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Abstract

Aim: Host factors are known to modulate virulence, antibiotic susceptibility and growth of bacteria. In the present study
we aimed to investigate the effect of human insulin and glucose on growth and expression of mar regulon (marA, marR,
ompF, acrA, acrB and tolC) of E. coli SPC105.

Material and Methods: E. coli SPC105 was grown in tryptic soy broth (TSB-control) and TSB containing 20 pU/mL insulin,
200 pU/mL insulin, 0.1% glucose and 200 pU/mL insulin + 0.1% glucose. Growths were determined via turbidimetric
method. Quantitative polymerase chain reaction (qPCR) was used to determine the gene expression levels. Statistical

analysis were performed via Tukey’s post hoc-test.

Results: According to absorbance values, it has been shown that 0.1% glucose and 200 pU/mL insulin + 0.1% glucose
have led a significant decrease on growth. Expression of acrA gene was shown to be decreased in the presence of 200ulU
insulin. Expressions of marR and marA were also decreased in 200uU insulin, 0.1 % glucose+200uU insulin and 0.1%

glucose added TSB. Decreasing of marA, marR and acrA expressions were shown to be statistically significant (p<0.05).

Conclusion: The results of the present study has shown once more that, host factors may influence the growth of a

bacterium as well as gene expressions associated with antibiotic susceptibilities.
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Oz
Amag: Konak faktorlerinin bakterilerin virulans, antibiyotik duyarliligi ve Greme gibi 6zelliklerini etkiledigi bilinmektedir.
Bu calismada insan insulin ve glukozun E. coli SPC105 susunun iremesi ve marregulonunun (marA, marR, ompF, acrA, acrB

vetolC genlerini iceren) ekspresyonu Uzerine etkisinin arastirilmasi hedeflenmistir.

Gereg ve Yontemler: E. coli SPC105 triptik soy buyyonda (TSB-kontrol) ve 20 pU/mLinsulin, 200 pU/mLinsulin, %0,1
glukoz ve 200 pU/mLinsulin + %0,1 glukoz iceren TSB'de Gretilmistir. Uremeler tiirbidimetrik ydntem ile belirlenmistir. Gen
ekspresyonu diizeyleri kantitatifpolimeraz zincir reaksiyonu (QPCR) ile arastiriimistir. istatistiksel analizlerde Tukey'in post

hoc-testi kullaniimistir.

Bulgular: Absorbans sonuglarina gére %0,1 glukoz ve 200 pU/mLinsulin + %0,1 glukoz iceren besiyerleri Gremeyi anlamli
diizeyde diisirmustir. acrA geninin ekspresyon seviyesinin 200pU/mL insilin iceren besiyerinde dustigu gorilmustar.
marR ve marA’nin ekspresyonlari da benzer sekilde 200 pU/mLinsulin, %0,1 glukoz ve 200 pU/mLinsulin + %0,1 glukoz

iceren TSB'de azalmistir. marA, marR, acrA ekspresyonlarindaki azalis istatistiksel olarak anlamli bulunmustur (p<0.05).

Sonug: Bu calismanin sonuglari bir kez daha géstermistir ki, konak faktorleri bir bakterinin Gremesi Gizerine oldugu kadar

Introduction

The multiple antibiotic resistance (mar) locus first described in
the early 1980’s in E. coli and it is located on the chromosome
of all Enterobacteriaceae members. This locus is responsible
for the susceptibility of bacterium to all kind of antimicrobial
agents unless a plasmid or transposon carrying resistance genes
acquired [1, 2]. Mar locus consist of two operons (marC and
marRAB) and an operator marO. The marC gene specifies a inner
membrane protein of unknown function and is conserved in a
number of genera whereas marR encodes for a small protein also
of unknown function found only in E. coli [2]. The marR encodes
for multiple antibiotic resistance repressor whereas marA acts
as multiple antibiotic resistance activator. When marRis active,
marRAB expression is repressed; when it is inactivated by small
molecules or mutated, marA transcription occurs,which leads to
increase resistance to unrelated chemicals such as quinolones,
tetracycline, B-lactams, organic solvents, oxidative stress agents
and household disinfectants [1-8]. The product of marA also
alters the expression of specific genes within the mar regulon.
The mar regulon comprised of some genes as follows:acrA, acrB,

marA, marR, ompF and tolC genes [1, 9].

