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SUMMARY

The construction of a variety of strains deficient in the methylation of adenine and cytosine residues in DNA by the
methyltransferases (MTases) Dam and Dcm has allowed the study of the role of these enzymes in the biology of
Escherichia coli. Dam methylation has been shown to play a role in coordinating DNA replication initiation, DNA
mismatch repair and the regulation of expression of some genes. The regulation of expression of dam has been found
to be complex and influenced by five promoters. A role for Dcm methylation in the cell remains elusive and dem™ cells
have no obvious phenotype. dam™ and dem™ strains have a range of uses in molecular biology and bacterial genetics,
including preparation of DNA for restriction by some restriction endonucleases, for transformation into other bacterial
species, nucleotide sequencing and site-directed mutagenesis. A variety of assays are available for rapid detection of
both the Dam and Dcm phenotypes. A number of restriction systems in E. coli have been described which recognise
foreign DNA methylation, but ignore Dam and Dcm methylation. Here, we describe the most commonly used mutant
alleles of dam and dcm and the characteristics of a variety of the strains that carry these genes. A description of several
plasmids that carry dam gene constructs is also included.

INTRODUCTION

Escherichia coli K-12 strains containing mutations in
genes encoding the methylation of adenine and cytosine
in DNA were first isolated in 1972 (Marinus and Morris,
1973). These genes were designated dam and dcm, respec-
tively. The presence of dam and dem mutations in a strain
was identified by an assay which detected the methylation
of mutant strain DNA by a wt cell extract, indicating the
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lack of normal methylation. This observation was con-
firmed by chemical degradation of isolated chromosomal
DNA from mutated isolates, followed by thin layer chro-
matography of the DNA degradation products to deter-
mine the presence or absence of methylated bases.
Subsequent mapping studies located the dam gene at 74
min and dem at 43 min on the E. coli K-12 chromosome
map (Marinus, 1973; Bachmann, 1990) and further study
yielded data which suggests the roles that these two genes
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have to play in the biology of E. coli (Marinus and
Morris, 1974).

METHYLATION BY Dam AND Dcm

(a) Biological function for Dam methylation

Studies of the role of the Dam methylation in the biol-
ogy of the E. coli cell have revealed that the dam gene
product plays a role in the repair of DNA mismatches.
Dam methylation also appears to be involved in the regu-
lation and coordination of several other cell processes,
including DNA replication and the modulation of gene
expression.

(1) Mismatch repair

Dam methylation is an integral part of the methyl-
directed mismatch repair system (Meselson, 1988; Lahue
et al.,, 1989; Modrich, 1989). Dam methylates the N° posi-
tion of adenine in the sequence GATC. This methylation
occurs shortly after the new DNA strand has been synthe-
sized at the replication fork. As a result a stretch of DNA
close to the replication fork remains hemimethylated for
a short time after replication. This allows the mismatch
repair system to discriminate between the template strand
and the nascent strand and correct any misincorporated
bases in the newly synthesized strand. Dam methylation
proceeds following this repair (Campbell and Kleckner,
1990). Bergerat et al. (1989) have presented evidence that
Dam methylates DNA by a processive sliding mechanism
rather than randomly methylating available hemimethy-
lated sites. In strains with a mutation in the dam gene all
GATC sites are unmethylated (Russel and Hirata, 1989),
therefore the mismatch repair system cannot differentiate
between the template and daughter strand. Mismatch
repair still occurs in these strains but repair occurs on
either strand. As a result dam strains have an increased
spontaneous mutation frequency (Marinus and Morris,
1975). Strains overexpressing Dam also have elevated
mutation rates (Marinus et al., 1984) due to rapid methyl-
ation of newly-replicated GATC sites reducing the effec-
tiveness of mismatch correction by the mismatch repair
system in surrounding nascent DNA.

