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FISQE JENTE 14 MALUR B R R R AGIEF BERNZESR (P<0.01) 15 AS 24 Re. Rgy+ Rb;. Rd s B4 &2 7]
HRFEMIEALKR (P<0.05). it WHSARARS TR WEL/EZER, SQS M SQE R AS BTG kit
TR AR I E R .
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Correlation between ginsenoside accumulation and SQS and SQE gene expression
in different organs of Panax quinquefolius

JIANG Shi-cui, LIU Wei-can, WANG Yi, SUN Chun-yu, LI Xiao-kun, ZHANG Mei-ping
Engineering Research Center of Bioreactor and Pharmaceutical Development, Ministry of Education, Jilin Agricultural University,
Changchun 130118, China

Abstract: Objective To examine the biological accumulation of total ginsenosides and their monomers, and determine their
relationships with the expression of squalene synthase (SQS) and squalene epoxidase (SQE) genes that are involved in the ginsenoside
biosynthetic pathway in different organs of Panax quinquefolius. Methods Fourteen organs of four year-old P. quinquefolius were
used as materials. Total ginsenosides were extracted using the Soxhlet ginsenoside extraction method, and the contents of total
ginsenosides and their monomers Rg;, Re, Rb;, Rc Rb, and Rd in the organs were determined by the Vanillin-sulfuric Colorimetry and
HLPC methods, respectively. The expressions of the SQS and SQE genes in the organs were profiled by real-time quantitative PCR.
Results The biological accumulation of total ginsenosides and each of their monomers varied significantly (P<<0.01) in different
parts of P. quinquefolius.Except for ginsenoside monomer Rb,, there were significantly positive correlations between total ginsenoside
and monomers Re, Rg;, Rb; and Rd (P<<0.01). The expressions of both SQS and SQE genes were extremely significantly different
among the 14 plant parts (P<<0.01) and significantly positively correlated with the biological accumulation of total ginsenoside and
monomers, Re, Rg;, Rb; and Rd (P<<0.05). Conclusion The results indicate that the SQS and SQE genes play the important roles in
the biosynthesis of total gingenosides and their monomers.

Key words: Panax quinquefolius L.; ginsenoside; real-tme quantitative PCR; gene expression; squalene synthase (SQS); squalene
epoxidase (SQE)
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J IR — AN SRR (DMAPP), I,
MVA &2l AN S G s R At 7Rt
Hh, 2 NG ORI A SE AT B TR AT R
%2 AN BOE PP WA LI £ BRI O
(GPS). VEWILAEREIR & Bl (FPS). &k kil
(SQS) F& M4l (SQE) LA 2, 3-44k
wi. 53 MBUE 2, 3-FMLEME ML,
o BEIEARN =i SR B AT R A B M, AR
T ARRBA NS B B, Qg arhr—
L R ANE 2, A T RIS
AR TGHS 14 MR EHH 6 Flpfk
A R BAF RREAT b, FER NS A A g
12 SQS Ml SQE LR A 7 il AT 40 BRI T
WS AZ 21 E Y SQS Fl SQE AEPR ik H 1
KER, NEPNS BTG BISIE B .
1 MREEE
11 w8l
VUAEAEPEEES 2009 45 9 R A SMEE R ES
Yy, SRR A dn Bl 2 2 Bt T AR e,
14 MBI E 0T SR R HEE O A
PO M ORFD k. 250 M. K
TN DA RN = SN2 I 3 7 N 52N L
ANZ A R AT (L% 110703-200726),
ANZBAF Re M (k5 110754-200822), A%
A Rby 6L (HES 111715-200802) 34047 [
2 B A RE T
12 4&8
T BB A 1100 CzeBEAR R A FRA 7))
AN A 7558 CEHERE B R AT RA R,
SN E f PCR X MX3000P (3% [H Stratagene 23 1] );
PR & (A %2 {X (SmartSpec plus , Bio-Rad A #]);
DNase I (MBI A ] ).
2 HE
21 BiREHFEHNED
211 Ak ik ok Hypersil-Cis £ (250
mmX4.6 mm, 5pum); WHMH: K (A) -ZiF (B),
KHBOREGEN T X, BREEDEMAE > WK 1413 35 °Cs
K K 203 nm, BEFEE 20 ul.
212 MRS BIUEES 14 MR
BT RK, d 0.425 mm 77 REHIFREL 1 g,
PeARALLES, g 80 mL, 80 ‘C/KHHEIEM (4 6 h,
FELE . FIHRICHEHES, IFEE 80 mL, Jn#k
[ 8 hy K A BE S IO W 4 221, BRIk

N

F1 BRERIRER
Table 1 Gradient elution

i A /min 1% AR E/(mL min ")
0.00 18.0 1.300
32.00 18.0 1.300
50.00 28.0 1.000
70.00 28.0 1.000
100.00 35.0 1.000
110.00 18.0 1.300
115.00 18.0 1.300

