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Introduction

Escherichia coli K-12 and E. coli O157:H7 were among

the first genomes that were completely sequenced.

Comparison of the data revealed, that approximately 70-80%

of their genomes are highly conserved.  This backbone

sequence is interrupted by many strain-specific islands.  Based

on these data, and other findings, the view emerged, that

bacterial genomes consist of a stable, conserved, species-

specific backbone, and a flexible, more rapidly changing

combination of genes derived from a gene-pool available to

many strains and species.

Since the genes of genomic islands are found in some, but

not other strains, and their in vivo spontaneous loss was also

described before, we hypothesized, that these genes are

dispensable under common culturing conditions.  Our group’s

goal was to delete as many strain specific islands in E. coli K-

12 as possible, for two main reasons. First, as a basic scientific

research initiative, we wanted to see how far one can go with

the deletions without impairing the viability of the bacterium

under laboratory conditions.  Second, to develop a strain that is

more useful for DNA-cloning experiments or other

biotechnological purposes.
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Numerous techniques have been developed for the

targeted manipulation of bacterial chromosomes.  These can be

classified into two large groups, depending on whether suicide

plasmids or linear DNA-fragments are the targeting molecules

carrying the sequences homologous to the genome.  Our

deletion method is based on a λ-Red type recombination of a

PCR-generated linear DNA fragment into the genome.

Generation of such a cointegrate is followed by induction of a

specific double stranded break within the insert, stimulating an

intramolecular recombination event.  The completed deletion

process leaves no extrachromosomal sequences behind, and

can be repeated in the same cell in an unlimited number of

times.

Methods

Restriction digestion and ligation of DNA

Polymerase chain reaction and inverse polymerase chain

reaction

Gel electrophoresis

Transformation of bacterial cells

Plasmid preparation from bacterial cells

Deletion of genomic segments from bacteria
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Bacterial growth rate measurements

Bacterial mutation rate measurements

Results

The deletion method (above) was optimized for the rapid

construction of serial deletions within the same cell.  Plasmids

responsible for the controlled overexpression of I-SceI, a

highly specific endonuclease were engineered, allowing the

precisely timed induction of the double strand break in the

chromosome, needed for the second recombination step.  A

simple but highly effective protocol was developed for I-SceI

induction.  The potential mutagenicity of the procedure was

investigated by measuring the mutation rate of rpoB.  Although

the mutation rate of this gene increased by an order of a

magnitude, it never exceeded 10-6 mutation/cell/generation, and

was thus considered insignificant (Kolisnychenko et al., 2002).

42 deletions have been accumulated in the genome of E.

coli strain MG1655.  Among the deleted sequences were all the

mobile genetic elements (44 IS elements, 9 prophages, 6

recombination hot spots), some damaged operons, and many

genes of unknown function.  Several putative virulence genes

were removed, presumably increasing laboratory safety.  These
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include the wzxC, wzb, mviN, nfnB, YgaH, YeaJ, eaeH, borD,

flu, ycgH1, ycgH2, and  sokD genes along with the fla-, fim-,

fec-, hok- and wbb operons.  Several genes, like hsdRMS,

mcrBCD, mrr, tonA, or endA were deleted with the specific

aim of strain improvement for DNA-cloning purposes.

The DNA-microarray tests made with the multi-deletion

strain (MDS) showed, that although all known IS’s were

removed, further IS elements, absent at the time of sequencing,

were present in the genome.  Three IS1’s, one IS2, and one IS5

were located using inverse PCR, underlining the mobility of

these elements even in a time scale of three to four years.  After

deletion of these extra sequences, the MDS became free of

mobile genetic elements, as proven by DNA micro-

hybridizaton.

Phenotypic analysis was made to compare the MDS to

the parental line.  An insignificant elongation of doubling times

in rich medium was detected along with the increasing number

of deletions.  No such effect was observed during growth in

minimal medium.  It is possible that genes responsible for the

uptake and/or direct utilization of certain biomolecules were

deleted, resulting in the slower growth in rich medium.
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Compared to MG1655 or the commonly used cloning

host DH10B, the MDS showed up to ten fold elevated

electroporation efficiencies in the case of small plasmids.  A

slight advantage was observed even when 100 kbp-large BACs

were electroporated.  Due to the large variation of the data, the

significance of these differences could not be proven.  A

possible explanation for the increase is that the partial lack of

fimbriae facilitates the access of extracellular DNA to the cell

surface.  On the other hand, the deletions seemed to impair the

chemical transformability of the cell, perhaps due to a tendency

to coagulate in the presence of calcium ions.

