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pCznl-AoFPPS, 4k BL21 [F#%1E X W, &SR EFBAEGEA,; FIH Ni WIRSEFM AL E AR A & Q1T
afifb R Al E A E A, T URANEEIE S B DL TE L IhRE, & 0B AE Bl 45 SRR 1 AoFPPS R 5 (i 145 e
FHAERERR (farnesyl pyrophosphate, FPP) HI& . Nt — SWF R R IAIE, ¥ zalb G MEHE A RZEHE =
Gt £ £ T BEPUAR, BFIDE S B 52 (enzyme linked immunosorbent assay, ELISA) il Hiid B sk iy, H
Western blot 25 8 /s iz bk il 45 1 iR 5 AoFPPS 5 1, E57 T AoFPPS [P Id e kil 7732 . AW 5 A 7w
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Prokaryotic expression, function verification and immunoassay activity
of farnesyl pyrophosphate synthase of Alisma orientale (Sam.) Juzep.
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Abstract: Farnesyl pyrophosphate synthase of Alisma orientale (Sam.) Juzep. (AoFPPS) is considered
as one of the important rate-limiting enzymes in the biosynthetic pathway of protostane triterpenes. In order
to investigate the expression and function of AoFPPS, the gene (accession No. HQ724508) was cloned into a
bacterial expression vector pCznl, then the combined plasmid pCznl-AoFPPS was transformed into Escherichia
coli BL21, and afusion protein was obtained after induction. The fusion protein was purified by Ni resin, and
the function was verified through in vitro enzymatic reaction. High performance liquid chromatography (HPLC)
analysis revealed that the products were able to catalyze the synthesis of farnesyl pyrophosphate (FPP). High
purity recombinant protein was used to immunize New Zealand rabbits to generate a polyclonal antibody. The
titer of the antibody was determined by enzyme linked immunosorbent assay (ELISA), and Western blot results
demonstrated that the antibody could specifically recognize the AoFPPS protein in A. orientale (Sam.) Juzep. So,
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the method of rapid immunoassay to detect AoFPPS was established.  This study lays the foundation for further

study of the AoFPPS gene expression, regulation and mechanism of action in A. orientale (Sam.) Juzep., and it

also provides a scientific basis on improving the quality of Alismatis Rhizoma using the plant genetic engineering.
Key words: Alisma orientale; farnesyl pyrophosphate synthase; prokaryotic expression; function verification;

immunoassay

V5 (Alismatis Rhizoma) AV RBHEY) 4 77 1%
75 [Alisma orientale (Sam.) Juzep.] T 2L, 23,
B ORI, BARIKSE. M (b B 5
Thak, Liame miE > XA, FHiE kR (protostane)
DU IR =35 2 R 23 2 05 10 B2 RUR A, ik — 3%
45 23- LW VS B B S HATAYILE A I R SME YL
G, HEEFEE, Cro Al CrahL %A —A> B-CHg, Cq
RLF Coofi AT a-CHg (& 1) E AN T R BN, 35
Hh JE G Jor B 5 2 R 4 L A A O o Y AR L
PUR R B EAE R, IERE R, BEE R
B IO BloR R 1 Y, 23- 2 Bk V5 8 B AT
SeE . 550 R PC-3 20 it K i e 4 i) oA
T, AF T RG2S s R
HEHEEM, BRSMMAE, E5BREERI, XAETL
Rl v 4 AR,

Figurel Chemical structure of alisol B 23-acetate

RN FZE LR KER (mevalonic aid, MVA)
AR A E R = 5N, eI AR A BT 5
AN B K 10 28 5 I 0 A & 1 7 A A e A
FL AR (isopentyl pyrophosphate, IPP) il — F 3L 47
PIFLAERERZ (dimethylallyl pyrophosphate, DMAPP) JE
B 10 MR A ) LR EEBERR (geranyl pyrophosphate,
GPP), 55 51— @B AR IR 48 & T2 e 15 4
I e S B2 52 (farnesyl pyrophosphate, FPP) Y,
WL FE IR & MVA iR A%Hh Ve B fE ik 1R & 1
(farnesyl pyrophosphate synthase, FPPS) {4 i
— N2 RBIRYD, A R 2w 52 MR AR
AR BRI BR . H AT OO - DL REA
M = B R Y e T FPPS 1)
cDNA /741, I WA /R R W, i i SRk vk e 2 £5
MR A o] LU Y = 88 A & R, fe & et

