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[(FEE] B - FIH G 85 AR AT AR/ IME T 3 AR 1 Ok 54 (nucleosome remodeling and deacetylase
complex, NuRDE W) 45k, #4508 NuRD E SRR G B . ik - % Comtr A5 3xFlag b2 i MBD3  (methyl-CpG
binding domain protein 3) FI N ¥i#7 45 10xHis #7545 ) GATAD2A (GATA zinc finger domain containing 2A) 7% [% % pMLink
IR, SRR 207 W ek st 5 e sk 383k 1 7 3046 U5 Expi293F 277 411 i BL 3634 NuRD & & W) h I ER (U 4L s Rkl
JI Ni-NTA EF)ZHr . Flag (DYKDDDDK) Fr%5 5% 127 Fl Superose 6 Increase 5/150 Bt i1 318 )2 B 43 25 44ifk NuRD & 54 ;
FHE 5 BP9 (Western blotting) 7% AH 4 1% - B2 B Fi 3% 7% (liquid chromatography-tandem mass spectrometry, LC-MS/
MS) X EYHATE IS s PTG i B R 255 B 0RL S A H R BIFIE NuRD &G ¥ a5 [ 254 5 @i UCSF Chimera
BAPRE A BRI (Protein Data Bank, PDB) HELA WA SWHY I TEHIBIEL (TAQ9, SFXY) 54K G5 I HEA T
B BT HC S LT, 0 A~ 2 4 A e S e S A R i 6 . S5 R - R R FIZET, BN E AR T SR A 1
MBD3. GATAD2A & [ K H Al P (4l 43, 3 iE— 20 B 1t U2 M 40 345 8 T — M RPN E 545 1) Western
blotting FILC-MS/MS %578 , #INalifb 15 2] 0952 590 R 4153 56 09 N5 NuRD & 590 . 1| FH 0 % F AR AR S B 08 S A8 B AR
WIZARAT T NuRD 2 &Y 2s 0454, R EAEH R, 2R K L, @adidt—5 0 =g b, m%
AT A NuRD Z AP0 17 A (1 A=0.1 nm) 910 L5 BIRL, UA MIEE &Y EF45H 88 (PDB:
7A09, 5FXY) 5 NuRD & &R =4t g5 iR B ULt )s ., #1260 T MTA1/2/3 (metastasis-associated protein 1/2/
3) . HDACI1/2 (histone deacetylase 1/2) ., RBBP4/7 (retinoblastoma-binding protein 4/7) & MBD2/3 (methyl-CpG-binding
domain protein 2/3) 2 [ HAE NuRD & A ¥ A Je S5 BRI (R e . 4548« RIS SBR A B AR5 T AJE NuRD & 59
BOAIR 5303 (YL S R AT
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Negative-stain electron microscopic study of the nucleosome remodeling and

deacetylase complex

DUAN Yujuan, HUANG Jing
Shanghai Institute of Precision Medicine, Shanghai Ninth People's Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai
200125, China

[Abstract] Objective*To study the structure of human nucleosome remodeling and deacetylase complex (NuRD complex) with
negative-stain electron microscopy to obtain the profile information of human NuRD complex. Methods-Full length MBD3
(methyl-CpG binding domain protein 3) and GATAD2A (GATA zinc finger domain containing 2A) constructs were cloned into the
pMLink vectors with an amino terminal 10xHis tag and a carboxyl terminal 3xFlag affinity tag, respectively. Proteins were
expressed in human Expi293F cells grown in suspension cultures by using polyethylenimine as the transfection reagent, and were
isolated via affinity purifications with Ni-NTA and anti-DYKDDDDK (Flag) G1 affinity resin sequentially. The complex was further
purified by Superose 6 Increase 5/150 gel filtration chromatography to improve the homogeneity, identified by Western blotting and
liquid chromatography-tandem mass spectrometry (LC-MS/MS), and was then studied by negative-stain electron microscopy and

EETH] HRASREEISE (32022036)
5

1EEEN] B

i (1997—), %, WitA; BF{EHH: yujuan_duan@sjtu.edu.cn

EIEEE] ¥ &, BTEM: huangjing@shsmu.edu.cn.

Corresponding Author] HUANG Jing, E-mail: huangjing@shsmu.edu.cn
M4 B &] https://kns.cnki.net/kems/detail/31.2045.R.20220425.1121.004.html (2022-04-26 12:02:40).

