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Abstract—By computer analysis of the known data bases, we have established that the open reading frames (ORF) coding for
proteins that possess high degree of homology with procaryotic DNA-(amino)methyltransferases are present in the genomes
of Leishmania major, Saccharomyces cerevisiae, Schizosaccharomyces pombe, Arabidopsis thaliana, Drosophila melanogaster,
Caenorhabditis elegans, and Homo sapiens. Conservative motifs typical for bacterial DNA-(amino)methyltransferases are
detected in the amino acid sequences of these putative proteins. The ORF of all putative eucaryotic DNA-(amino)methyl-
transferases found are encoded in nuclear DNA. In mitochondrial genomes including a few fully sequenced higher plant
mtDNA, nucleotide sequences significantly homologous to genes of procaryotic DNA-(amino)methyltransferases are not
found. Thus, ORF homologous to bacterial adenine DNA-methyltransferases are present in nuclei of protozoa, yeasts,
insects, nematodes, vertebrates, higher plants, and other eucaryotes. A special search for corresponding proteins and, in par-
ticular, adenine DNA-methyltransferases in these organisms and a study of their functions are quite promising.
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N°-methyladenine (Nm°A) and S-methylcytosine
(m>C) may occur as minor bases in the DNA of various
organisms. These additional bases are formed due to the
recognition and methylation of respective adenine and
cytosine residues in definite DNA sequences by specific
methyltransferases [1, 2]. DNA-methyltransferases can
be subdivided into at least two classes: one class of
enzymes methylates the nitrogen residue in the exocyclic
amino group with the formation of N®-methyladenine
(NmPA) or N*-methylcytosine (Nm*C), the other class of
enzymes methylates the carbon residue in the pyrimidine
ring with formation of 5-methylcytosine (m>C). DNA-
(amino)methyltransferases seem to be related to each
other and they belong to a single enzyme family since
adenine DNA-methyltransferases can also methylate
cytosine residues in DNA with formation of Nm*C [3].
Enzymatic DNA methylation in pro- and eucaryotes
plays an important role in regulation of many genetic

Abbreviations: AdoMet) S-adenosyl-L-methionine; ORF) open
reading frame; H-mtDNA) heavy mitochondrial DNA; nDNA)
nuclear DNA; NCBI) USA National Center of Biotechnolo-
gical Information (USA); m°’C) 5-methylcytosine; Nm°A) N°-
methyladenine; Nm*C) N*-methylcytosine; TRD) target recog-
nizing domain.

* To whom correspondence should be addressed.

processes including transcription, replication, DNA
repair, and gene transposition [1, 2].

NmPA has been detected directly in most bacterial
DNA [4]; it has also been found in DNA of algae [5, 6]
and their viruses [7], fungi (Penicillium chrysogenum) [8],
and protozoa [9-18] such as Tetrahymena [9-11],
Crithidia [12], Paramecium [13], Oxytricha [14], and
Stylonychia [15]. About 0.8% of adenine residues are
found as NmP°A in DNA of the transcriptionally active
macronuclei of Tetrahymena [9, 10]. A methylation site is
5'-NAT-3' [16], and about 3% of methylation sites are
GATC [17, 18]. However, the enzyme methylating ade-
nine residues in Tetrahymena DNA has not yet been iso-
lated and its amino acid sequence is unknown. DNA of
the slime mold Physarum flavicomum becomes sensitive to
the Dpnl restriction endonuclease during encystment;
this may be due to the appearance of Nm°A residues in
this DNA [19].

Early data on the presence of Nm°A in mam-
malian sperm DNA [20] were ambiguous [21], and
attempts to isolate and identify this minor base from
DNA of many invertebrates and vertebrates were
unsuccessful [21]. Nevertheless, it was judged from the
different resistance of animal DNA to restriction
endonucleases sensitive to methylation of adenine
residues (7agl; Mbol and Sau3Al) that some genes
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(Myo-D1 [22], steroid-5-a-reductase genes 1 and 2
[23]) of mammals (mouse, rat) might contain Nm°A
residues. This indirectly suggests that animals may have
adenine DNA-methyltransferases.

