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ABSTRACT
The sequences coding for DNA[cytosine-N4]methyltransferases MvaI (from Micrococcus varians
RFL19) and Cfr9I (from Citrobacterfreundii RFL9) have been determined. The predicted methylases
are proteins of 454 and 300 amino acids, respectively. Primary structure comparison of M.QC9I
and another m4C-forming methylase, M.Pvu II, revealed extended regions of homology. The sequence
comparison of the three DNA[cytosine-N4]-methylases using originally developed software revealed
two conserved patterns, DPF-GSGT and TSPPY, which were found similar also to those of adenine
and DNA[cytosine-C5]-methylases. These data provided a basis for global alignment and classification
of DNA-methylase sequences. Structural considerations led us to suggest that the first region could
be the binding site of AdoMet, while the second is thought to be directly involved in the modification
of the exocyclic amino group.

INTRODUCTION
DNA-methylases (MTases) are enzymes that transfer methyl groups from the donor S-
adenosylmethionine (AdoMet) onto the adenine or cytosine residues within the sequence
they recognize in DNA. Among the roles they play in cells of prokaryotes are protection
against the restriction enzymes and DNA mismatch repair [1,2].

Site-specific DNA modification in bacteria usually leads to the formation of three kinds
of products: N6-methyladenine (m6A), 5-methylcytosine (m5C) [2] and N4-methylcytosine
(m4C). The latter type of modification has only recently been discovered [3,4]. Therefore,
m4C-forming MTases despite of their wide occurence [5,6] have not yet received an
exhaustive structural characterization. Among MTases for which primary structures have
been published only M.Pvull is known to catalyze the formation of m4C [7,8].

Prokaryotic MTases as well as restriction endonucleases due to their relatively simple
structural organization and exquisite recognition specificity are indispensible model systems
for investigating site-specific DNA-protein interaction. A prerequisite for a somewhat
detailed study of any enzyme is the knowledge of its primary structure, hence cloning
and sequencing of genes are necessary steps in that direction. Moreover, some efforts were
directed at identifying the modification and target recognition domains (TRDs) of MTases
on the basis of sequence data only. Sequence comparisons revealed a number of highly
conserved regions to exist among cytosine-C5 MTases [9,10]. A limited degree of similarity
was found among adenine MTases as well [11-14], however, no clear structural similarity
between the sequences of these two types has been detected.

In this paper we present data on sequencing and analysis of the DNA region coding
for the MTases M. Cft9I and M.MvaI. Both enzymes are components of restriction-
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modification systems of bacterial strains Citrobacterjfreundii RFL9 and Micrococcus varians
RFL19, respectively; they transfer a methyl group onto the 4-amino moiety of the second
cytosine residue of the recognition sequences (CCCGGG [4,15] and CCWGG [16]). The
primary structure comparison revealed a strong similarity of M. Cf9I to another m4C-
forming MTase, M.PvuII. The multiple sequence comparison revealed two types of
homology regions common for adenine and cytosine amino MTases, which were found
to have analogues within cytosine-C5 MTase sequences [10]. These data provided a basis
for global alignment and classification of MTases.

MATERIALS AND METHODS
A portion ofDNA sequencing was performed according to the modified method of Maxam
and Gilbert [17]. The plasmids were cleaved with an appropriate restriction endonuclease
(Fermentas, Vilnius), end-labeled with 32p (Izotop, Tashkent) and used for sequencing
by the solid-phase chemical modification procedure. The dideoxynucleotide chain-
termination procedure was also used; double-stranded, supercoiled plasmid DNA was used
as the template [18]. Primers for sequencing were produced in our laboratory on 'GENE
ASSEMBLER' (Pharmacia, Sweden) using methylphosphoramidite chemistry. These were
deblocked and purified by reversed-phase HPLC. The sequencing reactions were carried
out with Sequencing kit (Pharmacia, Sweden) and [oa-33P]dATP (Izotop, Leningrad). The
reactions were resolved by electrophoresis on wedge-shaped gels.
Computer programs DM5, NUCALN, PCSEARCH [19] were used to manage the

sequence data.
Sequences for the following bacterial MTases which are known to form m5C were used:

