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Note: negative data is not shown for all methylation marks for all enzymes, but is included for enzymes where there

have been discrepancies in the literature.



Table S1. Peptide sequences used in MALDI and FDH activity assays. Residues which are enzymatically
oxidised (hydroxylated or demethylated) are shown in bold. All peptides were purchased from Alta Bioscience or
synthesised in house on a CSBio 336X solid phase peptide synthesiser. Ahx is aminohexanoic acid. All Alta
Bioscience peptides have a C-terminal amide. Small differences in the masses of peptides are observed in the
MALDI-TOF spectra due to calibration. Oxidation (+16 Da) of some biotinylated peptides was observed in the mass

spectra in some instances.

Histone Mark / Average
Protein Amino Acid Sequence Mass / Source
Da
H3K4 Biotin-Ahx-ARTKmelQTARKSTGGKAPRKQLA 2607.5 Alta Bioscience
H3K4 Biotin- Ahx -ARTKmMe2QTARKSTGGKAPRKQLA | 2621.5 Alta Bioscience
H3K4 Biotin- Ahx -ARTKmMme3QTARKSTGGKAPRKQLA | 2635.5 Alta Bioscience
H3K9 Biotin- Ahx -ARTKQTARKmMelSTGGKAPRKQLA | 2607.5 Alta Bioscience
H3K9 Biotin- Ahx -ARTKQTARKmMe2STGGKAPRKQLA | 2621.5 Alta Bioscience
H3K9 Biotin- Ahx -ARTKQTARKmMe3STGGKAPRKQLA | 2635.5 Alta Bioscience
H3K27 Biotin- Ahx -KAPRKQLATKAARKmMelSAPATGG | 2461.3 Alta Bioscience
H3K27 Biotin- Ahx -KAPRKQLATKAARKmMe2SAPATGG | 2475.3 Alta Bioscience
H3K27 Biotin- Ahx -KAPRKQLATKAARKmMe3SAPATGG | 2489.3 Alta Bioscience
H3K36 Biotin- Ahx -SAPATGGVKmelKPHRYRPGTVAL | 2516.4 | Alta Bioscience
H3K36 Biotin- Ahx -SAPATGGVKmMe2KPHRYRPGTVAL | 2531.4 | Alta Bioscience
H3K36 Biotin- Ahx -SAPATGGVKmMe3KPHRYRPGTVAL | 2545.4 | Alta Bioscience
H3K4 ARTKmMe3QTARKSTGGKAPRKQLA 2297.6 In house
H3K9 ARTKQTARKmMe3STGGKAPRKQLA 2297.6 In house
H3K27 KAPRKQLATKAARKmMe3SAPATGG 2151.1 In house
H3K36 SAPATGGVKmMe3KPHRYRPGTVAL 2206.5 In house
Rpl27a GRGNAGGLHHHRINFDKYHP 2281.1 In house
Rpl8 NPVEHPFGGGNHQHIGKPST 2110.3 In house
Synthetic ankyrin HLEVVKLLLEAGADVNAQDK 2161.2 In house




Table S2. Demethylation assay conditions.

[20G]/ | [Ascorbate]/ | [Fe"]/ N
Enzyme Buffer Conditions
UM UM UM
KDM2A 200 100 10 50 mM HEPES pH 7.5
KDM3A 200 100 10 50 mM HEPES pH 7.5, 150 mM NaCl
KDM4A-E | 200 100 10 50 mM HEPES pH 7.5
KDM5C 200 100 10 50 mM HEPES pH 7.5
KDM6A 200 100 10 50 mM HEPES pH 7.5, 150 mM NacCl, 5% glycerol
KDM6B 200 100 10 50 mM HEPES pH 7.5, 150 mM NaCl, 5% glycerol
KDM7A 200 100 10 50 mM HEPES pH 7.5
50 mM HEPES pH 7.5, 150 mM NacCl, 5% glycerol,
JMJD5 200 100 10
1 mMDTT
50 mM HEPES pH 7.5, 150 mM NacCl, 5% glycerol,
MINA53 200 100 10
1 mMDTT
50 mM HEPES pH 7.5, 150 mM NaCl, 5% glycerol,
NO66 200 100 10
I1mMDTT
FIH 200 100 10 50 mM Tris pH 7.5, 150 mM NaCl




1(KDM4A):5(NOG):peptide(10) was used, with KDM4A® at 10mg/ml.

Table S3. Crystallographic data processing and refinement statistics. Sample composition of

Measurement

KDM4A + 20 mer H3K27me3 Peptide
PDB ID: 4V2W

KDM4A + 5 mer H3K27me3 Peptide
PDB ID: 4v2V

Crystallization and cryo-

protection

Crystallization conditions

0.02 M sodium/potassium phosphate,
0.1 M Bis Tris propane pH 7.5,
20 % w/v PEG 3350

0.2 M ammonium chloride,
20 % w/v PEG 3350

Vapour diffusion

conditions

Sitting drop (300 nl),
protein-to-well ratio, 2:1, 277K

Sitting drop (300 nl),
protein-to-well ratio, 1:1, 277K

Cryo-protection (%
supplemented with well

condition)

25% glycerol

25% glycerol

Data Collection

Data processing

MOSFLM?, SCALA®

MOSFLM?, SCALA®

Space Group P212:2 P212:2
Cell dimensions a,b,c (A) 100.66 101.02
149.73 149.91
57.50 57.38

Resolution (A)

60.07 — 1.81 (1.91 — 1.81)*

53.59 — 2.00 (2.11 — 2.00)*

No. of unique reflections

79999 (11459)

59803 (8616)*

Completeness (%) 99.9 (99.3)* 100 (100)*
Redundancy 6.9 (6.2)* 5.8 (5.5)*
Reym** 0.098 (0.889)* 0.088 (0.786)*
Mean I/o(l) 9.9 (2.0)* 11.0 (2.2)*
Refinement PHENIX" PHENIX*
Riactor 0.1724 0.1860
Riree 0.2082 0.2208
R.m.s. deviation

Bond length, A 0.01 0.008

Bond angle, ° 1.32 1.18

*Highest resolution shell shown in parenthesis.

