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Regulatory mechanism of ginsenoside Rd on histone H3 acetylation

ZHANG Jia-shu, MENG Xue, ZHAO Shu-han, QIU Zhi-dong, LIU Da
School of Pharmaceutical Science, Changchun University of Chinese Medicine, Changchun 130117, China

Abstract: Objective Based on quantitative proteomics analysis and molecular biology experimental verification, the regulatory
mechanism of ginsenoside Rd on histone H3 acetylation levels was elucidated. Methods The effects of ginsenoside Rd on the
dynamic changes of proteome of HEK293T cells were detected by stable isotope labeling with amino acid (SILAC) technique and
LC-MS/MS; Quantitative proteomics database analysis was used to monitor the changes in histone acetyltransferase HATs and histone
deacetylase HDACs expression levels. Western blotting and qRT-PCR were used to verify the changes of related protein expression
and transcriptional level. Gene knockdown experiments were performed using siRNAs to determine the role of ginsenoside Rd in
regulating the level of acetyl modifications at histone H3K9 and K18 sites. Results The histone H3K9ac, H3K18ac expression levels
in HEK293T cells decreased after ginsenoside Rd treatment, but the P300 catalytic modification of these two sites did not change
significantly; At the same time, ginsenoside Rd up-regulated the transcription and expression of HDAC2, and siHDAC?2 treatment
reversed the down-regulation effects of ginsenoside Rd on H3K9ac and H3K18ac in HEK293T cells. Conclusion Ginsenoside Rd
down-regulates the acetylation level of lysine at histone H3K9 and K18 sites by up-regulating HDAC2, thereby affecting
transcriptional activation of downstream genes.
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ML TR —, FERAEERETZAMES
i A N R E EP. AT C % e M Sk
1 HEAL . BERR0 S5 2 B B B0 0R S 1B 1 7 =
HE AR OB R TR, Hah& T &
H B4 (histone acetyltransferases, HATs)
MHE AL OB (histone deacetylases,
HDACs) FL[EETE. HATs ¥ Bt A 1) 2B
R E R R L, BB e,
FHJZ  HDACs A 2Bk [ B A i s R ik 2 |- 2Tk
BB, BINCIREE T, s R ME
. M4k HATs #1 HDACs iE Bt K& AR E A,
WEEFHET. S TEHEES. E5HSNAM. 40
TN, R UHEN H3 SREIEEMKE N
fa¥x, LL HATs Al HDACs AN %, FH R LR
FasE RN & bRiC (SILAC) EREE AR AS 2
1F Rd 4P AR HEK293T 4015 HATs £1 HDACs
MBhAARN, MTiHER NS B Rd X HEK293T 4
M 2H R H3 LB R T
1 #RERE®
1.1 “Afm

HEK293T #iiJffi (ATCC® CRL-3216™) 7 #k
KEFAE AR =R B, H & 10%M64- 3% (FBS)

f\) DMEM B; 355295,
1.2 iR

AZREHEH Rd (L5 MUST-17010503, Jfi & 4>
=98%) W H A2 AR EV R AR A A
DMEM. Opti-MEM H;%#%: (Gibco A F]); FBS.
/N IE (Hyclone A ] ); PrimeScript 104 51071
& (Takara A#]); FEEBEIE (PEI, Polysciences
AAED; “HIEWHK (DMSO, Sigma 2 A );
Lipofectamine RNAIMAX ( Invitrogen 2 7 ) ;
non-targeting siRNA (siNT, Dharmacon A ] );
HDAC2 siRNA (siHDAC2, Abbexa 22 7]); P300.
HDAC1. HDAC2. HDACS5. HDAC6. HDACS.
GAPDH #ifk (Sigma AF]); H3K9ac. H3KI18ac
Ptk (PTM A7), ECL k7% (Thermo Fisher
Scientific A ] ); HAREG AT B 2] .

