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Abstract

Present study was conducted to assess the effect of ethylenediamine tetraacetic acid (EDTA); a non antibiotic
adjuvant, and CSE1034, a novel antibiotic adjuvant entity in biofilm destruction of Escherichia coli, and comparing
the efficacy with other drugs. We first determined the susceptibility of six antimicrobial agents against planktonic
cultures, as well as sessile cells of E. coli clinical isolates, using the Clinical and Laboratory Standards Institute
(CLSI) method. Subsequently, effects of EDTA alone, and drugs on bacterial curli production, adhesion, and in-vitro
biofilm destruction were studied. The percentage of biofilm persistence was determined with spectrophotometry.
The structural damage of biofilms was studied by scanning electron microscope. It was found that, among the drugs
used, CSE1034 was the most effective against all of the E. coli clinical isolates, with MIC and MBEC values ranging
from 32-64 pg/ml and 256-512 ug/ml, respectively. Exposure of clinical isolates with EDTA alone caused inhibitions
of curli formation and bacterial adhesion at 4 to 5 mM. Further, EDTA treatment of preformed biofilm caused
complete biofilm destruction at 8-10 mM. Interestingly, CSE1034 due to presence of 10 mM EDTA led to enhanced
antibacterial, as well as biofilm destruction activities. Results of spectrophotometric analysis and scanning electron
microscopy revealed that approximately 92% biofilms were eradicated by the CSE1034, and not by comparator
drugs. The results indicate that the CSE1034 appears to be most effective drug of choice for the treatment of

infections caused by E. coli.
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Introduction

Enterobacteriaceae is a large family of Gram-negative bacteria,
that includes many harmless symbiont bacteria and pathogenic, such
as Salmonella, Escherichia coli, Yersinia pestis, Klebsiella and Shigella.
E. coli is known to be a leading species amongst facultative anaerobic
bacteria, and is main causative agents of cholecystitis, bacterimia,
urinary tract infections (UTIs), meningitis and pneumonia. It has been
reported that many isolates of E. coli produce biofilm structures in
vivo and in vitro [1], and approximately 90% of UTIs are caused by
E. coli biofilms [2]. It has been reported that curli, a very thin, coiled
extracellular appendages expressed on the surface of most E. coli and
Salmonella enteria strains which bind fibronectin and other proteins,
are required for the biofilm development [3,4].

The adhesion of the bacterial cell to any surface is an initial step
of biofilm formation [5,6]. It is thought that the curli causes cell to
surface interactions, leading to adherence of bacterial cells to any
of the solid surface, including living tissues, in dwelling medical
devices, dental water unit systems [1,4,5], and turning the planktonic
growth to a sessile biofilm mode of growth [1,6,7]. Once the biofilm
is developed, the sessile bacterial cells start to exhibit more resistance
to antibacterial agents than that of planktonic cells [2,8], leading to
failure of antibacterial therapy. Low penetration of antibacterial agents
through the polymer matrix of the biofilm, is one of the important
factors contributing to antibiotic resistance in E. coli [4,9,10]. However,
many antibacterial agents have been used to eradicate the E. coli
biofilm [11,12], none so far has been demonstrated to eradicate biofilm
effectively. The growing rate of resistance of antibacterial agents to E.
colibiofilm led us to conduct a study on a new antibiotic adjuvant entity
(AAE), which could be effective against E. coli biofilm. We studied a
non-antibiotic adjuvant, ethylenediamine tetraacetic acid disodium
(EDTA), alone along with ceftriaxone and sulbactam, which combinely
was termed as CSE1034.

Therefore, the main objective of the present study was to evaluate

the effect of EDTA and CSE1034 in curli production, adhesion and
biofilm destruction of E. coli, and a comparison with other antibacterial
drugs. For this purpose, we used seventeen extended spectrum
B-lactamases (ESBL) producing clinical isolates, and six antibacterial
agents: CSE1034, ceftriaxone, amoxycillin plus clavulanic acid,
meropenem, cefoperazone+sulbactam and piperacillin+tazobactam.
In addition, biofilm destruction with and without treatment of drugs
were observed by scanning electron microscopy (SEM).

