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Effect of Trichostatin A (TSA) on Histone Acetylation

and Methylation in Bovine Fibroblast Cells
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(The Key Laboratory of Mammalian Reproductive Biology and Biotechnology of the Ministry of Education, Inner Mongolia
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Abstract: Trichostatin A, a histone deacetylase inhibitor, could increase histone acetylation, and active gene
expression in somatic cells. However, effect of TSA on histone methylation is unclear. In present study, the bovine
fibroblast cells were treated with TSA, and histone acetylation and methylation were examined by using indirect
immunofluorescence and scanning confocal microscopy. We found that the morphology of cells was changed from being
slightly concave to more flat and elongated even at the 10ng/mL group. Intensive H4K8ac signals in fibroblast cells were
observed after TSA treatment. A similar increasing with H4K8ac in H3K4me3 was found, but no change was observed at
H3K9me2 when somatic cells were treated with TSA. These result indicated that TSA was not only increasing histone
acetylation, but also increasing histone methylation that was correlated with gene expression. However, TSA could not
change the level of histone methylation that regulated gene silence.
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WK R (Lysine, K). K& R (Arginine, R)
Mez 251 (Serine, S) J&ZH M B M) 3= B4 55,
HEAOFEERI . OB, P, 25, 75
#A. ADP BRI 2 IR A4 55— R A e
Mo JEHINHR, IR S 1 m] 35 hn
BEDR e sttt 25 QAR UAESE R OBR, A
(1) LT B 25 20T AX Ay i s R AR 00 1) DAL 4 it
TR0 45407 S (Kurdistani et al, 2004). 4145 14
H3K9. K14, K18 i1 K23, DL M4l 4 H H4K5. K8,
K12 Fl1 K16 J2& T 2 WA B 147 25 (Agalioti et al,
2002; O'Neill & Turner, 1995), #ANg JLASEE R
R A RE S R R AR G, RIS
Yo KM A 11 (Grunstein 1997; Strahl & Allis,
2000). 4155 A OB BE(HAT) ML 8 10 2 O
1L (HDAC) T s sh P 48 T AR A &
FAL N2 LA 1B 1

S E A A, U AR R
R R AR R 418 N R SR R
R BRI = BB 05, R ZR R A
PR AV RIS R A AE I, 2 R T8 g B L R
= L& 1fi(Bannister et al, 2002). 41 A
ey AR RSB, 724 T IR 4%
YI2E g . H3K4A, H3K36 Al H3K79 FJEA 5L
PO A% (Bannister et al, 2005; Bernstein et al, 2005;
Pokholok et al, 2005), H3K9. H3K27 1 H4K20 !
FEA 5 LD B B G 60 5T 1A K (Cao et al,
2002; Peters et al, 2001; Rice et al, 2003; Schotta et
al, 2004), 418 A 5L R 52 2 F G BE(HMTS)
2 HIALEE (HDMs) [T,

it A 2% A (Trichostatin A, TSA) J&—#h
BB (Tsuji et al, 1976). MRTHIBIZT s,
TSA RefE A 2 i A A ifin s 40 B (1) 431k (Yoshida et
al, 1987), A n] DLKE IE 5 IR K St 4 i 41 1) T
G1. G2 (Yoshidaetal, 1990b). J5K, Yoshida et
al (1990a) ik 5, TSA & Fike s 4 £ 11 2 LMtk
BRI, LA 2 R KK 5t B SR A 4 1 25 4
A T R, I L BH S 4 v 4 i 2 o 1 1) SR
Ko HT TSA Refig M It 1 SR, o
FEDR AR, HOE Rz B N T IR T
(Ailenberg & Silverman, 2002).