During infection, bacteria must withstand stress conditions
induced by diverse environmental factors in their host, such

as hormones and many other chemicals (sugars, vitamins,
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antibiyotik direnci ile iliskili farkli genlerinde ekspresyonu tizerinde etkili olabilmektedir.
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ions, pH, bile salts, and microbial metabolites such as indole)
which directly affect microbial survival and other biologically
important processes, such as growth and gene expression
[10]. In several studies, it has been shown that mammalian
hormones such asEpinephrine (E), norepinephrine (NE),
dopamine, dopa, estrogen, progesterone, serotonin,
testosterone,andinsulin were shown to affect bacterial growth,
gene expression, pathogenicity and antibiotic susceptibility in
numerous reports [11-18]. According to previous studies, the
induction of marA has been shown phenotypically within the
presence of various herbs, spices, foods and drinks in addition

to antimicrobial compounds [19].

In the present study we aimed to investigate the effects of
insulin and glucose, as host factors, on growth and expressions
of acrA, acrB, marA, marR, ompF and tolC genes associated with

mar regulon in E. coli SPC105.
Materials and Methods
Strain

E. coli SPC105 strain containing a chromosomal Pmarll:lacZ
fusion at the A\ attachment site was used. This strain kindly
provided by Dr. Stuart Levy and Dr. Valérie Duval from Tufts
University School of Medicine, USA. Organism was kept at
-80°C for gPCR analysis.



Media and solutions

Tryptic soy broth (TSB) with and without insulin-r (recombinant
insulin) (20 pU/ml and 200 pU/ml) and/or glucose (0.1% v/v)
were used in the experiments. Insulin provides the storage and
cellular uptake of glucose, regulates the carbohydrate and lipid
metabolism. Furthermore, insulin is known to highly conserved
protein among various taxonomic kingdoms and its blood
level is approximate 10plU/mL in a healthy individual. The
reabsorption only occurs for the 98% of the total insulin while
the 2% of it excreted in urine [20-22]. Two insulin concentrations
used in the present study have been determined as 2 and
20 times more than the normal blood levels. The glucose
concentration was determined according to its physiological
blood level concentration (100 mg/dL)[11, 20-22].

Effects of insulin and glucose on growth

For the detection of growth alterations turbidimetric
method was used. Overnight culture of E. coli SPC105
strain was inoculated into TSB medium alone (as control) or
supplemented with 20 pU/mL insulin, 200 uU/mL insulin, 0.1%
glucose and 200 pU/mL insulin + 0.1% glucose to an initial
turbidity of K107CFU/mL. Microorganisms were incubated
at 37°C. Growth in different experimental cultures was
determined by the measurement of changes in absorbance
600nm on 4th, 6th and 24th hours of incubation.

To relate the turbidimetric measurement to direct counting, a
standard curve has been prepared with inoculation of bacteria
in TSB. Absorbance values were transformed to CFU/mL for all

different conditions.
Effects of insulin and glucose on gene expressions

Gene expressions were determined according to

transcriptional level of mRNAs.
Total RNA extraction and cDNA synthesis

E. coli SPC105 was grown in TSB (control), TSB + 20 pU/mL
insulin, TSB + 200 pU/mL insulin, TSB + 200 pU/mL insulin
+ 9%0,1 glucose and TSB + %0,1 glucose for 16-24 hours at
37°C by shaking 200 rpm. Bacterial cells of overnight culture
were used in total RNA extraction. Total RNAs were obtained
from broth cultures of 1.5 mL by using total RNA isolation
kit (Hibrigen, Turkey). The manufacturer’s recommendations

were followed in total RNA extraction. DNAsel treatment was
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carried out by using DNasel kit according to the manufacturers
recommendations (Quanta, Germany). Qualitative analysis of
RNAs was carried via 1% agarose gel electrophoresis and bands
were visualized via gel documentation system (Maestrogen,
USA). Qualitative analysis of total RNAs was maintained by

using spectrophotometer (Shimadzu, Japan).

1 pg total amount of RNAs were used in cDNA synthesis. cDNA
synthesis was maintained in a reaction volume of 20 uL using
a two stepc DNA synthesis commercial kit (Vivantis, Malaysia).
The reaction mix was formed according to manufacturer’s
provided protocol. cDNA mixture was diluted with 1:4 dilution

