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W OE. B RN TONIAR B S (cycloartenol synthase, CAS) F:[K, I HGATAME B2rMEE . 7%

KH cDNA Ky 34 (rapid amplification of cDNA ends, RACE) AR GCFEH 0 CAS JEH 142K cDNA J¥F1], s H4E

WG B2 D7 SR R AT 0 A, TNt B i 454 5 DhRe, JFalid RT-PCR VA CAS 7EAN R AR & I AAN R

WEPMRIANEDL. R TN CAS FE 1 cDNA 2K 2 758 bp,  FFBIBIRAEK: 2 277 bp, Zifid 758 MR EH A,
U0 A U AR S TR S CAS BRI, @A T4 . RT-PCR 45 Bow, HIHIN CAS H:FIAE % I

MBEBEHYERIE, HREEAFGREER (P<0.05), P LA Rk iR G, SR 1.56 7,

FaE, MRk R R R, RGN 137 5. FBiI% EIREIHRIE T RITUINM CAS cDNA sifE, JRUESEHAR

ARV AR E AR RIS B R AN R, Sk — 2T CAS Yo 00 20 £ (1) 5 0 FH 2 08 1 28 B il

KRR A PRPTHEREAEE: sofEs RIAHT: cDNA Rty g
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Cloning of cycloartenol synthase gene from Eleutherococcus senticosus
and its expression analysis

XING Zhao-bin, LONG Yue-hong, WU Peng, HE Shan, ZHU Jin-li, LI Bao-cai
College of Life Science, Hebei United University, Tangshan 063000, China

Abstract: Objective To clone cycloartenol synthase (CAS) gene from Eleutherococcus senticosus and analyze its bioinformatics and
expression. Methods CAS gene full length cDNA was cloned by rapid amplification of cDNA ends (RACE). CAS gene was analyzed by
bioinformatics method, and the structure and function of CAS gene were deduced. The expression of CAS in different organs of E. senticosus
at various growing periods was detected by RT-PCR. Results The full length of CAS gene cDNA was 2 758 bp containing a 2 277 bp open
reading frame (ORF) that encoded a protein of 758 amino acids includinng triterpene synthase signature sequence. Without transmembrane
domain, CAS gene was located in cytoplasm. RT-PCR result showed that CAS gene expressed in different organs of E. senticosus at various
growing periods showed significant difference (P < 0.05). The highest content of the expression showed up when the fruit almost maturated,
which was 1.56 times as much as that in the lowest as plant sprouts. The highest content of the expression was in the leaves which was 1.37
times as much as that of the lowest in petiole. Conclusion The CAS gene of E. senticosus is successfully cloned and reported for the first
time which proves that the expression in different organs of E. senticosus at various growing periods is different. The cloning of CAS gene
provides a stable foundation for its effect on saponins amount of E. senticosus and expression regulation.

Key words: Eleutherococcus senticosus Harms; cycloartenol synthase (CAS); clone; expression analysis; rapid amplification of cDNA
ends (RACE)
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synthase, bAS) AL T &M AT IR b 4y FEA
BRI R AR AT, AT HE A R AR
WSO s R AR W] AR BA B |5 BE S (cycloartenol
synthase, CAS) HeAL NIMELA =R, Tk A
RIS G, I, R CAS A= et
WG OB I OCEERR, (R R bAS SE4+ LR ET
142, 354, T =i B A St ]
CAS JERIFGE 5, Mn] AEise DA ) S - B[R]
1 2, 35 I HE N = B AR S, T i R
R, X ] CAS B R (S W4 A )
SBERE, AR R S B T R

HATCZ M 20 Z M4 b vo b i gt CAS (1)
cDNA 5511, HA WL Tl T CAS M1 SEIRIE .
AL AE O e b ) TNV e R .
Wil EIRINEEE. bAS 4 NSRS G I
ERT R AT A Ay P 2 HE 3R TR 1) H 9 7 -3- T M &
(GAPDH) F:PUMELRE |, FIA] cDNA A b4
4 (rapid amplification of cDNA ends, RACE) i K
T e BE R N CAS FEIY cDNA 2K P51, I
W HAEAFE K R B AFE 2R R IE 4T
T & RT-PCR 70, ARSI EERI7E R 2
A B AR FHMLIRN S SCERIE 48 B 0w Sl
1 #R5AEZE
1.1 ##Y

