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DNA SSMETHYL CYTOSINE DEMETHYLATION ACTIVITY OF VERTEBRATE DNA
METHYLTRANSFERASES

FIELD OF THE INVENTION
The present invention relates generally to DNA demethylation activity of DNA

methylransferases, therapeutic and diagnostic uses thereof.

BACKGROUND OF THE INVENTION
In vertebrates, DNA methylation occurs primandy at the S-position of evitosine {C in CpG
dyads and their genonuc methylation patterns are established/maintained by the DNA (C-35-
methvliransferases, or DNMTs. Of the known vertebrate DNMTs, DNMTI1 shows a subsirates
preference for henm-methy lated DNA and maintains the methyiation patterns during DNA
replication. DNMT3A and DNMT3B show equal C-3 methytation activities toward unmethviated
and henu~-methyiated DNA im virre, and they are essential Tor de novo genonue DNA methylation as
well development of the garlv embrvos. The vertebrate DNA mathylation svsiem comprising the
gbove three essential DMNMTS is indispensible for the sstablishment of the genomic DNA
methyiation patterns, globally and locally, and consequently the processes of gene expression,
neuroplasticity, differentiation, carcinogenests, imprnding, X-inactivation and development,
1t has remained elusive in literature before 2012 whether there exists enzyvme(s) in vertebrates
that could actively and directly convert 5-mC on DNA into C.
SUMMARY OF THE INVENTION
In one aspect, the invention relates to a method for identifving a test agent {or a compound) as a

moduiator of the active DNA demethylation activity of a DNA methvitransferase. The method
coTprises;

ay providing a methylated DNA;

b} providing a DNA methvliransferase;

¢) allowing the methylated DNA {o react with the DNA methvltransferase for a sullicient

ume to perform a demethylation reaction and generate a demethylated DNA prodact in the

presence or absence of a test agent;

d} analvzing the extent of demethvlation; and

d} comparing the extents of the demethyiation in the presence and absence of the test agent,
and thereby identify the test agent as a modulator of the DNA demethylation activity of the DNA

methylransferase;
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wherein the test agent is sdentified as an inhibitor of the active DNA demethviation activity
of the DNA methyvliransferase when the extent of the demethylation is less in the presence of the test
agent; or the test agent is identified as a stimalator of the active DNA demethylation activity of the
DNA methyltransferase when the extent of demethylation 18 more i the presence of the test agent.

In one embodiment of the invention, the analviing step is performed by a technique selected
from the group consisting of a restriction digestion-polvmer chain reaction (PCR) assay, a
hvdrotvas-thin laver chromatography assay, an antibody-based analysis, scintiliation counting,
autoradiography, dot blotting, a hiqud chromatography-based analvsis, and a Na bisulfite-based
analvsis.,

In another embodiment of the invention, the demethviation reaction occurs in the presence of a
catcium ion concentration of around 10 uM to 10 mM.

In another embodiment of the invention, the DNA methyliransferase 1s an 1solated vertebrate
DNA methyitransferase, or a recombinant DNA methvitransferase. or is present in a nuclear extract
or ts present in a cellular extract. The vertebrate DNA methyltransterase, the nuclear extract, or the
celtular extract mav be prepared from cells selected from the group consisting of vertebrate celi
culfures, vertebrate tssues, inssct cells, worm cells, nsect fissues, worm tissues, plant cells, plant
tissues, veast cells, and bacterial cells. The nuclear extract may be a sperm exiract.

In another embodiment of the mvention, the methyvlated DN A conprises a fabeled methy! group.
The methyvi group in the methvlated DNA may be radicactive-labeled.

In another embodiment of the invention, the aforementioned method steps (a) to (d) possess the
following technical features: wherein:

{a) the mathylated DNA provided in step (2} 13 a methylated reporter gene operably hinked to
a constitutive promoter and is present wny a call;

(b} the DN A methyliransterase provided in step (b) is operably linked to a constitutive
promaoter and 18 also present in the cell, or is endogenousty present in the cell as an endogenous DNA
methyliransferase;

{¢) the demethyvlaled DNA product generaled 1o step (¢) 15 a demethyiated reporter gene,
which expresses a reporter prolein in the cell.

{d) the analvzing step s performed by a technique selected from the group consisting oft

{1) analyzing the signal of the reporter protein encoded by the demethylated reporter
gene i the cell;

{n)} analvzing the reporter protein expression by Western blot; and

{iti} isolating the methylated and demethvlated reporter gene and analvring the extend

of demethviation by a restriction digestion-polymer chain reaction (PCR) assav, a hyvdrolysis-

2
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thin layer chromatography assay, an antibodv-based analysis, scintitlation coanting,
autoradiography, dot blotting, a hiquid chromatography-based analysig, or a Na bisulfite-
based analvsis.

In one embodiment of the invention, the methyvlated reporter gene and the DNA
methy ltransferase are present in the cell via transfection. Alternatively, the DNA methyvltransferase 1s
an endogenous enzvme present m the cell.

The cell is fransfecied with the methyviated reporter gene, and the DNA mathvliransferase may be
an exogenouse enzyime translected into the same cell, or may be an endoganous enzyme already
present in the same cell. In one embodiment, the methvlated reporier gene and the DNA
methyliransferase are co-transfected into the cell.

In one embodiment of the invention, the test agent 15 ntroduced info the cell or added to a culture
maedium bathing the cell.

In another embodiment of the nvention, the methvlated reporier gene comprises a DNA
sequence of a gene selected from the group consisting of a uorescent protein-encoding gene, a
luciferase geng, a drug-resistant gene, and genes of cell survivals.

In another embodiment of the invention, the methylated DNA comprises S-methyvioviosine
(SimC)-contaming DNA,

In another embodiment of the mvention, step (¢) 15 performed under a condition thatis free of a
reducing agent or under a non-reducing condition.

The DNA methvitransferase may be a modified form of a wild-tvpe DNA methvlransferase, said
maodified form retaining the active DNA demethylation activity of the wild-type DNA
methvliransferase.

The DNA methvltransferase may be selecied from the group consisting of DNA
methyvlransterase 1, DNA methvltransferase 3A, DNA methylransterase 3B, and any combination
thereof.

The constitulive promoter may be, but not lunited to, a cytomegalovirus promesier.