NmPA has been found in the total DNA of higher
plants [24]; it was shown that in wheat it is present in
heavy (p = 1.718 g/cm® mitochondrial DNA (H-
mtDNA) [25-28]. Similar mtDNA containing Nm°A
were also found in many other higher plants including
various archegoniates (mosses, ferns, and others) and
angiosperms (monocots, dicots) [29]. The synthesis of
this unusual DNA takes place in specific vacuolar vesi-
cles containing mitochondria, and it is a sort of aging
index in wheat plants [30]. There is some indirect evi-
dence (based on the comparison of products of DNA
hydrolysis with restriction endonucleases Mbol and
Sau3A) that some adenine residues in zein genes of
corn can be methylated [31]. Nm°A has been found in
rice DNA [32]. Unfortunately, plant adenine DNA-
methyltransferases have not yet been isolated; while
some adenine DNA-methyltransferase activity was
observed in crude extracts from wheat seedlings [33], a
single protein with this activity has not been isolated or
characterized. It is also unknown where the adenine
DNA-methyltransferase gene is located: in nuclear,
mitochondrial, or plastid genomes or in all of them.
NmCA was found in some plastid DNA, and it was sug-
gested that DNA methylation might be involved in plas-
tid differentiation [34]. It was also suggested that mod-
ulation of methylation of adenine residues by incorpo-
ration of cytokinins (N°-derivatives of adenine) into
DNA [35] may serve as a mechanism of phytohormon-
al regulation of gene expression and cellular differenti-
ation in plants [2]. In fact, it was recently shown that
cytokinin 6-benzylaminopurine inhibits plastid DNA
methylation in sycamore cell culture and it induces in
these cells the expression of enzymes involved in photo-
synthesis [34].

Adenine DNA-methyltransferases of eucaryotes
could be inherited from some procaryotic ancestor; they
may be homologous to known procaryotic DNA-
(amino)methyltransferases due to the very conservative
nature of DNA-methyltransferases in general.

In the present work we have comparatively analyzed
the database on the amino acid sequences of ORF
(putative proteins) detected in eucaryotes and of pro-
caryotic DNA-(amino)methyltransferases already fully
sequenced. This was done to determine whether plants
and animals, in particular, might have proteins that are
homologous to known procaryotic (bacterial) adenine
DNA-methyltransferases. This knowledge is very
important both for elucidation of the origin and evolu-
tion of DNA-methyltransferases in general and for a
purposeful search and study of DNA-(amino)methyl-
transferases in eucaryotes. Using the data on the
sequences of individual genes of procaryotic DNA-

SHORNING, VANYUSHIN

(amino)methyltransferases, we have tried to learn
whether the few fully sequenced plant mitochondrial
DNA contain sequences homologous to bacterial DNA-
methyltransferases. Because many ORF have been
detected in DNA of mitochondria and plastids, it was
important also to learn in what kind of cellular
organelles the putative eucaryotic DNA-(amino)methyl-
transferases are encoded.

METHODS OF INVESTIGATION

The search for eucaryotic ORF homologous to pro-
caryotic DNA-(amino)methyltransferases was carried
out using the NCBI database [36] available on the
Internet (http://www.ncbi.nlm.nih.gov/BLAST). Ami-
no acid sequences of conservative motifs I and IV of
known procaryotic DNA-(amino)methyltransferases
were introduced into the database program and then a
search for eucaryotic ORF containing these motifs was
made. Sequences of ORF detected were compared and
other motifs specific for procaryotic DNA-
(amino)methyltransferases were revealed. Bacterial
enzymes of groups o (dam, Mval), B (BamHII, Dpnll,
Hinfl, Hpal), and y (BsuBI, CviBIIl, Taql, TthHBS8I)
with maximal homology to putative adenine DNA-
methyltransferases of eucaryotic origin were used as rea-
sonable standards of procaryotic DNA-(amino)methyl-
transferases.

