©2092 ¢ FEadk F108 20114E 10 A

T84

Chinese Traditional and Herbal Drugs

HFBAR=GEEH S BRIRERIEEE AeFPS £ R B E & RZRIE

REZ, R B, R&HM, RER, REME, 2 H
FHRFEREDI BB, HMR KB 130062
B = B BRI RARER RS (4eFPS) FEIFHAT IR EIL. FiE  URFHANIEL, FA RT-PCR

Tk, WIHRERSIY, il deFPS HEH, JE¥ZIERE RGN Sca UBamH 1 YJJF 5% R IEHiAk pET-28a I, #Ab KIHT
W BL21, 28 'C, IPTG % 5h, % SDS-PAGE HLyksr 4T, Al th B 1% 2 5 4% 11F, Western blotting 55 IE 0 H
MR 25 R SUfEE] A4eFPS JEH cDNA 42K 24 1040 bp, &4 1029 bp [FIF M SLAHE CORF), 4l 342 42 5L, GenBank
BRE N HM219226.1. ESZIJJ)r’]LTK*Zi%EﬁM pET28a/4eFPS. AeFPS & [A7F BL21 W JE&R 1L, SDS-PAGE Hl Western
blotting %55€ T HAREE . i€ HUGKT T AdeFPS 2R, FHKILENFAZE AT RINERIE, I 4eFPS B ARG L
L INREBEE T Al
KRR AR VEWE
FESES: R282.12

TRIR 5l (AeFPS) JEMN; JRA%KIE; Western 87485
XERFRRRD: A

TR
TEHS: 0253 -2670(2011)10 - 2092 - 05

Cloning and prokaryotic expressing of 4eFPS gene: a key enzyme of triterpene
saponins biosynthesis in Aralia elata

ZHAO Chun-yan, CHENG Hui, JIA Dong-mei, ZOU Hong-da, YUAN Ya-ping, WU Ying
College of Plant Science, Jilin University, Changchun 130062, China

Abstract: Objective Cloning and prokaryotic expressing of farnesyl diphosphate synthase gene (abbreviated as AeFPS) in Aralia
elata. Methods The AeFPS gene was amplified by RT-PCR with specific primers from A. elata and inserted into the prokaryotic
expression vector pET-28a which is digested by Sca I and BamH I, then the recombinant vector was transformed into BL21 stain. After
induced by IPTG at 28 “C for 5 h, the obvious difference between bands could be seen by SDS-PAGE and the AeFPS protein was
detected by Western blotting too. Results The full-length cDNA of AeFPS (GenBank accession Number: HM219226.1) was 1040 bp
and contained a 1 029 bp open reading frame (ORF) encoding a polypeptide of 342 amino acids. The prokaryotic recombined plasmid
pET28/A4eFPS has been successfully constructed. The BL21 transformed recombined plasmid pET28/4eFPS had expressed AeF'PS
recombined protein effectively. The protein was detected by SDS-PAGE and Western blotting. Conclusion It is the first report that
AeFPS gene could be cloned and expressed in Escherichia coli. This work is helpful for investigating the activities or other
physiological functions of FPS protein.
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1 #R55EE
1.1 ##l

KN Aralia elata (Mig.) Seem X H K
SRR 5 Bt 2 IR Bl 85 PR OR 25 28 EZ 0T 3
M8 N OMBHE A J& Je 4 ¥R . pGM-T vector
Jb) B TaKaRa 2 wl; KA DH-5a A kL
pET-28a (A% Kan Jiikbric) A1 BL21 HFl AN
ENSH KT

LA Tag W, FREIMENVIEE BamH 1. Sac 1,
T4-DNA ZEH: i, RNA $EHGAF G K cDNA 5 — 4
Hr A 2 H TaKaRa A wl; —4$i His-Tag (2A8)
Mouse mAb. JIEME 4145 TMB JEY)E 41 H
RARAERHE (AER0 ARAF: Fhi/h btk (=
PO W H LA TR PR A A HoAhiks)
¥k B =y b4k