TN BT Ab A Db EL 55 R [ SR AR AR
PrIX, GGG K25 A R 2 e TS s ok ) B 4%
Y O Ao B M W R LN Eleutherococcus
senticosus Harms. PAE/KPPPEA, BE40R T /K5
JE I 4~9 AAUSRICIAR AT 8 H RWMAZE. HH .
MR (5o 1~10) Al FUnE RNA SR

TC—512 PCR A% (J&[H Technec A F]); 3K15
B S A H R OPL (EE Sigma AF]D; MR
SRR SEASET ) 182200 BERSAS RS (£
Alpha A %]); JY1000C 3 B B kA (b stTisN
—{X#R) D; CHA—S RSB RRIR (Gin kil (%
HE) .

FEY) RNA $eHORF &, BRI DNA [l
XM, PGM-T wl# il &, dCTP, ANTP, TOP-10
JEAZ AN I B RAR AR (bR AR A
RevertAid™ First Strand ¢cDNA Synthesis Kit I [
Fermentas 2y 7] ; 3’-Full RACE Core Set Ver. 2.0,
PrimeScript i #%5% f§, TdT, RNase H, LA Tag DNA
REMWYH Takara w5 IPTG, X-gal, JURFEHL

WA AL FE R E ARG IR A F] s PCR 7~
Walifbil 6L, Tag DNA B 54 B Biomiga 2wl ;
AR A [ =i 4. 51ZAT A LAY
THEA WA A, PAGE 4ift.
1.2 FFHNE RNA B9IZELFD CAS ERRT X B3R5

Pl A RNA $RBCAA S P2k, R
HO0.1 g I FINAR « Zh25. A AR R U, RNA.

#IFH Dnaman 6.0 %731 A2 (AB009029).
—-t (EU342419) AT E (AY520819) CAS %
AT IR T4, AR RS RS v — X S A% P R ]
Hol. g4 CASS-1: 5°-GG(G/A/T)GATTA-
TGG(A/T/C)GGTCCTATG-3’, #5314 CASX-1:
5°-TGACA(G/T) GA(A/G)AG(A/G)TAACTCTCTC-
C-3. HUSLRNA 3 puL, LAOligo (dT) g A 5%, HR¥E
RevertAid™ First strand ¢cDNA synthesis Kit (#1151
AT S N o DAY 3R A5 11 cDNA S BEAR,
[} CASS-1 F1 CASX-1 5[4, PCR ¥ H85) F.hn
CAS FERIPRSE B JONARZR 50 pL, Hrp 1T
Weg |4 2 uL, 10X LA Tag 220 (& 15 mmol/L
MgCl,) 5 uL, 2.5 mmol/L dNTP4 uL, #H cDNA
1 uL, LA Tag I 0.5 pL, #bdd H,O %2 50 pLo [V
KAty TARPE 94 °C. 3 min; AEPE 94 C. 30s;
BK56 C. 30 s; 172 C. 90 s. 35 MEH
Ji 72 CHEA# 10 min. PCR P24 1.2%5 IR Wi
HLPK i, Il 4lift, 7e k% % PGM-T vector 44,
Ak K W AF B TOP10 )5 4% B 3 41 it Hi 5 %
Invitrogen 2 &% .
1.3 5’RACE HARIKEVREI RN CAS EFE cDNA 5°
KiwF5