BspRI (recognition sequence GGCC) [20], BsuRI (GGCC) [21], DdeI (CTNAG) [22],
HhaI (GCGC) [23], EcoRII (CCWGG) [8], SinI (GGWCC) [24], MspI (CCGG) [25].
Multispecific MTases Phi3T (GGCC, GCNGC) [26] and SPR (GGCC, CCGG, CCWGG)
[27] are encoded by Bacillus phages. Sequences were used for the following bacterial
MTases which catalyze the formation of m6A: EcoRI (GAATTC) [28], EcoRV (GATATC)
[29], HhaH (GANTC) [30], DpnH (GATC) [31], PaeR7 (CTCGAG) [32 ], Pstl (CTGCAG)
[33], TaqI (TCGA) [34], Ecodam (GATC) [35], Hinfi (GANTC) [36], EcoPI (AGACC)
and EcoP15 (CAGCAG) [37], EcoKI (AACN6GTGC) [38]. T4dam (GATC) [39] and
CviBfll (TCGA) [40] are MTases encoded by the phage T4 and Chlorella virus respectively.
The sequences for MTase Eco57I and for the cognate restriction endonuclease with the
property to modify the target sequences (CTGAAG) [41] is a personal communication
of R.Vaisvila.
A newly developed procedure was used for multiple sequence alignments. It is based

on using a pairwise amino acid scoring matrix and a 'sliding window' [42] sequence
comparison algorithm. The first string of a defined length L of the first protein is compared
to every such span of all other sequences resulting in extraction the matches with a similarity
score not less than a preselected criterion K. The score is obtained by summation of L
values resulting from the matched amino acid pairs (250PAMs mutability matrix [43] as
well as an arbitrary selected structure-based amino acid matrix were used). If the matches
occur in not less than N sequences the program sends all these patterns to output. All
other consecutive strings of first sequence are processed in the same manner. Thus, the
procedure extracts the consensus and groups all sequences under investigation on the basis
of their similarity to the first protein.
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To test the significance of similarity between two sequences the program RDF [44] was
used.

All programs were run on TDK 286 computer with 80287 math co-processor installed.

RESULTS
Nucleotide sequence analysis
The cloned inserts carrying cfr9IM and mvaIM genes have been sequenced by both solid-
phase chemical cleavage method [17] and dideoxynucleotide chain-termination approach
[18]. The sequence for both strands has been determined (fig. 1). M.Cft9I deduced is a
300 amino acid protein of 33.8 kD. The coding region for M.MvaI encodes a protein of
454 amino acids and the predicted molecular weight of 53.1 kD. Open reading frames
of both MTases are in good agreement with the results of deletion mapping experiments
(not shown). The description of cloning and sequencing procedures as well as detailed
analysis of gene organization of Cft9I and MvaI restriction-modification systems will be
published elsewhere.
Amino acid sequence homologies
Both predicted protein sequences were compared to the sequences of known restriction-
modification enzymes. The first aim of the analysis was to compare the three m4C-forming
MTases. The pairwise randomization tests have given the following RDF scores:
Cfr9I-PvulI-10 s.d.; PvuHI-MvaI-3.5 s.d.; Cft9I-MvaI-2.5 s.d. This proves that despite
unquestionable relatedness this group of sequences is quite diverse. All types of homology
searches we carried out showed strong overall similarity of M.Cft9I to M.Pvull (fig.2).
Among them there are four regions with varying degrees of similarity. Three of them
are found in the amino-terminal half, while the fourth region covering over 45 amino acids
is located near the carboxy-terminus. The homology regions are contiguously arranged,
thus the MTase sequences can be readily aligned.
The application of the newly developed procedure for triple sequence homology searches

proved that M.MvaI is somewhat different from the above MTases, since it has just two
short regions of strong similarity with the aligned MTases (fig.2). A notable feature of
M.MvaI is the opposite order of the domain arrangement, i.e. these domains are naturally
swapped as compared to M.Cfi9I and M.PvuH.