[
[
[
[Funding Information] National Natural Science Foundation of China (32022036).
[
[

http://xuebao.shsmu.edu.cn b1 280 K (B2 ) 5 2022, 42(4) @



456 | LmmARSR (EE)

2022, 42(4)

single particle analysis. The existing atomic structural model of the subcomplex (7A09, SFXY) in Protein Data Bank (PDB) was
automatically docked into the generated structural model by the UCSF Chimera software to predict the localization of multiple
protein components in the structural model. Results* The Flag-tagged MBD3 and His-tagged GATAD2A proteins could effectively
pull down the other endogenous components of the NuRD complex through two-step affinity purifications. The high-purity complex
was obtained by gel filtration chromatography and confirmed as the NuRD complex by LC-MS/MS and Western blotting
identification. Preliminary study on the three-dimensional (3D) structure of the NuRD complex was carried out with negative-stain
electron microscopy and single particle analysis, which revealed that the NuRD complex was in the obvious shape of a long
asymmetrical rod. The 3D structural model of the human NuRD complex was finally obtained by further 3D refinement at an overall
resolution of 17 A (1 A=0.1 nm). The existing atomic structural model (PDB: 7A09, SFXY) was automatically docked into the
negative staining structural model, and the localizations of MTA1/2/3 (metastasis-associated protein 1/2/3), HDACI1/2 (histone
deacetylase 1/2), RBBP4/7 (retinoblastoma-binding protein 4/7) and MBD2/3 (methyl-CpG-binding domain protein 2/3) subunits in
the NuRD complex were preliminarily confirmed. Conclusion*A low-resolution negative-staining structural model of human
NuRD complex is obtained by single particle analysis.

[Key words] nucleosome remodeling and deacetylase (NuRD) complex; epigenetic regulation; deacetylation; negative-stain

electron microscopy
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DNA i 5 B MR & 45 1 A i shad f
HE A BB WAL 3 S8 G i 2 B OB R T
(histone acetyltransferase, HAT) FlZH %5 125 Z ikfk
fiti (histone deacetylase, HDAC) It [ 9 # ' .
HDAC i iz 25 B HAT [n] 41 25 11 R AR A (Y 2 1t 5618
Wi, R BUE R S WAL, NITA R
il B A FE s . A E OB K AL
LR AR, FEME ML D AR,
HDAC #10 il 57 G 380 423 35 0 200 9 20 2 19 & ot b A
FE, P p21 SRR RGA K, S0 g 240 B 48
B, VAN T ", PR R R A G YT
M —AH . HATC 20K 0 1 2 R A 20
HDAC i PER IR Z s 1L T IV
HDAC ) 35305, 7RG ARG ST h BABGRIA R
JREe G34h, BT, HDAC 23 555 Sin3
HEEY. BAMEEBRMAEA R LB E EY
(nucleosome remodeling and deacetylase complex,
NuRD & & % ) . CoREST (corepressor of REI-
silencing transcription factor) & &5 A R 14 K5+
FEYh Y SHADWIRER, RIEIRERG
HDAC 1l il 5% AR [F] 4 HDAC & At 230 1 8k 1
erEm I PE . BALEHT R T HDAC 25 (1 H B R ETR
ISP BAT ORI R B, B AR . w1
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NuRD & & ¥ & — Ff ] i L4 Y o Jo 50 90 i A
R CTAGEETE M R T2 G, B ATP 4O ) 4
{4, i 55 ¥ [ T CHD3/4 (chromodomain helicase DNA
binding protein 3/4) . %% 5 il # [N ¥ GATAD2A/B
(GATA zinc finger domain containing 2A/B) . H 3E{k
CpG 4% & % A MBD2/3 (methyl-CpG-binding domain
protein 2/3) . 04 (1% Z Wt ALME HDAC1/2 (histone
deacetylase 1/2) . it %% % A 5C & 11 MTA1/2/3
(metastasis-associated protein 1/2/3) M4 1454 &
1 RBBP4/7 (retinoblastoma-binding protein 4/7) &5
LR R LA . BT NuRD & A 7F 3 4
Fe sk E . DNABUIE E KT 240 2 RedE 4t RF 119
HEEH, HXFIUAMERARKET R XELR,
HKOPA 5 N Z90E 1 & A R e B 7% W e 2% V) A
o ZIRFHMKE AR A AL AR, Bl
O F 1 NuRD & & W 25 M i 5% 2 AL T 5 Bk %
O 15 He MTA1/2/3-HDAC1/2-RBBP4/7, 5% & &W)
(I AIF 5T 85 A k2 (9 . MILLARD % "7 [ 2013 4
DI, B S5 HAENTRIER T NuRD 2 &9 5 L
b A% 0 A58 He v MTA1/2/3 A R 32 38 36 1 40 ) 41 55
HDAC1/2 Fil RBBP4/7 ()53 FHL . LOW 45 % 3 s
G b 1 200 X 1 RS 4B . 0026 HE T NuRD &2 &
Y Hh % T % RBBP4/7. HDACI/2, MTAIL/2/3,
MBD2/3., GATAD2A/B. CHD3/4 fijfb2#it i o 4:
2:2:0 111, JREAEACER RIS . A EUN A
Z B J5 ¥ E 52 T NuRD B & ¥ & i MTA1/2/3-
HDAC1/2-RBBP4/7 £ & T b #% 0> £ B F1 MBD2/3-
GATAD2A/B-CHD3/4 Y& {8, J5i 7 ¥ 455 e 19 8 43 21 i,
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fift BT 3K 45 56 5 NuRD & & W) 1) = o0 BF R 25 0 1
B TR A EAE R, RAFE Z A0 5
fFE, XFHENURD E S S5 I R RPN 5
FAILT A SR A ) 25 A R S A
S AP0 1o W L A0 AR I i Fa A MR AL R
BAETS | SR AP NuRD 5%, 158120 kV &
S HU BT R PR T R B R KA NuRD & A i e —
YEZERGRRY LU N 5 SEAR T i 0 P NuRD & 51
ARG EE A B A

