. REAB TR, GbDXS J& THLY) DXS1 B, AN E HHAAEY) DXSs il
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2.2.4 FPPS
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Fig. 6 Terpenoid lactones biosynthetic pathways and theirrelative genes in plants

MVA i&48: AACT, ZBEZ B4R A ¥ F2 B (acetyl-CoA C-acetyltransferase, EC 2.3.9) ;
HMGS, 3-2 3-3-H J % — B4 B A 5 A B§ ( 3-hydroxy-3-methylglutaryl-CoA synthase, EC
4.1.3.5); HMGR, 3-35:-3-H B Wil A 4 7 ( 3-hydroxy-3-methylglutaryl-CoA reduc-
tase, EC 1. 1.1.34) ; MK, H %S5 6 ( mevalonate kinase, EC 2.7.1.36) ; PMK, WifigH ¥
1% BR 1% fif§ ( phosphomevalonate kinase, EC 2.7.4.2); MDC, H ¥ ER-5-£5 15 8 It 78 § ( meval-
onate-5-diphosphate decarboxylase, EC 4. 1. 1.33) ; IPI, /4 3E 052 44/ ( IPP isomerase
EC 5.3.3.2); FPPS, ¥ )¢ RLfEmEER & 1A (farnesyl pyrophosphate synthase, EC 2. 5. 10)