Plasmids prepared from common laboratory E. coli

strains or originating from commercial sources are

contaminated with IS-elements, as shown by IS-specific PCRs.

These pose the constant threat of unwanted inactivation of

certain genes by integration, as well as the generation of

deletions or inversions in the genome.  The use of DNA

originating from a multi-deletion host completely circumvents

this problem.

Several protocols measuring the mutation rate were

tested.  Those detecting changes arising on a plasmid

demonstrated poor reproducibility, and were inadequate for
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strain comparison.  A novel technique of mutation rate

measurement was developed, based on the detection of D-

cycloserine-resistant mutants.  Mutations inactivating the CycA

transporter render the cells resistant to this antibiotic.  Mutant

detection, combined with the Ma-Sandri-Sarkar maximum

likelihood method of fluctuation analysis was used for the

calculation of mutation rates.  In this system, mutant selection

is based on a direct relation between phenotype and genotype.

It detects practically all types of mutations, no specific genetic

background is needed, and the mutants demonstrate no growth

advantage or disadvantage in minimal medium.  These

characteristics, together with its reproducibility make this

method useful for statistical comparison of genomic mutation

rates (Fehér et al., 2006).

Mutation rates of the multi-deletion and wild type (wt)

strains were compared.  The overall inactivation rate of the

cycA gene in the MDS was found to be 20-25% lower.  PCR

analysis of the mutants showed, that the inactivation of the

cycA gene in the wt strain is caused by IS element-insertions in

24.2% of the cases.  The difference between the mutation rate

of the two strains can thus be explained by the deletion of IS

elements.
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For the uptake and hydrolysis of salicin, a beta-glycoside

sugar, the activation of the cryptic bgl operon is needed.  This

is most commonly caused by IS elements inserting into its

regulatory region.  To perform a biological assay

demonstrating the presence or absence of IS-elements, the

activation of the bgl operon was measured by plating wt and

MDS strains on salicin-minimal medium.  The MDS

demonstrated a 80-90 % lower overall activation frequency.

Using PCR analysis, bgl was shown to be activated in wt cells

in 92 % of the cases by IS element-insertion into the regulatory

region of the operon.  No such insertions were detected in the

MDS.  The difference in the activation frequency of the two

strains can thus be explained by the deletion of IS elements.

The optimized linear fragment deletion method was

proven to be feasible for the serial deletion of bacterial

genomic islands.  After careful planning, 14.28 % (662,606 bp)

of the genome of E. coli was deleted without impairing the

viability of the bacterial cell.

This work resulted in a strain that is advantageous for

experiments involving the cloning of DNA fragments.

Elevated electroporation efficiency and lower mutation rate are

beneficial features.  Earlier reports pointed out that a large
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number of eukaryotic sequences in the public database contain

bacterial IS elements as contamination.  Cloning DNA in the

MDS for the intent of sequencing eliminates such sources of

error.  The decrease in mutation rate is also useful in the case

of protein or small molecule overproduction for industrial

purposes.

The IS-free strain is a unique tool to study the

mechanism, kinetics and regulation of IS-transposition without

a noisy genetic background produced by native ISs.  The lack

of defective prophages in the genome could make it an ideal

host for in vivo cosmid packaging.  Single deletion-bearing

strains are available, carrying the possibility of constructing

arbitrary combinations of the available deletions using P1

transduction.  These could be useful for mutant studies, or

could serve as platforms for future genome engineering

projects.
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Results in brief

• E. coli K-12 genome reduced by 14.28% (702 genes deleted

in 42 segments)

• all major mobile elements removed (11 phages or phage

remnants, 49 ISs, 6 Rhs)

• characterization of the multi-deletion strain:

-growth rate practically unchanged (LB /

glucose minimal media)

-decreased chemical competence

-unchanged or increased electroporation

efficiency

-plasmid preparations free of IS-

contamination

-lowered mutation rate during growth

and in stationary phase due to the

absence of IS-generated mutations

• proof for five IS element-transpositions since sequencing

• development of a method capable of reproducible

measurement and comparison of bacterial mutation rates and

spectra
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