1490 e S TR R (R 0O A IR A 5 G, DNA
W7 A TAEY) TREH AR RS R A 7] 58 B
1.2 A%
1.2.1 RNA #£HUK cDNA &1 K RNAiso plus
TR GO HOAR R 1) 0 RNA, R R 538
FE4 % cDNA 85 —%%. RT-PCR ¥ il 5% 4
FP: 5‘CGCGGATCCGAATGAGCGATCTGAAGACGAG-3';
RP: 5CGAGCTCCTCAATTACTTACTTTTGCCGC-3',

76 25 pL RN AR ZH, dNTP 0.5 uL (10
mmol/L), 51#% 1.0 uL (10 pmol/L), FificDNA
200 ng, LA Tag M 0.25 uL (5U/uL), 10X LA Tag
e 2.5 ul, ndd HoO%M 2 %8 25 uL. PCRY ™ #4
ZA: 94 °C 5min; 94 'C 1 min, 58 C 1 min, 72
C 90s, 35 MMF¥: 72 °C 10 min,
122 HIW B, s BElF 54087 % PCR
PEYIAIE S BB AR pGM-T . ER =Y
R B DH-50 B2 S0, IRA2 W1 K
FH 5 B 0 B2 B RS TR, S E AL TR AT
PCR. M¥1% e, b T P ve kAT .
P45 2 BLAST AT FIE I LExs, R
NCBI #AF ) ORF finder fffi 72 1% K ¥ FF 5 1 ALE
FIH Expasy. SMART #AF3ET & TR A AL 1
JRRINAERT 55 5347 o« A DNAman 34FE 58 2 5]
e Xt o
123  EERIAEAME L SE BEA H
IR ) B4 TR pGMAeFPS Fil pET-28a 435l FHl BamH
L Fl Sac 1Y), [FDECH 19 BERI AL, 22 T4-DNA
RN 16 CRHpOESE, AL KA R DH-50 %52

UM, FEEH 10 pg/mL KIREE M LB 85774 F
ik A 1 WIS PEORE, 22 PCR A IIFING 1) %
SE R UE AT EALTOR A A K AT B BL21 K
AN, 2RI R R e . iUk PCR
G D) % k3 TR W, JF @4 A BL21-
pET28a-AeFPS.
124 FAEAMIG SN B TEREAS R
A (10 pg/mL) WIARLBE; RS TR, B
600 nmAbIWIEEE (4D fH, HFEERAsoofHN 0.7~
1.0 I, JIAZIREE A 1.0 mmol/L5T ANFEARIL-B-D
JFBEEF (IPTG) %5 5h, 20 BcEE B3l Ay,
I EREZ M K 2 10 min, HE/TSDS-PAGE
HLIK T o
1.2.5 FAHE AR Western blotting /04T RIE=4)
2 12% SDS-PAGE HiJkjG, H ST-I ZUf U5
FHL VKRR ] 2 0 45 NC L, 5% T 2 1 6 4]
SR, e g O A SR bR 2 1)/ B S B PR &
1~2 h; BARAEAYEE (HRP) AR FEdt/ i
PUAIFE 1~2 hy WU 415> TMB K
W5 HRP [ e 06 48 (=4, JEAT 4L
] Western blotting 4347 -
2 HBRE5NH
2.1 AeFPS £ [F cDNA FHIRi 1 R FHIH R

DL % Sk A ) cDNA 28 —BE R ABEAR, R Iy
5514 FP. RP 3T PCR #7484, 7= 0.8%EiliE
B PRI, 3 R R — RN 1 000
bp B (B 1), wilEE] pGM-T 44 F4 PCR.
M) %5 JE M, 45954 1 040 bp, FIH NCBI ()
ORF finder T REA 5 B 75 50 218 FF IR LAt Sy 3~1
031 bp, gwfth 342 NMEIER (H 2).

FF Expasy H[1] Protparam #1712 JEML 741

M 1 2 3

2000 bp

1 000 bp
750 bp

500 bp
250 bp
100 bp

M-DL2 000 1-BATEXSIEL 2, 3-AeFPS J:[H
M-DL2 000 1-negative control 2, 3-4eFPS gene

