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Abstract. The Mcr systems (previously known as Rgl systems) of Escherichia coli
recognize and cleave specific sequences carrying methylated or hydroxymethylated
cytosines. We have cloned the mcrA gene and determined its nucleotide sequence. An 831
base pair sequence encodes the McrA protein. Analysis of the sequence data reveals that
there arc additional ORFs internal to the above. A phage T7 expression system was used
to determine the protein products encoded by the cloned mcrA gene. The results clearly
show that a 31 kDa polypeptide is responsible for McrA activity. This is in agreement with
the molecular weight deduced from sequence data. McrA protein was found to be localized
in the outer membrane of Escherichia coli. To our knowledge this is the first restriction
enzyme localized in the outer membrane of Escherichia coli.
Keywords. mcrA; el4; mcrA sequence; T7 expression system.

1. Introduction
The fundamental attribute of restriction-modification systems is selective recognition and destruction of foreign DNA (for reviews see Bickle 1982; Modrich and
Roberts 1982). The host DNA is protected from the restriction enzymes by specific
modifications; usually methylation of the cytosine or adenine residues by sequencespecific methylases (Adams and Burdon 1985), If the unmodified foreign DNA
escapes the host restriction, it will be modified by the host methylase which thereby
prevents further restriction. In contrast, the restriction system discovered by Luria
and Human (1952) actually restricts modified DNA. The Rgl system (restricts
glueoseless phage) selectively recognizes and cleaves the 5-hydroxymethylcytosine
(hmC)-containing DNA of T-even bacteriophages. In wild-type phage DNA,
glucosylation of the hmC residues is catalysed by the phage-encoded α- and ß-glucosyl
transferases, and glucosylated DNA is refractory to restriction.
The Rgl system is encoded by two loci, rglA and rg1B (Revel 1967); the former
cleaves hmCT2, T4 and T6 DNA and the latter restricts only hmCT2 and T4 DNA.
Cleavage occurs at a limited number of sites perhaps at specific sequences
(Dharmalingam and Goldberg 1976). The rglA locus maps at 25.24 min and, is
closely linked to the purB locus (Ravi et al 1985). rglB maps at a distinct locus at
98·39 min, located next to the hsdS gene of the hsdK operon (Ravi et al 1985).
DNA methylated by several type II methylases are also recognized and cleaved by
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the Rgl system (Raleigh and Wilson 1986), hence named Mcr (modified cytosine
restriction). It has been shown that mcrA and mcrBC map at the rg1A and rg1B loci
respectively (Raleigh et al 1989). The rglA and rglB loci were renamed mcrA and
mcrBC respectively (Raleigh et al 1991). Recent experiments show that the mcrA
locus is actually on an SOS-inducible cryptic prophage element e14 (Raleigh et al
1989).
We report in this communication cloning of the mcrA (rglA) gene and
identification of the protein encoded by the mcrA locus. We present evidence to
show that the mcrA gene is part of el4 and that the McrA protein is localized in the
outer membrane of Escherichia coli. The total DNA sequence of the mcrA gene is
also reported.

2.

Materials and methods

2.1 Media
LB medium (Miller 1972) was used for routine culturing of bacteria. purB
complementation was tested using M9 minimal agar (Miller 1972) without adenine.
Antibiotics were used in the following concentrations: ampicillin 50 µg/ml,
kanamycin 50 µg/ml and tetracycline 20 µg/ml.
2.2 Bacteria, bacteriophages and plasmids
Bacterial strains, bacteriophages and plasmids used in this study are described in
table 1. The plasmid constructs used in this study are given in figure l. The series of
plasmids 351, 451 and 551 (and their derivatives) are constructed with the vectors
pUCI8, pBR322 and pT7–1 respectively.
2.3 Enzymes and chemicals
Restriction endonucleases, T4 DNA ligase and DNA polymerase I (Klenow
fragment) were from New England Biolabs (Beverly, USA) or Pharmacia
(Pharmacia LKB Biotechnology International AB, Sweden). EcoRI was prepared in
our lab. Nuclease S1 and exonuclease III were from Promega Corporation
(Madison, USA). Deoxyribonucleosidetriphosphates and dideoxyribonucleosidetriphosphates were from Bethesda Research Laboratories (Maryland, USA).
[α-32P]dATP, [α-35S]dATP and L[35S]methionine were from Amersham International plc (Amersham, UK).
2.4 RglA and McrA assays
The RglA activity was measured as the plating efficiency of hmCT6 on a given
strain compared to a permissive host (HR 112). λ-phage propagated on E. coli
strains carrying HpaII methylase plasmids were modified at the HpaII recognition
sites. These phages (λ.HpaII) were restricted by McrA activity, and hence the McrA
activity was quantified by calculating the plating efficiency of λ.HpaII, on a given
strain when compared to that on a permissive host.

