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Abstract: The effect of sub inhibitory concentrations of gentamicin was investigated on the uropathogenic
Escherichia coliβ-lactamase production . Urinary Tract Infections due to Escherichia coli is one of the most
commondiseases encountered in clinical practice. There is accumulating evidence that through sub inhibitory
concentrations of many antibiotics do not kill bacteria, they are able to interfere with some important aspects
of bacterial cell function and virulence factors. This study provides evidence of an association between
β-lactamase production and exposureto gentamicin. The minimum inhibitory concentrations and subinhibitory
concentrations of pathological and control strains were determined by agar dilution method. β-lactamase
activities were determined by using quantitative microiodometric assay before and after treatment by sub
inhibitory concentrations of gentamicin. The results have been shown sub-inhibitory concentrations of the
antibiotics can be raise β-lactamase activities. It can be inferred that presumably gentamicin by inactivation of
inhibitor proteins increaseβ-lactamase activity.
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INTRODUCTION

Urinary tract infection (UTI) is one of the most
important causes of morbidity and mortality. Escherichia
coli (E.coli) is the most frequenturinarypathogen isolated
from 50%-90% of all uncomplicated urinary tract
infections[18]. E.coli present in the gastrointestinal tract as
commensals provide the pool for initiation of UTI. It has
been traditionally described that certain serotypes of
E.coli were consistently associated with uropathogenicity
and were designated as Uropathogenic E.coli (UPEC).
These isolates express chromosomallyencoded virulence
markers. The markers of UPEC are expressed with
different frequencies in different disease states ranging
fr om as ympt omat ic ba ct er iu ri a to ch ro nic
pyelonephritis[3]. When faced with bacterial infection,
antibiotic therapy is usually used in order to reach
minimumbactericidal concentrations (MBC)or minimum
inhibitoryconcentrations (MIC) in an attempt to eliminate
the virulence of microorganisms. The most commonly
used method of antibiotic administration is intermittent
administration and in this situation, pharmacokinetic
curves show that antibiotic concentrations fluctuate
periodically on the basis of the dosing schedule[19,13]. This
means that MIC or supra-MIC concentrations are present
for a certain period of time, after which they become
sub-MICs until the following administration. This is
particularly evident in the case of tissue infections,
because tissue antibiotic concentrations are frequently

lower than those in the blood[20]. A growing body of
evidence strongly suggests that antibiotic concentrations
of less than the conventionally determined MIC values
may still be effective in reducing bacterial virulence by
interfering with bacterial cell functions. These findings
have aroused interest in knowing the effects of exposing
bacteria to low concentrations of antibiotics in order
to be able to correlate the pharmacodynamic and
pharmacokinetic data and thus optimize therapy. The
pharmacologicalcharacterizationofantibioticsfrequently
includes investigations into sub-MICs effects[6]. The
pathogenic E. coli have been produce ß-lactamases. The
enzymes constitute a heterogenous group of enzymes[15].
Several classification schemes have been proposed
according to their hydrolytic spectrum, susceptibility to
inhibitors, genetic localisation (plasmidic or
chromosomal), gene or amino-acid protein sequence[7].
The functionalclassification schemeof ß-lactamases have
four groups according to their substrate and inhibitor
profiles[ 24]. Group 1 are cephalosporinases that are not
well inhibited by clavulanic acid; group 2 penicillinases,
cephalosporinases,and broad-spectrum ß-lactamases that
aregenerally inhibited by activesite-directed ß-lactamase
inhibitors; group 3 metallo-ß-lactamases that hydrolyze
penicillins,cephalosporins, and carbapenemsand thatare
poorly inhibited by almost all ß-lactam-containing
molecules; group 4 penicillinases that are not well
inhibited byclavulanic acid. Subgroups were also defined
according to rates of hydrolysis of carbenicillin or
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cloxacillin (oxacillin) by group 2 penicillinases[12]. The
classification based on the amino-acid sequence
recognizes four molecular classes designated A to D.
ClassesA, C, and D gather evolutionarily distinct groups
of serine enzymes, and class B the zinc-dependent
("EDTA-inhibited") enzymes. These enzymes may have
evolved some physiological role in peptidoglycan
assemblyor may have evolved to defend bacteria against
ß-lactams produced by environmental bacteria and
fungi[11]. This study was undertaken to investigate the
effect of sub-MICs of gentamicin on ß-lactamase
production.

MATERIAL AND METHODS

Bacterial strains: Thirty strains of E. coli (isolated from
urine of patient with symptomatic bacteruria) and a
control strain, E. coli DH5αwith pBleuscript plasmid,
were used for this study. The control strain can produce
ß-lactamase. They were grown in brain heart infusion
broth (BHI) and were stored at-70 °C in the form of 1ml
aliquots containing 1.5´105 bacteria per ml in the growth
phase. In each experiment, an aliquot was thawed,
inoculated in to 200 ml of BHI broth and incubated at 37°c

for 15 to 16h. The organisms were collected by
centrifugation and resuspended in BHI broth. The
concentration of the cell suspension was adjusted with
0.5 Mcfarland turbidity standard then diluted.