13 {42F

MCO-20AIC CO, i35 774H (Sanyo AH]);
Synergy H4 Hybrid [ #5 ¢ (BioTek 2 7] ) ;
ZHJH-C1214B #% TAE G (LEgEEIMAF); AE21
38 B (Motic A ] ); BX40F Microscope ¢
B (Olympus A 7)) T4 (Gilson A ] );

H AL 29t AKTApurifier (GE Healthcare A &) );
DW-HL668 80 ‘Cyk#f (HhR}EZCIRFHLA R 51
fEATD; 5145R &R E-OHL (Eppendorf AF] ).
iBright FL 1000 % fi¢ %1% # 4t (Thermo Fisher
Scientific AF] ).
2 ik
2.1 MTT 40RaE1HEs008

HUHEK239T 4Hffd, PABEFL 2 X 10* MR T 96
fLtRH, &4 4 NE AL, BN 2 mL 7 10% FBS
(1) DMEM 58435 772 o 150 RE A ¥ 710 RE 41 (PBS
D RN AMANS B R JREIRE
439924 50, 100+ 150+ 200. 250 300. 350 pug/mL.
B E 24 h, LI 0.5%) MTT ¥ 20 puL, %
IEREFRIF R BRG IRt . LN DMSO ¥ 150 uL,
IKIEFZ Y 10 min, A BEEAR G & 570 nm 4L
HEE (A B B AR LME ).

AAMLIE J1=(A — A )/ (A ssm— A s)
22 RHEEBIE-FRIEHEARA (LC-MS/MS)
ASEH Rd ¥ HEK293T A% A RER SN
2.2.1 SILAC bric  ##E SILAC Protein Quantitation
Kit ¥t B Fihnic HEK293T 401, J3 i1 FH & « AL
f) [13C6]-L-lysine/[13C615N4]-L-Arginine Al “ %%
A7) [12C6]-L-lysine/[12C614N4] [f) DMEM 7%
FERE 9% HEK293T 41 7 ARLA L, (FHARCRIAS
97%LA Lo FHITE 15 em PSS FRI P18 2w R
T AN BT 75 A B (5X10%). “32 7 Frid
() HEK293T 2 ffif FH 200 pg/mL ) N2 24 Rd &b
P, 0 “EAL” FRCH) HEK293T 4 ff i F 2544
e R ALES-80 1) PBS AbBE. U SILAC 1%
FREE ARSI 48 h, PBS IEYE 2 T UKL,
TR GE R AFAE—80 CUKFE % .
222 HEOARE O CRAT A CERM FRidm
HEK293T #Mifdf#if 2 X NETN buffer (200 mmol/L
NaCl, 100 mmol/L Tris-Cl, 2 mmol/L EDTA, 1.0%
NP-40, pH 7.2) £, 43 AN 0.5%[) Triton X-100
UK 30 min, 4 °‘C. 15 000 r/min 2.0 10 min. Y&
£ HIEW, WEKEE, F8EREG “BA8 “N “H
B bRc i) BSOS AR 15% 0 =R 4
g (TCA) T-20 CULVE 2 h, FHH-20 CHITIHET
TEVRUTTE 2 W, BR 2, 100 mmol/L ) NHsHCO;
(pH 8.0) ¥fif, FRBGBEME . 4R IIUIEH 8 mol/L
MIRZF G AR, DMERRI GRS &R, WEKRE
Jh, SEIRA “RMT M CEM” FRC YR L
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HEA, H 5 AR 15%09 TCA T-20 CYLHE 2 h,
—20 CHIHEENEYEIE 2 ), BEEE, H 100
mmol/L /] NH;HCOs (pH 8.0) &/, MHEEAEAA .
2.2.3 LC-MS/MS MIsE ¥ B g I 10 Ik BV il A
0.1%H K, A AHTAE (Acclaim PepMap
100, Thermo Scientific A ] ), L 405 #r #+
(Acclaim PepMap RSLC, Thermo Scientific) ¥ifit
ffF EASY-nLC 1000 #E 8GR RS, Hishtl A
7 0.1 %HERIK-2% M WaIAH B 4 0.1% FH R K-
98% LM o FRE VAL : 0~24 min, 7%~20% B;
24~32 min, 20%~35% B; 32~37 min, 35%~80%
B; 37~40 min, 80% B. {AF1i# & 300 nL/min. 7
B BT 18 M Bk Bt 3@ i Thermo ScientificTM  Q
ExactiveTM Plus BEAT R FN 207 o K B FA i v 280
FHOT B8 R GG E N BN GN T B s 5505 b b A7 58 BT 1
IyMr. FEMEEELE N 2.0kV, SERERLE R H T g
il T 28 Orbitrap FEATRIIN . — 2 it
GG B 350~1 800, 2% i i 414 v [l S o
i %€ 8 miz 100, KRB INA 7 9 2% B 4 70 000,
TR IR BN 17 5000 BRI
(DDA) 7 W E N — R HMHERE 20 %
o NT BTSN R R, BT Ui R
U 5X10° BIREEA BEREAT o tr, (A R
BIMEN 5X 10* [ E Bl 2 42 61 LAR 14341 2% HH H e
k. AR E N 30, SIAHERIKYE ik B
LB 15 s DABRAIITR B 1) 88 5 55 i I3

