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1 SQE R:TE 14 MALB B h L IL B EA IR B 2R (P<0.01) 35 AS 21 Re. Rgy. Rb;. Rd Ml 21 &2 [H]
ARFEMIEAHLKR (P<0.05). it WHFSARALS T RITWEL/EZER, SQS M SQE KR AS BTG kit
AR E AR .

KEER: TS AS BT M YPOEE R PCR; HENERIE; BWE N SR En

s srS: R282.12 CHERFR G A X EHS: 0253 - 2670(2011)03 - 0579 - 06

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 Ik — AN SRR (DMAPP), Iy,
MVA @12 A A N AT A s 2hd it . A
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ANZ AT Ry AT (k%5 110703-200726),
ANZBAF Re X (k5 110754-200822), A%
FBAF Rby X (HEYS 111715-200802) 30+
2 A RE T
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R A 1100 CEEE R PR A FDD;
FHMIHTAX T55B (LIRS B R EA A R A F]D;
SN E f PCR X MX3000P (3 [H Stratagene 23 ] );
R B 110 %2 {X (SmartSpec plus , Bio-Rad 227 );
DNase Il (MBI 7)),
2 FHE
21 BikEHFEHNED
211 g g&fF AiEkEh Hypersil-Cig £ (250
mmX4.6 mm, 5um); WA K (A -2 (B),
KBRS 7 3, R EEVEIRE 7 W3R 1 413 35 °C;
Kyl K 203 nm, HEFEE 20 pl.
212 MBS KNS 14 MR
BT ITEE R, i 0.425 mm 77 REHIFREL 1 g,
PeAL LT, NG 80 mL, 80 ‘C/AKWMARM( 6 h,
FELE . FIHRICHEES, A EE 80 mL, Jn#k
[ 8 hsy K FBESE OO W 4 21, BRIk

N

F1 BRERIRER
Table 1 Gradient elution

It |)/min ZEI% PRAA R/ (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, FHZKMLRIIE T BESE AR A 3 Ik, &
HIE TR, 80 ‘C/KM 75T 10 mL FHEERARE 2 2%,
% AR T R

213 WEREBFRHE R 6 FiAS 210
I 5 Rgz~ Re. Rby. Rc. Rb, Hil Rd &@ &5 T 5 mL
EH, R CEREg) WIR. e MR
FUKE 2 0.960. 0.970. 0.980. 0.992. 0.103. 0.107
mo/mL VRS, VRN FRHERE 2 A o

214 HSENE B 14 DNHSEE R IR
W de R, O kgm, T
F AR R R . OO HPLC K LA 1.

12 6
45

e e e

20 40 60 80 100
t/ min

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

1 ASEHWRBMAHPLC
Fig.1 HPLC chromatogram of reference ginseng saponins
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221 izt RIS R Re, H
P T 1 S B R 3 Ry 2 mg/mL 14D 5% B o i 45 Y o
oAt 2% VBOM BE T =R FE 4 0.01, 0.05. 0.2, 0.5,
1.0, 1.5 mg/mL A0S, 5 0.1 mL 230l
T 10 mL e, VKOKAE, i 1697 g
BERSM 0.5 mL, 77%MiR 5 mL, %), 60 C/K#
10 min, FUK/K 15 min, id3% 544 nm KAk i
JEEE (A {H, ZdilbaEihg. CL A A HALFR,
ANZ AT Re U B REAAYR, AT, 1577
T Y=0.409 5X+0.096 2, r=0.998 8.
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222 BVETHIE  ORFEEHCSAERE 0.1 mL,

TR €227 Ti. & AMETHE S A28 PR g
.

