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WE  EAZ@ET, AFOQ CBMCR A T AR R EFTHATAA T2 9k
B, A% G 6 TRAS A6 & 40 & & T BL4E A% B (histone acetyltransferases, HATs)#AT, X A 454
RS, T, 7w CBLAS A 69 B 2 20 % & % L BuiL B (histone deacetylases, HDACs),
HEMHDACST 8 A2l & & 49 LK S AR R 6948 Z 32§ L FERA. ZLA4a
% 8 k& UBALEEHDACIA#HDAC3 A 2t %, AR T €A1 R 8 3 & F i$42 F 2 Wg(Wingless).
Hh(Hedgehog)vA A Dpp(Decapentaplegic)s 5 il #4 T i ¥e I F 45 R a9 4=4E A . 45 R X I, HDACI
) fe B %k T F K Dpp T % ¥2 I B Omb(optomotor-blind)f=Hh T 7% ¥& 2k F Prc(patched)#) & & E
. Real-time quantitative PCR(RT-qPCR)%: 3R & 7, Z£HDACIIL B 3% 49 K #8 %, Pre. Ci(cubitus
interruptus) VA & Omb 4 4% /K F 38 m, HDAC3#: K 3 2 Sal(spalt) 9 & i5 E38. RT-qPCR%4 Rk
% T HDAC3 A i R 3% 69 Sald 36 m, Fl Bt & I Vg(vestigial 8945 K F . mit R X HDACI 2,
HDAC3 T s de bk B 69 F A N A %rh . 42 LA, AP &9, HDACIA"HDAC3 T vA i 454 3,
B S X AT THRARGER,

XA U HDACL; HDACS; AR A 3 SRR 5%

Drosophila Histone Deacetylases 1 and 3 Selectively Regulate the

Transcription of Morphogens Target Genes

Cao Jun, Li Min, Shi Weijie, Huang Qinzhu*, Lin Xinhua*
(School of Optometry, Wenzhou Medical University, Wenzhou 325027, China)

Abstract In eukaryotic cells, histone acetylation plays an important role in the process of RNA
transcription. The histone acetylation status is mainly regulated by two classes of enzymes: histone
acetyltransferases (HATs) and histone deacetylases (HDACs). Histone acetylation is carried out by HATs, and this
modification is dynamic and can be reversed by HDACs. Thus, we can easily infer that HDACs may render some

impact on gene transcription by controlling histone deacetylation. In the current study, we explored the potential
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role of HDAC1 and HDACS3 in the transcription of several target genes of Wg, Hh and Dpp during Drosophila

wing development. Our results showed that Dpp target gene Omb (optomotor-blind) and Hh target gene Ptc

(patched) were dramaticly increased upon loss of HDACI. Real-time quantitative PCR (RT-qPCR) results showed

up-regulation of Ptc, Ci (cubitus interruptus) and Omb transcription in HDACI mutant fly. As to HDAC3, our data

indicated that HDAC3 knock-out resulted in increased expression of Dpp target gene Sal (spalt). RT-qPCR results

showed up-regulation of Sal and down-regulation of Vg transcription in HDAC3 mutant fly. However, either over-

expression of HDAC1 or HDACS3 had no effect on the target genes expression of Wg, Hh and Dpp. Altogether, our