FRAE 1.2 0 Bk A i) T CAS ¢DNA )
{357 B, N Primer Premier 5.0 %1 5’RACE 45
514 CAS52: 5°-TCTATTTCGTGATAAGGGAC
AG-3"Fl CAS51: 5’-GCTCCTTCGCCAAGCAACC-
TCA-3’. Z PR ) 33317 5"RACE ¥73.
IS RNA 3 pL, BLAUPL A5, WiFEs4 i cDNA
951 8. WSk RNase H ARFE 1 h )5, 4lifk.
aifbr=4LL 50 uL A& RPAT TAT AR, M2 h
o, 4ifk3RIGINER cDNA. WHE X PCR MR
PCR iR RACE ¥4, 55 1 # PCR 151414 AP
KA1 CAS52, 552 # PCR 151410 AP M1 CAS51,
FIF LA Tag DNA 34T PCR §714 CAS JEH 5 A
cDNA 741 o HoAth [ N A4 FFH S5 S 4 A 55 SCHRIRS 572
A % “1.27 TP R AT R Sk, T .
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1.4 3’RACE #ARIREUFI RN CAS EF cDNA 3
Kiw 5

AR “1.27 TR 3RAF B4 Fuhn CAS cDNA S
44, N Primer Premier 5.0 i1} 3’RACE Hi 5+
PEAMIG 4 CAS32: 5°-ATGCCAAGCGGCTGTAT-
GAT-3>FI M 514 CAS31: 5-TTTGGTAGCTGC-
TGGGAGGA-3’. Il 3 pL & RNA, LI 3’RACE
Adaptor N 5|4¥), 2 3°-Full RACE Core Set Ver.2.0
Tt SRS 43 1R U BH AT 3 e s S N o FERI 51
CAS32 Fl1 CAS31 #:47 2 % 830 PCR &V, WA
ZAHPRIREA 3 uL, 552 % PCR MR JQRER A
56 °C, FEMIEA 90s, HAbM U PBIT. S
“1.27 Wb O EAT R ekE, R .
1.5 FFAM CAS EEEKMHHES PCR IIE

FH Dnaman 6.0 #KAF¥K “1.27 T 3RAFILR
SERRHIAT “1.37 RTINS AR w41 “1.47 T
HOIRAT 30 R AT PR, SRR N CAS HE
(142K cDNA J741. HREEHHEI 2 Bt 190 4
JIT CAS FEDK ¢cDNA 2K 74114 F3i 514 ECASAS:
5-AGTCCAACGAGCAAAATACA-3" F1 F it 51 ¥
ECASAX: 5-GCAATAGTGCCGATAAGGT-3, Lk
1.2 S IF) cDNA 4R, PCR 4714 CAS ¢cDNA
MAaKPH. PCR RNARRNA 25 pL, HA5]4
ECASAS Al ECASAX % 1 uL, 10XLA Tag Buffer
(% 15 mmol/L MgCl,) 2.5 uL, 2.5 mmol/L dNTP 2
uL, #EH cDNA 1 pL, LA Taq B 0.3 pL, %b dd H,O
A 25uL. MSAFH 94 °CL S min; 94 °C. 1 min;
53°C. 30s; 72°C. 3min20s, 35 MEHJG 72 C
ZEff 10 min. PCR P28 1.2% M B iR EER )G »
S “1.27 R kb, ek, IR
1.6 FEM CAS ERWEMEEERT

183 Dnaman 6.0 AR T CAS 2E K cDNA
K PHNEEE R EIER 75 N Dnastar 5.0 844
1 2 FF IR BEAHE CORFD; A F ExPASy ¥ Protparam
TRIER R LA PR 5 @i PROSITE HEAT
H A RES M T I PSORT HEATH AW
V4 B8 AL AT B T S R A i T MEGA
5.05 AP AR A AL (Neighbor-Joining, NJ)
B RGERE M.
1.7 FEM CAS EREAREKAENERARE
FTEPHIRIESH