23 HREREENE

2.3.1 RNA$ZEL  FJF Trizol VE42HL 14 ASFEALIK)
ARNA: HURES: 100 mg SR A AR, i
FEECRY,  EIA OO 1 mL Trizol %57, &
AJEIRJICE 5 min. 1200 pL 547, IRGIRAGE
RHCE 15 min. 12 000 r/min, 4 ‘CE.0» 10 min, I
TR 200 B0 R, in 0.5 mL AR &), —20 C
#E 5~10 min. 12 000 r/min, 4 °CE.» 10 min,
75 L. T5%OEEVRSG 2 Ik, EiRmT. DEPC 4b
HK % iR RNA FEf 2 — k. & RNA H
DNase 11 43, FAZR 8 AW e 04T it i 43 54
B B 5E o

2.3.2 RNA 5% 27 RevertAidTM first strand
cDNA Synthesis Kit (MBI 2] ) S sk 7 1 3B,
% cDNA 555, NV ESARFR 20 pL.

233 HIMIERK SIYH AL R A A .
SQS 51#¥41): 5-CAGAGGGGTAGTGAAAATGA
GACG-3’, 5-TGTCAACCTTGGACTTCAGCATAC
3’; SQE 51#)/¥%: 5-CGTGGCTATCTATGGCGTT
G-3’, 5-GGGAGCTCTGTAGTAAGCAG-3’.

234 SifERE PCR PCR R WiAZR: MasterMix

(ABI) 20 pL, IEM 514 2 uL, 17514 2 uL, cDNA
Rk 16 uL, 3t 40 pl. PCR RNIEHAZ%L: 95 C.
5min, 95 C. 30s, 50~60 ‘C. 30s, 72C. 30s.
TR 3 IR Bl A SCSR A 7 At o B
SDSv2.3 (ABD) SZBl. Ffdh A D THE ik B (1%
PPy S S U/ W7 o 8

2~ AAT_o~[(CT Hitan—CT pyz)peth A=(CT Hitsati—CT 15 2)i s Bl
3 HBRE5NH
31 AFSAEEAREPRARETEMNLR

6 Pl LK B EAE 14 NS B IR 2 5
o BEEEPRLAENES AR S, AR Chp
AR ARG, e, Re Al Rb,
(ML T 05 (ER R AR, kR i
T 0. AR LR H 23 o0 A I DL AR 2.
32 FFSARALAREPLEFTEMILR

VU2 14 A SR R 20 A LR 3.
33 TFSHASEEFRSERXRDN

XF 14 AL P& AR S S R
IIREAT N T 220, AT a R P AEION 0 (P<
0.001), JAFHEH BE/KF. WS 14 MG E
)R R e T e B R AT R W 5 AR R
PSR R AT S o iy, SRR 4.
AR AIAH B VIR L Ge vt o3 Hrdahs FHAH R &
Bor FoRe r HVEHEE-1~+1, r>0 HIEMHK,

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

s A Rg./% Re/% Rb./% Rc/% Rb,/% Rd/%
1 ZiUA 0.3840.02 2.714+0.28 4.52+0.40 2.06+0.13 0.284+0.03  2.414+0.13
2 AR 0.1240.00 1.09+0.02 2.8540.01 0.61+0.00 0.09+0.01  1.2440.01
3 5353 0.144+0.01 0.76+0.02 2.0240.02 0.24+0.00 0.04+0.00  0.4240.00
4 Ry 0.05+0.01 0.51+0.01 1.5740.09 0.00+0.00 0.00+£0.00  0.3640.01
5 3k 0.23+0.04 1.59+40.02 3.894+0.21 0.23+0.01 0.0740.01  1.6940.05
6 E 0.0240.00 0.18+0.01 0.0840.00 0.00+0.00 0.02+0.00  0.1440.01
7 LR 0.0340.00 0.37+0.03 0.0540.00 0.01+0.00 0.09+0.00  0.5240.16
8 ZINIH A 0.0940.01 0.69+0.08 0.0840.01 0.02+0.00 0.14+0.02  0.4840.07
9 -y 0.3840.02 1.7140.06 0.3240.01 0.19+0.02 0.48+0.01  1.4540.07