(2) DN A replication

Initiation of a new round of dnaA-dependent chromo-
some replication from oriC in minichromosomes occurs
only at low efficiency without full methylation of the
eleven GATC sites which are located within the minimal
oriC region (Messer et al., 1985; Smith et al., 1985). Flow
cytometry measurements of DNA from dam mutant
strains show they have uncoordinated DNA replication
initiation compared to wt strains (Boye et al., 1988).
Ogden et al. (1988) have described experiments suggest-

ing that a hemimethylated region of DNA is required for
the binding of a fragment containing the E. coli oriC
region to membrane sites in dividing cells. This suggests
the methylation of the oriC region may be an important
factor in coordinating DNA replication initiation, chro-
mosome partition and cell division.

(3) Modulation of gene expression

Several E. coli, bacteriophage and transposon genes
which contain GATC sites in their promoter sequences
are regulated by Dam methylation (Sternberg, 1985;
Barras and Marinus, 1989). The passage of the replica-
tion fork through the region of the chromosome contain-
ing each of these genes leads to an increase or reduction
of the amount of transcription from these promoters (e.g.,
dnaA promoter, Tnl10 P;, promoter). While the modula-
tion in activity effected by methylation is usually modest,
on the order of 2—6 times, this may have a significant
effect on the action of a particular gene product or path-
way (Sternberg, 1985). For example, Tn10 and Tn5 ex-
hibit bursts of transposition, deletion or inversion
following the passage of the replication fork through their
genomes. This type of regulation obviously plays an im-
portant role in spread of these elements to new sites.
Regulation of the pap operon, encoding pyelonephritis-
assocatied pili, has been shown to involve the differential
methylation/nonmethylation of two Dam sites in the
operon regulatory region (Van der Woude et al., 1992).
Evidence for the involvement of Dam in the regulation
of daa (F1845 pili), fae (K88 pili), fan (K99 pili), fim (type
I pili) and sfa (S pili) has also been recorded (Van der
Woude et al., 1992).

(4) Under-methylation

The results of Ringquist and Smith (1992) have shown
that approx. 0.2% of the estimated 18000 GATC sites
(ie., 36) are fully unmethylated even in wt dam™ E. coli
strains and are susceptible to Mbol cleavage.
Unmethylated Dcm sites were also detected. The number
and location of Mbol-sensitive Dam sites was shown to
change dependent on growth medium and stage of
growth, suggesting that DNA-binding proteins may be
protecting specific regions of the chromosome (Ringquist
and Smith, 1992). This has been confirmed by Wang and
Church (1992) who showed that in vivo protected Dam
sites occurred in the 5’ non-coding regions of seven E.
coli operons (mtl, cdd, flh, gut, car, psp and fep). Four
operons (mtl, cdd, flh and gut) were shown to have se-
quences closely matching the consensus binding site of
the cAMP-receptor protein (CRP). A strain containing a
deletion in the crp gene (encoding CRP) was found to
have fewer in vivo protected Dam sites (Wang and
Church, 1992). Overproduction of Dam in a strain carry-



