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[ ZE]1 [AHMY BEASEITEY S BGRE T 0GP A (SQE) [N, I 317 5% ik 5 glifb 91 25 B89
SQEEM S AS BB EREZRM KR, [FEY L4 45 NS R A SR bk, 82 BUL S RNA, U5y cD-
NA, PLE R cDNA AR % SQE Je PR #E47 58 B PRI H4d A S A% 3R 3K #ifk pET-30a iy 1 pET-30a-SQE H 41
TR, 25 Y0 RVI 4 58 IS L % A Rosetta KIGHFFET .4 0.8 mmol/L IPTG 37 ‘C#% 5315 4 h J5 . #4T SDS-PAGE H
VKA, SR ] Ni-Agarose 3 FZ AT AE 44k B H 8 71, A WA 6053588 16 B 56 H 52 R (LC-MS) 6 Il SQE 1 7 4 .
[45R) K5 T A2 SQE %K 1 611 bp 4 K485 X cDNA, FHI A T 45 5 36 8, Uk % ik 804k pET-30a-SQE #
%) s SDS-PAGE 431 i 7% , 7E Rosetta K FF I KT % K5 T SQE & & (1, Haifb /51y B & M 41 &
s LC-MS B A I 25 SR 2 3L B & SQE JHU A BN, IX B0 iy 4k i b 4 . (4518 50k T A5 SQE B, 4k
3 TSN B B F im0 SQE B [ IR T HIE M 5 A S 21 48 iU A 1R KA e .
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Cloning,expression of squalene epoxidase from Panax ginseng
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Abstract: [Objective] The research was conducted to determine the relationships with enzyme activity
of squalene epoxidase (SQE) and the accumulation of ginsenosides after cloning and expression a full-
length ¢cDNA encoding squalene epoxidase for the biosynthetic pathway of ginsenosides. [Method] Four-
year ginseng root tissue fibrous was used as material. After extracting the total RNA and reversing tran-
scription, primers were designed and then SQE gene cloned. And the production was inserted to expression
vector pET-30a to obtain recombinant plasmid pET-30a-SQE and expressed (0.8 mmol/L IPTG for 4 h at
37 °C) in the host cells Rosetta. The results were analysed by SDS-PAGE. The recombinant protein was
purifed by affinity chromatograph. And the enzyme activity of SQE was determined with LC-MS, [Result]
The results showed that complete encoding sequence of SQE in ginseng root was 1 611 bp,which encoded
537 amino acid residues. Restriction enzyme mapping and sequencing showed that pET-30a-SQE expression
vector was constructed successfully, SDS-PAGE showed that fusion protein of SQE was induced in Rosetta
host cells and the purity of interest protein was very high. The production of dammarendiol was increased
gradually as the concentration of SQE enzyme increased after liquid chromatography tandem mass spec-

trometry (LC-MS) analysis. [Conclusion] SQE gene was cloned and expressed,and gained active enzyme of
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SQE in vitro. The results indicated that there were significant correlations between the enzyme of SQE and

the contents of total ginsenosides.

Key words: Panax ginseng ;squalene epoxidase;cDNA cloning;prokaryotic expression

NZ:(Panax ginseng C. A. Meyer) N TUIIEL A
ZIE Y . AR BB R R A S0 EEA
oy A NS BAT  EAT A S e & 60
Fi LR AFE L BR RO Ah, A 38 Sy ik 35 g 70 =
R . A IE NS 8 AR A R 1 A LA
2 RGP L AT S8 A 2 A0 R R 28 ORI
AT G RE D RE VYU 57 IS AL L R ) B
AN iR 0 A R R AN R S FE B R 2 Ak
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TN Tl =05 24 A= W6 O AR, 0 b i O B
ik S T PR ) 2 A7 e B e AR K L DA T A 7y
TRV X ANS R WY E T N TR,
A B = R R R A

