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ABSTRACT

A 6.3 kb fragment of E.coli RFL57 DNA coding for the
type IV restriction-modification system Eco571 was

cloned and expressed in E.coli RR1. A 5775 bp region
of the cloned fragment was sequenced which contains
three open reading frames (ORF). The methylase gene
is 1623 bp long, corresponding to a protein of 543
amino acids (62 kDa); the endonuclease gene is 2991
bp in length (997 amino acids, 1 17 kDa). The two genes
are transcribed convergently from different strands
with their 3'-ends separated by 69 bp. The third short
open reading frame (186 bp, 62 amino acids) has been
identified, that precedes and overlaps by 7 nucleotides
the ORF encoding the methylase. Comparison of the
deduced Eco571 endonuclease and methylase amino
acid sequences revealed three regions of significant
similarity. Two of them resemble the conserved
sequence motifs characteristic of the DNA[adenine-N6]
methylases. The third one shares similarity with
corresponding regions of the PaeR71, Taql, CviBIII, Pstl,
BamHl and HinclI methylases. Homologs of this
sequence are also found within the sequences of the
PaeR71, Pstl and BamHI restriction endonucleases. This
is the first example of a family of cognate restriction
endonucleases and methylases sharing homologous
regions. Analysis of the structural relationship suggests
that the type IV enzymes represent an intermediate in
the evolutionary pathway between the type III and type
11 enzymes.

INTRODUCTION

Restriction-modification systems are conventionally grouped into
three different classes (type I, II and Ill) on the basis of their
subunit structure, cofactor requirements and some other features
(1). The Eco57I modification methylase (Mr of 63 kDa) and the
cognate restriction endonuclease (M, of 104-108 kDa) were

purified to homogeniety and characterized (2). Unexpectedly, it
was discovered that a single polypeptide of the endonuclease is
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a bifunctional enzyme, which can catalyze both DNA cleavage
and methylation. No restriction enzyme with such properties has
been previously known. Enzymatic properties of the Eco57I
modification methylase are also different from those of the known
type I-mIH DNA methyltransferases. The entirety of biochemical
and structural data suggest that the Eco57I restriction-modification
system should be regarded as a novel type of RM enzymes

type IV (2, 3, 4).
In this paper we present data on cloning and sequence analysis

of the eco57IRM genes. The data show the existence of two
separate genes coding for a methylase and an endonuclease.
Sequence comparison revealed three regions of homology
between the Eco57I protein molecules. One of the consensus
motifs is shared among several other restriction endonucleases
and methylases. This has not been shown before for a family
of restriction-modification enzymes, and provides evidence that
cognate restriction endonucleases and methylases may be related
evolutionarily. Analysis of the structural relationship suggests
that the type IV enzymes may be an intermediate form in the
evolutionary pathway between the type HI and type US enzymes.

MATERIALS AND METHODS
Bacterial strains and DNAs
The Escherichia coli strain RFL57 producing the Eco57I
endonuclease and methylase was isolated in our laboratory (3).
The E.coli strains HB101 (5) and RR1 (6) used as hosts in cloning
experiments were grown in LB medium. Transformants were

selected by plating onto LB-agar supplemented with 50 mg/l
Ampicillin (Ap) or 30 mg/l Chloramphenicol (Cm). The
pJRD184 (7), pACYC184 (8), pUC19 (9) vectors were used in
cloning and subcloning experiments. Plasmids carrying the ecoS7I
genes were named according to the previously described
nomenclature (10). Phage stocks of Xvir were prepared according
to Maniatis et al. (11). Plasmid DNA was prepared by the alkaline

lysis method (12) and further purified by binding to glasspowder
(13). E. coli RFL57 chromosomal DNA was extracted and

purified by the method of Marmur (14).
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Enzymes and chemicals
Restriction enzymes (except for Spel), nuclease Ba131, T4 DNA
ligase, DNA polymerase I large fragment (Klenow), T4
polynucleotide kinase and terminal deoxynucleotidyl transferase
were products of MBI Fermentas. The SpeI restriction
endonuclease was from New England Biolabs. Nuclease SI,
DNA Sequencing Kit and calf intestnal alkaline phosphatase were
purchased from Pharmacia. DNAseI was obtained from Serva.
All enzymes were used according to the manufacturers'
recommendations. Synthetic oligonucleotide primers were
prepared on 'GENE ASSEMBLER' using methylphosphor-
amidite chemistry. [ai-!1P]dATP was obtained from Izotop,
Leningrad. All other chemicals were reagent grade commercial
products.