In another aspect, the invention relates 1o a method for identifving 2 test agent as a modulator of
the active DNA demethylation activity of a DNA methyltransierase, in which the method comprises:
(H

a) admixing a first composition comprising a methylated DNA with a second composition
comprising the DNA methvltransterase in the presence or absence of a test agent;

b} allowing a demethvlation reaction to ocour by reacting the methylated DNA with the DNA
methyliransferase for a sufficient time 10 generate a demethylated DNA product;

¢} analvaing the extent of demethylation; and

3
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d} comparing the extents of the demethviation in the presence and absence of the test agent,
and thereby 1dentiy the test agent for modulating active DNA demethylation activity of the DNA
methy Hransferase;

wherain the test agent 1s identified as an inhibitor of the active DNA demethylation activity
of the DNA methyltransferase when the exient of the demethylation is less in the presence of the {est
agent; or the test agent 15 identified as a stimulator of the active DNA demethvlation activity of the
DNA methy lransferase when the extent of demethvlation s more m the presence of the test agent;
or {11

1} providing a cell culture medium containing cells transfected with a reporter gene that is
methylated and operably hinked to a constitutive promoter, said cells containing an endogenous DNA
methylransferase or exogenoudy exprassing a wild-tvpe, 8 modified or a genetically enginesred
DNA methyltransferase;

2y exposing the cells to a test agent;

3y allowing a demethylation reaction o occur (o generate a demethvlated reporter gene,
which expresses a reporier protein in the cells; and

4} analvzing the extent of demethylation of the reporter gene by examuning the signal
intensiiy of the reporter protein expressed by the demethylated reporier gene in the cells;

53 comparing the extents of the demethylation of the reporter gene i the presence and
absence of the test agent, and thereby dentify the lest agent as a modulator of the DNA
demethylation activity of the DNA methylivansferase:

wherein the test agent 1s identified as an mhibitor of the active DNA demethylation activity
of the DNA methyvitransferase when the extent of the demethvlation 1s fess in the presence of the test
agent: or the test agent i identified as a stinudator of the active DNA demethylation activity of the
DNA methvltransferase when the extent of demethvlation 1 more in the presence of the test agent.

The wild-tvpe DNA methylranslerase may be selected from the group consisting of DNA
methylransferase 1, DNA methvlransterase 3A, and DNA methvlransferase 38.

The accompanving drawings iHustrate one or more embodiments of the mvention and, together
wiih the written description, serve to explain the principles of the mvention. Wherever possible, the
same reference numbers are used throughout the drawings to refer to the same or hike elements of an
embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

FiG. 1 shows DNA S-mC demethvlation activities of the mammalian DNMTs. The S-m(~
containing DNA substrates were subjected o incubation in 2937 nuclear exiracts in buller B with 10
mM CaCl; that contained the exogenousty expressed EGFP {lanes 1 and 2), mouse DNMT! (lanes 3

4
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and 43, DNMT3A (lanes 3 and 6), DNMT3B (lanes 7 and 8), and their site-divected mutants (lanes 9-
14}, respectively. The exients of conversion ol S-mC o € were analyred by hydrolysis-TLC assay
and quantitativelv shown inn the histogram. The amounts of the exogenous wild type enzyme in lanes
4, 6, and 8 ware sinular to those of the mutant enzymes i lanes 10, 12, and 14, respectively
{Western blotting data not shown). M, mock comtrol without incubation; R, with incubation. Error
bars indicate $.D..¥ p<0.08 by t-test comparing bars 4, 6, and 8 o bar 2,

FIG. 2A shows calcium-dependence of the DNA S-ni(C demethvlation activities of recombinant
DNMTs. Hvdrolysis-TEC assay of conversion of 3-m( to € by recombinant DNMT3B. The DNA
demethylation activity of the recombinant mouse DNMT3B was assaved by incubation of 40 nM 5-
mC containing DNA substrate with 40 nM of the enzyvime in buffer B contaimng 100 pg/mi BSA and
increasing concentrations (0, 10 pM, 100 aM, I mM, 5 miM and 10 mM) of CaCly. The incubations
were all at 37°C for 4h. The quantitative vesults are presented i the histogram. M, mock control

sk

without incubation. Error bars indicate S ¥ p<0.03; %% p<l0 .01 by t-est comparing bars 3-7 to bar
2.

FIG. 2B shows a companson of the DNA demethylation activities of recombinant hDNMTL,
hDNMT3A and DNMT3B by hvdrolvsis-TLC assay. The 3-mC contamning substrate was incubated
at 37°C for 4h with 40 nM of each of the recombinant hDNMTT (fane 2). hDNMT3A (ane 3 and
DNMT3B (lane 4) 1 buifer B contasning 100 pg/ml BSA and 1 mM of CaCly, and then analvzed by
hydrolvsis-TLC assay. The quantitative analvais is presented in the histogram. M, mock control
without incubation: R, with incubation. Frror bars indicate S.D. ¥, p<00.05; #¥%_ p<(0.003 by t-test
comparing bars 2~4 to bar L

FiGs. 3A-B show the effects of a reducing condition and SAM on the DNA demethyiation and
methviation activities of DNMT3B. FIG. 3A; The S-mC containing DNA substrate was subjecied to
the demethviation reactions with 40 nM recombinant DNMT3B in butter B containing 100 yg/mi
BSA with or without the inclusion of 1 mM CaCly, 5 mM DTT, or 160 uM SAM. After incubation af
37°C tor 4h, the DNA products were analvzed by the hydrolvsis-TLC assay, The results are
quantitatively presented in the hustogram. Frror bars indicate S.D..*, p<0.03 by {~test comparing bars
24 to bar 1. FIG. 3B Unmethyvlated pMRI-S plasmid DNA was mcubated with 40 oM recombinant
DNMT3B in buffer B contaming 100 pg/mi BSA with or without | mM CaCly, 5§ mM DTT, or 160
pM SAM. After incubation at 37°C for 4h, the extents of C methvlation of the DNAs from the
different reactions were determined by hydrolvsis-TLC assay and quantitatively compared in the
histogram. Frrov bars indicate S.D.

FiGs. 4A-B show Reversibility of the DNA demethylation and methylation reactions in vitra,

FIG. 4A; Strategy of a series of reactions testing the reversibility of DNA demethyistion and

M
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methviation (see text for more details). Briefly, 5-mC contamning DNA substrate was incubated at
37°C for Zh with 40 nM recombinant DNMT3B in buffer B contaming 100 ug/mi BSA and | mM
CaCly (reaction 1), Then, 160 uM SAM were added and the incubation was continued for another ih
{reaction 2). Finally, 1 mM H:0; was added to the reaction mixture and the incubation continued for
another 2h {reaction 3). Rx, reactions. F1G. 4B The DNA products from the 3 reactions outhned in
4A were purilied and analyzed by hydrolvsis-TLC assay. The data ave quantitatively compared in the
histogram. M, mock control without incubation. Error bars indicate 8.D. ¥, p<iQ 05, ¥¥% 50,005,
FiGs. 3A-B show Experimental sirategies for assay of the inter-conversions of 3-m( and C. F1G.
SA: Schematic diagram lustrating the stepwise processes of restriction digestion~-PCR assay. This
assay was used 1o estimate the extents of demethylation of methylated plasmid upon incubation with
the poreine sperm nuclear extract under different conditions (FIG. 6). 20 ng of the 3-mC containing
plasmid pMR1-&, with or withoot DNA demethvlation reactions m the sperm nuclear extract, was
digested by Hpall overnight at 37°C, and purified with Qiaquick Nucleotide Removal Kit (Qiagen).
The proportion of Hpall-insensitive DNA substrate was analvzed by 12-15 eveles of PCR using a
primer set bracketing the Hpall restriction cutting sites followed by the gel electrophoresis. The band
intensities were further quantiiatively estimated and compared. FIG. 3B: Schematic disgram
Hustrating the stepwise precesses of hydrolvsis-TLC assay. The double-stranded DNA substrates
were digested by Mspl at 37°C overnight, and then dephosphorvlated with calf intestine phosphatase