results indicated that HDAC1 and HDACS3 selectively regulated the transcription of morphogens target genes.
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FIHDACS; &5 2K 5% h}Hdal (histone deacetylase 1)
il Y, £ FHHDAC4, HDAC5, HDAC6. HDAC7.
HDACI9FIHDACI10; £ — 25 BESir2(silent informa
tion regulator 2)[FJY5, £ H5Sirtl. Sirt2. Sirt3. Sirt4.
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TEUESE, A FHHDACHI T FI(HDAC inhibitors) A] 347
FEAE OB LU 2 IR AT PR 2
FEMR R B IR, 2 A 200 g ) 74 #AK
AR AL B AR R, XA ES B B R AR
(R ERR FERVOE 1o ARWIAE R —Fh & M B A
Y, TET RIS R LRI PR Z N AER
A Z Y, We. HhAlDppsfig S, 0F 58 i) V2 1)
EANBERERS T HEl, BNAMEHIRZ R TE
M EY = Drfe S HAE RINLHIIAIE 9T, KEA] 23 —=A>
Tyt — R RIEAS KRG R 70 S FAR BB
FERPE AL, R RAER S TR T A Ts
3, RIS N A S e L —RIESRAER
(A5 2 i B ey 42 s AR RE A 3T . G T AT
AR, BEFEE AT AT KA BRI, ok TR
ARAZR P UFAEEERFE R, T E 2Kk
SRV s A, H IS B 1S BIR VRS .
HDACIHMIHDAC3[A] J& T 5 — JXHDACs. 17
B FRAE R R G, EANES BB s %
$ 7 52 (¥ 5 NHDACs22, HDACsHl # 15 4l 1%
KANHI 7, Z 5N F I 8 A B AR, i sE
U SL e S A RIAE . %, HDACLZ 5 JE /§Sin3
S E& K. Mi2/NuRD(Mi2/nucleosome-remodeling
and deacetylation) & &+ & L & CoREST(corepressor
for RE1 silencing transcription factor)& &4, 1M
HDAC3|Z 5 JE i SMRT/NCoR(silencing mediator
for retinoid and thyroid hormone receptors/nuclear
receptor corepressor) & A A, XL 1 A IAHA
[7] PR PP 21 S PEDNA S & 8 1 (R 28 e s TR ) 3
53 BIRE E I RE LR, A H5AH Y. (1) e S R 4 AR T2,
fER W, H A AT WEEIE THDACT 5 HDAC3
LA/ R A Z 7 FWg. HhLL K Dpp | i #8 35 K 4
SKRLRE A o Wi AE Arm(Armadillo) B % ) 15
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T, ¥ 5% R T Tef(T-cell factor) 145 4% s 4 X1 1)
Difie, FEH S5 L S 0] R 1 Gro(Groucho) #1 il Wg
TR R R AR, Gro S HDACTA B AR |
YEH, 18 5%, Gro/i 4 k4] S HDAC ¥ 21
5 SWAAE 35 DIAH OCP1, i Zhang 5504
18, FLEHDAC1 A1 Atro(Atrophin) & AR 1E Jy #4540
1l K F-Ci®(repressor form of Ci)H — A4 % s 41
K7, 24 CiA 55 2 Hh T ¥ 5L K Dpp % 5% 4% It
PERICIG, A7 i b, 8 I 2O 2T A R 2 A
Dpp )55, FF HIX T i sgc i) ok 1 7 5 15 £ rp 4l
JERT . (HE XHDACILEDpp I il # 3 X %
SRR A IS ANE 2, TTHDAC3 5 Wg. HhEX
JDpp I Ui I PR 53 ¢ R AT TR A& WL R Gedik
.

AR SC DL i S8 I R A (wing disc) R AR, 4]
ATRR TR K E R, AR % OB
i HDAC1AIHDAC3 %} Wg. HhLl K DppiX = 4> JE
SRR VISR RE M HEEER, 457 ER,
HDACIHNHDAC3 1] LG i e S K AE R T
Ui L DR 1 e 3%

1 #MR5R%E
1.1 RiEmA

ptc-lacZ. omb-lacZ. dll-lacZ/CyO~ y w hsflp; Sp/
Cy0;, Act>y">Gal4 UAS-CD2-GFP/ TM6B+ y w hsflp122
Tub-Gal4 UAS-GFP; Tub-Gal80 FRT**/TM6B .

w"; Rpd3%?* FRT** FRT*®/TM6B Th'. y'
w'; UAS-Rpd3-V5. w"; Wg%'/CyO; FRT** FRT**
HDAC3Y/TM6B Tb'. y' w"; UAS-HDAC3-V5/Cy0;
MKRS/TM6B Th'l 3T~ E1 55 4 4} K % Bloomington
P NI
1.2 R AR

PBSY Wi+ 0.1% PBST# i (1XPBS+0.1% Triton
X-100)#% 735~ A=) 2 S 3645 A 47 BC i, Triton X-100
I 1 AMRESCOA 7, 37% i« 3538 ) 1fiL 3 (normal
horse serum, NHS)J F Sigma /s #] .