=i R,

A UR R ZH AT O v B SRAS RS TR e B AR R A
Mg K] AOFPPS 4:K: (accession No. HQ724508)M,
B IL T B8 A AP s 3 1 3R A AT oA IR o A SOk
TS AOFPPS J: [ o b 3 A% Rk st b, R K
FHE ARG RIEIaifb 3515 AoFPPS 412 [1; ¥ i%E
HEE B e 2 R, AT AOFPPS £ i FE Bt i,
e X AR A AR S A R AT 40 BT O D RESGAIE, R B SR
& @ B g BN iF (Western blot) 4 BT 3 75
AOFPPS % [Rl 7E A [A] #8 & rf 25 A /K ~F 1) 3R 1A 1% L,
S WT FLAE RS i T B T2 o () R IE R« F 9 4 IR
YA BT 18 W) FPPS TERVS /R N IPE ML, ShERTs
GEUR A 43 SRS v B = 1) A A 2 B B A AR
=TT

MR5R®

MR BT SEIR AR S AR R R, A
W 24 K 2 8 30 U S5 8 RIS RHE Y AR T TS
[Alisma orientale (Sam.) Juzep.] » EUILIR AIELZE, 433
THAAE, LB TWATRAESH . ERRIEH
f& pCznl. KM#F i (E. coli) DH5a Hikk. F# KA
15 £ 14 BL21 (Roseta) T H 7 5080 S A H ARG TR 2
Ao 7 AOFPPS 4 K J7 71 (1441 7 B pCznl-AoFPPS
FH A 5256 % ORAF

T, DNA EEHG R N V) Ndel A Hind 111,
EPif 196G (HRP FRid) W H 8l i A H AR A IR
Awl; RNFERA B-D-EAKET (IPTG). WMEIIZ
(Acr). AFREFHZE (Amp). =L FREIEF L (Trig)
W H Sigma ~Al; TGRS (SDS) WH
Amresco A #]; N,NN'N'-PUF 3L 2, —JlZ (TEMED)
I E BIO-RAD 2 #]; 0.22 pum 75 B UiE 23 AL B 481 B
Millipore 22 &]; Ni?* IDA 35 F1{0 i i 4 | Novagen 2
H]; DNA B ai a7 & . ook /N 32 55 & 8 B
Axygen ‘A 7]; GPP.IPP I § Cayman A #]; FH A7
BINE P el sl LilgfEm AR AR A
B, W AR BV A T AR TR A A 56 .
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BECKMAN /A 7= §h); Biologic LP i 24i. Mini
Proteam |1 B -FAR K 54t Gel Doc2000 #E i bl
BRG . KFHIKRS (£EH BIO-RAD A F] /™ i);
PTC-200 £ [H 4 #94% (32E MJ Research 24 & 7% dh);
Nano-Drop 2000 #%®2/& H € &4 (Thermo 2 ]/~
an); JY 92-2D S S AH MOt AL (b BT ZRER T AT
FTr= i), i ROAR g (Waters 2 & 72 f); Cg
A (250 mmx 4.6 mm, YMC 2 &7 ).