mcrA locus and McrA protein in E. coli
Table 1.

Bacterial strains, bacteriophages and plastids.
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Figure 1. Subcloning of mcrA locus in phage T7 RNA polymerase/promoter expression
vector pT7-1, pUC18 and pBR322. The 1·6 kb PstI mcrA fragment from pDRR451·1 was
subcloned in the multiple cloning site of pT7–I to get pDRR551·1 and pDRR5512 (ampR,
mcrA+ recombinant)· pDRR551.3 carries the 1 kb PstI-HpaI mcrA fragment· To introduce
a mutation in the mcrA clone, the HindIII site in the insert was cut, filled and religated.
pDRR551·1 was used for the purpose· Partially digested (there is another HindIII site in
the vector) linear fragments were eluted and the filled ends religated to get pDRR551·6.
pDRR551·7 was constructed from pDRR551·6. The mutant clones were tested for insert
size and plating efficiency of hmCT6. The series of plasmids 351, 451 and 551 carry vector
sequences from pUC18, pBR322 and pT7–1 respectively. The decimal number indicates the
corresponding fragment cloned in the above three vectors. PstI-HindIII fragment (0·7 kb)
was cloned in pUCI8 multiple cloning site to get pDRR351·4. Similarly HindIII-PstI
fragment (0·9kb) was cloned in pUC18 to yield pDRR351·5· Arrow indicates the direction of
transcription from phage T7 promoter· Restriction-site symbols used are P-PstI; HHindlIl; Hp-HpaI and H(filled)-HindIII (filled)·