{New England Biolabs} followed by purification by Giaquick Nucleotide Removal Kt {Qiagen). The

)

purified DNAs were end-labeled by using v "P-ATP and T4 polynuciectide kinase (New England
Biolabs), and then digesied by snake venom phosphodiesterase { Worthigton) and DNasel (Roche)
overnight. The hydrolvzates were loaded onto PEI celhdose plates (Merck} and separated i the
buffer isobutyric acid: water: ammonia (66:18:3) for 16~-18h. Antoradiography of the plates was
carried out and the signals on the plates were quantitated using the Alpha Imaging 2200 (Alpha
Innotech Crop.).

FiGs. 6A-C show the DNA demethylation activity of porcine sperm extracts. FIG. 6A: Fully
methviated plasmid DNA pMR -8 was incubated at 37°C for 2h in the poraine sperm nuclear extract
with increasing concertrations (0, 10 M, 100uM, ImM and 10mM) of CaCl; (lanes 1-8), MeCl,
{lanes 6-10) or Fa{NH,S504); (langs 1 1-13). After the reactions, the exient of DNA demethvlation of
the plasmid DNA was analvzed by the resiriction digestion-PCR assay outhined in FIG. SA. The
histograms show the relative proportions of the plasnud DNA resistant 1o Hpall cleavage. For
comparison of bars 2-5 to bar 1, *, p<0.03; ¥¥, p<0.01 by the {-test. FIG. 6B: Effects of BER
inhibitors on the demethyiation activities of the porcine sperm nuclear extract. The DNA
demethviation reactions were carnted out by incobating fullv-methyviated plasmid DNA pMRI-8 and

6
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sperm nuclear extract contaning 10 mM CaCl; and increasing concentrations of APE~L{0, 10 uM,
100 aM, and | miM, lanes 2-63 or 3-AB (0, 3 ud, 300 uM, 5 mM, and 30mM, Tanes 8~12). After the
reactions, the extents of demethylation of the plasmid DNA were analvzed by the restriction
digestion-PCR assay. FIG. 60 Effect of the CDA inhubitor THU on the demethvlation reaction m
the porcine sperm nuclear extract. The fullv-methviated pMR1-8 DNA was subjected to incubation
i the extract ai 37°C lor 2h containing mcregsing concentrations of THU (0, 30 uM. 100 uM and
ImM, fanes 1-4) The extents of demethvlation of the plasmid DNA were analvzed by the restriction
digestion-PCR assay. The histogram shows the relative proportions of plasmid DNA resistant to
Hpall cleavage. M, mock control without mcubation. Error bars indicate S.D.

F1G. 7 shows the results of SDS-PAGE analyses. The recombinant human hDNMT1 (500 ng).
human hDNMT3A (250 ng}, and mouse DNMT3B (230 ng) were subjected to SDS-PAGE followed
by the coomassie bloue staining. The arrows indicate the expected bands of the three DNMTs,
respectively. Protein markers were loaded in the M lanes.

FIG. § shows DNA demethylation by recombinant DNMT38 in the presence of "H-8AM. The
reaction conditions were the same as those described in FIG.3A, except that 1uCi "H-SAM was also
nchuded i sach of the reaction mixtures. Afier the reactions, the mixiures were {urthar incubaled
with 100 gl of 03N NaOH at 55°C for 10 nuns and newtralized with 100 gl of 1M Trs-Cl pH7.0.
The DNA substrates were then precipitated with 10% tnichloroacetic acid {TCAY m 3 mM Na
pyrophosphate on 1oe for 15 mins, and loaded onto DE-81 ion-exchange papers followed by air
drving. The DE-81 papers sere washed 3 times with 5% TCA i 3 mM Na pyrophosphate, twice
with 100% FtOH, air dried, and the “H counts on DNA were determined in a hquid scinnliation
counter.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is more particularly described i the following examples that ave intended
as illustrative ondy since nomerous modifications and variations therein will be apparent to those
shilled in the art. Various embodiments of the invention are now descnibed in detail. Refernngio
the drawings, like numbers mdicate like components throughont the views. As used in the
descripiion herein and throughout the clanns that follow, the meaming of 27, “an”, and “the”
includes plural reference unless the context cleasly dictates otherwise. Also, as used in the
description herein and throughout the claims that follow, the meaning of “in”™ mcludes “in™ and “on”
unfess the context clearty dictates otherwise. Moreover, titles or subtitles may be used m the
specification for the convenience of a reader, which shall have no influence on the scope of the
present invention, Additionally, some terms used m thas specification are more specifically defined

belowy,
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DEFINITIONS

The terms used m this specification generally have their ordiary meamngs in the art, within the
context of the ivention, and in the specific context where each term is used. Certain terms that are
used to describe the invention are discussed below, or elsewhere in the specification, to provide
additional guidance 1o the practitioner regarding the description of the invention. For convemence,
certain terms may be highlighted, for example using ttalics and/or quotation marks, The use of
highlighting has no influence on the scope and meaning of a term; the scope and meaning of a term
1s the same, in the same context, whether or not it is highlighted. 1t will be appraciated that same
thing can be sard i more than one way. Conseguently, alternative fangoage and svnonvims may be
used for any one or more of the terins discussed heremn. nor is any special significance 1o be placed
upon whether or not a term is elaborated or discussed herein, Synonyms for certain terms are
provided. A reciial of one or more synonvis does not exclade the use of other synonvms. The use
of examples anvwhere in this specification including examples of any terms discussed herein i
ittustrative only, and in no way limits the scope and meaning of the invention or of anv exemplified
term. Likewise, the invention is not limited to varicus embodiments given in thas speaification.

Unless otherwise defined, all technical and scientific ferms used berein have the same meamng ag
commonty undersiood by one of ordinary skill in the art 1o which this invention perfains. In the case
of conflict, the present document. including definitions will control.

As used heren, “around”, “abowt”™ or “approximately™ shall generally mean within 20 percent,
preferably within 10 percent, and more preferably within 5 percent of a given value or range.
Numerical quantities given herein are approximate, meaning that the term “around”, “about™ or
“approximatelv” can be mferred 1f not expressly stated.

The term “3mC™ refers to the § position of cyvlosine.

The term “agent” refers to any matter, sabstance or thing producing or used for oblainmyg specific
results, which includes, but not limited to, compounds, co-factors, etc.