WOt ILER FE WAMBI(Carl Zeiss, LSM710, 7 [H);
w25 cCHE FRA(T WL M AL AS ), HWSH fig 2Y);
TEIRLRE PR i e 4 3% s CHAK DR A5 i3 A PR 2
), KA (L IR R AR IS A PR A 7] ).

o 2 58 ' it A 1) — #7143 ) 2Ar: Chicken anti
LacZ(1:1 000))J H Abcam”y ], Mouse anti V5 H

5% [H Sigma2d w], HAth 1) $T 14 £ $EGuinea pig anti
Sens. Rat anti Ci. Rabbit anti Sall J&zRabbit anti Vg
Bk AASEE % . 9GABIE —Hi: Chicken anti Cy3.
Guinea pig anti Cy3. Rat anti Cy3. Rabbit anti Cy3 4l
Mouse anti Cy534)J1 [ 56 [E Invitrogen A 7] .
1.3 MARCME P& AR LK Flip-out L3 57 K

MARCME [ 1 6l fE iR A2 a0 F: ok 5
FRT82B 4] 4f FJHDACI18{HDAC3% 48 {4 L i
(w"; Rpd3%** FRT** FRT***/TM6B Tb' s, w"; Wg!/
CyO; FRT* FRT"®* HDAC3"/TM6B Tb')5 T. H. iy
w hsflp122 Tub-Gal4 UAS-GFP; Tub-Gal80 FRT**%/
TM6BZRAIIF 25 CCRIFRAATATR, SRJ5 70731748 h
72 h 137 CCOKIHAGF R h, 4842125 °C
B IR IR 3 ) A B =R HI T

Flip-out SERH ARG AR : K HDAC1 8{HDAC3
() ik 2 08 i L I8 SR (" wh, UAS-Rpd3-V5E8 y' w'
UAS-HDAC3-V5/CyO; MKRS/TM6B Tb")5 1. H iy w
hsflp; Sp/CyO; Act>y">Gal4 UAS-CD2-GFP/TM6B %+
AT E 25 CCRIFRM TR, SRR 1648 h137 *CoKitt
BORFLHAGE T b, Pl iR 4k 80525 *CRIFRA I
I 2 =W H TR
14 RERARE

PP TR T VLS 75 SCHR[31]. BUR Y
PRI 2R (1) =8 &) H T~ Tl v 1R 1<PBS HP i ), SRAS I 2
1T 4%% I FRE [ €15 min, 48 )5 FH0.1% PBST

%1 RT-qPCR3|¥15%
Table 1 The primer sequences of RT-qPCR

GIL/ RS H %L

U B3 -

Primer . Target
Primer sequences (5'—3')

names genes

Rp 49-S AGATCG TGAAGAAGC GCACCAAG  Rp49

Rp49-A  CAC CAG GAA CTT CTT GAA TCC GG
Omb-S CTA ACG CAA CGA CCC ACT GA Omb
Omb-A  TGAAAC GGC CAC GAG ATT GTT

Veg-S TGC CCC GAA GTT ATG TAC GG Vg
Vg-A TGG TTG AAC CTC TCA TAC TGG TA

Sal-S CAC TGG ACA GGG TGG AGT TAG Sal
Sal-A GAT CCG ACA GGA CTT CCG TAA

Sen-S CCG AAA AGG AGC ATG AAC TC Sen
Sen-A CGC TGT TGC TGT GGT GTA CT

Ci-S GAT TTT CGC CAAACT CTTTAG CC ~ Ci
Ci-A ACA TGG GAT TAA GGG CGG TAG

DIL-S GGA GCA CCT ATC AGC ATT TCG Dl
DIL-A CGC ACT TAT CGG AGA TGG AGA

Ptc-S TGC ACC TCT ACG ACA CCG AA Ptc
Ptc-A GCC TGG TAT AAC GAC CGC T
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VG LA K 5% NHSH [, =il F—Fi Mk g d
1.5~2 h, f5z Ji BB R HO Al A S o' e 51 £ B 4
5L o
1.5 RT-qPCR#&

