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EcoKI, a type I restriction enzyme, specifies DNA methyliransferase,
ATPase, endonuclease and DNA translocation activities. One subunit
(HsdR) of the oligomeric enzyme contributes to those activities essential
for restriction. These activities involve ATP-dependent DNA translocation
and DNA cleavage. Mutations that change amino acids within recognis-
able motifs in HsdR impair restriction. We have used an in vivo assay to
monitor the effect of these mutations on DNA translocation. The assay
follows the EcoKI-dependent entry of phage T7 DNA from the phage par-
ticle into the host cell. Earlier experiments have shown that mutations
within the seven motifs characteristic of the DEAD-box family of proteins
that comprise known or putative helicases severely impair the ATPase
activity of purified enzymes. We find that the mutations abolish DNA
translocation in vivo. This provides evidence that these motifs are relevant
to the coupling of ATP hydrolysis to DNA translocation.

Mutations that identify an endonuclease motif similar to that found at
the active site of type II restriction enzymes and other nucleases have
been shown to abolish DNA nicking activity. When conservative changes
are made at these residues, the enzymes lack nuclease activity but retain
the ability to hydrolyse ATP and to translocate DNA at wild-type levels.
It has been speculated that nicking may be necessary to resolve the topo-
logical problems associated with DNA translocation by type I restriction
and modification systems. Our experiments show that loss of the nicking
activity associated with the endonuclease motif of EcoKI has no effect on
ATPase activity in vitro or DNA translocation of the T7 genome in vivo.
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Introduction

The current interest in the action of type I restric-
tion and modification (R-M) systems, such as EcoKI,
arises from their ability to translocate DNA. Type I
R-M enzymes recognise and bind specific target
sequences within DNA and subsequently cut
unspecified DNA sequences many kilobases remote
from their recognition sequences. The available
data support the concept that a type I R-M enzyme
bound to its target sequence translocates DNA,
moving DNA towards the bound enzyme in an

ATP-dependent process (for reviews, see Bickle,
1993; King & Murray, 1994). Key enzymes or
protein complexes involved in DNA replication,
recombination, repair and transcription all have the
ability to translocate DNA. Strand separation is fun-
damental to most of these processes since it is
required to produce template strands and to gener-
ate hybrid DNA. Strand separation may be
achieved by the enzyme itself or by accessory heli-
cases (Lohman & Bjornson, 1996; Matson ef al,,
1994). The amino acid sequences of known helicases
include seven DEAD-box motifs, but not all
enzymes that possess these motifs have been shown

Abbreviations used: R-M, restriction and modification;
ssDNA, single-stranded DNA; dsDNA, double-stranded
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to have strand separation activity (Gorbalenya &
Koonin, 1993; Eisen & Lucchesi, 1998). Type I R-M
enzymes include the seven conserved DEAD-box
motifs (Gorbalenya & Koonin, 1991) and are pre-
dicted to have structural similarities with helicases
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