10 R 0.08+0.01 0.68+0.02 0.1940.01 0.08+0.00 0.214+0.02  0.9340.08
1 i 0.1440.00 1.8340.02 0.4540.01 0.30+0.01 0.784+0.02  1.5240.01
12 KA 0.0440.00 1.63+0.06 0.1440.00 0.58+0.01 1.16+0.05  0.8540.00
13 Rz 0.0040.00 0.03+0.00 0.004-0.00 0.01+0.00 0.02+0.00  0.0240.01
14 i 0.0040.00 0.02+0.01 0.034-0.00 0.00+0.00 0.01+0.00  0.0240.00

e PR RARERKT N0, N

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 Roy MR AT Z A A AR R, AT REE KA Rb,
Table 3 Contents of total saponins 182 R I =R
: — - 3.4 SEFTEE PCR T2 A1 aY Bk
Gi 7 fEROA B TFI% s s o .
T o i15s eSO R PCR AR, (I A S T
) i 6.08-£0.14 GAPDH AEKIF1 ACTB HEKI 1 W ZAH L, GAPDH
3 Wy 4.44+0.23 E%%%fe FE0F GAPDH 18 N 2 3L A (1) 3k Bidk
4 M 2.96+0.16 (LIE
5 59 8,304 0.45 35 PHFSARIBARFEP SQSHSQE HEREFikE
6 a 0.56-0.13 KT Ry 2 LU AT, ORI BE DR ek &
, - 244024 100%, P57 AL AR LR ik ik, 45 LK 5.
8 N 1.73+0.54 #R5 FEESTREELRE T SQS f SQE HFEEH Fik
9 Y 9.8740.34 (2n, n=3, FiE)
10 L 2.95+0.32 Table 5 Expression rate for GAPDH genes as relative
1 s 6.50+0.12 standard (2n, n=3, average)
12 KA 5.3740.21 TR e pr SQE/%  SQS/%
13 Pz 0.00+0.00 1 R 100.00 100.00
14 = 0.00+0.00 2 TR 52.03 116.39
3 R 114.12 162.90
x4 ﬁ#?’ééﬁzﬂ%ﬁ EP%’é:ﬁliﬁa‘fE?‘?'l‘imﬁ 4 . 495 39.48
Table 4 Correlation of ginseng saponins in different
organs of P. quinquefolius 5 Pk 130.12 150.32
%% Ry R Ry R Ry, RIS 6 = 1539 .01
Ry 1 087" 05737 065" 0173 088" 0885 ! AR 137 3844
Re 08177 1 05857 078" 05747 0928" 0934” 8 A 10.96 3331
Ro, 0575 055" 1 06%" 0188 065" 064" 9 A 13930 14291
Re 065" 078" 069" 1 0252 075" 078" 10 Wz 25.91 66.67
Rb, 0173 05747 0188 0252 1 0354° 0349 1 PR 111.67 116.67
RO 08237 09287 0695 07527 0354 1 094" 12 R 77.43 77.96
RO 08857 0937 06947 07787 0349 094" 1 13 Tz 0.00 0.00
TN E (P>001), "MXM EE (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 HMAHK . r=0 FRAMIE; r FI4axt ez
WL, FHOGEERY); IR T 0, AHDGEAE D).

MR 5 (2-tailed) 45 FH P {E%7: P>0.05,
AW R IR IAH SRR, P<0.05 &M
PRI 2% (] S R A G OG &R, P<<0.01 ARERIEH W
FEAR

HPEHES 14 NS T BT B AR
SFTATAL: BR NS AF Rb, BLAR, & FRARITE 2
BAFZ ¥ RILEASOECHR, Res Rgis Re. Rd.
Rby LS 2R b (] HAT B B AR GG R Ui %
S B A R R ok A, IX AT RE A AT
HILFE FSERAREALE . A Z 24T Rby 5 HAh 21y
5 2 [ 1f) P>0.05, % W] Rb, 55 Ho A FL A4 2 ¥ Rby

TR H BRAS R & BT 0.
Result is lower than the detection limits and can not be fixed quantity.
we make it "0".