In order to detect common patterns in all MTase sequences two general approaches were
used. The comparison of the conserved patterns of cytosine amino MTases to those known
to date of adenine and cytosine-C5 MTases [10-14] was one of them. On other cases
our comparison procedure for a larger group of MTase sequences was applied.
The consensus of the first conserved pattern found in the m4C-specific MTases is TSPPY

(fig.2), while adenine MTases have the sequence (D,N)PPY instead [ 11-14]. Search for
such a pattern among the invariant motifs of cytosine-C5 MTases [9,10] revealed a
relationship with the fourth conserved motif (fig.3, domain if). There are several differences
among these patterns as well as a number of invariant positions. In all cases the pattern
is preceeded with a hydrophylic residue (fig.3, relative position n) which is predominantly
D, followed by a triplet of hydrophobic amino acids (r.p. o,p,q). Such remarkable
similarities in sequence parameters cannot be accidental. In other words, we believe that
all three types of MTases possess a related structural building block.
The second conserved pattern of the cytosine-N4 MTases also appeared to have analogies

in the MTase sequences of both other types. Clearly evident similarity was observed to
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A

ACTAATTCAGCAATTAATTGATCAAATTTTTGACTTCTCGTCATAACTATTCCTCCTTGTTTTTTGATATGATAG
GGCATATACTATATATTACTGAATAATAAAAAGGTTTTTGTGTACTAATAGTGCACAAAAACCAAAGGAGACAAA

ATGGAATATTTAAATGATAAAGATCAACATTTAATTGATAAATTATCAAAAAAGATTAATGATAATAATCAATAT
M Y L N D K D Q H L I D K L S K K I N D N N Q Y

CTTGGTTTCTTAAATACAAATACTAAAGAATTAACTCATAGATATCATATTTATCCTGCTATGATGATCCCTCAA
L G F L N T N T K E L T H R Y H I Y P A M M I P Q 50

TTGGCTAAAGAATTCATTGAATTAACTCAACAAGTAAAACCAGAAATCAAAAAATTATATGATCCTTTTATGGGC
L A K E F I E L T Q Q V K P E I K K L Y D P F M G

TCTGGTACTTCTTTAGTAGAAGGACTTGCACATGGGTTGGAAGTATATGGAACAGATATAAATCCTCTATCACAA
S G T S L V E G L A H G L E V Y G T D I N P L S Q 100

ATGATGAGTAAAGCTAAAACTACTCCTATAGAACCTTCAAAGTTGTCGAGAGCTATTTCAGATCTTGAATATTCT
M M S K A K T T P I E P S K L S R A I S D L E Y S

ATAAGAGAAATGACAATTCTGTATCATGAGGGGAATTATAAAATAAGCAACCTTCCTGATTTTGATAGAATAGAT
I R E M T I L Y H E G N Y K I S N L P D F D R I D 150

TTTTGGTTTAAAGAAGAAGTTATAATAAGTCTACAGTTAATAAAAAATTGCATAAATGAGTTTATAGAAGATGAT
F W F K E E V I I S L Q L I K N C I N E F I E D D

TTGAAAACGTTCTTCATGGCAGCATTTAGTGAAACAGTTAGGCATGTTTCAAATACTCGTAATAATGAATTTAAA-
L K T F F M A A F S E T V R H V S N T R N N E F K 200

CTGTATAGAATGGCACCTGAAAAATTAGAAATATGGAATCCGAATGTAACTGAAGAATTTTTAAAGAGAGTATAC
L Y R M A P E K L E I W N P N V T E E F L K R V Y

AGAAATGAATTAGGCAATATGGATTTCTATAGACAACTTGAAAATGTAGGAAATTACTCGCCTAAAACTATAATA
R N E L G N M D F Y R Q L E N V G N Y S P K T I I 250

AATAAGCAAAGCAACATAAAACTTCCAGAGGAATTTAAAGATGAAATGTTCGATATTGTAGTTACTTCTCCACCA
N K Q S N I K L P E E F K D E M F D I V V T S P P

TATGGTGATAGTAAAACAACTGTAGCCTATGGGCAATTTTCAAGATTGTCCGCTCAATGGTTGGATCTGAAAATA
Y G D S K T T V A Y G Q F S R L S A Q W L D L K I 300

GATGATGAGACTAAAATAAATCAATTAGATAATGTGATGCTTGGTGGAAAAACAGATAAAAATATTATTGTTAAT
D D E T K I N Q L D N V M L G K T D K N I I V N

