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Figure S1-Substrate trapping in HEK293 cells. A) SAHA (red line structure) is docked into the
crystal structure of HDAC1 (purple mesh; PDB ID: 4BKX). Amino acid residues mutated in the trapping
strategy are shown as yellow line structures and are labeled. The Zn?** metal is shown as a gray
sphere. B) and C) Wild type (WT) or mutant HDAC1 (indicated above each lane) were expressed as
Flag-tagged proteins in HEK293 cells and then cells were treated with 10 yM SAHA for 24 hr to induce
robust protein acetylation. Cells were lysed and proteins were immunoprecipitated with anti-Flag
agarose in the presence or absence of A) 10 uM SHI-1:2, or B) 10 uM SHI-1:2 or 10 yM Tubastatin.
Bound proteins were separated by SDS-PAGE, and stained with Sypro Ruby total protein stain.
Arrows point to HDAC1 or possible substrates (p100, p55, p38) present in mutant but not WT or
inhibitor treated samples. D) Wild type (WT) or mutant HDAC1 (indicated above each lane) were
expressed as Flag-tagged proteins along with a non-transfected control (NT) in HEK293 cells and then
cells were treated with 10 yM SAHA for 24 hr to induce robust protein acetylation. Cells were lysed
and lysates were separated by SDS-PAGE and immunoblotted with FLAG, HDAC1, HDAC2 and
GAPDH antibodies. The levels of overexpressed HDAC1 and mutant were similar to endogenous
levels of HDAC1 and HDAC2.
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IC50 values (uM) of HDAC inhibitors SAHA,SHI-1:2 and Tubastatin

SAHA SHI-1:2 Tubastatin A
HDAC1 0.03 0.007 16.4
HDAC2 0.17 0.049 >30
HDAC3 0.1 10 >30
HDAC4 >50 >10 >30
HDACS5 >30 >10 >30
HDAC6 0.038 >10 0.015
HDAC7 >30 >10 >30
HDAC8 0.41 >10 0.854

Figure S2 — HDAC inhibitors used in the study. A) Chemical structures of SAHA, SHI-1:2 and
Tubastatin used in this study. B) ICs values of SAHA,” SHI-1:2,? and Tubastatin A,* for different HDAC

isoforms (HDAC1-8).
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Table S1- Mass spectrometric analysis of new substrate bands

Protein Protein name MW Sample Unique Unique %
band (Accession) (kDa) peptide spectral Coverage€
count* count®
p100 Lysine specific histone 93 HDAC1 6 6 11
demethylase 1A (LSD1) (WT)
(KDM1A_HUMAN)
C151A 26 31 43
p55 RuvB- like 2 51 HDACA1 3 3 8
(RUVB2_HUMAN) (WT)
C151A 10 13 25
p38 rRNA 2’-O- 34 HDACA1 1 1 3
methyltransferase fibrillarin (WT)
(FBRL_HUMAN)
C151A 6 7 26

'Unique Peptide count - Number of different amino acid sequences that are associated with a protein. #Unique Spectral

count — Number of unique spectra that identified each unique peptide including modifications.

percentage of the protein amino acid sequence was identified.

€% Coverage — the
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KDM1A HUMAN (100%), 92,903.4 Da

ific histone

P

1A OS=Homo sapiens GN=KDM1A PE=1 SV=2

7 exclusive unique peptides, 7 exclusive unique spectra, 7 total spectra, 102/852 amino acids (12% coverage)
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Figure S3 - Peptides of LSD1 observed in the wild type substrate trapping experiment. Primary
sequence of LSD1, which was identified in the substrate trapping experiment as p100. Peptides
observed in the MS/MS analysis are highlighted in yellow. The parameters were set to protein
threshold 95%, peptide threshold 99% with minimum number of peptides set to 2. Oxidation of
methionine (M) is shown in green.
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Figure S4 — Spectrum of LSD1 peptide observed in the wild type LC-MS/MS analysis. The
annotated spectrum of one representative peptide from LSD1 identified by LC-MS/MS analysis (Figure

S3).
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KDM1A HUMAN (100%), 92,903.4 Da
Ly pecific histone 1A

sapiens

A PE=1 SV=2

27 exclusive unique peptides, 32 exclusive unique spectra, 35 total spectra, 373/852 amino acids (44% coverage)