2.5

DNA isolation and manipulatian

Restriction endonuclease digestion and ligation were carried out as recommended
by the manufacturers. Transformation of competent E.coli cells with ligated DNA
mixtures or plasmid was done according to published procedures (Dagert and
Ehrlich 1979). Plasmid DNA was prepared according to published procedures
(Ausubel et al 1987). Chromosomal DNA from E.coli was prepared according to
Lewington et al (1987). Southern blot and DNA hybridizations were carried out
with minor modifications of the original procedure (Southern 1975). Probe DNA
was prepared by nick translation (Rigby et al 1977; Hopwood et al 1985) using
[α-32P]dATP.
2.6 Sequencing
The M13 clones carrying mcrA inserts were sequenced by the dideoxy chain
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termination method as described by Sanger et al (1977), with minor modifications,
using [α-35S]dATP and universal sequencing primer.
2.7 Identification of mcrA-encoded polypeptides in phage T7 expression system
The mcrA encoded polypeptides in a phage T7 expression system were identified
essentially as described earlier (Tabor and Richardson 1985), except that rifampicin
at 500 µg/ml was used. Sodium dodecyl sulphate (SDS)-polyacrylamide gel
electrophoresis (PAGE) was performed as described earlier (Dharmalingam and
Goldberg 1979).
2.8 Preparation of outer and inner membrane proteins
Outer and inner membranes were prepared as sarkosyl-insoluble and sarkosylsoluble fractions of the total membrane preparation, according to published
procedures (Billimire and Duckworth 1976; Filip et al 1973) except that sucrosegradient centrifugation was omitted. Protein samples in the sample buffer were
incubated in boiling water bath for 3 min prior to loading on to a 12% SDSpolyacrylamide gel. Gel electrophoresis was carried out as described by Laemmli
and Favre (1973) and Dharmalingam and Goldberg (1979). 35S-labelled proteins
were identified by fluorography (Laskey 1980).
3. Results
3.1 In vivo cloning of mcrA gene
In vivo cloning method of Groisman and Casadaban (1986) was followed for
cloning the mcrA gene, using the mini-Mu replicon pEG5005, a multicopy plasmid
which encodes ampicillin and kanamycin resistances. W3110 : : Mu cts cells were
transformed with pEG5005 and one of the transformants was heat-induced at
42°C. Even though most of the cells failed to lyse after incubation at 42°C for
2 h, a lysate with a phage titre of 109 PFU/ml could be made. This lysate was
further concentrated and used for infecting DRR110 (mcrA ) Mu cts cells, and
kanamycin-resistant transformants were selected. T-even phages hmCT6 and
hmCT4 plated on one of the transformants (from a total of 621 kanamycin-resistant
colonies checked) at an efficiency of 10–7 and 10–4 respectively when compared to
their plating efficiency on a permissive host. Plasmid DNA was isolated from the
above transformant and was used to transform DRR110 Mu cts cells. All the 35
kanamycin-resistant transformants tested restricted hmCT6 and hmCT4. This
implies that they carried the gene encoding the McrA protein. Plasmid DNA from
one such transformant (pDRR750·3) was used for further experiments.
Earlier it has been shown that the purB and mcrA genes are located close to each
other (Ravi et al 1985). Therefore it is likely that the purB locus could also be
present in pDRR750·3 since the maximum size of insert DNA that could be
expected in the recombinant plasmid is 31 kb (Groisman and Casadaban 1986). In
order to test the above prediction RS3032:: Mu cts (mcrA mutant) cells were
transformed with pDRR750·3 and the kanamycin-resistant transformants were

222

R Ramalingam et al

tested for rglA and purB phenotypes. The kanamycin-resistant transformants (thirty
five colonies checked) which restricted hmCT6 also grew in M9 minimal agar plates
without adenine, confirming that purB gene is also present on the cloned insert
DNA.
3.2 Subcloning of mcrA gene
The PstI fragments of pDRR750·3 were ligated to pUC18 digested with PstI and
the ligated mixture was used to transform DSS221. Eight ampicillin-resistant
transformants (among 283 checked) restricted hmCT6. One of the representative
clones (pDRR351·1) was used for further experiments. Figure 1 shows the subclones
derived from pDRR351·1. Results shown in table 2 indicate that, among the
subclones, only pDRR351·3 carrying the 1 kb PstI-HpaI insert restricts hmCT6,
implying that pDRR351·3 carries the entire mcrA gene. λ.HpaII also plated at an
efficiency of 0·08 on pDRR351·3. This implies that this 1 kb PstI-HpaI fragment is
sufficient to encode both RglA and McrA activities.
Table 2. RgIA and McrA phenotypes of the recombinant
plasmids.

*Efficiency of plating (e.o.p) was calculated as the ratio of
the titer of phage on the test strain to that on the
permissive host HR112.