Assay for Eco57I activities
The activity of the Eco57I restriction endonuclease in cell extracts
was assayed as described previously (2). The restriction activity
in vivo was analyzed by measuring the plating efficiency of the
Xvir bacteriophage in the transformed cells as compared to the
control, E.coli RR1 cells harboring the pJRD184 vector plasmid
(11). To determine the Eco57I specific modification in vivo
plasmid or chromosomal DNA was isolated and challenged with
an excess of the Eco57I restriction endonuclease in vitro.

DNA cloning
Transformation of E.coli, restriction mapping, agarose gel
electrophoresis, Bal3l deletions and subcloning of DNA
fragments for sequencing were carried out by stndard procedures
(11). Deletion mapping of the clones carrying the eco57I
methylase and endonuclease genes was performed using DNaseI
and nuclease S1 as described previously (15).

Construction and selection of the E.coli RFL57 libraries
pJRD184 (10 itg) DNA was linearized by BamHI cleavage.
Homopolymer (dG) extensions were added to the BamHI-
linearised pJRD184 by incubation in a reaction minxture containing
5 ,tg DNA, dGTP and 60 units of terminal transferase for 10
min at 37°C as described in (16). The poly(dG) extensions were
estimated in preliminary experiments with [3H]dGTP to average
20 nucleotides in length. E.coli RFL57 chromosomal DNA
(50 jig) was fragmented by sonication. The sonication products
were then fractionated on a low-melting agarose gel and 3-20
kb fragments were isolated. Poly(dC) extensions were added to
the E.coli RFL57 DNA fragments in a similar fashion. Annealing
of the extended DNAs was carried out in a 3 ml volume under
standard conditions (16). The clone library was obtained by
transforming competent E.coli RR1 cells with the annealed DNA
and selecting for Ap resistant transformants. Selection on the basis
of the acquired resistance to bacteriophage infection was carried
out by replicating the transfonmants onto top-layer agar containing
106 phage Xvir particles per plate (11).

DNA sequencing
The nucleotide sequence was determined by the dideoxynucleotide
chain-termination procedure (17) using double-stranded,
supercoiled plasmid DNA as templates. Fragments generated by
serial Bal31 deletions were subcloned into a pUCl9 vector and
were sequenced using Sequencing Kit, [ca-33P]dATP and
syntheic primers (complementary to the plasmid region upstream
from the cloned fragments). Some regions of the cloned fragments

were directly sequenced using specific primers. A small portion
of the DNA sequencing was carried out using the chemical
cleavage method of Maxam and Gilbert (18). The reaction
products were resolved by electrophoresis on wedge-shaped gels.

Sequence comparisons
Published sequences of the following DNA-methylases: HhaH,
Hinfi, DpnA, DpnB, EcoPl, EcoP15, T4 dam, Eco dam, EcoRV,
EcoKI, TaqI, PaeR7I, CviBIIl, PstI, EcoRI, Hhal, EcoRII, HpaIl,
DdeI, SinI, Phi3T, SPR, BsuRI and HaeEI and restriction
endonucleases: BsuRl, DMeI, DpnI, Dpnl, EcoPI, EcoRI, EcoRV,
Hhall, PaeR7I, PstI, SinI and TaqI were used in sequence
comparisons. The references for these sequences are contained
in ref. 19. The sequences of other methylases used included: CQi91
(20), MvaI (20), SmaI (21), Pvul (22), BamHI (23), BanHI (24),
EcaI (25), RsrI (26), FokI (27), HincH (28), Dcm (29), MspI (30),
BsuFI (31), BanI (32), BepI (33), NgoPl (34), AquI (35), CviJI
(36), Sau3AI (37), SssI (38) and Sau96I (39).
The sequences for restriction endonucleases used for