factor and used in qPCR analysis.
Gene Expression Assays

gPCR (quantitative real time PCR) analysis was carried out based
on Eva Green (Bio-Rad, France) dye with 500/530 nm excitation/
emission values. The endogenous gene was 16S rRNA gene.
marA, marR, ompF, acrA, acrB and tolC genes were used as
target genes. Experiments were carried out at least three times.
Standard curves were formed by four logs dilution series and
PCR efficiency values were recorded for each gene separately.
Melting curve analysis was carried out in order to analyze the
accuracy of experiments. Cp values were obtained from Light
Cycler 480 Il gPCR system’s software (Roche, Switzerland).
Normalization (2-AACT) values were calculated according to
formula developed by Pfaffl (2001). PCRs were conducted in a
reaction volume of 24 pL including 1X Eva Green mix, 2 pmol
of each primer (Table 1), 2 uL of cDNA and nuclease free water.
Cycling conditions were followed as 95°C for 5 minutes, 45 cycles
of 95°C for 15 seconds, 58°C for 15 seconds, 72°C for 20 seconds,
and final extension at 72°C for 10 minutes [23]. The results were
expressed as the mean of three independent experiments.
Variance analysis via one-way ANOVA test was carried out using
GraphPad Prism 5.0 software (San Diego California, USA).

Qualitative analysis of gene expression was carried out by
using two step conventional reverse transcription PCR (RT-PCR).
PCR cycling conditions were performed at 94°C for 5 minutes
for predenaturation, 40 cycles at 94°C for 30 seconds, 58°C for
30 seconds, 72°C for 45 seconds, and at 72°C for 5 minutes for
final extension. PCR bands were analyzed via 1.5% agarose gel
electrophoresis and gel imagination system Gel Pro Analyzer

3.2 software.
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Statistical analysis

Each assay was performed in duplicate, and the results were
expressed as the mean of two independent experiments.
Statistical analysis of growth alterations were performed
by using a two-way ANOVA Bonferronipost test. Significant
differences in gene expressions were analysed by using
Tukey's post hoc-test.

Results
Effects of insulin and glucose on growth

The growth of E. coli SPC105 in TSB supplemented with
200pU insulin+0.1% glucose and 0.1% glucosewere found
decreased only in the 24 hour period. The differences between

supplemented TSBs mentioned above andTSB without insulin
and/or glucose were found to be statistically significant
(p<0.001). But 20pU insulin and 200pU insulin were not

affected the growth of bacterium.
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Figure 1. Effects of different insulin concentration and glucose on

growth of E. coli SPC105.

E. coli was grown in TSB medium at 37 °C for 24 hours in
the presence of 20 pU/mL insulin, 200 yU/mL insulin, 0.1%
glucose and 200 pU/mL insulin + 0.1% glucose. Data shown

mean absorbance + standard deviation.

Effects of insulin and glucose on gene expressions Real

Time PCR assays
High quality of total RNAs with A260/280 ~1.9-2.0 were

obtained via commercial total RNA isolation kit. Converted
RNAs were subjected to gPCR and RT-PCR assays. Melting
scores were detected as 90-100%. Mean cross point values Cp
together with their standard deviation related to each gene of
all conditions were given in Table 2. Minimum and maximum

Cp values were 11.87+0.59 and 28.84+0.95, respectively.




The lowest PCR efficiency value (1.87+0.21) was recorded in
endogenous gene. Fold changes in gene expression were
shown in graphics of six target genes for four experiment
groups and the control group. (Figure 2). Expresions of marA
and marR were found to be down regulated significantly in
the presence of 200 pU/mL insulin, 0.1% glucose and 200 pU/
mL insulin + 0.1% glucose. 200 pU/mL insulin has also shown

to decrease the expression of acrA. Fold changes in gene
expression were ranged from 0.46+0.16 to 1.2+0.26 (Table 3).

Discussion

(Mar
marRABoperon increases either as a result of mutations in

In Mar phenotypes mutants) transcription of
regulatory region marO or in marR [5]or in the presence
of different inducer chemicals (antimicrobials, glossaries,
disinfectants, hormones, nutrition etc.) which are able to bind
to marO [3,5, 24, 25]. Transcription ofmarRAB induces the
expression of mar A controlling acrAB - tolC and omp Fwhich
play roles in multidrug efflux pumps and porin production [25-
28]. In wild type strains acrAB-tolC (efflux system) is expressed
at low levels, but when up regulated by marA, it causes high
level resistance to broad-range of antibiotics, lipophilic drugs,
detergents, organic solvents, ethidium bromide, crystal violet,
bile salts, beta-lactams, novobiocin, erytromicin, fusidic acid,
tetracycline, chloramphenicol [19, 29, 30]. Furthermore marA
providesinhibition of translation on ompF mRNA which causes
decreasing the entry of various antibiotics which defined as
non-specific solute transporter [31, 32]. It is know that multi-

resistant E. coli strains have lower levels of OmpF [33].