B 1 AeFPS £ RT-PCR ¥ 18 ik &
Fig. 1 RT-PCR electrophoretogram of AeFPS gene
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SEARBRAPE T 53 H7, AHX 20 7 A 39 559.6, AeFPS, ZHE A N i ANE1E S5 kP s. Eik
SR 5.83. A IE AT IEIRIRIE (RIT4%  DNAman 5 A%, WS, BIEE, HE. M,
FERI 2R SHCh 50 S, e IR IR SR IT AR SRR T A (W (R Le o, R A #
B OWERAER) MEECh 44 A iZEAR 80%LL L (K 3), lﬁtTuﬁﬁmﬁa i LR N
ARGEIRECH 39.04, UMAEANUERER . A AeFPS JE[R. 1R HIZIER, GenBank &%
Signal P 3.0 Server &% [115 5 K 70 AR 4525 0 A1 B2 11 54 HM219226.1,

GAATGAGCGATCTGAAGACGAGATTTCTGGAGGTATACTCTGTTCTGAAATCCGAGCTACTCAACGACCCTG
M 5 p L K T R F L E V¥V ¥ 5 U L K 5 E L L H D P
CTTTCGAGTTCACCGATGATTCTCGCCARTGGGTCGAACGGATGCTGGACTATAATGTGCCTGEAGGAAAGE

A F E F T b D 5 BR O W U E R M L D ¥ H U P G G K
TGAATCGAGGGCTATCTGTTATTGACAGCTACAAGTTGCTGAAAGAAGGARAAGAACTAAGTGATGATGAAA
L H R G L 5 UV I p S ¥ K L L K E G K E L 5 D D E
TTTTTCTTTCAAGTGCACTTEGTTGGTGCATTGAATGGCTTCAAGCTTATTTTCTTGTGCTTGATGATATTA
I F L § S A L 6 W C I E WL Q A Y F L v L DD I
TGGATAGCTCTCATACGCGCAGAGGTCAACCCTETTGGTTCAGATTACCTAAGGTTGGTATGATTGCCGTAA
M b 5 § H T R R 6 o P C W F R L P K U 6 M I A U
ATGATGGCATATTACTTCGCAACCATATCCCAAGGATTCTCAAGAAGCATTTCCGACAARAAGCCTTACTATG
H b G I L L R H H I P R I L K K HF R O K P ¥ ¥V
TGGATCTGTTGGATCTATTTAATGAGGTAGAATTCCAGACAGCTTGTGGACAGATGATAGATTTGATCACECA
v p L L DL FHN E UV E F O T A C€CIGOQ MHAH I D L I T
CCCTTGTAGGAGAGAAAGACTTATCGAAATACTCATTGCCTATTCATCGCCGGATTGTGCAGTACAAAACTG
T L v 6 E K p L S5 K ¥ 5 L P I H R R I U 0 ¥ K T
CTTACTACTCATTTTACCTTCCAGTGGCCTGTGCACTTCTTATGTCAGGCGGAGATCTGGAGAAACATACTA
A ¥ ¥ 5§ F ¥ L P U A C A L L M 5 G G D L E K H T
ATGTAAAAGACATACTTATTGAAATGGGAACCTATTTTCAAGTGCAGGATGATTATCTGGATTGCTTTGGTG
H v K p I L T E W &6 T ¥ F g v g p D ¥ L D C F G
CACCAGAGGTGATTGGGAAGATTGGCACAGATATTGAAGATTTCAARGTGCTCCTGGTTGGTTGTAAAAGCAL
A P E UV I 6 K I & T D I E D F K €L 5 W L U U K na
TGGAACTTTCTAACGAGGAACAAAAGAAGTTTTTACATGAGAACTATGGAAAGGATGATCCGGCCTCTGTAG
L E L §S H E E 0 K K F L H E H ¥ G K D D P A 5 U
CAARAGTGAAAGAGCTTTATCACACTCTCAAGCTTCAGGATGTATTTGCCGAGTATGAGAGCAAGAGETATG
A K U K E L ¥ H T L K L g b U F A E ¥ E 5 K 5 ¥V
ACAAGTTGATCAAACTCATTGAAGCTCATCCGAGCCAAGCGGTACAAGCAGTGTTAAAATCATTCTTGGGAA
P K L I K L I E A H P 5 00 A U 0O A VU L K 3 F L &
AGATATATAAGCGGCAAAAGTAAGTAATTGAG