FIH Primer Premier 5.0 # A, #itfE &
RT-PCR ¥ 8 #| F 0 Cc4S F= N\ L5 519

RCASAS: 5°-TGTATGGGAAGAGGTTTGT-3HI'F
W7 51 % RCASAX : 5°-TCTATTTCGTGATAAG-
GGAC-3’, Filil-3 # K J& 88 bp; W4l 1.0 GAPDH
FER E3 514 RGS: 5°-GCAAGGACTGGAGAG-
GTGGA-3 FI'Fii5 14 RGX: 5-AGTGGGAACTC-
GGAAGGACA-3’, Tty KA 134 bp. S
BRI TS, LU 127 SRR S 1~10 5 L
Tl cDNA R 3EAT PCR 338, [ AR Ry 25 ulL:
LB (10 mmol/L) %+ 1 uL, 10X 22l (5
15 mmol/L MgCly) 2.5 uL, 2.5 mmol/L dNTP 2 uL,
Rk cDNA 1 uL, Tag M 1 uL, #b dd H,O % 25 pL.
PCR 420 : FiAEE 94 °C. 5 min; Z87% 95 °C. 30
s; 1Bk 30s, ML HIHN 55 °C (GAPDH) 152 °C
(CAS); M 72 °C. 1050 35 MGG 72 C4E{H 2
min, 4 CZ LR, ¥ 5 uL PCR =“HIMFER 1.2%
BERRPEBE AR S AL, 76 1 X TAE HL¥K G2 b i
VKEEE PCR 729, S5AMT FIH, R R % A
RG24 534 o
2 HER5HH
2.1 FIFN CAS EFEBITTRE

R 514 CASS-1 Al CASX-1 5 5] F )
cDNA 17T PCR ¥ 14, K13 44104 1 650 bp )5+
i (1D, P33 1643 bp B £ NCBI
BLAST1 X}, #E i Bl fuln cAS 5
cDNA 85 73 F Bt o LL cDNA (002 7= A i,
MM BI%F AP K-CAS52 Hil AP 4i-CAS51 #E{T
10 PCR HIfE PCR HiARAH 45 511 5"RACE 474,
KRG 702 bp M BE (& 1), LA 3’RACE Adaptor
513 5 55 [F) cDNA S #it, FH 3’ RACE Outer

M 1 M 2 M 3 M 4
1-CAS HEFR~FIX ) PCR #7#  2-CAS 2E[Ff) SRACE  3-CAS
JEF 3’ RACE  4-CAS LR cDNA 4 K[y PCR Y714 M-DL2000
DNA Marker
1-PCR amplification of CAS gene conserved sequence 2-5’RACE

of CAS gene 3-3’RACE of CAS gene 4-PCR amplification of full
sequence of CAS gene cDNA  M-DL2000 DNA Marker

2000 bp

1000 bp
750 bp
500 bp
250 bp
100 bp

1 REM CcAS ERERIEIE
Fig. 1 Clone of CAS gene from E. senticosus
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Primer-CAS32 F11 3°RACE Inner Primer-CAS31 5|4
X, W 3’RACE 3k43 758 bp B (1.

N H] Dnaman 6.0 #KAEREFTSRIGI) 5700 373
cDNA JPHIRIER S X Bt gt T 9%, NH Dnastar 5.0
BAFXHZ cDNA 43T ORF 4007, KILZFH4
TR CAS FEFI 5E % ORF. LU TLI0I%) cDNA
R, FIFH 514 ECASAS F1 ECASAX 4 13k15 2
709 bp M—4k, SR /AMARF. Fiz ) Belnli
SRR S, 5 5%, 3°U cDNA JFFF{EF X
BEBHESR MBI, 5 8158 A A
22 FlEIN CAS ERBENERFES

T CAS FEPK 45 K: 2 758 bp( GenBank & 3% 5
JQ400139), H:rp 5°ufERHEX. (5°UTR) 1 130 bp,
33 ARRH X (3°UTR K 351 bp, 113565 74 TGA,
ORF : 2277 bp, 4ifith 758 MR, 3%t A poly A
Feo TN EE AR 731 il 85.991, BRIRAEHY