B ARRSFR A BB

1 HES5RHE

L1 SRR

111 FZRHF 51U Fast Pfu DNA R4 (4
X&), FR& M AN YA (Thermo Fisher
Scientific) , DNA #4: 4% i Ligation high (Toyobo), i
ROR R AR & (BRMHEL), RO W%
PEI) 40000 (Polysciences) ,
Balance CD 293 K573 (Cell wise), Ni-NTA Biifig b
(Qiagen), HTDYKDDDDK G135 FI g (£ Hi%i) ,
% HDAC1 Fsg BESTIK (Proteintech) , i MTAL
PTTREBTIR . U RBBPA Z v BEdiiA . i CHD4
My EPLIA (ABclonal), FURPL His FRyCRETIA . B
U4 Flag SyeBEHUAR . ILEPIRIgG. 1LFHi R 1gG
(AbHO) , ECL™ Prime Western blotting #5; il iz 5
(Cytiva), Superose 6 Increase 5/150, i & 1 % A
3% (GE healthcare), eBlot L1 BFAAL (430
Fit ), e A HEPUIE BF SRS AL (B Q-Exactive HF,
Thermo Fisher Scientific), B4R M (65 BB
TARAWRAF), B4 E (5 Talos L120C,
FEI), 3% CMAUE AN (uranyl acetate, UA) (G E:E
R A PRA DD o

1.1.2 4. WtkS 8K AR ERIER Expi293F
YA, KIp¥sy A DHSa B Fl . StbI3 AP, WiFLahY)
21 F R AR pMLink 24 AR S2IG AR A17

(polyethylenimine,

1.2 i ik

1.2.1  BlY4& S M DNA JFFI . 528 i 519
Yy B T A TR G A RA A A K. DNA
JP G 5 R A ) B AR B W 8 i
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1.2.2 kL9 & R PCR A HEK293T 4 il
cDNA CEFERAG NFE MBD3 &K (F Rk, 1~
291). GATAD2A K (ZHEMRARHE: 1~633) MY
Ay 5, o34 A BN A Flag 8¢ His 264645 25 (1)
pMLink &, 3R 4540 M () pMLink-MBD3-3xFlag
pMLink-10xHis-GATAD2A 41 1 |1 335 ik .

