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Abstract

Formaldehyde is extremely toxic reacting with proteins to crosslinks peptide chains.
Formaldehyde is a metabolic product in many enzymatic reactions and the question of how these
enzymes are protected from the formaldehyde that is generated has largely remained unanswered.
Early experiments from our laboratory showed that two liver mitochondrial enzymes,
dimethylglycine dehydrogenase (DMGDH) and sarcosine dehydrogenase (SDH) catalyze
oxidative demethylation reactions (sarcosine is a common name for monomethylglycine). The
enzymatic products of these enzymes were the demethylated substrates and formaldehyde,
produced from the removed methyl group. Both DMGDH and SDH contain FAD and both have
tightly bound tetrahydrofolate (THF), a folate coenzyme. THF binds reversibly with formaldehyde
to form 5,10-methylene-THF. At that time we showed that purified DMGDH, with tightly bound
THF, reacted with formaldehyde generated during the reaction to form 5,10-methylene-THF. This
effectively scavenged the formaldehyde to protect the enzyme.

Recently, post-translational modifications on histone tails have been shown to be responsible for
epigenetic regulation of gene expression. One of these modifications is methylation of lysine
residues. The first enzyme discovered to accomplish demethylation of these modified histones was
histone lysine demethylase (LSD1). LSD1 specifically removes methyl groups from di- and mono-
methylated lysines at position 4 of histone 3. This enzyme contained tightly bound FAD and the
products of the reaction were the demethylated lysine residue and formaldehyde. The mechanism
of LSD1 demethylation is analogous to the mechanism previously postulated for DMGDH, i.e.
oxidation of the N-methyl bond to the methylene imine followed by hydrolysis to generate
formaldehyde. This suggested that THF might also be involved in the LSD1 reaction to scavenge
the formaldehyde produced.
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Our hypotheses are that THF is bound to native LSD1 by analogy to DMGDH and SDH and that
the bound THF serves to protect the FAD class of histone demethylases from the destructive
effects of formaldehyde generation by formation of 5,10-methylene-THF. We present pilot data
showing that decreased folate in livers as a result of dietary folate deficiency is associated with
increased levels of methylated lysine 4 of histone 3. This can be a result of decreased LSD1
activity resulting from the decreased folate available to scavenge the formaldehyde produced at
the active site caused by the folate deficiency. Because LSD1 can regulate gene expression this
suggests that folate may play a more important role than simply serving as a carrier of one-carbon
units and be a factor in other diseases associated with low folate.

Introduction

Post-translational modification of histone N-terminal tails has been shown to play a role in
epigenetic regulation of gene expression. These modifications include acetylation,
phosphorylation, ubiquitination and methylation [1]. Modification of histones increases gene
expression by promoting a more open chromatin structure. Removal of the modification
does the opposite. Methylation of histones is carried out on lysines by histone lysine
methyltransferases (HKMTS) and protein arginine methyltransferases (PRMTS) [2]. There
are groups of enzymes that can remove the methyl groups from different modified lysines
and arginines [3,4]. The first enzyme shown to demethylate histone lysines was lysine
demethylase 1 (LSD1), discovered by Shi et al. in 2004 [5]. It catalyzes the removal of a
methyl group from histone 3 lysine 4 (H3-K4). This enzyme is highly specific for H3-K4
and uses FAD as the electron acceptor. A family of LSD1 enzymes have now been
identified that use the same mechanism in which FAD is the electron acceptor [6]. A second
family of histone demethylases comprises the JHDM enzymes that use a different
mechanism for oxidation of the N-methyl bond and also produces formaldehyde (Fig. 1).
They use the Fe(ll)-a-ketoglutarate system with molecular oxygen to generate a
hydroxylated carbinolamine that spontaneously produces formaldehyde [7]. Formaldehyde
is toxic causing cross-linking of peptide chains, for example, in a group of amine oxidases
with methylamine as a substrate [8]. However, in spite of producing formaldehyde as a
product, the reason for the absence of damage to either class of histone demethylases is
unknown.