K I ¥ K R 0 K = U I

2 AeFPS # cDNA FFIRESHIREBRFT
Fig. 2 ¢DNA and deduced amino acid sequences of 4¢FPS gene

ARALIA FLATA.TX . . MSDLKTRFLEVYS VLKS ELLNDP AFEE TDDS RQWERNVLDYNVP GGKLNRGLS VI DS YKLLKEGKELS DDEI FLS SEY@),
MEDICAGO TRUNCATULA.TXT . . VADLKS TELNVYS VLKS ELLHDP AFEVS EDS RQVWDRVLDYNVP GGKLNRGLS VI DS YRLLKEGQALNDDEI EQASINEg,

NICOTIANA TABACUMTXT ittt ittt et e et e e e e e et o e e e e e o e o oo e oo e o oo e o ae oo oo e e onesneesnss KASKE Q) 15
PANAX GINSENGTXT . . MSDLKTRELEVYS VLKS ELLNDP AF EF TDDS RQWWERMLDYNVP GGKLNRGLS VI DS YKLLKEGKELS DDEI FLS SEYE ), 88
PANAX NOTOGINSENG.TXT . MSDLKTRELEVYS VLKS ELLNDP AF EF TDDS ROWWERVLDYNVP GGKLNRGLS VI DS YKLLKEGKELS DDEI FLSSEYE @, 88
ARABIDOPSIS THALIANA.TXT . METDLKS TELNVYSVLKS DLLHDPS EEETNES RLWWDRVLDYNVRGGKLNRGLS VVDS FKLLKQGNDLTEQEVE LS (JA K@, 89
ARTEMISIA ANNUA.TXT VSSI DLKS KELKVYDTLKS EL1 NDPAFEFDDDS RQVI EKVLDYNVP GGKLNRGLS VVDS YOLLKGG. ELSDDEI FLSSI K, 89
CAPSICUM ANNUUMTXT . . NMSDEKS KENEAYYVLKS ELLNDP GF EE TDDS REVVDKVLEYNVP GGKLNRGLS VI DS YS LVDDGKELTRDEI EKASENEg, 88
CENTELLA_ASIATICA.TXT . . MSDLKTRFLEVYS VLKS DLLNDP AF EF TDDS RQWWERNLDYNVP GGKLNRGLS VI DS YKLLKEGKELS DDEI VLS SEY K], 88
Consensus algw i

ARALIA EFLATA.TXT L 178
MEDICAGO TRUNCATULA.TXT 1) 178
NICOTIANA TABACUMTXT L 105
PANAX GINSENG.TXT L 178
PANAX NOTOGINSENGTXT 19 178
ARABIDOPSIS THALIANA.TXT 13 179
ARTEMISIA ANNUA.TXT L 179
CAPSICUM ANNUUMTXT H 178
CENTELLA_ASIATICA.TXT H X UL 1 i L 178
Consensus flvlddind s trrgqpecw Yy dlfneve qta gqm dlitt

ARALIA FLATA.TXT S . 1 GKI GT 1 EDFKCSVLVVKALELS 267
MEDICAGO TRUNCATULA.TXT IDN3 V. DAZSNI |SVEMETY 00704 @AGDIEIITN. . . VKRRHRY. . . ... ....... 251
NICOTIANA TABACUMTXT S| DKEV. QDFKCSVLVVKALELC 194
PANAX GINSENGTXT S EK:T. EDEKCSVLVVKALELS 267
PANAX NOTOGINSENG.TXT S| EKSLLI EDEKCSVLVVKALELS 268
ARABIDOPSIS THALIANA.TXT Si8s EN:I . EDFKCSVLVVKALERC 268
ARTEMISIA ANNUA.TXT Siss DKE V. EDEKCSVLVVKALELA 268
CAPSICUM TXT S DN V. QDEKCSVLVVKALELC 267
CENTELLA_ASIATICA.TXT S| Rl EK:T. P EDFKCSVLVVKALELS 267
Consensus 1 h rlyqyktavysfylp acallm g 1 h vk 1 ng yfqvqddyldef pe