1 (pD 24 6.61. FHERITH5 — & Panax notoginseng
(Burkill) Hoo et Tseng. AZ: P, ginseng C. A. Meyer
MEH B Centella asiatica (L.) Urban F 5 K 2€ #
Bupleurum kaoi Liu, Chaos et Chuang [1J[RJJ5 153 71k
£ 93.8%-+ 91.1%- 90.0%7F1 85.1%.

ilid NCBI 1) BLAST LUXRIL, HIF00 CAS 4
15 O R o 9 4 4 D e s 2 v JEAd ) B
CAS BATHULZ R Dnes. RITiin CAS ¥ 603~
617 (DGSWYGSWGVCFTYG) ZHERILILAL K =1k
B I bR & 41 o 385 Tmhmm 5K A3 B350,
RITLIN CAS HATCES X I, FAFAE T4, Psort
Jk 55 2 AV A0 2 S 0 A B, RITLINY) CAS SEAL
FTAMFH . 124 Sopma BAFTIMIEITLIN CAS
(1) —REHI SR K], RE A EA 320 4 o BRIE,
07 42.22%; 87 ANIEMPEE, [ 11.48%; 45/ BHTE,
i 5.94%; 306 NCHNIEEH, A7 40.37% (& 2).
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gta-pArE SR-TOM I

blue - alpha helix red - extended strand ~ green - beta folding purple - random coil

2 FIFAN CAS EAZRLEHBTAN

Fig.2 Predicted secondary structure for CAS protein from E. senticosus

2.3 CAS EBHIN FRGHNL S

FRITLIN CAS 45 GenBank H & 351
14 FHHEYIN CAS SEHTIRE M, W CAS R4
HEERY, &5l 3 Frs. RIS Ry IR =
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| e
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Fig. 3 Phylogenetic tree of CAS protein

LIRG R R EIE, RN 13, WEE 99%, Zh
HH MBI SRR S SRk, Bi)S
FILABX T AR A 1A KI5 32, 57 A
BRI N 1 A3, X EAEGER) 532845 R
A3
24 AREKEZBRE cAS ERWMFTED
ANTR) s ) 3R 00 CAS & PR i 2 08 AR 4 4 1)
4 Jn. AW SEIFAA M HEAN A KT, CcaS HR
BHRIL FEBANEKMT, CAS MERIL RIK-
K- R AR A . Hoh g 2R (4 D 1
Kk gL, 28 (6 H) i, c4S MERIE
HIEERE (P<0.05), HENZE 1 ANRILEE, X
W 2EI 1.45 5. 2 JabiE R 7
H 26 H), RIEEFEREACHIN 85.01%. F R
FEA R (8 F) IRk 5 N = (P<<0.05),
EBN I KA, AT ZERIM 1.56 fif. W RE A
(9 J1), CcAS WREE/AMERE, (A4 5
T RIA R, WS e A T A
W RIE B Y.
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2.5 AERE CAS EERIEDH
TN CAS FERIAEN . Al )22 FIR (1)
RikEAFEEES (P<0.05), WHE 5. A€
AR, O ERARRIA & (D 11 1.37 4%,
WKz, WHMRIE RS E ST R 2L (3
5 (P<0.05).
2.0 7

AR IS B

04-26 05-26 06-26 07-26 08-26 09-26
Hi
ANANG PR ZES B (P<0.05), FH

Different lowercase letters mean significant difference (P < 0.05),

same as below

B4 TRRAMEZEREY CAS BERFKEEHEL
Fig. 4 Expression variations of CAS gene from E. senticosus

during different growing periods
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ARSI e IR TN CAS B 5 =1 NS
SETUMBHEI CAS FEP P41 —BUEAE 90%LL 1,
AATI S J T IR I L R K0 . R A AN G544 L1
Bm BV CAS FERE— N ELE R S 1
B, IX ] REAE PO AR S e AR IR B A )
11 CAS SRS W A= 5 M A rh S I 254
H T WA R 73 B4 2] T 5 MY (1) 4
NGB, Rk E b I 5 Bl ( dammarenediol
synthase, DS). bAS. P T HEA M (lupeol
synthase, LUS). “F & i Bf & M (lanosterol
synthase, LS) Fll CAS, Hrr CAS = Lfiifb S fg il

