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Abstract: The total triterpene saponins of Psammosilene tunicoides have significant pharmacologic
activity. Psammosilene tunicoides squalene synthase (PSS) is a gateway enzyme to regulate the biosynthesis
of total triterpene saponins extracted from the root of Psammosilene tunicoides which is an endangered
species. In this paper, ¢cDNA encoding of PSS was cloned by the degenerate primer PCR and rapid-
amplification of cDNA ends (RACE). The full-length of ¢cDNA of PSS is 1 663 bp, with an open reading
frame (ORF) of 1 245 bp, encoding 414 amino acid polypeptide ( calculated molecular mass, 47. 69
kDa), 5'UTR (untranslated region) and 3’UTR are 260 bp and 158 bp, respectively. The deduced amino
acid sequence of PSS has higher homology with the known squalene synthases of several species such as
Panax notoginseng (83% ), Panax ginseng (82% ) and Glycyrrhiza glabra (82% ) than that with
Schizosacharomyces pombe (35% ), Candida albicans (39% ) and Homo sapiens (47% ). The
characterization of PSS was done by a series of methods, such as prokaryotic expression, the activity of

enzyme in vitro, capillary gas chromatography (GC) and capillary gas chromatography mass spectrometry
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( GC-MS) . The results showed that the cell-free extract of E. coli transformed with the recombinant plasmid

can effectively convert farnesyl diphosphate into squalene in wvitro. GenBank accession number is

EF585250. Our research provided important base for the study of Psammosilene tunicoides secondary

metabolism and metabolic engineering.
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44k 81 ( Psammosilene tunicoides W. C. Wu et C.
Y. Wu) &£ 47} ( Caryophyllaceae ) .74 J& 24 Fi
Y, I ER AR, ZEA% L
FE . HARGR SRR TE (EZU=MAHE
TO) TEPIR KRR R . B IR AR SR
SHTHA BENHEEE" ", BERERTENE
BORAEVMENBRIREZ R AE VBT, EE.
LT, B4 A (squalene synthase,SS) REAELL
P40 F B 5 B 45 45 B BR (farnesyl diphosphate, FPP)
BRI 30 BRI, RBRIR R =055 5 A
B, BHE RS E BN AWM (squalene
epoxidase, SE) & k5, 7& & 4% 35 1k BF ( squalene
cyclase,SC) ®I/ERT , MEBAFAEEL T HF
HEFRKIRHIFA R EROLEY, WAS
B, ZLRE, EHEE. HERFSY, Bl
VL& 8k501 L 154 B ( Psammosilene tunicoides squalene
synthase ,PSS) K HELPH RIS, AMEX R %FHE
Y 8RR Y& BRI BE R,
HRBES M AR AE R TRERES S =152
HH&&, AWEYH SR SERFEETF
RA SR ERL

LR SRS By

R B 4881 ( Psammosilene tunicoides )
o

i## BD SMART™ RACE cDNA amplification
kit( Clontech) ,BD Advantage™ 2 PCR kit( Clontech) ,
bacterial protein extraction kit ( Bio Basic Inc. ),
pMD19-T Vector ( TaKaRa) , DH5« B £ ( Hp B Fl2%
B BB AE B9 B i 3% ) , BL21(DE3) Bk (P HE
BN ZREN Y ARFRFTIEE), Pyrobest
DNA polymerase ( TaKaRa), Xho I (TaKaRa), Nco I
(TaKaRa) , pET-32a( + ) vector( Novagen) , Sephadex
G-25( Pharmacia) ,FPP(95% , Sigma) , 2/ ( squalene,
98% ,Sigma) , 5| ¥y _E¥gE T A B, HAhSH R 5
Brédi,

5 RNA BJREL  CTAB ¥: B B Zeng Ml

Yang'®' )77 B AR S BAEATARI

RACE-ready first-strand ¢cDNA &K HBA
RNA #£f: 1.0 pg, #% BD SMART™ RACE cDNA
amplification kit $E47E B, FZ¥/ M 100 pL Tricine-
EDTA buffer {8 534,72 C,7 min J§ ,BF -70 C
RE#ER.

