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Abstract

Posttranslational modifications (PTMs) of the histone H3 tail such as methylation, acetylation and phosphorylation play
important roles in epigenetic signaling. Here we study the effect of some of these PTMs on the demethylation rates of
methylated lysine 9 in vitro using peptide substrates mimicking histone H3. Various combinations with other PTMs were
employed to study possible cross-talk effects by comparing enzyme kinetic characteristics. We compared the kinetics of
histone tail substrates for truncated histone lysine demethylases KDM4A and KDM4C containing only the catalytic core (cc)
and some combinations were characterized on full length (FL) KDM4A and KDM4C. We found that the substrates combining
trimethylated K4 and K9 resulted in a significant increase in the catalytic activity for FL-KDM4A. For the truncated versions of
KDM4A and KDM4C a two-fold increase in the catalytic activity toward bis-trimethylated substrates could be observed.
Furthermore, a significant difference in the catalytic activity between dimethylated and trimethylated substrates was found
for full length demethylases in line with what has been reported previously for truncated demethylases. Histone peptide
substrates phosphorylated at T11 could not be demethylated by neither truncated nor full length KDM4A and KDM4C,
suggesting that phosphorylation of threonine 11 prevents demethylation of the H3K9me3 mark on the same peptide.
Acetylation of K14 was also found to influence demethylation rates significantly. Thus, for truncated KDM4A, acetylation on
K14 of the substrate leads to an increase in enzymatic catalytic efficiency (kcat/Km), while for truncated KDM4C it induces a
decrease, primarily caused by changes in Km. This study demonstrates that demethylation activities towards trimethylated
H3K9 are significantly influenced by other PTMs on the same peptide, and emphasizes the importance of studying these
interactions at the peptide level to get a more detailed understanding of the dynamics of epigenetic marks.
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Introduction

The tails of the histone proteins are subject to a plethora of

posttranslational modifications (PTMs), which have been linked to

chromatin remodeling, transcriptional regulation, DNA replica-

tion and repair [1–4]. The chemical modifications include

acetylation of lysine (K(ac)) residues, different methylation states

of lysine (Kmen) and arginine (Rmen) residues, phosphorylation of

serine (S(ph)) and threonine (T(ph)) residues. Alone, or in

combination, these PTMs can lead to either gene activation or

repression, and it has been proposed that these distinct patterns of

PTMs constitute part of a histone code [2]. A large number of

enzymes involved in epigenetic regulation have been reported

catalyzing the formation and removal of histone marks, commonly

referred to as writers and erasers. One of these is the family of

JmjC histone lysine demethylases (KDMs) [3,4]. It has been

demonstrated that single PTMs of the histone tails or combina-

tions thereof can affect the activity of these enzymes [5–7]. Thus, a

PTM in one part of the histone tail can influence how another

PTM is recognized and processed [8]. Unraveling these combi-

natorial effects, previously termed cross-talk, is important for the

understanding of the dynamics of epigenetic regulation. Many

investigations have aimed at finding interactions between histone

marks in cells where hundreds or thousands of marks are analyzed

simultaneously, thus investigating a general mechanism at a global

level spanning the entire chromatin. Cross-talk combination effects

could result in different outcomes on a molecular, cellular,

phenotypic and genomic level and have different causes. Thus,

cross-talk could origin from two or more PTMs on the same

histone tail or due to a PTM at a neighboring histone tail. The

outcome could be altered enzymatic activity or the recruitment of

epigenetic proteins could be affected. Thus, in vitro studies that

systematically look for cross-talk effects at the single histone tail

level are important to unravel effects that may not be visible at a

global cellular level, but could be important at the local level of

PLOS ONE | www.plosone.org 1 July 2013 | Volume 8 | Issue 7 | e67653



individual genes. In the present study, we demonstrate how

different PTMs can have significant effects on the in vitro

demethylation activity of the JmjC histone demethylases KDM4A

and KDM4C of lysine 9 in histone H3 (H3K9).

