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Research progress on proteomics of ginseng

LI Xiaoying, HU Lianghai

School of Life Sciences, Jilin University, Changchun 130012, Jilin, China

ABSTRACT Ginseng shows high medicinal value and extensive pharmacological activities, and the proteins are of great importance for
the production of secondary metabolites and the realization of nutritive value of ginseng. Proteomics ideas and techniques can be used to
draw the protein expression profile of ginseng, evaluate the correlation between the medicinal activities and differential proteins of ginseng,
as well as research the biosynthesis pathway of active constituents of ginseng. By summarizing the relevant domestic and foreign literatures,

this paper reviews the relevant research advances of ginseng proteomics from the following aspects: sample preparation, differential

proteome analysis, functional protein research and so on, in order to provide reference for the systematic study of ginseng proteomics.

KEYWORDS ginseng; proteomics; two-dimensional gel electrophoresis; mass spectrometry; review

NSRRI A 4 247 A B A W), B
T, R WMWY 2 —. GHASAEA
B HSZ B AR U R R R
A5 ML e E T AR A AT T ML B R
R N [ DT R S TRl VA E: B 7 NN~
MK G TR TR 4 AR TT UG TR A6, T AR 1 1 7 32
4~6 AEARER A KRB H A O I
SIRBE KAl R 2 T S A AR B
NSBB8 ST M. WBEAS EEH
AR AT A 2o aed T B B A ST R 2 B 2RSS N
ZRFPINIREAS PR EEEE Y .

NS B o FAT 3 B8 AT 9 3 SCA Ay
{EL, X NS BAA 70 At J2 v 25 08 50 U Y 45
IR Z — SR, LA T NS R R BT A
LSRG 5EZ BIAR R A BRI, P Ry
FE IR ZH P 91 R ) A R R 0 2 NS ik I A
Py TARSE I T XERE o AR, BlEE HOAR B9 AN A&
Ji& R FH B g AL DR 2H 0 e B AR R AT T g Jo
P AR A NS B N AL 3 AT 2R
KA, 8 SN A %, T NS A BRI i A
IR AWTIE 5 8 F R 0 A 3 A R o3, IR, ok
R T R T H AR 5e A2 SIS 8 R

(EeWH] EEAREHAEESWBIIH (21675061)
WEETRIA ] 2205 Lo Wi, 2R B AR DG 1 28 11 T2 2 Bl 5
CEfEEE] WIRE, 242, 14 5 0f; E-mail: lianghaihu@jlu.edu.cn

Wk 41 2020-10-27; & 1] H 1 20201122



tiEFEHRFFR F35& FLH 2021514

- 147

(2T b, S NS00 ) S5 Al R 24 B ) B 9 4 At
TRIEsH

1994 4, 8 FCH] W 1) Mare Wilkins B WK 32
BB — 16, & BT i S R A
( genome) ZH G111, s — A HE PRI A BT Rk 19 2R 1
e A BUR AL DI RE A IRAT #, X BILAA B 3 42 B
S E A, R, BF S AR 1 BT 4 Y B RE R R 1 A B A
FENDIRe ) EEE  hZ —. Bl A5 A I R
R R SH A B H 4583, A A EE
W A B2 ST R T S AT R BE TS N A
Z— BT 2R R . BRE AR
SRR R e 1, (AR ) R 3R IR R A ) BRI A )y
G, FRIRIKT-FNFRIA TR BE A 55 Fir 6 (14 S PR 55 A
PR BUEAROG, Ho s 0k 1y B DI A BRI R LA
HP R e 1 PR B, e PR K 1 23 At TV AR
e 0 AR R A W A Tk B AL 45 A2 2 B R B
M AR WX A A 1A 1A 23 0 B BT AE FLAR H (3 3y
RETE PRS2 B OC E ZRYVE o Ak T, A S0 3 S
R[], X N2 19 28 [ 5 2 2 F o i e A7 2504
VI NS HIR AT S SR A IME S5 Hcdhs -

1 AZEERAFETEARKA

TEILT- A LR v, 505 8 1 £ B A R D 441
FR AR 10 T 2K P R A A i 336 3 4 BB R
178, R 24 g ToE N 2R AL 1 24k
TEARACRRFE b AR T 25 300 e 125 7% S8 R v v Af
WFFEH AR B BT 4 e, T A DR N 228 1 42 B A
SERFTEHE A 32K 2 oA iU 004 A P O i ORI 4k
(9 2 1543 5 ARG, 043 B AT 8
L1 ARBEGQRGIRI ASIER—FEWEE S,
HAHRR R E R, AR SR E. 0F. £
B EUIEMR K R 1 A PR A e L B A
R R, B0 E GRS S E e mE
FIRT, NS 3R R A9 3 00T 3 32 560 35 ¥ 7 2 B
WA HUARITURE B S Mo B g 4 Y L
B 8 vk R O B N S 8 T 2% T
D AR T B ER B AR FRERT , A2 s T ER AT 1
WA e T 2B 275 %5 845 Fh 82 O ¥ 1 AR
T2 TR E RSB R 32 1 75 S A Bl
VR RTTIE T | H v 7R IR 3 1 10 M, L 4R Bk
AT, OB NS 8 A R4 A5 R
B BB AR T