3.3 Physical location of the mcrA gene on the E.coli chromosome
It has been shown recently (Raleigh et al 1989) that mcrA gene is carried on a
cryptic prophage e14. However, to our knowledge, no physical evidence has been
presented to confirm the above observation. In order to show whether the loss of
e14 would lead to the loss of mcrA gene, W31IO cells were UV-irradiated (50J/m2
which resulted in a survival of 2% cells), since it was shown that e14 is SOSinducible (Greener and Hill 1980). Among the survivors, 75°A (9 out of the 12
colonies tested) were permissive for hmCT6. Chromosomal DNA was isolated from
two such cultures and digested with PstI. The restricted DNA was transferred to
nitrocellulose membrane and hybridized with 32P-labelled pDRR451·3 (figure 1). A
9 kb fragment of W3110 hybridized with the probe. However the corresponding
fragment was absent in the DNA extracted from UV-treated cells, which are
permissive for hmCT6. DNA isolated from the mcrA– mcrBC– (HR112) strain also
failed to show any hybridization with the probe (figure 2). A PstI fragment of 9 kb
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Figure 2. Southern blot analysis of chromosomal DNA of wild type and mcrA mutants of
E. coli. Chromosomal DNA was isolated as described under §2. Total chromosomal DNA
was digested with PstI and electrophoresed in 0·7% agarose gels. DNA was transferred to
nitrocellulose filters and hybridized with the labelled 1 kb insert DNA from pDRR451·3.
W3110 e14°1, and W3110 e14°2 were two independent isolates of W3110 which are
mcrA–, A 9 kb DNA fragment hybridizing to the probe is indicated on the right.
(I) W3110 e14° 1, (2) W3110 e14° 2, (3) HR112 and (4) W3110 e14+.

was observed in the physical map of E.coli chromosome (Kohara et al 1987) at
25·24 min (see §4). These results along with the sequence data (figure 5) confirm that
the mcrA gene is on the SOS-inducible prophage e14.
3.4

Identification of mcrA-encoded proteins

The protein products and direction of transcription of the mcrA gene were
analysed using the phage T7 expression system (Tabor and Richardson 1985). The
1·6 kb PstI fragment from pDRR451·1 was cloned in pT7–1 in both orientations
(pDRR551·1 and pDRR551·2) and the 1 kb PstI-HpaI fragment was also cloned in
pT7–1 (pDRR551·3). HR112(pGP1–2) cells carrying the above constructs were used
for identifying the mcrA-encoded proteins. pDRR551·1 synthesized a 31 kDa
polypeptide (figure 3). The 1·6 kb insert in the opposite orientation (pDRR551·2)
failed to encode this protein. pDRR551.3 also encoded a single 31 kDa polypeptide.
pDRR551·6 and pDRR551·7 were constructed by filling the unique HindIII site
within the coding region of the mcrA gene followed by ligation of the blunt ends.
These two constructs showed a 23 kDa polypeptide. Filling of HindIII site should
produce a stop codon at base co-ordinates 732–734 in ORF I (figure 5) and this will
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Figure 3. Analysis of mcrA encoded polypeptides in phage T7 expression system.
Polypeptides synthesized by the mcrA locus cloned under T7 promoter were labelled with
L[35S]methionine as described under §2 and were analysed in 12% SDS-PAGE. Lanes:(1)
pT7-I, (2) pDRR551·1, (3) pDRR551·2, (4) pDRR551·3, (5) pDRR551·6 and (6) pDRR551·7.
Molecular weight (kDa) of the standard proteins is marked on the left and that of the
polypeptides encoded by the insert DNA fragments are marked on the right.
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lead to the synthesis of a 23126–Da truncated polypeptide as calculated from
deduced amino acid sequence.

3.5 Nucleotide sequence of the mcrA gene
The clones used for sequencing the mcrA gene are shown in figure 4 and the details
of construction are described in the figure legend. In the 1040 bp sequence (figure 5),
there is an open reading frame from bp 124–954. This open reading frame is
preceded by a promoter-like sequence, and a ribosome binding site. This 831 bp
long ORF could encode a polypeptide of 277 amino acids with a calculated
molecular mass of 31325 daltons. Inspite of –10 and –35 consensus sequences
observed for ORFs II and IV, corresponding sized polypeptides were not observed
in vivo. ORF I alone appears to be expressed.
Earlier sequence data (van de Putte et al 1984) of the part of pin gene end region
corresponds to mcrA sequence (figure 5) from co-ordinates 1 to 142 reported here.
pin locus stop codon is actually located between co-ordinates 11 and 13. We have
found differences in the reported sequence. Differences in mcrA vs pin sequences
respectively are in co-ordinates 59(C vs CC), 68–69(GC vs CG), 88(A vs CA), 100(A
not found), 115(A not found), 126–127(GC vs CG) and 140(A vs C). To resolve these
differences the entire DNA was sequenced several times in both orientations. The
correctness of our sequence was tested by cleaving the 1 kb insert DNA with
AluI(160), BstNI(368), HaeIII(219), Hinfl(208), HpaII(220), Sau3A1(1015) and
TaqI(169) (data not given). Further the detection of 31 kDa polypeptide in phage
T7 expression system supports the presence of ORF I capable of encoding 31 kDa
peptide. When the paper was submitted for publication a report on the sequence of
mcrA was published (Hiom and Sedgwick 1991). The sequence in the coding region
is identical to that reported here. However the –10 and –35 consensus sequences
pointed out by the above authors is incorrect, because the SD sequences should
then come within the coding region. The transcription start site analysis would
confirm our result.