GATGTGTTAGAATATCTCAATTCTCCAACGTCGAAATCAGTATTTAATTTAATAAGTCATkAAGATGAAAAAAGA
D V L E Y L N S P T S K S V F N L I S H K D E K R 350

GCACTAGAAGTTCTTCAATTTTATGTTGATTTGGATAAATCTATTAAAGAAACTACAAGAGTGATGAAGCCCGAG
A L E V L Q F Y V D L D K S I E T T R V M K P E

TCATATCAATTTTGGGTAGTAGCTAATAGAACAGTAAAAATGATCAGTATACCAACTGATATTATAATTTCTGAG
S Y Q F W V V A N R T V K M I S I P T D I I I S E 400

TTATTTAAAAAGTATAATGTTCATCATTTATATAGTTTCTATAGGAAAATCCCTAATAAACGTATGCCTTCAAAA
L F K K Y N V H H L Y S F Y R K I P N K R M P S K

AATTCTCCTACTAATAAAATAGGTAATCATTCTGTTACCATGACTTCTGAGATTATATTAATGCTAAAAAATTAC
N S P T N K I G N H S V T M T S E I I L M L K N Y 450

ATTAATAAAAGCTGATCTTCTTCAATCATGCTTACA
I N S *

GATTTAAAAGTTGTAGGTTGTTGCATGTCTGCATTGTGCGTGAGGAATATTT

ATGCCAAGTAAAAAGAGTAGTTCGCCGCTGAGTGTTGAGAAACTTCATCGTTCTGAGCCCTTGGAGTTGAACGGA
M P SK K S S S P L S V E K L H R S E P L E L N G

GCTACCCTTTTTGAAGGTGATGCTCTGTCAGTATTGAGGAGACTTCCGAGCGGCTCAGTTCGGTGCATCGTCACT
A T L F E G D A L S V L R R L P S G S V R C I V T 50

TCTCCGCCATACTGGGGGCTACGTGATTACGGCATAGATGAACAAATCGGTTTAGAAAGTAGCATGACTCAGTTT
S P P Y W G L R D Y G I D E Q I G L E S S M T Q F

TTAAATCGTCTTGTTACGATCTTTTCTGAGGCGAAACGTGTATTGACTGACGACGGAACGCTATGGGTTAACATT
L N R L V T I F S E A K R V L T D D G T L W V N I 100

GGTGATGGATATACAAGCGGAAATCGCGGGTATAGAGCTCCTGATAAGAAAAATCCGGCACGAGCTATGGCTGTT
G D G Y T S G N R G Y R A P D K K N P A R A M A V
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CGCCCGGATAGGCCAGAAGGACCAAAACCGAAGGATCTGATTGGGATTCCTTGGCGGTTAGCGTTCGCTTTGCAA
R P D R P B 0 P K P K D L I G I P W R L A F A L Q 150

GAAGATGGGTGGTACCTACGAAGCGACATTGTTTGGAATAAACCTAACGCGATGCCTGAAAGTGTAAAkGACCGG
E D G W Y L R S D I V W N K P N A M P K S V K D R

CCTACCCGTTCTCATGAGTTCCTTTTTATGCTGACCAAATCAGAGAAATATTATTACGATTGGGAAGCGGTGAGA
P T R S H K F L F M L T K S Y K Y Y Y D W Y A V R 200

GAAGAAAAAGATAGCGGAGGTTTCAGAAATCGACGCACAGTATGGAATGTAAATACGAAACCTTTTGCAGGGGCT
K Z K D S G G F R N R R T V W N V N T K P F A G A

CATTTCGCAACATTCCCAACGGAGCTAATTCGTCCATGCATCTTGGCATCCACGAAACCTGGTGATTACGTATTA
H F A T F P T K L I R P C I L A S T K P G D Y V L 250

GATCCATTCTTCGGCTCTGGTACTGTAGGCGTTGTATGCCAGCAGGAAGACCGCCAGTATGTTGGTATTGAACTC
D P F F G S G T V G V V C Q Q K D R Q Y V G I E L

AATCCAGAATATGTTGATATAGCTGTAAATCGTTTGCAGGGTGAGGATACAAATGTGATAAGGATCGCGGCAGCA
N P B Y V D I A V N R L Q G K D T N V I R I A A A 300

TGACTAATAAAATAGTTTTC

Figure 1. DNA sequence of genes with predicted amino acid sequence for: A-MvaI methylase, B-Cft9I methylase.

the I conserved region [11] of a group of adenine MTases, Ecodam, T4dam, DpnII and
EcoRV, possessing great overal similarity to each other. Inspection of conserved patterns
of m5C-forming MTases [9,10] also revealed an apparent similarity of the first of them
to this invariant region of cytosine-N4 MTases (see fig.3, domain I).

