Supplemental Figure Legends

S1 (figure) Domain organization of class I/II/IV HDACs from C. elegans (a),
Drosophila (b) and Danio rerio (c).

Deacetylase (DAC) domains, zinc fingers and other motifs are depicted as in Figure 1.
GenBank accession numbers and genetic loci are listed in brackets at right. These
deacetylases have not been as well characterized as their counterparts in yeast and
mammals. While the five D. melanogaster proteins can be easily grouped according to
their mammalian homologs, the eight C. elegans proteins are more complicated. ceHda-2
and ceHda-3 are more homologous to HDAC1 and HDAC?2 than to HDAC3. Like
ceHda-6 and ceHda-8, ceHda-4 and ceHda-5 may belong to class IIb since both are
highly similar to the deacetylase domains of HDAC6 and HDACI10. For zebrafish, the
HDACY7 sequence needs to be verified about the binding motifs for MEF2 and 14-3-3.
The two clones listed for zebrafish HDACO could also be from separate genes, so further

analysis is needed to address this. HDAC31, HDAC3-like protein.

S2 (figure) Sequence comparison of selective human HDACs with orthologues in sea
urchin and zebrafish.

a. Sequence alignment of human HDACS (hHDACS) with its ortholog from the sea
urchin Strongylocentrotus purpuratus (sSHDACS8; GenBank accession number,
XP_791175.1). The conserved PKA site is underlined and the serine residues for
phosphorylation are highlighted in red. b. Sequence comparison of human HDAC4 with a
putative orthologue from the sea urchin S. purpuratus (GenBank accession number,

XP _797761.2). sHDACA4 refers to the protein from the latter organism. 14-3-3 and MEF2



binding sites are underlined with key residues highlighted in color. Also underlined are a
Q-rich domain, important for dimerization, and a nuclear localization signal (NLS). The
SP box is present in HDACS and HDACO9, but not in HDACT7. It is also conserved in
class Ila HDACs from C. elegans and D. melanogaster. The leucine and isoleucine
residues in the box resemble a nuclear export sequence, but expression of an HDAC4
fragment encompassing revealed that the box might not possess nuclear export activity',
suggesting that it may have another function. The arrow denotes the substitution of a
catalytically important tyrosine residue by histidine in the human protein. This
substitution occurs in zebrafish, but not in C. elegans or D. melanogaster, so it appears to
be vertebrate-specific’. Note that an HDAC4-like protein from the sea squirt Ciona
intestinalis (an invertebrate chordate) has a phenylalanine at the equivalent position®. ¢
Sequence comparison of human HDAC10 (GenBank accession number, NP_114408)
with a putative ortholog from the zebrafish D. rerio (zZHDAC10; GenBank accession
number, NP_956069.1). Two conserved motifs in the C-terminal extension are
underlined and labeled with a hydrophobic (H) box and a question mark to denote their

potential functional importance.
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S3 (figure) Crystal structures of the deacetylase domains of HDAC7 and HDACS.

a Ribbon diagram of the crystal structure of the HDAC7 deacetylase domain complexed
with the inhibitor SAHA (suberoylanilide hydroxamic acid), with a-helices and 3-strands
coloured in red and yellow, respectively. b Ribbon diagram of overall structure of the
HDACS deacetylase domain with bound SAHA, with a-helices and B-strands coloured in
cyan and purple, respectively. ¢ Ribbon diagram showing superposition of the HDAC7
HDACS structures. The PDB codes for the HDAC?7 structure are 2NVR and 2PQO
(Schuetz, A., Min, J.R., Allali-Hassani, A., Loppnau, P., Kwiatkowski, N.P.,
Mazitschek, R., Edwards, A.M., Arrowsmith, C.H., Vedadi, M., Bochkarev, A., and
Plotnikov, A.N., data to be published), whereas the code for HDACS is 1T69. This
figure was kindly provided by Drs. Xueyong Zhu and Ian A. Wilson (Scripps Research

Institute).



Supplementary S1a/b (figure)
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Supplementary Sic (figure)
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Supplementary S2a (figure)
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Supplementary S2b (figure)
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Supplementary S2c (figure)
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Supplementary S3 (figure)