FE# KL A pCznl-AoFPPS MM E R L FE
R4 BT 35 75 I #2228 31 NCBI _E 1) AoFPPS 3 [K 7 %
459 (accession No. HQ724508), ¥ 5w %3t pGHn
AR, 1E RS W AR K pGHN-AOFPPS )3 filf I,
HE S, Ed5IN Ndel EgUIAZ &, FiFsiA
Hind 11 Bg V)67 s (FRIZREE ). 514 5-CCCA
TATGGCGGCGTCTCC-3, T 5l 4. 5-GAAGCTT
CTACTTCTGCCTCTTG-3', #47 PCR ¥, 50 uL /<
i £ £ 10xPCR 2234 5.0 L, 25 mmol -L ™ MgCl,
4.0 uL, 10 mmol-L * dNTP 4.0 pL, 10 nmol -L % _F T i
514914 1.0 uL, cDNA 4% 5.0 uL, 5 U rTag DNA & &
fil 0.5 pL, ddH,0 29.5 uL. PCR N &4 J9: 94 C i
A5k 5 min; 94 "CAEME 30's, 54 ‘CiEk 30's, 72 “C FLAif
1 min, 30 MEH; 72 ‘CHEH 7 min. PCR =14 1%
BRIRE R rB KRN 5, B 2iAk Rl PCR H I By
BOEAT BN Y . 2200 Jo 5 A% 1) 2 28 5 R 43 0l
Ndel A1 Hind 11 XUEG), 7€ [F) 32 N\ 20 4H [5] 5UG U] Y 2%
& pCznl, )5 N KW B DH5a, BEYI. W7 %
5 BH 1 T B

FLARRL pCznl-AoFPPS MBS RIE &l
G SRAR B 2H S KE pCznl-AoFPPS #4k 2 K #T I
BL21 (Roseta) 3ZfATE, kit H A ok, BT &
A 50 ug-mL ™t Amp 1 3 mL LB B384, 37 C 220
r-min YRR IR, KHFR 100 £, 4keiERE
ODgoo fH 4 0.6, HL 1 mL 1E 1% SRR, 17142 1)
B3 InN IPTG 4 4% 4 0.2 mmol-L™Y, 20 C
220 r-min ' 4R4E 4 h, RIS EALL, 12000 xg =
TE G 2 min, WERRTIIE. 400 H07 30T = &5
W15 S5 W 7555 R0 B3 R UTE TR R b,
4T 10% SDS-PAGE Hiik 43 #7 -

BHEEAMMEMN EFESRIAM B IR R R
20 mL Ni-IDA Binding-Buffer # &5, @AM (U
K A00W, TAE 4s, &8s, 3 20min), 4 °C 10000
xg B0 20 min, B B3E; FIAMRE GBS RS, HIGH
LA 0.5 mL-min 3% £ % Ni-IDA Binding-Buffer i

-4 ¥ Ni-IDA-Sepharose CL-6B 3% Al {3 41
Ni-IDA Binding-Buffer U1 0.5 mL-min * i e, %=
T W ODogo fH 1A% 2E; H Ni-IDA Washing-Buffer
(20 mmol -L* Tris-HCI, 20 mmol -L Bk M, 0.15 mol -L*

ODgg, i Fll ik % 4k; i Ni-IDA Elution-Buffer (20
mmol-L* Tris-HCI, 250 mmol -L * Bk ™, 0.15 mol -L*
NaCl, pH 8.0) LA 1 mL-min 'yRikvefii H & A, 1k
LM K R E SN BT S,
F PBS (pH 7.4) #HAT#EM T, #E1T 10% SDS-PAGE
I3

FERFIEEANARINEGRRE 200 pb FEfE %
MAK%: 5 mmol-L™* DTT, 5 mmol-L* MgCl,, 25
umol-L™* IPP, 25 umol-L ™ GPP, 6.70 uL 0.8 mg-mL™*
AOFPPS % 1, pH 7.4 Tris-HCI ZZrhifixh /2, 78 400
ul IE e, 7F 30 'CR M 2 h, 784 E %% 5 10000
rmin L, BUEZ IR ORI, I DA A E A
WL & A0 AoFPPS & 11, HAh4H o A28, 1F
Syt BEZH, HPLC A& {4k S S =47 « HPLC 43 4T 2514
Omin, ZJfE—7K (5: 95, v/v); 95 min, Zfi§ (100%).
FEIR 30 C, WiiE 1.0 mL-mint, #EREE 10 ul. £4h
A, KR 275 nm,

ZRERENFIESEE AdadivEA % 2
FUBvE =9 (2~2.5 kg), RFRBT 9 400 pg,
2~3 A LIk, L5 4 k. R 3L, K
Fr I, 36 I ] 4 e K A 2 W B I g (enzyme linked
immunosorbent assay, ELISA) #fi & Pt ig &t % & (4
B, FE R KT 1050 000, 34T fix 4% 1 i) %%
Puin i, JhuE&aitt.