The search for nucleotide sequences homologous to
genes of procaryotic DNA-(amino)methyltransferases in
various mitochondrial DNA was also carried out using the
NCBI database [36]. Particular attention was paid to
detection of possible homology between nucleotide
sequences corresponding to conservative methyltrans-
ferase motifs (I, IV) and mitochondrial genomes.

Possible intracellular localization of hypothetical
eucaryotic proteins and the prediction of the presence
of a signal peptide in them at the N-terminus and
their splitting off sites were done using the program
TargetP v1.01 [37] that is also available on the Internet
(http://www.cbs.dtu.dk/services/TargetP).

RESULTS AND DISCUSSION

Various DNA-methyltransferases have a set of rather
similar conservative motifs [38]. Sequences of C’-cyto-
sine DNA-methyltransferases contain ten such motifs (I-
X), and nine motifs (I-VIII and X) are found in sequences
of DNA-(amino)methyltransferases [38]. Motifs I, II,
11, and X are responsible for binding with S-adenosyl-L-
methionine (AdoMet) and they form an AdoMet binding
domain, and motifs IV-VIII form a catalytic domain [38].
DNA-(amino)methyltransferases are subdivided into
groups according to the location of these domains along
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the sequence [38]. Motif I (part of the AdoMet binding
domain) and motif IV (part of the catalytic domain) in
enzymes of a particular group are the most conservative
[38]. In particular, these amino acid or nucleotide
sequences are most suitable as a sort of “anchor”
sequences in the computing search for homology between
known procaryotic DNA-(amino)methyltransferases and
eucaryotic proteins.

From this search (using the amino acid sequences of
conservative motifs I and IV), the ORF for putative pro-
teins with unknown functions in genomes of many
eucaryotic organisms were detected; these hypothetical
proteins were found to contain both motif I and motif I'V.
All these putative proteins are encoded in nuclear but not
mitochondrial DNA and they have high homology degree
(Table 1). Numbers of the amino acid residues in these
proteins are represented in Table 2.

The organisms with ORF mentioned above include
both lower and higher eucaryotes: protozoa (Leishmania
major), fungi (Saccharomyces cerevisiae, Schizosac-
charomyces pombe), higher plants (Arabidopsis thaliana),
animals (Drosophila melanogaster, Caenorhabditis elegans,
Homo sapiens). These findings were made possible by the
fact that the nuclear genomes of these organisms are now
fully or partially (human genome) sequenced.
Considering the fact that these organisms are very distant
evolutionarily but their putative proteins mentioned are
very similar (Table 1), we assume that similar ORF may be
found also in genomes of various other eucaryotes.

There is nothing yet known on expression of ORF
detected or activity of respective eucaryotic proteins
encoded. The enzymatic activity of these hypothetical
DNA-methyltransferases may be very limited as, for
example, is true for transcription of the Drosophila
melanogaster C>-cytosine-DNA-methyltransferase gene
(this insect DNA was recently shown to contain an
extremely low amount of 5-methylcytosine [39]; the
DNA-methyltransferase gene is a component of a trans-
poson-similar element expressed only in the early stages
of embryonic development [40]).

The amino acid sequences of the hypothetical
eucaryotic DNA-(amino)methyltransferases found and
described here are very homologous to each other as
well as they are homologous to real DNA-
(amino)methyltransferases of eubacteria, hypothetical
methyltransferases of archaebacteria, and putative
HemK-proteins of eucaryotes [41] (Table 1; protein
designations correspond to the NCBI database). It is
most probable that these hypothetical eucaryotic pro-
teins homologous to procaryotic DNA-(amino)methyl-
transferases inherited from procaryotes both the struc-
ture and function, and they seem to belong to DNA-
methyltransferases. These hypothetical proteins are less
homologous with rRNA-dimethyladenosinetransferas-
es and putative HemK-proteins of eucaryotes. It is
worth mentioning that HemK-proteins have some
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homology with both DNA-(amino)methyltransferases
[41] and rRNA-dimethyladenosinetransferases (Table
1).