Over 30 years ago we identified the mitochondrial enzymes, dimethylglycine dehydrogenase
and sarcosine dehydrogenase, as having tightly bound tetrahydrofolate when purified from
rat liver [9-11]. We obtained indirect evidence that THF combines with formaldehyde
formed during the reaction to produce 5,10-methylene-tetrahydrofolate (5,10-CH,-THF)
[11]. This suggested that THF scavenges the toxic formaldehyde to protect the enzyme
during the reaction. The formation of 5,10-CH,-THF from THF and formaldehyde is a well-
known reversible chemical reaction [12]. 5,10-CH,-THF is a carrier of one-carbon units in
the cell at the formaldehyde level of oxidation and is important in the synthesis of serine
from glycine by serine hydroxymethyltransferase as well as other reactions e.g. thymidylate
synthetase. The mechanism of the reactions catalyzed by DMGDH and SDH was proposed
to be an initial oxidation of the N-methyl bond to an imine using bound FAD as the electron
accepter followed by hydrolysis to yield the demethylated substrate and a compound
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referred to as ‘active formaldehyde’ [13]. ‘Active formaldehyde’ was later identified as
5,10-methylene-tetrahydrofolate, a member of the folate family of coenzymes.

Shi et al. suggested a mechanism for removal of the methyl group from H3K4me2 by LSD1
in their initial paper that was remarkably similar to the mechanism that we had proposed for
the demethylation of dimethylglycine by DMGDH [9]. Both enzymes contain tightly bound
FAD. Both produce formaldehyde as the product of the demethylated methyl groups. Both
are active when measured in tissue extracts in spite of the formaldehyde produced. However,
only DMGDH was known to contain bound THF. This suggested that LSD1 might also
contain bound THF to complex the formaldehyde generated at the active site. Another
difference between the two sets of experiments is that DMGDH was isolated from rat liver
while LSD1 was a recombinant protein isolated from overexpressed Escherichia coli. We
then showed that recombinant LSD1 bound the natural form of THF specifically and tightly
[14]. Further evidence that THF bound to LSD1 could serve as a scavenger of the
formaldehyde produced during the reaction was provided by a crystal structure of LSD1
complexed with THF. This showed that THF was positioned facing the isoalloxazine ring of
FAD to accept to accept formaldehyde as it is generated [15].

Our first hypothesis is that LSD1, and perhaps other members of the FAD family of histone
lysine demethylases, also contain bound THF in tissue. Our second hypothesis is that the
bound THF protects these demethylases by formation of 5,10-methylene-THF using a
mechanism similar to that operating in DMGDH and SDH to scavenge formaldehyde and
protect the enzyme. Confusion regarding the role of THF in protection of DMGDH and
SDH complicates our understanding of the mechanism. When tissue extracts are prepared
and enzyme activity is measured, the demethylation proceeds in the absence of added THF.
However, if THF is added to the reaction mixture, 5,10-methylene-THF is formed [16]. In
the case of DMGDH and SDH it appears that enzyme-bound THF in situ dissociates when
extracts are prepared for measurement of enzyme activity. Dilution of the enzyme results in
loss of THF and decreased concentrations of both formaldehyde and the enzyme protein
susceptible to formaldehyde cross-linking. Therefore, when concentrations of both
formaldehyde and DMGDH or SDH have decreased, damage to the enzyme is minimal. This
may be the reason that THF is needed to protect the enzymes in situ but is not needed when
activity is measured in tissue extracts.

Unlike the studies that were carried out on DMGDH and SDH, all studies on LSD1 were
carried out using enzyme purified by overexpression in E. cali. It is unlikely that an
overexpressed protein will contain significant amounts of a non-covalently bound cofactor
since only the protein was overexpressed and reaction mixtures probably do not contain
significant amounts of THF. In spite of the generation of formaldehyde, enzymatic
measurements of LSD1 activity proceed in the absence of THF. This is probably because the
reaction mixtures were too dilute to permit the formaldehyde produced to react with the
protein.

In support of our hypothesis we now report Pilot Data showing that the amount of dimethyl-
H3K4, the LSD1 substrate, is greater in tissue from folate-deficient mouse liver than from
non-deficient liver. This is consistent with a decreased amount of THF present at the active
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site of LSD1, leading to diminished ability to scavenge the formaldehyde produced and
decreased LSD1 activity. Measurements of dimethylH3K4 were made qualitatively by
Western blotting using antibody to a synthetic LSD1 substrate and confirmed quantitatively
by mass-spectrometry.