PSS L EERF BREIKST RIBEKSEENF
PR X B335 9 : Fp320:5'-TTGAYACYGTT
GAGGATGAYACNAGY-3'; Rp1022; 5’-AGACCTCGC
CTCANTTTNACNACNCCYC-3’, #H% BD Advantage™
2 PCR kit #24E, M N 5' RACE-ready first-strand
¢DNA; PCR &4 : 94 °C 3 min, 1 cycle; 94 C 30
sec; 55 °C 30 sec; 72 C 2 min, 32 cycles; 72 C 8
min, 1 cycle; 4 C& 1k, PCR P=#12 1% HBIRHE
BER B Uk B , SR B SR , T P45 3] DNA B fF
FIfE B

5'f13'RACE ) PSS .0 B K H B AR,
Primer 5. 0 %1t 5’13’ RACE 5|4, 5PSS: 5'-
TGCCATTCCTGCACCCATCCTCTTG-3' #1 3PSS: 5'-
AGGAGGTGGAAACAGTTGACGATTACG-3', ##H& BD
SMART™ RACE cDNA amplification kit #2fE, 5’
3' RACE #J PCR & /45 R : 94 C 30 sec; 68 C
30 sec; 72 C 3 min, 30 cycles; 72 C 8 min,
1 cycle; 4 C %1k, PCR =¥& 1% W R ARWE R
HLIKAES , JFUIRE IS, P78 3] DNA #7315
Bo

FKF LK PSS cDNA  ffj DNAstar 4P i
2K 7%, F Primer 5.0 14 #4K PSS cDNA
PCR 5| %y FPSS: 5'-GATTCCACTAGGATTTCCTGAC
ACCAC-3'#1 RPSS; 5'-CTGGTATGGAATTCTTTCCTT
CCCTGTG-3',H 5’ RACE-ready first-strand cDNA
bR, ¥ R BD Advantage™ 2 PCR kit #:/E, PCR £
4% 94 °C 30 sec; 59 C 30 sec; 72 C 2 min, 32
cycles; 72 °C 10 min, 1 cycle; 4 C#4& ]}, PCR j=4j
2 1% WS AR WS BE RS B Uk 73 B8, VI IS , A
pMDI19-T 4k, 5% A KIH#F 8 DHSa 1, BMRTZES
50 pg - mLT' EFHFBERN LB FAR Lifik, 2 W%
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PCR IIEJ5 FH 0 P B TE, 1 FH 4 B 5 [ P Ak 4R B
JRL, =20 CHRAF

FRiEEEBE

4> Xho I 71 Nco I #1515 i) F-A DNA $ &%
PI&4K PSS cDNA W iR AR, FNco:5'-CGCC
ATGGGGAGTTTAGGTGCAATA-3’ #1 RXho; 5'-GCC
CTCGAGTTAGTAGTTATTTTGCCGC-3' 25 3| ¥, H
Pyrobest DNA polymerase ={f EE##t47 PCR, 53 H
#% F-A DNA, PCR R 5f: 94 C 4 min, 1 cycle;
94 °C 35 sec; 59 C 30 sec; 72 C 2 min, 32 cycles;
72 °C 8 min, 1 cycle; 4 C& 1, W2 1% BFE
VEEERS IR SIS, SR I B , 20 IR

EYIfEERE % F-A DNA 7 pET-32¢
( +) vector 43 B Xho I, Nco I ¥LEEH], 3f [l
YIS R Z : Xho T, 1 uL; Neo I, 1 pL; 10 xK
buffer, 2 wL; BSA(0.01% ), 2 uL; F-A or pET-32a
(+), 1 pg; MEBFKE20 pL, REHSE, B
BB, 37 CIRE 3 h, 1% BRI, U
JEE I, K B L) A BLK /S B9 F-A DNA 5 pET-32a
( +) DNA & T4 M %EH, K18 F-A-vector, Hf
F-A-vector 3 A K G+ B DHSa 9, B E S 50
pg - mL T HEEFBERM LB FIR Bk, SH%
PCR IGIE /G PRI P B TE, 1 FH 4 B 0 e T R 4R B
JRRL, -20 CLRAF