The invention relates 1o the discovery that manunalian DNMTs, includimg DNMTL, DNMT3A,
and DNMT3B can actively and directiv convert 5-mC on DNA mnte € hiochamcal reaction. See
Chen er of (2013) THE JOURNAL OF BIOLOGICAL CHEMISTRY VOL. 288, NO. 13, pp. 9084~
9091, which 1s incorporated herein by reference in its enfiraty.

Specifically, the invention relates to the discovery that in in virro reactions, the mouse andior
human DNMTL, DNMT3A, and DNMT3B all could act as an active DNA demethylase, removing
the methy] groap from 3~-mC on DNA in an Ca™ ion and redox state-dependent manner.

The invention also relates to the discovery of the DNA 5-mC demethyiation activities of DNMTs
that could be used 1o screen, 1dentity, and design reagents, includmg chemical compounds and

8
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therapeutic agents, which would modulate the DNA 5-mC demethvlation activities of DNMTs and
their modified forms/ denvatives, lor the purpose of regulating the different cellular processes
including gene expression, chromosome structure, carcinogenesis {metastasis), cell division, cell
motitity, neuronal plasticity, etc.

The protein sequences of DNMTs are as follows: DNMT {Homo spainest SEQ 1D NO:4;
DNMTL {Mus muscwhus] SEQ ID NO: §; DNMT3A [Homoe spaieas} SEQ 1D NO: 6 DNMT3A
[Afues musendus] SEQ ID NO: 7, DNMT3B [Homo spaiens} SEQ 1D NO: 8; DNMT3IB {Mux
pruseplus] SEQID NG ¢,

To generate modified DNMTs, we serially deleted 10 amino acids from N-ternanal of the full-
length DNMTs. For example, the modified forms of unan DNMTT s DNMTI(11-1620),
DNMTI(21-1620), DNMTI{31-1620} . . ., etc. All the deletion-modified DNMT1s are tested for
DNA methylation and demethylation activities in virro and 12 vive. In addition, DNMT1 mav be
modified by deletion of the internal 10 anuno acid of the full length DNMT, and the modified forms
are DNMTI(ATL-20) DNMTHAZ21-30), DNMTHA3L-0) | ete, The same deletion
modifications may be used to generate defetion modified forms of DNMT3A and DNMT3B.

To screen, wentify, and/or design reagents that modulate the DNA 3-m( demethvlation activities
of DNMTs, several assavs can be used, which include i vitro and v vive assays.

{IYinviro

The DNMTs and S-mtC contamning DNA substrates are incubated with the lest agents under
proper reaction conditions. The DNMTs used may be in the forms of either recombinant wild-
tvpe/modilied! genetically enpineered enzymes or as ectopically expressed wild typed modified/
geneticallv engineered enzvmes in celluar or nuclear extracts prepared from vertebrate cell cultures!
tissues, veast calls, or bacterial cells. The mathy! group on the S-mC-contaimnpg DNA substrates can
be radioactive, or labeled by other methods.

After the reaction, the DNA substrates are isolated manually or astomatically, and the content of
methylation/demethvlation is determined by several methods, such as restriction digestion-based
anatysis, antibodv-based analvsis, Santillation counting, awtoradiography . dot blotting, hquid
chromatography-based analysis, Na bisullite-based analyvsis and hydrolvsis-TLC (thin laver
chromatography). The effect of each test agent on the DNA 5-mC demethviation activities of the
DNMT enzyvmes is deternuned by comparison of the content of 5-mC on the DNA substrate with the
control (mock, before and after the in vitro reaction.

{2} I vive

The reporter DN As methylated at 5-C are introduced into cells comtaiming either the endogenous

DNMTs alone or with exogenously expressed wild type/modified’ genetically engineered DNMTs.
2
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The reagents to be tested are added into the cell culiuring medium, or sent into the cells, before
trigeerng the DNA demethyiation activities of the DNMTs.
The methvlated reporter DNAs carry genes, such as different uorescence genes, luciferase gene,

drug-resistant gene, or genes of cell sarvivals etc., the expression levels of which can indicate the

LA

methyiation/demethylation status of the DNA substrates. Alternatively, the methviated veport DNAs
can be ssolated manually or amomatically, and analyzed with respect to their 3-mC content by
methods described above,

ENAMPLES

MATERIALS AND METHODS

10 Recombinaat Plasmids and Recombinant Proteins. Constructions of expression plasmids used in
this study were described in Chen et al. &/ Biol Chem. VOL. 287, pp. 33116-33121, 2012 it is
incorporated herein by reference in iy entirety), which mclouded plasmds for exogenously expressing
DNMTL DNMT3A, and DNMT3B. The DNA methylation-inactive mutants of the DNMTs, 1 e
DNMTI-PSC, DNMT3A-PS and DNMT3B-PS, were generated by insertion of a serine residue

o
i

bafore the Cys-1229 at the catalvic site of DNMT or by replacing the cysteme restdue Cys-766 and
Cvs-637 in the catalytic domains of DNMT3A and DNMT3EB, respectively, wilh a serine residue.
All of the recombinant enayvmes DNMTs, including hDNMTT (purity ~78%), hDNMT3A
{purity~90%), and mouse DNMT3B (puriv-30%) (FIG. 7), were purchased from BPS Bioscience.
Cell Culture and DNA Transfection. The human embryonic Kidnev 2937 cells were cultured
20 under 3% COat 37°C in DMEM mediom supplemented with 10% FBS and 1% Penicillin-
Streptomwvein. For DNA wransfections, difTerent exprassion plasmids were delivered into cells using
gither LIPOFECTAMINE®R 2000 or MAXIFECT™. The transfected cells were collected 2 davs
afterwards for further experimentation.

Preparvation of Nuclear Exrracts. The nuclear extracts were prepared {rom the porcine sperms

fd
A

and 2937 cells. respectively, by a modilied method. Briefly, the porcine semen was washed three
timies by PBS buffer and the sperm pellet isolated with FICOLL®:. The pellet was resuspended in g
hypotomte bulfer {10mM Tris-HCIL pH7.4, 10mM NaCl, 10 mM EDTA and EDTA-free prolease
inhibitors} on 1ce for 15 minutes. The resuspended sparms were passed through a G21 needle 10
tmes and then ceninfuged at 13,200 rpm at 4°C for 10 nun. The supematant was removed and the
30 peliet of the nuclet was resuspended in a resuspension buffer (10 mM Trs-HCL pH7 4, 10 mM
NaCl, 1.5 mM MgCl; and EDTA-free protease inhibitors), and an equal volume of 1M Na(l was
added for 30 mun incubation on ice. The solution was centrifuged at 13,200 rpm at 4°C for 30 min

and the supernatant (nuclear extract) was dialyzed at 4°C m buffer B (10mM Trs-HCL pH7 4, 30
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mM NaCl, 1.5 mM MgCl; and EDTA-{ree protease inhibitors) overnight with 2 changes of the
dialysis bulfer,

The preparation of nuclear extract from 2937 cells {ollowed the procedures described above The
transtected cells were washed 3 times yeith PBS and resuspended n the hypotomie budter on 1ce for
10 mins. The solution was centrifaged at 4,000 rpm for 10 ming and the supematant were removed.
The nuclear pellet was resuspended in the resuspension buffer and then an equal volume of 1M NaCl
was added for 30 nun incubation on ice. The lyzate was centrifuged at 13,200 rpm at 4°C for 3¢ min
and the supernatant was collected as a nuclear extract, which was then dialvzed at £°C in butfer B
overnight.