3.6 Localization of McrA protein
Based on indirect evidence it was suggested that the McrA protein could be a
membrane protein (Dharmalingam and Goldberg 1976). The outer and inner
membrane proteins were purified and analysed in 12% SDS-PAGE and the protein
bands were visualized by autoradiography. The 31 kDa McrA protein induced in
the phage T7 expression system encoded by HR112 (pDRR551·1) was detected only
in the outer membrane of E.coli and not in the inner membrane (figure 6). However
almost 70% of the McrA protein remained in the cytoplasmic fraction, it is likely to
be due to over production of the McrA by the phage T7 expression system. The
outer membrane preparation had only major outer membrane proteins as observed
in the Coomassie blue stained gel (data not shown). However additional
experiments are needed to confirm the localization of this protein as an integral
part of outer membrane.
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Figure 4. Strategy used for sequencing the mcrA gene. The clones carrying the numbers
18 and I9 represent MI3mpl8 and MI3mpI9 respectively. 18·4 and 19·3 were the
recombinants carrying a 0·7 kb PstI-HindIII fragment taken from pDRR351·1. 18·1 was
carrying 0·9 kb PstI-HindIII fragment taken from pDRR351·1 (PstI site on the right not in
figure—indicated by dotted line). 19·3 DNA was cleaved with PstI and HindIII and the
0·7 kb fragment was electroeluted from agarose gels and digested with Alul and ligated to
HincII-cleaved Ml3mp19. The orientation of the .0·4 kb Alul insert was checked by C-test
(Messing 1983). 19·3·1 and 19·3·2 were two such clones carrying the insert in the opposite
orientations. To construct exonuclease III-mediated deletions, 19·0 a M13mp19 construct
carrying the 1·6 kb PstI insert, was first linearized with KpnI followed by XbaI (both sites
in the vector). The linear DNA molecules were purified and resuspended in ExoIII reaction
mixture. Aliquots were withdrawn at 30s intervals, treated with nuclease SI followed by
"Klenow" fragment and dNTPs and ligated (Henikoff 1984). RF DNA from individual
plaques were isolated to check the size of the inserts. E30·5 and E30·2 were two such exoIII
deletion clones (PstI site on the right not in figure—indicated by dotted line). 19·61 was a
I kb Pstl-HpaI insert in M13rnp19. The HpaII 0·25 kb (co-ordinates 220–473) fragment
ends were filled and cloned in HincII site of M13mp18 to get 18·5. PstI-HpaII (coordinates l–220) fragment ends were made blunt and cloned in HincII site of B13mp18 to
get 18·6. p.18 was made with a 0·21 kb fragment generated by polymerase time course
deletion of 19·3. Single stranded DNA of 19·3 was used as template to extend the universal
primer with "Klenow" fragment. Aliquots were drawn at different Lime intervals of
incubation. Reaction was stopped by mixing the aliquots in phenol: chloroform. All the
aliquots were pooled, SI digested, cleaved with EcoRI and cloned into EcoRI-HincII site of
M13mpI8. Of the many plaques obtained, one was p.18. The insert in each clone has been
shown as open bar and thin line. The extent of sequencing is shown as open bar. Arrows
indicate the direction of sequencing (5'– – – 3'). Restriction site symbols used are Al-AluI,
H2-HpaII, D-HindIII, Hc-HincII, Hp-HpaI and P-PstI.
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Figure 5. Nucleotide sequence of the mcrA locus. Clones described in figure 4 were used
for DNA sequencing by dideoxy chain termination method. The largest ORF (ORF I)
starts at 124 bp, preceded by a SD sequence, —10 and —35 regions, which are underlined.
Other three smaller ORFs beginning at bp 337, 421 and 601 are also marked. The
probable SD sequence, —10 and —35 regions for ORFs II and IV are underlined. All the
four ORFs terminate at the STOP codon TAA. Some of the restriction sites used for
testing the sequence are also marked. The inverted repeats that probably form the stemPresumptive stop codon for HindIII
loop structure is indicated by
filled mutants is marked with broken line.
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Figure 6. Localization of the McrA protein expressed from T7 system. Cytoplasmic,
outer membrane and inner membrane protein fractions were prepared from induced and
labelled cultures of HRII2(pT7–1) and HRII2(pDRR551·1). Samples were loaded in a
12% SDS-PAGE. The gel was stained and fluorographed. Molecular weight of the
standard proteins is marked. The 31 kDa McrA protein is marked on the right. Lanes 1
and 2, cytoplasmic fraction from HR112(pT7–1) and HR112(pDRR551·1). Lane 3 and 4,
outer membrane fraction from HR112(pT7–1) and HRII2(pDRR551·1). Lanes 5 and 6,
inner membrane fraction from HR112(pT7–1) and HR112(pDRR551·1).

