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Antibiotic Resistance

Figure 1: A) ciprofloxin in E.coli in England

* Antibiotic rates are rising (File, 1999)




Efflux Pumps

e Resistance-nodulation-
division (RND) drug
exporters
o Quter membrane protein

TolC (Fralick, 1996;
Nishino and Akihito, 2002)

e Directly transported into
medium (Zgurskaya et al.,
1999)

e My study looked at strains
containing MdtEF (Nishino
and Yamaguchi, 2002)
which confers resistance
Figure 2: diagram of an efflux pump in absence of AcrAB
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Topology Regulators

e 20 known genes related to virulence in E. coli
(Nishino and Yamaguchi, 2004)

* Topology regulators have been linked to gene
expression (such as efflux pumps), which is
related to resistance

e Topoisomerase

> Negative supercoiling provides energy for strand-
separating processes

o DNA gyrase introduces negative supercoils (Gellert
et al. 1976), while Topoisomerase relaxes DNA by
removing gloval and local supercoiling for optimal

rate (Zechiedrich et al., 2000)

° Supercoiling as method to regulate expression is
caused by adjustment in promoter activity



Topology Regulators

e HNS

o directly or indirectly affects 5% of genes and/or their
proteins within a cell

o genes related to virulence or adaptation (Hommais et
al.,2001)

o Transcriptional repressor (Ueguchi et al. 1993),“turns
off” genes

> Reacts to stressors such as temperature (Atlun and
Ingmer 1997; Hommais et al 2001)

 HNS and Topoisomerase

 DNA microarray studies have suggest that
supercoiling works with nucleoid-associated proteins
(HNYS) to adjust to environment (Dorman, 2006)




Growth-phase Dependence

e  Sigma factor RpoS regulates many growth dependent
genes (Kobayashi et a., 2006) including mdtEF
(Schellhorn et al. 1998)

e  HNS represses RpoS and adjusts RpoS-dependent

gene expression to regulate at low temperature
(White-Ziegler et al., 2009)

e  RpoS s inhibited by high levels of supercoiling
(Bordes et al.,2003)



Growth-phase Dependence

* Topoisomerase may be needed in order
to overcome the repression of acid
resistant genes in the GAD system
suppressed by HNS (Stewart et al.,)

e MdtEF controlled by RpoS-GadY-GadX
signal pathway (Kobayashi et al., 2006)

 Factors regulating RpoS expression will
also regulate MdtEF expression



Hypothesis

HI:HNS is responsible for suppression of a subset of

efflux pump genes in logarithmic phase via suppression
of RpoS

H2: TopA is required for activation of these RpoS-
dependent genes suppressed by HNS during stationary
stage

If the hypotheses are true, then during the experiments
one would expect to see:

 In strains containing the hns mutation, drug resistance in
logarithmic phase is increased

 In strains containing the topA mutation, drug resistance
in stationary phase is decreased

 In strains containing the hns mutation, TopA is no longer
needed to relieve suppression of HNS




Bacterial Strains Used in this Study

Source or
Strain Genotype Reference
E. coli Genetic
N43 acrA Stock Center
N43 Ahns acrA, hns:.Cm' P1 Transduction
Dr. Tse-Dinh,
tolC, gyrase mutation to compensate for New York
RFMA445tolC |topA deletion Medical College
RFM445tolC
hns tolC, hns::Cm, gyrase mutation P1 Transduction
Dr. Tse-Dinh,
New York
RFMA475tolC |tolC, gyrase mutation and topA deletion Medical College
Dr. Bernt Eric
Uhlin, Umea
University,
BSN1 hns::.Cm' Sweden
Yale E. coli
Genetic Stock
VSIII-K2 topA::Cm’ Center




Methods

e Pl Transduction, deletion

e Drug Tolerance Assay (microplating)

e Survival Assay (YT agar)

e Methods adapted from Kobayashi et al,,
2006




Results:
HNS, Dru
Tolerance

Assay (CV

e Confirmed first
part of my
hypothesis

e Lower growth
rate of
nonmutant

e Start growth
later
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Figure 3: Logarithmic Growth Phase of hns and control strains. (A) N43 Logarithmic Phase (B) N43Ahns Logarithmic
Phase. The red line indicates a concentration of 1.2 mg/L Crystal Violet and most clearly demonstrates the
difference in resistance levels.




Results:

HNS, Drug
Tolerance Assay

e Same results were

found with

erythromycin

e Control lower
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Figure 4 and Chart 1: Growth curves for (A) N43 Logarithmic phase and (B)
N43Ahns Logarithmic phase. Both graphs are represented for the 8mg/L,
16mg/L, and 20 mg/L concentrations of erythromycin.




Results: HNS, Survival Assay

e N43hns has a

much higher |
survival rate [
in logarithmic

0.03

h 0.4 1 o N43 0.04 o N43
P aSeE 0s m N43hns | N43hns

0.02

e P-value of

0 0
009 Logarithmic Phase
°

Figure 5: Survival assay results for N43 and N43A4hns in both stationary and logarithmic
growth phases.




Results: Topoisomerase,
Tolerance Assay
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Figure 6: Growth curves for (A) 445tolC Stationary phase, (B) 445tolC Logarithmic phase, (C) 475tolC Stationary phase, and (D) 475tolC

Logarithmic phase.




Limitations and Future Research

e Unfortunately the topA background was
unable to be successfully transduced due to its
intrinsic role in cell replication

e The survival assay was not run for topA
because consistent viable results were not
produced

e Future research could be conducted for
topoisomerase | with a mutation that allows
both experiments to be successfully run



Conclusion

e | found that HNS controls for the expression
of the efflux genes in logarithmic phase, in
agreement with H|

* Topoisomerase | is a topic for future research
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Major Findings-

* HNS controls for the expression of the efflux
genes in logarithmic phase

e Questions!?




