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Abstract: Amorpha-4,11-diene synthase (ADS) can convert farnesyl pyrophosphate (FPP) to amorpha-4,
11-diene, a precursor of artemisinin. ADS plays an important role in the biosynthesis of artemisinin. This
review summarizes the molecular biology and metabolic engineering study of ADS in recent years. The
genomic DNA and its cDNA sequences of amorpha-4, 11-diene synthase were cloned from Artemisia annua L.
The cDNA encoding amorpha-4, 11-diene synthase contains a 1 641 bp open reading frame coding for 546 amino
acids. ADS shows a broad pH optimum and an absolute requirement for divalent metal ions as cofactors. The
specificity of ADS to the substrates and products is not high and the formation of amorpha-4, 11-diene by
ADS from FPP is achieved by an initial 1, 6-closure with subsequent 1, 10-closure. The 4DS cDNA cloned
from Artemisia annua L, or totally synthesized by PCR, was introduced into different hosts including E. colli,
S. cerevisiae, Nicotiana tabacum L. Arabidopsis thaliana and A. nidulans resulting in varied engineering
microorganisms and cells producing amorpha-4, 11-diene. The way to improve the production of amorpha-
4, 11-diene was investigated by two strategies such as improving the supply of substrate and directing FPP flux
to amorpha-4, 11-diene production from competing pathways.
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Figure 1 The biosynthetic pathway of artemisinin



© 1322 ¢ 2y 244 Acta Pharmaceutica Sinica 2009, 44 (12): 1320-1327
Tablel ADS sequences (by Mar.24,2009)

GenBank ID ADS sequence Authors Country Time
AF138959 ADS mRNA Mercke P et al Sweden Sept. 25, 2000
AF327526 ADS mRNA LiuYetal China Mar. 5, 2001
AF327527 ADS Genomic DNA LiuYetal China Mar. 5, 2001
AY 006482 ADS mRNA Wallaart TE et al Netherlands Jul. 3, 2001
AJ251751 ADS mRNA Chang Y]J et al Korea Apr. 15,2005
DQ241826 ADS mRNA Huang Y et al China Nov. 8, 2005
EF197888 ADS mRNA Kong JQ et al China Jan. 28, 2007
EUS521651 the Synthetic ADS cDNA Kong JQ et al China Mar. 24, 2008
AY528931 Promoter and 5°UTR of 4ADS gene Zhang Y et al China Feb. 22, 2004.
DQ448294 Promoter and 5°UTR of 4ADS gene Kim SH et al Korea Apr. 5, 2006
DQ448295 Promoter and 5’UTR of ADS gene Kim SH et al Korea Apr. 5,2006
DQ448296 Promoter and 5’UTR of ADS gene Kim SH et al Korea Apr. 5,2006
DQ448297 Promoter and 5’UTR of ADS gene Kim SH et al Korea Apr. 5,2006
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PEf i, feiE pH AT 7.5 A1 9.0 2 1], 4 pH 9.0 il
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Z T S TR S S R . AN S E A, R
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YE R H B 7 I5F, ADS 333 7m H TARSR IR S PR o Horh,
7 pH 6.5 I, Mn® " Fl Co IR FE W] AR T Mg™;

Table 2 Amino acid sequence comparison of amorpha-4, 11-diene synthase with other plant terpene synthases

Synthases Organisms Identity/% Similarity/% References
Farnesene synthase peppermint 34.8 47.5 7
Germacrene synthase Cherry tomato 39.6 51.2 7
Vetispiradiene synthase H.muticus 41 53.1 7
o-Cadinene synthase cotton 429 54.8 7
Epi-aristolochene synthase tobacco 40.5 51.8 7
Epi-aristolochene synthase pepper 41.5 52.8 7
Epi-cedrol synthase A.annua 51.8 60.4 7
5-epi-Artistolochene synthase tobacco 36 16
Epi-cedrol synthase A.annua 51 16
Linalool synthase A.annua 27 16
(+)-0-Cadinene synthase cotton 41 16
A putative sesquiterpene synthase (EMBL ID:AJ249561) A.annua 50 67 17
(3R)-Linalool synthase A.annua 31 49 17
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Table 3 Products and substrates of amorpha-4,11-diene synthase

Products References

Amorpha-4,11-diene 17

Authors Substrates

Wallaart TE et al FPP

f-sesquiphellandrene

three unknown sesquiterpene
Amorpha-4,11-diene 7
(E)-p-farnesene

Mercke P et al FPP

amorpha-4,7(11)-diene

y-humulene

f-sesquiphellandrene
amorpha-4-en-11-ol
amorpha-4-en-7-ol

a-bisabolol

an unknown olefin
Amorpha-4,11-diene 21
(E)- p-farnesene

Picaud S et al FPP

amorpha-4,7(11)-diene
y-humulene
f-sesquiphellandrene
amorpha-4-en-11-ol
amorpha-4-en-7-ol
a-bisabolol
trans-Nerolidol
zingiberene
zingiberenol
unknown!-5

