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High resolution footprinting of a type |
methyltransferase reveals a large structural distortion
within the DNA recognition site
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ABSTRACT

The type | DNA methyltransferase M.EcoR124l is a
multi-subunit enzyme that binds to the sequence
GAANgRTCG, transferring a methyl group from S-
adenosyl methionine to a specific adenine on each
DNA strand. We have investigated the protein—-DNA
interactions in the complex by DNase | and hydroxyl
radical footprinting. The DNase | footprint is unusually
large: the protein protects the DNA on both strands for
at least two complete turns of the helix, indicating that
the enzyme completely encloses the DNA in the
complex. The higher resolution hydroxyl radical probe
shows a smaller, but still extensive, 18 bp footprint
encompassing the recognition site. Within this region,
however, there is a remarkably hyper-reactive site on
each strand. The two sites of enhanced cleavage are
co-incident with the two adenines that are the target
bases for methylation, showing that the DNA is both
accessible and highly distorted at these sites. The
hydroxyl radical footprint is unaffected by the presence
of the cofactor S-adenosyl methionine, showing that
the distorted DNA structure induced by M.EcoR124l is
formed during the initial DNA binding reaction and not
as a transient intermediate in the reaction pathway.

INTRODUCTION

DNA methylation plays a vital role in controlling gene expression
and in maintaining the integrity of the genome. Sequence specific
methylation of DNA is carried out by a wide variety of enzymes
collectively known as DNA methyltransferases (MTases). Type |
DNA methyltransferases are complex multisubunit enzymes which
bind to and methylate a specific target recognition sequence in
order to protect the host DNA from restriction by the corresponding
endonuclease (1,2). Unlike the smaller type II systems, the target
recognition sequence for type I systems is asymmetric, consisting
of two half sites 3-5 bp in length, separated by a non-specific
‘spacer’ sequence 6—8 bp long. Methylation occurs at the N6 of
two specific adenines on opposite strands, one within each half-site
of the DNA recognition sequence. Type I restriction~modification
(R-M) systems are encoded by three genes, encoding the subunits
HsdS, HsdM and HsdR (responsible for specificity, methylation

and restriction respectively). For methylation of the target sequence,
only the HsdS and HsdM subunits are required (3).

Type I R-M systems have been classified into three families
(IA, IB and IC) using a variety of genetic and biochemical criteria
(3-6). DNA sequence comparisons have shown that the HsdS
subunit consists of two highly variable domains of 150~180 amino
acid residues, and two or more regions that are well conserved
within a given family (7-9). The two variable regions of the HsdS
subunit form independent target recognition domains (TRDs),
each being responsible for recognition of one half of the bipartite
DNA recognition sequence (10,11). Based on analysis of repeated
sequences in HsdS, we have proposed a circular model for the
domain organisation in HsdS which provides the required pseudo-
dyad symmetry for the interaction with HsdM and with the DNA
(12).

Two type | methyltransferases, EcoR1241 and EcoKI, have been
over-expressed and purified in sufficient quantities for biochemical
and structural analysis. Both enzymes have been well characterised
in terms of their subunit composition, DNA binding and
enzymatic properties (13-16). The two enzymes have a similar
subunit stoichiometry, and share common features in their domain
organisation, although they differ in a number of important
respects, for example in their response to co-factor binding.

The EcoR1241 methyltransferase (M.EcoR1241) consists of
two copies of the HsdM subunit (each 58 kDa) and one HsdS
subunit (46 kDa), to form a trimeric enzyme (162 kDa) with a
subunit stoichiometry of M5>S . The binding affinity of M.EcoR 1241
for its cognate DNA recognition sequence (GAANgRTCG) is
108 M~!; methylation of either strand of the DNA recognition
sequence increases the catalytic activity of the enzyme at least
100-fold, but reduces the DNA binding affinity ~30-fold (16). We
have shown for M.EcoR1241 that DNA binding confers
considerable protection from proteolysis (17). Likewise, chemical
modification experiments show that a large fraction of the lysine
residues on the surface of the protein, principally those in the
HsdS subunit, are inaccessible in the DNA—protein complex (18).
These results all indicate that the methyltransferase undergoes a
significant conformational change when it binds to DNA.

X-ray solution scattering and circular dichroism have been
used to determine the structural parameters of M.EcoR 1241 and
its complex with DNA (19). A dramatic reduction (~70 f\) is
observed in the overall dimensions of the enzyme following DNA
binding. This structural transition appears to involve a large rotation
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