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W E. B WEEEMS Paris polyphylla var. yunnanensis =il B WA NI& 1A 10 K BERE & J4 PFEBF  (squalene
epoxidase, SE) &K, JEHHTIEZRIE. I Real-time PCR YL cDNA FEA R SE1 JEFAI SE2 ZE K AN . F3% LA
EFAEAI BRI RNA FH R34 cDNA. L cDNA Mt HRHEE A Edm Tt 2 41 SE R K 74115 TR 1t
F14), % SE HEKHEAT 50 J5 i A% pEASY-T1 Simple Cloning Vector HY, 25 % & IE#i)5, ¥ pEASY-EI-SE #ik# 14,
FIFH ArtMedia protein Expression/Amp+ 3575258 B 81155 54814 . Real-time PCR VEK7 I cDNA FEASH SE1 Al SE2 HE BA AR
SR BT 2 4T SE K, @444 ppSEL F ppSE2. ppSEL B4z K 1 932 bp, FFAEEHE (ORF) 4 1 578 bp,
Hifid 525 4 AA; ppSE2 14> Kk 1828 bp, ORF Ky 1548 bp, D 515 NEAKEMR . 726 & PCR 45 B /R ppSEL RN
ppSE2 LR /EZE MM iR IE ARG B E R, ppSEl MR ELEM Ty B3 . VIR Fas RERW, R EE %
pEASY-E1-SE #J##1Th; SDS-PAGE ##T7R, fE BL21 (DE3) HKIABZEMM P KIhiE THRIET SE FEHFM 2 it &
H. &5 sofE TEEMN SE LK, RS TEARIN B 492405 k) SE B A . ppSE1 LI F1 ppSE2 JE I fE M4 H HAT
AR ZIERE, R B A A P& e AR A R AR

B AR WIAIENE. ERTRE; iR JOLER PCR
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Cloning and expression of squalene epoxidase from Paris polyphylla var. yunnanensis

XU Yan, ZHAO Shuang, DONG Xu, YE Xin
School of Pharmacy, Yunnan University of TCM, Kunming 650500, China

Abstract: Objective To clone and express a full-length cDNA encoding squalene epoxidase which is key to the biosynthetic pathway of
triterpenoid saponins in Paris polyphylla var. yunnanensis. Using real-time PCR method to detect the relative content of SE1 gene and SE2
gene from the cDNA sample. Methods Total RNA was extracted from the roots of P. polyphylla var. yunnanensis and transcription was
reversed. Using the reversed transcription of cDNA as template, specific primer was designed according to the transcriptome data about two
groups of SE gene sequence from the HiSeq2500 sequencing platform, and then SE gene was cloned. The production was inserted to
pEASY-T1 Simple Cloning Vector, and pEASY-E1-SE expression vector was built after sequencing appraisal right. The ArtMedia protein
Expression/Amp+ medium was used to induce expression automatically. Using real-time PCR method to detect the relative contents of SE1
gene and SE2 gene from the cDNA sample. Results Two SE genes of P. polyphylla var. yunnanensis were obtained, which were named as
ppSE1 and ppSE2, repectively. cDNA was 1 598 bp of ppSE1 and 1 509 bp of ppSE2, respectively. The full length for ppSE1 was 1 932 bp,
length of ORF was 1 578 bp, coding 525 AA; The full length for ppSE2 was 1 828 bp, length of ORF was 1 548 bp, coding 515 AA.
Fluorescence quantitative PCR results showed that the expression of ppSE1 and ppSE2 genes had significant differences in stem and leaf, and
the expression of ppSE1 was most pronounced in the leaf. Enzyme digestion and sequencing results showed that the prokaryotic expression
vector pEASY-E1-SE was built successfully. SDS-PAGE analysis showed that two fusion proteins of SE genes were induced expression
successfully in BL21 (DE3) express competent cells. Conclusion The SE gene of P. polyphylla var. yunnanensis has been cloned, and the SE
protein with biological activity in vitro has been obtained. The ppSE1 and ppSE2 genes have different expression patterns in P. polyphylla

