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The DNA sequence recognized by the EcoDXX1 restriction endonuclease

EcoDXX1 is a type-I restriction enzyme coded for by the plasmid pDXX1. Like other type-I restriction
endonucleases, the enzyme catalyses the modification of susceptible DNA. We have determined the DNA sequence

recognised by EcoDXX1 to be:

5-TCANNNNNNNATTC-3’
3’-AGTNNNNNNNTAAG-5

where N can be any nucleotide. This sequence has an overall structure very smmilar to previously determined

type-I sequences.

The type-I DNA restriction and modification (R-M)
systems of Enterobacteriaceae are the best characterised
systems from the genetic and physiological point of view (for
recent reviews, see [1—3]). \

The DNA recognition sequence of three type-1 enzymes,
EcoK EcoB and EcoA, had been determined [4—9]. These
sequences, although different, have a common structure in
that they consist of a specific tetranucleotide and a specific
trinucleotide sequence separated by a spacer of non-specific
sequence, which is 6, 7 or 8 base pairs long. Recently it has
been shown that Salmorella type-I restriction enzymes recog-
nize specific sequences, which have a structure similar to those
of Escherichia coli type-I restriction enzymes (T. A. Bickle,
unpublished work).

In this paper we describe the DNA sequence recognised by
type-I restriction enzyme EcoDXX1 coded for by the plasmid
pDXX1[10] and show that this sequence has the characteristic
structure of the known type-I recognition sequences.

MATERIALS AND METHODS
Purification of EcoDXX1

The purified EcoDXX1 enzyme was obtained as described
previously {10].

In vitro DNA methylation

. A typical reaction contained in a volume of 0.25 ml
100 mM Tris/HCL. pH 7.5, 0.25 mM EDTA, 6.5 mM MgCl,,
14mM  2-mercaptoethanol, 3 uM [methyl-*H]AdoMet
(AmérSham. typically 70 Ci/mmol), and 10 ng DNA. The
f€action was initiated by the addition of 4 ug EcoDXX1

————
Correspondence to A. Piekarowicz. Instytut Mikrobiologii, Uni-
wersytet Warszawski. Nowy Swiat 67, PL-00-046 Warszawa, Poland
Abbreviation. AdoMet, S-adenosyl-L-methionine.
leas E”;’.Vmes. (IUB Recommendation§ 1.984). Restriction endonuc-
Hh"cx LcoDXX 1 (EC 3.1.21.3); restriction endonucleases Haelll,
al. HindI11, Hinfl and Stul (EC 3.1.24.4).

enzyme and incubated at 37°C for 5h. Reactions were
terminated by the addition of 70 ul glycerol and 25 pl phenol
and the DNA was separated from low-molecular-mass radio-
active material by chromatography on a 6-ml! bed of Bio-Gel
A-0.5 m prepared in a disposable 10-ml pipette. The labelled
DNA was precipitated with echanol and redissolved in a small
volume of 10 mM Tris/HCI, pH 8.0, 0.1 mM EDTA.

Other methods

DNA fragments were separated on either agarose or
polyacrylamide gels dependimg on the expected size of the
fragments. DNA was detected following staining with
ethidium bromide and 3H-labelled DNA after drying the gel
and fluorography according to Chamberlain [11] or by ex-
cision of DNA bands from the gel, solubilizing with NCS
tissue solubilizer and determsination of the *H content by
liquid scintillation counting [12].

RESULTS

The strategy that we used was developed for the determi-
nation of type-III restrictiom enzyme recognition sites [13,
14] and was also used for the determination of the EcoA
recognition sequence [9]. This method is based on mapping
sites for the enzyme on DNA molecules of known sequence.
A computer is then used to search the sequence for small
sequences present in these regions of the DNA and absent
from all others. The presumptve recognition sequences that
are found in this way are then verified by checking that the
enzyme acts at the predicted positions in other sequenced
DNA molecules.