Materials and Methods
Bacterial strains

Seventeen clinical isolates collected from patients with UTIs,
bacteremia and pneumonia used in this study were obtained from
Vijayanagara Institute of Medical Sciences, Bareilly, U.P, India,
Postgraduate Institute of Medical Science (PGIMS), Lucknow, India,
and Government Medical College and Hospital, Chandigarh, India.
The identity of clinical isolates was re-confirmed by using VITEK-2.
Prior to use, bacterial suspensions were spread onto Mueller-Hinton
solid medium (MHSM; Himedia, Mumbai, India), and incubated at
35°C for 24 hrs. The ESBL confirmation was also done using Clinical
and Laboratory Standards Institute (CLSI) methods [13]. The bacterial
suspension, at a concentration of 10° colony-forming units (cfu/ml),
were used for susceptibility studies, adhesion study, curli formation
and biofilm formation.
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Antibacterial agents

A novel antibiotic adjuvant entity (AAE), with ceftriaxone sodium
plus 10 mM EDTA disodium plus sulbactam sodium herein, after
referred to as CSE1034 (Elores; Venus Remedies Limited, Chandigarh,
India), ceftriaxone (Rocephion, Hoffmann-Laroche Pharmaceutiical
Limited, Basel Switzerland), amoxycillin plus clavulanic acid
(Augmentin, Glaxo Smith Kline, Pharmaceuticals Limited, Mumbai,
India), piperacilline plus tazobactam (Zosyn; Wyeth Pharmaceuticals,
Mumbai, India), meropenem (Meronem, Astrazeneca Pharma India
Ltd., Banglore, India) cefoperazone plus sulbactam (Magnex, Pfizer
Limited, Mumbai, India), were used in the study. EDTA disodium
was procured from Himedia, Mumbai, India. All the drugs were
reconstituted according to instructions of manufacturer, prior to use.
Working solutions were prepared using MH broth (Mueller Hinton,
Himedia, Mumbai, India), and serial two fold dilutions were made
using CAMH (Cation-Adjusted Mueller-Hinton, Himedia, Bombay,
India) broth in wells of 96-well plate.

Antimicrobial susceptibility

MIC: Minimum inhibitory concentration (MIC) was performed
according to CLSI [13]. E. coli MTCC 739 was used as a control.

AST: The following antibiotics were used in this study: ceftriaxone
plus disodium edetate plus sulbactam; CSE1034 (Elores) (30:10:15 pg),
ceftriaxone (30 pg), cefoperazone+sulbactam (75:30 ug), piperacillin
plus tazobactam (100:10 pg), amoxycillin plus clavulanic acid (20:10
ug), and meropenem (10 pg). All the discs were obtained from Hi-
Media Laboratories Pvt. Ltd., Mumbai, India.

Effect of EDTA and drugs on curli production assay

Curli formation was studied in all isolates using a congo red agar
(CRA) plate, as described previously [14]. To study the effect of EDTA
disodium and drugs on curli production, 1.25 to 20 mM EDTA, and
half of MIC of drugs were used. Curli producing bacteria appeared as
red colonies, whereas non-curli producers appeared as pink. E. coli
0157:H7 deficient in production of curli (ATCC 43894-) was used
as negative control, and its corresponding curli-producing strains
(43894+) was used as a positive control.

Effect of EDTA and drugs on adhesion assay

Adhesion study was done as described earlier using the same
concentration of EDTA and drugs, as used in curli study. The minimal
concentration of EDTA and drugs which inhibited adhesion process
was determined visually as the concentration where the stained purple
color was not observed. E. coli O157:H7 deficient in production of curli
(ATCC 43894-) was used as negative control, and its corresponding
curli-producing strains (43894+) was used as a positive control.