MLSGKKAAAA AAAAAAAATG TEAGPGTAGG
AGPQAGPTVV PGSATPMETG | AETPEGRRT
EEENESEPEE PSGVEGAAFQ SRLPHDRMTS
PYNSDTVLVH RVHSYLERHG LINFGIYKRI
RKGNYVADLG AMVVTGLGGN PMAVVSKQVN
LNNKPVSLGQ ALEVVIQLQE KHVKDEQIEH
KSKHRDLTAL CKEYDELAET QGKLEEKLAQE
TGSHLTVRNG YSCVPVALAE GLDIKLNTAV
PPLPEWKTSA VQRMGFGNLN KVVLCFDRVF
DVIVGRCLAI LKGIFGSSAV PQPKETVVSR
EHTIRNYPAT VHGALLSGLR EAGRIADQFL

Figure S5 - Peptides of LSD1
sequence of LSD1, which was
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observed in the C151A substrate trapping experiment. Primary
identified in the substrate trapping experiment as p100. Peptides
observed in the MS/MS analysis are highlighted in yellow. The parameters were set to protein
threshold 95%, peptide threshold 99% with minimum number of peptides set to 2. Oxidation of
methionine (M) is shown in green.
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Figure S6 — Spectrum of LSD1 peptide observed in the C151A LC-MS/MS analysis.

The

annotated spectrum of one representative peptide from LSD1 identified by LC-MS/MS analysis (Figure

S5).
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RUVB2_HUMAN (100%), 51,158.1 Da
RuvB-like 2 0S=Homo sapiens GN=RUVBL2 PE=1 SV=3
3 exclusive unique peptides, 3 exclusive unique spectra, 3 total spectra, 36/463 amino acids (8% coverage)

MATVTATTKY PEIRDVTRIE RIGAHSHIRG LGLDDALEPR QASQGMVGQL AARRAAGVVL EMIREGKIAG RAVLIAGQPG TGKTAIAMGM
AQALGPDTPF TAIAGSEIFS LEMSKTEALT QAFRRSIGVR IKEETEIIEG EVVEIQIDRP ATGTGSKVGK LTLKTTEMET IYDLGTKMIE
SLTKDKVQAG DVITIDKATG KISKLGRSFT RARDYDAMGS QTKFVQCPDG ELQKRKEVVH TVSLHEIDVI NSRTQGFLAL FSGDTGEIKS
EVREQINAKY AEWREEGKAE || PGVLFIDE VHMLDIESFS FLNRALESDM APVLIMATNR GITRIRGTSY QSPHGIPIDL LDRLLIVSTT
PYSEKDTKQI LRIRCEEEDYVY EMSEDAYTVL TRIGLETSLR YAIQLITAAS LVCRKRKGTE VQVDDIKRVY SLFLDESRST QYMKEYQDAF
LFNELKGETM DTS

Figure S7 - Peptides of RuvB like 2 observed in the wild type substrate trapping experiment.
Primary sequence of RuvB like 2, which was identified in the substrate trapping experiment as p55.
Peptides observed in the MS/MS analysis are highlighted in yellow. The parameters were set to
protein threshold 95%, peptide threshold 99% with minimum number of peptides set to 2. Oxidation of
methionine (M) is shown in green.

Peptide sequence - (R)QASQGmMVGQLAAR(R)
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Figure S8 — Spectrum of RuvB like 2 peptide observed in the wild type LC-MS/MS analysis.

The annotated spectrum of one representative RuvB like 2 peptides identified by LC-MS/MS analysis
(Figure S7).

S7



RUVB2_HUMAN (100%), 51,158.1 Da
RuvB-like 2 0S=Homo sapiens GN=RUVBL2 PE=1 SV=3
10 exclusive unique peptides, 13 exclusive unique spectra, 14 total spectra, 117/463 amino acids (25% coverage)