2.3  Western blotting X SLBf3X X EE PCR
(qRT-PCR)JE# M A £ 23 Rd X HDACs 1 HATs
HRMFIEHRM

231 ApEREFRE N DL o6 fLIRERFE HEK293T
YA, FEALEERN 3X10° S, X IR S B4
Rd (0. 10. 50. 100 pg/mL) #H, F4H& 3 MEAL.
R PG BE AR K ZE 30%~40% %45 25 4N & A RE
JREWRE NS 2 Rd AH 48 h, WEEGRAT
Western blotting F1 qRT-PCR £l .

2.3.2 Western blotting frill #HCE ARE 94k
HE 44 PBS Pek)a, RIPA ZfFALEE, 3 000
r/min 250 10 min, W EEBEATRI. BCA 7%
HTEAER, fEEA LFEEN 40 ng. HAR
i 10% SDS A 2 5 a2 2= PVDF
i E, 5% HE Wk ) TBS-T % 4] 1.5 he A
HDAC1.HDAC2.HDAC6. HDACS. P300. H3k9ac-
H3K18ac fl GAPDH —#i (1 :5000), 4 CHH L

&, TBS-T ¥k 3 K, X 20 min. A HRP
WPt (1:5000), 37 CHEE 2h, TBS-T ¥k
3 K. fiH ECL Aot @R, 4 [ 3hE g
RGHEAT T, I Image T B BEATIROGEE 20 HT
233 gRT-PCR #EREMAHKXEREKILE S H
Invitrogen Trizol Wt B 45 A1 PrimeScript Reverse
Transcriptase 1271 & 156 B 15 43 73 % HEK293T 48 fifd &=
RNA AT, BRI 1 pg & RNA,
BN S 5% cDNA HIBEAR, f# H] Prime Script Reverse
Transcriptase i) & 5%, %I HDAC1. HDAC2.
HDAC4. HDAC5. HDAC6. HDACS #1 GAPDH
) mRNA 317 qRT-PCR il . PCR X N FEF: 95 C
AR 3 ming 95 CAEME S's, IR KIHEEMH 60 C.
30s, 40 MEH; 72 CLLEfH 10 min. GAPDH {E
WS, 27 AR AT R 43T
2.4 HDAC2 EFEFiFESLIE

PL 6 FLAH% 9% HEK293T 20, S FLf5FH 3 X 10°
A, B AN EE IE B 30%~40%. R 20
nmol/L ] siHDAC2 5% siNT fIAF| 250 puL A
Opti-MEM #5725, BFRA); RN 4 uL 1)
Lipofectamine RNAIMAX Sl A £ 250 puL Opti-MEM
Frapdkh, BRFRY), ERWFE 5 min. KRAEW
TNz 6 fLi, RA, BT COB:F-4E 37 CHiat
3~4h, #N 10% FBS, 7EF£ YT siNT Fl siHDAC2
(P L R 23 SIN B AN A &= R B (O 10 50+ 100
pug/mL) AZREAF Rd 357, BANERER 3
N A48 h JE U EL4H L A T Western blotting A5 11«
2.5 GtEHEE

HAEVLX £5 IR, A Quantity One 73 #1 i 4F
IHTe TFEERLRA A .
3 #R
3.1 ASEFH Rd ¥ HEK293T AAf5E HHIE MR

MTT L34 R (B D SR, UASEETFRIT
JREIRE/NT 200 pg/mL i, HXF HEK293T 41
IHMIE SR R SRR R T 250 pg/mL
W, BAERMMEEEE, EEIHIRE (Cso) A
300 pug/mL; #8id 350 pg/mL i HEK293T 4if K&t
5. A4, HEMETFTHEMASE2H Rd (EHT
HEK293T 4 AEKARGLIHFIAT I, UANSEH
Rd B EIRE/NT 200 pg/mL B, SHEfd: KA
o, SEA R ER, ISR
HEPEEZ (B2, FEI 0~200 ug/mL AN
2 245 Rd A HEK293T 41 Ffl P 508 o B 946 B2 X (1] o
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32 ASEFH Rd ¥ HEK293T 4fRZE H REAISN
{fH SILAC Frid AR LC-MS/MS il A2
HFF Rd /EF 48 h J5 HEK293T 4 a5 (1 2 i 5
754k, %} HDACs 1 HATs ik 7K 2840 347 5
g5, 45BN 1 fin, HDAC1. HDAC2. HDACS.
HDAC6. HDACS8 Fix/KFFtim, FHH HDAC2 4%
TBIREER, P300 S AN & .
120
100
80
60
40