Fee Rk fivh, BN AR E T H3K9
Al H4AKS5 2 284k, HAKS ZBEAV /K FRRAL, 2t 5
N 2R i PR T R A B 5 A8 Ak (H3K 14\ H4K 12

I HAK16) (Kruhlak etal, 2001). 4347 AFI/NELAA
M BED2H 5o, H3K4me2 AT H3K4me3 78K 41
T E AN 5 H3 S AATAE B UIAR DG, SE R 41 504
A~ H3K4me3 {7 15, 45 495 M7 4L H 1 H3 i 2
WAk 151 (Bernstein et al, 2005). {H/2, HRjEA
ARG, TSA SRR /E 75 415 A LBk
SR IR [RI N, AR 2 1 ) R AE RS

AW ORI o5 20 M Ak 2 1) 7325, HAH ] TSA
Ak B 1 A BT 4 R 0 T 20 i 1 IR R RS
AT TR0« B A2 W9 TSA XA 4
A FH R BEAL R e, — D7 TR IS A 3 /5 4 i i [R]
FILACHAR, WFFALEL I LA R A ] I
DR P R R 42 O L s 59— 7 THDRR X 240 i H T
A AL SR AL R ik — DT SR 4 i A
GP-REZ At 11 T4 P LB B 52 6 A

1 #RFITEE

1.1 # #

JSCAA T AR 2 B B IR 2T o 4 PR KR T N S
TLH ARG . HEARR A HA B R e TR
JIREIE, FH 70%~75%I1 R B, 41280
PRI BB Lom® K/NRAZR, LRIZE 70%~
75% 1R HH R 605, 77 250U/mLTE 75 & Al 250
Hg/MLBE T 25 11 K B PBS YA il vk =3, AT
¥, 4Carmlses=. A TIEGN, B
LT 60 mmEFF7 LA FHPBS ¥ B v P il Ji » il
NHBFMN, ANEFIEER, FIREEY & Z85Y)
ALy 1mm® K/, HIPBS Ml% 20% FBSIH
DMEM (DMEM+20% FBS) ¥ &0k =i 5
PRI 23, $0 T 2—3 AN 60mmisFEIm, AFI0
ZYEeFl 20~30 ML, MNCOREFR-A4H, 7F 37
‘C, 5% COMMFMR LA T, AT TR = 3 /M,
SRIG N 5mLE DMEM+20% FBSHEAT J5iALH:E 5% .
Ak KA 3 0% A, W R IR, KR
PBS W IEYE =, I 1mL 0.25% & (1
+0.02% EDTAIH ALK, 37°CiH4k 2~3min, SZEI N
A 2mL DMEM+10% FBSZ 1L L. SR A0 1:4
AR
1.2 TSA &3B{R4HAE

oK LEEH R TSA, 43 AL 500 pg/mL .
100pg/mL 1 10ug/mL # i, -80°Cffr. AbHEHY
TR IR A 1000 fF ARG K40 R EEF T
A I HLE SR T 0.296 W IR b BRI 12 FLAR N 55
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Fo WAL 40 M er 1) WG T~ B s v AR
Fi g% 24N JG T 29 Ab B . TSA RbBRU 75
5ng/mL. 10ng/mL. 25ng/mL. 50ng/mL, AbFHS
(6] 4 24h.
1.3 SRMEMRLFERRAESHRE. BIESF

BRI IRMG , A HPBS W MOE U — . H 4%
% 0 WM [ o v = R T g 15~20 min, A& 0.1%
Triton X-100 [¥/PBS V4 % ifih 3 3% 30min . 1 3Z Ji5 1)
RSB I 109% L =F L35 FRIPBS VAl 3 il 1 P41 2h o 4%
Jri 5 HIPBS VAWM R S (¥ — P A (121000, 4°C
. — PN E 2 E Upstate B AT, 405
4 :  Anti-acetyl-Histone ~ H4  (Lys8)
Anti-dimethyl-Histone H3 (Lys 9)f1Anti-trimethyl-
Histone H4 (Lys 4). X H, HIPBS Mot — i )5,
WEIAT 37°C 4 FRIFITCHRE M 9T (1 : 500) ¥
(G 2h 40 k% ] 10pg/mL P14(% 5min, PBS
WOEVE =5, {ii]Bio-Rad 1024EST O L E £E
SRGTHA TR . IR E SR, B AR A
[ ZHCE . BRI 2O AT I SE EINIHIT &
1 Image-J &4 b #4551 (http://rsb.info.nih.gov/ij/) »
AFDGT 98 FRT I 2 22 AHOC (7T (Kim et al, 2002),
WSE TR A AR 6 HR E = (L X (R (- 15 5%
(2GR ) X A% X IR THIAH o
14 SFitoth