Four PTMs were investigated in vitro on a truncated histone 3

(H3) tail peptide, in order to determine if cross-talk between these

PTMs affects the demethylation of tri- or dimethylated lysine 9 of

histone 3 (H3K9me3/me2) (figure 1). Truncated constructs of

KDM4A and KDM4C containing only the catalytic cores (cc-

KDM4A/cc-KDM4C) have previously been shown to demethyl-

ate H3K9me3/me2 and H3K36me3/me2 [9,10]. However, no

enzyme kinetic analyses have been reported for full length

KDM4A and KDM4C (FL-KDM4A/FL-KDM4C). All enzyme

kinetic studies on the KDM-family has until now been based on

the truncated proteins. In this study we found it useful to extend

part of the study to include full length KDMs as well, since these

enzymes feature various protein domains (in addition to the

catalytic JmjC domain) known to interact with histone tail PTMs,

e.g. PHD-domains [5]. The four investigated PTMs were

phosphorylation of T3 and T11, trimethylation of K4 and

acetylation of K14 (figure 1).

H3K9me3 is a well-known repressive mark that has been

associated to heterochromatin and linked to oncogene induced

cellular senescence [11–13]. Over-expression of KDM4 demethy-

lases have been observed in several types of cancer and the link to

tumor growth has been supported by several lines of evidence

[9,14,15]. Thus, these enzymes are important for normal cellular

functions, and have attracted growing attention as interesting

Figure 1. The PTMs investigated in this study for their cross-talk effects on demethylation of H3K9me3 (shown) or H3K9me2 by cc-
KDM4A/cc-KDM4C and FL-KDM4A/FL-KDM4C. Methylated lysine (blue circles), phosphorylated threonine (yellow circle) and acetylated lysine
(red circle) were investigated.
doi:10.1371/journal.pone.0067653.g001

Figure 2. Summary of the enzymes, substrate modifications and corresponding effects. The figure shows the PTM combinations and their
cross-talk effects as a function of enzymatic catalytic efficiency (kcat/Km) in (min21 * mM21) * 103, for truncated and full length enzymes on truncated
histone tails. (2): no detectable enzymatic catalytic activity. N.D: Not determined.
doi:10.1371/journal.pone.0067653.g002
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therapeutic targets, in the pursuit of potential new anticancer

drugs [16]. Phosphorylation of H3T3 has been shown to be

important for normal metaphase chromosome alignment [17] and

phosphorylation of H3T11 appears to be a key modification

during meiosis [18] and has previously been reported to accelerate

the demethylation reaction rate by KDM4C [6]. Trimethylated

H3K4 has been reported to be present at the vast majority of

euchromatic genes occupied by H3K9me3 [7,19] and acetylation

of H3K14 is critical for DNA damage checkpoint activation [20].

Thus, for various reasons these PTMs seemed interesting to

investigate.

In a previous study of the in vitro effect of histone tail truncation,

we reported that the kinetics of K9 demethylation by cc-KDM4A

and cc-KDM4C were comparable until the peptide chain length

was less than 8 amino acid residues [21]. All truncated histone tails

employed in this study consisted of the 24 first amino acids from

the N-terminus of H3, featuring either single modifications e.g.

H3(1–24)K9me3 or double modifications e.g. H3(1–24)K9me3-

T11(ph).

Results

A summary of the modifications and their cross-talk effects are

presented in figure 2.

Demethylation of H3(1–24)K9me3/me2 by FL-KDM4A/
KDM4C

For both FL-KDM4A and FL-KDM4C, a significant difference

in catalytic activity towards the di- and trimethylated species were

observed with a preference for the H3K9me3 over the H3K9me2

(figure 3).

The difference in kinetic parameters for H3(1–24)K9me2 and

H3(1–24)K9me3 at the full length enzymes were comparable to

those previously reported for truncated enzymes [21,22]. For FL-

KDM4A, the formation of H3(1–24)K9me1 upon demethylation of

H3(1–24)K9me2 was too low to be detected in the FDH-assay

under the used conditions.

Phosphorylation of Threonine 11 (H3T11) Inhibits
Demethylation of H3K9 by KDM4A and KDM4C

Phosphorylation of threonine 11 H3(1–24)K9me3-T11(ph), re-

sulted in no detectable turnover of this peptide by neither

truncated nor full length enzymes as assayed by both MALDI-

TOF-MS (figure S1 in File S1) and FDH-assay. This result

indicates that phosphorylation of threonine 11 prevents demeth-

ylation at K9me3. To investigate if H3(1–24)K9me3-T11(ph) could

bind to the enzyme and act as an inhibitor, a competition

experiment with H3(1–24)K9me3 was carried out. It was observed

that the catalytic activity towards H3(1–24)K9me3 was unchanged

in the presence of H3(1–24)K9me3-T11(ph), indicating that H3(1–

24)K9me3-T11(ph) does not act as an inhibitor (results not shown).