ing the plasmid pTP166 (Marinus et al., 1984) was found
to increase but not complete GATC site methylation
(Ringquist and Smith, 1992). However in our hands
ABI1157[pTP166] has fully Dam-methylated DNA
(Fig. 1). This may be a host strain effect as Ringquist and
Smith (1992) used an EMG2 background. EMG?2 and
AB1157 have several differences in gross chromosomal
structure (Perkins et al., 1993) and EMG2is F*L ™", while
AB1157 is F7A™. These differences may affect the re-
sponse of the strains to Dam overexpression or their rela-
tive degrees of Dam overexpression. Alternatively our
experiment used Ndell, an isoschizomer of Mbol, and
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Fig. 1. The effect of Dam over-expression on unmethylated GATC sites.
DNA was purified from E. coli strains AB1157 (lanes a-d) and
AB1157[pTP166] (lanes f-i) using the method of Ringquist and Smith
(1992) (for a description of pTP166, see section h). Both strains were
grown in LB broth to an A4y, of 1.0, AB1157[pTP166] was grown in
the presence of 50 ug ampicillin/ml and 1 mM IPTG. The DNA was
digested as indicated and subjected to pulsed-field gel electrophoresis
in a 1% agarose gel on a Bio-Rad CHEF Mapper™ using the parame-
ters: run time 26 h 40 min, 6 V/cm, initial switch time 6.75 s, final switch
time 1min 33.69 s, included angle 120° and 0.5 x TBE buffer. The gel
was stained with EtdBr for 30 min and destained in water for 1 h. The
restriction endonuclease Ndell is an isoschizomer of Mbol, neither en-
zymes digest Dam methylated (nor hemimethylated) GATC sites. The
Notl digest in lane a allows DNA fragments to be related to the Notl
physical map of the E. coli chromosome (Smith et al., 1987; Perkins
et al., 1993). Bands present in lane b, but not in lane a, indicate unmeth-
ylated GATC sites at discrete locations. Bands will only be seen if the
majority of DNA molecules are unmethylated at a particular GATC,
sporadic unmethylated sites will be invisible under these conditions.
AB1157[pTP166] appears to have fully Dam-methylated GATC sites;
comparing lanes g and f, no extra bands appear in lane g and this is
confirmed in a less sensitive way by comparing lanes ¢ and h. Little or
no EtdBr-derived fluorescence is visible in lanes d and h, a reproducible
phenomenon, possibly due to resistance of undamaged nucleoids to
EtdBr staining. Lane e contains A DNA concatemers (Bio-Rad) as
molecular size standards. TBE is 89 mM Tris-borate/89 mM boric
acid/l mM EDTA pH 8.0.

any difference in the flanking sequence preferences of
these enzymes may affect the activity of these enzymes
on partially methylated DNA eontributing to the ob-
served differences.

(5) Expression of dam

The expression of the dam gene has been studied inten-
sively in the past few years. Evidence for weak promoter
activity (denoted P5) just upstream from the dam tsp has
been available for some time (Arraj et al., 1990; Wu et al.,
1992). However with the construction of dam::lacZ fu-
sions on low-copy-number plasmids, Lebner-Oleson
et al. (1992) have shown that dam expression is influenced
by at least five promoters (Fig. 2). The strongest of these
are two closely linked regions (PI and P2) which lie 5
to the genes aroK and aroB. Two further promoters
which lead to some transcription of dam mRNA, P3 and
P4, lie at the 3’ end of the functionally cryptic urf74.3
(Lebner-Oleson et al., 1992). The urf74.3 gene lies be-
tween dam and aroKB and all four genes are transcribed
in the same direction (Jonczyk et al., 1989; Lebner-
Oleson et al., 1992). Quantification of Dam protein in E.
coli laboratory strains (e.g., AB1157, C600, W3110) using
rabbit anti-Dam antibodies as a probe to Western blots
of total cellular protein produced estimates of approx.
130 molecules per cell in exponential phase cultures
(Boye et al., 1992). It seems likely that the construction
of chromosomal dam::lacZ fusions will allow rapid accu-
mulation of data on changes in the level of dam expression
in response to different phases of growth and alterations
in growth medium contents.

(6) Evolutionary aspects

From an evolutionary point of view, methylated GATC
sequences have been detected in certain Gram® and
Gram~ bacteria, as well as in archaebacteria (Brooks
et al., 1983; Barbeyron et al., 1984; Hattman et al., 1985;
Lodwick et al., 1986; Bolstad and Jensen, 1993), but pre-
sumably some of these are associated with restriction sys-
tems. There is aa sequence homology among the various
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Fig. 2. A genetic map for the region of the E. coli K-12 chromosome
containing the dam gene (adapted from Lebner-Olesen et al., 1992).
The five promoters known to affect dam expression are shown. PI-P5
indicate characterised promoters; T denotes a transcriptional termina-
tor site.



Dam MTases so far identified suggesting that there is a
common ¢volutionary origin for all Dam MTases. The
dam gene appears Lo one of the few genes that is distrib-
uted relatively universally among the Entercbacteriacea
{Barbeyron et al., 1984). Based on nt sequencing, a
number of class-II MTases share significant scquence
similarity with Dam (Lauster ¢t al., 1987).

