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Abstract The host-controlled EcoK restriction of unmodified
phage VV was five-fold alleviated in the wild-type Escherichia coli
strain K12 carrying the R64 plasmid of the incompatibility group
I1. The relevant gene was mapped between the origin of
vegetative replication (rep, oriV) and the tetr gene about 60
kbp downstream from the origin of transfer, oriT. We cloned this
gene inside the 613 bp long EcoRI-PstI fragment and sequenced
it. Only one 351 bp long open reading frame (ORF) starting at
124 bp from the beginning of the insert was found in the
sequence. Computer search in the current databases revealed that
the putative protein is identical to the ArsR protein specified by
the IncFI plasmid R773. ArsR is a repressor of the arsenical
resistance (ars) operon, arsRDABC. There are no arsABC genes
in the R64 plasmid since plasmid R64- (or pSR8)-mediated
resistance of E. coli K12 cells to the arsenicals arsenate and
arsenite was not detected. The gene arsR and the antirestriction
genes ard (ardA and ardB) are non-homologous. However,
comparison of the deduced amino acid sequence of ArsR with the
ArdA and ArdB sequences revealed only one small region of
similarity, a 9 amino acid motif found in different antirestriction
proteins that is hypothesized to be an interaction site for
antirestriction proteins with restriction endonucleases.
z 1998 Federation of European Biochemical Societies.
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1. Introduction

Self-transmissible plasmids of the IncI1, B/O, K, FV and N
incompatibility groups were shown to be able to weaken the
action of type I restriction enzymes upon non-modi¢ed DNA
(Ard phenotype) [1,2]. The antirestriction genes ardAB were
mapped in the plasmids in the leading regions 4^9 kbp down-
stream from oriT and were shown to exhibit the speci¢city of
inhibition of type I restriction enzymes [2^6].

In this paper we show that the IncI1 self-transmissible plas-
mid R64 [7,8] carries an ard-type gene that e¤ciently prevents
EcoK restriction in Escherichia coli K12. The location of this
gene, its nucleotide sequence, and some aspects of its function
are reported. Comparison of the deduced amino acid sequence
of the antirestriction protein of plasmid R64 and ArsR pro-
tein (the repressor of the arsRDABC operon) of IncFI plas-
mid R773 [9] revealed that these proteins have 100% identity.
The ArsR and Ard (ArdA and ArdB) proteins are non-ho-
mologous, but share a small region of homology containing
nine amino acid residues, the `antirestriction motif'. Currently
the ars genes in two self-transmissible plasmids, R773 (IncFI)

and R46 (IncN), are known [9,10]. However, there were no
data about the location of the ars genes in the R64 plasmid.

2. Materials and methods

2.1. Bacterial strains and media
AB1157 is an F3 derivative of E. coli K12 having the genotype thr-

1 leu-6 proA2 his-4 thi-1 argE3 lacY1 galK2 ara-14 xyl-5 mtl-1 tsx-33
rpsL31 supE44; Ab2463 is the recA13 derivative of AB1157. JM101
thi supE44 v(lac-proAB) FP (traD36 proAB� lacIq lacZvM15); TG1
hsdR17 hsdM thi relA1 supE44 v(lac-proAB) FP (traD36 proAB� lacIq

lacZvM15). E. coli C romo.
The bacteriophage referred to as V was Vvir kindly provided by Dr.

R. Devoret, France. Unmodi¢ed phage, denoted V.0, was grown on E.
coli C romo lacking restriction and modi¢cation functions. Modi¢ed
phage, denoted as V.K, was grown on the rk

�mk
� strain AB1157.

2.2. DNA manipulations and plasmid constructions
Standard procedures were used [11].

2.3. DNA sequence analysis
The nucleotide sequence of the 613 bp EcoRI-PstI fragment from

plasmid R64 was determined by the dideoxy chain termination meth-
od [12].

2.4. Measurement of antirestriction activity
The antirestriction activity of plasmids was de¢ned as the ratio of

the e¤ciency of plating (EOP) of unmodi¢ed phage V.0 on the exper-
imental (plasmid-bearing) strain to the EOP on the control (plasmid-
less) restriction strain [5].