Effect of EDTA and drugs on biofilm

Biofilms of curli positive isolates were developed using Calgary
Biofilm Device (CBD) [15]. Minimum biofilm destruction concentration
(MBEC) was determined, as reported elsewhere [16]. To assess the
effects of EDTA and drugs on biofilms, the EDTA concentration was
the same as mentioned above, but the concentrations of drugs were
four times of their MIC.

Quantification of biofilms

The quantification of biofilms were done using the methods
described earlier [16].

Scanning electron microscopy

The samples for SEM analysis were prepared as described earlier
[4]. SEM images were captured using scanning electron microscope
(Hitachi S3700-N). SEM images of antibiotic-exposed biofilm samples
taken at a 10,000 magnification. SEM analysis was performed only
on the selected groups treated with CSE1034, meropenem and
piperacilline plus tazobactam.

Reproducibility of the results

Results presented here are average of three experiments (mean
+ SD), except SEM. Statistical analysis was performed with one-way
analysis of variance (ANOVA) and Dunnett's test. Values of P>0.05
were considered not to be significant.

Results
ESBL identifications and MIC

Identity confirmation and ESBL characterization results revealed
that all of the isolates were of E. coli with ESBL positive. Among the
drugs used, CSE1034 was most effective against all of the clinical
isolates, with a MIC and MBEC values of about 32-64 and 256-512 pg/
ml, respectively. The second drug, meropenem, was effective to some
extent, with a MIC and MBEC values of about 32-128 and 256-2048
ug/ml. Cefoperazone plus sulbactam and piperacillin plus tazobactam
exhibited MIC values approximately 256-512 and 128-1024 ug/ml,
respectively. The MBEC values for each of cefoperazone plus sulbactam
and piperacillin plus tazobactam were 2048-4096 pg/ml. However, the
other drugs (ceftriaxone and amoxycillin plus clavulanic acid) were
much more resistant, with a MIC and MBEC values >512 and >4096,
respectively (Table 1).

AST: Results of AST study of various antimicrobial agents in curli
positive isolates are shown in table 2. Among the drugs used in the
study, CSE1034 was the only drug found to be most active, with 92.3%
susceptibility against curli positive clinical isolates. Second most active
antibacterial agent was meropenem with 61.5% susceptibility, followed
by piperacillin plus tazobactam (46.1%), ceftriaxone plus sulbactam
(38.4%), and each of ceftriaxone and amoxycillin plus clavulanic acid
(30.7%) (Table 2).

Effect of EDTA and drugs on curli formation

The isolates produced bright red colonies on CRA plate confirmed
to be a curli producer, while isolate showed mild pink colonies
considered to be non-curli producers. Among the seventeen clinical
isolates, only thirteen (76%) clinical isolates were curli producers.

Name of Drugs/adjuvant MIC (ug/ml) h(n:gi?ﬂ)
CSE1034 32-64 256-512
Ceftriaxone >512 >4096
Cefoperazone+sulbactam 256-512 2048-4096
Meropenem 32-128 256-2048
Piperacillin plus tazobactam 128-1024 2048-4096
Amoxycillin plus clavulanic acid >512 >4096

MIC=Minimum Inhibitory Concentration; MBEC=Minimum Biofilm Eradication
Concentration. MIC study of antibacterial agents was performed on all of the
clinical isolates. MBEC study of antibacterial agents was performed on only
thirteen clinical isolates which were positive for curli.

Table 1: MICs and MBECs of antibacterial agents for E. coli clinical isolates.
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Moreover, EDTA caused a concentration dependent inhibition in
curli forming ability of clinical isolates, with a complete inhibition at -
4-5 mM. Among the clinical isolates investigated, 10 clinical isolates 1004 -l- _l_
showed a complete inhibition of curli formation at 5.0 mM, while

remaining exhibited at 4.0 mM of EDTA disodium. In positive control,
E.coli O157:H7(ATCC43894+), curli formation was inhibited at 4.0
mM. When various drugs were examined on the curli formation,
interestingly, only CSE1034 could inhibit curli production.