Various host factors [epinephrine (E), norepinephrine
(NE), dopamine, dopa, estrogen, progesterone, serotonin,
testosterone, insulin and different nutritious compounds] are

shown to affect many physiological processes in a bacterium
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Figure 2. Fold changes in gene expression. Gene expressions

were determined in mRNA transcriptional level.

as a result of inter-kingdom communication [11, 13-21, 34, 35].
Previous studies suggested that, insulin-r may function as an
inter-kingdom QS compound which regulates growth, biofilm
formation and chemotactic responses in E. coli[10, 11, 36].

Studies of antimicrobial

resistance genes were mostly focused on interactions of yeast

investigated the expressions

and steroid hormones [37, 38]. Steroids are known to affect
the expression levels of multidrug resistance genes (CDR1
gene) in Candida species. According to the study of Michelli et
al., [37] expressions of CDR1 and CDR2 genes (related to azole
resistance) were up regulated in the presence of estradiol
while it had no effect on growth of Candida. Similar to these
results, Banarjee et al. [38] reported that, progesterone
enhanced the expression of multidrug resistance genes.
Plotkin et al. [36]showed that, dehydroepiandesterone
increased the vancomycin resistance in Staphylococcus
aureus not only phenotypically but also in molecular level. In
addition glucose as another host factorhas been shown to be
altered antibiotic susceptibility of different types of bacteria.
Peng et al (2015) reported that exogenous glucose altered
susceptibility of multi drug resistant Edwardsiella tarda to
kanamycin. Researchers suggested that exogenous glucose
affects TCA cycle which increases drug intake [39]. Allison
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et al (2011) reported that addition of glucose, mannitol and
fructose affect the metabolic pathways of E.coli and S.aureus,
which leads the eradication of biofilm formations [40].

As we all know, the growth of bacteria such as Pseudomonas

aeruginosa, Bacteroides melaninogenicus, Campylobacter
rectus, E. coli, Staphylococcus aureus, Enterococcus faecalis,
and Burkholderia pseudomailei was altered in the presence
of catecholamine, gender hormones, and insulin [11, 16, 41-
43]. According to the study of Woods et al. the growth of B.
pseudomailei in minimal medium containing human insulin-r
was significantly lower when compared to control cultures
[44]. Plotkin and Viselli showed that, the growth kinetics of
E. coli, P. aeruginosa, S. aureus, and E. faecalis were affected
by the addition of insulin (2, 20, 200, and 400 pU/mL insulin
were used), and glucose (1%, 5%) in Mueller-Hinton Broth [11].
Bakholdina et al (2004) shown that, addition of 0.5% glucose
leads to inhibition of Yersinia pseudotuberculosis growth [45].
GUmUs et al (2017) reported that no change was detected on
growth ofUropathogenic E. coli strain (C7) in the presence of
insulin and/or glucose [10]; but in the present study the growth
of SPC105 E. coli strain was found to be affected in the same
conditions. These results supported that host factors could

modulate the growth of bacteria in a strain dependent manner.

To ourknowledge thisis the first paper focusing oninteractions
of expressions of antibiotic resistance genes with human
recombinant insulin and glucose. Mar regulon as an intrinsic
source for antibiotic resistance known to be affected in the
presence of different chemicals, glossaries and antibiotics [19].
Transcription of marRAB operon is normally repressed unless
inducer chemicals are present in the environment of bacteria
such as tetracycline, chloramphenicol, sodium salicylate and
other unrelated compounds. In the present study, we aimed to
investigate the possible effects of human insulin and glucose
on mar regulon with Q-PCR.

According to our results, among the sixinvestigated genes
(acrA, acrB, tolC, ompF, marA, marR) only acrA, marR and
marA were shown to be down regulated in the presence of
insulin and/or glucose when compared to control media
(TSB). However, the down regulation level of marR (in the
presence of 200U insulin, 200pU insulin+0.1% glucose and
0.1%glucose) did not lead to induction of marA as it is always
expected. Therefore we considered that, the expression of
marA and marR were affected independently. As we all know,
the activation of efflux proteins (acrAB-tolC) are regulated by
expression of marA. However in the present study, expression
of acrA was also down regulated independently from marA.
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As the main environment for a microorganism, host factors
(hormones, antibiotics, nutrition) act as signal molecules
during long term exposure such as infection. Consistent with
previous studies our results prove that, these host factors
(insulin and glucose for instance) affect gene expression (both
virulence and antibiotic resistance) and growthof bacteria in
vitro [10, 11, 36]. Today it is well known that, the regulation
of drug resistance and virulence mechanisms are tightly
connected to each other [46]. In accordance with the previous
studies our results show that, insulin and glucose can affect
the growth and expression levels of different genes related to
virulence but also antibiotic resistance [10-12, 36].
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