*Reym = 2 |I-<I>|/>1, where | is the intensity of an individual measurement and <I> is the average intensity from
Y|

multiple observations.
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Figure S1. Representative MALDI MS showing KDM2A-catalysed demethylation of H3 fragment peptides

methylated at K36. Peptide only assay (red) overlaid with enzyme reaction (black).
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Figure S2. Representative MALDI MS showing KDM3A-catalysed demethylation of H3 fragment peptides

methylated at K9. Peptide only assay (red) overlaid with enzyme reaction (black).
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Figure S3. Representative MALDI MS showing KDM5C-catalysed demethylation of H3 fragment peptides

methylated at K4. Peptide only assay (red) overlaid with enzyme reaction (black).
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Figure S4. Representative MALDI MS showing KDM6A (A) and B (B) catalysed demethylation of H3

fragment peptides methylated at K27. Peptide only assay (red) overlaid with enzyme reaction (black).
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Figure S5. Domain organisation of (A) KDM4A and (B) KDM7A with (C) Western-Blot analysis of FLAG-
KDM4A . 1064. In figures A and B, the upper figure shows the full length protein domain structure (as used for
KDM4A), and below shows truncated domain structure in the constructs used for in vitro studies (as used for
KDM4A and KDM7A). Figure C shows a Western-Blot of immunoprecipitated FLAG-KDM4A 1-1064 purified from

HEK293T probed using anti-FLAG antibody. Predicted 3xFLAG-KDM4A weight is 123.4 kDa.
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Figure S6. Representative MALDI MS showing KDM7A catalysed demethylation of H3 fragment peptides

methylated at K9 and K27.° Peptide only assay (red) overlaid with enzyme reaction (black).
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Figure S7. Representative MALDI MS showing the absence of demethylation of histone peptides by

MINA53.° Peptide only assay (red) overlaid with enzyme reaction (black).
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Figure S8. Representative MALDI MS showing the absence of demethylation of histone peptides by NO66.°

Peptide only assay (red) overlaid with enzyme reaction (black).
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Figure S9. Hydroxylation of synthetic ankyrin peptide by FIH.’ Peptide only assay (red) shown with enzyme

reaction (black).
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Figure S10. Representative MALDI MS showing lack of demethylation

Biotin-Ahx-ARTKQTARKmMe2STGGKAPRKQLA
H3 K9

I

Biotin-Ahx-ARTKQTARKmMe3STGGKAPRKQLA
H3 K9

MWM

wr

T T T T T T ¥ m
2385 2580 7585 2600 2605 2670 2615 2620 2835 2640

Biotin-Ahx-KAPRKQLATKAARKme2SAPATGG
H3 K27

.

2435 2440 2445 2450 2455 2460 2465 2470 2475 2480 2485

Peptide only assay (red) shown with enzyme reaction (black).
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Figure S11. Representative MALDI MS showing KDM4A-catalysed demethylation of H3 fragment peptides

methylated at K4, K9, K27 and K36. Peptide only assay (red) overlaid with enzyme reaction (black).
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Figure S12. Representative MALDI MS showing KDM4B-catalysed demethylation of H3 fragment peptides

methylated t K9, K27 and K36. Peptide only assay (red) overlaid with enzyme reaction (black).
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Figure S13. Representative MALDI MS showing KDM4C-catalysed demethylation of H3 fragment peptides

methylated at K9, K27 and K3. Peptide only assay (red) overlaid with enzyme reaction (black).
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Figure S14. Representative MALDI MS showing KDM4D-catalysed demethylation of H3 fragment peptides

methylated at K9 and K27. Peptide only assay (red) overlaid with enzyme reaction (black).
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Figure S15. Representative MALDI MS showing KDM4E-catalysed demethylation of H3 fragment peptides

methylated at K9 and K27. Peptide only assay (red) overlaid with enzyme reaction (black).
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Figure S16. Michaelis-Menten curves for KDM4A with histone H3 trimethylated peptides. Initial rates over a

range of peptide concentrations were determined using the FDH assay with saturating 20G concentrations of 200

UM,
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Figure S17. Competition for demethylation by KDM4A between H3 K27me3 and (A) K9me3 or (B) K36me3in

a 1:1 concentration ratio, as analysed by MALDI MS.
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Figure S18. View from an X-ray crystal structure of the catalytic domain of KDM4A in complex with an
H3K27me3 fragment peptide overlaid with H33,4,K36me3 (PDB ID: 2YBS). Nickel (Ni, green) and N-
oxalylglycine (NOG, grey) substitute for iron (II) and 20G, respectively. Active site residues from PDB 4V2W are
shown in yellow (Tyrl77, His188, Glul90, His276, Asp290). The position of the K27me3 residue of the fragment
peptide correlates closely with that reported for H3K36me3, although the surrounding peptide sequence differs

significantly (see peptide sequences in Figure 4).
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Figure S19. View from an X-ray crystal structure of KDM4A complexed with a shorter 5 residue H30.35
K27me3 peptide (purple/blue).The H3,,.,0K27 5 residue peptide (purple) is shown overlaid with the H3;9.35K27 25
residue peptide (green). Nickel (Ni, green) and N-oxalylglycine (NOG, grey) substitute for iron (Il) and 20G,

respectively. Active site residues from PDB 4V2V are shown in yellow (Tyr177, His188, Glu190, His276, Asp290).
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