var. yunnanensis, and play a different role in the synthesis of secondary metabolites.
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VR Paris polyphylla Smith var. yunnanensis
(Franch.) Hand. -Mazz. 2 H & H (Liliflorae) ¥
HRL (Trilliaceae) FA%JE Paris L. 1Y, j&t—Fh%
SEAERARREY), M, NZ5E o TR
2, FESAT M SENAPYNIEER, A
BIEH A . (PR 2580 2015 FERP RIS LL2A
PRI BRSPS EAT 1. 1. VI VI ) g,
TR R A TE AR W R v A D
TR WA RRR . ERAT O B
KB SIE, S A2y, STk, 26k
R AT B R P TR
— EAREPACKAZIRAN, KB F PERAZ ST B A 9t
PHORERD, Iz BRGNS, AR 2R
i 8~10 FEA ALy, FEH ArEEE AN B,
PragJm s AT o A S O b AR BT
(steroidal saponins), HA5ME T, N TG A AE,
BRI F IRAR A e AR 2 A A S ) 1) 32 2
WAR. [FINF, TR RS A S AR G
BEERE DA ST, v AN R8s &, 4
CP 2R TR BT

&I (squalene epoxidase, SE) J& —
i 2 AR O A TS = R Z T 1 A
KNG, 2 REAEYA st 456 H AT IR
RN T 1 B A B DR AR IR S TR T IR
(flavin adenine dinucleotide, FAD) [ 5 2 (145 &
fir g5 B0, SE g s e Ak AR O R S R BN
BB A AU T S A A R A RS OG  BRAE R AR
2,3 A E N 23 ARG AT — RV A4k
N5 B R = w2 el SE R S T R s
(methyl jasmonate, MeJA) 53 Ifij i 3 1K I =i
(G 9 0 1 SE 34 PRI 78 41 i 43 24 32 35 AL B 1
% (mitogen-activated protein kinase, MAPK)
IAE F T R Az ol B A B = 6 i Bt 3 2 KT 5 e
T, 45 SE 5 M A i 15 5 i B3R SR AL 8 0
AP B, AR DARR S A0 0 4 A i AR 1 25 2R
AR =R SEEE MY S K
Wbl 2 25% 0, K SE A8 2 SR 2 1A
HRIEAET AR RN el X
BUEREN SE FEPHEAT BF 500 3 i H AL 2 AT I
HAELE X

1 #R5NEE

FHEMAMELR B ZME BT REL, oW
HhBE A e e S Ui AR R N A Paris
polyphylla Smith var. yunnanensis (Franch.) Hand. -Mazz.
IR

Trans1-T1 /&40, BL21 (DE3) ik
Z A4 i . pEASY-T1 Simple Cloning Vector .
pEASY-E1 Expression Vector . ArtMedia protein
Expression/Amp” 1% 7% 5t . DNA Marker . Protein
Marker 44 H TransGen; RNA $#2EURF & . cDNA
AR Ex Taq AN H TaKaRa; JFki$e
BOAAIEE . DNA BRI &, PCR 7 4iifl
W& [ GENEray; SDS-PAGE I#f Buffer. K
JAF i R R R UA A & SDS-PAGE #BEAC il
A B A

ARG Ch RS AR A W) BRI R A
DL CHA HITACHI A H)); TR W E 1.
B ARZ IR E X (1 [E Eppendorf 2] ); 7Y
B0l PCR A HLIKAX LUK B RS oA
1%+ Mini-PROTEAN Tetra Systerm FHLykili (&
BIO-RAD A7), SHA-C {HIi#E%#% . LRH-250-Z
R TRAE (P EEAE A H]D; StepOne T %6 7€ &
PCR ¥ (3E[H ABI A#)).
2 FE
2.1 GEERIRAYE RNA I2E15 cDNA &K