S e SRR A [ R LR R B

CAS REFER P H LIRS 80% A L, iy

CAS R ¥ 51| # A7 AL = B AR~ ) DCTAE A

QW X', Hrh DCTAE 5 M) 45 4545 5

¥ & )55 ) DDTAV € s A, DCTAE J&, 3

BOLRE IR AR 2, 34kt Qw ol

PRSI, fE CAS P ELHIL 4~8 X,

QW XIgo i r R, FEFME R b S b ) e 2 1

MEAEH], XEELFPH RE L A T R E

PER D REAR I 0 33k X Il [ Bt A7 ) I

CAS 1.

CAS HEAA 251 357 IR AR R AR I 1) £

WA = AL A RS BT A, AT LA i

(AR AR 3 T A Y 5 T o) = A S ) IR S

AR E ) RT-PCR BT &5 R R 0T, 3 T i

CAS TEARV KK B I mhy M. 2R EE

ar BRI, X5 EME R CAS AR IK R AT

A, B RIE RS K. CAS AT bAS JE [ 38

S 2, 35 E N, A ILRE A AR A ik A,

RITIIN CAS AEHEA A Y] v 3 a0 1 1 ol JE2 AF 0

BN, B B/MET) 1.56 1%, 1 bAS Kik &

BRI E AR, B KAl ATk SR /MR 7.51 55
TR T CAS BEPRIRIR T R WA TE o ARSI

Bowg e T RN CAS [ cDNA 4K 751,

M RS o3 A B R W R R AT & I P

PRI R I BUARFAIE, JFUESE CAS BEPIFEAN A AE Kk

B INHIFIA RSB 3A RS, (HRILE AR

BT WA RN 53 M CAS FEDRIZF K Fn 2,

T ER RSN, SO TUIN CAS BEPRIBEAT ik 1

7, R H RS 1A,

S 3k
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CEX P2

Chinese Herbal Medicines

CARZBHEERY (2009 Fd (ESNE ZHAaM 2 5 M) 25T ).

CEHBRNATRY (2009 ) P XA AHB FePE ) A ), RAIEAS, RILITH.

Kk 2HY RESITAR: 19741975 4F.

1976 4.

1979 4.

1988—1993 4 (80 /L/4F), 1996. 1997 5

(110 /T/4F), 1998 5 (120 /T/4F), 1999 5F (135 7T/AF), 2000 “F (180 /T/AF ), 2001—2003 “F (200 T/-F ),
2004 4 (220 7U/4E ), 2005 4 (260 7T/4E ), 2006—2008 <& (280 /T/4F ), 2009 & (400 /T/4F ), 2010 <& (400
TS, 2011 5 (550 7T/4F ).

2 (70 7T), 2002—2007 % (65 /4E), 2008. 2009 4 (55 T/4E ). FLiTH (4 B4 2.
B, WMEEF] TN E, K

CF 24 ¥

3 FH.

1996 S (50 /L), 1997 F (45 7T ), 1998 & (55T ), 1999 4 (70 /L), 2000. 2001

& HFRAET R

Chinese Herbal Medicines A~3iTA: 2010 & (150 /T/4F ), 2011 & (150 7T/4).
(MR FEHEH W RY A3TA: 2009 F (120 7T/4F), 2010 F (120 T/AF), 2011 5 (120 7T/4F).

KESNEZ « MHHIMY ST A

1996—2008 4 (80 /L/4F), 2006—2008 <& (90 /T/4 ),

CHDIRNAFRY 2009 247 KEM 15 7T, 2010 F25T A (120 T/HEE), 2011 4 (120 T/HEE).

€ XAHBEFHE F-FEHN: 1993—2006 F49T AR (AF 2040 7T ), 2007—2008 FHA47HK, HH T
#-30 7T, AFITH 210 T (6 HA+45%73]).
RiEF B HHEH
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