Because the conservative motifs of C3-cytosine
DNA-methyltransferases and DNA-(amino)methyl-
transferases are very different (these two DNA-methyl-
transferase types were demonstratively compared earli-
er [38]), it is reasonable to assume that the hypotheti-
cal eucaryotic proteins described may possess a proper
DNA-(amino)methyltransferase activity. These puta-
tive proteins (ORF) have both conservative motifs I
and IV specific for DNA-(amino)methyltransferases
and motifs II, III, V, VI, and X. Only motifs VII and
VIII were not detected in these ORF, but motifs VII
and VIII are very different even in various groups of
known DNA-(amino)methyltransferases in procary-
otes.

Motif I (it takes part in binding of the methionine
part of the S-adenosylmethionine molecule and is specif-
ic for all AdoMet-dependent methyltransferases [38]) was
detected in all eucaryotic ORF found, and it is most sim-
ilar to motif I of procaryotic methyltransferases from
group f3 and to motif I of many hypothetical methyltrans-
ferases of archaebacteria. It can be seen that it is distinct-
ly different from an analogous motif of rRNA-dimethyl-
adenosinetransferases (Table 1).

Motif Il interacting with adenine and ribose residues
of AdoMet [38] is homologous to motif II of DNA-
(amino)methyltransferases from groups o and B and to
motif IT of hypothetical methyltransferases of archaebac-
teria (Table 1).

Motif III containing Asp/Asn and interacting with
the adenine exocyclic amino group of AdoMet [38] is
more homologous to motif I11 of DNA-methyltransferas-
es from group .

Motif IV (motif DPPY) has a loop consisting of
two proline residues that form the enzyme active cen-
ter [38]. This motif is similar in all DNA-
(amino)methyltransferase groups and it is a main fea-
ture that distinguishes these enzymes from C’-cytosine
DNA-methyltransferases [38], rRNA-dimethyladeno-
sinetransferases (Table 1), and many other similar
enzymes. All eucaryotic ORF detected (except for
Homo sapiens protein AAG14959) have motif IV that is
strongly homologous with analogous motifs of all three
known groups of DNA-(amino)methyltransferases. It
has the highest homology degree with hypothetical
methyltransferases of archaebacteria (similarly as
observed for motifs I and II). It is important to note
that the amino acid composition of the catalytic center
in all putative DNA-(amino)methyltransferases is
practically the same; it is extremely conservative and
does not have any mutations. It seems that if mutations
in the catalytic center of these enzymes occurred, they
were either effectively repaired or the mutants were
eliminated.
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Table 1. Conservative motifs in putative DNA-(amino)methyltransferases of eucaryotes and archaebacteria and of
known DNA-(amino)methyltransferases of procaryotes

Residue Motif Residue Motif
Protein designation No.* No.*
I II
1 2 3 4 5
Proteins of eucaryotes
BABO02202 (Arabidopsis thaliana) 219 G kKLVYDPFVGTG 243 TmGADID
AAF36002 (Caenorhabditis elegans) 207 GDIVLDPFVGTG 231 VIGTEIN
AAFS52125 (Drosophila melanogaster) 187 GDLVFDPFVGTG 211 V LGADID
CAB92726 (Homo sapiens) 14 NDIVFDPFVGTG 38 VyGTDID
AAG14959 (Homo sapiens) 216 NDIVFDPFVGTG 240 VyGTDID
AAF14648(Leishmania major) 18 GhyVYDPFcGTG 42 TfGSDaD
NP_014517 (Saccharomyces cerevisiae) 210 GtImYDPFaGTG 234 VI GSDID
CAB38506 (Schizosaccharomyces pombe) 238 GKLIYDPFVGTG 262 TLGSDID
AAC09322, rRNA-dimethyladenosinetrans- 98 GDFVLEIGPGTG 122 VL AT EKD
ferase (Arabidopsis thaliana)
AAAS57357, rRNA-dimethyladenosinetrans- 57 sDVVLEVGPGTG 81 VV AVEmD
ferase (Saccharomyces cerevisiae)
AAD26417, HemK-protein homolog 160 spLILEVGcGSG
(Homo sapiens)
BAB10283, HemK-protein homolog 199 fkkdlwadLGTG
(Arabidopsis thaliana)
Proteins of archaebacteria
Hypothetical methyltransferase 188 GDrILDPFcGTG 212 VVGADID
AABS85229 (Methanobacterium
thermoautotrophicum)
Hypothetical methyltransferase 15 GDVLLDPFcGTG 39 LIGSDID
CAA30380 (Methanococcus
thermolithotrophicus)
DNA-(amino)methyltransferases
of eubacteria