MATVTATTKY PEIRDVTRIE RIGAHSHIRG LGLDDALEPR QASQGMVGQL AARRAAGVVL EMIREGKIAG RAVLIAGQPG TGKTAIAMGM
AQALGPDTPF TAIAGSEIFS LEMSKTEALT QAFRRSIGVR IKEETEI ITEG EVVEIQIDRP ATGTGSKVGK LTLKTTEMET IYDLGTKMI E
SLTKDKVQAG DVITIDKATG KISKLGRSFT RARDYDAMGS QTKFVQCPDG ELQKRKEVVH TVSLHEIDVI NSRTQGFLAL FSGDTGEIKS
EVREQINAKY AEWREEGKAE Il PGVLFIDE VHMLDIESFS FLNRALESDM APVLIMATNR GITRIRGTSY QSPHGIPIDL LDRLLIVSTT
PYSEKDTKOQ I LRIRCEEEDY EMSEDAYTVL TRIGLETSLR YA|IQLITAAS LVCRKRKGTE VQVDDIKRVY SLFLDESRST QYMKEYQDAF
LFNELKGETM DTS

Figure S9 - Peptides of RuvB like 2 observed in the C151A substrate trapping experiment.
Primary sequence of RuvB like 2, which was identified in the substrate trapping experiment as p55.
Peptides observed in the MS/MS analysis are highlighted in yellow. The parameters were set to
protein threshold 95%, peptide threshold 99% with minimum number of peptides set to 2. Oxidation of
methionine (M) is shown in green.
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Figure S10 — Spectrum of RuvB like 2 peptide observed in the C151A LC-MS/MS analysis. The
annotated spectrum of one representative RuvB like 2 peptides identified by LC-MS/MS analysis
(Figure S9).

S8



FBRL_HUMAN (43%), 33,784.1 Da
rRNA 2'-0-methyitransferase fibrillarin 0S=Homo sapiens GN=FBL PE=1 SV=2

1 ive unique pepti 1
MKPGFSPRGG GFGGRGGFG
QSGKNVMVEP HRHEGVFIC
AKVLYLGAAS GTTVSHVSD
DQTRIVALNA HTFLRNGGH
N

D
R
|
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ive unique spectra, 1 total spectra, 9/321 amino acids (3% coverage)
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Figure S11 - Peptides of rRNA-2’-O-methyltransferases fibirllarin (FBRL) observed in the wild
type substrate trapping experiment. Primary sequence of FBRL, which was identified in the
substrate trapping experiment as p38. Peptides observed in the MS/MS analysis are highlighted in
yellow. The parameters were set to protein threshold 95%, peptide threshold 99% with minimum
number of peptides set to 2.

Peptide sequence - (R) GKEDALVTK(N)
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Figure S12 — Spectrum of rRNA-2’-O-methyltransferases fibirllarin (FBRL) peptide observed in
the wild type LC-MS/MS analysis. The annotated spectrum of one representative FBRL peptides
identified by LC-MS/MS analysis (Figure S11).
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FBRL_HUMAN (100%), 33,784.1 Da
rRNA 2'-0-methyltransferase fibrillarin 0S=Homo sapiens GN=FBL PE=1 SV=2

6 ive unique i 7 ive unique spectra, 7 total spectra, 91/321 amino acids (28% coverage)
MIKIPGFSPRGG GFGGRGGFGD RGGRGGRGGF GGGRGRGGGF RGRGRGG
QSGKNVMVEP HRHEGVFICR GKEDALVTKN LVPGESVYGE KRVSI SE
AKVLYLGAAS GTTVSHVSDI VGPDGLVYAV EFSHRSGRDL INLAKKR
DQTRIVALNA HTFLRNGGHF VISIKANCID STASAEAVFA SEVKKMQ
N
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Figure S13 - Peptides of rRNA-2’-O-methyltransferases fibirllarin (FBRL) observed in the
C151A substrate trapping experiment. Primary sequence of FBRL, which was identified in the
substrate trapping experiment as p38. Peptides observed in the MS/MS analysis are highlighted in
yellow. The parameters were set to protein threshold 95%, peptide threshold 99% with minimum

number of peptides set to 2. Oxidation of methionine (M) is shown in green.