& 0% R A B (Squalene epoxidase, SQE) 3 K 7E
SRR R AR Y S R R TR B AR
SQE k7 C—C Zaldh A 1 A% 1L M e d
Az g T R BRGS0 3 R b ) A A R DTG N 5
SPRBIVERI R AT AR A 2, -k M e M. T 2. 34
b A 8 I 2 = S W 0T AN AR ) S B L R 0 TR
PABAT v B fR AR, H i AR NS R A
It . SQE #k Ay =il 2R A& W) A W) & g i h
MGG — . AHOCIX I 45 R R W] IR AN T 5
SQE P mRNA 1 335, =i 52 1Y A= il it Bl 2
BB SQE JE [ mRNA [k, =i B4
JCKE B2 BN 2, 3 0 2k A e s I
LT COSCs) IR AL, 7T LAAS S48 1) = i 2 | 4t
YT SQE 1E NS B A BURR i H ZAE R A
FEA SQE FEHPEAT T v b R A% R ik Fali AL, I A
FHVBRCRH €233 - 53 356 BT 335 056 FH 45 R (LC-MS) Il 5 35 35
W R AR L L BT SQE (6 PR 5 8 g R AR
B B AR DG, UE A 9T SQE TR S5 A S BT & =
MAE G B 7 R it — 5K N S AT A W) & R
(ENNEEEIN R
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1.1 & #

LL1L A & 44EEASEA SRR K

FHAEYY Bl 50 B HIER A2 S NS AR L 20

1.1.2 As.EALXAN KBHFFHEEK Rosetta,
DHS5 o M5 £ B 2 A pET-30a H # ARl R 2R
255 5 T2 0% 52 00 % (R A7 Trizol 3711
Invitrogen /Al , Wi #% F il . ANTP, pMD-18T {4 |
Ex Taq R4 W %N VIEEE B TaKaRa, 5Kz
& O & A DNABE B [ml a0 & 3 2% S8 R
WHARABRA A, T4 DNA #H: 5  H Biolabs 2y
Al . Ni-Agarose & [ 4lifbiX 57 &M A JL K HE 42
Awl R A KE M E A Y ARG RAE A
M AR UE S H = P AR R R A F L Gk
s — W S PR RO R AR A S 0 TR

Wy S 7 A A
1.2 F &
1.2.1 AAMEALE RNA #9328 5 cDNA & 5%

it B8 Trizol #2VEF MR 4 -/ ASRALLE
RNA,F 10 g/L 355 Bl 58 i HL Ik A48 A0 40 o 1 4G
ME RNA By Bar. PAHR BT S RNA SR, L
Oligo-dT K514, H i 5% sk i AMV ¥4 RNA Jz 5%
F4E % cDNA,
1.2.2 A% SQE AW ® k5 ol b R
GenBank %% ## o 9 A ¢ P 5 (& 5 5.
AB122078. 1), % it SQE B4y, L3 #: 5 -CG-
GCCATGGATGAATTCATCTTCTTCT-3, 5" ¥
TRIZ A IR Neo T BEYINL A FIEn 9.
5'-GCGCGGCCGCATGAAGGCCATAATCACT-
31,5 b PRI A M AN Not T BEYIN . LA
FE S 45 ) cDNA g 54 9 47 PCR $ 14, PCR
ST A - 94 “C HUASPE 5 min; 94 “C A8 1 min,
52.6 ‘CiR k 30 s,72 °C #Ef#H 1 min, #4530
Wi )m 72 C4E{d 10 min, FJH DNA &K B i
& PCR 7= 9, [l A BE Al pMD-18T #5 #&
AT Xba T M Pst T (Xba T 1 Pst T &
pMD-18T e [ 2k A B 1) £ i [ A7 o5 WLl 4] [
W B R BE . E B AR TR
DH5¢a 1, %4 LB -3 F 37 CHEFRS W . HRHL
AT TR  HE AT LB WA 73,37 “CHR g i 37 5
T ) FH A 48 B 5 & 4 Uk . (AT Xba T Al
Pst DRUR V)% 58 4% % 58 10 1Y) 5 41 R % TaKa-
Ra 28 /10y 0 7y 1E A6 & iy 45 4 pMD-18T-SQE.
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1.2.3 SQE AW Ak H ks %5z F
JH Neo I F1 Nor 1 FR il ¥ P9 U il B 1) 5 41 51 ki
pMD-18T-SQE FlJi #% 3 ik # {& pET-30a, 43 5 [l
s 0 T4 DNA ZEHEE T 16 CiE il i, K5 5
A TR o LA Ak 3 K W AT T Rosetta J& 32 25 41 il
Ja A LB M .37 "CRE IR . Pk BA M v [ ik
17 Nco I #1 Not | XU U) % %€, % € 1IF #f & £
TaKaRa 2> &) W 77, M 77 1F 8 (09 50 B 4y 4 24 pET-
30a-SQE.