1.2 AREGRM>ESAHN ASEARSH

52 2R B 1 TSR i 1Y) 23 8 A R B T B I 14+ K
ST, FE ARG SDS R Y M Mt i B I L TK
( SDS—polyacrylamide  gel SDS-
PAGE) . — 4k % ¢ B ¥k ( two-dimensional gel
electrophoresis, 2-DE) LA & — 2 2% 5 58 it B, K ( two—
dimensional differential gel electrophoresis, 2D-DIGE)
A o 2-DE AR 1 LSRR 3
T AN 75 A4 R 52 2% 0 R 1 BORE o oF
AT 0388, 2 B8 1 o 4 o Sl b o7 5 B LR P S
BT HEARZ —, I BB AR SRS g
W —FE AR B AR . 2DE HARKA
TE T AT UL b J BAE: & vh AN ] 2 J5 108 AR X 235
Jou e A5 R B N R SRR B HAE AT EATIAR
FEAE—LEHOR To ik v IR B9 AN I, A0 45 1 5 PR 22
TCIEFAT R 8 15T 23 BT~ e 23 7 Bt a DX Y 2
BTN 55 % 53 T XA A B 2 1 o AR IR A i 2 1
FRA G >

AR, s H R UL I, B WA A
By s At ) E B AR T B W UL A SRS
25 6] HE BH 4 5% ( size exclusion chromatography,
SEC) B F2Z#effii% ( ion exchange chromatography,
IEC) . 2% Ml {4 ji% ( affinity chromatography, AC)
B BRI ARG — 4 (3 S B BOR fE AR
ZBY NS BRE IR, 23 B AROCR A I AR R A
B AR A ) L 1 T [ R 1
TER AR VAT B 056, A 8 A (0% 0 B AR 40, AT
SRS IESE 53 15, S 14 B i 3 PR A R
U AR B A A i s B

B A= o i A6 ) 5 AR 1) H ol o i 2
B EE F B S i ) T AR OEARZ —
WAH 2 3% - 3% B A ( liquid chromatograph-mass
spectrometer, LC-MS) #3 AR F0 X % ( tandem mass
spectrometry , MS/MS) £ AR ] LIx 52 e B2 AR & 1Y
AW 1 R AT RGN, 5 B DR A 3] A
PR B 22, P A 50 5 Hh R R A 1 BT, A
ST ST 7 o IR, AR R A0 5 5 o
— G P B B AR 0 R I X R B )
TR H 38 AT X RE A A BT AT JE AR I ( label
free) AR & B 73 BT T B3 0945 10 2 H R
il AR E W TR 57 20 10 AN [ B A &, AT P2 A — &R
F AT LA o i PR3] B JoT B AR A, MR A0 o A ) 4 2R
R BT A [ R i 22 8] 7 AR B Jo i 22 Ok S B AR
FUB AN E o HAT, % R R AL R AR T A

electrophoresis,



° 148 Academic Journal of Shanghai University of Traditional Chinese Medicine Vol.35 No.1 Jan. 2021

DL TR A5 25 A 12 AH X 1 48 X % & ( isobaric tags for
relative and absolute quantification, iTRAQ) #% A . 5
BX 5P 45 ( tandem mass tags, TMT) $ AR {0 E
b, LR LUAN M 55 35 20 T F e [ R b
10 ( stable isotope labeling with amino acids in cell
culture,, SILAC) £ AR A0 A AR 002
BRI Z AN i AR B B2 W T J 9 e 48 1 2
FIBTZH % X 2 IR 22 9T . NS 8 1 i [m) B
TR BIEE, BN NS I aerE
A 5T A 22 JIA 1 i BBCRI ARG T A, ke bk A2 3] AL
RSS2, BUSHAR B KM R T ASE AR
AT AR -