1.2.3 WEATEE e KAk % 5 41 iUk pMLink-
MBD3-3xFlag #1 pMLink-10xHis-GATAD2A L 1 : 1
F4) L A8 A 21 20 mL 0 L 30 P 40 i B F B 3R Sk
% % F 10 min. 53 AR FE G 50 PEL fin A F
20 mL Wi 7L 30147 4t M A2 v 5 AR S rh = IR 10 min,
A Bt e iR A B R  RL A B VAT &, AR 82 =5 TR O
H 20 min, 5 ¥R QIR G WA B B R Oy 2.5%
10° 4~/mL A9 Expi293F 40 i tf (45 = F+ 40 g %% 4
1 mg H A FEH Bk, i H 2 mL 1 mg/mL pH 7.0 ¥
PEL % Y4350 ) o in A 5% Ju 1K & J5 % 4t il 7 37°C |
5% CO, % PR /P 125 r/min 4K 2215 9%, 48~52 h )5 IL
LA H] TR B 2k .

1.2.4 NuRD Z&WY4lifth A AENERR
A Expi293F 4 FH 240 2% viil. (45 50 mmol/L pH
7.5 Tris-HC1, 300 mmol/L NaCl, 10% H7i#i. 20 mmol/L
BRI . 1 mmol/L B-%i 2 £ BE . 1 mmol/L PMSF,
5 mmol/L benzamidine., 1 wg/mLAZHMEHEEIL. 1 pg/
mL B & IR Fa, va &M AR f
ST 4°C. 46 000xg R B0 1 h, B5.0JE 0 BT
5P AT UF Y Ni-NTA BUBHT IES IR A 1 4 °CEZZTR G
1 h, RAEEMFHIRAW 135xg B0 5 min, FE LK
W, PR 2 R AT h AT E ) T S SRR 2 A
S, MRS MBORTEERL, B 2% D i
WA AN BB A5 b s, PR L 8 R 5 22 i
I (%25 mmol/L pH 7.5 Tris-HCI, 150 mmol/L NaCl,
250 mmol/L BRI | 1 mmol/L B-Fi % L BE . 1 mmol/L
PMSF. 5 mmol/L benzamidine, 1 wg/mL % & [ i
JIK. 1 pg/mL B EBHIHN) Vel H . o F ok
#1531 DYKDDDDK G1 2% FIB IS IR e 55 1R A5 2
S5h, ZJEHEEZ MW (7% 25 mmol/L pH 7.5 Tris-
HCl. 150 mmol/L NaCl. 20 mmol/L BKI . 1 mmol/L
B-FiF L. 1 mmol/L PMSF., 5 mmol/L benzamidine .
1 wg/mLAEPNEE IR . 1 pg/mL B & A BEHMEIF]) 5
PRERL H R e A, P T (&
25 mmol/L pH 7.5 Tris-HCI, 150 mmol/L. NaCl,
500 pg/mL Flag Z JIK) Ve H & 1H . 4 E A
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FHAR B 7315 24 30 000 FY e 4 48 e 4 22 24 100 pL,
) FH 43 1 i Superose 6 Increase 5/150 #F 17 ¥ — 43
Balifh . SR I o e R - IR T 04 T e 56
¢ B Yk (sodium dodecylsulfate-polyacrylamide gel
electrophoresis, SDS-PAGE) 3 #71 % &, &I H 4
SEHE 1 NuRD & 5 W 8 FIE R
1.2.5 NuRD &AW 5 1 %58

(1) FIHE AL (Western blotting) %
7E NuRD & &5 W) v 1) 4 8 1 4170 . il i SDS-PAGE
SEEAMEMSE, HEBRERMCKEEAREETR
BEE AL G I R — W L4 (PVDF) i 1o Z )54
PVDF [ 18 76 % 5% I i 054 i 3 A b, %=
B2 ho BIFEE A, A3 B B 2 Al e
f) HDAC1, MTA1, RBBP4, CHD4 & /4% 5t L4t
& 4 His . Flag b2 R PR, 4 CIE R .
JH 3% e W TBST (4% 20 mmol/L pH 7.5 Tris-HCI
150 mmol/L NaCl. 0.05% tween-20) i %t PVDF X,
BEHE IR, BIR10 min, ZJ5 AR B BB T
BAR A EALWIEE (HRP) (91l 24T BT AR sl 1L -0
YR, ERME 1 he AHTBSTHEEI K, HIK
10 min. fif Ak 25 RO A0k 1 60 %00