Peptide sequence - (R)DHAVVVGVYRPPPK(V)
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Figure S14 — Spectrum of rRNA-2’-O-methyltransferases fibirllarin (FBRL) peptide observed in
the C151A MS/MS annotated spectrum of one representative FBRL peptides identified by MS/MS

analysis (Figure S13).
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Trial 1 Trial 2 Trial 3
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B
Trial 1 | Trial 2 | Trial 3 | Mean | Standard Error
rLSd1 Ac-Lys 100 100 100 100 0.0
rLSD1 Ac-Lys + rHDAC1 43 28 36 36 4
rLSD1 Ac-Lys + rHDAC1 + SAHA | 97 64 76 79 10
C
Trial 1 | Trial 2 | Trial 3 | Mean | Standard Error
LSD1 100 100 100 100 0.0
rLSD1 + rHDAC1 106 96 102 99 2
rLSD1 + rHDAC1 + SAHA | 92 95 94 94 1
D
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Figure S15 - Quantification of in vitro deacetylation assay. A) Three independent trials used for
quantification. B) Percent AcLys signal of rLSD1 was quantified from western blots using three
independent trials and raw data is shown in the Table here or the histogram in Figure 2D. C-D) As a
loading control, total rLSD1 was quantified from western blots, with raw data shown in the table (C)

and the histogram (D). ns - not significant. * p<0.05.
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Trial 1 Trial2 Trial 3
FLAG-LSD1 R + + + FLAG-LSD1 - + + + FLAG-LSD1 - + + +
FLAG-HDAC1 FLAG-HDAC1 - - + - FLAG-HDAC1 - - + -
FLAG-C151A FLAG-C151A - - -+ FLAG-C151A -
. e o E i)
a-AcLys ¢— pc.LsD1 O-Aclys ‘ y a-AcLys e <— Ac-LSD1
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artic [ SR e rosor
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[4— HDAC1

B
Trial 1 | Trial 2 | Trial 3 | Mean | Standard Error

LSD1 Ac-Lys 100 100 100 100 0.0
LSD1 Ac-Lys + WT HDAC1 31 43 34 36 4
LSD1 Ac-Lys + C151A HDAC1 | 86 88 96 90 3

C

Trial 1 | Trial 2 | Trial 3 | Mean | Standard Error

LSD1 100 100 100 100 0.0
LSD1 + WT HDACH1 100 104 91 98 4
LSD1 + C151A HDAC1 | 93 101 92 95 3

D
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Figure S16 - Quantification of in cellulo deacetylation assay. A) Three independent trials used for
quantification. B) Percent AcLys signal of LSD1-FLAG was quantified from the western blots of three

independent trials and raw data is shown in the table here or in the histogram in Figure 2F. C-D) As a
loading control, total LSD1-FLAG was quantified from western blots, with raw data shown in the table
(C) and the histogram (D). ns - not significant.
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Percent demethylase activity

140
120
100
80
60
40
20

o

DMSO SHI-1:2 SAHA

a-FLAG - x 1 x
a-AcLys | & ~ ﬂ
Trial 1 Trial 2 Trial 3 | Mean Standard
Error
LSD1+DMSO 100 100 100 100 0.0
LSD1+SHI-1:2 104 138 125 122 10
LSD1+SAHA 104 117 123 115 6

Figure S17 - In-vitro demethylation assay of LSD1. A) HEK293 cells were transfected with the
LSD1-FLAG expression construct and grown for 48 hr. Then, 10 yM SHI-1:2 or 10 yM SAHA was
added for another 24 hr. Cells were harvested and lysed before proteins were immunoprecipitated
with anti-FLAG agarose beads. Half of the immunoprecipitate was subjected to a fluorescence-based
LSD1 activity assay (Enzo life) and other half was analyzed by western blotting with FLAG and acetyl
lysine antibodies to assure equal protein content and acetylation level in each reaction. The
fluorescence signal due to demethylase activity was background corrected using a negative control
reaction using cell lysates where no LSD1 was overexpressed. Then the signal of each sample was
normalized to DMSO untreated LSD1 enzyme (set to 100%). The mean and the standard error from at
least three independent trials are shown. ns — not significant B) Percent demethylation activity mean
and standard error for the three independent trials used to plot the data in part A are shown as a table.
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Table S2- MS analysis of LSD1 acetylation

Protein name/ Trials Sample % Coverage ? | Unique # of
Accession acetylated
peptides °
Lysine Specific 1 LSD1+DMSO | 90 3 (K6, K268,
histone K280) (K374
demethylase 1 covered, but
(LSD1) no acetylation)
(KDM1A_HUMAN)
LSD1+SHI-1:2 | 94 6 (K6, K268,
K280, K374,
K404, K508,
K507)
LSD1+SAHA |59 0 (K374 not
covered)
2 LSD1+DMSO | 71 0 (K374

covered, but
no acetylation)