Materials and methods

Animals—The Animal Care Committee of VVanderbilt University School of Medicine
approved animal studies. Weanling wild type male C57BL6/J mice were fed the folate-
deficient diet obtained from Dyets or the same diet supplemented with 1 mg. folic acid/kg of
diet as described previously [17]. Animals were euthanized at 57 days and the livers
removed.

Western blotting—Histones were extracted by a commercial kit (EpiSeeker Histone
Extraction Kit from Abcam). All antibodies were from Abcam. To make a correct
assessment of the difference in H3K4 methylation, the blotting was normalized to total
histone H3. This was done by Western blotting first with antibodies against total histone H3.
Based on the result from the first blot, the samples were normalized to load the same amount
of total H3 on the next Western blot. In this case antibodies against dimethylated K4 of H3
were used. Blotting was visualized by a standard chemiluminescence method.

Measurement of histone modification by mass-spectrometry—This was carried
out using mass spectrometry-based proteomics developed by the Garcia lab [18]. The total
histones extracted are chemically derivatized using propionic anhydride and then individual
histones are digested enzymatically using trypsin, followed by one more round of
propionylation. The peptide digests are then desalted using home- made STAGE tips and
then the peptides are separated and identified using on-line nano liquid chromatography
directly coupled to an Orbitrap Elite mass spectrometer electron transfer dissociation (ETD)
mass spectrometry. The identified peptides are each separated and their post-translational
modifications are then determined using MS/MS fragmentation. The peptides are quantified
using the EpiProfile program where each modification is expressed as a percentage of the
total modification of the particular peptide [19].

Results and discussion

Folate deficiency can be produced in mice by using a synthetic amino acid-based diet
containing an antibiotic such as succinylsulphathiazole to prevent the bacterial flora from
providing folate to the animals. Such animals have defective hematopoiesis [17]. Fig. 2
shows that weanling male mice fed this diet without folate began to lose weight after 20
days compared to animals fed the diet supplemented with folic acid. There were 5 animals in
each group and were weighed every 2 days. After 57 days the animals fed the folate-
deficient diet had lost 20% of their maximum weight and animals of both groups were
euthanized. Tissues were removed and kept frozen for further analysis. Histones were
extracted from the livers of 3 animals from both groups. Western blots were prepared to
determine the content of the histone substrate for LSD1. LSD1 is able to remove methyl
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groups from H3K4me2 and H3K4mel but not H3K4me3. When equal amounts of histone 3
were used in the blots and then probed with antibody to H3K4me2, there was a marked
difference in the amount of H3K4me2 that was present in samples from the folate-deficient
animals compared to those from the folate supplemented animals (Fig. 3). The increased
amount of H3K4me?2 that is present in the tissue from the folate-deficient animals is
consistent with decreased activity of LSD1. If there is less THF present at the active site
there would be less formaldehyde converted to 5,10-CH,-THF. This could result in damage
to the enzyme and support our hypothesis that the role of bound THF is to scavenge the
toxic formaldehyde as it is produced. The results presented in Fig. 3 are necessarily
qualitative. In order to confirm these observations we also measured the abundance of
histone H3 marks, especially the H3K4me2 mark, by quantitative mass spectrometry (MS).
The data presented in Table 1 shows the relative abundance of some post-translational
modifications on histone 3 from folate-deficient and folate-supplemented mouse livers. All
the unmadified and methylated states of H3K4 are derived from the parent peptide
TKQTAR, (amino acids 3-8 of histone 3). The values in the Table are the relative
abundance of a particular modification compared to all the other modifications derived from
the parent peptide, expressed as a percent. It will be noted that the percent of H3K4me2
from the non-deficient animals is half that of the deficient animals. This is a highly
statistically significant difference and is similar to the qualitative result obtained by Western
blotting in Fig. 3. There is no significant change in H3K4mel although it is also a substrate
for LSD1. However, this might stem from the fact that the monomethyl form may be both
increasing and decreasing at the same time. H3K4me3 is not a substrate for LSD1. It is
unaffected in the MS results.