{7 ) Other fearures

It is interesting te note that several E. coli phages have
acquired a copy of the dam gene, presumably to augment
the host gene during infection, while Dam methylation
has been shown to play an important role in the packag-
ing of P1 phage DNA (Sternberg and Coulby, 1990). Also
the recently described retron from E. coli, retron Ec67,
contains a gene with functional homelogy and sequence
similarity to dam (Hsu ¢t al, 1990). However, there arce
many bacterial species that do not contain methylated
GATC sequences. What mechanism do such bacleria
(and all eukaryotes) use for strand discrimination if tem-
porary Dam hemimethylation does not occur? One possi-
bility is the persistence of single-strand breaks in the
lagging DNA sirand due to discontinuous replication
(Claverys and Lacks, 1986).

{b) Biolegical function for Dem methylation

Originally the only phenotype observed in dem mu-
tants was susceptibility to restriction by the restriction
systems of the IncN plasmids (e.g.. EcoRIT endonuclease
ol plasmid N3; Hattman, 1977). There is evidencc that
the Dem and the EcoRII MTase may be derived from a
common ancestor, since they share a large degree of se-
quence similarity (Lauster et al,, 1989} and are function-
ally very similar.

(1) Very short patch repair

Deamination of S5-methyl cytosine (5-meC) results in
the formation of a thymine base. It has been observed
that the recognition sites of Dem (CCWGG) are hotspots
for mutation, specifically C—T transitions at the 3'C due
to deamination of 5-mcC. A repair system which recog-
nises and repairs T:G mispairs at these sites by the forma-
tion of short (< 10 bp) excision tracts has been described
(Lich, 1983 Lieb et al., 1987). This type of repair has
been termed very short patch (Vsp) repair and was
thought to require the gene products of mutl and mulS,
and the Dem MTase (Lieb, 1987; Lieb and Bhagwat,
1988). Recent studies of the cloned dem gene and sur-
rounding regions indicate that the product of a gene, vsr,
partially overlapping the dem gene, is required in Vsp
repair rather than Dom (Bhagwat et al., 1988; Sohuil
et al., 1990). The vsr gene product has since been shown
1o be a DNA mismatch endonuclease which recognises
the T/G mismatches that result from 5-meC deamination

at Dcm sites (Hennecke et al,, 1991}, 1t may be that the
dem-6 allele which abolishes the Vsp repair pathway also
affects vsr or is a polar mutation. Expression of vsr would
appear to be coordinated with that of dem, which would
seem (0 be desirable (Sohail et al., 1990}, This may resolve
the problem of Dem's involvement in repair of errors
brought about by its presence in the cell, which scems to
be an unnccessary redundancy.

f 2} Possible roles

[t remains uncertain what the function of the dem gene
is. It is possible that its presence on the E. cofi chromo-
some is the result of a recent recombination event be-
tween the chromosome and an IncN plasmid and is of
no real biological significance. However, the observation
that genes that contain a Dem recognition site within
their promoters may be regulated by Dem methylation,
may have some bearing on dem’s significance. One such
gene is lexA, which is of prime importance to the cell and
its ability to respond to DNA damage. A Dem methyla-
tion site overlaps the fex4 promoter (Miki et al., 1981)
but an effect on lexd cxpression by varying Dem levels
is yet to be shown. Some Dem sites remain unmethylated
in Dem™ cells (Ringquist and Smith, 1992), suggesting
the protection of these sites by DNA binding molecules
or DNA topology.