20 mL, HZKMEANE T RS ARUR E2EH 3 I, &
FFIE T IR, 80 ‘C/KH 2515 10 mL RGBS 8 45,
2% A i
213 WERMARHE FEWRR 6 FiAS2HX)
I Rg;+ Re. Rbj+ Re Rby fll Rd i B T 5 mL
s, HWE (EISZD BiR. B8, BT
HIRE N 0.960. 0.970. 0.980. 0.992. 0.103. 0.107
mg/mL [FVREH, AE R bRHEfE & e H .
214 HSENE B 14 DNHSEE R
W, % BRI e, Wl A, T
F AR R 0 HPLC B DL 1.

12 6

45
3

20 40 60 80 100
t/ min

1-Rg; 2-Re 3-Rb; 4-Rc 5-Rb, 6-Rd

E1 AZEHERMHPLCE
Fig.1 HPLC chromatogram of reference ginseng saponins

22 BEEB-FELEENEREE0

221 tetEMhZrzstl RIS 21T Re, H
P ) S B R 3k 2 mg/mL (14056 B o i 45 Vo
oAt 25 BOM B T F R FE 4 001 0.054 0.2+ 0.5,
1.0~ 1.5 mg/mL F0) B, #&-HX 0.1 mL 43 1) 2
T 10 mL g, VKoK, 2 ulinAN 16% 7 g
BE 0.5 mL, 77%fil% 5 mL, #%5), 60 CiKift
10 min, FFOKKHY 15 min, 038 544 nm 3K AR R
JEEE (A H, LdilbaEihg. CL A A HALFR,
ANZBAY Re sk & fAbbs, HATIRA, 1577
T2 Y=0.409 5X+0.096 2, r=0.998 8.
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222 BVETHNE  ORFEREICEAERE 0.1 mL,
TR “2217 Ti. & AMETHE S A28 PR g
i,

23 HEREENE

2.3.1 RNA $2HU  FIH] Trizol VEREL 14 DALY
S RNA: BURESL 100 mg S ETIAIIEAF, I
SRR, B BLE SN 1 mL Trizol ik7], &
AJEYECE 5 mine HI1200 pL &7, RGIRASEE
VEJRCE 15 min. 12 000 r/min, 4 ‘CES.Cr 10 min, b
TR 200 0 R, in 0.5 mL AR A), —20 C
#E 5~10 min. 12 000 r/min, 4 °CE5.(» 10 min,
75 . 75%CE0RG 2 Ik, iR T. DEPC 4b
HUKE M RNA FEah 2 — @M. & RNA H
DNase IT 4bBE, FAZ R S5 1 0l e A3 AT i 20 24
L B 5

2.3.2 RNA ik 2% RevertAidTM first strand
cDNA Synthesis Kit (MBI 2] ) S sk 1 3B,
% cDNA 5585, RNV ESARBR 20 uL.

233 LGN S H AL KRR A A .
SQS 51741 5-CAGAGGGGTAGTGAAAATGA
GACG-3’, 5’-TGTCAACCTTGGACTTCAGCATAC
3’; SQE 51#)J¥%: 5-CGTGGCTATCTATGGCGTT
G-3’, 5’-GGGAGCTCTGTAGTAAGCAG-3’ .
234 SIRFfERE PCRPCR R WAAZR: MasterMix

(ABD) 20 L, IEM 514 2 uL, & 7514 2 uL, cDNA
MR 16 pL, 3t 40 pL. PCR M NAFHA S % 95 C.
S5min, 95 ‘C. 30s, 50~60 ‘C. 30s, 72°C. 30s.
RS 3 k. B R SCEE RN 4y i S p
SDS v2.3 (ABD SEHH. Ffdil A HXSTHE 5 B )5k
R IA 7K et 2 o5

2-AAT:2-[(CT HitE—CT pyz)peah A—(CT Hisep—CT py2)pes B]
3 HREHR
31 FEEFESAREALAREFEAREEFENILER

6 PR RAT I EALE 14 DLLES E 0] 2 7 1
o TFEAERAEMES . AR ST, ZAA i
R R R ERK. EM0H, Re F1 Rb,
M T 05 FEF R FNRRZ b, BT I
T 0o FURRAT ST A LR 2.
32 MFSARBELAREFLEEHEMILE

POVES 14 DAL R 2R A Wk 3.
33 TEFESHPASEERPHEXXREDH

X 14 AN F 0 & SR S R R R K
AT RN FR DT ZE e, e EE R P AR 0 (P<
0.001), IXFNHEH BEKY. WWHES 14 MR
[F) () A5 b A b o ) AT AR W 22 o XIS AR
PR RUS EAF E AT AR 704, S5 R WA 4. P
ANKE G 2 AR R B UIRE BE I G vk o0 B 4 bs FHAH DG &
Bor Fono r HVERIAE-1~+1. r>0 K IEAHK,