Group B (N4, N6)

BamHII (N4) 202 GDIVFDPFmGSG 343 WIGfEL-

Dpnll2 (N6) 220 GDyILDPFVGSG 244 FIGIDaE

Hinfl (N6) 213 NDVVLDPF f GTG 237 YIGIErE

Hpal (N6) 193 GDIVLDPFVGSG 217 g IGIDIN
Group y (N6)

BsuBI 80 LhILEID

CviBIII 76 I KkGVELD

Taql 67 F VGVEID

TthHBSI 65 F VGVEID

BIOCHEMISTRY (Moscow) Vol. 66 No.7 2001



ADENINE DNA-METHYLTRANSFERASES IN EUCARYOTES

757

Table 1. Contd.

1 2 3 4 5
111 v
Proteins of eucaryotes
BABO02202 (Arabidopsis thaliana) 278 LLrmDnnv P 296 FDAIICDPPYGY
AAF36002 (Caenorhabditis elegans) 277 VLIADsS kP 294 FDAIVaDPPYGY
AAFS52125 (Drosophila melanogaster) 257 VVVADFSNP 273 FDcIITDPPYGI
CAB92726 (Homo sapiens) 84 VLVSDaSkP 100 FDAIITDPPYGI
CAB92725 (Homo sapiens) 32 VLVSDaS kP 48 FDAIITDPPYGI
AAF14648 (Leishmania major) 93 smITNFkKLY 133 FDsIITDPPYaL
NP_014517 (Saccharomyces cerevisiae) 269 VLtmDFTNn 285 IDtILCDPPYGI
CAB38506 (Schizosaccharomyces pombe) 296 tftgDvTNc 312 LDAIVCDPPYGI
AAC09322, rRNA-dimethyladenosinetrans- 177 LakVVSNLPFnlI
ferase (Arabidopsis thaliana)
AAAS57357, rRNA-dimethyladenosinetrans- 122 FDicISNtPYql
ferase (Saccharomyces cerevisiae)
AAD26417, HemK-protein homolog 233 mDITVSNPPY vf
(Homo sapiens)
BAB10283, HemK-protein homolog 272 LvgIVSNPPY ip
(Arabidopsis thaliana)
Proteins of archaebacteria

Hypothetical methyltransferase AAB85229 253 VDAIVTDPPYGI
(Methanobacterium thermoautotrophicum)
Hypothetical methyltransferase 88 VDgIVTDPPYGI
CAA30380 (Methanococcus thermolithotrophicus)

DNA-(amino)methyltransferases

of eubacteria

Group o (N4, N6)

Dam (E. coli) (N6) 175 asVVYCDPPYap

Mval (N4) 35 FDIVVTSPPYGd
Group B (N4, N6)

BamHII (N4) 10 IDLtVTSPPYdd

Dpnll2 (N6) 42 mDmIFaDPPYfL

Hinfl (N6) 30 IDLIFaDPPYfm

Hpal (N6) 22 IDLIITDPPYnL
Group y (N6)