{c) Uses for methylation-deficient strains

With the widespread use of reccombinant DNA technol-
ogy one of the primary uses of methylation-deficient
straing is for the propagation of DNA molecules so that
they lack methylation at either or both Dam and Dcm
sites. Such methylation can inhibit the digestion of DNA
by restriction endonucleases which have recognition sites
that contain or overlap Dam or Dem recognition sites
{c.g., Bell, Xbal, EcoR1T). A detailed list of those endonu-
cleases affected by DNA methylation has been compiled
by Kessler and Manta (1990} and Nelson and
McClelland (1992). By growing the particular molecule
of interest in a suitable methylation-dcficient strain this
problem is readily overcome. Methylation, including the
Dam system, was used to create very rare cleavage sites
employing the Achilles” heel cleavage (AC) method
{Grimes ¢t al., 1990; Koob and Szybalski, 1994},

Some reports have suggested that considerable residual
methylation occurs in the commonly used methylation-
deficient straims. A study which used an extremely sensi-
tive method to detect methylation showed that for dam
strains, cven with the original mutant alleles, methylation
occurs at less than one methyl group per chromosceme
copy and even less in mutants containing insertions in
the dam gene (Russel and Hirata, 1989).

Transformation of  Srrepromyces, Baeillus  and
Puracoccus specics 1s greatly improved by the use of DNA



lacking Dam and Dcm methylation. For example,
MacNeil (1988) found that preparation of shuttle-vector
plasmid DNA in a dam™ dem™ E. coli strain increased
the frequency of the Streptomyces transformation by
400-10000-fold relative to modified DNA.

DNA isolated from strains deficient in Dcm gives
better results in Maxam and Gilbert DNA sequencing
procedures because 5-meC is resistant to chemical attack
by hydrazine. As a result 5-meC positions are missing
from Maxam and Gilbert sequence patterns. DNA iso-
lated from dam strains is not suitable for the chain ter-
mination method of DNA sequencing due to the number
of ss breaks present in the DNA, presumably as the result
of nicking by MutH protein (M. Carraway and M.G.M,,
unpublished results).

Mismatch repair of unannealed bases in primers used
for site-directed mutagenesis can lead to preferential loss
of the desired mutant species. Preparation of template
DNA in dam strains alleviates this problem, as the tem-
plate strand is unmethylated and is no longer resistant
to mismatch repair. Site-directed mutagenesis can be per-
formed in the normal way and the product transformed
into either a dam™ or dam™ strain.

Strains deficient in Dam MTase are particularly sus-
ceptible to low level mutagens, resulting in the full induc-
tion of the damage-inducible or SOS repair system. With
the availability of lacZ fusions to several of the damage-
inducible (din) genes (Walker, 1984) it is a relatively
simple matter to screen compounds for potential low level
mutagenicity using a dam din::lacZ strain on a suitable
medium and achieve a quite sensitive assay (Craig et al.,
1984; Quillardet and Hofnung, 1987).

Methylation-deficient strains of E. coli K-12 were origi-
nally isolated in an effort to determine the role of DNA
methylation in the biology of the organism. This contin-
ues to be one of the primary uses of these strains in trying
to gain a better understanding of the roles that each
system plays in the cell's overall organisation and
regulation.

(d) Working with dam ™ and dem™ strains
(1) Storage of strains

It has been found that storing dam strains on agar
medium (i.e., on plates or in slope or stab culture) for
periods longer than approximately one month results in
strain instability. This is presumably because of the
increased (over wt) spontaneous mutation rates resulting
from this mutations. The dam deficiency impairs the abil-
ity of the mismatch repair system to correct newly synthe-
sized strand errors, increasing the spontaneous mutation
rate to 8-250-fold greater than that of wild-type strains
(Marinus and Morris, 1975). dem strains have no detecta-
ble phenotype other than inability to carry out Vsp repair

and can be stored by normal methods, in our laboratories
this is usually by the method detailed below.

The most suitable method of storage for these strains
is to keep aliquots of cell suspensions in broth containing
40% glycerol at — 70°C, under which conditions they are
stable and viable for many years.