DINA Substrates for in vitra DNA demethylation assay. The S~-mC-containing substrate for DNA
demethviation assay of the porcine sperm nuclear extract was prepared from the 2 819 bp pMR1-8
plasmid contaiming 183 CpG dvads and 11 Mspl restriction sites. The uvnmodified pMR1-8 plasmud
was amplified in the SCS110 bactena and then methylated by the bacterial methvitransferase M.SS8
I'in NEB buffer 2 supplemented with 160 gM SAM (S-adenosyimethionine}. The extent of
methyviation of the plasmud was checked by Hpall digestion.

C-3 methvlated double-stranded DNA substrate was used in the demethvlation reactions with
2937 nuclear extract or the recombinant DNMTs (see below), and then analyzed by the hvdrolvsis-
TELC assav.

In Vitro Reaciions of J-mC to € Copversion on DN For DNA demetinviation reactions. 40 ng of
the methyviated pMRI1-8 plasmid DNA or 5-mC contaimng double-stranded DNA substrate was
incubated with 100 ug of the nuclear extracts or 40 1M recombinant DNMTs proteins in 50 pl of
buffer B contanung 100 pg/ni BSA at 37°C up to 4h. Whan needed, 106 pM-10 mM of three divalent
cations (Ca®'. Mg™", or Fe®™), 10 uM-1 mM CRTO044876 {APE-1), 1.5 uM-50 mM 3-
aminobenzanude (3~-AB). 30 uM I mM tetrahvdrowtdine (THUDY, 5 mM DTT, or 160 pM SAM was
included in the reaction mixtures. To assav the effect of redox-state of the enzvmes, 40 nM
recoumbinant DNMTs was pre-treated with 10 gM-18 mM H101 1n 30 ud of bulfer B contaming (G
pe/ml BSA at 13%C for 30 min. Forty ng of the 3-m{ contaming double stranded DNA substrate was
ihen added and the reaction mixtures were incubated at 37°C for 4h.

All reactions were stopped by 1.3% SDS and treated with proteinase K at 30°C for 20 nun. The
DNA substrates and demethyvlated products at the end of the reaction ware 1solated using the
Qiaquick Nuocleotide Removal Kit, and subjected to restrictions digestion-PCR assay or hydrobvsis-
TLC assay (see below}.

-5 methvlated dordle-stranded DNA substrate preparation. The 3-mC-comtaiming DNA
substrate was prepared by PCR amplification of 3 561 bp fragment from the pMR - plasmid
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containing Mspl/Hpall sites (SEQ ID NGO 1), During the PCR amplification, a 3-mC-containing
ANTP nux (Zymao Research) was used. Primers for PCR were: pMR1I-8 F, 37 saagataccaggegtiteoee
=37 (SEQ ID NO: 2); and pMRI-8 R, 37 gagttttcyticcacigageogte -37 (SEQ 1D NO: 33

i Fitro Reacvoas of C to 3-mC Conversion on DN, Methvlation @1 vigre of unmodified pMR1-
8 plasmud DNA by the DNMTs were carried out and analvzed by the hvdrolysis-TLC assav. When
neaded, 1 mM CaCl or 5 mM DTT was also included i the reaction sixture,

Restriction Digestion-POR Assay of (-3 methylation on Double-Stravnd DNA Substrate(s). The
procedures are as described previously (Chen et al., 2012, ibid). See FIG. 3A legend for more details.

Hydrolysis-TLC (Thin Layer Chromatographny assay of 3-mC, 3homC, and C on DN4 The
procedures were simifar to those described in Chen ef o/ (2012). ibid. See FIG. 5B legend for details.
RESULTS

fa vitro DNA demethylation by porcine sperm extract. We performed in vitro DNA -5
demethyiation reactions using the nuclear extract prepared from porcine sperms. The effect of Ca™
ion were also tested. Remarkably, inclusion of 1-10 mM of Ca™, but not Mg™' {compare lanes 7-10
to lane 6) or Fe*” (compare lanes 12-15 to lane 11, FIG. 6A), significantly reduced the extent of
DNA mathviation by 20-30% {compare lanes 4 and 5 {0 lane 1, FIG. 6A). Furthermore, inclusion of
inhibitors of erther the BER pathway, CRTO044876 (APE-1) and 3-amincbenzanude (3-AB), or the
ey tidine-deaminase (CDA). tetrahvdrouridine (THLUD, i the reactions had lnte effect on the in vifro
DNA demethyation activity of the sperm nuclear extract (FIGs. 6A and 6BY. The data of FIGs. 6A-B

suggested that Ca®” on stirmdated & BFR-independent and CDA~independent DNA demethylation

activity in the nuclear extract of the porcine sperms.

H was not trivial to punly the factor{sYenzvme(s) i the nuclear extract of the porcine sperms
that was responsible for the in vitro conversion of 3-mC 1o C on DNA. Since the porcine sperm
nuclear exiract contamed DNMTU/DNMTIADNMTAB {(data not shown) and the muninghuman
orthologs of the latter two DNMTs acted is vitro ag DNA S-hyvdrovvmethylevtosine (S-hm()
dehvdroxvmethylases under oxidative conditions in the absence of SAM, we suspectad that under
appropriate conditions, these DNMTy might also be capable to convert other modified forms of
cvtosing, e.g., 3-mC, to C.

In view of the data of F1G. 6, we performed /n vitro DNA demethylation reactions in the
presence of 10 mM of Ca®™". S-m(-containing double-stranded DNA substrate was incubated with
nuclear extracts prepaved from 2937 cells transfected with plasmids overexpressing EGFP (a
negative control), mouse DNMTT, mouse DNMT3A, mouse DNMT3B, as well as thetr muotants,
respectively. After the reactions, the DNA products were hvdrolyzed as depicted in FIG. 5B and the
nucleotides were analvzed by TLC {(FIG. 1}, As shown, under the reaction conditions tested, the
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nuclear extracts contaming the exogenously expressed DNMT) (lane 4, FIG. 1), DNMT3A {lane 6,
FIG. 1}, and DNMT3R (lanes 8, FIG. 1} ali could remove the S-methyl group from approximately
3% of the 5-mC residues on the DNA substrates.