We began these experimenits with X174 DNA (15]. This
DNA was methylated by EcoDDXX1 as described in Materials
and Methods. Samples of the methylated ¢X174 DNA was
digested with the restriction enzymes Hhal, Hinfl and Haelll.
The DNA fragments were separated by electrophoresis
through 2% (w/v) or 5% (w v) acrylamide gels, which were
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Fig. 1. Localization of EcoDXX]I sites on p X174 DNA. A sample of ¢X174 DNA was methylated with EcoDXX1 as described in Materials
and Methods, aliquots of the DNA were then digested with the enzymes Haelll, Hhal and Hinfl, the digests were run in 2% acrylamide/
0.7% agarose or 5% acrylamide/0.7% agarose gels, which were stained with ethidium bromide and photographed and then dried and
fluorographed. The left panels show the stained gels, the right panels the fluorographs (contact print for B and C). (A) Haelll digestion, (B)

Hhal digestion, (C) Hinfl digestion

Table 1. The regions of ¢ X174 and M13mp7 DN As methylated by EcoDXX1

Substrate Digested with Minimum number Location of source for
DNA of methylations sites methylation sequence of
sites substrate
X174 Hhal, Hinfl 2 156—204 15]
Haelll 3731-4148
M13mp7 Hhal, Haelll 2 2711 —3400 [16]
FnuDII 6740—7011

stained and photographed and then subjected to fluoro-
graphy. The results of these experiments are shown in Fig. 1.
In a similar type of experiment M13mp7 DNA was methylated
by EcoDXX1, digested with Haelll, Hhal and FnuDII and
analysed for the presence of the methylated fragments (data
not shown). The results of these analyses are summarised in
Table 1.

The resulits of the mapping have shown that the two meth-
ylated regions in ¢X174 DNA are located between bas pairs
156 and 204 and base pairs 3731 and 4148, and in M13mp7
DNA between base pairs 2711 and 3400 and base pairs 6740
and 7011. We then asked the computer to find sequences
present in these four regions of X174 and M13mp7 DNAs
that were absent from the rest of these DNAs. The computer
has found that no unhyphenated sequence between 4 and 12
base pairs long was consistent with the data. Testing all pos-
sible hyphenated sequences with a single hyphen { —12 base
pairs long, only three possible candidates were found, all of
them of the general type-I form. These sequences were: (a)
ATCAN,ATTC, (b) TCAN,ATCA, and (c) ATCANGTTC.

The computer analysis of the several DNAs sequences has
shown that all three sequences are present in the simian virus
40 sequence [17]; only sequence (c) is present in the pBR322
sequence {18], and in A DNA [19] sequence (a) is not present

while sequence (b) is present six times at positions 13210,
21061, 32437, 33406, 34611, and 46 748. The facts that only
fragment HindIII B of SV40 DNA (Fig. 2), carrying sequence
(@) and (b), is methylated, that pBR322 DNA is not methyl-
ated by EcoDXX1 and that 4 DNA is methylated at the

" predicted restriction fragments (Fig. 3) suggest that the cor-

rect recognition sequence for EcoDXX1 is sequence (b).

The DNA sequence in the region of the ten EcoDXX1
sites that we have found is shown in Fig. 4. An examination
of these sequences showed that the only conserved elements
are the indicated trinucleotide and tetranucleotide sequences.
All of the positions in the 7-base-pair spacer, as well as the
flanking nucleotides, can vary.