(2) Assays for the Dam phenotype

In order to determine the methylation state of the
DNA of a particular E. coli strain it is important to be
able to assay for the presence of methyl groups at particu-
lar positions on the bases of interest. This can be achieved
by a number of methods. Marinus and Morris (1973)
assayed for the addition of radioactively labelled methyl
groups by wt strain extracts to unmethylated DNA de-
tected by chemical degradation of the DNA followed by
thin-layer chromatography. More sensitive and conve-
nient methods for the detection of 6-methyladenine
(6-meA) at GATC sites have since been developed. These
include the differential digestion of methylated GATC
sites by Dpnl, Mbol and Sau3Al. Dpnl will only digest
GATC sites containing 6-meA, Mbol will only digest un-
methylated GATC sites and Sau3Al cleaves regardless of
the methylation state of GATC adenine residues.
Sensitive methods for the detection of very rare DNA
methylation have been developed by Russel and Hirata
(1989) which can detect the very small amount of Dam
methylation (<1 methyl group per chromosome copy)
that occurs in dam mutant cells.

A simple method for testing a strain to identify it as a
dam mutant is to check the ability of a drop of a cell
suspension of 10° cells/ml to grow well on nutrient plates
containing 100 pg 2-aminopurine (2-AP)/ml. A wt cell
will give confluent growth while a dam strain will give at
most several isolated colonies. The basis of the 2-AP sen-
sitivity of dam strains is not fully understood, but it has
been shown that 2-AP-resistant colonies arising from dam
strains have mutations in either one of the genes for the
Dam-directed mismatch repair proteins or in the as yet
unidentified sind locus (McGraw and Marinus, 1984).
Gene fusions of the GATC-containing promoter P;, from
Tnl0, which is activated in dam strains, to a readily as-
sayed gene such as lacZ also provide a simple test for a
strain’s dam status. The phage A derivative AER60 (E.A.
Raleigh, unpublished data) contains such a construct and
dam lacZ MER60 lysogens produce blue colonies on plates
containing XGal, while dam™ lacZ lysogens produce
white colonies.

(3) Assays for the Dcm phenotype

As with dam strains, dem strains can be assayed for
Dcm MTase activity by testing for the addition of radio-
actively labelled methyl groups by wt strain extracts to
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unmethylated DNA, detected by chemical degradation of
the DNA followed by thin-layer chromatography
{Marinus and Morris, 1973). However, a simpler method
is to test the efficiency of plating of phage (e.g.. &,;,) propa-
gated on the test strain (e.g., GM967} when plated on a
strain {e.g., GM1212) containing a plasmid encoding the
EcoRII restriction endonuclease which cleaves unmethyl-
ated Dem sites, such as pN3 (May and Hattman, 1975).
Phage grown on dem strains have a low efficiency of plat-
ing when tested in this maaner. Similarly DNA from dem
strains is cut by EcoRII while DNA from dem™ strains
is not.

(e) Restriction systems of E. coli and DNA methylation

E. coli cells have been shown to have restriction sys-
tems which serve to protect the cell from the polentially
harmful effects of transfer of foreign DNA to the cell by
the mechanisms of phage infection, plasmid transler or
transformation. These systems can be classified as one of
two types depending on whether they recognise the pres-
ence or absence of a particular pattern of modification
of the DNA, which is usually mcthylation of particular
adenine or cytosine residues 1m short recognition
sequences.

R-M systems ate two component systems, consisting
of a restriction endonuclease which catalyses cleavage of
DNA at or ncar unmodified recognition sequences and
a MTase which protects endogenous DNA by methyla-
tion of bases in the recognition sequence. The hsd genes
of E. cofi code for the classical K-12 R-M system of class .

More recently another ‘complementary’ class of restric-
tion system, the methyl-dependent restriction system, has
heen recognised (Blumenthal, 1989; Ralcigh ct al., 1989).
These systems recognise DNA containing methylated ad-
enine or cytosine at particular sequences and cleave this
methylated foreign DNA, The loci mer 4, mer B, merC and
mrr have been shown to be responsible for systems of this
type in E. coli K-12, The merABC loci restrict DNA with
foreign cytosinc methylation, while s restricts DNA
with foreign adenine methylation {Heitman and Model,
1987) and also some types of cytosine methylation
{Kelleher and Raleigh, 1991 Waite-Rees et al., 1991).
Genes encoding merBC and mrr, along with those of the
hsdRMS system, have been mapped at approx. 98.5 min
on the E. coli K-12 map {(Heitman and Model, 1987
Blumenthal, 1989; Dila et al., 1990). This region is now
commonly called the immigration control region’, nt se-
quence data for this region suggests that the genes hsdS,
merB and C have been recently acquired as they have a
significantly lower G+ C content than surrounding re-
gions of the chromosome (Dila et al., 1990). mcr4 maps
at approx. 25 min within the genome of the cryptic pro-
phage element el4 { Blumenthal, 1989; Ralcigh ct al., 1989;