H 8 5 B R E A A ) A e S A ali4k
B, RERATARNE S PBS SRIBGE%E
R, FRPURPUASS & 5 FHH 2R R 52 s e B
RPA5FT TR 4tk ik, JHSLRI7E PBS A 4 CHEATIEMT
WA BEHEATAE . WA E .

SRbEMARE . EERPUNNE @Eid BCA
BRI PR 5 k7 R T A A T R R AT I E
it SDS-PAGE Hiyk, 5 i et % g2 alifh it
i B, @t A ELISA A&l Hiik &k 4r: 0.05
mol-L ™" TR ZZ vf il (pH 9.6) K&k [y o oA i B
N 20 pg-mL~, EEFRERAEFLIN 100 pl, 4 CIEE
Wit B W H AL 5% i 5 K 100 pl, 37 "CHH
I E 1 h, F PBST (pH 7.4) ¥E¥ 3K, ¥EE)E 705
B\ 500~512 000 % #i ¢ 1) St iLiE 100 ub, [FJHS
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DA 1t 50 13 i B (4 S 2 Wiy I35 7 N B X B, DL
MiEFMRWR (PBS) N7 X, 37 CHFAEHIE 1 h,
A e 3K, ARG AL HRP AR ZE i 19G
100 pL, 37 CHHIEWEE 1 h, F_E¥esk 39, &SLEN
TMB 100 pL, 37 CHEELE A 20 min; H/E A 2
mol-L B8 50 ul & 1Ei . &b B, B kR4
€ £ 450 nm AL F OD 1R

Western blot JEHASFFME 2 0 BUR A
ZHZIREN 200 mg, BYRE I GE R MR (8 AT
I PMSF), SJ3as 519k, 7702 . L EiE 10 uL, L
AOFPPS VX IR, 175 S0 BB B X IE, k47
SDS-PAGE i3k, 165 100V # . PL4i{L £ 5w
BEPUARAIE N —bt, 3P R —bt, BEAE—PimiRE
W 37 CIM Lh, BEME 49k, &K 5min; LLHRP AR
WA R 19G 1E A 9T, F& 5% 50 NE Wk (1 3 b
TWRERE —t, WELE 9k 37 CJ R 1 h, BEMEIE R
9% 6 (enhanced chemiluminescence, ECL) &5%.

ER55H
1 FE#ZFRIEHE pCznl-AoFPPS RUE KL E
FIF PCR 5| NEUIN s 5%, W Bis 10 0e e £
IR & B cDNA $fi A 31| B i% £ 5 #cf& pCznl 1) Ndel
A Hind 11 BEIAL s 6], 3795 T N #idfs i 77 6xHis
IR AR 1) 5 4H R IE Hi Ak pCznl-AoFPPS (& 2A), #2
HUpoRL, #EATREYISE, 815 1 4549 1000 bp ) DNA
R BURI 1 449 5000 bp MR B (B 2B), 5T
WIRAN—3 MpgRER, EHREHMAE pCznl-
AOFPPS i \ 117 51| 5 AR 4H ve FE K135 V5 AoFPPS
FH 74 58 4 — 5, AT AoFPPS 4afid T 41, 1tk
GERERE, ARSI IRAT T I AR A% Rk Rk
pCznl-AoFPPS.