A MiniBEST Universal RNA Extraction Kit $i
I E MR AL S RNA, 1% 5 5 B 58 i
HLUK RS I RNA ) idE . #5481 PrimeScript 1T 1st
Strand ¢cDNA Synthesis Kit, PAEHUT RNA A
B2, LA Oligo dT Primer K514, 4 RNA Jx 5%
A 1 cDNA.
2.2 HEW SE ERBRESFIISH

F¥E HiSeq2500 sequencing platform 15 311 4%
A EAR O 2 41 SE RN AaK . 51975
W' SE1-F: 5-TCAATGGAACTTAGGAGGAGC-3’
SEI-R: 5-ATGAAGATGCTGCTGCATTATC-3’ ;
SE2-F: 5’-ATGCAGGCCGAGTATCTCTT-3’; SE2-
R: 5’-TCAGTTGGTAGGAGGAGCTCT-3’,

DU e si 4 i) cDNA SREHRIET PCR 73,
SE1 ZER 5 1y 12410 94 “CTHAENE 5 min; 94
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CAZME: 1 min, 56 “CiB‘K 1 min, 72 ‘C#EfH 1 min,
HEAT 35 MIAIR: S5 72 ‘CZEA 10 min. SE2 &
RIS ey S5 464 94 "C TR 5 min; 94 °C
AZPE 1 min, 60 ‘CiE‘K 1 min, 72 ‘CZEf# 1 min,
HEAT 35 AMEHR: 5 72 "CLAH 10 min. PCR 7=
W2 HIKAS IS Bl DNA SRR GRS 4T H i
gcar . B 45 47 &5 pEASY-T1 Simple
Cloning Vector %2 )5 %% N\ Trans1-T1 B2 540,
7E LB/Amp [ A 7758 BT el g2, 37 Cid
R IR PR e P TR VR, BeFP T LB/Amp I MAck:
FRHE, 200 t/min, 37 CHiFE 6 h &, JHFRIHEEL
G UTORL . AP E ) ok A i, FaE 5|
Y M13 4T PCR FHPE E B e, % N BHPE# %
4 S /N B 5 8
2.3 EEW SE EEFERREREANEESETE

27 f5UE B PCR 791k H 4415 5, il
pEASY-E1 Expression Kit it B 2K ¥4 2li4k )5 11
PCR 7=#)4f N\ pEASY-E1 Expression Vector, Ji%
Ber )T Transl-T1 B2 &40, 76 LB/Amp”
[ kR IR E AT R R . 37 CIHEREE TG,
PRI O B R VR % T 10 pL IR HE K, PR
IR, P T7 Promoter Primer A1 H ¥ 3 A 1) % 7]
Sl H WS R IE W 54 A1 T7 Terminator
Primer, K H] PCR K% IEMZR 1A 77 1) (Y B v
B o Pk IE AR IE T 10 B S BE, 200 r/min,
37 CHiFE 6 h o, FmOR 4 B0 & 3 UsoR,
pEASY-E1-SE ik A h il )
2.4 EEH SE EEFERFIEHAKIIFSRIE

¥ pEASY-E1-SE RiLH BRI LA BL21
(DE3) FRikEZAYMM, & LB/Amp WA 77
1200 r/min 37 CH:FE 1 h (FA R TR, Y5
i % LB/Amp [l AR 7705 | 37 CREAREFR, Hhit
T TN ArtMedia protein Expression/Amp %
FEHH, 250 t/min. 37 CRERRETE.
25 EFEREEBRIRR

AR A DU PR R i A A1 e B P 4 K 7 4 1B
15, HERARIOK: B 500 ZTHZM P IA 2 uL £
BTG 2 ul BRI IR S A 5
uL AT, ARG E T B BUES
KILERAE 4 °C, 12 000 r/min 2515 L, FEg
BN 500 pL B FE-BOK SRS, ¥K EJRCE 30 min,
SU9T)AE B L2 B R I AT IR AT - BE JS 7 300 W,
10 s 5/10 s [ FR A AE N UK S 2R RRARTE - 1

e

WRAE 4 °C, 12000 r/min 4505 K 5.0 5 min, WdE
R TR0, TSR B R AR
2.6 WHEE PCR

PEHH RS ZE M 1) RNA H 5% 4 cDNA,
FIH Primer Premier 5.0 #1154, #AT9¢65%€
i PCR.

