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Abstract: To study the effect of over-expressing famesy | pyrophosphate synthase (FPS) in Panax notoginseng (P. notoginseng) cells on
saponin synthesis, an FPS over-expression vector was constructed and integrated into the genome of P. notoginseng cells via Agrobacterium
tumefaciens. Relative expression levels of FPS in the positive cell lines were analyzed by quantitative real-time polymerase chain reaction
(gQRT-PCRY). The contents of Panax notoginseng sgponins (PNSs) and monomer ginsenosides were estimated by vanillin-perchloric acid-glacial
acetic acid colorimetric method and high performance liquid chromatography (HPLC), respectively. The results showed tha the relative FPS
expression levels and PNS content were both higher in the four transgenic FPS-positive cell lines, than those in non-transgenic control, with
highest levek a 3.01-times and 2.09-times higher, respectively. Additionally, the content of important monomer ginsenosides (Rhl, Rgl, Re,
and Rd) were all higher inthe four transgenic FPS-positive cell lines than those in the non-transgenic control. Among these, the increase in Re
content was the most significant, with highest level was up to 4.35 times as much as that of control. M oreover, the content of Rh1, Rd, and Rgl
were increased to some extent as well, with highest levels at 2.66-, 2.90-, 1.76times tha of the control, respectively. These results suggest that
FPS is one of the rate-limiting enzy mes in the PNS biosy nthetic pathway. Thus, over-expressing FPS in P. notoginseng cells could enhance PNS
content, which has potential applications in metabolic engineering to realize homologous or heterologous expression of PNS.
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1.1.2 =257

PR AEEEZR (Ampicillin, Amp). ki
% 2 (Cefotaxime Na Salt, Cef) . & #% 2 (Kanamycin,
Kan) ¥ H Biosharp, #4g- (Rifampicin, Rif) J&)
F Sigma, % % B (Hygromycin B, Hyg B) lj[H 2
TAYTEARAR R,

fif: Ex Taq miff 2 DNAZE 4. Tag DNA B4
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#), GoTag® 2-Step RT-gPCR System ik 7l & [
Promega.
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DQ059550.1) ixit il Ul 45| ¥ (EgYIR41 4 F K
AR IRES 4y ), LUFEIY FPSy (Kpn 1 -FPS):
5’-GGTACCAGAATGAGCGATCTGAAGACGAG-3’
, Fii5I% FPS, (FPS-Xbal) : 5-TCTAGAACA
GACAACAACTTCCCCTCCAT-3".
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5% —%% cDNA 25 1L
10><EX Taq Buffer 50 L
dNTP Mixture(2.5 mmol/L) 4.0 pL
Kpn I -FPS (10 umol/L) 0.6 1L
FPS-Xbal (10pmol/L) 0.6 L
Ex Taq (5 U/ul) 0.25 1L
K& AR SR 2 50.0 L

PCR W 26fF: 94 ‘CHIAZE 3 min; 94 “CAZ{H: 30
s, 58 CiE-k 30s, 72 CHEffi 1 min 20s, ¥ 1% 32 4>
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pCAMBIA1300S-FPS 5 X\ EHAL05 /#5254, 71
% Kan (50 mg/L) Al Rif (25 mg/L) K LBF-#x i
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Table 1 List of plant culture media
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FdEsAkl  MSH2.0gL 2, 4D+1.0g/L KT+3% &A% +7.5

gL 3FA5+40 mg/L LBET AR

MS+2.0g/L 2, 4-D+1.0 g/L KT+3% #4%+7.5
g/L ¥%i§+400 mg/L Cef
MS+2.0g/L 2, 4-D+1.0 g/L KT+3% E42+7.5
gL ¥ 5+50 mg/L Kan+25 mg/L Hyg B

A e BRI TR 3 d iR A = L
i BT Asoo v 0.6-0.8 IIAAHT B B i 28 °C, 100 r/min
f24% 15 min. FrERIE S, ISR IEARIL T4 %

Jhig AR AR

2 REW, o —Cai BT ket Bk 3
d, 4ME FPS SRR = LR PRI B 7e 0 %
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Y R 2 AR ATIE - RS = R E TR
Br7r ik BRRBRTR 16d. 20 SE BRI 5597 JE 1 =
LYNIE Tk a0t LR s, ik 6 56, AR
4 35~40d.

