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Cloning, prokaryotic expression, and functional identification of f-amyrin
synthase cDNA of Psammosilene tunicoides
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Abstract: Objective To clone, express, and characterize the full-length cDNA of f-amyrin synthase provided an important basis for
the study on the key role in the biosynthetic pathway of triterpenoid saponins and secondary metabolism engineering applied to
Psammosilene tunicoides. Methods The full-length cDNA fragment of P. tunicoides was isolated by the method of RT-PCR and rapid
amplification of cDNA ends (RACE). The fragment was transformed into Escherichia coli expression strain BL21, which was induced
by IPTG, and the crude recombinant enzyme was purified from E. coli cell. In the presence of 2, 3-oxidosqualene and other substances,
2, 3-oxidosqualene was converted into B-amyrin efficiently. The catalytic product of P. tunicoides B-amyrin synthase was detected by
high-performance liquid chromatography (HPLC) and identified as B-amyrin. Results The full-length ¢cDNA fragment of P.
tunicoides is 2 882 bp and contains an open reading frame of 2 284 bp nucleotides, which codes for 760 amino acids. Conclusion The
full-length cDNA can produce -amyrin synthase by prokaryotic expression. The expression product has the catalytic activity of 2,
3-oxidosqualene into B-amyrin, which would provide an important basis for the secondary metabolism engineering to P. tunicoides.
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1.2 K7

X7 SMART™ RACE cDNA ampification kit
(Clontech A 7] ), LA Taq (TaKaRa /A]), Plasmid
mini kit II( Biomiga /A 7 ), bacterial protein extraction
kit (Bio Basic /2] ), NucleoTrap Gel Extraction Kit
(Clontech 7] ), pMDI18-T Vector (TaKaRa 7] ),
pMD20-T Vector(TaKaRa), pEASYTM—El Expression
Kit (TransGen Biotech 7y #]), Transl-T1 Phage
Resistant Chemically Competent Cell ( TransGen
Biotech 47w ), BL21 (DE3) plysS Chemically
Competent Cell (TransGen Biotech A #]), IPTG
(TransGen Biotech /A #] ), 2, 3-58 4L %% (95%, Sigma
K LAY, B G R G il
T TAT IR A D SHAR AR 2l o
2 EHHp-EMESHBERRS
2.1 2 RNA Ry32EX

KM Trizol VEFE NG BRBIURIK B RNA

2.2 RACE-ready first-strand cDNA B & A}

PR RNA FEdh 1 pg, % SMART™
RACE cDNA ampification kit 0TG5, =40
100 pL Tricine-EDTA Z&iiidiks, —20 CLRATEH o
2.3 5-f13-RACE

PACASEIN) B-AS #20ER Fr BOAR,  Primer5.0
Wil 5°-F1 3°-RACE 514, PBSS5: 5°-CTTCAACC-
CAACAAGCCAACATACAC-3’HI1 PBSS3: 5-GGAAG-
AGGTTCGTTGGTCCGATTAC-3’, #% i SMART™
RACE cDNA ampification kit ¥i#H 15, PCR &4
94 C. 30s, 72°C. 3min, 5 ME¥F; 94°C. 30s,
70 C. 30s, 72°C. 3min, 5 ME¥F; 94°C. 30s,
68s, 72 °C. 3min, 305 MEH; 4 C#il. PCR ™
WE 1% B NERERR Ik o 8, VRIS
pMDI18-T Vector, ¥ A Trans1-T1 &35, WARLE
T 80 pg/mL WA LB PR EIfi%, PCR %
E R BH T ve B BRI 7 o B )i BRAA—80 "CIRFl
2.4 %1 B-AS cDNA B93%15

H BioEdit - pf 8z 4= K741, H Primer 5.0
Wi 4K B-AS cDNA ] PCR 514, Bl-1:
5’-ATTAGTATTAGTTGTAGCAC-3"F1 B1-2: 5>-AC-
TTTCATTATTTTGGACGT-3, H 5-RACE-ready
first-strand cDNA J#iR, #E17 PCR ¥ 14, PCR 4
494 °C, 3 min; 94 °C, 30s; 38 °C, 30s; 72 °C,
3min, 30 MEFR; 72 °C, 10 min; 4 C#1k. PCR
P 1% M B IRRE B Ik 3 B, VIR RIS
ffi N pMD20-T Vector, % A\ Transl-T1 Phage
Resistant Chemically Competent Cell H, RHRAET
80 pg/mL % W57 & M LB ~FA_EJfik, PCR ik
Oy O A P PR R 9 D T80 °C R T
25 TIEHKRIIDE

ek B-AS JEHVI - MHE N pEASY ™-E1
Expression Vector , 3K 7§ pp-AS-vector , #% A
Trans1-T1 EZ4& Y, WS 50 pg/mL 2%
BEZI) LB AR LAk, PCR AIE Ay BH I 24 78 [ 1)
B 7 DI 9680 “C LM FHPE 7 it B Ak il BT
ki, —20 CHRA7#H .
2.6 RAE-B-D-FHRFIEE PTG FSFEX
FiXFFEEHRIIEEL

