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ABSTRACT: The electrophysiological tip-dip technique allows the identification of cell behaviors that
depend on many factors, such as antibiotic resistance. These properties of membrane allow the development
of devices capable of identifying antibiotic resistance in a manner faster than traditional screening tests for
antibiotic resistance. In this way, the doctors can use the most appropriate antibiotic, with decreased
occurrence of antibiotic resistance.
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membrane protein F (OmpF) [3],
osmoporin (OmpC) [4], phosphoporin
(PhoE protein) [5] and maltoporin (LamB
porin) [6].
OmpF porin allows diffusion of
hydrophilic, polar molecules with low
molecular weight (600-700 Da), including
water, ions, antibiotics, glucose, and other
nutrients [2]. OmpF is a voltage-dependent
ion channel, having a critical voltage (Vc
= < 100 mV) that is affected by low pH,
pressure, polycations and membrane
oligosaccharides and has selectivity for
small cations (Li+ < Na+ < K+) [7, 8].
It is considered that β-lactam antibiotics
enter in the periplasmic space through
porins [9]. Has been shown that induced
mutations in OmpF residues lead to

1. INTRODUCTION
OmpF (outer membrane protein F)
belongs to a class of membrane proteins,
porins, forming membrane channels in
Gram-negative bacteria. Gram-negative
bacteria such as Escherichia coli have an
outer
membrane,
composed
of
phospholipids,
proteins
and
lipopolysaccharides [1], which protects the
bacteria against different environmental
conditions and acts as a passive filter for
maintaining the influx and efflux of
substances [2]. This function is performed
by water channel-forming transmembrane
proteins (porins) that facilitate passive
transport of ions and nutrients into the
bacterial periplasmic space. The most
studied porins of E. coli are outer
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antibiotics, ceftazidime (56.8 μg/ml) was
used.
The voltage across the membrane was
clamped at different values using a WPC100 amplifier (ESF electronic, Göttingen,
DE), the current was filtered at 1 KHz with
a 4-pole Bessel low-pass filter and
sampled at 10 KHz with a Digidata 1322A
AD/DA interface (Axon Instruments,
Sunnyvale, CA). Recordings were
analyzed with pClamp 8.1 software (Axon
Instruments, USA), Origin 6.0 (Microcal
Software Inc., USA). All data were
expressed as means ± SEM. Lecithin (17%
PC), n-decane, potassium chloride were
purchased from Sigma-Aldrich, and E. coli
purified OmpF was kindly provided by
Professor Mathias Winterhalter.

conformational modifications which affect
the transport of antibiotics through these
porins [10, 11]. Ceftazidime, used as an
experimental model in this study, is a third
generation cephalosporin, resistant to most
beta-lactamases and is active on a broad
range of Gram-negative and Gram-positive
bacteria. The enzymes beta-lactamase,
known as penicillinase, act on antibiotics'
structure by disrupting the four-atom ring
(β-lactam) of antibiotics. In Gram-negative
bacteria, these enzymes are released into
the environment when antibiotics are
present [12].
Planar lipid bilayers technique
(BLM – painted, folded and tip-dip
methods) represents an important method
for studying different single channels
reconstituted in artificial lipid bilayers
[13]. Therefore, relevant biophysical
characteristics (selectivity, pH and voltage
dependency) of porins, like OmpF, can be
determined
using
these
electrophysiological approaches [14].

3. RESULTS, DISCUSSIONS
The increased number of pathogenic
bacteria presenting multiple antibiotic
resistance mechanisms is becoming an
alarming clinical problem. Cephalosporin
family compounds belong to the group of
the most important antibacterial agents,
able to interfere with biosynthesis of
peptidoglycans, major components of the
bacterial wall. Before reaching the target,
antibiotics must overcome the outer
membrane barrier.
Taking into account that OmpF
represents the main entrance way of these
antibiotics, it is important to evaluate the
conductance pattern of OmpF in the
absence/presence of ceftazidime.
Experiments with reconstituted OmpF
porin (1 µg/ml) in tip-dip lipid bilayers,
revealed that porin preferentially inserts in
PC bilayers in 3 M KCl solutions. Mean
single-channel conductance was 129.58 ±
5.4 pS (n = 8) and openings average time
86 ± 10.23 ms (n = 8), for an imposed
voltage of - 70 mV.
In figure 1 can be observed singlechannel openings with fast kinetics and
openings in 3-steps with slow kinetics.