H THDACIFITHDAC3 (1) 58 4% A 5 g #1 & —
W J5 WU, HRYETm6B. tub -1 1~ 1 2 7Y Pk 46
4 IMHDAC1RMIHDAC3 58 48 & i3 4l KL %50 1, LA
W18 = &% &l Bt ok 1E %5 %F . Promegaif 7] £
PEHUBRNAI Jz #% 5% HcDNA, fif HGo-Taq® PCR
Master MixfICFX96 PCRY ™ # {% (BioRad)ii 174 1,
HIRAFEG . ER3IR, 45 AT RE ARG 50 34T
5387 (SPSS 10.0). BT IS 9F 5 anR1 .

il

2 HFR
2.1 HDACIHIBARME S REEZRERRIEN
A

AT SE W8 THDACE 26 dfWg. HhLL &
Dppfs 5 10 % N LR KA s, &5 REM, 5
7 A4 20 40 o (RP 5 GFPHR IC 1 41 i) AH L, HDACI
SER M (W RS R Sens FIDII-LacZ ¥ 3215
EHE A AR AL, UEIIHDAC A S W T J7 #8354
Sens M1DII-LacZt) % ik (1A~ 1B”). [F FfHb, &
AT SCAGIN T Hh R 37 58I R Pec RN Ciffy 263845 00, K B0
HDAC1 AL Pre-LacZIf) %3k b T, (HCilf) 3%
KRB Z(EIC~E1D”), i HDACI ] fig &

oWl
BHDAC!

50 r *

Normalized expression (mean+SE) [T

DIl Sens Ptc Ci Sal

A~G”: FIEFOC YA I K FE N ()R TIE . A~G: GFPFRICHDACI RN I H 2. A’ ZERAZH 4R, DIl-LacZ ()38 3k KB 224k
B’: {ERABA LT, Sens (KR ik KT AT 4G, O AERABA LT, Pte-LacZ (F 835 K T4 (55 3K); D AERA AL, Cilt ik K P&

eAL; B AE R LI, Salff) KB /KT BT Fro AR 4141

W, Ve IERIEACT- A AL G AE R LI, Omb-LacZIfRiEKT

BIN(F K)o A”~G?: KXt A . H: RT-qPCRAGIN A FE PR ({12638 /KT (*P<0.05, 5 W 111841 LL ).

A~G”: immunol fluorescence to detect various genes expression. A~G: GFP marked the HDACI konck-out tissues. A’: the expression
of DIll-LacZ was normal in HDAC! mutant clones; B’: the expression of Sens was normal in HDACI mutant clones; C’: Ptc-LacZ
expression was increased (arrow); D’: Ci level was not altered in HDACI mutant clones; E’: the expression of Sal was normal in HDACI
mutant clones; F’: Vg staining remained normal in HDACI mutant clones; G’: Omb-LacZ expression was increased (arrow). A”’~G”’: the
merged images. H: RT-qPCR to examin the mRNA levels of each gene (*P<0.05 compared with W1118 group).
Ell HDACIEERPFRITWg. HhA KR Dpp T8 E FE Rk K EHF20T
Fig.1 Effects of HDACI knock-out on the expressions of Wg, Hh and Dpp downstream target genes
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v5-HDAC
A\ B: GF%ﬁdl’lﬁfﬁ ZUAVS-HDACTE EKIL I XK. A EVS-HDACTIE KL M AL, Salff) R ILAKT- %A, B : 5AKIEGFPK
I AL L, iR IAVS-HDACI AL [f)Omb-LaczZR A /K # A Atk Ay B XA Kl
A,B: GFP marked the area where V5-HDACI1 was over-expressed. A’: in V5-HDAC1 over-expressed tissues, the expression level of Sal was normal; B’:
compared with the GFP-negative tissue, Omb-Lacz staining was not altered in V5-HDAC] over-expressed tissues. A”’,B”: the merged images.
E2 EFTIEZHDACIXDpp T is4EE F 3Rk B2
Fig.2 Effects of HDACI1 over-expression on the Dpp downstream target genes