XPES AR AL T SQS Ml SQE KL (1)
FHX RIB AT R R T Z 08T, g R P (3
0 (P<0.01), IAEIMEEKT. VEFESAFY
2T (] SQS FI SQE PR Ak f HLAT B i 3 7% 7o
3.6 EREEBMEXRESHT

SRTEE R, SQS. SQE Z [AI¥AFLE B E
IEAIRIRR (P<<0.05). FIERNMIFRIERAETES
AR ZE B U R3S, X n Re 2 i TS Gk
S B EAT T B R FH e 1
37 EREFTEMEHMLENIT

SQS. SQE RN/ AZ KHARE (1~14)
IS s, W 2.
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Fig. 2 Curve of SQS and SQE gene exprassion

P92 SQS. SQE ATV S K A2 s
(RARN ISR — 3, FERTE S AR B IR
S A A R g A
38 ASEHESEEMEXRNT

SQS. SQE 5 A+ Re. Rb, ZMIAHA R
FMAH KR I HAS AT Re. R £V S 14
ANNRZ B AR K. X Ui, SQS. SQE 4t
K] EAN NS84 Re. Rby IR W8 R 25 .

SQS. SQE 5 AZ%E1f Re. Rg;. Rby. Rd.
SR 2 R I IEAH OGO &R (P<<0.05) WL 6,
AR RN ZE R RIS R EN . SQS. SQE &%
T I DG G o

%6 BHES SQSH SQE RikBMEIEN T

Table 6 Correlation between saponins and SQS
and SQE gene exprassion

B K Ry Re Rby Rc Rb, Rd MET
SQS 07137 0.695" 0567 0.344 0.287 0.689” 0.820™
SQE 0790 0.801™ 0491 0419 0.449 0.739" 0.872"

“LE0.0L AT GO FEEVEME, 7E 005 KT RN EEFE PRI
“Correlation is significant at the 0.01 level, “Correlation is significant at the
0.05 level

4 g

ANZ BN NS Gy LSS, & H
B TCABEAHIEM T RS Y. A BTy
BURER R R A O 2, 3 FH LRI
TER e BEIRLEBAL A — A0 S A AR A AN
WAt —NERIEEGSRERNAY), MR RE
AR =R 2, I i (0% P4s0 112 51,
SR AL S AMENR,  WAEASFIFRE LS
BEVE R TR o s 92,

JE R =i B e — R iR . fEIXAS
SRR S VT 22, 28 TR L 1 2 DR A U I A2
e FE N RIS A . Lee 2512h% SQS 4K cDNA
FPHVEER 2 NS IR rEdn b, SRS ARk, R
HPLC Kl ¥ 3R NS s 2 e e 3 £, Ui

SQS EAZ BT AT RE R EEMIE . Han
1B i) RNAT BORTIFST T SQE S E NS B iF &
VR, Tl HPLC Kyl &3 SQE FEHyiEk
Ji, NZ R BT EMEIT 84.5%, il SQE fEAS
B AR S] TOCBEER .

AWFFOERL I E TGS 14 ADNHARE ik
B, RETME, et R e
S 14 NI E AL R, [RINFIE 434 SQS.
SQE JFERTE 14 MANA FINRIA R, DR
HRBFAE 14 NS E N E: RAS 2 Rb,
PAAR, S SR B SR BT 2 A S IR S 2 1)
MIKKR; OIS 14 DML S SQS Ml SQE
PRI E AR EEZR; SQS. SQE 5 A%
HF Re. Rgi. Rby. Rd. BT A4 WK F
FIXRFR (P<0.05). 45REW SQS. SQE HH L
S 14 NMAZERE AR BRI R
IEAIM T o U B 2T )65 Pt i3 R A T4 FH P 45
R B EEERZERRERIEM, SQS. SQE
R HIN S BT O U BRI R
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