Remarkably, the DNA demethyviase activtites of the 3 mouse DNMTs were greatly diminished,
by approsmmately 73% to 88%, when amino acid sabstitutions or insertion were introduced o the
known catalvtic sttes of C-3 methylation of these enzymes (compare lanes 10, 12, 1404, 6, §,
respectively, FIG. 1), The data of FIG. 1 suggested that the two de novo DNMTs as well as the
maintenance DNMT1 could act as active DNA S-mC demethviases under appropniate conditions,
The de novo DNMTs, DNMT3A and DNMT3B can transfer the methyl-group to DNA which do not
contain anv DNA methylation on both strands. After de novo methylation, the DNA is methyvlated on
both DNA strands. The maintenance DNMT1 can methyviate the hemi-methviated (one of double
strands 1s methviated) DNA during the DNA replications.

Cor' e redox state-depeadent PNA Some demerhylase activities of partially prifted
recombingnt DNATs. To further contivm the result of FIG T, recombingnt mouse DNMT3B, human
DNMTL (hDNMT), and human DNMT3A (hDNMT3A) partially punified from recominnant
baculovirus-infectad S£9 nsect celly were examined fov their DNA demethviation activities. First,
the recombinant mouse DNMT3IB (-30% purity. FIG. 7) was subjected to mcubation with 3-mC-
containing DNA substrate in buffer B containing increasing concentrations {0, 10 uM, 100 uM, 1
mML, 5 mM and 160 mM} of CaCly (FIG.2A). As seen, the recombinant DNMT3B axhibited
significant DNA demethylation activity enly in the presence of Ca® {compare lanes 3-7 to lane 2,
FIG.2ZA), with the acuvity highest in the presence of | mM Ca™' {lane 5, FiG 2A) We tested and
compared the DNA demethviation activittes of DNMT3B, hDNMT (~70% punity, FIG. 7) and
HDNMTIA (~90% purity, FIG 7) 1 buffer B containing 1 mM CaCl: (FIG.2B), Both hDNMTI and
DNMT3B exhibied hugh DNA demethyvlation activity, converting at least 50% of 5-mC on DNA 0
C (lanes 2 and 4, FIG. 2B}, while the recombinant hDNMT3A showed relatively lower activity
{approsimately 20% conversion, lane 3 of FIG. 2B). Demethviation reaction by the recombunant
mouse DNMT3B also removead the Hpall resistance of the methylated DNA substrate (data not
shown). These data together demonsirated that mamnabian DNMTs could function as active DNA
demethylases in witro.

The DNA demethyviation activities of the DNMTs appeared to be affected by the redox state of
the enzymes. As exemplified by DNMT3B, pre-incubation of the enzyme with the reducing
dithiothrertol {DTT) greatly decreased the extent of conversion of $mC o C {compare lane 5 to lane
3, F1G. 3A), although addition of HaO- as high as 10 mM to the reaction mixture did not affect the
DNA demethyvlation aetivity of the enzyme (data not shown}. In contrast {0 3-mC demethviation, the
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5-C methvlation reaction of DNMTs did not requive Ca™", nor was it affected by DTT (compare lane
610 lane 4. FIG. 3B)

Reversibility of the DNA 3-mC demetiplotion and 3-C methyvilation reactions caralvzed by
DNAMTs. As exemplified for DNMT3B in FIG. 34, the inclusion of SAM, the methyi donors needed
for DNA 5-C methvlation by the DNMTs, in the reaction mixture greatly reduced the extent of
conversion of 5-mC to € {compare lanes 4 and 6 {o lane 3, FIG. 3A). This could be due o the
inhubition of the demethvlation activity of the DNMTs by SAM. Altematively, the presence of SAM
in the demathyvlation reaction mught favor the methyvlation function of DNMTs, thus pushing the
demethviation backwards, The latter scenario was confirmed with inclusion of radicactive "H-$AM
in the reaction mixtures and quantitation of “H-tabled-CHy on DNA after the reactions (lanes 4 and 6,
FIG. 8). This result suggested that the DNA S-m demethviation reaction was reversible, with the
presence SAM pushing the DNMT3B {o re-methylate the demethylated cviosine on the DNA
substrate

The reversibility of the DNA methvlation-demethviation reactions as catalvzed by the
manmmalian DNMTs wag further studied by an analysis of the dynamuic changes of the DNA
methviation i virro. In FIG. 4A, the double-stranded DN A substrate contamning 5-mQC way first
incubated with the recombinant DNMT3B in a demethylation buffer for 2h. SAM was then added
and the incubation continued for Hh. Finally. HyQ,. which was known to inhibit the methylation
reaciion, was added and the reaction continued {or another Zh, As exemplified s the TLC plale and
statistically presented i the histogram of FIG. 4B, approximately 60% of S-mC on the DNA
substrate were demethylated by DNMT3B at the end of the first reaction (compare fane 1/bar 1 to
lane M/bar M, Fi(z. 48). The continued 1h incubation 1n the presence of SAM converted more than
0% of the € back 1o 3-mC (compare lane 2bar 2 to lane Vbar 1, FIG. 4B). Fially, the addition of
H20: ted to the swiich of the enzvme activity of DNMT3B from methylation to demethyiation again
{compare lane 3/bar 3 to lane 2/bar 2, FIG. 4B), presumably due to loss the DNA methvlation
function of the oxidized enzyme. The data of FIGs. 3 and 4 allogether suggested that the switch of
the catalytic functions of the DNMTs 1 between DNA methvlation and demathviation was flexible,
subjeciing fo the regulation by & range of factors including the local concentration of Ca" . the
presence of SAM, and the redox-state of the DNMTs.

Generation of Radicactive-labeled methylated DNA subsirate. Two different methods were used
to generate radioactive-labeled methyvlated DNA as follows: The wnmethylated DNA is incabated
with M.SSST and radicactive SAM, such as “H-SAM or C-SAM. After the incubation and DNA
isolation, the radicactive signal of the DNA was determined by autoradiography or scintillation
counting to quantitale methylated DNA. Optionally, the extent of the methvlation of the DNA may
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be observed by Hpall digestion folowed by gel electrophoresis. Alternatively, to make radioactive
methylated DNA, PCR amplification is performed by using ANTP mix containing $-['H|-methyl-
dCTP or 517 Cl-methyl-dCTP. After purification of the PCR product, the extent of methylation of
the DNA ix analyzed by radioactive signal aatoradiography or scintiflation counting, and optionally
observed the methvlation level by Hpall digestion followed by gel electrophoresis.

Merthylated reporiter gene DNA substrate. A plasmid containing a reporier gene expressing a
reporter protein such as EGFP or GFP {e g, commercial available pEGEP-C1) was hughly
methyviated by the enrvime M.SSST in the presence of SAM using a method  desernibed above, Then
the highly methytated and unmethylated reporter plasmids were transfected into 2937 cell by
Lipofectamine 2000, respectively. To detect expression of the reporter gene, the transfected cells
were analyzad by a fluorescence microscopy and FACS flow cyvtometry. The resulis showed that the
unmethylated EGFP reporter gene could strongly express the EGFP protein in the cells, but the
highly methylated EGFP reporter gene expression of the EGFP protein was severely suppressed.