2 ASEBRAFHRAGE

5 NSRS A 4 B 1 2 A L AL
BB R 2T TR A5 5 0, 0T R B 5T T T L 2 L
SRR AR A o 1% e p Bt A W AT L SR T, SR
R () SEL B AR 1o 4 7B T R R R R
I BT 25 NS 5T S0, T NS 2 1R 1 25
IS ECERE b, 40T A SR [ Al R R A
A0 B AR R4 B vh 22 S 3R 1 A 223 B e A &
STl RS 5 s X Gl 2 st B (0 78 1, A
% A S (02 K % R S M A S 2R S 1 B T
AT 52 3 00 A2 Th i T R 2B 141 R ) R e 1 D
KIS .
21 ABREZREGQRAH>V  HAET, KT I
JEERLREEM ASHMEX, ZH NS TR
LI NS HAR NS B 76 22 0 6 G 3R 47 19
Lum 45 ] 2-DE HR W T /R AS TGS
Fe NSRS (AL 45 AR AR 5 Sk R B2 2
(4 2-DE [ 2% 5, 8 T 7EAS 6] N2 0E 5 PR i
FFE AR Y —BeA S TR 1 B S SR B 1 g
AT NS FORHO RN 5 5 R %5 . A
JHI SDSPAGE Hi A LW T ASHITGHES Pl VAR 14
2% 5, 45 R BOR T # & B4 S E A &
Y We 4 g 2-DE HAR LR R 5 Ah A2
LS PN S PN I AN [ IR B PN
SRR L0 RE 5 AT R 1R A PR, 45 R R
ARG AN SR R 2 AR K2R

Ma 45 Y SR 2-DE # AR He s A S R7E AR A 28
KW BE 2% S8 R4 2%, 45 R R, AS i
ZE M TIIFEIA KB M A K (1~3 %) 1)
GG KII(>5 %) Bl i) & A T A8 Ak, O B2

SRR B BT R £ 45 A AR AT A G
M/ Ma 25 32 [ 2-DE Al iTRAQ $EA 3 o i
KL, HEH T AR ORI N2 (F. Ginseng) 5774 A
Z:( W. Ginseng) TEAN A= K BeAd BB 4 11 BT 4R35 1)
Ste HPRER 25 FSR B BRMBIE NS 5 AF
20 AESR BT AE NS I FRIRTEAR L, I 79 25 14
T RS AN A AR A BT W], AR 2-DE 5
SGERHE T 47 FEENS A RAR G A BN & 1 &R
oA A i 8 B, o 31 APk BIEL 16 Fhskik
N SRJE A iTRAQ HA G B8 A [R] A= AR 4y
NS 22 5 3R 1 T, DUIESE fLgb 78 2-DE HR
BTSSR fieda, 4T GO( gene ontology) THHE />
e, SR X BE AR 1 o 32 B2 AR A e B 1
TS AR A S AR A i
Kim %™ B T ASBARAR T ARA ) 2-DE
RS2 5 P46 B HOR ik B Doz i
L BS K AT [B] % ( matrix-assisted laser desorption/
ionisation time-of{light mass spectrometry, MALDI-
TOF /MS) 71 H, W5 25 — U AR AT — K AT I (8] £ K 5 1%
( electrospray ionization quadrupole time-offlight mass
spectrometry , ESI Q-TOF/MS) | % 41 B8 1 it ok 47
Y B T AS AR AL Z M 2 R E A0,
RN T RE 1 R 1 BAE R E I NS H U R
AT P Sun % HOEOIFKE T TSR
PRAL(ARZE L AR EARFIR f) 1y 22 S A 2l
2 AT =S SR T DTEE I 7 AR IS AN R
PO 5, 0 2-DE $R 38 9 IT 20 B
38 MEE R R . BJ5 5T 58 3 MALDI-TOF-TOF
BOAXHREIB B BT 2 IR Ia 2 W~ D e
RECH 45 H R 1 5T 73 D IS AR 3 1 g
ARG B AR G 3 ORI BE R H -
XL AT RE A B Tk — 20 T P VR 2 0 AR JEAL
il I HL 583 T AS R4 42 ] 25 5788 1 4 2
AR EHIETE o A, Kim 250 3832 2 1 B4 2 19
FEWETE T NS RELR 25 IR, R =R 2R/
WEDIREE IR NS RS E i, il 2-DE 73 55
IR 400 A BE AL IR H BTG H AR i 2 4
FE A 81 MR . DIRE TR, S A
P15 2 55 KA il 3% e ~ 4R 30 it T P R A
FEA O EAh, b S5 5E Y LRD BAT S AL T P AY 2
P, e S8 AL W i, 3 0] 8 2 H T 2R S Y R
—EAE R IR, DR F R PR T 4 PO [
RIS IATE B B b, N S5 ) 22 4>



tiEFEHRFFR F35& FLH 2021514

- 149

2 SR R T BE

Li 2 UBESE T NS 2L R 64 25 5 2K 1 R
20 AT T NS BT A RO G 1 2 1) 43
Ao HFFE 4 B LC-MS/MS #AR , 5 564
BT T NSRRI rb 3 B d5 2 A 20 R 2R 11 A
FIIRE SR R S EEE AR EE S 555
7~ Bl A R 7 3802 7, 2 0 o () 5 2 B 2R