1.25 4%+ FPS Akt % o9 ihit

it Fik# A pCAMBIAL300S-FPS & HPTIL 7
WERRICHEEE, MR HPT 58t 7517, EiEsl
YIHPTI: 5-GAAGTGCTTGACATTGGGGAAT-3,
T 5 HPTIL,: 5-AGATGTTGGCGACCTCGT
ATT-3".

K CTAB V51 HUE% 5L R = L4 i 1y 2 1R 4
DNA, FH AT, L HPT IR HPT 1T, 51433k
T PCR ##, #ill HPTII fikbric 3L, DL
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WS, GAPDH F1 FPS ] qRT-PCR 314551 I,
%2,

3R 2 FPST GAPDH E[F 5 #1583
Table 2 Primer parameters of genes encoding FPS and dyceral cehyde 3-phosphate dehydrogenase

EYE LR

T

FPS 5’-CGGATGCTGGACTATAATGTG-3’
5’-CTACCAACTGTCTTGCTCCCCT-3’

GAPDH

5’-ATTTACGGCAAT CATACCAACC-3’
5’-TGATGCAGCTCTTCCACCTCTC-3’

PEHUESL NN 2 5L RNA, 14 GoTag® 2-Step
RT-gPCR System 17 i B Fi1dE 47 qRT-PCR 5246 .
1.2.7 %% FPS fa a2 & % LH Fodf 51K
L A

SRRV A% 23 PR 0.1 g b ZBIEE R
EEIL RIS FPS B =LA A, n 10 mL 70% M fiE
VAR, S AL FE 90 min, I 3E, JERUET
1110 mL ddH,O ¥ fFMETI5 RIBETR, o SSAFUK I
FE TEEZERL 3 9k, WUEARZERUH, FFRAEHURMET
¢ J P B FR 05 AR G, R e & 5mL, &
S)G, it 0.45um JERR, 3 BR AR,

SR FH 7 A - e P UK TS TR . £ 0 O o s 2
[RIFN#E FPS =LA rF (s B & (A S ot
BEAESE) . B HPLC vE e R R FPS
=-t4iEd Rhl. Rgl. Re fl1 Rd 4 fh ik B & & .

ORE At AR 20 ul, GE 1.0 mUmin, &09%
K: 203nm, FEE: 30°C, 285 (A -K (B) BiE
Bl (VIV) I W3 3.

x3 2B (A 7k (B) RamEHBER (v/v)
Table 3 Gradient conditions of acetonitrile and waterin the mobile

phase
B[ /min - 0~30 30~60 60~78 78~80 80

TH(ARG) 20 20—45 4575 75—100 20

K(BI%) 80 80—55 55525 250 80
1.2.8 FIESHT

Y EH qRT-PCR. = L i H A Ak B 5 =l
JE SEERAIRIN 3 A-FATE &, prigseinsidind i Excel
2007, SPSS #1 Origin 7.5 #4734t SAE K.

2 HRE5DH
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Fig.1 RT-PCR product of FPS
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P =-CA M AL, ANFIE R AR A A
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351 ok
300 il

251
20 *k
1.5F
1.0F
0.5
0.0

*%

FPSHIM #iA &

C T-1 T2 T3 T-4
=L R
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Fig4 Relatiwe expression lewels of FPSin P. notoginseng cell lines
E: C: R B = bmit A s+ 5 atig 4Rk P<0.01,
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% (K& 5). 454 qRT-PCR 4559 (FEPUKKE: FPS 4
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i U AP AR Y, BRI Re HA AR PRI
AT RE . =R AR R DL it Tz 2
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5 77T R S A U, Rh fE BB R i 4
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PIR I 29 o 1 DURE 54 DR BH 41 i 2 Hh 2 A 2]

Rh1. Rgl. Re 1 Rd PUfh Ak B . LR L R G
FHEG, R 40R R DY Mk B S B A AN
RS, K, Re SE2MIEEIEERNHE, T-1,
T-2 A1 T-4 i) Re & &7 Ak B0 B 3.19 £, 4.35
f5 A1 351 fi%. HEMANE FPS JERIFE T-1, T-2 f1 T-4
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R 2.66 1% 2.90 1581 1.76 £% (1€ 6). DA I45 %k
— G UF$E R FPS 1 5K P AT B IR, &
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Fig.5 Content of PNS in P. notoginseng cell lines
E: C RS RZ bt A 4R, *: 5atréAar P<0.05,
EFRE; ** HaEAAL P<001, ERFHEARE.
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Fig.6 Content of monomer ginsenosidesin P. notoginseng cell lines
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