H

g *

% 10.0

E aWilis8
g2 80 I enpacs
gé.o

% 40

[=¥

5 2.0

=

S A .
g DIl Sens Pic Ci Sal Vg Obm
]

z

A~G”: R e G A P 45 FE N 1R 0K o A~G: GFPARICHDACIEE MR ER AL o A2 AERAZA DN, DUI-LacZ R IE K- BAH 224 B
HERAMYN, SensMRIEATEA AL, C: AERAFMNLIH, Pte-LacZINR KK T EA R D ERABY LA, CilFRIE KT AH 21k
E’: FERARA LU, Salf)FRIEKT-HIM; B AERARM LU, Vel RIEAKT-BAA LA G LR LU, Omb-LacZ K2R E K1 BT .
A7~G”: R R B . H: RT-qPCRAS I3 R (1) 38 7K SF-(2P<0.05, 5 WIS L) o
A~G”’: immunol fluorescence to detect various genes expression. A~G: GFP marked the HDAC3 konck-out tissues. A’: the expression
of DIl-LacZ was normal in HDAC3 mutant clones; B’: the expression of Sens was also normal; C’: Ptc-LacZ expression was not altered
in HDAC3 mutant clones; D’: Ci level remained normal in HDAC3 mutant clones; E’: the expression of Sal was increased in HDAC3 mutant
clones; F’: Vg staining was normal in HDAC3 mutant clones; G’: there was no increase or reduction in Omb-LacZ expression in HDAC3
mutant clones. A”’~G’’: the merged images. H: RT-qPCR to verify the mRNA levels of each gene (¥*P<0.05 compared with W1118 group).
E3 HDAC3EAERBREWg. Hhil K Dpp Tl E R B RIEKTFE
Fig.3 Levels of Wg, Hh and Dpp downstream target genes in the background of HDAC3 knock-out
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Zrf, DII-LacZ (¥ F3k K% A7 28 4k; B’: Pte-LacZI
RIEAFEA LA, C: HAKEGFPI IEFH AL L, [REVS-HDACIALZh [f)Ci-LacZ & A K %A & 4k; D*: fEVS-HDAC3 %
BALZ, Sallf 3Rk /K T %F A& 4L; E': Omb-LacZ (¥R Z /K T-EAH LM . A”~E": A% R4 il .

A~E: GFP marked the area where V5-HDAC3 was over-expressed. A’: in V5-HDAC3 over-expressed tissues, the expression level of DII-
LacZ was normal; B’: there was no change in Ptc-LacZ staining; C’: compared with the GFP-negative tissue, the expression of Ci-LacZ was
not altered in V5-HDACT1 over-expressed tissues; D”: in V5-HDAC3 over-expressed tissues, the expression level of Sal was normal; E’: the
expression of Omb-LacZ was not altered. A”’~E’’: the merged images.

El4 FHREHDACIAHENMWg. HhLl K Dpp TiiF$E £ FE a5 7
Fig.4 Over-expression of HDAC3 had no effect on Wg, Hh and Dpp downstream target genes

LT Prelf i 5%, ARGt Rk . HE— DA
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K Vgl 2B 1% m, 45 3k 3L, HDAC1 5 AR 41 i
1 Omb-LacZ[F) 3235 38 N, 11 SalF Vgl 2 ik & W ¥
AZENE~ENG”). KN ERPtc-LacZFIOmb-LacZ
G W) 35 R (10 26 S 7K ST Arb, At 56 DR RS: 0 f 48 0 B 1
KT, BB AT R FHRT-qPCR (1) 75 V£ 3k — L 56 4iF LA
R A RO R R AR o 45 R0 B THPTR:
HDACTH: PR 5 4 B i Pt CiLl S Omb ) % 55 144
HN(P<0.05), L E&5REW, HDAC1ZH T &K
BRI Pte. CiJ OmbIfy: i3
22 TFRIEHDACIHESAEZEERRIED
A

HDAC 1 % BB 5% i 52 48 B 245 A A 25 i I [A]
(RS, A RIAHDAC A B A M )
YEHIWE? FeATT CADpp s 55 18 % 4 51, 76 J g 330 15 1l
HAE I FRIAHDAC UL R R 2k, 4
BB, 5 A R A0 A EL, HDAC 1L IA F 40 g
w1, Dpp I 37 ¥ J5 Kl SalFlomb 1) 3¢ 15 B 35 9% 45 W 45,
AAA(E2). VI R IAHDAC X Dpp I ¥ 5 4]
(R IE AT A o