However, phosphorylation of threonine 3 in combination with

lysine 9 trimethylation H3(1–24)T3(ph)-K9me3 did not prevent

demethylation by cc-KDM4A and cc-KDM4C, but displayed

kinetics similar to H3(1–24)K9me3 (figure 4) although a 5-fold

decrease in catalytic activity was observed for cc-KDM4C,

primarily due to a change in Km (see table 1).

Acetylation of Lysine 14, H3K9me3 in Combination with
H3K14(ac)

Using histone peptides containing H3K9me3 in combination

with acetylation of K14 (H3(1–24)K9me3-K14(ac)) as substrates

resulted in a significant change of the demethylation activity of cc-

KDM4A (figure 5A) and cc-KDM4C (figure 5B) compared to the

control peptide H3(1–24)K9me3. For cc-KDM4A, an increase in

the enzymatic catalytic efficiency was detected, while for cc-

KDM4C a decrease was observed (see figure S2 in File S1 for

MALDI-TOF-MS). Interestingly, this resulted in a 10 fold

difference in a catalytic activity between cc-KDM4A and cc-

KDM4C with substrate H3(1–24)K9me3-K14(ac), see table 1.

Figure 3. Enzyme kinetics for FL-KDM4C. H3K9me2 vs. H3K9me3
peptide substrate analogues, depicting the different kcat/KM-values of
H3(1–24)K9me2 (1) and H3(1–24)K9me3 (2) for FL-KDM4C.
doi:10.1371/journal.pone.0067653.g003

Figure 4. Enzyme kinetics for cc-KDM4A and cc-KDM4C using H3(1–24) T3(ph) -K9me3. A) Enzyme kinetics for cc-KDM4A and B) Enzyme
kinetics of cc-KDM4C.
doi:10.1371/journal.pone.0067653.g004
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H3K4me3 in Combination with H3K9me3
The peptide substrate containing a trimethylated K4 in

combination with H3K9me3 (H3(1–24)K4me3-K9me3) resulted

in an increase of the enzymatic catalytic efficiency for cc-KDM4C

(figure 6) (see figures S3 and S4 in File S1 for MALDI-TOF-MS).

The H3(1–24)K4me3 peptide was also characterized for both

enzymes to investigate the possible demethylation of trimethylated

H3K4 (see figure S5 in File S1 for MALDI-TOF-MS).

The kinetic analyses of the substrate specificity of cc-KDM4A

show a kcat/Km of 8.461.1 min21 * mM21 * 103 for substrate

H3(1–24)K9me3, while the bis-trimethylated substrate

(H3(1–24)K4me3-K9me3) gave a comparable kcat/Km value

(1362 min21 * mM21 * 103).

It has been shown for PHF8 [5] that the presence of a PHD

domain is important for trimethylated K4 substrate to be able to

bind more strongly to the dimethylated K9 substrate, leading to a

decrease in Km and an increase in kcat with the substrate

H3(1–24)K4me3-K9me2. Based on these observations we hypoth-

esized that the decrease in Km and an increase in kcat observed for

substrates trimethylated at K4 could also be seen for the full-length

enzymes FL-KDM4A and FL-KDM4C since these contain 2

PHD domains known to interact with methylated histone lysines.

The enzyme kinetics of FL-KDM4A and FL-KDM4C was

determined with H3(1–24)K9me3 as a control and compared to

H3(1–24)K4me3-K9me3 (see figure 7). H3K4me3 in combination

with H3K9me3 resulted in an increase in FL-KDM4A demeth-

ylation activity, which is significantly higher compared to cc-

KDM4A. For FL-KDM4C, a small difference in activity between

H3(1–24)K9me3 and H3(1–24)K4me3-K9me3, comparable to the

results for cc-KDM4C was observed.

Discussion

The major findings of this study are summarized in figure 2,

showing the catalytic efficiency constants (kcat/Km) for truncated

cc-KDM4C and cc-KDM4A along with the full length FL-

KDM4C and FL-KDM4A using various synthetic histone tail

peptides as substrates. Table 1 and 2 summarize the detailed

kinetic analyses of the different histone tail peptide substrates for

truncated and full length enzymes, respectively.