The goal of the present study was to
characterize the insertion of porin OmpF,
purified
from
E.
coli,
in
phosphatidylcholine lipid bilayers, using
tip-dip method, and to identify the
electrophysiological features in the
presence of ceftazidime, a third-generation
cephalosporin antibiotic.
2. MATERIALS, METHODS
Using tip-dip bilayer technique [13],
artificial membranes were done using 20
mg/mL
lecithin
(containing
17%
phosphatidylcholine – PC) solubilized in
decane. At the solvent/air interface, a
monolayer was made and by dipping a
borosilicate glass pipette tip (with a
resistance of 6–8 MΩ) into the lipid, a
monolayer was formed. Immersing a
second time the pipette tip, a bilayer with a
giga-seal (20-30 GΩ) formation occurs.
Reconstitution of ion channels was
performed by adding OmpF at a final
concentration of 1 µg/ml. For studying the
interaction between OmpF channel and
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Figure 1. Representative recordings of OmpF channel activity at -70 mV. Mean conductance
was 129.58 ± 5.4 pS (n=8) and mean open time 86 ± 10.23 ms (n = 8). At - 80 mV
subconductance states of inserted OmpF can be observed. C represents the closing state, O
the open state and n, the number of OmpF openings.
Experiments conducted in the presence of
ceftazidime (53.8 µg/ml) emphasized an
increase in OmpF conductance from
129.58 ± 5.4 pS (n = 8) to 171.9 ± 11 pS (n
= 9), and a significant increase in the
average lifespan from 86 ± 10.23 ms to
2.01 ± 0.5 s (Figure 2).

At holding potentials of -70 and 80 mV (Figure 1) can be observed
subconductance states, behaviour which
diminishes at -130 mV (data not shown).
The same pattern was obtained in BLM
bilayers and in giant liposomes [15]. At
potentials of -150 mV the „flickering”
effect (noisy recordings) was observed and
at > 200 mV a complete destabilization of
the lipid bilayer occured.

Figure 2. Representative recordings of OmpF channel mediated by ceftazidime (53.8 µg/ml).
Recordings were performed at +10 mV (A, C) and +30 mV (B). Unitary mean conductance
was 171.9 ± 11 pS (n = 9) and mean open time 2.01 ± 0.5 s (n = 9). O1, O2, O3 represent the
subconductance open states and n, the number of OmpF openings.
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The interaction of ceftazidime with the
OmpF channel can be identified by current
fluctuations, easily seen in figure 2 C. Our
previous work, done with outer membrane
fragments of E. coli no. 2662 strains, have
shown that ceftazidime and ciprofloxacin
can modulate the ionic current through
these porins [16].
Openings with fast kinetics (Figure 2 B)
are often associated with monomer
activation. For a trimer, the conductance
average was 1228 ± 115 pS and for a
monomer ~ 409 pS, value similar to that
mentioned in literature: ~ 313 pS [16].
The results indicate an increase in
conductance and also changes in the mean
open lifetimes of OmpF channels in the
presence of ceftazidime. Thus, a possible
mechanism of translocation through the
pore of the antibiotic may occur.
These results are important for improving
the pharmacological dosage of ceftazidime
administered in the clinic and to reduce the
drug resistance of Gram-negative bacteria,
in particular of E. coli strains, to
cephalosporins.

efficient
detection
of
these
microorganisms. A variety of biosensors
based on antibodies have been tested for
pathogen recognition: electrochemical,
mass-based, magnetic and optical [18].
Taking into consideration these findings, it
can be designed microchips with specific
antibodies, for bacteria identification in
water samples from different contaminated
areas.
Acknowledgements
The authors gratefully acknowledge Dr.
Radu Mihai from Horia Hulubei National
Institute for R&D in Physics and Nuclear
Engineering (IFIN-HH) for valued advice.
REFERENCES
[1] Nikaido H, Molecular Basis of
Bacterial
Outer
Membrane
Permeability
Revisited,
Microbiology and Molecular Biology
Reviews, Dec. 2003, p. 593–656 Vol.
67, No. 4
[2] Kojima S, and Nikaido H, High Salt
Concentrations Increase Permeability
through
OmpC
Channels
of
Escherichia coli, The Journal of
Biological Chemistry, September 19,
2014, vol. 289, no. 38, pp. 26464–
26473
[3] Cowan, S. W., Schirmer, T.,
Rummel, G., Steiert, M., Ghosh, R.,
Pauptit, R. A., Jansonius, J. N., and
Rosenbusch, J. P, Crystal structures
explain functional properties of two
E. coli porins, Nature, 1992, 358,
727–733
[4] Basle´, A., Rummel, G., Storici, P.,
Rosenbusch, J. P., and Schirmer, T.,
Crystal structure of osmoporin
OmpC from E. coli at 2.0 Å, J. Mol.
Biol., 2006, 362, 933–942
[5] Bransburg-Zabary S, Nachliel E, and
Gutman, Gauging of the PhoE
Channel by a Single Freely Diffusing