5'Ndel 3'Hindlll

(AoFPFS)

A

2 F R pCznl-AoFPPS HiE S &Rk

B2t 0.5 mmol-L ™t IPTG i 5 ) B 4488 75 ik
e, B0, BB e 4T SDS-PAGE & 1
LYK 73 4T« AOFPPS 25 [ [ BR 16 43 )i & v 40.60 kD,
kN B His #7485, ZEAMERS THREN
42.03kD. fEK 3A H1ff) 2. 4 ¥kil 42 kD Ab P —%
R PR, R R A S IO B B T R
KB, RO KRB HMAE T AoFPPS, Hix
HOFETIUE .
3 EHEEAMAKL

W iF FRIEHI R R WA 20 mL Ni-IDA
Binding-Buffer = & 5, A M, F KL G R
%:, i#id Ni-IDA-Sepharose CL-6B 3l {1k k43 59,
SRR A1 H A A . 10% SDS-PAGE #6135 15 . —
HEsm (B 3B), 45533k 15 4l B 4 ik g 2
R AT EHED .
4 EAMREREEIS T

USRI AoFPPS AT At B 1, N B 4&

A pM1 2 3 4 B \pM1 2 3
Heo g 116.0
66.2 W = 62
ERRUIL W 45.0
350 - i - .
—
25.0 - — — 0 B
154 . 18.4
i aBEREE" el

Figure3 SDS-PAGE analysis of the expression of AoFPPS (A)
and purification (B). M: Protein Marker; A-1: Un-induced; A-2:
Induced; A-3: Supernatant of 20 °C induction with 0.2 mmol -L*
IPTG; A-4: Precipitate of 20 ‘C induction with 0.2 mmol -L*
IPTG; B-1: Supernatant of 20 “C induction with 0.2 mmol Lt
IPTG; B-2: Flow through; B-3: Elution
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Figure 2 Construction of AoFPPS prokaryotic expression vector (A) and enzyme digestion reaction of recombinant plasmid
pCznl-AoFPPS (B). M: DNA Marker; 1: Double enzyme digestion products
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AR R B & (FL AL AoFPPS I 1L iKY GPP
AUIPP) h, AL MI4 IE R X BUR, HPLC 43 #r
VI sy . RN, ik E BRI 52.26
min &b, AL LS FPP X R A [E] B i 0, T
IF 1 e B ZH A A A I )% g 0 (B 4). g5 SRR
AOFPPS fit 1 {1k, GPP Al IPP & it FPP. FPP 4b7E i
20 A BRI 5 3T b, AR SR A N A A
FKE A — N RSP IR .
5 FEFPPSEZREMKELE

FIFH BCA B 19 FE I e 177 S0t BT S A AT
LM, MAFLEAL TR R EZE Ny 1.0 mg-mL™t. i@
it SDS-PAGE Hiyk, 7 Ih M g (oMl gL aifb hifk
M2, m] WL piialifh 5 4 7E 95%LL | ( BA).
PLatifb )5 il A B Aoy aE b s, P Bh 500~
512 000 {5 HFifE, [A18% ELISA 35352 )% 5 3R 151
Z BTG R . MESS R EoR (B 5B), 3l
T 7 2 31 512 000 £ 2T, BEAR AN E AgsofH 9 1.339,
FIPEXT BN 0.142, W& LLAE A 9.429>2.1, sig 4
F B 2li1L 1] % 1) AoFPPS % bt I3 2% 4 K 512000.
6 Western blot Mk 45M

R I 22 T B B AA TR RE S, DA TR AR I

A ]
0.020 «~— Farmnesyl pyrophosphate
2 0010
L et ——————— .|
000 1000 2000 3000 4000 5000 6000 7000 BO.00 9000
0.020
2 0.010
] M_n I
0.000 JJ ................ dt—— B —
000 1000 2000 3000 4000 5000 60.00 7000 $0.00  90.00
0.010
=
= 0.005- L , |
(| | A R i
0.000 i—*‘l| ()
000 1000 2000 3000 4000 5000 60.00  70.00 8000  90.00

Figure4 HPLC analysis of AoFPPS enzymatic reaction in vitro.
A: Standard FPP; B: The reaction products; C: The control group

50 kD heavy chain of antibody

25 kD light chain of antibody

Figure5 SDS-PAGE of purified antibody (A) and ELISA result (B)

