
A new model for chromosomal evolution: 

ELIMINATING ANTIBIOTIC RESISTANCE

We constructedplasmidspSB6A1-T7ccdB(for use in CIChE)
and pSB1C3-T7ccdB (to submit in the BioBrick Registry).
Throughthese plasmids,pressurecan be put on the CIChE
strainssimplyby addingIPTG. All plasmidswe obtainedand
sequencedhad mutations in the last part of the ccdBgene.
Weperformedbackmutations to restorethe ccdBgenes.

Wealsodisposedof three other plasmids,all havingdifferent
copy numbers. In this way, we were able to test CIChEwith
different degreesof toxin pressure.

All plasmidswe obtained were transformed into the strain
containingthe CIChEconstructusingelectroporation.

Plasmids containing T7ccdBKnock-in CIChE construct

A construct containing the homologous regions, the
antitoxin ccdAandgfp wasinsertedin the genomeof an E.
coli strain usingthe method of Datsenkoand Wannerwith
LambdaRedrecombinase.

TheE. coli strain must contain recAwhich is necessaryto
performgeneduplicationby homologousrecombination.

Ourgoalis to improve an existingtechnique,
called chemically inducible chromosomal
evolution (CIChE).
CIChE raises the yield of biochemical
products by incorporatingand duplicatinga
geneof interest in the bacterialgenome. This
technique, however, entails one major
disadvantage: the creation of bacterial
strains with a large amount of antibiotic
resistancegenes. We havetried to eliminate
/L/Ƙ9Ωǎneed for antibiotic resistancegenes
by usinga toxin-antitoxin system.

Our Goal

Whenthe desiredgenecopynumberis reachedrecAis deleted,therebyfixing the copynumber. Themaindisadvantage
of this systemis that after chromosomalevolution a strain with multiple antibiotic resistancegenesis obtained. The
creation of sucha strain raisesseveralsafety concernsas these resistancegenescan be passedon to other, possibly
pathogenic,bacteriain the environmentthroughhorizontalgenetransfer.

Ψ/ƘŜƳƛŎŀƭƭȅinduciblechromosomalŜǾƻƭǳǘƛƻƴΩor CIChEis
a techniquefor the stable,highcopyexpressionof a gene
of interest in E. coli. It wasdevelopedin 2009by Tyoet al.
In CIChE,a constructcontainingthe geneof interest and
an antibiotic marker flanked by homologousregions is
integrated into the E. coli genome. Theconstructcan be
amplified in the chromosomethrough recAhomologous
recombination. Thestrain containingthe CIChEconstruct
is cultured in increasing antibiotic concentrations,
providing a growth advantagefor cells with increased
repeatsof the constructandtherebyselectingfor bacteria
with a higher gene copy number. This processis called
chromosomalevolution.
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Our new model for CIChE

We performed CIChEwith plasmidswith copy numbers ranging from five to twenty
(pSB6A1-T7ccdB,p5SpFRT-T7ccdB, p10SpFRT-T7ccdBand p20SpFRT-T7ccdB). Toevaluate
our strains at different points during the CIChEprocess,we measuredOD600 (optical
densitymeasuredat a wavelengthof 600nm) andfluorescenceintensity (F). Strainswith
more copiesof the gfp geneshould result in higher fluorescenceintensity, indicatinga
higherconstructcopynumber. Becausefluorescencealsodependson OD600, we divided
fluorescenceby OD600 (F/OD600) to analyzeour results. Finally we plotted F/OD600 in
function of the IPTGconcentration. In every graph the bar on the left representsthe
averageF/OD600 of a referencestrain havingonly one gfp copy. If our model for CIChE
works,strainsobtainedafter CIChE(containingmore gfp copies)shouldhavean average
F/OD600 higher than the one of the reference strain, raising with increasing IPTG
concentrations.

Lookingat the graphswe see that most of our strains result in an averageF/OD600 of
about the sameasthe averageresultof the referencestrain. Accordingto thesedata,we
must concludethat no duplication of the construct occurred,henceno chromosomal
evolution wasachieved. Wepresumethat it is the malfunctionof CcdBdueto mutations
that leadto theseunexpectedresults(seeCIChEandits stumblingblocks).

Results

CIChE

We useda CcdB/CcdAtoxin-antitoxin system in our new model
for CIChE. CcdBinterferes with DNA gyraseand is used to put
pressureon the cells. CcdAcan inhibit CcdBfrom performing its
toxic functionby forminga CcdA-CcdBcomplex.

CcdBis added to the cellsby placingit on a plasmidbehind an
inducibleT7 promoter. In this wayCcdBconcentrationsinsidethe
cell can be regulated by adding different concentrationsof the
inducerIPTGin a rangefrom 0 mM to 240mM. TheccdAgeneis
placed inside the CIChEconstruct next to the gene of interest,
insteadof the antibiotic resistancegene. IncreasingCcdBpressure
stimulates the cell to duplicate the CIChEconstruct containing
ccdA. Throughconstructamplificationthe desiredexpressionlevel
of the gene of interest can be obtained. Using this model,
chromosomalevolutioncanbe achievedwithout usingantibiotics
or antibioticresistancegenes.

Stumbling blocks
It is known from previous research that the part
essentialfor ���������[�•toxic activity is situated at the
last three amino acids (Trp-Gly-Ile) which interact
with the DNAgyraseA subunit(GyrA). Sequencingof
T7ccdBplasmidsat severalstepsduringour research
all showeda deletion either in this toxic part, or in

the stopcodonof the ccdBgene. Bothdeletionscausea frameshift, resultingin a prolonged
protein of 154aminoacidsinsteadof the nativestructurewith 102aminoacids. In the first
case,the aminoacidsresponsiblefor/ŎŘ.Ωǎtoxicactivityaremutated. Wedesignedmodels
for the protein structurethat, put togetherwith literature, stronglysuggestthat interaction
with DNAgyraseis no longerpossiblewith thesemutatedCcdBproteins.

We believe the high mutation frequency of the ccdBgene during our project has two
reasons. The first is leaky expressionof the T7 promoter during cloning. Cloningwas
performedin Top10 cellswhichdo not containT7 RNApolymerase. Takinginto accountthe
troubles we had with the constructionof the plasmidswith the T7ccdB insert, it seems
highly likely other polymeraseswhich are not specificfor the T7 promoter were able to
transcribesome ccdB. Thisprobably only occursat very low frequencies,but as in these
strains there is no CcdApresent at all, even the lowest amount of working CcdBcan be
lethal for these cells. This means that random mutations in the part of the ccdBgene
associatedwith its toxicity will provide cellswith a great growth advantageover cellswith
intact ccdBgenes.

Another factor contributing to this apparently high mutation rate is that CcdBcauses
activationof the SOSpathway whennot enoughCcdAis present. Oneof the aspectsof this
SOSpathwayis enhancingthe capacityof mutagenesis. We postulatethat thesemutations
canalsoaffect the ccdBgeneitself.

Red: native CcdB structure
Yellow: oneof our mutatedCcdb
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F/OD600 for three strains (copy number 5, 10 and 15-20) at different points during chromosomal
evolution. The referencegene containsone gfp copy. Other bars: F/OD600 of strains during CIChEat
severalIPTGconcentrations.