ARALIA FLATA.TXT NEEQKKFLHENYGKDDP AS VAKVKELYHTLKLQDVE AEYES KSYDKLI KLI EAHPS QAVQAVLKS FLGKI YKRQ 341
MEDICAGO TRUNCATULA. X T ittt ettt ettt e et te i e te s et et s oo s e e ieseaesesenesenenenenenseensnnneens 251
NICOTIANA TABACUMTXT NEEQKKLLYENYGKDDPECI AKI KALYNDLKLEEVELEYE. . . . ... ...........0 .0ttt 234
PANAX GINSENGTXT NEEQKKFLHENYGKDDP AS VAKVKELYNTLKLQDVE AEYES KS YDKLI KFI EABPS QAVQAVLKS FLGKI YKRQ 341
PANAX NOTOGINSENG.TXT NEEQKKFLHENYGKDDP AS VAKVKELYNTLKLQDVEAEYES KS YDKLI KFI EAHPS QAVQAVLKS FLGKI YKRQ 342
ARABIDOPSIS THALIANA.TXT SEEQTKI LYENYGKPDPSNVAKVKDLYKELDLEGVE VEYES KS YEKLTGAI EGHQS KAI QAVLKS FLAKI YKRQ 342
ARTEMISIA ANNUA.TXT NEEQKKVLHENYGKKDP AS VAKVKEVYHTENLQAVEEDYEATS YKKLI TSI ENRPS KAVQAVLKS FLGKI YKRQ 342
CAPSICUM ANNUUMTXT NEEQKKI LYENYGKDDAACI AKI KTLYNDLKLEEVELEYEKKTYEKLANS I AAHPS KAVQAVQLS FLGKI YKRQ 341
CENTELLA_ASIATICA.TXT NEEQKKCLHENYGKEDP ACVAKI KELYKDLKLQDVFAEYES KSYEKLI KFI EAHPNQS VQAVLKS FLGKI YKRQ 341

Consensus

3 TEEY) AeFPS B2 F5 L

Fig. 3 Comparison on amino acid sequences of AeFPS gene from different plants



T84

Chinese Traditional and Herbal Drugs 2% 424 25 10 #§ 2011 4£ 10 H

*2095-

22 HIFBAREZREFAOWEFRMAEHIRER
BIIR1S

H 197 B & pET-28a 223k BamH 1 Fl Sac 1 XU
I, glifh. %8, W EYRIEEMA ., RIS PCR
FIEGEIRIN A 1000 bp 2247, I Ji 341 L ff o
AeFPS 5% 3|34k pET-28a |,

AeFPS J{ %R pET-28a )i, 4k BL21 &%
AU, FIRERMmIEELLT, FoRHEE PCR (K 4)
FIEED) () 5D B0 UEAf 2 1235 R Clh etk BL21 1.

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

M-DL2 000 1-EZ15TkL PCR - 2-7% I I
M-DL2 000 1-PCR of recombined plasmid 2-blank
4 PCR¥TE
Fig. 4 Identification by PCR

M 1

2000 bp

1000 bp
750 bp
500 bp
250 bp
100 bp

M-DL2 000 1-E41J5oHL s )
M-DL2 000 1-enzyme digestion of recombined plasmid

5 BSYIETE
Fig. 5 Identification by enzyme digestion

2.3 BHYEEHR) SDS-PAGE Hjk

Y I I B PE TREBEBL21 7] I Xl 2k 3 FH 1
WREDE, TRHUTCRIPCRES BRI R 4% R R 5 1
FEH 11100 LUHIY R, FHAkH B RpET-28aBL21
TR A At B 7 b R B e B TR I 1B AT . 4600
fEHALT 0.7~1.0 IF, F3 5l AAFF: il FTGT B H 35
Iy RWAE A AR LIPTGH IR, o4 i AN 2834k
J£24 1.0 mmol/L IPTG, #'F 5 h, HU&41HE
L, AF AT B RIUTEE, AN EREGE i A

W5 10 min, Z)%IE 25 pL EFE, SDS-PAGE LTk 4
R R FIEAYUE HILE 40 000 2474 W R 1) 2%
Sy (B 6). X5k Y BB mam H
(R RN 3

97 200

66 400
44300
39 600

29900 ==

20100

14300 =

M- AN F AR 1S8R DR CRES) i
-EAHMALCREAE GFS) BN 3-MIEwkE CRES) LiE
4,5-BHME ke (FS) b

M-protein molecular weight standard

1-engineered strain transfered empty vector supernatant without IPTG
2-engineered strain transfered empty vector supernatant with IPTG
3-positive engineered strain supernatant without IPTG