Picaud S et al GPP a-Terpineol 21

ocimene

myrcene

limonene

linalool
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BRI E.coli TRETE /& ADS TRER 1) JLRAR
o FMULRTHIE IS — ADS KW E.coli TF2
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B Z [ FPP, MIfifE ADSYEHIN, LA it ik o,
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WA EKE (Staphylococcus aureus) [FFEFIAL 2003
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2006 4F, FE[H Keasling S256 =5 UK 7 BE A4 15
LW, PN T ADSFUEREML-4,11- ) P450 AL 5
fiff (CYP71AV1) JEPH, T T % &8 R g e,
W R FRAAT AL, IR1G T 115 mg L™ [ H IR A
153 mg-L ' (SR REBE-4,11- 245 . Hrp s iR i &
E A T8 R w2 N X R
&R, LA & AP A ROR, SEEL T e B
TRER T REA T FE RN, AREEEERAY
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VB S0 S A R AR -4, 11 - WG RE TR P
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R e B TR B, RS T 5~20 fiF, k3
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B T EE R M. 2R A2, i
AU R K, AR R, SRR i TR R R I 7 B
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AR R A ALY, DT K 0 SRR -4, 11- 0 1
o R4, 11- % TREE A A R b, X el
75 3 T AR Y, AR mT B Y FH o
651 B “HFiR” REEBEHR-411-ZHEmE &
B, H SR SAEAE WS 4 it S AR W) & i 47 : DXP
1% (deoxy-D-xylulose 5-phosphate, 1-2<% A BE-5-
WEMRIZ12) M MVA 1&4%2 (mevalonate pathway, H¥%
MR iR4E). {E E.coli tf, FPP T3iEd DXP {2 &
Feo AT HEIN FPP (LR, Martin 25Ty g T W R Ag
PR R4, 11- IR E. coli TREH .. — P LFEHE
N T DXP &R b BB SE R 8 DL S
THRER T SEANT 8 MRINIERERE, HH T —4% MEP
Bt XA TR AL ESE = FPP [GHEN, {13 AD
(R 30 BT T 3.6 F1 36 1%

FL A5 S P U 1 RE R HMG-CoA i 5 i
H1FPP GRGHEDNHE DKL, $¢m T FPP (HLRY, KIN
AD [P A N I T 1 000 %5447, B 10 pg L™
Bn# 23.6 mgL™'. Ro ZEPE LS ADS KA [ i BF
TREPRIE T 4.4 mg L (R4, 11- 45, (1
¥ tHMGR 55 % TRE W T E R I 5, AD [f17~
HIINT S fi.

6.5.2 BTN VIEMKER-411-“HEMEE 7
TR R, T BER I, AR
I — “TRP ml AT 7N TR, M
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KPR E . Ro SE(EHNH] ERGY JER [ [l 1,
W FRIK T upe2-1 1 tHMGR WiNHEH, 75 B2 RE TR
BT AD [P BRI T 153 mg L, ERERR “IF
PE7EL YO TR R O, AR A
I RIR tHMGR FEPEG NG FPP i ial 1 5 (A,
ST X TR R A R WS,
Paradise %5 [T [A] B (1) 128k 7R RIE 13X FPEL %2,
6.5.3 IFFEUIEER-41-"HETENTE B
TR R R b, BEIRAAER TR
R4, 11- 75 (17 AR AT 2 . Paradise RIN, W%
RE T B 5 77 2 T e Y S A -4, 11 - 1) 7
KM mP, Martin S5 R, fEH5FRIEFIMAH
W, BEdEm TREE T AD 972 5%, Newman %55 it
I P9 AH 53 e A2 ) ) N 4% (two-phase  partitioning
bioreactor, TPPB) 3 i it F1°E F2 Bl 5y, 1 AD [~
HEINT 20 £%, XFT 048 gL,

B L - MEEMPUES . )UK, A
W B E RN AT 350~1 700 £ t, 1 4N
PR 1670, XA SER 10 75, VF 2 18 5K
FOERAMER L&, BT &% TR M, &
S N e A PN Ry G e
RUIER B IA 1 — AN ) . I S0y DL,
AU AR AR ™ KR 2 AR, AR5 & el
P e A A UG O T R I R BT
b, B4, 11- RN R Y G g
10 T B A, e e AR TR T v 7 i B
TP T AR N H A 5% A8 1000 kg 758 T
BEFLHUH 5 kg MOT HE RIEDY, RIS TR A
(R R4, 1105 7= IR 3] 100 gL' i, 5 n] B2 =
L 5 5 & . Tsuruta 258 S0 48 A A1 147 #E
A AR, FUACH RSB Tk Ak A r= 5 8 ik, 2t
MEREERENTIHTOEANZE T .
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