IPTG BEFE#ZFEMEZEAWRN ¥ pET-
32a ( +) vector( ZXERAK) fl F-A-vector 23 B%E A 5
KWk BL21(DE3) o, P FH M B AR (TP IR IE ) 3%
HTF 50 mL ¥ 50 pg - mL ' EFREFEERMN LB Bk
BrEd, 37 CRGEARZXNHERKY (A =
0.3~0.5),252.5 h, FH LB 3EzIEF A 100
mmol - L™" ) 5 7 #-8-D-Hi R 2 FLBEHF (isopropyl-
beta-D-thiogalactopyranoside ,IPTG ) & & ¥ & 7 0.4
mmol - L™" 32 C4k4:3%5 3.5 h, B.OREEEHE
e, RFT -80 C, HEHKIRMES % bacterial
protein extraction kit #ETHEVE, REUH B HHETE
HZ& + = ke 5 5 BR 40 —3% W3 M Bk B% BE B¢ (SDs-
PAGE) ik #r#i )5, ¥ & B E H W RBUBE
Sephadex G-25 /M, F§ 5 mmol + L™" Tris-HCI( pH
7.5) BB, BB FIRERRR A .

H5MEETNAELSIE LA FPP N R R ATk
ShEE DI BRBEEY, R & H: 3 mmol - L™
NADPHNa, ; 100 mmol - L~ Tris-HCl (pH7.5); 10
mmol - L' MgCl,; 1 mmol - L™" DTT; 2% glycerin;
500 pg - L' MW 40 pg - L' FPP, R5), K

32 °C, 10 h, HEMA 1 5K n-hexane, vortex 2
B3 k(1 mLx3 K), &R, F MgS0, ik
30 min, EEWIEE T, 15 wL n-hexane £, Bl
10 pL 34, LRIRE I bnEm, &8 GC il GC-MS
( Agilent Technologies Corp. HP6890G/5973 MS,
wiley7n. 1 4 R R ) S =gy e 1 o

&R
1 £1< PSS ¢cDNA ¥ PSS EliEMS 47

PSS cDNA 2K 1 663 bp,ORF K 1 245 bp, 45
5 414 E HEH, 5'UTR F13'UTR 43514 260 bp Fl
158 bp, GenBank it 5 & EF585250, £ Vector
NTI 9. 0 3447 : PSS BHER D FIRE N 47.69 kD,
LW LN T. 67, % BLAST 4317, E 5 HME K S
B9 E-value £fiki% 2e ™, ¥ PSS Fll GenBank 1A {
YR RIS BB RERIF I Vector NTI 9.0
BhEy AlignX BEAT 04T, RIS BRBI5 =L A
2 HE MENRFESENEAERT AR ENE
Pk, 203 % 83% | 82% . 82% 1 82% ;Wi 534 AEBE
B AEEHREMALHRE 35% | 39% M 47% K
[EPEME. 78 4R (neighbor-joining, NJ) 37K
ERAMARERIT YN RGN P B ROXR
BTHY . sy ERE R ER S8 3 N85
KEE; Q@ BYMHHEYH SR FHHEY A5 X8,
XFEEA 100% ; @ &R FIHARESF X BHER
REXRER; @ AR SSREIER S MmEER
FIIRRGHARX RBM L TENFHEYE, 5
B M EYRREY R RBOE(E 1),
2 SDS-PAGE S T4 %R