Application of our procedure for multiple homology detection to other adenine MTases
resulted in extraction of analoguous motifs from the sequences of M.Hinfl, M.EcoPI,
M.EcoPl5 (fig.3). Detection of such pattern in the sequences of the rest adenine MTases
appeared to be more complex. Only at lower stringency the programm yielded the patterns
with however several deviations from the consensus. Thus, there is a poorer conservation
at r.p.d and the lack of invariant F at r.p.e (fig.3, domain I). On the other hand, the F
residue occures at r.p.k of the pattern. The other two structural circumstances witnessing
to nonaccidental occurence of the extracted regions is the global preceeding of these patterns
by a couple of hydrophobic amino acids (r.p.a,b) as well as the constant location of these
regions before the second conserved domain.

DISCUSSION
Thus, all MTase sequences analysed possess two necessary conserved patterns. The
described structural relationship among MTases of various types of specificity could not
be accidental and most probably it means of their common ancestry as well as of the
generality in mechanisms by which these enzymes catalyze methyl transfer from AdoMet
onto DNA.
The homology analysis data presented provides a basis for global alignment and

classification of MTases. All sequences under consideration can be divided into four groups
on the basis of the amino acid occuring at r.p.s of the homology domain II. Thus, all
sequences that have S at this position are of m4C specificity, whereas those which carry
G are m5C-specific ones. Adenine MTases have either D or N residue here. One of the
most apparent differences between these two families is that the 'N-sequences' have the
first domain deviating from the consensus, while 'D-sequences' are much more invariant
in this respect (fig.3). As can be seen from the alignment scheme (fig.4) 'N' +'G' versus
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270 280
IVVTSPPYGDSKTTVAYG

10 20 30 40 **
MPSKKSSSPLSVEKLHRSEPLELNGATLFEGDLSVLRRLPSGSVRCIVTSPPYWGLR---DYGIDEQ

* * : :**-. :** . * :*.* * *.: . ****.: * :.** **

MMTLNLQTMSSNDMLNFGKKPAYTTSNGSM-YIGDSLELLESFPEESISLVMTSPPFALQRKK-EYGNLEQ
10 20 30 40 50 60

I

70 80 90 100 110 120 130
IGLESSMTQFLNRLVTIFSEAKRVLTDDGTLWVNIGDGYTSGNRGYRAPDKKNPARAMAVRPDRPEGPKP

** .: * **:. *:.*. * * * *-

---HEYVDWFLS----FAKVVNKKLKPDGSFVVDFGGAYMKGV-PA-S-----PARS-----------
90 100

- II

140 150 160 170 180 190 200
KDLIGIPWRLAFALQEDGWYLRSDIVWNKPNAMPESVKDRPTRSHEFLFMLTKSEKYYYDWEAVREEKD

* * : * *: :* *. -* * . :

---IYNFRVLIRMIDEVGFFLAEDFYWFNPSKLPSPIEWVNKRKIRVKDAVNTVWWFSKTEWPKSDITK
10 120 130 140 150 160 170

III

220
SGGF---RNRRTVWNVNTK ----------------------------------------------

VLAPYSDRMKKLIEDPDKFYTPKTRPSGHDIGKSFSKDNGGSIPPNLLQISNSESNGQYLANCKL
180 230

70 80
LYDPFMGSGTSLV

230 240 :.***.**** * 270 280
PFAGAHFATFPTELIRPCILASTKPGDYVLDPFFGSGTVGVVCQQEDRQYVGIELNPEYV--------

** * ** * * * * * *:* * ** *.*:* :.* *: .*. ****

MGIKAHPARFPAKLPEFFIRMLTEPDDLVVDIFGGSNTTGLVAERESRKWISFEMKPEYVAASAFRFLD
250 260 270 280 290 300

IV

290
---------DIAVNR-LQGEDTNVIRIAAA

** ** *:.** :: *

NNISEEKITDIY-NRILNGESLDLNSII
320 330

Figure 2. Alignment of MvaI (fragmental), Cfr9I (upper) and PvuII (lower) DNA-methylase sequences.
Designations: '*'-identity, ':'-functional similarity, '.'-functional compatibility. The regions of homology
are underlined.