(2) 38 33 Jo i 4 A i £k = 4 v B B L AL 40
B2y 20 pg 1, Sl LA RS, AR I,
37 °CHEME L BEMRIRB 4 CI8HERRERS . R
HH B33 - BB IR 3% 55 (liquid chromatography-tandem
mass spectrometry, LC-MS/MS) #1750 #1; Jiik i
HE 3R 12 22 3] Proteome Discoverer 2.3 #kf4:tf, fdi F
UniProt £ 4 7 19 N 25 1 L4k 38 & (Protein Data
Bank, PDB) iK%,
1.2.6  FUYLFE S A& . B AR B R A A A
UA W3 B . O A R, Sk B A D i
i A g R . L B SE I BR AN T - S ADEE
TR FELASORT e R I 47 S K AR AR BR S, T e A )
Hr N 3 WL ¥ BE 294 0.05 mg/mL Y 2K A R,
#E 1 ming  FHUE 20 B B4R 1) i1 2% 4% B2 e s 2 4y
FOVR, N3 wL 1.5% UA W, Zeft 1 min; ]
UEARIE R Z Rk, BT AU LA LS AT T
He s ZJR B ARE R BT 120 kV B BB EE, ik
FERCBLE N 57 0007, RAEHIEE N -1.0~-2.5 wm;
TEPEAT: it UKL 73 HICPE A8 — MR 3 A 1 DX Bl i A B s
W g . B S R B 4E 4b B AR fF EMAN2 F
RELION3.1.1 % 7 Wi £ iy 145 5 47 A 3 3T A6 U 1
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il = AR 10200 L ) RO ) 2 R 5 2
H 2 AN ST 8 T R T A DA T = AR 25 1Y 43
BESR R ARAT 04 45 K 1 2 18] 43 B R i SO L
72 2 8K %% (Fourier shell correlation, FSC) =
0.143 I 114 2 [R] B 252 1) {5 45

1.2.7 NuRDEGWHE AL/ ¥ PDBHE
LA 5 A Y MTA1-HDAC1-MBD2 ¥ 5 H, 55 45 14
(PDB: 7A09) I iV % RBBP4 fi & 45 #J (PDB:
SFXY) it UCSF Chimera #54F H UL g 2= A5 3K
9 = 2 45 kg R R Y A R R MTAL-
HDAC1, RBBP4 }; MBD2 7£ NuRD & £ ¥ 1 Y 45 #
R e 7, T LA SIF 5 94 £

2 &R

2.1 NuRD &5k ek

251k 22 H i 0 e 4 DR M C il A7 3xFlag A
(1) MBD3 5 41 2 [ 835 ORI N Uity 4 10xHis AR2E 1
GATAD2A B RBFRL, M TRE Rk,
VR L TR AE T 2L B0 4 L Expi293F Hh s 7 e
ik, ARYCGH T Ni-NTA 4i{LF Flag brssalifh, #4i
145 2 Y 2 (il 1 SDS-PAGE 73§ & % Th i 5o s et
Y, ZERNIR, WL A I P i F ik i MBD3 il
GATAD2A fig pi 3 4l £kt 240 i 9 1 24~ IR AR 1T
S NuURDE AW ANEN (B1A) 5 FaikfT
Fext o dtia , W2 alifh =Y h gl oy 55 4 . Al
I NuRD Z A5 WkES (F1B). A THIAZE SRR
UL B AR SR A 3 —1 SR RUE TS R R
i i 1 43 F- i Superose 6 Increase 5/150 i#F—25 43 B 4l
b, BREAYTE 1.3~1.6 mL KRB i (&
1C) 5 A X538 KT 669 000 1Bk
Y1, X5 NuRD & &0 A/ (435 720 000)
. A WER AL 4, @it SDS-PAGE 43 58 K %
DRk E, SRERESWhZHNEALL
Y, HF 1.3~1.6 mLAMERIHIE (K 1D), &I
WAE AT BE N NuRD & G019 1.3~1.6 mL i th 2443, ¢
B TIER ., Gt B stk b5, 2L
Expi293F 4 hrr4lifk i £50.1 mg NuRD & &4