Table 1 also presents data for the unmethylated and methylated forms of H3K9. It was
earlier reported that methylated H3K9 is also a substrate for LSD1 [20] although recent
reports indicated mono- and dimethylated H3K9 are not substrates [21]. The fact that values
for H3K9me2 are unchanged by folate deficiency, unlike the differences observed for
H3K4me2, is consistent with it not being a substrate.

It might be argued that the folate-deficient animals were in very poor health. These animals
have *‘ineffective hematopoiesis” leading to pancytopenia and that decreased activity of
LSD1 might be unrelated to a decreased ability to scavenge formaldehyde but, instead, a
result of a general deterioration of cellular function. If that were so, then one would expect
folate deficiency to result in decreased activity of histone deacetylase. Formaldehyde is not a
product of that reaction. Table 1 shows values for three different histone 3 acetylated
modifications. In no case was there a difference in the level of acetylation between folate-
sufficient and folate-deficient tissues.

These results lead us to formulate the following hypotheses. First, that cellular LSD1
contains bound THF in vivo. Second, that the bound THF serves to scavenge formaldehyde
produced during the demethylase reaction and protects LSD1 from formaldehyde damage.
Evidence to support this is provided by the similarity in reaction mechanisms between LSD1
and DMGDH. The latter reaction has been shown to involve formation of 5,10-CH,-THF
[11]. Also, studies from our laboratory have shown that purified LSD1 binds the natural
form of THF tightly and specifically [14]. In addition, a crystal structure of LSD1 obtained
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with THF shows that it is bound close to FAD in position to accept formaldehyde generated
by the reaction [15]. What would be the purpose of having such a specific binding site if not
to be filled by THF?

What are the possible arguments against these hypotheses? First, THF has never been found
to be present bound to LSD1. We believe this is because it was never needed as a reactant
when enzyme activity was measured in vitro and, therefore, no one has looked for it.
Second, with DMGDH and SDH, THF is not needed when these enzymes are measured in
vitro. DMGDH and SDH enzyme activities are easily measured in purified extracts of liver
and formaldehyde is a product of the reaction [22]. But, in spite of the fact that they
contained THF, 5,10-CH,-THF was not a product of the enzymatic reaction measured in
vitro unless added to the reaction mixture and the formaldehyde produced did not inactivate
the enzymes. Why, then, is the enzyme still active in tissue extracts used to measure enzyme
activity? It seems reasonable to assume that most of the bound THF had dissociated from the
enzyme during the extraction and purification procedure. However, when THF was added,
5,10-CH,-THF was formed [16].

When measurement of recombinant LSD1 activity (using a 21-amino acid alternative
substrate) was carried out in the presence of added THF, there was no effect on the rate of
product formation or substrate disappearance [15]. One explanation for this is that the
formation of 5,10-CH,-THF from THF and formaldehyde is not the rate-limiting step in the
reaction. Another explanation is that another factor may be needed for THF binding. In the
cell, LSD1 demethylates histone H3 as part of a multimeric protein complex in which it
directly interacts with the co-repressor of the repressor element 1 silencing transcription
factor, COREST. Interaction of these two proteins has been studied in detail [23]. The
LSD1-CoREST complex maybe needed for THF to bind under in vitro conditions. The
crystal structure showing THF bound at the active site was carried out using the LSD1-
CoREST complex [15] .

There are two classes of histone demethylases. They both use the same general strategy to
break the thermodynamically robust N-methyl bond. The methyl-amino group is first
oxidized to a methylimine followed by hydrolysis to produce formaldehyde (Fig. 1). The
two classes differ in the mechanism of oxidation. In the FAD class, tightly bound FAD
serves as an electron acceptor and the reduced FAD is reoxidized with the formation of
H50,. The other class, termed the JHDM (also called the Jumonji) class, uses molecular Oo,
Fe** and a-ketoglutarate to oxidize the N-methyl bond. Both classes produce formaldehyde
as a product.

The mechanism of the demethylase reactions carried out by DMGDH and SDH is very
similar to that employed by LSD1, suggesting that THF may also play a role in protecting
LSD1 from damage. But when the reaction was carried out in vitro using a 21 amino acid
fragment of histone H3 that is a substrate for LSD1 the reaction proceeded in the absence of
THF [15].