A SHEA Y BRI, 2 S 5 CO, 5

1k 72 5L Ak FnopE B Ak B — B W IR 1 ( uridine
diphosphate, UDP ) -4 3 #; % fif# ( UDP-glucosyl
transferase, UGT) FI 4H ity 6 & P450 ( cytochrome
P450, CYP) o AR4fE X 2645 1 B 7E N S AR ER A 25 0
Y s () A, 23 2 1 AR WA U A DG HR A TS

B, WL 1o pFgR el S os , ZEnip 488 1
CYPs Al UGTs 2B H ik 2 TR, X — KB A
ZIRAT R B ORI f R AL 1R A0 SR, A BT R A

ENATERACE . BEfE, BFSEMAE AT =4 S A B T AS B HAY & i —2
(3 o B BT A , o0 7 2 1 B AR S REAIAR AR
R, I IR 2 5 BT G A Eﬁ&f’i
MVA Pathway 7 2o DMAPP
MVPP FDIPG19600) /'/__\“
N IDIPGOIT04 // ("G’ﬁ\\
PMK(PG25943) "’F\A"é\
‘iv '”"U‘ 342837 T DMAPP
Isp H PGI9130)
Wh \\&' .:L CY““"“/ ““IB.P: repE(PG2SR16
; Yeas (P U\I HECI’ I|h< L,plllt\-l-ll p//
*-H'MG-CnA Z.J-nxldnsqu elf - | spFIPG27983)
T -MEP
Aculoucmi-C;A o ‘:é' annstq)/ y] /;/
AACT(PG11912 D’“"““'”?‘ﬂ it R N U CDP
Acepyl-CoA—— I;?G,("‘"‘?‘M '(_ b /
||yz( 26500) / [ 9 EP f
P . \ 1 "' ﬁ\mpm«qa PG3487 r/
) Oleanolic acid J |\” ,/
i r D, x /
1 g y
. 7 R //
M\A:atl:;v;z a H Vi
e 0,
G3ir
AAC l[IIAlcl:ll.i R \‘A)\\ll‘( 31496)
HMGS(PG3§)55) \ DOXP
oA .\ | lllhllu‘(;}bllﬁ. PG34876)
\ b MEP
e MVK(Gln2 CDP-ME o spcoman
- ‘prF.(l’!'iZ!lbﬁlll UGTs UG
' Lo CDP-MEP G PGOSIS)
e : -~ spF(PG27983) vames
rlI e JOYPRIBL IVD(PG3T2]S MEGP . :'::r:r:;l 0}
oot :t\ l:'ﬂ: 302263) . \l pGlecpE(PG 14415/ - :,‘ﬁ::f‘:
[ -.’: lﬁlm IDI(PG19600) \ L HMBP / CYPs R:ﬂ:i
AT CY AR / 283) Ty ’ )
l = DMAPP L IPpe===2DMAPP ; el
PP
\ \ A\ \\ MEP Pathway ..~/
\\ B \ ' Bamyrin — ou-u)/n acid
J'?Idusqﬂ!lﬂlt ,’
—-—b n— PPT
Cycloartens] D',m-lm..amnedl%:ut 37 :: PPTS(PG26599)
Lanosterol
B 1 ASLFADERMXEGHZE LA

22 ABGREAOROMRL ASEEEAMR
( ginseng major protein, GMP) >4 28 kD & [ i, F %
FAET ANSHER, @AM P 5 0 A R B, GMP 548
Py RNA JiE 1 RNA FiRE 2 B AT & B 1 e 91 [m] 9
ﬁOMm%M%mEEﬁﬁ%%ﬁﬁgﬁewm#
3T TAREZES KSR GMP & 281k, 4525%

FU1, GMP (142 B e T A S 10 15 72 3088 A A A7 4
1, BASTEA K B B A SR BRI GMP 1 A7
EFATAETE 11, 75 2 e il it S 10 T AT TS 46, L2
FE NSO IE# A s MR A B 2

NS e 2 Fh R R 22 1Y
JiE O PR I IR 45 . Kim 251

=

S0, R
Rt T B



* 150 Academic Journal of Shanghai University of Traditional Chinese Medicine Vol.35 No.1 Jan. 2021