BsuBI 98 aLfkDYIei 137 FThallNPPYkk

CviBIII 100 IVn eDFLLW 113 FDfIVGNPPYVV

Taql 85 g ILADFLLW 99 FDLILGNPPYGI

TthHBSI 83 gVVADFLLW 97 FDLILGNPPYGI
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Table 1. Contd.
1 2 3
Proteins of eucaryotes A% VI
BABO02202 (Arabidopsis thaliana) 352 DLL h--L--AArm-LVmkG RLVFF f -P
AAFS52125 (Drosophila melanogaster) 323 DLLE -F-—-SArh-LKIGGRLVcWI -P
CAB92726 (Homo sapiens) 150 DLLN-F---AAet-LVIGGRLVYWL-P
CAB92725 (Homo sapiens) 101 DLLN-F---AAet-LVIGGRLVYWL-P
AAF14648 (Leishmania major) 194 DLVm-F---AAty-LVVGGhLtFWh-P
NP_014517 (Saccharomyces cerevisiae) 345 DLLQ-Y-—-SSer-LpiGGRLaFWm-P
CAB38506 (Schizosaccharomyces pombe) 362 DIlc—-F-——ASpr-LVdAGGRLVIWL-P
DNA-(amino)methyltransferases
of eubacteria
Group y (N6)
BsuBI 168 NLYsaFVal TV-dIMsdGGelV-FIIP
CviBIII 141 NLYveFLyKcItehLKedGiLa-FIIP
Taql 141 NLYgaFLe KAV-rlILKpGGVLV-FVVP
TthHBSI 139 NLYgaFIeKSV-rlLreGGtLV-FVVP
Proteins of eucaryotes X
BABO02202 (Arabidopsis thaliana) 198 G pTAMDAEMAFLMAN
AAFS52125 (Drosophila melanogaster) 166 GNTSMDAq LSLLMAN
AAF36002 (Caenorhabditis elegans) 186 GNTTMDPE LSFI q SN
AAG14959 (Homo sapiens) 195 GNTSMDAg LSFIMAN
AAF14648 (Leishmania major) 1 MppE e SLMMvN
NP_014517 (Saccharomyces cerevisiae) 189 GtTSfEAELSLV sAN
CAB38506 (Schizosaccharomyces pombe) 217 GiTSfDAEL SLVtAq
DNA-(amino)methyltransferases
of eubacteria
Group y (N6)
BsuBI 26 GQFfTpSsISIFMA ¢
Pstl 36 GQFmSsSaVSeLMAN

Note: Amino acid residues typed in bold show the homology between hypothetical DNA-(amino)methyltransferases of procaryotes and other pro-

teins.
* Number of amino acid residue from the N-end of peptide chain.

Motifs V, VI, and X in eucaryotic ORF detected are
more similar to analogous motifs in DNA-(amino)-
methyltransferases from group y.

Based on the position of functional domains (cat-
alytic, AdoMet-binding, and DNA-recognizing), the
DNA-(amino)methyltransferases of procaryotes are sub-
divided into six groups [38]. So far only methyltransferas-
es of groups a, B, and y have been found. The scheme of
the arrangement of various motifs along the amino acid
sequence of hypothetical eucaryotic DNA-(amino)-

methyltransferases and known procaryotic DNA-
(amino)methyltransferases of groups o, 3, and y is shown
in the figure. The location of each sequence is shown rel-
ative to the position of motif IV (catalytic center). In
hypothetical eucaryotic DNA-(amino)methyltransferas-
es, the catalytic domain follows the AdoMet-binding
domain, and the position of the DNA-recognizing area
(TRD, target recognition domain) is unknown. This type
of arrangement of catalytic and AdoMet-binding
domains is observed in methyltransferases of groups y and
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Table 2. Number of amino acid residues in proteins