This paradox may be explained in the following way. Although THF is not needed for lysine
demethylation to proceed in diluted tissue extracts it might be needed in order to protect the
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enzyme in vivo when it is bound at the active site. In order to test this it would be necessary
to remove THF from its binding site in the native enzyme without making a tissue extract. It
is possible to do so by using tissue from folate-deficient animals. This will decrease the
amount of all folate cofactors in livers of these animals and the amount of THF bound to the
enzyme in situ. If the purpose of the bound THF, indeed, were to scavenge formaldehyde
and protect the enzyme, then in the absence of THF the enzyme would not be protected and
the activity of the enzyme would be decreased. This is what we have shown qualitatively in
Fig. 3 and quantitatively in Table 1. The fact that LSD1 (also known as KDM1) regulates
the epigenetic expression of many enzymes and metabolic processes indicates that folate
deficiency may have a much greater metabolic role than simply serving as a carrier of one-
carbon units [24].

Folate deficiency has been linked to a number of human conditions. Neural tube defects are
the most outstanding example. This has led to the fortification of the diet with folic acid in
the United States and several other countries with remarkable success in reducing the
incidence of births with neural tube defects. Yet there is no known specific mechanism for
how folate is involved in the formation of the neural tube in the early development of the
embryo. Other studies have linked folate deficiency to autism [25], Alzheimer’s disease [26]
and senile dementia [27] with no evidence for how this can take place. If LSD1 can use THF
to scavenge formaldehyde to protect the enzyme from damage and if folate deficiency
results in decreased LSD1 activity, LSD1 regulation of gene expression may be affected.
Studies using specific inhibitors of LSD1 have indicated that many different biological
systems are impaired [28]. Our data suggest that folate deficiency can act similar to
chemical inhibitors of LSD1 and affect many enzyme systems.

In conclusion, we believe that the activity of the folate coenzymes is not limited to carrying
one-carbon units in metabolic pathways but may have an epigenetic role as well in diseases
that have been shown to be associated with low folate.

Acknowledgements

Support for this study was provided by NIH Grants RO1DK15289 to C.W., RO1GM110174 to B.A.G. and by
Grant # P30DK058404 to the Vanderbilt Digestive Disease Research Center.

References

[1]. Bhaumik SR, Smith E, Shilatifard A. Covalent modifications of histones during development and
disease pathogenesis. Nat Struct Mol Biol. 2007; 14:1008-16. [PubMed: 17984963]

[2]. Holbert MA, Marmorstein R. Structure and activity of enzymes that remove histone modifications.
Curr Opin Struct Biol. 2005; 15:673-80. [PubMed: 16263263]

[3]. Mosammaparast N, Shi Y. Reversal of histone methylation: biochemical and molecular
mechanisms of histone demethylases. Annu Rev Biochem. 2010; 79:155-79. [PubMed:
20373914]

[4]. Greer EL, Shi Y. Histone methylation: a dynamic mark in health, disease and inheritance. Nat Rev
Genet. 2012; 13:343-57. [PubMed: 22473383]

[5]. Shi Y, Lan F, Matson C, Mulligan P, Whetstine JR, Cole PA, et al. Histone demethylation
mediated by the nuclear amine oxidase homolog LSD1. Cell. 2004; 119:941-53. [PubMed:
15620353]

Med Hypotheses. Author manuscript; available in PMC 2017 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Garcia et al.

Page 8

[6]. Forneris F, Binda C, Vanoni MA, Mattevi A, Battaglioli E. Histone demethylation catalysed by
LSD1 is a flavin-dependent oxidative process. FEBS Lett. 2005; 579:2203-7. [PubMed:
15811342]

[7]. Anand R, Marmorstein R. Structure and mechanism of lysine-specific demethylase enzymes. J
Biol Chem. 2007; 282:35425-9. [PubMed: 17897944]

[8]. Gubisne-Haberle D, Hill W, Kazachkov M, Richardson JS, Yu PH. Protein cross- linkage induced
by formaldehyde derived from semicarbazide-sensitive amine oxidase-mediated deamination of
methylamine. J Pharmacol Exp Ther. 2004; 310:1125-32. [PubMed: 15128865]