3. Results and discussion

3.1. Cloning of the R64 fragments
Previously, we found that EcoK restriction of unmodi¢ed

phage V.0 was ¢ve-fold alleviated in the E. coli K12 strains
harboring plasmid R64 [5] (Table 1). The locus specifying the
function of alleviation of EcoK restriction was identi¢ed by
subcloning various EcoRI restriction fragments of R64 in the
pUC18 vector (Fig. 1). Recombinant plasmid pSM8 carrying
the 9.3 kbp EcoRI-D fragment e¤ciently (20-fold) prevented
EcoK restriction of phage V.0 in E. coli K12 (Table 1). This
increase in the antirestriction activity presumably re£ects an
increased copy number of the gene after subcloning in a multi-
copy vector. Subsequent subcloning allowed us to limit the
antirestriction locus in a 0.6 kbp EcoRI-PstI fragment in the
recombinant plasmid pSR13 that also e¤ciently (20-fold) pre-
vented EcoK restriction of phage V.0 in E. coli K12 (Fig. 1
and Table 1). The IPTG inducer strengthens the antirestric-
tion e¡ect of plasmid pSR13 about three-fold (Table 2), sug-
gesting the orientation of the antirestriction gene with respect
to the lac promoter from the EcoRI to PstI sites.

3.2. Nucleotide sequence of the R64 antirestriction gene
The nucleotide sequence of the antirestriction locus was
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determined for both strands. The nucleotide sequence of the
plus strand is shown in Fig. 2. Only one rather long ORF
spacing from 124 to 475 bp was found in the sequence, which
presumably encodes a polypeptide of 117 amino acid residues.
The starting ATG codon is located at nucleotide 124 and
follows 4 bp downstream of a strong Shine-Dalgarno
GGAGG sequence. Upstream of the ORF, the ATACTT
hexamer (at position 310) and the TTGACTT sequence (at
position 335) are located at 97^102 and 73^80 bp, respec-
tively.

We searched for the nucleotide sequence of the R64 EcoRI-
PstI fragment in the current nucleotide databases using the
Blast 2.0 program. We have observed that our sequence is
practically identical to the nucleotide sequence of the arsR
gene from the R773 plasmid (incFI) [9] (see Fig. 2). It is
known that the ars operon (arsRDABC genes) in E. coli
R773 plasmid confers high-level resistance to arsenicals and
antimonials [13,14]. The product of the ¢rst gene of the oper-
on, the 117 residue ArsR protein, has been shown to be a
trans-acting repressor that is a sensor of environmental
As(III) and Sb(III) [14]. This 13 kDa protein belongs to the
ArsR family of metalloregulatory proteins that respond to a
variety of metals including As(III), Sb(III), Cd(II), and Zn(II)
[15]. However, the basic arsABC genes are not present in the
R64 plasmid, because this plasmid and the recombinant pSR8
plasmid do not determine high resistance of E. coli cells to
meta-arsenite (data not shown).

3.3. Comparison of ArsR and Ard proteins
The nucleotide sequences of arsR and ardA or ardB genes

are non-homologous. However, ArsR, ArdA and ArdB pro-
teins, which are also non-homologous, reveal a functional
similarity in inhibition of EcoK (type I) restriction. Analysis
of the deduced amino acid sequence of ArsR revealed that in
contrast to the strongly acidic ArdA (an excess of 25^29 neg-
atively charged amino acids) and the slightly acidic ArdB (an
excess of only seven acidic residues) [2,6,16], ArsR is charged
slightly positively (+2). The antirestriction proteins (ArdA,
ArdB and T7 phage 0.3) share only one small region of ho-
mology containing nine amino acid residues (`antirestrictase
motif') [6]. Interestingly, this region is also conserved in the
R64 ArsR protein (Table 3). In contrast to Ard proteins, in
ArsR the `antirestrictase motif' is located at the N-terminus of
the polypeptide. However, the N-terminal part of the ArdA
protein (90^95 amino acid residues from 166) is non-essential
for Ard activity [16]. Similarly, the C-terminal 27 amino acid
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Table 1
E¡ects of antirestriction locus of R64 on EcoK restriction in E. coli K12 JM101 r�m�

Plasmid EOP of test phage V.0, K�a Relief of restriction, Rb Antirestriction phenotype

pUC18 2.0U1034 1 3
R64 1.0U1033 5 +
pSR8 4.0U1033 20c +
pSR13 4.0U1033 20 +
aThe EOP (K) of unmodi¢ed test phage V.0 was determined as the ratio of phage titer on the restricting strain E. coli JM101 to the titer on the non-
restricting strain E. coli TG1. K3 was determined on the JM101 strain without plasmid, K� on the same strain carrying plasmid.
bR = K�/K3.
cOn the AB1157 strain with pSR8 plasmid R=70^90. In all cases the plating e¤ciency of modi¢ed phage V.K was equal to 1.