B HK L Cactin) 51 Y7 %) : actinln-F: 5°-CAGC
AGATGTGGATCTCAAAGG-3’; actinln-R: 5’-GCGA
ACAATCATAACCAAGCA-3’. HIEK 5 41
qSEI-F: 5°-ACTATTTGAAGACAGTGG- TGGCA-3’;
qSE1-R: 5°-GCTCTTATTTGGCATCGTCCT-3’; qSE2-F:
5’-TGGCACCTCAGATTCCAAGT-3"; qSE2-R: 5°-CG-
GTCATTCCTCCACCAGTTA-3",

3 ZBR55H
3.1 GEEHIRALE RNA FREAN

RS B E R AL ZUR RNA £ 10 g/L 1
ENRRE LI K S TR RN AR AT n) LA i
i3] 28 S A1 18 S rRNA £&41i% 14 (B 1), H.
28 S WILI M re R LY L 18 S WILAHF 1K) 2 fi%, &
BT VR AR 41 ZUE RNA FEARSEHE, Kbl
fitg, T F 25K,

2000 bp
1000 bp
750 bp
500 bp
250 bp
100 bp

M-Marker 1, 2-Ff 5
M-Marker 1, 2-samples

1 CEEH#RALD RNA BIKER

Fig. 1 Total RNA electrophoresis of root tissue of P.
polyphylla var. yunnanensis
3.2 HEW#SE ZREMRESFISR

PABTH MR AL I RNA 5 1) cDNA
BAR AT PCR §71E, 737148 10 /L 1B fiEhl
B LKA, AT WA EEREIE 2 000 bp [F1RF 5 A%
HRRY 8 B (K 2), &7, SE1 1932 bp,
SE2 24 1 828 bp.

45 R 1 DNAStar BEATHHZHON, 5 HE4
. WFLRE MEGA WAL, Fift 2 %
SE SN @810 2 25 SAAEDN, w4404 ppSEL Al
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ppSE2. Wil 745 HAr NCBI A M 71 T B ORF
Finder Chttp://www.ncbi. nlm.nih.gov/projects/gorf/)

AT TR 2HE CORF) Tl . ppSE1 &K ORF
1578 bp, it 525 N2 KR s ppSE2 LA [¥) ORF

SE2 SE1

Marker

2 HEEHESE EFE PCR ¥ #BER
Fig. 2 PCR amplification of ppSE gene

M 1548 bp, Hifith 515 M2 B8 « FH AE L6 4K/ Blast
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) #1515 2
() 2 A IERR Y5 73 AT [FEPE X, NCBI &
GIEAE RS T R R 2 7 51 LU R OR S 1)
A I RGER B, 5 ppSEL JERK# [F]
VAT K R 2 B ok VY B AR R Musa
paradisiaca L. var. sapientum O. Ktze.’}j 877 %
Elaeis guineensis Jacquem. 4 865 KK Zea mays L.
4 862 K. Glycine max (Linn.) Merr. Jy 821, U
F§JF Arabidopsis thaliana (L.) Heynh. 43 791; 5
ppSE2 KL [RIYEPEAT 73 M2 1 2= Chlorophytum
comosum (Thunb.) Baker. j 891. % Phoenix
dactylifera L. 24 889. LKA 870, KT A 824
AR 801, [AIUEPE LT 45 R WA 1 A0 2.