8 pET-32a ( + ) vector 1 F-A-vector Z 1k, 4>
%% ABiAk BL21(DE3) , 4 g% i ( control ) AIAE
m(A3) ,REFYH I EAREHICH A1 FK-1,
Ji Vector NTI 9. 0 #kf4-FRM| A-1 4 T8 H 64.713
kD, A~ 6.63, K- 1 A FHRE N 17.145
kD, % 50 5. 64, £ SDS-PAGE 43#7, 3B IPTG
ST H pET-32a ( +) vector 1 F-A-vector ¥ fEZE
HHHENMEH(E2),
3 GCHMGC-MS ¥7E

of B it ( control) FIHE i (A-3) HRIB =Wt AT
RSN, =44 B GC BEATRLI ( LURIRFE R
FatER) o SRR BIF PR & (standard ) 72 GC
AR BB AR (RT) 2y 18. 925 min, 5 A-3 BF=H7E
frEIYIE] (RT) 2y 18. 825 min 7 7EHFAE 14, T X
T i R R T B A R R AE %, PR XSRS A3 7
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Figure 1 Phylogenetic tree of the amino acid

sequences of squalene synthase by Neighbor-joining
method (NJ). A. Endicots; B: Monocots; C: Algae;
D: Animal; E: Fungi; 8. tuberosum ( Solanum
tuberosum, No. AB022599), C.annuua ( Capsicum
annuum, No. AF124842), N. tabacum ( Nicotiana
tabacum , No. U60057 ) , G. glabra ( Glycyrrhiza glabra,
No. D86409) , L. corniculatus ( Lotus corniculatus var.
japonicus, No. AB102688 ), A.annua ( Artemisia
annua, No. AF302464) , C. asiatica ( Centella asiatica,
No. AY787628), B. falcatum ( Bupleurum falcatum,
No. AY964186), P. notoginseng (Panax notoginseng,
No. DQ186630), P.ginseng ( Panax ginseng, No.
AB010148) , A. thaliana ( Arabidopsis thaliana, No.
D29017 ), P. tunicoides ( Psammosilene tunicoides
No. EF585250 ), O.sativa ( Oryza sativa, No.
ABO07501) , Z. mays ( Zea mays, No. ABO07502),
B. braunii ( Botryococcus braunii, No. AF205791),
H, sapiens ( Homo sapiens, No. X69141) , R. norvegicus
( Rattus norvegicus, No. Q02769 ), S.pombe
( Schizosaccharomyces pombe, No. NM_001021271),
C. albicans ( Candida albicans, No. XM_709416)

B eh B i HE4T GC-MS 4347 (RT 8 /8 17.0 ~
20. 5 min FJAFAE I MS 3R 7E wileyTn. 1 R
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Figure 2 SDS-PAGE analysis of recombinant proteins
expressed in E. coli and visualized by Coomassie
staimng. M; Molecular mass markers; Control;
Bacterial extract expressing empty vector; A-3; Crude
bacterial extracts expressing F-A-vector; K-1: Protein
expressing pET-32a ( +) vector; A-1: Recombinant
protein expressing F-A-vector
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HHE, BT REIFEEK PSS EH, XTHERE
PET-32a( +) BIFH A N-3ig bt FA SR E B (uxA.
Tag) GifSI7 5 IRL S R B A, EREMERE E. coli
UAEREAFENE A S uxA. Tag JFFIRE, B
FRE AR Fi A A KBRS BL21
(DE3) iAW Bk T7 RNA JRA B2 W] %2 IPTG
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Figure 3 GC and GC-MS analysis of the product of enzyme reactivity in witro. A (a): Standard, squalene
(98% ), RT =18.925 min; A(b) ; Empty vector ( pET-32a ( +) vector) as a control; A(c); The product of

enzyme reactivity in vitro ( F-A-vector) , RT = 18. 825 min;

B(a): Mass spectra of the product of enzyme ( F-A-

vector) , RT = 18. 825 min; B(b); Mass spectra of squalene from the library of wiley7n. 1; B(c¢); Chemical

structure of squalene from the Library of wiley7n. 1
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