a HDAC7 b HDACS8




Supplementary S4 (table) Purification of class I/Il HDAC complexes from yeast

Cprl,

Purification | Conventional Conventional Tandem affinity Tandem affinity with
method chromatography chromatography with yeast cell yeast cell extract
followed by tandem followed by tandem extract expressing expressing Sin3-
affinity with yeast affinity with yeast Sin3-TAP, Rpd3- TAP, Rpd3-TAP,
cell extract cell extract TAP, Umel-TAP, Umel-TAP, Rcol-
S. cerevisiae expressing Rpd3- - expressing Rpd3- , Rcol-TAP, Eaf3- TAP, Eaf3-TAP,
Rpd3 TAP or Sin3-TAP> TAP or Sin3-TAP TAP, Rxt1-TAP, Rxt1-TAP, Pho23- X
Pho23-TAP, or TAP, or Sap30-TAP
complexes Sap30-TAP’
Proteins Rpd3L: Rpd3, Sin3, | Rpd3S: Rpd3, Sin3, Rpd3C(L): Rpd3, Rpd3C(S): Rpd3,
identified Umel, Pho23, Umel, Reol, Eaf3 Sin3, Umel, Rxtl, Sin3, Umel, Rcol,
Sap30, Sds3, Cti6, Rxt2, Depl, Sds3, Eaf3
Rxt2, Rxt3, Depl, Pho23, Sap30
Ume6, Ashl
Purification | Anti-HA Anti-HA
method immunoaffinity with | immunoaffinity with
yeast cell extract yeast cell extract
expressing Clr6-HA | expressing Clr6-HA
S. pombe Clr6 or Pst1-HA follo.we(} or Pst1-HA follo.we(}
complexes . by glycerol gradient” | by glycerol gradient
Proteins Complex I: Pstl, Complex II: Pst 2,
identified Sds3, Clr6, Prwl Cphl, Cph2, Alpl3,
Complex I’: Pstl, Clr6, Prwl
Sds3, Png2, Clr6,
Prwl
Purification | Conventional
S cerevisiae method chromatogra?hy of
yeast extract
Hdal complex Proteins Hdal, Hda2, Hda3
identified
Purification | Anti-Flag
method immunoaffinity with
S. pombe Clr3 yeast cell extract
expressing Clr3-
complex Flag®
Proteins Mitl, Clrl, ccql,
identified Clr3, CIr2
Purification | Tandem affinity
method with yeast cell
S. cerevisiae extract expressing
Hos2-Set3 Set3-TAP or Hos2-
complex TAP’
Proteins Sntl, YIL112, Set3,
identified SIF2, Hos2, Hstl,

Note: The identified proteins in boldface denote subunits with domains (such as chromodomain and
PHD finger) and enzymatic activities (such as ATPase, sirtuin and histone methyltransferase) for
crosstalk with other chromatin-regulating processes.
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Supplementary S5 (table) Purification of class I HDAC complexes from Xenopus and mammals

HDAC1/2

Purification | Anti-mSin3 Anti-HDACI1 Anti-SAP30 Anti-mSin3A Anti-ING1 or TAP- Anti-Flag
method immunoaffinity with | immunoaffinity immunoaffinity with | immunoaffinity with | ING2 immunoaffinity with
HeLa nuclear followed by anti- HeLa nuclear K562 nuclear exract’ | immunoaffinity with | nuclear extract from
extract'? mSin3A with U937 extract’ HeLa nuclear extract | H1299 cells
nuclear extract® or anti-Flag with expressing Flag-
nuclear extract from p331NGlb or Flag-p40
H1299 cells (ref. 8)
Sin3 complex ;’;‘;Eﬁéﬁi‘}iﬂai’ 7
Proteins mSin3, HDAC1/2, mSin3A, p72, Sin3, HDACI1/2, SAP180/RBPI1, RBPI1, RBP1-like RBPI, Sin3A,
identified RbAp46/48, SAP30, | HDAC1/2, RbAp48, | RbAp46/48, (p33), Sin3A, SAP130, (SAP180), SAP130, | HDACI1/2,
SAP18 p45, p33 INGI, SAP30 HDACI1/2, Sin3A, HDAC1/2, RbAp46/48, p40,
RbAp46/48, SDS3, | RbAp46/48, p33™NGI® SAP30
SAP38/INGl, p42/SDS3, BRMS1
SAP30, SAP28 ING1/p33™N6tb,
SAP30
Purification | Anti-Mi2 Conventional Anti-CHD4 Anti-HDAC2 Tandem affinity Conventional
method immunoaftinity or chromatography immunoaffinity with | immunoprecipitation | with extract from chromatography
conventional with Xenopus egg SW13 nuclear with HeLa cell HEK?293 cells with HeLa nuclear
chromatography extract' " 2 extract" extract' expressing MBD2- extract'®
with HeLa nuclear TAP or MBD3-
extract” ' TAP"
NuRD/Mi-2 Proteins Mi2, MTA2, Mi2, MTA-1 like, CHD4/CHD3, N190, | Mi2, p110, p70, Mi2, MTA1/2/3, Mi2, MTAZ2, p66/68,
complex identified HDACI1/2, p66, xRPD3, N170, N160, N140, HDACI1/2, RbAp48 | p66, HDAC1/2, HDACI1/2,
RbAP46/48, MBD3 RbAP46/48, MBD3 | N135,N130, N85, RbAP46/48, RbAP46/48,
N75,N70, N68, MBD2/3 MBD2/3
N66, HDAC1/2,
N61, RbAP46/48
N38, N34
Purification | Anti-CoREST Anti-Flag Anti-Flag Conventional Anti-Flag/anti-HA
method immunoaftinity with | immunoaffinity immunoaffinity with | chromatography immunoaftinity
HeLa cell extract'’ followed by glycerol | nuclear extract from | with HeLa nuclear followed by glycerol
C density gradient HEK?293 cells extract or anti-Flag density gradient
oREST . . . ; . . - . . .
complex sedimentation with expressing Flag- immunoaffinity with | sedimentation with

nuclear extract from
HelLa cells
expressing Flag-
HDACI (ref. 18)