Consistent with the results for the truncated versions (cc) of the

enzymes, FL-KDM4C exhibited an order of magnitude higher

activity towards trimethylated H3K9me3 compared to dimethy-

lated H3K9me2 substrates [21,22]. The kinetics of substrate

H3(1–24)K9me2 and H3(1–24)K9me3 could not be compared for cc-

KDM4A nor FL-KDM4A, since demethylation of H3(1–24)K9me2

to H3(1–24)K9me1 could not be detected. This is most likely due to

the low sensitivity of the FDH-assay in combination with the slow

conversion of H3(1–24)K9me2 to H3(1–24)K9me1 under the

conditions applied.

Protein-kinase-C-Related Kinase 1 (PRK1) was previously

reported to be responsible for phosphorylation of H3T11, leading

to an acceleration of the demethylation reaction rate by KDM4C

[6]. This conclusion was based upon Western blot analyses and

ChIP assays. In the current in vitro study, we see that phosphor-

Table 1. Substrate selectivity of the human cc-KDM4A and cc-KDM4C histone demethylases.

Truncated Enzymes cc-KDM4A cc-KDM4C

Kinetic parameters Km kcat kcat/Km Km kcat kcat/Km

H3(1–24)K9me2 Below detection Below detection Below detection 79610 0.160.01 1.360.2

H3(1–24)K9me3 131616 1.160.04 8.461.1 55611 0.560.04 961

H3(1–24)K4me3K9me3 82611 1.160.04 13.461.9 70613 1.260.1 1762

H3(1–24)K9me3K14(ac) 3364 1.060.03 30.363.8 35.2620 0.160.01 2.860.2

H3(1–24)K9me3T11(ph) 0 0 0 0 0 0

H3(1–24)K9me3T11(ph)

then H3(1–24)K9me3*
132623 1.460.08 10.661.9 43622 0.360.05 6.360.5

H3(1–24)T3(ph)K9me3 162615 1.260.04 7.460.7 207650 0.3860.04 1.860.1

The different kinetic parameters Km, kcat and kcat/Km are shown for comparison. 0 means no demethylation could be detected.
doi:10.1371/journal.pone.0067653.t001

Figure 5. PTM cross-talk between K9me3 and K14(ac) on cc-KDM4A and cc-KDM4C. Enzyme kinetics with H3(1–24)K9me3-K14(ac) for cc-
KDM4A A) and cc-KDM4C B).
doi:10.1371/journal.pone.0067653.g005
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ylation on threonine 11 prevents the demethylation of H3K9me3

by cc-KDM4A, cc-KMD4C, FL-KDM4C and FL-KDM4A.

These observations are in line with the finding that phosphory-

lation of the adjacent serine 10 H3S10(ph) shields for demethyl-

ation of other demethylases [23], but also of cc-KDM4A [24]. Our

findings could suggest that the reported increased activity of

KDM4C in vivo is not occurring on the same histone tail where the

phosphorylation of Thr11 is situated, but further studies are

needed to reconcile these observations.

Acetylation of K14 H3K9me3-K14(ac) led to different changes

in the kinetic parameters of cc-KDM4A and cc-KDM4C with

respect to H3K9me3 demethylation. For cc-KDM4A kcat/Km

increased 3-fold caused by a decrease in Km, while for cc-KDM4C

it resulted in a 3-fold decrease caused by a decrease in kcat.

It has been reported that the vast majority of euchromatic genes

occupied by H3K9me3 also carry H3K4me3 [7,19]. On the other

hand, H3K9me3 and H3K4me3 have been reported to be

mutually exclusive histone modifications associated with the active

and repressed chromosomal alleles at most imprinting control

regions [25–27]. Previously, it has been shown for truncated PHF8

(containing the cc and a PHD domain) that the catalytic activity

for H3K9me2 demethylation increases when H3K4 is trimethy-

lated [5]. An X-ray crystallographic study demonstrated that the

H3K4Me3 moiety interacts with the PHD domain in the enzyme

explaining the increased activity through a decrease of Km [5].

Our investigation of H3(1–24)K4me3-K9me3 showed a 2-fold

increase in kcat/Km for cc-KDM4A and cc-KDM4C compared to

H3(1–24)K9me3. However, for FL-KDM4A this increase was 17-

fold and only 2-fold for FL-KDM4C. This could indicate that

trimethylation of K4 is important for demethylation of K9me3 by

FL-KDM4A.