4. CONCLUSIONS
 OmpF preferentially inserts in PC
bilayers at negative potentials and
in 3 M KCl solutions;
 Ceftazidime
increases
the
conductance and the open lifetime
of OmpF channel;
 The interaction between OmpF
reconstituted in artificial lipid
bilayers and antibiotics, could
generate a quantitative description
of these processes that may be
useful in selecting new generations
of antibiotics and to increase the
efficiency of existing ones.
4.

PERSPECTIVES

Microarrays are used as screening tools for
detecting bacteria and parasites [17]. This
approach, combined with molecular
biology techniques, provides a rapid and
121

Annals of the „Constantin Brancusi” University of Targu Jiu, Engineering Series , No. 3/2016

[14] Nestorovich E.M., Rostovtseva T.K.,
and Bezrukov S.M., Residue
Ionization and Ion Transport through
OmpF Channels, Biophys J., 2003,
Dec; 85(6): 3718–3729
[15] Baslé A, Iyer R, Delcour AH,
Subconductance states in OmpF
gating, Biochim Biophys Acta, 2004,
Jul 1;1664(1):100-7
[16] Radu BM, Bacalum M, Marin A,
Chifiriuc C-M, Lazar V, Radu M,
Mechanisms of Ceftazidime and
Ciprofloxacin Transport through
Porins
in
Multidrug-Resistance
Developed by Extended-Spectrum
Beta-Lactamase
E.coli
Strains,
Journal of Fluorescence, 2011,
21:1421–1429
[17] Dror K.S, Pavlotzky E, Barak M,
Evaluation of the NanoCHIP®
Gastrointestinal Panel (GIP) Test for
Simultaneous Detection of Parasitic
and Bacterial Enteric Pathogens in
Fecal Specimens, PLoS One, 2016
Jul 22, 11(7):e0159440
[18] Byrne B, Stack E, Gilmartin N and
O’Kennedy R, Antibody-Based
Sensors: Principles, Problems and
Potential for Detection of Pathogens
and Associated Toxins, Sensors
2009, 9, 4407-4445

Proton, Biophysical Journal, 2002,
Volume 83 December 2987–3000
[6] Baldwin V, Bhatia M, Luckey M,
Folding studies of purified LamB
protein, the maltoporin from the
Escherichia coli outer membrane:
trimer dissociation can be separated
from unfolding, Biochim Biophys
Acta., 2011, Sep;1808(9):2206-13.
[7] Danelon C, Suenaga A, Winterhalter
M, Yamato I, Molecular origin of the
cation selectivity in OmpF porin:
single channel conductances vs. free
energy calculation, Biochim Biophys
Acta, 2009, 1794(5): 808–816
[8] Delcour AH, Outer Membrane
Permeability
and
Antibiotic
Resistance, Biophys Chem., 2003,
1;104(3):591-603
[9] Danelon C, Nestorovich E.M,
Winterhalter M, Ceccarelli M,
Bezrukov S.M, Interaction of
Zwitterionic Penicillins with the
OmpF Channel Facilitates Their
Translocation, Biophys J., 2006, 1;
90(5): 1617–1627.
[10] Simonet V, Malléa M, Pagès J.-M,
Substitutions in the eyelet region
disrupt cefepime diffusion through
the Escherichia coli OmpF channel,
Antimicrob. Agents Chemother.,
2000, 44, pp. 311–315
[11] Bredin J., Saint N., Malléa M., Dé
E., Molle G., Pagès J.-M., Simonet
V, Alteration of pore properties of
Escherichia coli OmpF induced by
mutation of key residues in anti-loop
3 region, Biochem. J., 2002, 363 pp.
521–528
[12] Neu H.C, "Effect of beta-lactamase
location in Escherichia coli on
penicillin synergy", Appl Microbiol.
1969, 17 (6): 783–6.
[13] Han e
, chlue W. R., Planar
Lipid Bilayers: Methods and
Applications, Academic Press, San
Diego, 1993

122