Number of
Proteins amino acid
residues
BABO02202 (Arabidopsis thaliana) 477
AAF52125 (Drosophila melanogaster) 460
AAF36002 (Caenorhabditis elegans) 323
CAB92726 (isoform 4) (Homo sapiens) 169
CAB92725 (isoform 5) (Homo sapiens) 150
AAG14959 (Homo sapiens) 257
AAF14648 (Leishmania major) 383
NP_014517 (Saccharomyces cerevisiae) 433
CAB38506 (Schizosaccharomyces pombe) 452
AAC09322, rRNA-dimethyladenosine- 343
transferase (Arabidopsis thaliana)
AAAS57357, rRNA-dimethyladenosine- 318
transferase (Saccharomyces cerevisiae)
Hypothetical methyltransferase AAB85229 336
(Methanobacterium thermoautotrophicum)
Hypothetical methyltransferase CAA30380 162
(Methanococcus thermolithotrophicus)
Dam (E. coli) 278
Mval 454
BamHII 423
Dpnll2 268
Hinfl 359
Hpal 314
BsuBI 501
CviBIII 377
Pstl 507
Taql 421
TthHBSI 428

€ (the DNA-recognizing domain in enzymes of group vy is
located at the C-end, but in enzymes of group ¢ it is at the
N-end).

In most ORF detected, the conservative motifs spe-
cific for DNA-(amino)methyltransferases occupy less
than half of the total amino acid sequence (figure). Six of
these ORF have a relatively large N-terminal part (about
170-200 amino acid residues) located in front of the con-
servative motifs. This element is quite conservative in all
six putative DNA-methyltransferases, and it does not
have any homology with other proteins. Protein
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AAF14648 of Leishmania major lacks this N-terminal
part but it has a relatively long C-terminal fragment con-
sisting of 170 amino acid residues. It worth mentioning
that in fully sequenced mitochondrial genomes of eucary-
otes (the liverwort Marchantia polymorpha [42],
Arabidopsis thaliana [43], sugar beet [44], the alga
Chrysodidymus synuroideus [45]) we have not found
nucleotide sequences with significant homology to genes
of procaryotic DNA-(amino)methyltransferases.

Because all ORF for putative DNA-(amino)methyl-
transferases of eucaryotes are encoded in nuclear
genomes and Nm°A was detected in mitochondrial but
not nuclear DNA [25-28], it is most probable that an
enzyme encoded in the nucleus is synthesized in the
cytosol and then is transported somehow into mitochon-
dria. Therefore, the eucaryotic ORF detected seem to
have some signal sequences for transportation into mito-
chondria.

Using the TargetP v1.01 program [37], one can
determine the possible intracellular localization of a
protein by characterization of its N-terminal amino acid
sequence, predicting the existence of a signal peptide on
the N-end, and find a site of cleaving it off. A conclu-
sion on the possible protein localization is accompanied
with criterion such as reliability class (RC; maximal is
RC 1, minimal is RC 5) [37]. According to results
obtained with this program, the hypothetical protein
AAF52125 of Drosophila melanogaster might have a sig-
nal peptide for mitochondrial transportation on the N-
end (RC 3, the cleavage is located after Glu43 in the
sequence Phe—Glui«Leu—Tyr). It turned out that protein
BABO02202 of Arabidopsis thaliana might also have a sig-
nal peptide on the N-end, but it is classified by the pro-
gram as a secretory signal peptide (RC 3, cleavage site
located after Ala21 in the sequence Glu-AlaJLeu-Ala).
Other ORF for hypothetical DNA-(amino)methyltrans-
ferases of eucaryotes do not have distinct signal peptides
on the N-end but, in fact, this does not mean that they
do not have them: signal peptides may be present on the
C-end and different from known N-terminal signals
may occur [46].