LSD1+SHI-1:2 | 84 3 (K268, K374,
K404)
LSD1+SAHA |75 0 (K374

covered, but
no acetylation)

3 LSD1+DMSO |75 0 (K374
covered, but
no acetylation)

LSD1+SAHA | 79 1 (K374)

% 9% Coverage — the percentage of the protein amino acid sequences identified. ° Unique acetylated peptides - Number of
different peptides containing acetylated lysines identified. K374 indicated in red highlights the presence of peptides
containing acetylated K374 in that trial. The presence of peptides containing unacetylated K374 is indicated by the
statement in parenthesis.
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A. Trial 1
LSD1+DMSO

Peptide sequence- (K EKDEmMVEQEFNR(L)
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B. Trial 2
LSD1+DMSO
Peptide sequence- (K EKDEMVEQEFNR(L)

> 100% parent+2H
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E 776636 y7
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° b3 Y3 y4
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0 250 500 750 1000 1250 1500
m/z
LSD1+SHI-1:2
Peptide sequence- (K)EKacDEmVEQEFNR(L)
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= o - F——K+42 T— ; E e M416 T —- E l Q_8P635Em/2 2, 1,5&0.69 Da, (ﬁa,[@.nt: Error: &7ppm)
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§ T LA | T L] T | = T g T 75 .._4? T = 12N =]
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LSD1+SAHA

Peptide sequence- (K)EKDEmMVEQEFNR(L)

y5
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C. Trial 3
LSD1+DMSO

Peptide sequence- (K)EKDEmVEQEFNR(L)

129.1?
."? 100% E P —D : E fM+16 - ; E ; :785.3=5 m/z,;2+, 1,'5_68.68 IE.)a, gl:’a__ren:t Error:&.Z ppm)
£ R———N——F—+—E—+—Q—+—E—¥f-V—-M+16—+—&——D— b
£ b2-H20 V5 y7 » g
F v3 v v964 1249 57
5 y1 b3-T};§) l ya4 Y 896.4f } v8 y10
&, o I..‘| .L .WI2 | | I|P|4 ||| Al b g I !
0/0 T T T T T
0 250 500 750 1000 1250 1500
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LSD1+SAHA
Peptide sequence- (K)EKacDEmVEQEFNR(L)
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%-100% .............. e A e[ e e M1 ey E iy e PR 90E/Z,. 3%, 1,610.70 Da,. (Rarent Error; 45 ppm)]
< —R——+—N—+—+—F——E——Q S5 BV ee E D K+42 E ]
% 129.1?
y3
% v i ear? y4  yenhs
2 | | 2l L
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0 250 500 750 1000 1250 1500
m/z

Figure S18- MS data identifying acetylated lysines on LSD1. Representative spectra for
acetylated and unacetylated peptide of LSD1 identified from three independent trials (A, B, and C). An
overview of the three independent trials are shown in Table S2.
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SCN2A Trial 1 | Trial 2 Trial 3 | Trial 4 Mean Standard
Error

NT 1.4 3.9 1.7 2.6 2.4 0.6

WT LSD1+DMSO 1.0 1.0 1.0 1.0 1.0 0.0

WT LSD1+SHI-1:2 7.8 5.9 2.7 5.0 5.4 1.0

K374R LSD1+SHI-1:2 2.7 1.7 1.0 0.70 1.5 0.4

SCN3A Trial 1 | Trial2 | Trial 3 | Trial 4 | Mean Standard
Error

NT 1.4 1.2 1.7 - 1.4 0.1

WT LSD1+DMSO 1.0 1.0 1.0 1.0 1.0 0.0

WT LSD1+SHI-1:2 2.3 2.3 2.6 2.5 2.4 0.1

K374R LSD1+SHI-1:2 0.40 0.80 1.2 1.2 0.90 0.2

Figure S19 - Real time PCR analysis of SCN2A and SCN3A genes. HEK293 cells were
transfected with WT or K374R mutant LSD1-FLAG, treated with SHI-1:2, and lysed, before RNA was
isolated, converted to cDNA, and then used as the template in PCR reactions using gene specific
primers. Fold change calculated from four independent trials, with mean and standard error shown for
SCN2A (A) and SCN3A (B). Data is presented in Figure 6 of the manuscript.
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