2.3 HDAC3FREIIDppIE & E SalFRiE R 220

AT PRS2 56 2 B, HDAC g % 4% 5 P b 5% g
WAL A R AR 2 R SE R Rk, I AAE N [F—
B HZK R IHDAC3 & 7 HA M R ) Dy fe? Ak
M THDAC3R AL & b F Wg. HhLL K Dppfs 5 18
PN U AL R R IR I Ol 5 R R A2 28 41 e AR
Lt, HDAC3 58 A% 41l ffy 1 Sens M DII-LacZ ) 3 i5 & %
A, Ui BHHDAC3A 52 N Wg | i § 3 [K Sens Fil
DI ZRIE(E3A~E3B). [FFEH, HDAC35AR 4N i
FHHR R 3 (K Pee-Lac ZFN Cift) 2% 15 B 35 3% A5 A8 4k
(E3C~E3D”), 1t FIHDAC3IANS: 5015 Pre M Ciffy %
ik SRIEE RIA o, Dpp R FIIE R Sal [t 21538 n,
HAE M OmbFI Vg ) 2 15 (KI3E~E3G™). il IERT-
qPCREE— I LA &5 R, WomHDAC3HEPA i b R
W (1) Sal’e s34 0, [R) I8 & BV It e 5 1 % (JEI3H,
P<0.05). L &5 B0, HDAC3 R % # P i #25Sal
FVg i i, Joh oA S I DA (1 A s M e 1
24 TURIEHDACIHEASAEZMERFRIEN
A

I (1 45 5 2% W], HDAC3 W] fig 2 5 i 35 Dpp
NI M Salffy 2Rk, NI, FRATIA HHIE R i R IA
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HDAC3K 1 — W 5T HDAC3 I AW 2 U fig . 78 53
3 5 il R A P R IAHDAC3, JERIIWe. Hh A
Dppf 5 i i AH N B U 3 R ) R0k . 25 RN,
L5 ] Bl A2 R 41 i A B, HDAC3 i 2632 1) 41 i v,
530 N U AR IR ) 2R 0k R A AT AR (1K 4), 5
i % IAHDAC3 X Wg. HhLL K Dpp I il 5 K 1) %
RHRBEAT T o

3 it

BATIY S5 45 B B R, HDAC1I) fig B 2k 5 5
Hh R 3E R Pey Cibd J¢Dpp R UL Kl Omb 1)
SE/KP B, TTTHDAC3 I g S 2% 5 W) 5 2 Dpp I
IR Sal(f) % % [ H, i WIHDAC1 5 HDAC3 B AR #R84
HH 2 OIS PE, (RO AR TS KA A
FEN ) sk B I Dh R A e A ] . 3X T BE
W5 5 T ) J5L IR — JEHDACT 5 HDAC37E 40 i 11
ENAGE AR, HDACTAE SR B4l i v 3 B A7 AE T
Mz, MTHDAC3BEAF /5 T4 futz T, tArfE T
a0 5 eY, [Nk, HDACLI TR e 4Erp T 5
5% N 26 e ) 2 o FR (AN %% 55%), TTHDAC3 W AT fig
B 22 b AE 5 b R AEAE AL, JEHDACT 5 HDAC3
N R 2 5 U AN [ (R4l e s 2500 . Wi pTR,
HDAC1 %2 5 §Sin3 & & 1. Mi2/NuRDE &
UL K CoRESTH £ £, MHDAC3N T %2 5 ¢ %
SMRT/NCoRE &4, XUt (1 A RS BAT T
F 51 S P DNAZE & B 1 (U e s DAL 745 ) FR 5 31 1
R IR DN, R A N e s A E R