AT IR 2D ESE 3 K. AR
SPSS BRAFHEAT 7 2553 M, T 2 S 1A i 2 2k o

2 4 R

2.1 TSA ACIEEXRLRERZSHI RN

i I TSA %2 0.1% L BEAL FRAKR AN i 24 h )5, 0.1%
LA PR AN M T 45 5 0 HRALAH e e 0 B AR Ak,
S T AR, S PR (] 1ABD, T /E TSA
AERALR, B TSA HRBE IS I an i A
AF, 4 TSA WKJEILF] 10ng/mL IS, 4B A N &
MU, A A AN R, A T, A% X ]
W, MmN AAERZ BEBES (K 1D, E, F, #f
SR 24 TSA #EEIR F] 50ng/mL ], 8440 i
FFURAET: (B 1F),
2.2 TSA X{A4AELAE H H4K8 Z Bt (H4K8ac)

IKFRY SN

18 FH G 3 AN AR 2 1A 5 28000 TSA AR B (1) 44
AN s H HAKBac LML /K1~ o, BEA TSA ik
FEMIBG I, HAK8ac #G(5 5 1] Wi nim (18 2A, A’

-F, B X BTN, CEEACERLIAA R
Wi ZH 45 1 HAKSac (1) LBEA AT, 50t A2 1) %
HREZES, HE4IA TSA 4P 24 h 5, BME
TEARAGIRH E (5ng/mL), H4K8ac Z Wik (5 5 #8 5
RACBRH J PR A B R 22 5%, I HAEE
A (B 3, P<0.05).
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H3K4me3 7 I BRI ol 7 v HAT FE 24 A,

A A A2 DRI 1 A 7 A A (Santos-Rosa et al

2002). AT G 4N b2 0B TSA kb3 s
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W s H3KOmMe2 = e v 7 Ye o fR 1) %

SKUTERX, H3KOme3 JJHE 53 IR A7 7 T~ 57 G £ ot [X

(Fuks et al, 2003). ffedifufh %47 Ws, 0.1%

LR R EAT 5 A1 ¥ H3KOme2 /K. 4l i

28 TSA RbBE 24 h 5, A KIL H3K9me2 %5 fiE

AR (B 5. gith ot ior, RNEWRE

TSA KPR 0 H3KOme2 /K- 55 % e 41 Ve A5 W

BZER (K6, P>0.05),

31 it

AL 48 5 SWEAEEF S (TSA)
XA AR AT AE 0 M 2EAT AL 3, BIFGE T TSA KR4
B ASHIGNIZH E 1 SRR IR K P IR 50
WEFURIN, BAE TSA WFEMIH I, 4Bk A
WA, 4 TSA KJEZ AT 10ng/mL I, 4ife/Eas
R[5 x e 2 A5 B S 22 5% . Enright et al(2003)HF57 &
7N, 24 TSAMKRIE A 0.08umol/L (~24.2ng/mL) 4
MBS RS . (HRARWFITUESE, TSA £ AL
WRERI SR T ML . eSS S
Enright et al(2003) /& Hoshikawa et al(1994) 14
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Fig. 1 Effect of TSA on morphology of fibroblast cells
A: RAFEFIEAL (200X); B: 0.1%ZLEEALHE 24 h (200X ); C. D+ E. F: {R41184 %1 5. 10, 25 F1 50ng/mL TSA 4b#E 24 h (200X ).
SRR, A AN LA T A R PR B R
A: Non-treated fibroblast cells (200 X); B: Fibroblast cells were treated with 0.1% vehicle for 24 h (200 X); C, D, E, F: Fibroblast cells were treated
with 5, 10, 25, 50ng/mL TSA for 24 h, respectively (200 X). Arrow showed TSA treatment changed cell morphology from being slightly concave to
more flat, and black spots in cytoplasm.