Effect of EDTA and drugs on adhesion 204 I-I_‘ |-l-| I_._I .
4 8 I 7 B 9

e

Frs

Biofilm persistence (%)

Exposure of clinical isolates to EDTA resulted in a concentration

o 125 25 10
dependent decrease in the bacterial cell adhesion, with complete EDTA concentration (mM)
inhibition at 4.0 to 5.0 mM EDTA. Among the clinical isolates Figure 2: Percentage of E. coli clinical isolates biofilm persistence after exposure
investigated, 10 clinical isolates showed a complete inhibition of to EDTA. Biofilm eradication significance levels-ns-p>0.05; *-p<0.05; ** -p<0.01,
adhesion at 5.0 mM. while remaining three exhibited at 4.0 mM of compared to control. The clinical isolates showing complete biofilm eradication

. . . . . at 10 mM EDTA.
EDTA disodium. The decreased in adhesion after treatment with \

EDTA was statistically significant (p<0.01), in comparison to control
at concentration 2.5 mM and above (Figure 1). In positive control, ( e
E.coli O157:H7 (ATCC43894+), bacterial adhesion was inhibited at 4.0
mM. Similarly, when various drugs using half of MIC were studied on 1004 -

adhesion, only CSE1034 was inhibited bacterial adhesion, which was o g -l-
statistically significant. _l_ -i‘_ -l—
80 =

Effect of EDTA and drugs biofilm

ns

Matured biofilms of all E. coli clinical isolates were treated with
different concentrations of EDTA disodium, and it was found that
biofilm destruction was enhanced significantly (p<0.01), with increasing
the concentration of EDTA disodium, and complete destruction was

Biofilm persistence (%)
2

observed at 8.0 to 10 mM EDTA disodium when used alone (Figure —

2). Matured biofilms of E. coli strains treated with different drugs at 4 s

times of MIC, approximately to 92% of the biofilm was destroyed by 5 . M . . . . . )
the CSE1034 (p<0.01). The results demonstrated that the CSE1034 is 1 2 3 4 5 6 7

much effective against E. coli biofilm than the other comparative drugs Antibacterial agents

(Figure 3). Further, SEM analysis exhibited that CSE1034 treated group Figure 3: Percentage of E. coli clinical isolates biofilm persistence percentage

in the presence of drugs. 1, control without antibiotic treatment, 2, CSE1034,
3, cefoperazone+sulbactam, 4, meropenem, 5, piperacillin plus tazobactam, 6,
ceftriaxone, 7, Amoxycillin plus clavulanic acid. Biofilm persistence significance

demonstrated ruptured biofilm and swollen cells (Figure 4).

levels- ns-p>0.05; *-p<0.05; ** -p<0.01, compared to control.
.y . Percentage (%) of Isolates \
Antimicrobial agent . . .
Susceptible Intermediate Resistant

CSE1034 92.3 7.7 -

Ceftriaxone 30.7 15.4 53.8
Cefoperazone+sulbactam 384 23.0 384
Meropenem 61.5 23.0 15.4
Piperacillin plus tazobactam 46.1 23.0 30.7
Amoxycillin plus clavulanic acid 30.7 23.0 46.3

Table 2: AST of the curli positive E. coli clinical isolates.