4. Discussion
Our results provide the direct proof that RglA and McrA activities are encoded by
the 831 base pair sequence within the 1 kb PstI-HpaI fragment. Deletion of
sequences downstream of HpaI site in the 1·6 kb PstI insert (pDRR351·3) did not
cause any change in the level of RglA or McrA restriction. Deletion of sequences
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upstream or downstream of the unique HindIII site abolished both RglA and McrA
activities. The mcrA 1272:: Tn10 insertion (Brody et a! 1985) is located about 100
base pairs upstream of the HindIII site (Raleigh et al 1989) and was shown to be
defective in RglA and McrA activities. This observation is in agreement with our
results (table 2).
The genetic element el4 carries several genes, including the pin locus (van de
Putte et al 1984), sfiC [(suppressor of filamentation) (Maguin et al 1986)] and lit gene
which affects T4 late gene expression (Kao and Snyder 1988). It was suggested
(Raleigh et al 1989) that mcrA is also part of the el4 element. Since e14 is excised
from the chromosome by SOS-inducing agents we tested the UV-irradiated cultures
for simultaneous loss of e14 and mcrA. Seventy five per cent of the survivors of UVtreated cultures were rncrA mutants. In these mutants a 9 kb PstI fragment of e14
(see below) hybridizing with pDRR451·3 was missing. These results taken together
with the sequence overlap between the pin locus of e14 and mcrA clearly show that
mcrA gene is part of the e14 element.
According to the published physical map of pin locus (Kutsukake et al 1985)
there is a BgIII site in the coding region and the right end of the pin locus is
demarcated by a PstI site. The l·6 kb Pstl insert in pDRR 351·1 lacks this BgIII site
and indeed the mcrA promoter region is near the Pstl site where the pin locus ends.
Hence we rule out the possible involvement of pin gene in RglA phenotype as
suggested earlier (Raleigh et al 1989). Since the exact location of the sfiC within the
e14 is not known the possibility that sfiC having the same sequence as mcrA, could
not be overruled. Transformation of an E. coli recA (Tie sfiA sfiC strain with
pDRR351·1 or pDRR351·3 and analysis of the SfiC phenotype of these constructs
might reveal whether the same sequence encodes SfiC and McrA.
During the subcloning of the mcrA gene from pDRR750.3, part of the vector
(Mu) sequences was also included and the second PstI site (right) in the l·6 kb Pstl
fragment (figure 1) was from the Mu sequences. Comparison of the restriction map
of the 1·6 kb insert and e14 places the 1·6 kb insert at the right most end of the e14
preceding the 439 bp attR site. Sequences of e14 end after the 439 bp attR site
(Brody and Hill 1988) and there is no PstI site at the right end of e14. The next PstI
site in the chromosome is 9 kb away (Kohara et al 1987). This conclusion is
strengthened by the observation that pDRR451·3 hybridizes with a 9 kb PstI
fragment from the W3110 chromosome (figure 2). This 9 kb fragment includes the
1 kb mcrA gene, 439 bp attR-e14 site and a 7·6 kb chromosomal DNA fragment
adjacent to the e14 element.
In the phage T7 expression system, the 1·6 kb insert directed the synthesis of a
polypeptide when cloned downstream of T7 promoter in one orientation
(pDRR551·1) but not in the opposite orientation (pDRR551·2). This result implies