Hiom and Sedgwick, 1991). The specificities of each of
these systems appears to be rather loose (Heitmun and
Model. 1987; Dila et al., 1990; Waitc-Rees et al., 1991
Sutherland et al,, 1992). A suggested consensus target site
for the MecrBC restriction enzyme is R™C(N40-80)R™C
{Sutherland et al., 1992). The specificity of McrA appears
to be C™CGG (Raleigh and Wilson. 1986), while that of
Mirr appears complicaled despite extensive testing against
a variety of MTases (Waite-Rees et al,, 1991). DNA that
is methylated by E. cofi K-12 resident MTases Dam and
Dem is not affected by these restriction systems.

Strains with mutations in some or all of the restriction
system genes described above have now becn constructed.
Derivatives that are also dam  (c.g.. GM4713} are avail-
able {B.R.P., E.A. Raleigh and M.G.M., unpublished
data) and these strains will probably prove 1o be the most
generally useful for manipulating recombinant DNA.

(f) Alleles of dam and dcrm

A number of different mutant alleles of the dam gene
are available, while the dem allele in most commonly used
dem strains is dem-6, The most commonly used dam alleles
are dam-3, dam-4, dam-13 and dam-16. Like dem-6, dam-3
and dam-4 were induced by chemical mutagenesis
(Marinus and Morris, 1973; Marinus and Konrad, 1976),
The two dam alleles dam-13 and dam-16 were constructed
by Tn# insertion (Marinus et al., 1983) and replacement
of part of the dam gene with a fragment encoding kana-
mycin resistance (Parker and Marinus, 1988), respee-
tively. The characteristics of these alleles are outhned in
Table 1. All dam alleles form inviable strains in combina-
tion with mutations in the genes recA, recB, recC, recd,

TABLE 1

Various dam and dem alleles

Aliele* Associated®  Methylation® Reference
antibiotic level
resistance
dem-6 nd Marinus and Morris
(1973)
dum-3 — 1/23 kb Marinus and Morris
11972)
dam-4 : 1/14 kb Marinus and

Konrad {1976}

dum-13::Tn? Cm® 1510 Mhb Marinus et al.
(1983)

dam-16 Km* nd Parker and Marinus
(1988)

*See section f for a description of these alleles,

PKm* (25 pg/ml), Cm® {10 ugiml), —=no antibiotic resistance
associated with these alleles.

¢Dhala (or dam-3, dam-4 and dam-13:7Tn9 taken from Russel and Hirata
(1989} nd = not dotectable by the methods used, as described in the
refercnces.
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GM3819 F~
GM4708 F~
GM4715 F~
IM110 F
W3110 F-

dam-16

dam-16
mutD5

dam-16

dam-3 dcm-6

thr-1 leuB6 thi-1 argE3 hisG4
proA2 lacY1 galK2 mtl-1 xyl-5
ara-14 rpsL31 tsx-33 ginV44

rfbD1 kdgK51

thr-1 leuB6 thi-1 argE3 hisG4

lacY1 galK2 mtl-1 xyl-5

ara-14 rpsL31 tsx-33 ginV44

rfbD1 kdgK51

trp31 hisl tonA2 rpsL104

AlacZ),, supE44 xyl-7 mtl-2

metR1 mcrA3 argG6 A(merB-hsd-mrr),,
hsdR17 supE44 thi-1 leuB6

lacY1 galK?2 galT22 ara-14 1
tonA3thr-1 tsx-78 A(lac-proAB)

JF' traD36 lacZAMI1S lacl® proAB*
IN(rruD-rrnE)1 prototrophic

Parker and Marinus (1988)

Palmer and Marinus (1991)

B.R.P., E. Raleigh and M.G.M.