JENE( STG3134) FFRHTUIE( STG3159) HFAE 1 W Fh A
Zih F S0 5 AR M E e AR DG B AR B A ER 4B
P NS it Fr v 4R RV Ll 2-DE AR &
AT 22 PR SR AR 12 T SRR )
S T 12 B, O R B SR 1 i EE SO AR
P AE I AN B A AR A . X BERF 45 R &
B, Eh BT LS NS W) it i v i 28R 5 2R 1 o
FIRKF- AR 73X 2L 2R [ 5 AT BETE N 2 19 £6 b
R A AEAE . NS — M E AR Y, Nam
AR T R X A SR 1 TR A S
R ZBAERICIHABE T 0~4 h J5 42 BCE (1 5, a1
2-DEAG I BT 1% 53 A 48 5 Hh 22 S 2 1 BT, 3k S8 2 1
JE R ZAE M T e A 4E 358 B B e Fi Ak
IR AR, I HM H 7 8 H 6 i I il 8 A A
PR CI R FU BT, AT T 20 B NS TR O6
SR FERTHLE . ASTEST 25 CHRMET
A K2 BISR A Kim 26 (A o T 1
T G4 5 2 I ST RN O N 2 i R 2R R R
Wil , 45 R s, e A PR A A Mg 3 332 A
J5T, ey 847 b Shy v 137 FRRE T HEA T 2 S A 5 Y 2R
FIt. DHRETHT B, = BN AY 4 A B 5 550
SEAC RIS 5 AT O, T R R A4 2 1 s
2 5 2 ARG G RGE R G PEAR DG, 3 e 45 AN 78 1 X
NZ: - b R0 ST 1) B o

23 ALARMKAAXAL ASR—FE K
rhel, RIS AS BRI OE R 2L T T AS 2K
PRI 1% B HEF I, 45 3R BoR , NS Hh iy N iR
PERK AT REZ: 5 I I 15 < 47088 117 53 fidk 0 e G 3 75 55
IR Ye S5 X NS IRHEAT T T R 5 2%
AEZHT , B9 R AN [ 1 e A X [l 368 i 4 75 5
i 25 ( collision induced dissociation, CID) .= BERl 18
f# 25 ( high energy collision dissociation, HCD) . H,
HFL M1 B ( electron transfer dissociation, ETD) ], i
it LC-MS/MS Jp#fr, L35 H 308 M JIkE, Horpral g
FAAE—LE HAT H SR )27 T RE AT MR IR, i se g
A B ot — 2D NS IR 22 KA 24 B 4
BAAE 7 SR LCMS/MS AR 3 A2 EA4R SR
IR Sk 1 22 RIS A7 2 T 3 A, R0 A S AN ]
PRI Z IR RIA, 25 R Bs, AS A FHL R
ZIRFEA S R/ AA B EZ R W, IZHEFE S
YOEMBASZ R BT 25 R Y Al AR &
IKHIVETEZ IRBR S o NS 6 P IR & 1 1
WA T 2R E A R X AN SAEE T A 2 Ry

LRV BAT BB e AN, A 2 E W A S
THREPEAE i IR BLHEA TR 5 Wy SLER AT 5, g v i 2
()1 IR 5T B R R 24500 (9 FF B S 0

3 INES5RE

NS5 RER iz B3GR K, BA TR

i s R 2 e R R G R — o B AR

EARNE s # NN RN N 1k S it |

WA G . SR, H AT A S ARG R B

PR 2 RIS, RIS T A B B2 5 10 5 A

NSRS TP RO 1 28 22 7 3RA R B 5T, X 2

WFFE R 245 B AR 25 1 BT 8 38 35 1 28 A6 FN A 1 o o

AR 22 5, Jay BR 708 A6z 0 45 2R 1) BRI 43 B 540

RSN, e 2 5%k 22 S 2 1 BVE FH AL AR

JRERRASZ T . AN, NS E B PR

Fe AR RIE IR B R, AR AL T2 R ALSE, X

SERE R A AT Y R B AR T RE, A S

T S O AR AR FE A TRl 2 —  TE N

SRR (5 UM 2 1T T 280 e 4% v R AR

UFTA AN S8 2 11 5 4 2% RN AR AR VR TR Y

WFFE I TEAL A0 B B, 30 A B 1 58 BE O AR 2= L AT58R

HAR S BTN AN a1 & e w5 o [m]it, i

TASHEH AT &R B SB1hd #2 , 5os 200

BT = B AR 25 5 i A A 21 A s A Y

BARAFTE— € W 22 57 AR AYWT T AR 2 1 BT 20

27 55 HA T BB R 2H 5 (AN R PR 40 2 e S 2 AR

W A5E) 456, R BRI o3 ¥ 3845 5 N2 2% 7

PORIREREMANS XL “B Y " AV # Rk,

XA AR U R B SO R A R T A S E

[T 57 1 R G R o

S 3k

[1] KANG ] H, SONG K H, WOO J K, et al. Ginsenoside Rpl from
Panax ginseng exhibits anti-cancer activity by down—regulation of the
IGF-1R/Akt pathway in breast cancer cells [J].Plant Foods Hum
Nutr,2011,66( 3) : 298-305.