that the direction of transcription of mcrA gene is from left to right with reference
to the restriction map of 1·6 kb insert, or from attL, to attR in e14. This prediction is
in agreement with the ORF found in the DNA sequence. The promoter of ORF I
which encodes the 31 kDa polypeptide starts upstream of the HindlIl site and
terminates near the Hpal site. This observation is strengthened by the fact that
HindIII-filled mutants encode a 23 kDa truncated polypeptide due to the premature
termination of ORF I. Additional experiments are needed to show whether the
other ORFs (see figure 3) are transcribed and translated.
The differences between pin gene sequence data (van de Putte et al 1984) and
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mcrA gene sequence data in the base co-ordinates 1 to 142 were resolved by
sequencing the region with the help of several M13 constructs in both orientations.
Our sequence appears to be correct since the expected restriction enzyme sites are
indeed present, and the polypeptide of expected size encoded by ORF I was also
found in the phage T7 expression system.
It has been shown earlier that T2, T4 and T6 wild type phages could replicate
and produce a normal burst of unmodified hmC phages in McrA+ McrBC–
GalU– host. Since the replicating hmC phages were not restricted in the cytoplasm
by RglA function, it was proposed that RglA function is localized in the membrane
(Fukasava 1964). The second line of evidence came from experiments showing that
the super infecting hmCT6 phage DNA is protected from restriction by a primary
infecting T4 imm phage in E.coli B even if the expression of primary infecting
phage was inhibited with chloramphenicol (Dharmalingam and Goldberg 1976).
This observation was interpreted that simple attachment of the primary phage to
the cell membrane is sufficient to inactivate the RglA function by destabilizing the
membrane. However, there was no physical evidence to support this hypothesis.
Experiments reported here suggest that the 31 kDa McrA protein is most likely
localized in the outer membrane. However we could not detect a signal sequence
characteristic of exported and membrane proteins in the amino terminal end of the
McrA polypeptide deduced from the DNA sequence. In this respect McrA protein
resembles bacterial leader peptidase which has been shown to insert into the
cytoplasmic membrane (Wolfe and Wickner 1984) even though this protein does not
have a leader peptide sequence. Similarly colicin E2, a protein without a signal
peptide sequence, has been shown to be secreted from the cells (Pugsley and
Schwartz 1984). However additional experiments are needed to confirm the
membrane-associated restriction activity. Assuming that McrA protein is localized
in the membrane, it is probable that the incoming DNA is restricted during the
injection of the phage DNA. In the T7 expression system almost 70% of the McrA
protein remained in the cytoplasm. This could be due to overexpression of the
McrA protein in T7 expression system. Presumably excessive proteins could not
reach the outer membrane due to the overloading of the transport system.
Additional experiments are needed to clarify this observation. To our knowledge
this is the first restriction enzyme which performs the restriction function by
cleaving the entering foreign DNA in the membrane itself.
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