4, 5-positive engineered strain supernatant with IPTG
6 SDS-PAGE k&
Fig. 6 Electrophoretogram of SDS-PAGE
2.4 Western blotting 5%

T it PYUE SDS-PAGE HIJK45H, #4171
Western blotting 73#7. X pET-28a & A4 & &4
AIRPRZE,  RIA i R B H R R IE H R
U™ Y SDS-PAGE HLIK 5, KI5 2
HHEBRINC L, S%BIEYH 4 CHIALRH,
PR 7 4 5 A R bR 25 1) /N BB SO B HU4K His-Tag
(2A8) Mouse mAb ¥ H 1~2 h, BRI
(HRPOBRIE I P E 1~2 h, Yiie B gl 5> TMB
JERADVE W B N, AT LA 3 WY Sl PR R R A o E ]
AeFPS FEPI{ETRER BL21 )ik .

3 it

Je A RARII 5B S ANSHLL, A “IE N R
FEAERD” U2, BT LURFF I 8 KRR =il S8 LA 3
AR e =i S A& kA H T S 2 WY
HE IR R IED 0, AeFPSHE AL & 111208
R (FPP) AMEEEEwi R S WHTAE, [H]
It 2 bl A A B 4 S A AeFPSHEIA
TEZ MAE) h e e S DI REWF T A HRIE, AWFHEH
AL A R SR BN, A5 A KAk



* 2096 * ¢EH

Chinese Traditional and Herbal Drugs

Fa2E F10H 20010410 5

W =il IR AR 5E T B SLA

JEARARANE N I IARAE ), Tk
R, AR BRI, XSG B
AN BRI AN, AT CASRER AL T35 K
B VBRI R, DLARSN SRR BEIAR N 261
PEFE AR A AR S B LE S HRTRESE SIS
o R A BORGE MR T ), S b 25U
WHTH 22— AT H 3 A 32 5% 40 1
R, TR AR A SR A TR
HRIRE A, AT ERAA LAY SR
BUE T A [FINHR 0 LU AR AR A SR SR A3 1
BB AR o SR 10 Js % 40 5 A% A A A5 2 5T
PIAZIE TR AR, SR A BILEE A A
B0

Sk
[11 VLIRFrBEbe. P2y R M), Bl B AR
#t, 1997.

2] PMEERR, & B AR, A EFRARMER 52
BRI ROE T e (9], P 258 25 5 Im PR 25 BE, 2003,
14(2): 139-141.

(31 JRER, E—%2, BREtE, 55 w2 TS
[7]. A i1k 2, 2005, 25(5): 420-422.

[4] Young S K, Jung H C, Sangkyu P, et al. Gene regulation
patterns in triterpene biosynthetic pathway driven by

overexpression of squalene synthase and methyljasmona

[12]

teelicitation in Bupleurum falcatum [J]. Planta, 2011,
233(2): 343-355.

ok, AENER, SKORHT, GE. M EE L =R R
AW R R P T U E R (D). R BURL R,
2006, 34(19): 4844-4846.

BRE, T, B B, . WA =R AT ARG
LRI FRE e (7], i E2h, 2009, 40(2): 327-330
Ting Y, Cao X Y, Qian M, et al. Molecular cloning and
functional analysis of an organ-speciflc expressing gene
coding for farnesyl diphosphate synthase from Michelia
chapensis Dandy [J]. Acta Physiol Planta, 2011, 33(1):
137-144.

Kim O T, Bang K H, Jung S J, et al. Molecular
characterization of ginseng farnesyl diphosphate synthase
gene and its up-regulation by methyl jasmonate [J]. Biol
Planta,2010,54(1): 47-53.

OB, FINRE, #h OB, 55 ASRELYE ORR
AR TR ] P EAY TREIE, 2009, 29(10):
102-108.

Chappell J. Biochemistry and molecular biology of the
isoprenoid biosynthetic pathway in plants [J]. Annu Rev
Plant Physiol Plantmol Biol, 1995, 46: 521-547.

JIE, BErR, BROF, S5 S-LIENRAEEERER G
JEUAZ B BRI Ky e SR [1]. AR,
2009(9): 130-133.

KIS, BROEE, R H, S R RS
[7]. BB EE 24, 2001, 14(4): 291.