AT 45 R 7R, HDAC1 3 fig B 2k 5 $Dpp
N UEOmbEE R ) Rk 1, {H )& A 52 mSal R Vgl
ik, MTHDAC3 T fE Gk 2% W 7 BiSal& ik - Vg
(235 T, AN OmbIf ik . kg BoR,
HDAC1HIHDAC3 % i PR i 53¢ 1R Y 45 I AN a2 35 3t
(1, AR, XAl e 5 S5 Sk ) DL
[Fi) — 30 B 1 2% 36 DR LA e SR ML 1 22 S A O
Wg. HhEL & Dpp I i i 5 PR 4 55 5 22 58 Bod AN TR
{10 28 3 R 4 DR [ Wg 1 I S0 56 BT PR 0S5 22 Arm
/B-Catenin, Hhf5 5 il % 75 #£Ci/Gli, M Dppil #% W]
#ipMad(phosphorylated Mothers against Dpp)%5], 1
X I S DN 7 R AR PR R ATE FH IR L R AN ) AH ], 3%k
AT AT R 1 WA S ) AR A T 2
St AT A — {55 W T AR, AR
U . Bhn, HATCL401EDpp N fEEE K Sal,
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HD A C3HJI ] 3% 126 J5 PR 11 27t S 15 22 A7 JFL A B ) 12k 1)
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AL CLF= A0 5L, i Sal. VeFl OmbIty s g4 75
EBrkff 2 50,

B Z 3k (References)

1 Grunstein M. Histone acetylation in chromatin structure and
transcription. Nature 1997; 389(6649): 349-52.

2 Mizzen CA, Allis CD. Linking histone acetylation to
transcriptional regulation. Cell Mol Life Sci 1998; 54(1): 6-20.

3 Mizzen CA, Yang XJ, Kokubo T, Brownell JE, Bannister AJ,
Owen-Hughes T, et al. The TAF(I1)250 subunit of TFIID has
histone acetyltransferase activity. Cell 1996; 87(7): 1261-70.

4 Brownell JE, Zhou J, Ranalli T, Kobayashi R, Edmondson
DG, Roth SY, et al. Tetrahymena histone acetyltransferase A:
A homolog to yeast GenSp linking histone acetylation to gene
activation. Cell 1996; 84(6): 843-51.

5 Roth SY, Denu JM, Allis CD. Histone acetyltransferases. Annu
Rev Biochem 2001; 70: 81-120.

6 Taunton J, Hassig CA, Schreiber SL. A mammalian histone
deacetylase related to the yeast transcriptional regulator Rpd3p.
Science 1996; 272(5260): 408-11.

7 Kadosh D, Struhl K. Repression by Ume6 involves recruitment
of a complex containing Sin3 corepressor and Rpd3 histone
deacetylase to target promoters. Cell 1997; 89(3): 365-71.

8 Rundlett SE, Carmen AA, Suka N, Turner BM, Grunstein M.
Transcriptional repression by UMEG6 involves deacetylation of
lysine 5 of histone H4 by RPD3. Nature 1998; 392(6678): 831-5.

9 Verdone L, Caserta M, Di Mauro E. Role of histone acetylation
in the control of gene expression. Biochem Cell Biol 2005; 83(3):
344-53.

10 Eberharter A, Becker PB. Histone acetylation: A switch between
repressive and permissive chromatin. Second in review series on
chromatin dynamics. EMBO Rep 2002; 3(3): 224-9.

11 de Ruijter AJ, van Gennip AH, Caron HN, Kemp S, van
Kuilenburg AB. Histone deacetylases (HDACs): Characterization
of the classical HDAC family. Biochem J 2003; 370(Pt 3): 737-
49.

12 Yang XJ, Gregoire S. Class II histone deacetylases: From

sequence to function, regulation, and clinical implication. Mol



Ty
=

ot TR R 12 L BFHDAC L RIHDAC3i& 8 R I 25 AE 24 L R 4 5

779

20

21

22

23

24

Cell Biol 2005; 25(8): 2873-84.

Yang XJ, Seto E. The Rpd3/Hdal family of lysine deacetylases:
From bacteria and yeast to mice and men. Nat Rev Mol Cell Biol
2008; 9(3): 206-18.

Lv WW, Wei HM, Wang DL, Ni JQ, Sun FL. Depletion of
histone deacetylase 3 antagonizes PI3K-mediated overgrowth of
Drosophila organs through the acetylation of histone H4 at lysine
16.J Cell Sci 2012; 125(Pt 22): 5369-78.

Zhu CC, Bornemann DJ, Zhitomirsky D, Miller EL, O’Connor
MB, Simon JA. Drosophila histone deacetylase-3 controls
imaginal disc size through suppression of apoptosis. PLoS Genet
2008; 4(2): e1000009.