Yanisch-Perron et al. (1985)

CGSC

The prototype dam-16::Km® deletion strain.

A dam-16 mutD5 double mutant. This strain has a
very high spontaneous mutation rate, see section f.

A mrr mer dam-16 mutant. Potentially useful as a host
for cloning methylated DNA.
This strain is a derivative of GM48 modified for use

with M13 and pUC vectors.

The strain on which restriction map of Kohara et al.
(1987) for E. coli K-12 is based.

aFor a discussion of some of these strains’ general features, see sections f and g.

YF plasmid carrier status.

°These markers describe the strain’s Dam and/or Dcm, recombination and restriction status and also outline potential for lacZa-complementation and in one instance a marker cotransducible with
dam. The specific dam and dem alleles are discussed in section f. Strains carrying pN3 require selection with Tc (10 pg/ml) to ensure plasmid maintenance.

4 All other markers excluding those outlined in footnote ¢ above.
eCGSC, Coli Genetic Stock Center, Yale University, New Haven CT 06510, USA (Curator Dr. B.J. Bachmann). Strains marked with initials are unpublished constructions.
fFor a recent discussion of the structural differences in chromosomal structure of some of these strains, see Perkins et al. (1993).
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lexA, polA and ruv. A dam mwtD5 double mutant,
GM4708, has been shown to have an extremely high mu-
tation rate in rich medium (up to approx. [0* greater
than wt strains), presumably due to the combination of
the loss of Dam-mediated mismatch repair strand
discrimination and overloading of mismatch repair due
to faulty proofrcading. The spectrum of mutations pro-
duced in the reporter gene mnr in GM4708 more closely
resembles a dam™ spectrum than a mutDS spectrum
(Carraway et al., 1988, Palmer and Marinus, 1991; Wu
et al,, 1991).

(g) Description of dam and dem strains

Table 1I gives a description of several of the most com-
monly used dam, dom and wt strains. The dam-16 Hfir
donor strain GM2807 is extremely useful for the con-
struction of new dam-deficient strains. The dam-16 allele
is transferred efficiently as an early marker, having a time-
of-entry of approx. 6 min from this strain, and the desired
recombinants can be easily isolated by a simple sclection
for Km® in combination with a marker specific to the
recipient strain (c.g, streptomycin resistance). Putative
transconjugants can be tested for loss of Dam activity
using the 2-AP test described above or by examining the
restrictability of transconjugant DNA by Mbol, Dpnl and
Sau3Al  Alternatively, new dam strains can be con-
structed by P1 transduction and sclection for the appro-
priate drug resistance (Km"® for dam-16 and Cm® for
dam-13).

(h) Plasmids containing the dam and dent genes

A number of plasmids containing the dam genc have
been constructed in an ellort to study the genc and con-
trol its expression. Examples include:

pTP166, a pBR322 derivative with the rac promoter in
front of the dum gene and two endogenous promoters
{Marinus et al., 1984).

pMQI191, as above but in a pACYC 184 backbone.

pALO160, a single copy dam plasmid with an R1 origin
{ Lobner-Olesen et al., 1992).

pYind, a ColEl-derived plasmid with the dam genc
under control of the p, promoter of phage A (Nwosu,
1992).

Plasmids containing the dem gene have been used 1o
determine the genc's nt sequence and study the vsr gene.
An example is;

pDCMI, a pBR322 derivative containing the dem gene
on an Il-kb fragment cloned into the BamHI site
{ Bhagwat ¢t al., 1986).

(i) Sources
A comprehensive range of dam and dem E. coli strains
is available for use for molccular manipulation, DNA

cloning and for the study of bacterial DNA mcthylation.
The strains described here are available free of charge
from the laboratory of M.G.M. Some of these strains are
also available from the Coli Genetic Stock Center, Yale
University, New Haven CT 06510, USA, A variety of dam
and dem strains are also available from commercial
sources.
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