'S' + 'D' groups do differ in a relative position of the homology regions within the whole
sequence.
From our point of view the latter regularity might reflect a more general structural

principle. It's already known that TRDs in m5C-generating MTases are contiguous
sequences of 80-260 amino acids not overlapping with the invariant regions [43,44]. If
this regularity is of general nature it means that the regions of homology I and II dissect
all the sequences into three parts within which only the TRD could be located. On the
other hand, the region of TRD location should be large enough to contain it. As can be
judged from the alingment scheme (fig.4) the most suitable region for TRDs within the
MTases of 'G' and 'N' families would be the C-terminal section, whereas for 'D' and
'S' families this most probably would be the middle section.
Indeed, there are several lines of evidence proving that in cytosine-C5 MTases the TRD

is located after the II homology domain [10,45,46], as well as the data witnessing to its
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Domain No I II
----------------------------------------------------------------------

Relative pos. ab cd.fghi jIl n opq rutuvwyz
---------------------------------------------------------------__-----

Cfr9 I 249 VL DPFFGBG TVGV 44 SVR CIV TSPP YWGLRD
Pvu II 269 VV DI[G.GN TTGL 46 SIS LVM TSPP FALQRK
Nva I 69 LY D[I4GSG TSLV 267 MFD IVV TSPP YGDSKT
--------------------------------------------------------------------__

Hha II 190 IL DPARSGY SVFE 30 AVK IAF FDPN YRGVLD
Hinf I 196 VL DP[FGTG TTGA 29 SID LIF ADPP YFMNTD
EcoP1 432 VL DFFAGSG TTAZ 116 KVN MIY IDPP YNTGKD
EcoP15 450 IL DFFAGSG TTAH 118 KVN MIY IDPP YNTGKD
T4dam 28 FV DLFCGGL SVSL 164 DGD FVY VDPP YLITVA
Dpn II 39 YF 3P[VgGG ALFF 187 TGD FVY FDPP YIPLSE
Ecodam 31 LV EPFVGAG SVFL 174 DAS VVY CDPP YAPLSA
BcoR V 35 WV KFFMGTG VVAF 186 RDD VVY CDPP YIGRHV

Taq I 43 VL 3PACAHG PFLR 98 AFD LIL GKPP YGIVGE
PaeR7 22 LL ZPSFGCG DFLL 113 QFD FVV GIPP YVRPEL
CviBIII 53 IL 3PSCGTG EIIS 113 KPD FIV GIPP YVVRPS
rEco57I 388 FA DIACGSG AFII 519 QFD VIV GNPP YMATEH
Eco57I 38 IL EPSC;Dj VFIQ 109 IPD GAL GIPP FIRYQF
EcoR I 112 SV SS[CGDG DFRS 133 KSD IVV TNPP FSLFRE
HoCK 171 VQ DPAAGTA GPLI 260 KAH IVA TIPP FGSAAG
Pst I 51 LF 3S1V_IEH KILD 145 RYJ KAI LNPP YLKIAA
--------------------------------------------------------------------__

Hha I 14 FI DLFAG;LG GFRL 73 HD ILC AGFPCQAFISGK
EcoR II 98 FI DL[Aqlj GIRK 177 HD VLL AGFtCQPFSLAGV
Msp I 105 FI DLSGIG GIRQ 166 HD ILC AGFPCg[PSHIGK
Dde I 3 II DZ[AfC GPSH 67 VD GII GPPCOGFLSLN
Sin I 77 AL SFFSIAM GLDL 145 ID LIM fPPCQAFSTAGK
Phi3T 6 VM SZJSGIG APRA 69 RD LLT SGPPCPrFSVAGA
SPR 6 VM SL[SBIf APRA 69 PD LLV GGSPCQSFSVAGH
BeuR I 61 VL SLFFSCG GLDL 148 CN LIL FGPPCPGFSEAGP
BapR I 60 VL SLFGAG GLDL 147 AN LVI £GFPC^FSEAGP