To understand the origin of the altered activities, we

investigated existing X-ray crystallographic studies in the KDM4

family. The structure (PDB: 2OQ6) of KDM4A [24] co-

crystallized with a peptide trimethylated at K9 and acetylated at

K14 (Figure 8) shows that T11 is deeply embedded in the binding

pocket leaving little space for a phosphorylated T11 in the binding

site. Furthermore, electrostatic repulsion from the acidic groups of

D135 and NOG (N-oxalylglycine, substituting ketoglutarate)

would further counteract binding of a H3 histone substrate

phosphorylated at T11. Thus, it is not surprising that phosphor-

ylated T11 is shielding for the demethylation of K9me3.

The carbonyl oxygen of the acetyl group on K14 seems to be

close enough (3.22 Å) to make a hydrogen bond to the N-H of

backbone amide of I87 along with favorable van der Waals

interactions with I87. Furthermore, electrostatic repulsion from

K89 and/or R309 could disfavor the presence of unacetylated

K14. Finally, I87 has van der Waals interactions with L74 and this

residue is a methionine (M76) in KDM4C suggesting a reason for

the observed different responses between KDM4A and KDM4C

towards acetylation of K14.

None of the available crystal structures show how K4 and T3

interact with the catalytic core of the KDM4 enzymes. However,

the structure of KDM4A (PDB: 2P5B) co-crystalized with a

H3K36 trimethylated peptide shows more of the peptide in a

defined conformation. In this structure A31 is in the same distance

from K36 that K4 is from K9. Close to residue A31 (figure S6 in

File S1) are four residues D318, V321, Y329 and W332 in a box-

like arrangement. These are the exact same amino acids in the

PHD finger from hPygo1 (D352, V350, Y341and W366)

recognizing tri- and dimethylated H3K4 in the hPHD-HD1

complex (figure S7 in File S1). [28] We made a model manually

using the protein preparation wizard in Schrodinger 2011 Suite

(Schrodinger Inc., Portland, OR), where the rest of the H3 tail was

built and energy minimized. As can be seen in figure 9 it is possible

to create a stable conformation where the trimethylated amino

group of K4 is in proximity to the ‘‘pygo’’-box; however, the C-

terminal domain would have to move in order to accommodate

the trimethyl group. In this conformation of the peptide, the

Figure 6. PTM cross-talk between K4me3 and K9me3 on cc-
KDM4C. Enzyme kinetics for trimethylated substrate H3(1–24)K9me3 (2)
and bis-tri-methylated substrate H3(1–24)K4me3-K9me3 (3).
doi:10.1371/journal.pone.0067653.g006

Figure 7. PTM cross-talk between K4me3 and K9me3 on FL-KDM4A and FL-KDM4C. Enzyme kinetics of A) FL-KDM4A and B) FL-KDM4C for
H3(1–24)K9me3 (2) and H3(1–24)K4me3K9me3 (3).
doi:10.1371/journal.pone.0067653.g007
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hydroxyl group of T3 is not buried in the enzyme, thus there is

space for phosphorylation and activity could be maintained as

observed.

It is not unlikely that the C-terminal domain is flexible.

Structures of KDM4D have shown this part in two very different

conformations. Recently, a structure of KDM4D was published

[29] resembling the previously published jumonji structures,

however in the PDB database two unpublished KDM4D

structures (PDB: 3DXU and 3DXT) are deposited showing the

C-terminal appendix wrapped over the rest of the demethylase

(figure S8 in File S1). While this conformation could be due to

crystal packing effects it is tempting to speculate that the C-

terminal domain is in fact flexible and can wrap up and make

favorable contact with H3K4 and H3R2.

Another possible explanation of the increased activity upon

H3K4 trimethylation is through interaction with PHD domains.

Previous studies have reported that trimethylated H3K4 can bind

the tudor domain of KDM4A, however the functional implication

of this interaction is currently unknown [30] and cannot explain

the differences in reaction kinetics seen for the catalytic core

proteins. However, it cannot be excluded that two peptides bind at

the same time and that trimethylated H3K4 on one peptide

stimulates the demethylation of H3K9 on another peptide. This

mechanism could operate in vivo between two neighboring

nucleosomes.

Large variations in the enzymatic activities have been reported

for cc-KDM4A and cc-KDM4C in the literature depending on

constructs and purification procedures. A recent report has shown

that by applying a simple affinity purification scheme for Strep (II)-

Table 2. Substrate selectivity of the human FL-KDM4A and FL-KDM4C histone demethylases.