¥ pEASY™-E1 Expression Vector (Z5#44) il
pB-AS-vector 7} 7l AFik itk BL21 (DE3) plysS
, BREXZE PCR SIE 1 B 5 5 [ TR 2 N\ 50 mL
T 50 pg/mL R E EHE N LB kAT, 37
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CHRGFETEE A600=0.3~0.5, JIA 100 mmol/L ]
IPTG F 4% 4 0.4 mmol/L, 32 “CHk4LE;F% 3.5,
BDAE LR AR, —80 CIRAF. FHLEE A A%
I Bacterial Protein Extraction Kit ¥t PB#/E . $2HL
LR (2 SDS-PAGE  HLIK 4T, K& H &
FIHREUE Sephadex G-25 /M, K] Brandford %
M H E 5
27 RIEFHIMINEEEE

SRS O B RSN S AR R, H
26 N B IE WAL A A I 4L SR AR 1 10 pg, L
2, 3L EIR AR, AT AN OB, N A
%4 3 mmol/L NADPHNa,, 100 mmol/L Tris-HCI
(pH 7.5), 10 mmol/L MgCl,, 1 mmol/L DTT, 2%
glycerin; 500 pg/L BE; 40 ng/L FPP, 75 1 54k
FIEC.E, 32 C 10h, 10000Xg &Ly, B LEH
B, 43 3I3E4T TLC J HPLC. TLC Zp#r4eft: #F
Oi-BER 2l 4 1 1; HPLC Zpbrseft: (ifikth
ODS £ (250 mmX4.6 mm, 5um); i 30 C;
WBNAIA I EE-K (75 0 25); AR E 1 mL/min;
Ry 210 nm;  BEFEE 10 L.
3 “BR54%%
31 2 RNAWRE

BRI I L VARSI 5, RNA, S5 ILE 1, 18
S 528 SIUELZI N 102, MAESLE BT 4o

Marker & RNA

288
188

1 S4%4818 RNA Bikg
Electrophoresis of total RNA in P. tunicoides
3.2 5°-F13’-RACE

5°-RACE FBtZ) 4 1 600 bp, 3’-RACE A Et%)
3 1700bp (H2),
3.3 £14 p-AS cDNA BI&HL

¥ 5°-RACE # 3°-RACE F BelbAT 9t 5 ¥t
SIS 15329 4 2 700 bp 142K B-AS cDNA H
B (B3>0 WP a0 o AT /3 i3 3, B-AS
cDNA 4>K: 2 882 bp, ORF K: 2284 bp, #ifi 760

Fig. 1

Marker 5-RACE Marker 3-RACE

2 000 bp L600bp 2000bp 1 800 bp
1500 bp L 500 bp

1000 bp 1,000 bp

2 5-RACE #1 3°-RACE ke
Fig. 2 Electrophoresis of 5’-RACE and 3’-RACE

Marker 4= B-AS

3000 bp

3500 bp 2700 bp

3 21K B-AS cDNA PCR H ki
Fig. 3 Electrophoresis of full-length f-AS ¢cDNA PCR

MNEIERR . 2 EditSeq BATr B3 28 1 BUAHNS 731
JIE A 87 454.75, ZEHILRIN 6.178. B-AS ¢cDNA 4>
K5 AT Vaccaria hispanica (Neck.) Garcke [F]7
Mk 87%; 5 KFA Gypsophila paniculata Blume [F]
Wtk 88%; HICRH 5 Glycyrrhiza glabra L. [A5
Mk 75%, 5 NS Panax ginseng C. A. Mey. At
K 70%, 5 = -5 Panax notoginseng Wall. var.
notoginseng (Burkill) Hoo et Tseng [R5 1A 70%.
34 FTIEHRAIE