1Y ppSE1 Al ppSE2 J D 1) 2 & 1 1 41 [R5

%1 ppSEl RiRMEILATEER
Table 1 Homology comparison of ppSE1

kLA AR AME S B /% EfH FALE /% i)
T VG 3 B A A 877 877 99 0.0 81 XP_009419 470.1
HlHY S 865 865 90 0.0 87 XP_ 010936 193.1
Tk 862 862 89 0.0 88 ACL54 675.1
NG 821 821 99 0.0 76 XP_003529 275.1
SN BN 791 791 95 0.0 76 NP_564 734.1
2 ppSE2 ERMEEITEER
Table 2 Homology comparison of ppSE2
YR BRIMA Ba B % E1H AEALEE /% il
m= 891 891 99 0.0 84 AFN61 200.1
RS 889 889 99 0.0 84 XP_008790 270.1
ESP/S 870 870 91 0.0 89 ACL54 675.1
K& 824 824 100 0.0 76 XP_003529 275.1
PP 801 801 90 0.0 80 NP 564 734.1

50T, FIH MEGA BRAFIERARUUE B =i i 21 N Fh
55 ppSE JERFE R G (B 3). 15 NCBI 45ih
KRG TR M3, ppSEL Ml ppSE2 fERGER
ARGy SR, P T DL X 2 MR RN SE
R, (HWE Z A ZES, WReEAEMEN I TS
ANFEFHERA . LRGSR, 5 2 4> SE 2
[R5 B (1) LA Ak B T BRI A 2N
33 EHRIASHIK pEASY-E1-SE WES L FHER
¥ ) pEASY-E1-SE KiE#iik, &RiF7)5, Bk
AT Ha bW V%, 209 T7 Promoter Primer Al
H 35S R s ) 5 14k H S I [ 5 1 A1 T7
Terminator Primer, F PCR SR% 52 IEMGZIA 7 [0 1Y
FHME e B (] 4D, $kA55 B 40 KA 2571
UEM pEASY-E1-SE FRIAB MM BT

B
JRIB
A

[ifi ok

—

0.02
3 NCBI H1E#H SE REBRFIIRFRERFE (NI E)
Fig. 3 Phylogenetic relationships of known SE amino acid
sequences in NCBI (NJ)
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[E 4 pEASY-E1-SE FRiAHKIERFRIAT [5) 8BRS T bE i
LR
Fig. 4 Screening results of positive clones of pEASY-E1-SE
expression vector with correct expression
3.4 FHAFRIEHIK pEASY-E1-SE B S ERiX
| F ExPASy Chttp://web.expasy.org/protparam/)
FEL I AR AT B A 2 ) 2 B PP S R T B 1
—RAEKITIN, FRE5 4 BioEdit X HLHETAEY)
52200 ) SMART R WA o0 #r 2 A2k
W& BMmEBgGt, LE 5. 6. FAH
SWISS-MODEL Chttp://swissmodel.expasy.org/) Xf
FOR AT = e S AR g iR, K 7. 8.
HRIE AT 45 RN, ppSE1 B i 525
NEFERA L, HPRFEARBIEAL K 559A
485C. 422G~ 466T, AXI7 75 56 880, S5FH1
SBRAE N 9.19, A S HIAT AOSAEE AL (Asp+Glw):

0 100

5 ppSEl EAREHN T (BEXIE: 4~26, 54~76)
Fig. 5 ppSE1 protein structure analysis (transmembrane
region: 4—26, 54—76)

I - -
0

200 300 400 500

100 200 300 400 500

6 ppSE2 EEREHMNT (FBEREXIE: 5~24; KEZ
EX1H: 49~66, 480~493)

Fig. 6 ppSE2 protein structure analysis (transmembrane
region: 5—24; low complexity region: 49—66, 480—493)