[2] BAEK K S, HONG Y D, KIM Y, et al. Anti-inflammatory activity
of APSF, a ginsenoside-enriched fraction, from Korean ginseng
[J1.J Ginseng Res,2015,39( 2) : 155461.

[3] LIANG X, CHEN X, LIANG Q, et al. Metabonomic study of
Chinese medicine Shuanglong formula as an effective treatment for
myocardial infarction in rats [J].J Proteome Res,2011,10(2):
790-799.

[4] KIM S K, PARK J H. Trends in ginseng research in 2010 [J].]
Ginseng Res,2011,35( 4) : 389-398.

[5] REAY J L, SCHOLEY A B, KENNEDY D O. Panax ginseng



tiEFEHRFFR F35& FLH 2021514

* 151

( G115) improves aspects of working memory performance and
subjective ratings of calmness in healthy young adults [J]. Hum
Psychopharmacol ,2010,25( 6) : 462-471.

[6] COLZANI M, ALTOMARE A, CALIENDO M, et al. The secrets of
Oriental panacea: Panax ginseng [J].] Proteomics, 2016, 130:
150-159.

[7] KIM C, CHOO G C, CHO H S, et al. Soil properties of cultivation
sites for mountain-cultivated ginseng at local level [J].] Ginseng
Res,2015,39( 1) : 76-80.

(8] YOU J, LIU X, ZHANG B, et al. Seasonal changes in soil acidity
and related properties in ginseng artificial bed soils under a plastic
shade [J].J Ginseng Res,2015,39( 1) : 81-88.

[9] XU J, CHU Y, LIAO B, et al. Panax ginseng genome examination
for ginsenoside biosynthesis [J].Gigascience,2017,6( 11) : 1-15.
[10] JAYAKODI M, CHOI B S, LEE S C, et al. Ginseng Genome
Database: an open-access platform for genomics of Panax ginseng

[J].BMC Plant Biol ,2018,18( 1) : 62.

[11] KIM Y J, JEON J N, JANG M G, et al. Ginsenoside profiles and
related gene expression during foliation in Panax ginseng Meyer
[J1.J Ginseng Res,2014,38( 1) : 66-72.

[12] HAMRITA B, NASR H B, CHAHED K, et al. Proteomics
approaches: new technologies and clinical applications in breast
carcinomas [J].Gulf J Oncolog, 2011( 9) : 36-44.

[13] WANG W, VIGNANI R, SCALI M, et al. A universal and rapid
protocol for protein extraction from recalcitrant plant tissues for
proteomic analysis [J].Electrophoresis,2006,27( 13) : 2782-2786.

[14] BURGESS R R. Protein precipitation techniques [J]. Methods
Enzymol ,2009,463: 331-342.

[15] CAPRIOTTI A L, CAVALIERE C, PIOVESANA S, et al
Characterization of quinoa seed proteome combining different
protein precipitation techniques: Improvement of knowledge of
nonmodel plant proteomics [J]. ] Sep Sci, 2015, 38 ( 6):
1017-41025.

[16] AP, 2, 22, 45 A 2 2R (1 B4R O 16 F o R L]
A2 S [ 2, 2012, 23( 3) : 737-738.

(17] A5, R, 22040, 45 NS 3 1 DU R B IO 2 1 LU SE O 5T
(3] ffh Tl BHE ,2010,31( 5) - 280-281.

[18] ISSAQ H, VEENSTRA T. Two-dimensional polyacrylamide gel
electrophoresis ( 2D-PAGE) : advances and perspectives [ ] ].
Biotechniques, 2008 ,44( 5) : 697-698, 700.

[19] MAROUGA R, DAVID S, HAWKINS E. The development of the
DIGE system: 2D fluorescence difference gel analysis technology
[J].Anal Bioanal Chem,2005 ,382( 3) : 669-678.

[20] KURIEN B T, AGGARWAL R, SCOFIELD R H. Protein
Extraction from Gels: A Brief Review [J].Methods Mol Biol,
2019, 1855: 479-482.

[21] SMITH R. Two-dimensional electrophoresis: an overview [J].
Methods Mol Biol,2009,519: 1-16.

[22] SkEZE, VP, sk R Ha, 55 26 (U BRAL Y 20 85 5 4 A G 1y
HEE [T]. 4474624 ,2003,31( 5) : 611-618.

[23] JUNGBAUER A, HAHN R. Ion-exchange chromatography [J].

Methods Enzymol,2009,463: 349-371.