1.2.4 pET-30a-SQE #ifF F Rz 5 ab &Gtk
o KM EE# Y pET-30a-SQE g BEH:FP LB K
FRI,37 CTHIFRE ODgo A 0. 4~0. 6 BF, MK E K
0.8 mmol/L IPTG #1755 K1k . 43 B 7R 15 T A A
BFIE] (1,2,3,4,5,6,7 D UREE B, #E4T SDS-PAGE
KRN L LA AR5 5 09 T 2H Rosetta S X I8, 86 % B
H: IPTG i S} ]

W R IRE LR T LB 835,37 CHk Y
B35 & ODgoy i 0. 4~0.6 B}, A 0. 8 mmol/L i
IPTG 55 4 h, WFEFRIAEM .4 °C 12 000 g &
> 1 min, ARG B A BB 2 min, JLIEH Sol-
uble Binding Buffer (20 mmol/L Tris-HCI, 10
mmol/L Bk Mk, 0. 5 mol/L NaCl) & W # 1% 2 X,
12 000 g #§.0 20 min, YA VTTE B LR IR, 16
1A% T Soluble Binding Buffer # k. T vk /K&
WAL A 1 h, 10 000 g B0 20 min, JE 6 W]
0. 45 pm Y8BT U8 WA B W HIPP 4 J5 1) Ni-Agar-
ose FE 2 M E T, ] Soluble Binding Buffer ¥ ¥ ¥t
JIE AR 280 nm &b 1Y 5% Ah S AT B R U
1.2.5 @kA&EawEwmbhn  HH &6 SQE fi &
A AR 0 AR B 2, 34 A R I T A s 3
S U A A ) A TR E A TR B B RO K SQE &
HEARTEMN. K2 34 SQE MK R, KK
Wi e s (20 pl) in A3AE Tris-HCL 22 v (pH
6. OMIE LA L B A 5.10,15 uLL SQE &
AW (SQE Ril& 8 F BT M B 35 mg/ml) &
15 pL DS .37 ‘C % 1 ho F 100 °C 2 )i 10 min
J& 2 E AR R . FH LC-MS e 46 0 55 35 47 — B 1Y
. A5 & F: Zorbax Extend-C18 #1 (3£ [
Agilent 22 & 25 L5 pm 4,150 mm X4, 6 mm;
TENAH oK S R s T - 0. 8 mL/min; MR =
W HERE G 25 pl. BT AR WSS B AL TR
(ESD ; B F Wi R .5 500 VA 550 °C5 RN
SR 1(GS, . Ny JE 7: 482 650 Pa; I PS4k 2
(GS,,Ny) JE 17:413 700 Pa; 23K K45 HLJE /1 : 400

Pa; HH 7 X W IE B 7 W0 DP .70 V;EP H
J£:10 V3;CXP:4. 0 Vi iR AE R .40 V, @M a4
B R 391.0/93. 15 5 & 70 BT 8 1 X%y 391, 0/
149. 0, K304 B (4 A B il A3 R 5 0 o 0
(RN 57 = A

2 AR5

2.1 ABRALE RNAHWRERN

ASHRA L5 RNA 2 10 g/ L B g e i
VKJE AT i M B 3] 28S.18S 1 5S rRNA 44 & — 4%
(D5 B RNA G Asgo / Asso A 1,96, R IIA
AT A S A SR RNA AR TEE . KK
H: RNA A,