B2 8

O EE HAN R s 8 5 M 2 iR ik
(HAK8) [ LA LA 5 SWI/SNF sk 559
TER A BINERAE, BRI, HAERRE
&k FE P B A 2 A (Peterson & Workman,

2000) o ASBIFFEAI FH G 9 4H M A 25 (1) T 54800 T TSA
A B S AR 0 L 2H 2R 1 HAKS Z ek /K- . 45 B B,
BEE TSA WREE M1 IN, 4155 11 HAKS 1Y) LIk AL KT
WG IN, 526 E & i or, 24 25 Fl 50ng/mL
TSA 4bEE 24 h, HAK8 LItk 2 =K. 418k
1 LA B8 i RN 2 2 TR A T 11 ST #1442

FH S IE G, s g, PR T ey,
ML LA K1 R A2 203 (Hake et al, 2004).
TSA J& SR 41 (1 25 LIk B 5] 3@ 461
2 CWAL RS, A B AW S & AL
(AR TN = O SR NI IR - S P
KV, O RE DA (R L, iR 1) & 2 (Alilenberg
& Silverman, 2002),

HAEA O EIER R LI, 4EA N
R S AN TR 1 2 7k R W Ak 140 FH RS A ) B AN ] £
YERT . H3K4 [ HEAL 5 BRI 0 A 50, 1T H3K9
Fy FHY 56 e ) 5 2 AT AR 0 BR A S e 00 B R T B R
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Fig. 2 Effect of TSA on histone 4 lysine 8 acetylation in bovine fibroblast cells

A, A’ KUY B, B': 0.1%ZEEMFEA]; C, C7 -F, F:
A’. B’. C’. D’: H4K8ac (%, Fr/Ih 100um.

5. 10, 25, 25ng/mL 4b¥E4H; A, B, C. D: Pl ¢4, WoR

SPR4H i DNA;

A, A’ : Non-treated transfected cells; B, B’ : Fibroblast cells were treated with 0.1% vehicle; C, C’ -F, F’ : Fibroblast cells were treated with 5, 10,

25, 50ng/mL TSA, respectively. H4K8ac: Green; DNA: Red. Bar, 100um.
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Fig. 3 Quantity analysis of fibroblasts acetyl-H4K8
fluorescent intensity after TSA treatment

WY 0. 5. 10, 25. 50ng/mL TSA KEFEZ1HI 0.1% ZBEAbBHA1 41
H I HAK8ac LA S AN SREE . - REA R R IR 20 [0 7 1 B2
ZE5t (P<0.05).
Bovine fibroblast cells were treated by 0, 5, 10, 25, 50ng/mL TSA and 0.1%
ethanol. The histogram was showed the relative levels of acetylation
fluorescent intensity at H4K8ac. Values with different superscripts differ
significantly (P<0.05), mean £+ SEM.