Based on the correlation between the DNA methyviation level of the reporter gene and gene
gxpression, we co-transfect the highly methviated reporter plasnud EGFP and the DNMTs-
axpression plasmids to 293 cells by Lipofectamine 2000, After 24h, the transfected cells are treated
with different test agenis (chemical compounds) or different genetically modified viruses transduced
with exogenous cDNA encoding a known protein of interest.

Thiz cells co-transfecied with methvlated EGFP plasmids and DNMT3B-axpression plasmid
without any chemical or virus trestiment showed 2-3 folds of EGFP-positive cell population
comparing 1o the cells co~transfected with methylated EGFP plasmids and comtrol plasmids (without
DNMTs) without any chemical or virus treatment.

I the compound (test agent) or genatically modified virns could affect the DNA demsthylation,
the population of EGFP-positive cells will be changed. By comparing the EGFP-positive cell
populations in the presence and absence of chensical {or virus) treatment, it s feasible 1o identify a
compound {a test agent) which mav eubance DNA demethyviation (e, increasing GFP-positive celt
population) or reduce the DNA demethyviation (decreasing GFP-positive cell population).

In addition, the expression of reporter (EGFP) can be analvzed by western blotiing.

The DNA methyiation level of the reporter plasmids could also be deternuned by an i vigro
method. After chernical or vires treatments, the methyvlated plasnuds are isolated from the 293 cells.
The DNA methvlation level of isolated reporter plasmids can be determined by the several methods
described above, sach as a restnciion digestion-polvimer chain reaction (PCR} assay, a hydrolvsis-
thin layer chromatography assay, antibodv-based analysis, scintillation counting, autoradiography,

dot blotting, hiquid chromatography-based analysis, Na bisulfite-based analysis.
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Other candidate genes for reporters may be used, for example: (1) Neomycin-resistance gene,
which can keep the cell survive under Neomycm (G418) treatment; (2) Puromvem resistance gene.
The cell with expression of this gene can survive under Puromvein treatiment; {3) Blasticidin
resistance gene. which can make cell survive under Blastindin selection; {4) Luciferase gene- pGL3
reporter vector (Promega). The fivefly {(Photimuy pyradisy luciferase can catalyze the two~step
oxidation reaction to vield hight (350-370nmy); (5) Red Fluorescence gene-pDsRed-C1, The protein i
red fluorescence protein {excitation-337nm, emission- 392nm); and {6} Green fluorescent protein
(GFPY-encoding gene.

Antibody-based analvsis. DNAs with different methylation fevels are immunoprecipitated by the
5-mC antibody. The precipitated DNA may be analyzed by PCR or pyro-sequencing to determine the
relative methvlation level.

Dot blotting. DNAs with different methyiation levels are loaded onto NC membranes in serial
diluted amounts and cross-linked by UV, The membranes are hybridized with S-mC antibody and
exposed with X-Ray films. The strong dot signal indicates a strong methvlation fevel on the DNA

Scintiflation cownting, autoradiography. A Scintillation counter 1s a common-usad mstrument
that can mesare ionizing radiation. A radioactive-labelied DNA, such as “H or MC methylated DNA,
15 1oad into 8 container contatnig a scintiflation cocktail. The radioactive signal 1s determined with a
Saintiiation counter by detection of light emssion. In addition. radioactive-labelied DNA may be
load mto a gad or on a NC membrane, and exposed with an X-Ray film.

Liguid chromatographyv-based analysis. The affinity of each deoxvnuclesides (dC, dmC, dT. dG,
and dAY 1o bind a C18 columm is dilferent. In thas assay, DNA is degradated by DNasel and Nuclease
Pl 1o generate deoxvnucleasides. The degradated mixture 1s subjexted to an HPLC system with a C-
18 column. After injection of the mixture, deoxvnucleasides are eluted individoally at ditterent time
pomnts by a hvdrophilic buffer.

Nez bisulfite-based analvsis. DNAs with different methylation levels are treated with Na-
bisulfilte. The vnmethvlated ovtosine 15 deanunated (o uraci, but not the methyvlated DNA. The
bisulfite treated DNAs are further amplified by PCR and sequenced by clomng. In the final sequence
resuit, the onginal un-methylated cviosine will present 17, and the ongimal methyvlated cvtosine will
present “C”. Based on this hisulfite-generated polymorphisms, the DNA methylation level can be
analvzed by sequencing, POR amplification with stte-specific primers, HRM (high resofution melt),
restriction digestion {COBRA), non~denaturing gel(MS-SSCA), or MALDI-TOF.

The current study has reveated a totally unexpected characteristic of manumahan DNMTs, hkely
those of the vertebrates in general. That is, the vertebrate DNMTs, in addition to converting C o 5-
mC on DNA, can also actively demethylate 5-mC on DNA under specific conditions (FiGs. T and 2),
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in particular in the presence of Ca¥ ion and ander non-reducing condition (FIG. 3. In other words,
the covalent addition of the methyl group to the C-3 position of cviosine on DNA, as catalyzed by
DNMTs, 15 reversible (FIG. 4), The loss of the DNA demethvlation activities of the mutant forms m
comparnison o the wild type enzvmes (FIG. 1) also suggests that each of the 3 DNMTs utilizes the
same domam or overlapping domains o catalvtically methylate and demethylate DNAL

Based on our data presented above, in particular the Ca® dependence of the DNA demethylation
activities of the 3 DNMTs and in the porcine sperm nuclear extract, we suggest that in addition to
other pathways, &g the conversion of 3-mdC to S-hmC by TET and 3-hm( to C by DNMT3A and
DNMT3B, direct conversion of 3-mC to C by the active DNA demethylation activities of the 3
DNMTs also plav & major role in the genome-wide demethvlation during early embrvonic
development of the vertebrates,

In sunwmary, we have discovered that the mammalian DNMTI, DNMT3A, and DNMT3B,

contrary to the conventional thought of their being mainly DNA methyltransferases, also act & vitro

v F . SO S A ;| 4 4
as active DNA demethyviases in a Ca™ 1on- and redox state~dependent manner.
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CLAIMS

What is cliimed is:

v

T

A misthod for wdentifyving a test agent as a modidator of the active DNA demethviation
activity of a DNA methyliransferase, comprising:

a) providing a methviated DNA;

b} providing the DNA methvltransferase;

¢} allowing the methvlated DNA {0 react with the DNA methv ltransferase for a sufficient
time to perform a demethyviation reaction and generate a demethylated DNA product in the
presence or absence of a test agent.

d) analvzing the extent of demethyvlation; and

&) comparing the extents of the derethyviation in the presence and absence of the test agent,
and thereby wdentify the test agent as a modudator of the DNA demethylation activity of the
DNA methy ltransterase,

wherein the test agent is wdentified as an inhibitor of the active DNA demsetiviation activity
of the DNA methyliransferase when the extent of the demethylation is less i the presence of
the test agent; or the iest agent 18 identified as a siumulator of the active DNA demethvlation
activity of the DINA methvliransferase when the extent of demethwviation 1s miore in the

presence of the test agent.