7 ppSEl EEEZERR=4ELEH
Fig. 7 3D structure of ppSE1 gene protein

8 ppSE2 EEERR=4%M
Fig. 8 3D structure of ppSE2 gene protein

46, 7 IE AT RS R B (Arg+Lys): 59,
2300 Cose0Ha08aN60sO0721822, SR T 2K 8 085
A, PRWIFRECH 96.97, BCF¥ISEKME (GRAVY)
00.062, MEi/AKMEE A ppSEl HEEH 515
MNEIERA R, Hh P REARMEL SR 527A.
449C. 415G, 437T, AHXI4r ¥ Fi& 2k 55 350,
ST ER M 8.74, A B LA K AR S B EU
(Asp+Glu): 43, 77 IEH AT AR IE D4 (Arg+
Lys): 50, #2234 Cru00H3993N6600709S225 LT
SR 7 883 A, IRITIRECH 103.40, PSR
KPE (GRAVY) K 0.174, HBiKMEEE. MR
FERR A S oy B R ] LLE Y, ppSEL F1 ppSE2
FE DR ) S R R A SRR A AR ABL, AHL I MAIPS I &85 1 i
ML R HE B I REIX Sk o M SR AT LUE Y, B
B ARG S AR, B AR D EE
D3 2 BR RO, 1 — P HET ppSEL 3 K AT ppSE2
SRR AR N 2 5 A R 08 B AR & AT, KPR
AN TR () A9 T

¥ pEASY-E1-SE FKIAH Ak %L\ BL21
(DE3) KiXKZAEMM, 4 ArtMedia protein
Expression/Amp 1577358 A 8h % F3KIE, ATk
H A T SDS-PAGE HLKASIN, Z553 (] 9) &
Ty A 5.5X10* A1 6.0 X 10* fHTAb A5 e 55 (14441
HEL, HTUNE) ppSEL Bl A TR 56 870
J ppSE2 Rl H FAHRT 431 i 55 360 K/MHAT

9 ppSEl 0 ppSE2 [F#% 3% SDS-PAGE A kil 45 R
Fig. 9 Prokaryotic expression of ppSEl1 and ppSE2 by
SDS-PAGE electrophoresis
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35 WHEEPCRER

283 98 2 7 PCR % W J5 #3321 ppSE1 Fl ppSE2
(10 35 DRI 3R 08 E A R 5 B 20 Sl LI 104 11, mT R
& tH ppSE1 7Rt ik il sy, fE2Eh iRk &
AT ppSE2 Ay, A AEAR P Ak A AL

90
80 -
70 -
60 -
50 -
40 -
30 F
20 -
10 -
0
—10 - ppSEl  actin
_20 L

& 10 ppSEl1 EFFEHEMEELER
Fig. 10 Relative quantitative results of ppSE1 gene expression

I heE

LR Sre

AC, AAC, 2748

30

25
1 20
ﬁ 15 "
2 10 vy
e it

5 N N

0+ =

. ~(AACY)
_5 ppSE2  actin AC, AAC; 2

E 11 ppSE2 EEREHEVEELR

Fig. 11 Relative quantitative results of ppSE2 gene expression
4 it

FHAR ) FEA R SRR, A AL
o3 AR A AR R G gk R R 42 i IF 7, W A
BINAT R R, AR A R Y. T SE
BN RS H RS gt i 1 AR
iR . CaEZMEYTPIAS, 8. QR
SETOREH SE JERFERET T AP sl A
SEHG DU RE AR S0 ARE, R A sk 4 Bt B
HE1Y, 7RIS T 1598 bp H1 1509 bp 1] 2 41 SE
BER IS IX P, R JRE i 35E 1 Akl i
WP EE PCR KA R Box, ppSE1 B KA
PPSE2 HL IR/ 25 RN o (g3 FLAT .3 2 5. ppSE
MR IALEN i O B35 . 45 RARW] ppSEL HEPIAN
ppSE2 JEAIEVHE AL BAT AR RIAR, R
FRE AR W B R AE ASF R E

pET &A1 EME H A lsikz Rk rhia H )z 1)
4K, pEASY-E1 Expression Vector 55 pET #4248
FAEL, FIA 5 min P TA sEpEECAR 7O PCR 724,
A TTlac JA B T mBEE HRFER, IRt

BARTRRIEIC . YA pEASY-E1 FA %,
RIS TS5 AL SE 8

It A B E D H AR AL R R 15 g 12
BN i ARIK, A T RE R KRR AR 1Y
M MTRT B AR R EEIE ST SE JE TR
FHEAT ORI AT R AR S B Bk, ]
R G A TR AL AR 2 1R
FRGRIEIRBEL IR, W A TREEAR N ] T
THE R LR N

S
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