K1 44FE NS ZUR RNA B kSR
Fig.1 A gel electrophoresis analysis of total RNA

isolation from Panax ginseng root tissues of 4 years

2.2 ABSQEERMRESFEINH

PIAS AL cDNA B # 17 PCR $7 3,
PG W 2 10 g/ L B AR bl 5 s ri TR A T L 7T DA
91611 bp R tERZHRRY 1 A B 5 HUH A Bk
JEMAF (B 2), $&HUE 41 Bk pMD-18T-SQE, H
Xba 1 F1 Pst | UEGYI IS, Al 3R 1% 5 H B9 50 K JE
(1 611 bp) AHAF Y HL UK 5545 (] 3D, & B pMD-18T-
SQE Ay H 2 .
2.3 BHFEHME pET30aSQE B ELE

JH Nco 1 1 Nor T XUHE§ V) R 4% & ik 381K pET-
30a-SQE, SRIGKEEL S 1 611 bp My 4F =1k 5l (&
4 5 R B B — 3 R W] SQE B & i i
A pET-30a ik, JFi#% % ik 8k pET-30a-SQE 4
=R .
2.4 pET-30a-SQE HIiE SR ix

I pET-30a-SQE Jii ki % 1t K % ¥ B Rosetta
FIRTE MR P53 K8 J5 34T SDS-PAGE Hi yk Al
ZER(E 5) Bk FE ) 63. 0 ku AbAG 5 52 75 1 45 e
B, 5 FUY A RlA S o R KM AT S TPTG
$1,2,3,4,5,6,7 hif EHM R R ER AR E.
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1 2 1 2 3 M
1611bp —» 2000y 1611bp —» = 1
10000
< 193008 <—1000bp
<«— 500bp S==CiF
<« 500bp
<« 250bp <« 250bp
<«— 100bp -« 1006
K2 AZ SQE Y PCR ¥ #4455 & 3 @ 4H Bk pMD-18T-SQE 1 XU il 1] % 5 45 %
1. PCR #"84 7= 4 ; 2. DNA Marker DL2000 1. pMD-18T-SQE;2,3. pMDI18-T-SQE AU 45 (Xba | /Pst 1) ;
Fig. 2 Result of PCR amplification of Panax ginseng SQE M. DNA Marker DL2000
1. The PCR product of SQE;2. DNA Marker DL2000 Fig. 3 Restriction analysis map of pMD-18T-SQE

1. Product of pMD-18T-SQE;2, 3. Product of pMD-18T-SQE
digested by enzyme Xba | and Pst T ;M. DNA Marker DL.2000

3 4 5 6 7

.4_‘3 Oku

200.0ku —»

116.0ku —»
97.2ku —»

66.4ku —»

44.3ku —»
29.0ku —»

Kl 4 pET-30a-SQE T 21 [Fi b ) XU B %5 o 45 R 55 SQE @G & [ &AM SDS-PAGE i Jk ki il
1. pET-30a-SQE; M. DNA Marker DL2000;2. Nco | il Not | M. AR T B bR 8 1 5 1. X IR 2. R & IPTG B RHIFEIB Y
XU )5 () pET-30a-SQE 3~9. 45K IPTG 5% 1,2,3,4,5.6,7 h IRk
Fig. 4 Identification of recombinant plasmid Fig.5 SDS-PAGE of SQE expression in E. coli
pET-30a-SQE with restriction enzyme M. Standard proteins of low molecular weight;1. Control;
1. pET-30a-SQE; M. DNA Marker DL2000; 2. Protein expression induced without IPTG;
2. pET-30a-SQE (Nco T /Not 1) 3—9. Protein expression induced by IPTG for 1,2,3,4,5,6,7 hours
2.5 SQEREZEBAMLL . "
T E A 4L )5 4 SDS-PAGE HL 3k K6, 762y
63.0 ku b HHEF W . 5 SQE @l & HE H i 4
T Bk 50 LB g (L 6) 2000k
2.6 SQE @t&ZEBEEMKLN < 116.0ku
LC-MS BRI AR K ISE 5 (= D Gk 761 972k
e A AR 50 26 F L B2 SQIE k9 9 T E— =
TR A T A AR R A TS KL U SQE RilA B
FERAN A — 2 03 M BE N A 8 0 i Ak Bk 1 0 “443ku
T SQE R SR TR AR i E B IEAA R R K6 SQE @ 412 [ 14k
Fo HIMHEN SQE & 5 A28 #H A4 i A 1R 1. Gl I 0 7 42 11 5 ML A 50T R bR fE 25 11
K AE Fig. 6 Purification result of recombinant protein