[24] BENABOU S, ERITJA R, GARGALLO R. Variable-temperature
size exclusion chromatography for the study of the structural
changes in g-quadruplex [J].ISRN Biochem,2013,2013: 631875.

[25] HAGE D S, ANGUIZOLA J A, BI C, et al. Pharmaceutical and
biomedical applications of affinity chromatography: recent trends
and developments [J].J Pharm Biomed Anal,2012,69: 93-105.

[26] GIDDINGS J C. Sample dimensionality: a predictor of order—
disorder in component peak distribution in multidimensional
separation [J].J Chromatogr A, 1995,703( 1-2) : 3-15.

[27] YAN S K, XIN W F, LUO G A, et al. An approach to develop
two-dimensional fingerprint for the quality control of Qingkailing
injection by high-performance liquid chromatography with diode
array detection [J].J Chromatogr A,2005,1090( 12) : 90-97.

[28] WANG S, WANG C, ZHAO X, et al. Comprehensive two—
dimensional high performance liquid chromatography system with
immobilized liposome chromatography column and monolithic
column for separation of the traditional Chinese medicine
Schisandra chinensis [J].Anal Chim Acta,2012,713: 121-29.

[29] AEBERSOLD R, MANN M. Mass-spectrometric  exploration of
proteome structure and function [J].Nature, 2016, 537 ( 7620) :
347-355.

[30] LI X, WANG W, CHEN J. Recent progress in mass spectrometry
proteomics for biomedical research [J].Sci China Life Sci, 2017,
60( 10) : 1093-1113.

[31] BANTSCHEFF M, SCHIRLE M, SWEETMAN G, et al
Quantitative mass spectrometry in proteomics: a critical review
[J].Anal Bioanal Chem,2007,389( 4) : 1017-1031.

[32] BANTSCHEFF M, LEMEER S, SAVITSKI M M, et al
Quantitative mass spectrometry in proteomics: critical review
update from 2007 to the present [J].Anal Bioanal Chem,2012,
404( 4) : 939-965.

[33] LUM J H, FUNG K L, CHEUNG P Y, et al. Proteome of Oriental
ginseng Panax ginseng C. A. Meyer and the potential to use it as
an identification tool [J].Proteomics,2002,2(9) : 1123-1130.

(34] BUBiss, skafi M, sb 2525 76 3 2R NS 00 T 0 26 1 R Uk 2 )
(] AP R 5 PR3 2247 , 2001, 10( 3) : 59-60.

[35] WE J S, PARK H S, KWON K R. Proteome analysis of various
types of Panax ginseng using 2-Dimensional Electrophoresis [J].
Journal of Pharmacopuncture,2007,10( 2) : 5-18.

[36] MA R, SUN L, CHEN X, et al. Proteomic changes in different
growth periods of ginseng roots [J].Plant Physiol Biochem,2013,
67: 20-32.

[37] MA R, SUN L, CHEN X, et al. Proteomic Analyses Provide Novel
Insights into Plant Growth and Ginsenoside Biosynthesis in Forest
Cultivated Panax ginseng ( F. Ginseng) [J].Front Plant Sci,
2016,7: 1.

[38] KIMSI, KIMJY, KIME A, et al. Proteome analysis of hairy root
from Panax ginseng C. A. Meyer using peptide fingerprinting,
internal sequencing and expressed sequence tag data [J].

Proteomics,2003,3( 12) : 2379-2392.



* 152

Academic Journal of Shanghai University of Traditional Chinese Medicine Vol.35 No.1 Jan. 2021

[39] SUN L, LEI X, MA R, et al. Two-dimensional gel electrophoresis
analysis of different parts of Panax quinquefolius L. root [J].
African Journal of Biotechnology,2011,10( 74) : 17023-17029.

[40] KIM S W, GUPTA R, LEE S H, et al. An Integrated
Biochemical, Proteomics, and Metabolomics Approach for
Supporting Medicinal Value of Panax ginseng Fruits [J]. Front
Plant Sci,2016,7: 994.

[41] LI X, CHENG X, LIAO B, et al. Spatial Protein Expression of
Panax Ginseng by In-depth Proteomic Analysis for Ginsenoside
Biosynthesis and Transportation (713 Ginseng Res, 2021,45(1) :
58-65.

[42] KIM S 1, KWEON S M, KIM E A, et al. Characterization of
RNase-ike major storage protein from the ginseng root by proteomic
approach [J].J Plant Physiol ,2004,161( 7) : 837-845.

[43] KIM ST, BAE D W, LEE K, et al. Proteomic analysis of Korean
ginseng( Panax ginseng C. A. Meyer) following exposure to salt
stress [J].J Plant Biotechnol,2008,35( 3) : 185-193.