[9]. Wittwer AJ, Wagner C. Identification of folate binding protein of mitochondria as dimethylglycine
dehydrogenase. Proc Natl Acad Sci USA. 1980; 77:4484-8. [PubMed: 6159630]

[10]. Wittwer AJ, Wagner C. Identification of the folate-binding proteins of rat liver mitochondria as
dimethylglycine dehydrogenase and sarcosine dehydrogenase. Purification and folate-binding
characteristics. J Biol Chem. 1981; 256:4102-8. [PubMed: 6163777]

[11]. Wittwer AJ, Wagner C. Identification of the folate-binding proteins of rat liver mitochondria as
dimethylglycine dehydrogenase and sarcosine dehydrogenase. Flavoprotein nature and enzymatic
properties of the purified proteins. J Biol Chem. 1981; 256:4109-15. [PubMed: 6163778]

[12]. Blakley RL. Spectrophotometric studies on the combination of formaldehyde with
tetrahydropteroylglutamic acid and other hydropteridines. Biochem J. 1960; 74:71-82. [PubMed:
13801272]

[13]. Abeles RH, Mackenzie CG. Production of active formaldehyde in the mitochondrial oxidation of
sarcosine-CD3. J Biol Chem. 1956; 222:145-50. [PubMed: 13366987]

[14]. Luka Z, Moss F, Loukachevitch LV, Bornhop DJ, Wagner C. Histone demethylase LSD1 is a
folate-binding protein. Biochemistry. 2011; 50:4750-6. [PubMed: 21510664]

[15]. Luka Z, Pakhomova S, Loukachevitch LV, Calcutt MW, Newcomer ME, Wagner C. Crystal
structure of the histone lysine specific demethylase LSD1 complexed with tetrahydrofolate.
Protein Sci. 2014; 23:993-8. [PubMed: 24715612]

[16]. Steenkamp DJ, Husain M. The effect of tetrahydrofolate on the reduction of electron transfer
flavoprotein by sarcosine and dimethylglycine dehydrogenases. Biochem J. 1982; 203:707-15.
[PubMed: 6180732]

[17]. Bills ND, Koury MJ, Clifford AJ, Dessypris EN. Ineffective hematopoiesis in folate-deficient
mice. Blood. 1992; 79:2273-80. [PubMed: 1571542]

[18]. Lin S, Garcia BA. Examining histone posttranslational modification patterns by high-resolution
mass spectrometry. Methods Enzymol. 2012; 512:3-28. [PubMed: 22910200]

[19]. Yuan ZF, Lin S, Molden RC, Cao XJ, Bhanu NV, Wang X, et al. EpiProfile quantifies histone
peptides with modifications by extracting retention time and intensity in high-resolution mass
spectra. Mol Cell Proteomics. 2015; 14:1696-707. [PubMed: 25805797]

[20]. Nicholson TB, Chen T. LSD1 demethylates histone and non-histone proteins. Epigenetics. 2009;
4:129-32. [PubMed: 19395867]

[21]. Zheng YC, Ma J, Wang Z, Li J, Jiang B, Zhou W, et al. A systematic review of histone lysine-
specific demethylase 1 and its inhibitors. Med Res Rev. 2015; 35:1032-71. [PubMed: 25990136]

[22]. Porter DH, Cook RJ, Wagner C. Enzymatic properties of dimethylglycine dehydrogenase and
sarcosine dehydrogenase from rat liver. Arch Biochem Biophys. 1985; 243:396-407. [PubMed:
2417560]

[23]. Baron R, Vellore NA. LSD1/CoREST is an allosteric nanoscale clamp regulated by H3-histone-
tail molecular recognition. Proc Natl Acad Sci USA. 2012; 109:12509-14. [PubMed: 22802671]

[24]. Burg JM, Link JE, Morgan BS, Heller FJ, Hargrove AE, McCafferty DG. KDML1 class flavin-
dependent protein lysine demethylases. Biopolymers. 2015; 104:213-46. [PubMed: 25787087]

[25]. DeVilbiss EA, Gardner RM, Newschaffer CJ, Lee BK. Maternal folate status as a risk factor for
autism spectrum disorders: a review of existing evidence. Br J Nutr. 2015:1-10.