Full Length Enzymes FL-KDM4A FL-KDM4C

Kinetic parameters Km kcat kcat/Km Km kcat kcat/Km

H3(1–24)K9me2 0 0 0 79610 0.160.01 1.360.2

H3(1–24)K9me3 122631 0.360.05 3.160.3 5765 0.760.1 1262

H3(1–24)K4me3K9me3 4569 2.260.3 50.268.3 4263 1.160.2 2463

H3(1–24)K9me3T11(ph) 0 0 0 0 0 0

The different kinetic parameters Km, kcat and kcat/Km are shown for comparison. 0 means no demethylation could be detected.
doi:10.1371/journal.pone.0067653.t002

Figure 8. KDM4A co-crystallized with a truncated histone tail H3K9me3K14(ac) (PDB: 2OQ6). It shows that unphosphorylated T11 is
deeply embedded in the binding pocket leaving little space for a phosphorylated T11.
doi:10.1371/journal.pone.0067653.g008
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tagged JmjC KDM’s contamination by transition state metal ions

is minimized, and KDM4A and KDM4D can be obtained highly

pure and with activities substantially higher than previously

reported [31]. This is an interesting finding; however, this does not

explain our observations. In this study, we have seen variation in

catalytic activity up to 25% as a function of different enzyme

batches and maximum 2-fold upon different purification proce-

dures.

We have carried out several experiments where Fe2+ and other

divalent metal ions were removed from the enzymes after

purification leading to loss of enzyme activity that was reconsti-

tuted upon addition of Fe2+. It was found in the most extreme

cases that the absolute enzyme activity could be improved by a

factor of two, but generally we did not see any significant changes

in the enzymatic activity, as a function of metal ion substitutions.

These results are to be published in near future (Kristensen et al.,

unpublished results). Thus, we do not believe that the variations

seen here is a result of batch variation or purification methods, also

because the various peptides were tested in parallel on the same

batch of enzyme. It is tempting to speculate that the variation in

enzyme activity reported in the literature is related to how well the

C-terminal domain has folded.

Our study indicates that additional PTMs can have an effect not

only on the substrate affinity, but also on the catalytic activity in

the demethylation of H3K9me3. The increase in kcat/Km upon

trimethylation of H3K4 for FL-KDM4A yields the highest

enzymatic catalytic efficiency yet reported for this enzyme class.

Furthermore, H3(1–24)K9me3-T11(ph) had a phosphorylated T11

that shielded for demethylation of K9me3. These results suggest

that the catalytic activity for writers and erasers of histone marks

can be influenced by the chemical nature of the peptide

modifications and this should be investigated in more detail.

Definitely, other studies are needed to understand the cross-talk of

epigenetic marks. However, we believe that studies like the current

one are relevant for understanding the influence of other marks on

the same histone tail, and may be highly useful in getting a better

understanding of the dynamics of epigenetic marks.

Materials and Methods

Enzyme Kinetics
The enzyme kinetics were measured using a Formaldehyde

DeHydrogenase Assay (FDH-Assay) and the demethylation of

substrates was confirmed when possible by MALDI-TOF-MS, see

File S1 for details. The test solution contained 50 mM HEPES

(pH 7.5), 50 mM NaCl, 50 mM FeSO4, 500 mM a-KG, 500 mM

ascorbate, 2 mM NAD, approximately 0.05 unit of FDH and e.g.

4.88 mM KDM4C (enzyme concentration varied between batch-

es). The reference solution was comprised of the same except

substrate. The assay was initiated by adding various concentra-

tions of H3 peptide substrates e.g. H3(1–24)K9me3 (10–1000 mM)

and the increase in NADH fluorescence was measured over 15–30

minutes in 30 second intervals. Data analysis and kinetic values

were obtained using programs Excel and GraphPad PrismH 5.0.

For details, see File S1.

Statistics
The standard deviations for kcat/Km were calculated using the

statistic law of propagation of errors. Standard errors for

Michaelis-Menten Kinetics were automatically given in GraphPad

PrismH, with a 95% confidence interval. All enzyme kinetic curves

were done in triplicate unless otherwise stated.

Figure 9. Model of KDM4A created in Schrodinger 2011 Suite. A stable conformation of the trimethylated amino group of K4 in proximity to
the ‘‘pygo’’-box. Here the hydroxyl group of T3 is not buried in the enzyme, leaving space for phosphorylation and still maintain activity as observed.
doi:10.1371/journal.pone.0067653.g009
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