It appears that in Drosophila melanogaster the puta-
tive DNA-(amino)methyltransferase gene joins the
upstream-located gene for AAF52127 protein homolo-
gous to PCG-1 protein that is a co-activator of peroxyso-
mal proliferator-activated receptors PPARy (Homo sapi-
ens, Rattus norvegicus). PCG-1 is expressed mainly in
mammalian brown fat tissues responsible for adaptive
thermogenesis; it activates expression of the key respira-
tory chain enzymes and evolves an increase in mitochon-
drial DNA in the cell [47]. The gene for protein
AAF52123 homologous to heat shock protein (Dnal) is
also located in the vicinity of a putative DNA-
(amino)methyltransferase gene. It is interesting that
homologs of the Saccharomyces cerevisiae Dnal present
in internal mitochondrial membrane control replication
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BAB02202 (Arabidopsis thaliana) X TIH IV VVI

HHHH1+H—O—
AAF36002 (Caenorhabditis elegans) X 11 1w

AAF52125 (Drosophila melanogaster)

CAB92726 (Homo sapiens)

X111 1w vvi

11l 1 vvi

CAB92725 (Homo sapiens) muy vl
i X 1
AAG14959 (Homo sapiens)
{H 1
AAF14648 (Leishmania major) X1 v vvi
HH———111

NP_014517 (Saccharomyces cerevisiae)

CAB38506 (Schizosaccharomyces pombe)

X [ N1

Mval (group o)

Hpal (group B)

wvvi
— - —H—{Hl—1{—

X110 mmw vvi

X IIT IV VVI
(HHH 11—

Vil VIl

wvvivivirx 1 11111

—|HTHI—HHH——"

X 1am mwvvivilvill

BsuBI (group y)

HHH
50 aa

—{HHH{HIHH}

Location of conservative motifs (Roman numerals) along the ORF amino acid sequence in hypothetical adenine DNA-methyltransferases
of eucaryotes and known DNA-(amino)methyltransferases of procaryotes. Protein designations are the same as in the NCBI database; aa,

amino acid residues

of the mitochondrial genome [48]. It cannot be ruled out
that the gene of the putative DNA-(amino)methyltrans-
ferase is located in a block of genes regulating the replica-
tion of mitochondrial DNA. Similarly to bacterial dam
methyltransferase controlling plasmid replication, the
DNA-(amino)methyltransferase activity in eucaryotes
including plants may be crucial for replication of mito-
chondrial DNA.

While proper adenine DNA-methyltransferases
have not yet been found in plants, there are some data
available showing that the character of transcription of
many plant genes and the morphology and development
of transformed plant cells and the plants are drastically
changed after introduction into them of genetic con-
structs with expressed genes of procaryotic adenine
DNA-methyltransferases. For example, introduction
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and expression of the bacterial adenine DNA-methyl-
transferase (dam) gene is accompanied by GATC
sequence methylation in DNA of transgenic tobacco
plants and changes in the leaf and inflorescence mor-
phology [49]. Moreover, dam-methylation of promoter
regions in constructs with plant genes for alcohol dehy-
drogenase, ubiquitin, and actin results in an increase in
the transcription of these gene in tobacco and wheat tis-
sues [50]; this preliminary methylation of promoters is
also important for transcription of PRI and PR2 genes in
constructs introduced into tobacco protoplasts by elec-
troporation [51]. Hence, methylation of adenine
residues in DNA may control gene expression in plants.
This all means that adenine DNA methylation in plants
is not an incidental or unexpected event, and it plays a
significant physiological role.

Thus, ORF for proteins strongly homologous to
bacterial adenine DNA-methyltransferases exist in the
nuclear genomes of eucaryotes (including higher plants
and animals). This suggests that enzymes homologous to
bacterial adenine DNA-methyltransferases should be
present in the cells of these eucaryotes. Therefore, a
search for these proteins yet unknown for plants and ani-
mals and the investigation of their properties and biolog-
ical function are quite justified. Of course, study of the
expression of these genes, detection of respective ade-
nine DNA-methyltransferase activities in various cellu-
lar organelles, examination of the properties of these
enzymes in detail, and investigation of their influence in
the key stages of plant ontogenesis are of significant
interest.

This work was supported in part by the Russian
Foundation for Basic Research (grant Nos. 99-04-48090
and 00-15-97920).
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