comparison included: BamI{ (23), BsuFI (40), EcoRl (41), FokI
(27), Hincd (28), MspI (30), NgoPl (34), PvuH (42), RsrI (43),
Sau3AI (37), Sau96I (39) and SmaI (21). The sequences for the
restriction endonucleases and methylases BcnI, Eco72I, MunI,
the methylases Bsp6I, CfrIOI and the restriction endonucleases
Cfr9I and MvaI were determined in our laboratory (unpublished
data). The sequences for the HgiBI, HgiCI, HgiCll, HgiFEI, HgiDI
and HgiGI restriction endonucleases and methylases were kindly
provided by M. Kroger.
The procedure developed in our laboratory (20) was used to

manage the sequence data.

Analysis of N-terminal oligopeptides
Sequencing of the amino termini of the restriction endonuclease
and methylase was performed by sequential Edman degradation
(44). The phenylthiohydantoin derivatives were identified by
HPLC on Cyanopropyl Column.

RESULTS AND DISCUSSION
Cloing and lliation of the Eco57I triction-modifiation
genes
To clone the Eco57I restriction-modification system a clone
library of the host DNA consisting of 30,000 transformants was
prepared in E. coli strain RR1. The transformants carrying the
eco57IR gene were selected on the basis of their restriction
phenotype-the acquired resistance to bacteriophage infection.
A single clone out of 3,000 tested survived the infection by phage
Xvir in vivo. The plating efficiency of the unmodified phage was
10-5 fold lower in this clone than in control cells carrying the
vector plasmid. A recombinant plasmid containing a 6.3 kb
(pEco57RM6.3) insert was recovered from this clone.
Chromosomal and plasmid DNAs isolated from the clone were
resistant when challenged with the Eco57I restriction
endonuclease in vitro (data not shown) indicating that they were
fully modified in vivo. A crude cell extract prepared from the
cells carrying the recombinant plasmid was assayed for the
R.Eco57I activity. The tests were positive, revealing a
fragmentation pattern characteristic of R.Eco57I (data not shown).
The results indicate that the recombinant plasmid carries both
eco57IM and eco57IR.
To determine the location of the individual genes, the cloned

fragment was subjected to deletion mapping. The functional
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methylase in the transformants was assayed by recovering
recombinant plasmids carrying different deletions and challenging
them in vitro with R.Eco57I. The activity of the restriction
endonuclease of the deletion mutants was tested in vivo by
evaluating Xvir restriction in the transformed cells and in vitro
by its ability to produce characteristic DNA digestion patterns.
The results of the mapping experiments are summarized in
Fig. IA. Plasmid pEco57RM6. 1, the smallest in the series,
conferred the restriction and modification phenotypes. The
shortest derivative still showing a modification phenotype was
pEco57M3.2, while pEco572.9 conferred neither phenotype.
As demonstrated earlier, the Eco57I restriction endonuclease