(44] NAM M H, HEO E J, KIM J Y, et al. Proteome analysis of the
responses of Panax ginseng C. A. Meyer leaves to high light: use of
electrospray ionization quadrupole-time of flight mass spectrometry
and expressed sequence tag data [J].Proteomics, 2003, 3( 12) :
2351-2367.

[45] KIM S W, GUPTA R, MIN C W, et al. Label-free quantitative
proteomic analysis of Panax ginseng leaves upon exposure to heat
stress [J].J Ginseng Res,2019,43( 1) : 143-153.

(46] AR N2 BRI H2 IS 3 BE AR5 (D] K& F AR
,2005.

[47] CHEN Z K, FAN C X, YE Y H, et al. Isolation and
characterization of a group of oligopeptides related to oxidized
glutathione from the root of Panax ginseng [J1.J Pept Res, 1998,
52(2):137-442.

(48] YE X, ZHAO N, YU X, et al. Extensive characterization of
peptides from Panax ginseng C. A. Meyer using mass spectrometric
approach [J].Proteomics,2016,16( 21) : 2788-2791.

[49] B, PR, SREAR, A5 BT o A €0 — e 20 I %
12 MR FH AT AS AL L K22 525007 (1] 4,
2019,37( 12) : 1305-1313.

[50] WANG B X, ZHOU Q L, YANG M, et al. Hypoglycemic activity
of ginseng glycopeptide [J].Acta Pharmacol Sin,2003,24( 1) :
50-54.

[51] LUO H, ZHU D, WANG Y, et al. Study on the Structure of
Ginseng Glycopeptides with Antidnflammatory and Analgesic
Activity [J].Molecules,2018,23( 6) : 1325.

(HEZF K

IR J11IE SNIE SUIE JHHIE JNIE NS SHIE SR STIIE SR SR VIR SHIE JUHE SUIIE 2HIE SIS SNIE SNIIE IR SR 2NIE SHIE SR YIS SHIE SR JUIE <HIE IR SUIIE SNIE STHE SR SNIE SHHE SR JTIE SHIE SR SR SHIE U JUHIE MR 2]

(L% 140 )

(53] S RECEARSAL &9 5 Bk OATs R DR A 5pil
HMNHERGE AR B FIRFSE (D] AN : BRI, 2015,

[54] WANG L, PAN X L, SWEET D H. The anthraquinone drug rhein
potently interferes with organic anion transporter-mediated renal
elimination [J].Biochem Pharmacol ,2013,86( 7) : 991-996.

[55] MA L. P, ZHAO L, HU H H, et al. Interaction of five
anthraquinones from rhubarb with human organic anion transporter 1
( SLC22A6) and 3 ( SLC22A8) and drug-drug interaction in rats
[J].J Ethnopharmacol ,2014,153( 3) : 864-871.

[56] JE# , BV A, 55 S F S 2% LR T 52 ()] .4t
VT K240 ( FE2AR) ,2016,45( 6) : 587-591.

[57] FAN G W, YU J H, ASARE P F, et al. Danshensu alleviates
cardiac ischaemia/reperfusion injury by inhibiting autophagy and
apoptosis via activation of mTOR signalling [J].] Cell Mol Med,
2016,20( 10) : 1908-1919.

[58] CHEN X P, GUO J J, BAO J L, et al. The anticancer properties of

Salvia miltiorrhiza Bunge ( Danshen) : a systematic review [J].Med

Res Rev,2014,34( 4) : 768-794.

[59] JIAW W, DUF F, LIU X W, et al. Renal tubular secretion of
tanshinol: molecular mechanisms, impact on its systemic exposure,
and propensity for dose—related nephrotoxicity and for renal herb—
drug interactions [J].Drug Metab Dispos,2015,43( 5) : 669-678.

[60] CHIBA S, IKAWA T, TAKESHITA H, et al. Interactions of human
organic anion transporter 1 ( hOAT1) with substances associated
with forensic toxicology [J]. Leg Med ( Tokyo) , 2011, 13( 4):
180-185.

[61] XU X L, YANG L J, JIANG J G. Renal toxic ingredients and their
toxicology from traditional Chinese medicine [J].Expert Opin Drug
Metab Toxicol,2016,12( 2) : 149-159.

[62] 0, FFHide A S0, 45 IRL SR\ h 2506/ U = 2 22
HHLA B F i 2 ki 2 (1], o B I R 25 315 53097 %,
2015,20( 9) : 985-992.

(63] diie, AFamide , A SO, 46 45 SR AL ELR A /N VR IEA LR
FhEI2 Ik Oarl 1 Oar3 (52N [J] . h 2537 25 5 PR 25 #, 2015,
26( 3) : 342-347,410.

(HmiEZE W)