[26]. Hinterberger M, Fischer P. Folate and Alzheimer: when time matters. J Neural Transm. 2013;
120:211-24. [PubMed: 22627695]

[27]. Araujo JR, Martel F, Borges N, Araujo JM, Keating E. Folates and aging: role in mild cognitive
impairment, dementia and depression. Ageing Res Rev. 2015; 22:9-19. [PubMed: 25939915]

Med Hypotheses. Author manuscript; available in PMC 2017 March 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Garcia et al.

Page 9

[28]. Lynch JT, Harris WJ, Somervaille TC. LSD1 inhibition: a therapeutic strategy in cancer? Expert
Opin Ther Targets. 2012; 16:1239-49. [PubMed: 22957941]

Med Hypotheses. Author manuscript; available in PMC 2017 March 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Garcia et al.

Fig. 1.

dimethyl 1202 ] )
lysine

o«
| /°"! "rc\n o s
carbinolamine
intermediate
- (omuldehydg
lysine

alpha ketoglutarate

OM L Hi2s o)\/}l)il\o _— L/Y
C— q M6
Glul9o ui y““" “His188

O
N
mc\no/cm‘

_>
dimethyl
lysine
. - 5
oj\/\(" o)\/\(° o)\/\(f'

Monomethylo His276 9 Hi2T6 QM6
lysine iy on Fpigigg HOF 18
e i Guioo o i by Ghuiso ,‘,c\:./c\/" Glul9o

é é “
carbinolamine
formaldehyde

FAD class on left. Alpha ketoglutarate-Fe** class on right. From Ref. [7].

Med Hypotheses. Author manuscript; available in PMC 2017 March 01.

Page 10



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Garcia et al. Page 11

35- 1mg
30-
o
o 254
£
=
@ 20-
= 0 mg
15+
10 ] T 1
0 20 40 60
Days

Fig. 2.
Weight gain of the mice on normal and folate-deficient diet. C57BL6/J mice used.
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Fig. 3.

Western blotting of mouse liver histone extracts with antibodies against H3-dimethyl-K4. 1
mg, C57BL6/J mouse fed normal diet (1 mg folate/kg diet); 0 mg, mouse fed folate-deficient
diet (0 mg folate/kg diet).
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Table 1
Histone Modifications.

Parent peptide Histone modification Minusfolate Plusfolate Difference P value

TKQTAR(H3 3-8) Unmodified 90.6 +0.49 90.8+1.11 0.22%19 0.86 ns
M3K4mel 855+5.44 861+899 0.06+1.1 0.95 ns
H3K4me2 0.29 +0.04 0.14+0.03 0.15+0.1 0.03S
H3K4me3 0.09 +0.02 0.24+0.08 0.16+0.1 0.13 ns

KSTGGKAPR(H3 9-17) Unmodified 0.14 +0.01 0.12+0.03 0.02+0.03 0.50ns
H3K9mel 0.06 +0.01 0.06+0.02 0.00+0.02 0.86ns
H3K9me2 0.30 £ 0.02 0.33+0.02 0.03+0.03 0.26ns
H3K9me3 0.17 +£0.01 0.17+0.01 0.00+0.01 0.94ns
H3K14ac 0.08+0.01 0.06+0.01 0.02+001 0.16ns

KQLATKAAR(H3 18-26)  Unmodified 0.71+0.01 0.69+0.03 0.02+0.03 0.44ns
H3K18ac 0.02 +0.00 0.03+0.00 0.00+0.01 0.56ns
H3K23ac 0.21+0.01 0.21+0.02 0.01+0.02 0.76ns

The first column shows the parent peptides that are obtained by proteolytic digestion of histone 3. The amino acid number of the peptide is in
parenthesis. The second column shows the specific histone modification that is derived from the parent peptide by nanoLC-MS/MS. The values in
columns 3-5 are the relative abundance of the specific modification in the parent peptide expressed as a % of all the modifications derived from the
parent peptide. They are the means (+SEM) of separate analyses of samples from histone 3 from livers of three animals grown in the absence or in
the presence of folate. The data were analyzed using Prism employing an unpaired two tailed t test.
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