Construction of recombinant E. coli: E.coli DH5αwas
used for bacterial transformation and plasmid
propagation. The recombinant E.coli can produce the
ß-lactamase. E.coli cell were grown in luria bertani (LB)
medium(10g/l Bacto tryptone, 5g/l Bacto yeast extract, and
10 g/l NaCl) supplemented with 100 μg ml-1 ampicillin at
37 º C on a rotary shaker. General DNA techniques were
performed with general methods[17]. The plasmid,
pBleuscript, was prepared by the alkaline lysis method[4].
Rapidscreening for plasmids were prepared as previously
described[22]. A small number of cells were picked by
touching a colony with a toothpick. They were then
inoculated into a microfuge tube containing 300 µl of LB
broth. After overnight growth, the cells were pelleted in a
microfuge (10,000 rpm, 2 min). The cells were then
suspended by vortexing in 20 µl of gel-loading mix
(0.25% bromophenol blue and 30% glycerol). Then 40 µl
each of chloroform and phenol (saturated with 1.0 M
Tris-HCl, pH 8.0) was added. The mixture was vortexed
at full speed for 1 min followed by centrifugation for 10
min at 12,000 rpm. Then 10 µl of the aqueous fraction
was subjected to electrophoresis on 0.7% agarose
minigel (5.2 × 6.0 cm) with TAE buffer (40 mM Tris-
acetate, pH 8.0 containing 2 mM Na2-EDTA) at 100 volts
for 30 min. The gel was stained with ethidium bromide

(0.5 µg/ml) and the DNA bands were visualized under a
UV transilluminator.

Antibiotic: Gentamicin was obtained from Sigma in the
form of powders suitable for susceptibility testing.

Minimum inhibitory concentration: The MICs were
evaluatedusing the microdilutionbroth method, according
to the National Committee for Clinical Laboratory
Standards[23,2].

β-Lactamase test: Existence of ß-lactamase enzyme in
each isolate was determined by modified iodometric
method, Briefly, The starch indicator was a solution
containing 1.0 g of soluble starch(Merck) in 100 ml of
distilled water,dissolved by heating in a boiling water
bath. It was prepared fresh each day or two. The iodine
reagent contained a mixture of 2.03 g of iodine and 53.2
g of potassium iodide which was dissolved in 100 ml of
distilled water and stored in a brown glass bottle. The pH
5.8 buffer was a mixture of 6.25 g of KH2PO4 and 0.696
g of K2HPO4 dissolved in 1 liter of distilled water. The
pH 7.0 and 8.0 buffers were made from this 0.05 M
solution by adding the necessary quantities of NaOH. A
solution containing 10,000 U of penicillin G per ml of
phosphate buffer was freshly prepared and dispensed in
0.5-ml volumes in small tubes or in wells of a microtiter
plate. The test bacteria were removed with a large
inoculating loop from an 18-to 24-h BHI culture and
suspended in the penicillin solution to make a density of
at least 109cells. (A 10-2 dilution of this opaque bacterial
suspension was visibly turbid.) After 1 h (or longer) at
room temperature, two small drops of starch indicator
were added to the suspension, followed after mixing by
one small drop of iodine reagent. A blue color
immediately developed due to the reaction of the iodine
with the starch. The reaction mixture was further rotated
for up to 1 min. Persistence of the blue color for longer
than 10 min constituted a negative test and indicated that
the penicillin molecules had not undergone β-lactam ring
cleavage . Rapid decolorization occurred if the penicillin
was hydrolyzed; such a positive reaction indicated , β-
lactamase activity, provided that no spontaneous
hydrolysis of the penicillin had occurred before or during
the test. Two tubes of penicillin solution without
bacteriaserved as controls; one tube received drops of
starch and iodine at the beginning of the hour, and the
second control tube was held until the end of the hour
when the reagents were added to the tests. Retention of
the blue color by both controls for the duration of the test
period testified to the absence of spontaneous penicillin
hydrolysis or of possible hydrolysis by enzymes of
microorganisms that might contaminate the starch or
buffer solutions.
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Statistical analysis: Statistical analysis of results the
mean and standard deviation were calculated for the
results obtained at each time point. The results were
analyzed by students t-test.