Az

TE1E N —41, 4T Western blot 437, #5 5i b LG 5
AP AR EPT S 19G 428 0 B 5 70 R 1 H I3 Bl ()
Zt, ULEH AT A P  anti-AoFPPS 1] BLR
AOFPPS . SRR, FIER. PRk
B, K] T4 60 kD K/ANIE A%, BEIE
FEs A AEE (B 6). X R B4 111 AoFPPS % 7ol
Pop R 4, H AoFPPS &R [ 48 B V5 [ AR A 25
I RIS

100 kD
80 kD
60 kD
S0 kD

40 kD

30kD

o

Figure 6 Western blot analysis of AoFPPS from different
tissues of A. orientale (Sam.) Juzep. M: Protein Marker;
1: Root; 2: Tuber; 3: Positive control; 4: Negative control

it

JE it A 2 D A = 2 VR 5 R L 0 1 e
41 I R A D TR R A g R b
FA ST 25 T A Ak 3 20 R I S B IR A
Me. RIAFEEE R H AT E R Rz 1
FPPS J& MVA Z2— AR IEAL R, HmY)
FPP v MVA 2Rk, fik. 2S5 2 MQu s
oA AR R Y . AT A A0 VR A R Y S R 3R A
AOFPPS BE[H ()3 fili EA4 i AoFPPS [ i% R ik #if%,
It HTh e AT IR B T, 0 I B R TR SR
FEH 24 i TR A R

KIGAT R AMEE A RIE RG B A BT a2
FIEKCV S5 i, R JF AR SRR B, S E
HAME KRG E N SR RE KR, maiE  HEf

3.0r e
#— Experimental group
al % +— Control group
25 & :
E » + . ' ,
L T
2.0t - —3
I S
-
L5} T
¥
1.0}
0.5
. . . - . . - N . . .
0.0 . . ' . . L )
0.5 1 2 4 8 16 32 o4 128 256 512

<1000 Dilution factor
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A E PR B R B R H AR T B e
WM R BB v, a2, Adr
Rl S5 ATRI> 23, i 2200 K P AT B A S v 2 3
B MMLO J R # J5 A% IR 2044, 87 S0 RIS B
IR RS S 5 S AL 4 T30, Guan PRI K
AT B MR T AE B S T CIMYBL 55 (K ) JiL A% R iA
BOAR, NLAE T O R A AR T 4% 55 T 1 —
T BEE T A HZ, SR EE DR AL A R
B SRR AR, R SR E. pH SH &
KR, KFlEFREFMANME 20 CTF, #@id
AR T, BIEHRE HREE . AoFPPS H It
H B3R5 9 5 Ho D ae s it 7B Akl (A
% LI HURIC ] £ BE5E 1 W) ot B itk o

A ER 1A AR 2 T 2 AF 700 IR Th g i) — AN B 2
J7 9125 280 A HIF 5 SR A S AR S A B B 45 2R 1
I Re, @it HPLC KILAE pH 7.4, 30 CHY, AoFPPS
REAZ 1L GPP Il IPP & H FPP. #ff 7t 45 JLAGIF T 5
1515 LR R IR A TR OE MVA 4908 g 172 I Thig,
NJE BB A P R AOFPPS JE [ A DU A B S
e JER i e R DY PR = B, AT e RS o A A
B

g E R B R s PO E . AR
wEYEH G T bR d R AL, R A E B R K IR
AOFPPS 31k 5 V5 ik e B =il AL &M K R I
BT B AN 7T R 446 1) AOFPPS 28 [ %0 % 17 1 =2
Yl 4% 2 L P4, ELISA 2 Western blot 45 5 i
HPui B B AU R B3 IR 53 7%, Western blot
gE RIS N BLAE 60 KD Ab, 5 KA B Rk i
NFIREAFEZESR, WReEH TiZEOEEDIEN
FELEAEM - AOFPPS i [ 75 B VE AR AN 22 dh 35 Rk,
Az Rk 8 TR, 1R85 35 I s ot 2Y =i
WG R AL A O, HEDNEEE AN [F) AL 35 2 & R
i e 28 =, (RS [RS8 7 A2 ) G i ) 5 RT BB AEAE —
EZE S, X G UREH TR ZE R 23- RS I
B & TARM — 8, W72 & B AR T 5RTS
DA ZE R 498 N 249 567 1D DR A o