The sequence data have shown that one site on the X174
DNA contains a Hinfl site. Assuming that modification puts
one methyl group into the specific trinucleotide sequence an
a second into the tetranucleotide, and because (Fig. 1) after
cleavage of the methylated X174 DNA with Hinfl the frag-
ment between 53 and 204 is methylated while the fragment
from 205 to 286 is not, we can argue that the methyl group
must be on one of the two adenosyl residues in the tetra-
nucleotide part of the sequence, in the lower strand as drawn
in Fig. 4. (EcoDXX1 modification methylates adenosyl re-
sidues, unpublished results.)
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Fig. 2. Mapping of the EcoDXXI site on simian virus 40 (SV40)
DNAA sample of SV40 DNA was methylated with EcoDXX1 as
described in Materials and Methods, an aliquot of the DNA was then
digested with HindlIl, the digest run on a 2% acrylamide gel and
analysed as described in the legend to Fig. 1. The left panel shows the
stained gel, the right panel the fluorograph (contact print). Only the
second fragment extending from position 3920 to 5089 in the SV40
DNA sequence is labelled (the nucieotide numbering is from Fiers et
al. [17))
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Fig. 3. Confirmation of the EcoDXX1 recognition sequence. Phage
DNA was methylated with EcoDXX1 and the DNA was purified as
described in Materials and Methods. The DNA was then digested
with HindIlI and Stul and the digest was run on a 1% agarose gel,
which was stained with ethidium bromide and photographed. Each
band of DNA was excised from the gel and solubilized with NCS
tissue solubilizer and the *H content of each was determined by
liquid scintillation counting. Letters in the figure indicate the A DNA
fragments obtained after double digestion with HindIIl and Stul
restriction enzymes

If one assume that, as with other type-I recognition
sequences, the EcoDXX1 methylates both strands, then the
second methyl group should be on the adenosyl residue in the
;:qnucleotide of the sequence in the top strand as drawn in

ig. 4.

DISCUSSION

The results presented in this paper show that the structure
of the EcoDXX1 recognition sequence is very similar to the
Other type-l sites that have been sequenced, a specific

Sx174 (1) AT

GCCTGACRTTCAGAL
CGCACTGILAAGTCTT
(2) CAACTAACGATTCIGTC
GATTGCAAGIACAG

M13mp7 (1) A% AT AGAAANTTCATAT
CUTATCTPTIAAGTATA
(2) CHAATATGATATTCAACC

AGTITATACTATAAGITGG

CAGGTTGGGATTCAGCC
G CCA.ACCGF_‘AAGI‘CGG

(2) P CAGTCTCGCATTCOITCG
ILGTICACAGCRTAAGAAGC

(3) T CATGGTCTTATTANTCG
AAAGTACCACAATAAGAAGT

TAACATATTCOAGGC
AGTAATTGTATAAGTCCG

GTAAAGATTCOGGAA
AGCAAr‘xG TCATTTQTAAGCCTT

(6) GCATLCATCCATCQATTCGGTA
CCTARGTAGGTAGGTAAGTTAT

Fig. 4. _The EcoDXX]I recognition sequence. The regions of DNA
containing the ten EcoDXX1 sites discussed in the text are shown
with the specific parts of the sequences boxed. The Hinfl site within
the ¢ X174 sequence is underlined

tripucleotide, a specific tetranucleotide and a spacer 5—§ base
pairs long {4—9] (T. A. Bickle, unpublished work). Thege
results, together with the results of the characterization of the
EcoDXX1 enzyme [10}, allow the final conclusion that the
restriction and modification system coded for by the £ ¢of;
plasmid pDXX1 belongs to the classical type-I R-M systems

These results also allow the conclusion that the gcncrall
ization about type-I ATP-hydrolysing restriction enzymes:
that they are a very homogeneous group, coded by allelic gcnes’
located on the chromosome and with very similar subunit
structures and reaction mechanisms, is not entirely correct. It
seems that this group of restriction enzymes is more hetero-
geneous than it was thought to be until recently. The first
example of such heterogeneity is the EcoA enzyme, which
differs from the classical enzymes in the sizes and structures
of all of the subunits and in important features of the reactjon
mechanism [9]. Another example is the EcoDXX1 enzyme
which differs from the classical enzymes, being coded b);
plasmid genes which are not allelic to the chromosomal genes
coding for other type-I enzymes (Skrzypek and Piekarowicz
unpublished work), and in the sizes of its subunits [10)]. |
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