Walkinshaw DR, Yang XJ. Histone deacetylase inhibitors as
novel anticancer therapeutics. Curr Oncol 2008; 15(5): 237-43.
Venugopal B, Evans TR. Developing histone deacetylase
inhibitors as anti-cancer therapeutics. Curr Med Chem 2011;
18(11): 1658-71.

Soragni E, Xu C, Cooper A, Plasterer HL, Rusche JR, Gottesfeld
JM. Evaluation of histone deacetylase inhibitors as therapeutics
for neurodegenerative diseases. Methods Mol Biol 2011; 793:
495-508.

Gottesfeld JM, Pandolfo M. Development of histone deacetylase
inhibitors as therapeutics for neurological disease. Future Neurol
2009; 4(6): 775-84.

Butler R, Bates GP. Histone deacetylase inhibitors as therapeutics
for polyglutamine disorders. Nat Rev Neurosci 2006; 7(10): 784-
96.

Arts J, de Schepper S, van Emelen K. Histone deacetylase
inhibitors: From chromatin remodeling to experimental cancer
therapeutics. Curr Med Chem 2003; 10(22): 2343-50.

Gallinari P, Di Marco S, Jones P, Pallaoro M, Steinkuhler C.
HDAC:S, histone deacetylation and gene transcription: From
molecular biology to cancer therapeutics. Cell Res 2007; 17(3):
195-211.

Foglietti C, Filocamo G, Cundari E, De Rinaldis E, Lahm
A, Cortese R, et al. Dissecting the biological functions of
Drosophila histone deacetylases by RNA interference and
transcriptional profiling. J Biol Chem 2006; 281(26): 17968-76.
Yang XJ, Seto E. Collaborative spirit of histone deacetylases in

25

27

28

29

30

31

32

33

34

35

regulating chromatin structure and gene expression. Curr Opin
Genet Dev 2003; 13(2): 143-53.

Cunliffe VT. Eloquent silence: Developmental functions of class
I histone deacetylases. Curr Opin Genet Dev 2008; 18(5): 404-
10.

Li J, Lin Q, Wang W, Wade P, Wong J. Specific targeting and
constitutive association of histone deacetylase complexes during
transcriptional repression. Genes Dev 2002; 16(6): 687-92.
Cavallo RA, Cox RT, Moline MM, Roose J, Polevoy GA,
Clevers H, et al. Drosophila Tcf and Groucho interact to repress
Wingless signalling activity. Nature 1998; 395(6702): 604-8.
Chen G, Fernandez J, Mische S, Courey AJ. A functional
interaction between the histone deacetylase Rpd3 and the
corepressor groucho in Drosophila development. Genes Dev
1999; 13(17): 2218-30.

Winkler CJ, Ponce A, Courey AJ. Groucho-mediated repression
may result from a histone deacetylase-dependent increase in
nucleosome density. PLoS One 2010; 5(4): e10166.

Zhang Z, Feng J, Pan C, Lv X, Wu W, Zhou Z, et al. Atrophin-
Rpd3 complex represses Hedgehog signaling by acting as a
corepressor of CiR. J Cell Biol 2013; 203(4): 575-83.
Belenkaya TY, Han C, Standley HJ, Lin X, Houston DW,
Heasman J. pygopus Encodes a nuclear protein essential for
wingless/Wnt signaling. Development 2002; 129(17): 4089-101.
Cho Y, Griswold A, Campbell C, Min KT. Individual histone
deacetylases in Drosophila modulate transcription of distinct
genes. Genomics 2005; 86(5): 606-17.

Campbell G, Tomlinson A. Transducing the Dpp morphogen
gradient in the wing of Drosophila: Regulation of Dpp targets by
brinker. Cell 1999; 96(4): 553-62.

Jazwinska A, Kirov N, Wieschaus E, Roth S, Rushlow C. The
Drosophila gene brinker reveals a novel mechanism of Dpp
target gene regulation. Cell 1999; 96(4): 563-73.

Moser M, Campbell G. Generating and interpreting the Brinker
gradient in the Drosophila wing. Dev Biol 2005; 286(2): 647-58.
Winter SE, Campbell G. Repression of Dpp targets in the
Drosophila wing by Brinker. Development 2004; 131(24): 6071-
81.