1. The purified protein of SQE; M. Protein MW Marker
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x1 AEASQEAERNERZRTEBE _EBENERE
Table 1 Production of dammarendiol from different

enzyme reaction system of squalene epoxidase

SQE H#/pL g T AU IR TR TR R g
Quantity of Peak area Production of
squalene epoxidase value dammarendiol
0 (hrifEfh Standard) 1. 184 3¢° —

5 3.232¢! 0.272 9

10 5.375 6e* 0.453 9

15 1. 062 5e° 0.897 1

39 @

ANSRHERASHEEGIN . BA RIFW
G M E R B (B . Ak A 2 A AR
PR W A R SR TR AR B 5 R AT T BF O 4
Y, SQE & = ARG W A g 4R 1 BR il
—HATE N Z AR oy B AR BT SQE 1 g
PR AR g A A KA IE B T i A S
IR B, FE B3R T SQE £ H 1 611 bp Y
SRS X T 5 Je SR R B T SR

pET G K2 H iy b2 2 ik v i i)
ZHRBRG . RRINBAR D ER TT W AR 5%
¢, H mRNA 16 BHE 2 R 5 45, m]
PLSEELH BB R By s A R Gk . e Ah iR s
BHARBE BB SEESEE T4H 1
mEE MR B EAS BT EY A K
FE R 4 0 5 S b )R DA R Ak AR AR A A AR
W2 T P Y O B I AR i R SR A . AU R
pET-30a 2 #£ik4lifk T A2 SQE &1, % SDS-
PAGE s yk i, gl B s . [ af, i F SQE 3k
KT 5 & A 8 2 WA % WS+, 7€ Origami B
(DE3) 18 H (1 2 35 &8 AL, A 0F 58 & ] Rosetta %
H 33k WA R GA RR BOR R & R B AE T
Rosetta R %1 £ K & H1 #5419 PRARE2 Jiu k7, A] DA
ANFEK AT B B = B 7 B A SRS X R Y tR-
NA. 5 Origami B(DE3) A/ LY , B 1& & K3k & A WA
B,

LC-MS Jr i AR & 0y & 8 v HEsh vk, R
PERTIK 2.0 ng/mL-"* " ARBFFEHIH LC-MS # A
G T ORTE SQE FH B SRy M4 FR o ik B T AR
BEE B R R AE R AR TR 25 R L B SQE
FH B B 1G T s 38 P 0 A A B R T R i R
FRIAAT B 80 SQE 7e R4 B it E—2IE
W] SQE 3 PE 5 2 AR il A AR R 56 & HER 1
AT VE R AU R A fr TR A, Wi R

ZEOUR Han 457V X SQE 3 [H (1 #F 58 & B, A
RNAi AR ULEK SQE EHJ5 . A S d iy =ik 2174
S SRR B SR AR R 2Ok E i 4 R
ST SQE RNETEHES 14 ML BT b iRk
LR EM,SQE H K REKFEEHES K
A kA AR K A S L X 5 AR HIE 5T 45 SR AL, 1
B SQE 76 A\ Z A5 19 2B ) & b % S B M 19 1R
FAE— B R L AT DAY 8 =l B AT AW A ik
Wl RPN S B G N S — . Bt is
AH B TR AR m A S SQE B RIA )
A g~ TR AS BT ERENANTER. &
WL RN IE SR AT SQE Mg L HEANS
ARG R T i PR AR AL A T AR
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