KA, AT A O R A R T 2 We R AR T R G
R B E R EBAE, 340 H & D S R
Bv = A, KR TR BUE I 2 B AR il
Western blot £l fu e =14, #3717 AoFPPS Hh
T ARPERT I J7VE, s AR MG R RS AIE AoFPPS
IThee, FiE R AOFPPS 15715 7R N I F AL I K 3
BRI R % 5 R I8 B8 e il R A R TR
& 5 RS TR VTS TR A B G T 2 i B fE

AR

References

(1

(2

(3]

(4

(9]

(6]

(8]

(9

[10]

(11]

Gu W, Wu QN, Chao JG, et al. Molecular cloning of farnesyl
pyrophosphate synthase from Alisma orientale (Sam.) Juzep.
and its distribution pattern and bioinformatics analysis [J].
Acta Pharm Sin (527274}, 2011, 46: 605—-612.

Wu J, Yang W, Pan H, et al. Geographic impact evaluation of
the quality of Alismatis Rhizoma by untargeted metabolomics
J Sep Sci, 2017, 41: 839 —846.
Zhang LL, Xu W, Xu YL, et a. Therapeutic potential of

and quantitative assay [J].

Rhizoma Alismatis: a review on ethnomedicina application,
phytochemistry, pharmacology, and toxicology [J]. Ann N Y
Acad Sci, 2017, 1401: 90-101.

Wang YL, Zhao JC, Liang JH, et a. A bioactive new proto-
stane-type triterpenoid from Alisma plantago-aquatica subsp.
orientale (Sam.) Sam[J]. Nat Prod Res, 2017, 95: 1-6.
Meng Q, Chen X, Wang C, et al. Protective effects of alisol
B 23-acetate from edible botanical Rhizoma alismatis against
carbon tetrachloride-induced hepatotoxicity in mice[J]. Food
Funct, 2015, 6: 1241—-1250.

Zhao XY, Wang G Wang Y, etal. Chemical constituents from
Alisma plantago-aquatica subsp. orientale (Sam.) Sam and
their anti-inflammatory and antioxidant activities [J]. Nat
Prod Res, 2017. DOI: 10.1080/14786419.2017.1380024.

Zhao Y, Li E, Wang M. Alisol B 23-acetate induces autophagic-
dependent apoptosis in human colon cancer cells via ROS
generation and JNK activation [J].
70239—-70249.

Oncotarget, 2017, 8:

Zhao M, Goedecke T, Gunn J, et al.  Protostane and fusidane
triterpenes: a mini-review [J]. Molecules, 2013, 18: 4054 —
4080.

Yodsaoue O, Sonprasit J, Karalai C, et a. Diterpenoids and
triterpenoids with potential anti-inflammatory activity from the
leaves of Aglaia odorata [J]. Phytochemistry, 2012, 76: 83—
91.

Gu W, Geng C, Xue W, et al. Characterization and function
of the 3-hydroxy-3-methylglutaryl-CoA reductase genein Alisma
orientale (Sam.) Juz. and its relationship with protostane
triterpene production [J]. Plant Physiol Biochem, 2015, 97:
378-389.

Peng B, Nielsen LK, Kampranis SC, et a. Engineered
protein degradation of farnesyl pyrophosphate synthase is an
effective regulatory mechanism to increase monoterpene
production in Saccharomyces cerevisiae [J]. Metab Eng,

2018, 47: 83-93.



J AR IS AE A TR A R AR IR . DRI I X L e A I AT AT

+ 1577 -

(12

[13]

[14]

[19]

[16]

[17]

[18]

Li R, Chen XY, Zhang Y, et al. Cloning and expression
analysis of farnesyl diphosphate synthase gene in Fritillaria
cirrhosa [J]. Guihaia () FifE4), 2018.  http:/kns.cnki.net/
kems/detail/45.1134.Q.20180313.1133.014.html.