possesses both endonuclease and methylase activities in vitro (2).
Its ability to protect chromosomal DNA in vivo was tested. A
major part of the methylase gene was deleted by excising the
MunI-SpeI fragment from pEco57RM6.3 (Fig. IA). The resulting
pEco57R4.2 was used to transform E.coli HBl01(pACYC 184)
or E.coli HB1O1(pEcoS7M3.3). The latter plasmid is a derivative
of pACYC184 carrying the eco57IM gene on the EcoRV-PvuII
3.3 kb fragment (Fig. iB). Equal amounts of pEco57R4.2 were
used to transform both types of recipient cells, although the yield
of Ap resistant transformants was 100 fold lower in E.coli
HBIO(pACYC184) as compared to E.coli HB101(pEco57-
M3.3). Both types of clones were assayed for restriction activity
and their plasmid structure was investigated. E. coli
HB101(pEco57M3.3) transformants revealed RIM+ phenotype
indicating that the eco57IR gene was present in its entirety. Two
types of plasmids were recovered from the transformants. One
of these was identical to pEco57M3.3, while the other was
indistinguishable from pEco57R4.2. The latter plasmid, however,
could not be detected in any of the several clones obtained after
transformation of E.coli HB11(pACYC184). Only intact
pACYC184 and various derivatives of pEco57R4.2 were
observed. None of these clones showed the RI phenotype. This
indicates that eco57IR can not function in M- cells suggesting
that probably the endonucleolytic activity of R.Eco57I prevails
over its modification activity in vivo resulting in the destruction
of the cellular DNA.

Gene organization and DNA sequence analysis
A 5775 base pair region of the cloned 6.3 kb DNA fragment
encompassing the Eco57I restriction-modification system was
sequenced in both strands. Scanning the sequence for open
reading frames revealed that two of them have a potential to code
for proteins of the expected molecular weight.
The two open reading frames were in perfect agreement with

the results of the deletion mapping experiment (Fig. 1). The first
ORF codes for the methylase, while the second one codes for
the restriction endonuclease. The strand assignment suggests that
the two genes are transcribed from different strands convergently,
with their tails separated by 69 base pairs. The eco57IM sequence
specifies a protein of 544 residues with molecular weight of
62,020 Da (calculated from amino acid composition). The
predicted molecular weight agrees well with the value (63 kDa)
determined by SDS-polyacrylamide gel electrophoresis (2). The
second ORF codes for a protein of 997 amino acids with the
expected molecular weight of 116,724 Da. This number is just
slightly larger than that of the purified restriction endonuclease
(104-108 kDa) as estimated by SDS-polyacrylamide
electrophoresis or by gel exclusion chromatography (2).
The assignment of the open reading frames and initiation

codons was further confirmed by amino terminal sequence
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Figure 1. Schematic map of the DNA region coding for the Eco57I enzymes.
A) Deletion mapping of the eco57I genes. Restriction endonuclease sites are as
follows: E-Eco47III, M-MunI, P-PstI, Sa-SacI, B-BgIH, S-SpeI, H-Hindl, Pv-
Pvull. The deletion plasmids are indicated by dotted boxes. The inferred locations
of the endonuclease and the methylase genes are indicated by thin lines and dots.
B) Circular map of pEco57IRM6.3. Vector sequences are shown as thin lines,
the genes are shown as open arrows (C-the SORF (eco57IC), MET-eco57IM,
ENDO-eco57IR).

analysis of the purified methylase and endonuclease proteins (data
not shown). In both cases the experimentally determined N-
pentapeptides matched those deduced from the nucleotide
sequence.
The methylase gene is preceded by a short open reading frame

(SORF) that extends over 186 nucleotides, and is capable of
coding for a peptide of 7,282 Da (Fig. iB). The SORF and
eco57IM overlap by seven nucleotides and are staggered by one
frame.
The ATG codons of the three ORFs are immediately preceded

by sequences showing complementarity to the 3'-end of E. coli
16S RNA. However, promoter-like sequences (67-80%
similarity to the consensus) can be found only upstream from
the sequences encoding SORF and the endonuclease and no such
sequence appears upstream of the methylase gene itself. Most
likely eco57M is transcribed from the promoter located upstream
of the SORF. Due to the overlap of the coding regions its
translation from this polycistronic messenger may be coupled with
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the translation of the preceding SORF (45). The occurrence of
SORFs tightly linked with one of the major genes has been
demonstrated for some other type I RM systems, and in two
cases (PvuII and BamHI) their regulatory role was proved (46,
47). Bearing in mind these precedents, we believe that the SORF
is associated with the RM.Eco57I system and probably plays a
regulatory role.
The average A+T content of the Eco57I genes is 65.1%