Bk R4 K cDNA 5 pEASY™-El
Vector #EATHEHE, 43347 H 1Y) DNA B HAT Amp
PUlk W T7 J3 307 His #7251 pEASY™-EI1 Vector
il A 2RIk Bk i kL pp-AS-vector , R JF #e AN
Trans1-T1 B2 A40M, 200t Amp 516 1) 1 ve P it
AT PCR Bk APAME e bE (B 4D KRR e B i
JFORL pB-AS-vector flI#RJG (& 5) Wik AFKi&
B Pk BL21 (DE3) plysS (9 6) 1, £ Amp ffiik
HIRH P e e 22 514) T7 promotor primer Al H H3E A
[ 1) 514 B1-2 347 PCR 56 1iF H 1E A 234 1) 1) B
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Marker 1 2 3 4

56 78 9

2500bp *

1~9-3" 447 4))
1—9-amplification products
&l 4 pp-AS-vector 5 Trans1-T1 [HMEHETEE PCR £
Fig. 4 PCR of positive clone by transferring
pB-AS-vector into Trans1-T1

Marker1 2 3 4

pB-AS-vector

2500 bp

1~4-9" 144
1—4-amplification products
5 pp-AS-vector RAIFHIE
Fig. 5 Extraction of pp-AS-vector plasmid
Marker 1 2 3 4

2500 bp

144t
1—4-amplification products

6 pB-AS-vector ¥ N\ FRIEE#% BL21 (DE3) plysS A%
7k PCR EE
Fig. 6 PCR of positive clone by transferring
pB-AS-vector into BL21 (DE3) plysS

PEREA ¥, MMV EA F T AERE.
3.5 IPTG iESE%FIE

FHl pEASY-E1Vector 8k, # N\ B21 (DE3)
VERg X I, Be4T pB-AS-vector I HAT IERRIL T )
A FH P EE 2 AR I AE B-1, & pEASY-E1 Vector
TEARR) B21(DE3)AFKILEE [, & pB-AS-vector
(R PH P E LA R ARAE IPTG 55 N 3 IA AN (1) &
H, K/NK 87000 /4. Kk, B-AHM 2 synthase

E R B P R ThRIE . LRIl E A4
SDS-PAGE HLyk43#T1 (Kl 7D, K/NA 87 000 Aidi,
L & 3 —3

3.6 214 B-AS cDNA BITNREL E

3.6.1 TLC #7238 CU-BEIR L1 (40 1)
JETT, 10%MIBRIR Ol B0, M &), R
RIS S A ) — A7 " S A R B R LA ARX J 5 B
MES, KRS TS B-amyrin (& 8),

8 700 bp

|1
e

lx |

bl
=

B-1

7 FiZEHEH SDS-PAGE %R
Fig. 7 SDS-PAGE of protein expression

1B- BRI R 2R B-amyrin XIS
3-B-amyrin
1-catalytic products of B-amyrin synthase 2-mixture of samples and

B-amyrin reference substance 3-B-amyrin

8 PB-BHWES MBS TLC S
Fig. 8 TLC analysis of catalytic products

of B-amyrin synthase

3.6.2 I HPLC 2041 LLHIEE-K (75 :25)
KFEIAH, KR 210 nm, BEEERE 10 pL. 45595
MrW, £F 210 nm, LR HE) A 3.5 min ZMEL =4
FES OIS IS B-F i AR NIRRT LA
FEM O B-AM 3. Kk, A4k cDNA fJ&
IS AL 2, 3-5 A B I Al B-F A 25 1) B T I

4 g

AWFTT T, AR 2 e < B B SR B
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RNA, =& KGR0 25 A 2R, BAT R0k
SITERR AL 7 B R, IK R e B L M ORAIE A 21 B
BTy B 0 A B- 7 I 2R g A B
FEREAT 3 M s, %A S AT H AT T A 4
PR B- W 3R AL DR R 0 v B 1) ) TR DAy
99% (GenBank: EF533703.1), iEBIH A4 4:4k4 p-
T 255 O L B

1 B-Frid 36 B DR ) S Az ik v, ARG
2H 128 FH AR Rk & 0B A 50 1) pEASY Expression
Vector, JfH E#RIAM BL (DE3) plysS B0 3k
7221k, NAZEXT BL (DE3) 1 BL (DE3) plysS
P Fh B PR AT 0 %k ) & I, pEASY  Expression
Vector X} BL (DE3) plysS #Ab&K &, #4427 nl%
IHFTEHE) B-A W RO N, W - R A
BEHELL =21 TLC. HPLC 28T, RIAF=WHAMH
b2, 3-FML B2 - R TG PE. JF H BL21
(DE3) plys [f] T7 RNA & B E A R R 1133 1) il
FEREAE )05 A
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