Fig. 1. Restriction map of recombinant plasmids carrying the R64 arsR locus. The top line indicates kilobase coordinates on the R64 map.
The lower lines show restriction sites and the location of the origin of transfer (oriT), rep region, sog, ibf, rci, tet, str, and arsR genes. pUC18
vector is shown by the thick line. Transcription of arsR is from right to left. Restriction sites are: E, EcoRI; P, PstI.

Fig. 2. Nucleotide sequence of the EcoRI-PstI fragment of R64.
The sequence numbering begins at the EcoRI site located upstream
of arsR and extends to the PstI site. The deduced amino acid se-
quence (ORF) is shown. The potential 310 and 335 sequences and
the putative Shine-Dalgarno site (SD) are underlined. The initiation
ATG codon and the TAA stop codon are shown in bold. Several
deviations are shown in bold, top symbols belong to R773. Other
indications are de¢ned in the text.
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residues in ArsR protein are not essential for repressor activ-
ity [17].

The ArsR sequence 30-ELCVCDL has been proposed to
form a portion of the metal As(III) binding domain [20].
This domain partly overlaps with the antirestriction domain
(Fig. 2). When binding with As(III), ArsR loses activity as a
repressor of the ars operon [20]. Therefore we propose that
the binding of As(III) with ArsR could lead to the loss of
both repressor and antirestriction activities. As seen in Table
4, the antirestriction activity of ArsR on a medium containing
meta-arsenite is decreased about ¢ve-fold. We cannot increase
the concentration of arsenite in the medium because it would
be lethal for the E. coli cells.

ArsR protein has a moderate Ard activity. In the pUC18
vector in the normal orientation with respect to the lac pro-
moter and in the presence of IPTG, the arsR-induced allevia-
tion of EcoK restriction of unmodi¢ed phage V.0 is up to 50^

100-fold (Table 2). In the same conditions of cloning, the
ardA genes exhibit alleviation of the EcoK restriction of V.0
up to 6000^8000-fold [2,6,16].

A number of arsenic/antimony resistance (ars) operons have
been identi¢ed from both Gram-negative and Gram-positive
bacterial plasmids [21,22]. All of them share a common or-
ganization and have the gene specifying the regulatory ArsR
protein. We suppose that the metalloregulatory proteins could
possess antirestriction activity indispensable for the presence
of the `antirestriction motif' in the amino acid sequence.
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Table 2
E¡ects of the inducer (IPTG) on the pSR13-induced alleviation of
EcoK restriction of phage V.0 in E. coli K12 JM101a

Plasmid EOP of test phage V.0, K� Relief of restriction, R

3IPTG +IPTG 3IPTG +IPTG

pUC18 2.0U1034 2.0U1034 1 1
pSR13 4.0U1033 1.2U1032 20 60
aSee footnote to Table 1.

Table 3
`Antirestriction motif' in amino acid sequences of ArsR and antire-
strictase proteins

Gene Plasmid Sequence Reference

ardA ColIb-P9 (IncI1) 130-LLADVPETV [16]
ardA R16 (IncB) 131-LLADVPETV [2]
ardA pKM101 (IncN) 131-LLNEIPESV [18]
ardA Folac (IncFV) 132-LLNEVPEPL [2]
ardB pKM101 (IncN) 120-LLREYVETL [6]
arsR R64 (IncI1) 24-LLREMGELC This study
ocr (0.3) phage T7 101-LLNEYLEEV [19]

Identical amino acids and negatively charged Asp and Glu (D and E)
are shown in bold.

Table 4
E¡ects of arsenite on the pSR13-induced alleviation of EcoK restric-
tion in E. coli K12 JM101a

Plasmid EOP of test phage V.0 Relief of restriction, R

3arsenite +arsenite 3arsenite +arsenite

pUC18 2U1034 2U1034 1 1
pSR13 1U1032 2U1033 50 10
aSee footnote to Table 1.
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