(67.3% for eco57IR, 63.2% for eco57IM and 65.1% for the
SORF), which differs considerably from that of E.coli-49%.
The EcoRI and EcoRV RM genes (65% A+T) also exceed the
E.coli average (48, 49). It has been suggested that these genes
may have originated from species with a higher A+T content

A.
I 34 38 ILEPSCODQVFIQ

*- * **

R 388 FADIACOSGAFII

II X 110 IFDGALONPPFIRYQF

R 520 KFDVIVGNPPYMATEH

III X 149 NAWVPFLLSSLALKQGRIOMVIPSEISHVMHAQSLR
R:.8 '::*R Y * *: : **.G.'F.A. **
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B.
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100a.
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Figure 2. Regions of similarity between the Eco57I methylase (M) and restriction
endonuclease (R). A) Sequence alignments within conserved blocks I, H and
HI. The numbers at the left indicate the position of the first amino acid in the
alignments. '6' indicates identity, ':'similarity, '.' compatibility between amino
acid residues. B) Diagram of conserved blocks 1,1 and HI (connected by verfical
lines) within the RM.Eco57I sequences (open boxes).

in their DNA (49). Alternatively, that may reflect an inherent
feature of particular RM systems.

Comparison of amino acid sequences
The amino acid sequences of the RM.Eco57I proteins have been
examined for intermolecular homology. Comparison revealed
homology between R.Eco57I and the cognate methylase, limited
to three conserved blocks I, II and Im (Fig. 2). The conserved
regions I and II resemble the two motifs which are common to
all adenine and cytosine methylases analyzed to date (20) and
are presumably involved in general steps of DNA methylation
catalysis (AdoMet binding and methyl group transfer). This is
not surprising given that the Eco57I restriction endonuclease is
a bifunctional enzyme catalyzing both DNA cleavage and
methylation (2).
We searched all available sequences of DNA-methylases for

regions homologous with the conserved motif HI. We found that
this motif is present within the methylases PaeR7I, CviBl, TaqI,
PstI, HincI and BamHI (Fig. 3). In each case the conserved
block Im occurs within 12-27 amino acids downstream of the
conserved motif I. In the case of M.Eco57I and R.Eco57I the
interval is practically identical (24 a.a. and 23 a.a.). It should
be noted that, as we found recently, this block partially overlaps
with the pattern of sequence similarity previously described for
five adenine methylases mentioned above: PaeR71, CviBIII,
TaqI, PstI and Hincd (28, 50,).
The consensus motif (Fig. 3) was used as a search pattern

against the database of the available restriction endonuclease
sequences. At a slightly lower stringency R.PaeR7I, R.PstI and
R.BamHI showed homology to the consensus pattern. No such
motif has been found in R.TaqI, and R.HincII. Pairwise
alignments of RM sequences in which patterns resembling the
consensus motif has been found is shown in Fig. 4. Only in the
cases of R.BamHI and R.Eco57I is the N-terminus of the motif
(N,D)(X)1(Y,W)(X)2(F,Y,W) strictly conserved. Nonconserva-
tive substitutions in this part of the motif are within R.PaeR7I
and R.PstI. The same is true for R.BamHI where an aliphatic
uncharged amino acid located downstream of the conserved Y
is substituted by R. For all enzymes under consideration the
interval between the first (N,D) amino acid of the conserved motif
and K is the same. Also remarkable is the conservation of the
G residue, which is three amino acids downstream of the K