U T3/%

20

0
XfHE 50 100 150 200 250 300 350

N2 BF Rd/(ugmL™)

1 AZE#H Rd xt HEK293T 4RRE NI (X *s,
n=4)

Fig. 1 Effects of ginsenoside Rd on viability of HEK293T
cells (X s, n=4)

Xof HE 100 200 300

AN BAF Rd/(ugmL™)
2 AZEH Rd % HEK293T 44 KEIRNE
Fig. 2 Effect of ginsenoside Rd on proliferation of
HEK293T cells

F1 ASEH Rd X HEK293T R EBARNS RSN
Table 1 Effects of ginsenoside Rd on dynamic changes of
proteome of HEK293T cells

5t HH REREH
HDAC1 histone deacetylase 1 1.100
HDAC2 histone deacetylase 2 1.290
HDACS histone deacetylase 5 1.160
HDACG6 histone deacetylase 6 1.080
HDACS histone deacetylase 8 1.095
P300 histone acetyltransferase p300 1.087

3.3 AZEFH Rd X} HDACs 1 HATs # FMFTIA
A

BT ANZ 24 RAMEA T HEK293T 40 1) & &
HHHAFHARE, Tk & A Rk E R AR
HDACs, Ffit—ilid 7 1AW i AT Sk .

WK 3 phrs, EAARBEERE (0. 10, 50, 100
ug/mL) FIANZ B Rd 43 HEK293T 4} 48 h,

Western blotting frill 25 K8, HxIMALE, A
2 BFF Rd 50+ 100 pg/mL ZH40H0 HDAC2 2 [ #ik/K
PR BT (P<0.01. 0.001). qRT-PCR 35645 5L 17,
7~y NS HEF RA 50,100 pg/mL 2141l HDAC2 mRNA
AKFHEE ETE (P<0.01. 0.001, E4), WHAS

S S S —DAC2

X 10 50 100
ANZ B Rd/(ugmL™)

2.5] [ pagit

OAS 24 Rd 10 ugmL™!
I AZ 1 Rd 50 pgmL !
CAZ 2 Rd 100 ug'mL™!

151  xx .

o
*
1.01 x
os{ M |
0 + . B . \

HDACI HDAC2 HDAC6 HDACS  P300

B AR ek

Hx A "P<0.05 "P<0.01 "P<0.001, F[F
"P<0.05 "P<0.01 *"P<0.001 vs control group, same as below
B3 AZEH Rd* HEK293T 415 HDACs 71 P300 EH

FIEKFEREN (X £s,n=3)
Fig. 3 Effects of ginsenoside Rd on protein expression of
HDACS and P300 in HEK293T cells (X £, n =3)

4.0 q

25 B HDACI
18 30 4 B HDAC2
ié! 55 ] EHDAC4
' 0l B HDACS
‘E ?(5) OHDACS6
Z 10 O HDACS
® 05

0 4

pagict 10 50 100

ANZ BT Rd/(ugmL™)

4 AZEF Rd 3t HEK293T 405 HDACs mRNA Tk
IR (X +5,n=3)

Fig. 4 Effects of ginsenoside Rd on mRNA levels of HDACs
in HEK293T cells (X x5, n = 3)
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BAF Rd BEWS{EHE HDAC2 HIRIE, X FhifflE GNT GHDAC2
Ml Re 2 S B E B HAB I g . T e— e ey HDAC2

34 AZEH Rdx£HEH H3k9ac #1 H3K18ac &
Al

YT PN R 2H 2 1 H3K 9ac F1H3K 18ac FHZHE A 4
Bt P300 F1 HDAC2 254> HDACs JL A1
{5 AN R B2 1) N\ 2 2.8 Rd 4G 2 HEK 293 T 4 g
48 h, Jd#iL Western blotting FHMIZHAE A A DG &R %R
k. SERERW, SxTRRAILLE, %4254 H3K9ac.
H3K18ac £ H/KT-EEFFK (P<<0.05. 0.01. 0.001),
HDAC2 Fik&EZETHE (P<0.01. 0.001), ifi P300
WA RN (E5).,

P300

P R e s 3K

-
-. T W K sac
————— T}

X iR 10 50 100
ANZ B Rd/(pgmL™)

2.0 eex
{' | pagi

1.6 *_{*_ ] AZ %2 Rd 10 pgmL™!