Rat glycine 255 VQ EAFGGRC QHSV
MTase
---------------------------------------------------------------------_

m4C

m6A

m5C

Figure 3. Sequences within the homology domains of the DNA-methylase sequences. Different letter fonts
correspond to different levels of amino acid conservation in the column. The number to the left of each sequence
indicates the position of the first residue of the segment within the whole sequence.

location within the central section in several sequences of 'D' family [11,14,47]. Thus,
from this we can hypothesize that the TRDs of M.Cf9I and M.PvuH are inside the middle
section (fig.4) and most probably between the second and fourth homology regions (fig.2)
where the similarity is the weakest. The prediction for non type H enzymes is a more
complicated task.
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Nucleic Acids Researchss*--@--o-.................................--.-.-............ .................^

M.Cfr9I --I-----
M.PvuII 'S - ------------]------ -
M.NvaI - -------------------------------------
...............................................................................

N.HhaII --- -------------1
M.HinfI --------------t------------------
N.EcoPl,P15 ------------- ------ ---------- (-------------------
N.T4dam 'P ---1]- -------

M.LDpnII ---- ---------------
M.Ecodam ---] -------------- -
M.EcoRV ---- -]--------- ----------

.?TaqI ----1] II---------------

N.PauR7 ---------1-- ----------- --.+
M.CviBIIIn-1'X' (-1I.---------------
R.tco7I ----------]------------+-]I-- J------------
N.1co57I ----[] II---------------------------+
N.Eco]K----------------- -] II------------------ -----------

M.PstI ---------I -----------------------------------
N.ScoRI ----------- --II ------------------
..............................................................................

M.HhaI --C] ------ .--------------
M.ZcoRII ------ ] --------II-----------------------------
M.NspI -----------] ------------------------
m.DdeI -----------------------------------------
M.SinI '' -------- ------------------------------------
M.Phi3T -] -----------------------------------------
N.SPR ----------------------.--___________
M.BsuRI ------1 -----------------------------------

Figure 4. Alignment scheme of DNA-methylase sequences. All sequences are from amino to carboxy end. Each
'- represents ten amino acids, '+' stands for one hundred amino acids, while spaces indicate the gaps. '[ ]'
and 'I }'stand for the first and the second homology domains, correspondingly. Boldface letters in single quotes
indicate classificational families of DNA-methylases.

Another general question is the role these homology domains play in the methylation
mechanism. It was earlier proposed that the conserved region II (fig.3) can serve as the
AdoMet binding domain in adenine MTases [ 11,14]. We consider this idea not consistent
enough with the detected relationship of this domain to the invariant motif of cytosine-C5
MTases (fig.3), which is thought to be directly involved in the modification of cytosine
nucleus [48,23,10]. There are several differences among these sequences: the insert of
a triplet C(P,Q)(A,G,S) (r.p.v,w,x) and conservation of residues at yet other positions.
These differences might possibly reflect distinct chemistries used for the methyl transfer
onto C5- versus exocyclic amine [49], while the similarity would indicate a common ancestry
and a common function in general.
On the other hand, one could expect that the sequence patterns conserved in all types

of MTases should be those involved in one of common functions: unspecific binding to
DNA or the binding of AdoMet. The pattern I (fig.3) fulfils this requirement. Such a
sequence motif occurs also in the sequence of Rat glycine-methylase [50] which probably
has no DNA-binding capability. Hence, this domain most probably is involved in the methyl
donor binding.
As far as structural features are concerned this domain fits the requirements for the

AdoMet binding site well. The invariant F (r.p. e) could stack with the adenine ring of
the AdoMet molecule while the hydroxyl-containing residue-D, E or S, (r.p. c) could
form hydrogen or ionic bond with either -S+- or -NH3+ moiety.
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From the mechanistic point of view it is clear that these domains should be tandemly
arranged since the functions they perform are two consecutive steps in the methylation
reaction. Another possibility is that both homology regions form a common three-
dimensional domain which is responsible for both the discussed functions.
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