Du C, Li J, Peng QZ, et al. Gene cloning and sequence
analysis of farnesyl pyrophosphate synthase genes from Eu-
commia ulmoides [J]. Life Sci Res (ZE#Fl=#W5T), 2015,
19: 100—105.

Xiang L, Guo X, Niu YY, e al. Full-length cDNA cloning
and bioinformatics analysis of PnUGT1 gene in Panax
notoginseng [J]. Acta Pharm Sin (Z2:2£3R), 2012, 47
1085-1091.

Yang Y, GeF, SunY, et al. Strengthening triterpene saponins
biosynthesis by over-expression of farnesyl pyrophosphate
synthase gene and RNA interference of cycloartenol synthase
gene in Panax notoginseng Cells [J]. Molecules, 2017, 22:
€581

Mai ZP, Zhou K, Ge GB, et a. Protostane triterpenoids from
the Rhizome of Alisma orientale exhibit inhibitory effects on
human carboxylesterase 2 [J]. J Nat Prod, 2015, 78: 2372 —
2380.

Kim YK, Kim YB, Uddin MR, et a. Enhanced triterpene
accumulation in Panax ginseng hairy roots overexpressing
farnesyl
pyrophosphate synthase [J]. ACS Synth Biol, 2014, 3: 773 —
779.

Cao F, Xia J, Chen YP, et al.

mevalonate-5-pyrophosphate  decarboxylase and

Molecular cloning and
functional characterization of the gene encoding hydroxy-2-
methyl-2-(E)-butenyl
Artemisia annua L. [J]. Acta Pharm Sin (2§%%2%4k), 2016,
51:1791-1798.

4-diphosphate reductase gene from

[19]

[20]

[21]

[22]

(23]

[24]

[29]

[26]

Feng YY, Zhang ZX, Dong XJ, et a. Expression analysis of
alene oxide synthase gene from Aquilaria sinensis [J]. Acta
Pharm Sin (%% 2%4k), 2017, 52: 1962—1969.

Zhao GH, Zhang NN, Gao SS, et al. Cloning, expression
characteristics and prokaryotic expresson analysis of CYP83A1l
gene from Isatisindigotica Fort. [J]. Genom Appl Biol (Z£[
2052 5 8 A ) %), 2018, 37: 302-312.

Jiang L, Gu W, Chao JG, et a. Gene cloning of farnesyl
pyrophosphate synthase in Atractylodes lancea and its expres-
sion pattern analysis [J]. Chin Tradit Herb Drugs ("1 #2),
2017, 48: 760—766.

Li R, Li R, Chen D, et al. Mildew resistance locus O gene
cloning, characterization, and expression pattern in mulberry
(Morus multicaulis) and its prokaryotic expression in E. coli
[J. RussJBioorg Chem, 2018, 44: 104—-111.

Guan LL, Zhang X, Han YL, et al. Cloning and prokaryotic
expression of transcription factor CtMYB1 gene in Carthamus
tinctorius [J. Chin Tradit Herb Drugs (H'%24), 2015, 46:
2603-2609.

Qin M, Wang W, Thirumala D.
Proc Natl Acad Sci U S A,

Protein folding guides
disulfide bond formation [J].
2015, 112: 11241-11246.
Xiong S. Molecular Cloning and Functional Analysis of
AaF3H and AaFLS Genes in Flavonoids Biosynthetic Pathway
from Artemisia annua L. (P78 & H S ERRAEW DG K
AaF3H fil AaFLS R w5 Pae % ) [D]. Changsha
Hunan Agricultural University, 2015.

Su SS, Zhang HM, Liu XY, et al. Cloning and characterization
of afarnesyl pyrophosphate synthase from Matricaria recutita
L. and its upregulation by methyl jasmonate [J]. Gen Mol
Res, 2015, 14: 349—-361.