RESULTS AND DISCUSSIONS

Gentamicin is one of the aminoglycosides, an
important group of antibiotics frequently used against
bacterial infection[1]. The ability of an antibiotic to
interfere with manybacterial virulencefactors maybe one
of the main criteria for choosing one drug over another.
The experience show that gentamicin is most effective in
the treatment of UTIs caused by UPEC. Gentamicin is an
antibiotic drug which belongsto the aminoglycosideclass
of antibiotics. The antibiotic as a drug of this category is
able to kill many types of bacteria in the body. They kill
bacteria by inhibition of the translation step in microbal
protein synthesis and subsequently damaging the
cytoplasmic membrane[8]. The MICs of gentamicin and
ampicilin are given in Table 1. The effects of sub MICs
can be assessed in several ways. Shortly after the
discovery of penicillin, there was a report that low
concentrations of penicillin produced elongation and
filaments in Gram-negative bacteria[10,5]. The same was
observed in patients treated with low doses of antibiotics,

where filaments and other aberrant forms of the bacteria
were found in urine, blood cultures and spinal fluid.
Clinical experiments in the 1940s revealed satisfactory
results when patients with severe pneumococcal
pneumoniawere treatedwith penicillin, whichgaveserum
levels barely reaching the MICs. Lorian introduced the
term minimum antibiotic concentration, which was
defined as the lowest concentration of an antibiotic that
gave a one log10 reduction in growth in comparison to
that of the control or the concentration that resulted in a
structural change observed with light or electron
microscopy[13]. The sub-MIC effect was later defined as
TS_C, where TS is the time for cultures exposed to sub-
MICs to increase by one log10 above the countsobserved
immediately after washing and C is the corresponding
time for the unexposed control[ 25]. It has been
hypothesised that the sub-MIC effect probably tests the
distribution of antibiotic susceptibility in the bacterial
population, in which there are subpopulations that are
inhibited by concentrations less than the MIC. The
sub-MIC effect would then represent the time it takes for
the population with higher MICs to become dominant.
One explanation for the effect of sub-MICs has been the
interaction with the immune system. In a non-neutropenic
rabbit model with implanted tissue cages, it was shown
that 0.3_MIC of benzylpenicillin inhibited streptococcal

Table 1: MICs of Gentamicin and Ampicilin against E. Coli strains
No. Strains Gentamicin Ampicillin No. Strains Gentamicin Ampicillin
1 A 10 7000 17 P 1 1000
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 B 1 4000 18 Q 0.5 No growth
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 C 0.5 1000 19 R 0.5 1000
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4 D 0.5 1000 20 S 0.5 3000
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 E 1 500 21 T 1 600
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6 E 0.5 600 22 U 0.5 2000
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7 F 1 4000 23 V 0.5 4000
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
8 G 2 600 24 X 0.5 7000
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
9 H 0.5 600 25 Y 0.5 100
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 I 1 100 26 Z 1 1000
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
11 J 0.5 1600 27 AB 0.5 400
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
12 K 0.5 2000 28 AC 2 1000
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
13 L 0.5 100 29 AD 0.5 2000
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
14 M 2 2000 30 AE 1 400
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
15 N 0.5 16 31 Standard 0.5 4000
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
16 O 1 1000
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multiplication for several hours. Similar results using a
mouse model have been demonstrated by Zak and
Kradolfer, whoshowed thatsub-MICs ofampicillin could
inhibit staphylococci growth in peritonial fluid for up to
18 h[25]. Phagocytic cell functions such as engulfing,
killing and metabolic response can all be affected by
sub-MICs. It is also known that sub-MICs can exert a
direct effect on the virulence of bacteria bymodifying the
bacterial cell surface. The production of toxins from
different bacteria may also change in the presence of sub-
MICs. A trend of increased β-lactamase production was
observed with exposure to gentamicin[21]. A number of
researcher have investigated the effect of sub-MIC
antibiotic exposure on bacterial cell function, expression
of virulence factors and toxin production. These studies
have demonstrated the potentiating effect of certain
antibiotics on the expression of bacterial toxins and
virulence factors in various isolates of E. coli and
S. aureus. The induction of the bacterial SOS response by
antibiotics such as quinolones has been suggested as a
possiblemechanismthrough whichexpression of bacterial
toxins might be potentiated investigated the effect of sub
inhibitoryconcentrations of 13 antimicrobial agents on the
release of Shiga toxin by three different E. coli O157
strains[9] . They reported that exposure to penicillin G,
st re pt omycin , ci pr of lo xaci n, fo sf om yc in or
sulfamethoxazole caused an increase in toxin production
in two of the three tested strains, while decreases were
observedfor the other isolates. Therefore, the responseof
E. coli O157 isolates to sub inhibitory concentrations of
antibiotics seems to be highly dependent on theproperties
of the strain involved. In this study, we have investigated
thirty clinical isolates of E. coli and our findings are
suggestiveof differences in the responses of both isolates
to antibiotic pre exposure. Indeed, strain differences has
been observed in various studies looking at other
virulence factors. The gentamicin used in this study is the
first line drugs used when antibiotic treatment is indicated
in UTI. In addition, global reports suggest a steady
increase in resistance of E. coli to these antimicrobials.
Possiblydue to the widespread useof antibiotics in animal
husbandry.
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