®2 BEBTRELABREFRARETFNE (X£5) B
Table 2 Contents of monomer saponins in different organs of P. quinquefolius (X S)

' SIS VA Rg,/% Re/% Rb,/% Rc/% Rb,/% Rd/%

1 AR 0.3840.02 2.714+0.28 4.52+0.40 2.06+0.13 0.2840.03  2.4140.13
2 AR 0.1240.00 1.09+0.02 2.854+0.01 0.61+0.00 0.09+0.01  1.2440.01
3 R 0.1440.01 0.76+0.02 2.0240.02 0.24+0.00 0.04+0.00  0.4240.00
4 Ry 0.05+0.01 0.5140.01 1.5740.09 0.00+0.00 0.00+£0.00  0.3640.01
5 i3k 0.2340.04 1.59+0.02 3.894+0.21 0.234+0.01 0.07+0.01  1.6940.05
6 E S 0.0240.00 0.1840.01 0.0840.00 0.00+0.00 0.02+0.00  0.1440.01
7 -4 0.0340.00 0.37+0.03 0.0540.00 0.0140.00 0.0940.00  0.5240.16
8 JINIH- A 0.0940.01 0.69+0.08 0.0840.01 0.02+0.00 0.1440.02  0.4840.07
9 Uy 0.3840.02 1.7140.06 0.3240.01 0.1940.02 0484+0.01  1.4540.07
10 R 0.0840.01 0.68+0.02 0.1940.01 0.08+0.00 0.2140.02  0.9340.08
11 P 0.1440.00 1.83+0.02 0.45+0.01 0.30+0.01 0.7840.02  1.5240.01
12 A 0.0440.00 1.6340.06 0.1440.00 0.58+0.01 1.164£0.05  0.85+0.00
13 Ttz 0.0040.00 0.0340.00 0.0040.00 0.0140.00 0.02+0.00  0.0240.01
14 i 0.0040.00 0.0240.01 0.0340.00 0.00+0.00 0.01+£0.00  0.0240.00
16 TR AR E R 0, R

Results which are lower than the detection limits and can not be fixed quantity.were made as "0", same as below
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£3 REHRESH Ry SR BT Z ARAA ARG R, AT HEZE KA Rby
Table 3 Contents of total saponins 182 R I =R
: - 3.4 SERFTEE PCR T2 A1 aY B kA
'y AL RETF/% e s . .
T Host1s) eSO POR AR, (R A B g
) _— 6.08-0.14 GAPDH K F1 ACTB HEK1E o N 241 L, GAPDH
; Wy 4444023 Eij%'ﬁ FE0 GAPDH 18 N 2 3L (1) 308 &idk
4 HL 2.96+0.16 frorti.
s B3 8.30-£0.45 35 MFSAREALRRET SQSFISQE HEFRAE
6 a 0.56+0.13 FERAE Ry 2 LU AT, ORI BE DR ek &
, - | 245024 100%, ¥ HABTA PR RE D Ak it 2SR 5.
8 N 1.73£0.54 #R5 FEESTREAELRE T SQS f SQE HFEEX Fik
9 L 9.8740.34 (2n, n=3, FHE)
10 L 2.954+0.32 Table 5 Expression rate for GAPDH genes as relative
" s 6.50+0.12 standard (2n, n=3, average)
12 KA 5.37+0.21 %45 s Ar SQE/% SQS/%
13 b Rz 0.00+0.00 1 R 100.00 100.00
14 = 0.004-0.00 2 XA 52.03 116.39
3 R 114.12 162.90
x4 Eﬁ%@ﬁ%ﬁﬂh%ﬁﬁiﬁfﬁ%‘l‘imﬁ 4 . 495 39.48
Table 4 Correlation of ginseng saponins in different
organs of P. quinquefolius 3 Pk 130.12 150.32
M5 Ry Re Rb, Re Rb, Rd TS 6 = 15.39 7.01
Rg 1 08177 057" 065" 01 083" 088" 7 AR 1.37 38.44
Re 08177 1 05857 078" 051" 098" 094" 8 A 10.96 3331
Rb, 05T 05T 068" 0188 065" 064" ? A 13930 14291
Re 0625 07827 06%" 1 0252 072" 08" 10 2= 2591 66.67
Rb, 0173 05747 0188 0252 | 0354 0349 11 A 111.67 116.67
RA 08237 098" 0695 07527 034 1 094" 12 R 77.43 77.96
R 08857 09347 06047 07787 0349 094" 1 13 bz 0.00 0.00
MM EE (P>0.00), HXMEE (P>0.05) 14 P 0.00 0.00

“Correlation is very significant (P>>0.01), "Correlation is significant
(P>0.05)

r<<0 A, r=0 FRAMIE; r FILax ez
W1, G BT 0, HGEAZEY).