120 =
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L L] T T L el
[ 128 2.8 4 s Figure 4: Scanning electron microscopy of one selected clinical isolates of E. coli
EDTA concentration (mM) biofilm on the surface of pegs of the microplate lid. (A) E. coli biofilm exposed to
Figure 1: Effect of EDTA on adhesion of E. coli clinical isolates. Adherence CSE1034 (significant disorganization of biofilm; a ruptured, porous and swollen
inhibition significance levels- ns-p>0.05; *-p<0.05; ** -p<0.01, compared to cells; (B) E. coli biofilm exposed to piperacillin+tazobactam; (C) E.coli biofiim
control. The clinical isolates showing complete inhibition of bacterial adherence exposed to meropenem (little swollen cells in biofiim appeared); (D) control
at5 mM EDTA. (without treatment).
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Discussion

E. coli is causing many serious complications in humans. Results
obtained in the present investigation indicated the MBEC:s values of the
drugs are several folds higher than their MICs, suggesting behavioral
changes of bacterial cells towards antibiotic after biofilm formation.
The results of our study demonstrated the least MICs and MBECs
values of CSE1034, because of the synergistic activity of ceftriaxone
plus sulbactam plus EDTA; the EDTA enhancing the penetration of
drug by increasing the porosity, which in turn decreased in MICs, and
further, EDTA also chelates divalent ions present in lipopolysaccharide
layer of biofilms, thereby reducing MBECs value. However, other
comparative drugs demonstrated very high MICs and MBECs values
due to absence of EDTA.

It is well known that during biofilm formation, E. coli bacterial cells
colonize on the surface through specific adhesin and curli [1,14,17].
Several authors have reported that curli promoting adhesion of the
bacteria cells to the surface [18,19], and adhesion is the first step for
biofilm development [20]. However, our results revealed that 4-5
mM EDTA alone inhibited curli formation and bacterial adhesion.
Similarly, among the tested drugs, only CSE1034 prevented the curli
production as well as bacterial adhesion, due to presence of EDTA in
CSE1034, whereas other comparative drugs including cefoperazone
plus sulbactam, meropenem, piperacillin plus tazobactam, ceftriaxone
and amoxycillin plus clavulanic acid failed to prevent curli formation
and bacterial adhesion, indicating that the biofilm formation can’t be
controlled without inhibiting curli production and adhesion.

Earlier studies have shown that 50 mM EDTA disrupts the biofilm
[21-23]. Contrary to these, we found that 10 mM EDTA disrupts the
bacterial biofilm when tested alone; the concentration of EDTA used
in our study was five times lower than previous study. There are many
reports that the bacterial cells are covered by exopolysaccharide matrix,
and this matrix is stabilized by divalent cations [6,24,25].

The reduced efficacy of meropenem, piperacillin plus tazobactam,
ceftriaxone, cefoperazone plus sulbactam and amoxycillin plus
clavulanic acid towards E. coli biofilms, are due to presence of
extracellular polysaccharides, to which these drugs could not penetrate.
Previously, it has been reported that extracellular saccharides may
prevent the diffusion of antibiotics across the biofilm [6]. However,
CSE1034 destroyed approximately 92% E. coli biofilm, because EDTA
may acts as a facilitating agent and helps penetration of antibiotic to
biofilms formed by E. coli. This in turn leads to maximum destruction
of the pre-formed biofilm exposed to CSE1034. EDTA removes
divalent ions (e.g. Mg** and Ca’*), by chelating to cations of EPS and
outer membrane of biofilms, and making the bacteria more susceptible
to antibiotic. EDTA also causes loss of lipid, lipo-protein, fatty acids
and polysaccharide from the biofilm, as well as bacterial cell wall.
To our knowledge, the role of E. coli biofilm matrix in retarding the
penetration of drugs has not been greatly investigated.

Conclusion

Results obtained in the present study revealed that low
concentrations of EDTA (4-5 mM) prevent curli production and
adhesion when used alone, and disrupts the pre-formed biofilm at
almost double the concentration ( 8-10 mM). Out of the various drugs
tested, CSE1034 is the only drug which can eradicate the biofilms
efficiently, and thus, it can be considered as a drug of choice in biofilm
infections, including urinary tract infection, pneumonia and bacteremia

caused by E. coli. The enhanced efficacy of CSE1034 in the eradication
of biofilm infection is due to presence of EDTA, which helps in the
destabilizing of the barriers responsible for the development of biofilm,
as well as antibiotic resistance.
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