Block 11 Interval

MEco571
REco571
MPaeR71
MPsti
MHincil
MTaql
MCviBIII
MBamHl

109 - 125
519 - 535
113 - 129
145 - 161
84- 100
98- 114

113 - 129
154 - 170

-(24)-
-(23)-
-(20)-
-(16)-
-(23)-
-(27)-
-(12)-
-(15)-

Block III Recognition
sites

C T G AA G
C T G AA G
C T CG A G
C TG C A G
G T YR A C
T CG A

TIC G A
G G A T C C

DhYh-Fh---h--LK-GG-L-hh-P--h--------hR
N

Flgue 3. Schematic diagram and alignment of the methylase sequences within conserved Block 11. The numbers in the box for Block II indicate the corresponding

amino acid positions in each of the sequences, numbers in brackets indicate intervals between Blocks II and Ill. The numbers on the left in the box for Block III
indicate the position of the first amino acid in the alignment: '' stands for the E residue excluded from the alignment in the M.CviBUI sequence. A symbol of

a single amino acid appears in the consensus if the residue is conserved in at least 6 sequences in the alignment; two symbols appear if two functionally similar

amino acids, (e.g. N and D) are conserved; 'h' if a minimum 7 out of 8 residues are hydrophobic and '-' stands for poorly conserved positions. T and A residues

common in the recognition sequences of the adenine methylases are boxed.

149 NAWVPFLLSSLALLKQGGRIGMVIPSEISHVMHAQSLR
558 DKYFLFIERSIQILKEYGYLGYILPSRFIKVDAGKKLR
149 DIYIPFIERSLTALSAGGNLGFICADRWMKNRYGGPLR
177 NLYSArVALAIKQLKSGGELVAITPRSFCNGPYFNDFR
123 DYFYIFIIKSILQLKVGGELIFICPDYFFSTKNAEGLR
141 NLYGAFLEKAVRLLKPGGVLVFVVPATWLVLEDFALLR
141 NLYVEFLYKCI ILKEDGILAFIIPSTIGNSSFYEPIR
185 DWYYKWIDECIRVLKPGGSLFIYNIPKWNTYLSEYLNR
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residue in R.PaeR7I and R.Eco57I, as well. This does not hold
for R.PstI and R.BamHI. The conserved R (22 amino acid
downstream of invariant K) in the restriction endonucleases is
also retained.

Structural similarity of proteins suggest that they may be
functionally related. Although restriction endonucleases and
methylases catalyze very different reactions, they share some
common functions such as DNA binding and specific target
recognition. A strong argument supporting the involvement of
block III in sequence recognition is its occurrence within a family
of RM enzymes, that recognize related sequences. All these
enzymes share the TNNA element as a subset of their recognition
sequences (Fig. 3) except for RM.BamHI which target C at the
same relative position of the recognition sequence. Recent
analysis of R.BamHI mutants with reduced cleavage and altered
DNA binding properties has shown that such mutations map
within a region (residues 77-135) (51) that almost completely
covers the conserved block III (residues 70-108).
An abundance of conserved motifs was found within m5C

methylases (52, 53). The experimental evidence indicates that
the variable region is responsible for sequence specificity in these
enzymes (54, 55), while some of the conserved motifs most likely
define structural elements important for proper folding (53). It
could not be excluded that block Im fulfills the same function.
The proteins encoded by controlling elements (SORF) in the

Pvull, BamHI, EcoRV and SmiaI RM systems share homologous
region with each other and some DNA-binding proteins
containing the helix-turn-helix motif (46). No clear similarity can
be detected between them and the deduced amino acid sequence
of the putative polypeptide encoded by the Eco57I SORF.

EVOLUTIONARY IMPLICATIONS
One of the most intriguing questions is the evolution of RM
enzymes, where the restriction endonuclease and the cognate
methylase usually recognize the same DNA sequence. It is
straightforward to expect that such enzymes would share at least
some elements of the target recognition machinery. Previous

MEco571 149 NAWVPFLLSSLALLKQGGRIGMVIPSEISHVMHAQSLR
0.70YFR I.-E. Y* . RF A* *0

REco571 558 DKYFLFIERSIQILKEYGYLGYILPSRFIKVDAGKKLR

MPaer71 1 4 9

RPaer7I 48

MPstl

RPstl

MBamHI

RBamHI

DLYIF'FIERSLTALSAGQNLGFICADRWMKN1RYCGPLR
0. * . * .