MR I (2-tailed) 45 FH P {E%7R: P>0.05,
AW R IR IAHOCR R, P<0.05 KM
R 25 1) IR ARG R, P<0.01 REIEW R
EY P

HPEHES 14 NS T BT B AR
SFTATAL: BR ANSAF Rb, DLAR, & BRARIATE
BAFZ ¥ RILEASOEER, Rew Rgiv Re. Rd.
Rb; AR S AF07 B 2 AT B B ARG R . B
B B A R R G o, X AT RE A AT
HILFE FIERAREALE . NS 24T Rb, 5HAb ST
B Z [ P>0.05, 2 B Rb, 5 HoAth B4 21T Rb

T AN RE R FR T 0.
Result is lower than the detection limits and can not be fixed quantity.

we make it "0".

XTPES AR AL T SQS M SQE KL (1)
FEO RIB AT R R 7 Z 08T, g R P (3
J0 (P<0.01), EFIMEEKN. PHHESARA
2T 1] SQS HI SQE PR ik i HLAT B i 3 7% 7o
3.6 EHEERIEXMED

TSR, SQS. SQE X Al BIAEAE i 3 1
FARRR (P<0.05). SILRMERIEREANES
AN ZE B U R3S, X nT Re 2 i T2 0 Gk
S B EAT T B R FH e 1
37 ERFTEMEHMLENT

SQS. SQE RS &£ AAEE (1~14)
IS s, WIS 2.
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Fig. 2 Curve of SQS and SQE gene exprassion

P92 SQS. SQE FEFTEVI S K A2 8
[RARN FIA R — 3, FERTE S AR B IR
S A R R g A
38 ASEHESERNXRENH

SQS. SQE 5 AR+ Re. Rby Z [AIAEA &
FMAHK KR I HAS A Res R, EVHES 14
AN AR K. X Ui, SQS. SQE 3t
] EAS NS84 Re. Rby R W8 R 25 .

SQS. SQE 5 AZHE1f Re. Rg;. Rb;. Rd.
SRR 2 R 2 I IEAH OGO &R (P<<0.05) WL 6,
AR RN ZE R RIAEEN . SQS. SQE &
T B I DG A

%6 BHES SQSH SQE RikBMEIEN T

Table 6 Correlation between saponins and SQS
and SQE gene exprassion

#K Rg Re Rbp Rc  Rb, Rd MBI
SQS 07137 0.6957 0.567° 0344 0.287 0.689" 0.820"
SQE  0.790" 0.801" 0491 0.419 0449 0.739" 0.872"
TIE0.01 KT ORI EEEERDE, FE 0.05 K ORI FRFEERIE

"Correlation is significant at the 0.01 level, “Correlation is significant at the
0.05 level

4 g

NS BN NS @Y EEE TRy, 2 H
B TCABEAHIEM T RS Y. A BTy
BURER R R A O R 2, 3 AR M
TERCe LR & — N0 S Al AR AP A
WAt — MBS RERNAY), MR RE
JRAS R = BRI 28), IFA 40 i (5 2% P450 (15 51,
SR AL S AMENR,  WAEASFIFRE LS
(A0 &S T R NS

JE R =i B e — R iR . fEIXAS
SRR S VT 22, 28 TR L 1 2 DR AR U I 42
B R MRS 22 . Lee 25024 SQS 4K cDNA
PHVER 2 NS IR b, SRS F ARk, R
HPLC s FE el N2 B B 2 0 T 3 6%, i

SQS fTEAZ B A A AW EZRI/EM . Han
SR RNATBOARBFSE T SQEJENE NS 215 &
PR, Tl HPLC Kyl &3 SQE F:[HyiEk
Ji» NZRETREBEIKT 84.5%, Uil SQE fEAS
B AR T OCBEER .

AWFFOERL I E TGS 14 ADNHARE ik
B, BREWE, o esR T, RV
i 14 NI E AR, RINFIE 54T SQS.
SQE KNTE 14 ML AR FINFRIA R, SR
HRBRFAE 14 NI E N E: RASEH Rb,
PAAR, S SR B SR BT 2 A S IR S 2 1)
MIKKR; POHES 14 DML EE 1) SQS Al SQE
PRI E AR EZEZR; SQS. SQE 5 A%
24F Re. Rgy. Rby. Rd. RUIEHFZAIA BEKIE
FRKFR (P<0.05). 4L SQS. SQE A5
S 14 NS T T AR R E
IEAIM T o U B S 0065 Ft i3 R A T4 FH P 45
R B EEERZERRERIEM, SQS. SQE
RIS BAF O U BRI R
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