(Noma et al, 2001; Santos-Rosa et al, 2002). {H/&,
HANEAE R, RO AE A QB K AR 257
M2 (A . ASBFGUAE R TSA AR EE A4
JH, ST 240 PR 2 i 1 A B A 5 R () B A

TR Bk DL . g5 R EoR, TSA AHKE N
THEE CWEAK, 5RO H3K4 =
REA KPR 2 m. X425 Yan &
Boyd(2006) e &5 B — 5, ZAF ST i X i L A
%H@W%%J@Elﬂﬁﬁiﬁiﬁi 18 FE PR 226 (1 3 K

, A H3 Wk H3KA 1 B AL [ N & 46
ﬁﬁf%liéﬁﬂﬁﬁkt, DU A0 13 1 ol A T
MAE . T NFIZN R4 278, H3K4me2,
H3K4me3 71JE R4 b i) e A 5 4 B E L@EWM’@
B ARG, FE[RZH 504 4> H3K4me3 &1ff A, H
HAT 495 AN R I g H3 Z k{15 i (Bernstein
etal, 2005). [AUt, TSA 7Ede @4l & QB IH
I, WEINT H3K4me3 7ERERIA by E b, W
T REDR e g 1

R, Rl L R TERAH DG 1) H3K9 — HJEAL,
Won, TSA B EWZM S EM. 45A
H3K9mel H1 H3KOme2 & {7 T~ B i AR I R T ER X
I Je — BRI R I 5 44 (1 5T X (Tachibana et al , 2005),
H3K9me3 Ul 15 vy F 4 1) S G €00 5 25 ) 1) T e
K (Arney & Fisher, 2004). Kondo et al (2003)H] TSA
AbFE =AW AN R OB, TSA 390 T 4n 21
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Fig. 4 Effect of TSA on tri-methyl-histone 3 lysine 4 in bovine fibroblast cells
A, A’ RAEIYL; B, B': 0.1%ZEEANEE4]; C, C7 -F, F’: 5. 10, 25, 50ng/mL 4b¥E41; A, B. C. D: Pl ¥(f, WoR{A41fL DNA;
A’. B’. C’. D’: H3K4me3 J:ftr, 54 100pm.
A, A’ : Non-treated transfected cells; B, B’ : Fibroblast cells were treated with 0.1% vehicle; C, C’ -F, F’ : Fibroblast cells were treated with 5, 10,
25, 50ng/mL TSA, respectively. H3K4me3: Green; DNA: Red. Bar, 100um.

DNA H3K9me2 H3K9me2

..

Kl 5 TSA LbFRARAN LT H3KO — ALK 52
Fig. 5 Effect of TSA on di-methyl-histone 3 lysine 9 in bovine fibroblast cells
A, A’: RAFE4L; B, B': 0.1%ZFEH4Y]; C, C’ -F, F': 5. 10, 25. 50ng/mL 4:¥41; A. B, C. D: Pl 48, B R{A4IH DNA;
A’ B’, C’. D’: H3K9me2 4§+, FxJX Ny 100um.
A, A’ : Non-treated transfected cells; B, B’ : Fibroblast cells were treated with 0.1% vehicle; C, C’ -F, F’ : Fibroblast cells were treated with 5, 10,
25, 50ng/mL TSA, respectively. H3K9me2: Green; DNA: Red. Bar, 100pm.
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bbb

Ong/mL.  Sng/mL  10ng/mL  25ng/mL 50 ng/mL 0.1% thanol
TSAJJE TSA concentration
Kl 6 AR TSA APRANIA 2 H3KA = HIJEAL
HIH3K9 LA ZOEAR R i &7 Hr
Fig 6 Quantity analysis of fibroblasts tri-methyl-H3K4
and di-methyl-H3K9 fluorescent intensity after
TSA treatment
WIESM 0 0. 5. 10, 25. 50ng/mLTSA KR4, 0.1%ZEEabFiZH 4
A H3KAme3 F1 H3KOmMe2 Sl 5 MIAHR AL . 5 BEAS Rl & R 4 il
AR 7S (P<0.05).
Bovine fibroblast cells were treated by 0, 5, 10, 25, 50ng/mL TSA and 0.1%
ethanol. The histogram was showed the relative levels of methylation
fluorescent intensity at H3K4me3 and H3K9me2. Values with different
superscripts differ significantly (P<0.05), mean+SEM.
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