2.2 NuRD EA5Yi4ln %
S xk 108 1k T A S RN AT Koy 1 0 Al Ak A5 2 Y 4
W, M E AR S e A R T E) MTAL
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A
1 379 426456503 594 631673748 932 1064 1229 2000
CHD3 I rﬂj *Hl‘chromoll C@oZ W'Pase motor l Ha{licase C-terminzi I
1 370 417 449 496 594 622697 722 966 1194 1912
CHD4 I m *H*hmmoll I ATPase motor r ATPase motor l
1 165 276283335 393420464 546 671690 715 1 122 403 425
MTA1 | BAH | ELM2 8ANT  7ZoF | RI | k3 | RBBP4 [ [ WD40
1 145 256263315 367394 668 147 403425
MTA2 | BAH | ELM2 §ANT ZnF | RBBP7 | 1 WD40 I
1 148 259266318 379406 594 1 145 213 361393 411
MTA3 | BAH | ELM2 SANT  Znf ] MBD2 [ [MBD| £
iy i i ) 216 245291
HDACI || HDAC | ] MBD3-Flag MBD|  q  j—fiak
19 322 488 1 139 174 411464 633
HDAC?2 | HDAC | ] His-GATAD2A —fifH |SS| [z0r] F
13 316 428 ) 1 140194 414 449 482 593
HDAC3 | HDAC | | GATAD2B | lec] .
C D
200 000 80 - Elution volume/mL
116 000 5 70+ Marker 1.2 1.3 14 15 1.6
97200 < o 200 000
EK:I'CK?DBAADZA g 116 000 NITA2
<
Go GATAD2B = 90 97 200 Miaz
HDAC2 & 4 66 400 His-GATAD2A
HDACI1 b GATAD2A/B
RBBP7 3 30
RBBP4 %
44300 MBD2 £ 20
MBD3-Flag 2 44300
S 10 MBD3-Flag
Z 0
_10 J
29 000 12 13 14 15 16 1.7 18

Elution volume/mL

Note: A. Composition and domain organization of human NuRD complex. The NuRD complex comprised at least six subunits, and there were two or three
paralogs for each subunit. The plasmids of MBD3 were constructed with Flag tag at the C-terminus and GATAD2A with His tag at the N-terminus for
subsequent protein expression and purification. B. SDS-PAGE analysis of the purified NuRD complex derived sequentially from the Ni-NTA and anti-
DYKDDDDK G1 affinity resin. The identities of the major polypeptides and protein size markers were indicated. C. Gel filtration chromatography profile of
the NuRD complex on Superose 6 Increase 5/150 GL column. D. SDS-PAGE analysis of fractions across the major peak shown in C. PHD—plant
homeodomain finger; BAH—bromo adjacent homology; ELM2—Egl-27 and MTA1 homology 2; SANT—switching defective protein 3 (Swi3),adaptor 2
(Ada2), nuclear receptor co-repressor (N-CoR), transcription factor (TF); ZnF—Zinc finger; R1/R2—RBBP4 recruitment domains; WD40—conserved
tryptophan (W) and aspartic acid (D) residues and a repeat length of approximately 40 amino acids; CC—coiled coil.

1 NuRD E&MIKIRES AL
Fig1 Expression and purification of the NuRD complex

HDAC1, RBBP4 il CHD4 % 1 (& 2A) . % ] Western blotting & Il | ) 85 1 5 % S il 2 i e )5
Western blotting X 5 il 21| (% £ 20 4 & (1 A7k — 20 SDS-PAGE ¢ I EEE A& AW & . DL g
W, Hop, MTAL FIRBBP4 &7 M7, 455 tEor  RIUESE NuRD B A9 A9 4% B 2450 | A B A 5%
(KI2B. 2D); HDACL W E5&A MW, HEAHZR  Hhdkaifl,

I HDAC1 5 [ 51 52 B i 1A B 76 249 50 000 Ab 7] B A LC-MS/MS % e g5 i R, aifbB 8 E S
ME— AR S LS A 40 (K20), 53CHkfaE 79 b &7 NuRD & & 4 1) e (o 5 5 9 155 B 2k 1
SEWR—% 2, CHD4 MR & (550, fil#i%  GATAD2A/B, MBD2/3. CHD3/4 Jz 413 H % 2 Ak
RO TR BUN 4N AT RE S CHDA B M 7= ) sl qth - BEPUE 11 MTA1/2/3. RBBP4/7. HDAC1/2. 435 LA
EFERIEL G 554 (K 2G) . it His. Flaghe% & 0 RE 40 H %808 31 09 = 9K B (81 20 (peptide
RS TR B 2D 45 B T M N ] His-GATAD2A spectrum matches, PSMs) HE/F7, L&A1 H
M MBD3-Flag, BAIEREFMELG KW, HEWE  MANEE, R 1R, RRZEREVILAE 2
Sl H &AW (K 2B, 2F) . MR4EH F K/, 77 NuRD & 459
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A D
N Qb‘
o ™
& s & & s &
& fz}@ > & q,& %& &
& S ¥ W I
180000 180 000 180 000
180 000 140 000 == 140 000 140000
140 000 100 000 100 000 100 000
100 000 A 75 000 75 000 75 000
A
75000 His-GATAD2A 60 000 & 60 000 HDACI 60 000
60 000 HDAC1 . RBBP4
HDAC2 — Non-specific
RBBP7 45000 45 000
45000 REDE 45000 o
MBD3-Flag
35000 S 35000 35 000
35000
25 000
E F O G
& -Q\[boo & i & . &
&:& o & & &&* o
ok 08 s :
100 000 100 000 %gg §§§ CHD4
75000 —Non-specific 75 000 —His-GATAD2A 130 (000
60000 ) 60000 « TNon-specific 100 000 Degradation
—Non-specific 70000+
45 000 '—MBD})-F]ag 45000 -
50 000
35000 35000 600