KNMDGFLALVLDVIKANGLAHAIHQNRAMLTLPGY-FR
E

177 NLYSAFVALAIKQLKSGGELVAITPRSFCNGPYFNDFR
. 0* 0* * . .

24 NDRSGWVLLALANIKPEDSWKAA-P-LLPTVSIMEFIR
EK

185 DWYYKWIDECIRVLKPGGSLFIYNIPKWNTYLSEYLNR
* * . . . . ** .. *

70 DTYNWYREKPLDILKLEKKGGPIDVYKEFIENSE-LRR
K

D-Y- -Fh- - -h- -LK--G-h-hh-- - -h--------hR
N

Figure 4. Pairwise alignment and the consensus for the cognate restriction
endonucleases and methylases. A symbol of a single amino acid appears in the
consensus if the residue is conserved in at least 5 sequences in the alignment;
two symbols appear if two functionally similar amino acids, (e.g. N and D) are

conserved in at least 7 sequences out of 8 aligned; 'h' if a minimum 6 out of
8 residues are hydrophobic and '-' stands for poorly conserved positions. Residues
excluded from the alignments are shown below the sequences.

attempts to find evidence for such inheritance by pairwise
comparison of corresponding restriction enzymes and
methyltransferases were unsuccessful. Moreover, common
themes of sequence recognition so far have not been found among
restriction endonucleases themselves (56). One possibility is that
each component evolved independently from the other and later
combined to form RM systems. Alternatively, due to strong
divergence the original domains are barely detectable at the
primary structure level. The discovery of conserved patterns
within the restriction endonucleases and methylases RM.Eco57I,
RM.PstI, RM.PaeR7I and RM.BamHI indicates that at least in
some cases, restriction endonucleases are evolutionarily related
to methylases.

Additional arguments supporting the latter notion comes from
analysis of the structural relationship between different types of
RM systems. Restriction-modification systems are grouped into
three classes-type I, II and IH (1). Type HI RM systems consist
of two subunits: mod, which is a functional DNA-methylase,
able to recognize and modify the target sequences, and res, which
is responsible for the restriction phenotype, but functions only
in a complex with the mod subunit (57). Therefore, the type Ill
restriction endonuclease is a heterodimer which uses the mod
subunit for sequence recognition, and the res subunit-for DNA
cleavage. The cleavage always occurs in the vicinity of rather
than within the asymmetric target sequence, so that both subunits
can be accomodated.
The type II RM systems are composed of two structurally

independent enzymes responsible for either modification
(methylase) or cleavage (restriction endonuclease) of the specific
DNA sequence. This is also true for a subclass of the type II,
the type US enzymes, that recognize asymmetric DNA sequences
and cleave both strands at a defined distance from it.
The properties of R.EcoS7I (2) indicate that it may be regarded

as an intermediate type of RM reflecting the evolutionary link
between the enzymes of types Im and type 11S. This hypothesis
is based on the following arguments. R.EcoS7I possessing both
DNA methylation and cleavage functions very closely resembles
a hypothetical mod-res fusion protein (see Fig. 2B). It recognizes
an asymmetric sequence and cleaves at 16/14 nucleotides away
from it. Its stimulation by AdoMet resembles that of enzymes
of type 11. Interestingly, R.EcoS7I is able to methylate only one
of the two strands of the target sequence, which might be due
to steric restrictions imposed by the asymmetric location of the
cleavage site. This methylation most likely is a relic of the
progenitor activity since it is not by itself sufficient to protect
the host DNA in vivo and therefore an additional copy of the
'free' methylase is needed.
The GsuI restriction endonuclease, which recognizes

5'CTGGAG sequence and cleaves DNA 14/16 nucleotides away
from it (3,4) is another example of a plausible evolutionary linking
member. Like R.EcoS7I it is stimulated by AdoMet but differs
from it by the absence of methylation activity and by its ability
to perform DNA cleavage to completion. Consequently, R.GsuI
has greater similarity to the type 11 enzymes than has R.Eco57I.
It may be speculated that the R.GsuI is a further intermediate
in the evolutionary pathway towards type IIS enzymes.
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