GATC avoidance in bacteria with DpnI/DpnII complementary R-M systems
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Comparison of the observed and statistically expected numbers of oligonucleotide “words” in
genomes allows to estimate selection pressure on the words. It was shown that recognition
sites of Type II restriction-modification (R-M) systems are under negative pressure and are
often underrepresented in prokaryotic genomes [1]. R-M systems are able to discriminate
between host and foreign DNA.
Classical R-M system is able to methylate its recognition site as well as cleave DNA if their
recognition site is unmethylated. Host DNA is methylated and as a result is protected from
cleavage. Nevertheless, due to occasional methylation mistakes, classical Type II R-M
systems can be toxic for the host. It leads to the negative selection against their sites in a host
genome.
Methyl-directed R-M systems are able to cleave modified (e.g. methylated) DNA and are not
toxic for a host if the host does not encode DNA-methylatransferase with the similar
recognition site.
In this work we studied occurrences of sites of the methyl-directed R-M systems and
compared them with classical Type II ones in 2141 complete prokaryotic genomes.

To estimate the expected number of short sequences in a genome we used S. Karlin's method
[3]. A site was considered to be underrepresented if Karlin’s contrast value was less than
0.78.
For all the known sites of methyl-directed R-M systems (17 Type IIM sites and 3 Type IV
ones) Karlin’s contrast value was analyzed in genomes that encode R-M systems with the
corresponding specificity (54 and 13, correspondingly).
There are no underrepresented sites among all 13 pairs {site, genome} corresponding to Type
IV R-M systems. The only underrepresented site of IIM R-M systems is GATC. This site is
underrepresented in 38 of 42 cases. This almost total avoidance is surprising, since methyldirected R-M systems are not dangerous for a bacterial genome.
GATC is known to be a recognition site of methyl-directed IIM R-M systems as well as
classical Type II ones.
These systems are found in different strains of the same bacterial species. For example, in
Streptococcus pneumoniae there are strains encoding DpnII-like R-M systems, which cleave
unmethylated GATC and methylate their own DNA, as well as strains encoding Type IIM
DpnI-like R-M systems, which cleave methylated GATC [4]. Such complementary
DpnI/DpnII-like systems can defend mixed bacterial population from phage attacks more
effectively [5].
However, such systems make difficult DNA exchange between strains with different
methylation status of GATC [6]. S. pneumoniae with Type II DpnII-like R-M system
possesses an additional methyltransferase which methylates GATC in single-strand DNA and
thus prevents degradation of acquired unmethylated DNA [6].
We found that in most cases GATC avoidance is associated with the presence of DpnI-like
Type IIM and DpnII-like Type II R-M system genes in different strains of the same species
(Streptococcus pneumoniae, Neisseria meningitidis, Eubacterium rectale) or genus
(Moraxella catarrhalis, Sulfurospirillum deleyianum).
We hypothesize that GATC avoidance facilitates DNA exchange between strains with
different methylation status of GATC. In this case GATC avoidance shows the importance of

natural gene transfer for Streptococcus, Neisseria, Eubacterium, Moraxella and
Sulfurospirillum.
GATC is underrepresented in 17% of all 2141 complete prokaryotic genomes. This
underrepresentation could be explained by the importance of GATC palindrome for different
cellular processes.
GATC plays a significant role in different DNA-based activities in dam+ bacteria encoding
orphan DNA methyltransferase Dam, which methylates GATC. For example, in E. coli GATC
is involved in gene transcription, DNA mismatch repair, initiation of chromosome replication
and maintaining nucleoid structure [7]. In addition, unmethylated GATC can be hydrolyzed
by mutH components of mismatch repair systems [8]. However, dam+ bacteria avoid GATC
only in 3.5% cases.
Probably avoidance of GATC is resulted in the combined influence of DpnI/DpnII-like R-M
systems and is a marker of DNA exchange in heterogeneous population.
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