Note: A. The Coomassie-blue staining of the SDS-PAGE gel clearly showed that the final elution contained all major protein components of the NuRD

complex. B—G. Through Western blotting analysis, each component of the NuRD complex was detected by using MTA1 rabbit polyclonal antibody (B),

HDACI rabbit polyclonal antibody (C), RBBP4 rabbit monoclonal antibody (D), anti-Flag mouse polyclonal antibody (E), anti-His mouse polyclonal antibody

(F) and CHDA4 rabbit polyclonal antibody (G).
2 44k A NuRD £ & ¥H) Western blotting £ E
Fig2 Western blotting identification of the purified NuRD complex

F1 AHNuRDEAYHREARAS LC-MS/MS T4 R

Tab 1 Analysis of protein components in the purified NuRD complex by LC-MS/MS

Description
Module Coverage
Full name Protein
Transcriptional repressor p66-a GATAD2A 71
Methyl-CpG-binding domain protein 3 MBD3 75
Chromodomain-helicase-DNA-binding protein 4 CHD4 58
Nucleosome
remodeling Chromodomain-helicase-DNA-binding protein 3 CHD3 21
dul
moduie Chromodomain-helicase-DNA-binding protein 5 CHDS 14
Transcriptional repressor p66-3 GATAD2B 6
Methyl-CpG-binding domain protein 2 MBD2 18
Metastasis-associated protein MTA2 MTA2 73
Histone-binding protein RBBP7 RBBP7 78
. Metastasis-associated protein MTA1 MTAL1 72
Histone
deacetylase Histone deacetylase 2 HDAC2 62
dul
moduie Histone deacetylase 1 HDAC1 56
Histone-binding protein RBBP4 RBBP4 69
Metastasis-associated protein MTA3 MTA3 57

Peptide

44
27
91
27
20

41
2
47
21
21
17
28

PSM Unique peptide AA

412 41 633
240 25 291
189 74 1912
42 13 2000
41 2 1954
23 1 593
9 3 411
142 37 668
121 16 425
119 40 715
107 13 488
93 13 482
7 1 425
64 20 594

Note: Coverage—the percentage of the protein sequence covered by identified peptides; Peptide—the number of distinct peptide sequences in the the protein;

PSM—the total number of identified peptide sequences for the protein; Unique peptide—the number of peptide sequences unique to a protein group; AA—the

number of the amino acid of the protein.
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Note: A. A representative negative-staining electron micrograph image of the NuRD complex. B. Representative two-dimensional class averages obtained

from electron microscope particles of the NuRD complex. C. Angular distributions of particles for the final reconstruction of the NuRD complex. D. The gold-

standard FSC curve calculated between two halves of the NuRD complex dataset.
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Fig3 Negative-staining electron microscopy analysis of the NuRD complex
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Note: A. Surface view of the electron micrograph density map of the NuRD complex shown in six orthogonal views. The three-dimensional model size of the
NuRD complex is denoted on the left. B. The crystal structures of RBBP4 (SFXY) and the electron microscopy structure of MTA1-HDAC1-RBBP4-MBD2
(7A09) are docked into corresponding mass of NuRD complex shown in three orthogonal views. MTA1 is colored in cyan, HDACI1 in green, RBBP4 in

orange, and MBD2 in yellow.
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Fig4 Three-dimensional reconstruction of NuRD complex and localization of multiple domains
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