BHC110 (refs 19,
20)

nuclear extract from
293 cells expressing
Flag-BRAF35 (ref.
21)

nuclear extract from
HelLa cells
expressing Flag-HA-
CtBP*




Proteins pl110b, Znf217, p80, | KIAA0601, X-FIM, FIM, BHC110, BHC?80, CtBP1, CtBP2,
identified CoREST, HDACI1/2, | CoREST, HDACI, ZnF516, KIAA0182, | CoREST, HDACI1/2, | EuHMT, G9a,
Sox-like p37 ZnF217, BHC110, BRAF35 ZEBI, HDAC1/2,
BHC80, CoREST, LSDI
HDACI1/2, CtBP, (NPAO/KIAA0601),
BRAF35 CoREST
Purification | Anti-HDAC3 Anti-Flag Anti-SMRT Anti-N-CoR
method immunoaffinity with | immunoaffinity with | immunoaffinity with | immunoaffinity with
HeLa cell extract®? | nuclear extract from | HeLa nuclear extract | HeLa nuclear
HeLa cells or anti-Flag with extract®> ¥
expressing Flag- nuclear extract from
HDACS3 (ref. 26) 293T cells
expressing Flag-
HDAC3 N-CoR/SMRT HDACS3 (refs. 27,
complex 28)
Proteins N-CoR/SMRT N-CoR/SMRT, N-CoR/SMRT, N-CoR, TIF1y,
identified TFII-I, PP4g;, TBL1/TBLRI, AKAP95, HA9S, IMID2A
TBL1/TBLRI, HDACS3, GPS2 TBL1, HDAC3, (KIAA0677),
HDACS3, GPS2, GPS2 HsEg5, Kaiso,
PP4, hsp70, IR10,
TBL1/TBLR1
HDACS3, GPS2

Note: In sub-stoichiometric amounts, HDAC1 and HDAC?2 are also known to be present in many other complexes, e.g. SWI/SNF

complexes’"*%, PRP4 kinase complex™, and the SMCx demethylase complex important for X-linked mental retardation®*. For clarity and

simplicity, association of HDACs with numerous transcription factors is not listed and discussed here.
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Supplementary S6 (table) Roles of classical HDACs and associated subunits in worm and fly development

Mammal C. elegans Drosophila
Deacetylase Associated subunit Protein name  Developmental role Protein name Developmental role
HDACI1 Hda-1 One-fold stage' dRpd3/dHDAC1 Segmentation defects®
Vuval development® G2-M cell cycle progression*
Gonagenesis’ Essential for S2 cell viability®
Cell migration”® Euchromatic transcriptional repression*’
Axon pathfinding® Activating SMRTER expression*’
Homeotic gene expression'” and longevity'!
RbAp46/48 Rba-1 One-fold stage arrest' p55
RbAp46/48 Rba-2/Lin-53  Vulval development p55
Sin3 Sin-3 Male sensory ray patterning'? dSin3 Embryonic viability'
Cell cycle progression*
Activating SMRTER expression”
Euchromatic transcriptional repression*’
SAP18 dSAPI18 Homeotic gene expression'
Mi2 Let-48/Mi-2 Vulval development dMi2 Hox expression, larval and germ viability'®
Spatiotemporal cell differentiation'’ Proneural gene expression'®
po6 ? dp66 Whnt signaling"®
MTA1 Egl-1/Lin-40  Vulval development
MTA1 Egl-27 Vulval development
Cell polarity and migration®'
Hox gene expression”
CoREST Spr-1 Inhibition of Notch signaling™
Vulval morphogenesis™
Gonal development™
LSDI1 Spr-5 Presenilin expression Su(VAR)3-3 Position-effect variegation modifier***’
Initiation of heterochromatin formation®
Non-essential but important for viability*’
Sterility control and ovary development®’
HDAC3 Hda-3 PolyQ toxicity™® dHDAC3 Non-essential for S2 cell viability®
N-CoR/SMRT SMRTER Non-essential for S2 cell viability®
HDAC4 Hda-4/-7 Non-essential® dHDAC4 Non-essential for S2 cell viability®
Chemoreceptor signaling™ Embryo segmentation”’
HDAC6 Hda-6 ? dHDAC6 Non-essential for S2 cell viability®
HDACI11 Hda-8 ? dHDACX Non-essential for S2 cell viability®



Note: Those subject to gene inactivation analysis are listed here. Some of the deacetylases have also been analyzed in zebrafish. For example, the HDAC1

ortholog has been shown to play a role in neuogenesis’

>3 oligodendrocyte differentiation®, neuron migration®, as well as formation of craniofacial cartilage and

petoral fin*.
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