B ] A2 Rd 50 pgmL !
sk
SR ] A% 245 Rd 100 pgmL !
¢
EE *
5 08 » s
1
sk
0~4 %k ok ok ok
0

P300 HDAC2 H3K9ac  H3Kl18ac

5 AZEH Rd X H3K9ac F H3K18ac & H/kFaYiET
1€ (X xs,n=3)
Fig.5 Effects of ginsenoside Rd on protein levels of H3K9ac
and H3K18ac (X %5, n=3)
35 Mk HDAC2 ZEANM AL EH Rd Tiff
H3K9ac 1 H3K18ac EBFIAERAHIFM

FER Rt gt R (K] 6) KB, S5XTHRA siNT
AbFEfY HEK293T 40 AL, @ik HDAC2 5, A&
2 Rd XF2HE H H3K9ac Ml H3K18ac (19~ E{EH
W%, B A2 B Rd FK H3K9ac A H3K 18ac

A S e S s s BB H3KOac

E-- p— ‘-‘ W 13K ]8ac
I S S S S—— G APDH

X 10 50 100 XM _10 50 100
AN B4 Rd/(ugmL™) AN BAF Rd/(ugmL™)

6 FfiFR HDAC2 ZEEM ASEH Rd T H3K9ac 0
H3K18ac EEFAERRIFM (X £5,1n=3)
Fig. 6
H3K9ac and H3K18ac effected by knockdown HDAC2
(X £s,n=3)
(1 FEd, HDAC2 Rk &I mite s 7 s /EH .
4 Tig

AL UNS B Rd AN S, @it MTT
B SLIG FON 4 A KRS O, e T AS 2
1 Rd 4b B HEK 293 T 4H g 1) 5 234 5 Y5 il o 0~200
pg/mLUs S — 20 R A SILAC frid8iAR, @ik
LC-MS/MS jE &3 NS 1 H Rd 47 HEK293T 4]
MG R A FRADBY, FANSEHE Rd 4 H
HEK293T 4Hffif) & & E 0 H ¥ HRE S, K
HDAC2 Fik/KFRAIRERR, N TRIEAS R
1 Rd X} HDAC2 K& 540, 1)L Western blotting
1 qRT-PCR 54, ESEAZREH Rd e s
HDAC2 f5RE A /K5, HDAC2 FZE A1 57 i
AR H3 RO &M, ik, ASeiisi
T NSRBI Rd/EHT HEK293T 41 J5 %} H3K9 Al
H3K 18 {7 i1 LB EAE A FI IR E - 45 SRR
H3K9ac Al H3K18ac HIFRIAKTFENSEH Rd K
EFRTRRATIE, X 2 MEA CBAE AL 5
& HDAC2 WA s, FTLAANZ 2 Rd W] REiE
gt HDAC2 Rk — P s st T4 & A
H3KO9ac 1 H3K 18ac [FI#% . 1M A% SLUG &5 SRAEI,
NS B Rd A H A E A LB P300
(P25, R N = 21 Rd X4 & A H3 4k
()R 2 i 1 % HDAC2 45 HDACs SRSEHLN .
H—S% it T HDAC2 (3L R iR s, Sei6 sk R
KIS HDAC2 AW T NS 2H Rd Xt
HEK293T 4t th H3K9ac. H3K18ac 7K ) N if1E
i, #t—PiEst AS B Rd 38 L HDAC2 #Y
FIE B H3K9ac. H3K18ac 7KFH6-171,

ANZEH Rd XPLIE RS RERS. B

Down-regulation effects of ginsenoside Rd on
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TR ORA DA 2.3 bt g 1 ) 232 31 B 9 41
E i) P e S <N 1S SR N e (YRR Il o i
ATEATE DS, RLSFHMA NS BT Rd b8
HEK293T 40fis, 3T SILAC #rid AR IFlid
LC-MSMS, JE&E/HT 7 NS H Rd AL# HEK293T
e ZE TR AR, HLEEs] 5 994 MEAR,
Hea 91 MEAROEEERFE, HMED 195 4
wEFUKAE B, 29 NMEEBURA TR, Horh HDAC2
% HDACs A B2 BT, NIEASET Rd 1
TR A AP B B Ll R, 2R
HAZ AT Rd REBSREAR T VRN & R 1) LI
/K3, Hirf H3K9ac F1 H3K 18ac 7K B B F& 1K

zi Bprik, AR Rd 889 i HDAC2 %
HDACs %15, M FiH4%EA H3 £ K9. K18
L AR IR 55 K LA KT
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