The mathod of claim 1, wherain the analvang step is performed by a technique selected from
the group consisting of a restriction digestion-polymer chain reaction (PCR) assay, a
hydrolysis-thin laver chromatography assay. an antibody-based analysis, scintitlation
counting, autoradiography, dot blotling, a liqund chromatography-based analvsis, and a Na

bisulfite-based analysis.

The method of claim 1, wherewn the demethviahion reaction accurs i the presence of a
calcium fon concentration of around 10 M 1o 10 mM,

The method of claim 1, wherein the DNA methvliranslerase is an isolated vertebrate DNA
methyltransferase or a recombinant DNA methvliransferase, or ix prasent in a nuclear extract
or present in & cellular extract.

The method of claim 4, wherein the vertebrate DNA methvhransferase, the nuclesr extvact. or

the cellular extract 1s prepared from cells selected from the group consisting of vertebrate cell
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cultures, vertebrate tissues, insect cells, worm cells, insect tissues, worm tissues, plant cells,

plant fissues, veast cells, and bactenial cells.
The method of claim 4, wherein the nuclear extract is a sperm exiract,
The method of claim 1, wherein the methyvlated DNA comprises a labeled methyl group.

The method of claim 7, wheremn the methyl group i the methviated DNA is radivactive-

labelad.

The method of claim 1, wherein:
{a) the methylated DNA provided in step (a) 1s a methyvlated reporter gene operably linked to
a constitutive promoter and 1s prasemt in a cell;
(b} the DNA methvliransferase provided in step (b) 15 operably hnked o a constilutive
promoter and is also present in the cell;
{c) the demethylated DNA product generated i step (©) 1s a demethviated reporter gene,
which expresses a reporter protain in the cell; and
{d} the analvzing step is performed by a techmque selected from the group consisting of:

(1} analyzing the signal of the reporter protein encoded by the demethviated reporier
gene in the cell;

{11} analvzing the reporier protein expression by Western blot; and
of demethviation by a restriiction digestion-polymer chamn reaction {(PCR) assay, a hyvdrolysis-
thin fayver chromatography assay, an antibody-based analysis, scintiflation cowsting,
autoradiography, dot blotiing, a liquid chromatography-based analysis, or a Na bisulfite-

based analvsis.

The method of claim 9, wherein the methylated reporter gene and the DNA methylivansterase

are present in the cell via transfection.

The method of claim 1, whersin:

(a) the methylated DNA provided in step (a} is a methyvlated reporter gene operably linked {o
a constitutive promoter and 1s present in a cell having an endogenous DNA methyltransferase;
{b) the DNA methyliransferase provided in step {b) is endogencusly present in the cell ss the
endogenous DNA methyvltransierase;

{c) the demethvlated BNA product generated in step {0} 15 a demethvlated reporter gene,
which expresses a reporter protem i the cell.

{d) the analvring step is performed by a techmque selecied from the group consisting oft
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{1} analyzing the signal of the reporter protein encoded by the demethylated repotter
gene in the cell;

(11} analy zing the reporter protein expression by Western blot; and

(111} 1solating the methvlated and demethylated reporter gene and analyzing the extent
of demethyviation by a restriction digestion-polymer chain reaction (PCR) assay, a hydrolvsis~
thin laver chromatography assay. an antibody-based analysis, scintilation counting,
autoradiography, dot blotting, a liguid chromatography-based analvsis, or a Na sulfite-

based analysis.

12 A method as claimed i any one of clarms 9 to 11, wherein the lest agent s introduced into

the cell or added to a culture medium bathung the cell.

13 A method as claimed in any one of clanms 9 1o 11, wherein the methylated reporter gene
comprises a DNA sequence of a gene selected from the group consisting of a fluorescent protein-

encoding gene, 8 luciferase gene, a drug-resistant gene, and genes of cell survivals,

14, A method as claimed in any one of claims 1 to 11, wheremn the methylated DNA comprises 8-

methyicyviosine (SmC)-contaning DNA.

13 A method as claimed in any one of claims | to 10, wherein the DNA methyvliransferaseis a
modified form of a wild-type DNA methyvliransferase, said modified form retaining the active DNA
demethviation activity of the wild-type DNA methvltransferase.

16, A method as claimed in any one of claims 1 to 11, wherein the DNA methyltransflerage s
selected from the group consisting of DNA methvitransferase 1, DNA methvlransferase 3A, DNA

methylransferase 3B, and any combination thereof.

17. A method as clatmed in anv one of clatms 2 to 11, wherein the constifidive promoteris a

cvtomegalovirus promoter.

18 A method for identifyving a test agent as a modulator of the active DNA demethylation
activity of a DNA methvltransferase, comprising;
(H
a) admixing a first composition comprising a methylated DNA with a second composition
comprising the DNA methvliransferase in the presence or absence of a test agent;
b} allowing a demethyviation reaction to ocour bv reacting the methvlated DNA with the DNA
methy Hranstarase for a sufficient time o generate a demethyviated DNA product;

¢} anabvaing the extent of dewethylation; and
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d} comparing the extents of the demethviation in the presence and absence of the test agent,
and therebv wdentify the test agent for modulating active DNA demethvlation activity of the
DNA methyliransferase;

wherain the test agent 1s identified as an inhibitor of the active DNA demethylation activity
of the DNA methyltransferase when the extent of the demethyvlation is less m the presence of
the test agent; or the test agent is tdentified as a stimulator of the active DNA demaethviation
activity of the DNA methvliransterase when the extent of demethylation is more in the

presence of the test agent;

3 providing a cell culture medium contamning cells transfected with a reporter gene that is
methviated and operably finked to a constititive promoter, said cells contaimng an
endogenous DNA methyliransferase or exagenousty axpressing a wild-tvpe, a modified or a
cenctically engineered DNA methyliransferase;

2} exposing the cells 1o a test agent;

3} allowing a demethvlation reaction to occur 10 generate a demethviated reporter gane,
which expresses a reporter protein in the cells; and

4} analyzing the extent of demethylation of the reporter gene by exanunmg the signal
intensity of the reporier protein expressed by the demathvlated reporter gene in the cells:

Sy comparing the exients of the demethylaton of the reporier gene in the presence and
absence of the test agent. and thereby identify the test agent as a modulator of the DNA
demethviation activity of the DNA methvitransierase;

wherein the test agent is wentified as an inhibitor of the active DNA demethviation activity
of the DNA methylransferase when the extent of the demethviation 1s less in the presence of
the test agent; or the test agent is identified as a stimulator of the active DNA demethylation
activity of the DNA methyltransferase when the extent of demethvlation is more in the

presence of the fest agent.

The method of claim 18, wheremn the wild-type DNA methyvltransferase 15 selected from the

group consisting of DNA methviransterase 1, DNA methylransferase 34, and DNA

methviransierase 3B.

24

A method as claimed in any one of claims 1 to 10, wheremn step (¢} s performed under a

condition that 1s free of a reducing agent or under a non-reducing condition.
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