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Abstract
Silver nanoparticles/silver chloride (Ag/AgCl) biogenically synthesized acted efficiently on all the bacteria that produced beta-lactamases (Extended Spectrum 
beta-lactamase-ESBL or Klebsiella pneumoniae carbapenemase-KPC). The presence of imipenem (IPM)/Ag/AgCl showed synergism between the IPM antibiotic 
and Ag/AgCl nanoparticles. The results obtained with E. coli wild type and beta-lactamases producing bacteria reinforced the potentiality of silver nanoparticles on 
beta-lactamase enzymes, since E. coli is free of any beta-lactamase enzymatic mechanism, and it was not observed any alteration in the IPM zone inhibition with the 
silver nanoparticles. The study of biogenic nanoparticles efficacy against resistant microorganism is very important due to progressive increase of antibiotic resistant 
bacteria. 

Introduction
Klebsiella pneumoniae carbapenemase (KPC)-producing bacteria 

are a group of emerging highly drug-resistant Gram-negative bacilli 
causing infections associated with significant morbidity and mortality. 
Although there are new agents within existing classes of antimicrobials, 
currently there are no new classes of antimicrobials in the later phases 
of development with activity against multi drug resistant Gram-
negative bacteria [1]. 

The worldwide spread of KPC-producing K. pneumoniae strains 
(KPC-KP) has revealed the successful dissemination of a major clone 
defined as sequence type 258 (ST258). Since 2006, KPC-KP has arisen 
in South America, particularly in countries bordering Uruguay, 
Argentina and Brazil [2].

The enzymes beta-lactamases are distributed in the planet and 
have the capacity of degrade the beta-lactamic antibiotics, a class of 
pharmaceutical widely used in a severe bacterial infection. Among 
these enzymes is the ESBL (Extended Spectrum beta-lactamase) and 
KPC (Klebsiella pneumoniae carbapenemase) that exhibited different 
action spectra on beta-lactamic antibiotics [3-5]. Many efforts in these 
last years have dedicated in the development of new drugs or materials 
due to the emergence and increase of microbial organisms resistant 
to multiple antibiotics. The most new promising nanomaterials with 
antibacterial properties are the metallic nanoparticles such as silver 
nanoparticles [6].  Silver nanoparticles are from a long time known 
for many researchers, and in this direction were published excellent 

reviews in the last two years [7-15]. Few reviews were reported on 
biogenic AgCl nanoparticles [16].

Since, silver nanoparticles as also AgCl nanoparticles showed 
excellent activity against bacteria, it was interesting to evaluate the 
affectivity against resistant bacteria. 

Then, the aim of this work was to evaluate the antibacterial 
activities of Ag/AgCl nanoparticles combined with imipenem (IPM) 
against bacteria with resistance mechanism for beta-lactamase. 

Experimental part
Biosynthesis of silver nanoparticles: The Fusarium oxysporum (F. 

oxysporum) strain used was the following: 07 SD, from ESALQ-USP 
Genetic and Molecular Biology Laboratory-Piracicaba, S.P., Brazil. The 
fungal inoculates were prepared in a malt extract 2% and yeast extract 
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0.5% at 28°C in Petri plates. The liquid fungal growth was carried out 
in the presence of yeast extract 0.5% at 28°C for 6 days. The biomass 
was filtrated and resuspended in sterile water. Approximately 10 g of 
F. oxysporum biomass was taken in a conical flask containing 100 mL 
of distilled water, kept for 72 h at 28°C and then the aqueous solution 
components were separated by filtration and/or centrifugation. To this 
solution, AgNO3 (10-2 M) was added and kept for 72 hours at 28°C [17].

Characterization: It is known that the absorption peak shifts 
toward higher energy with a decrease in the size of silver nanoparticles 
mycofabricated. Absorbance spectrum of colloidal samples was 
taken from 200 to 800 nm, by UV-Vis spectrometer (Perkin Elmer, 
Lambda-950). The absorption spectrum showed a Plasmon resonance 
absorbance around 420-440 nm. The crystal structure of silver 
nanoparticles was characterized by X-ray diffraction (XRD). The 
measurements were carried out on an X-ray diffractometer (Shimadzu 
XRD 7000). The patterns with Cu Kα radiation (λ=0.15406 nm) at a 40 
kV voltage, 30 mA current with a 2° min-1 scanning rate were recorded 
in the 5°-90° 2θ region. The nanoparticle dispersion was diluted with 
deionized water (1:10 v/v), then the mean diameter (Z-average) and 
zeta potential were measured by the technique of Dynamic Light 
Scattering (DLS) and Electrophoretic Mobility respectively, using the 
equipment Nano ZS Malvern ZetaSizer with fixed angle of 173° at 
25°C. The morphology and particle size of the silver nanoparticles were 
investigated in a Carl Zeiss Libra 120 Plus (with a •-filter in column) 
transmission electron microscope, operated at an 80 kV acceleration 
voltage and using a tungsten thermionic source. An Olympus camera 
with iTEM software was used for image.

Antibacterial assays: It was studied 5 strains with resistance 
mechanisms for beta-lactamases (1 SER: Serratia mascescens producer 
of carbapenemase-KPC; 3 KPN: Klebsiella pneumoniae producer of 
carbapenemase-KPC confirmed through molecular biology technique 
blaKPC gene; 1 ESBL: Klebsiella pneumoniae ATCC 700603 producer of 
Extended Spectrum beta-lactamase) and a negative control (Escherichia 
coli ATCC 25922). The ESBL beta-lactamase phenotype it was carried 
out by combined disc [18]. 

The KPC carbapenemase was assessed with two different 
phenotypic detection methods: A modified Hodge test (MHT) [19], 
and boronic assay [20]. The latter was considered positive when the 
difference of inhibition zone between carbapenem disk with boronic 
acid and the carbapenem alone was equal or higher than 5 mm [21].

Initially, it was determined the minimum inhibitory concentration 

(MIC) by macrodilution [22] of silver nanoparticles (from 84.5 to 
1.32 µg/mL). The MIC value was used in the diffusion disk assay. 
In the diffusion disk assay, the agar Mueller Hinton (Oxoid, United 
Kingdom) plates were inoculated with each bacteria adjusted to 
standard equivalent to 0.5 McFarland (1.5 × 108 UFC mL-1). It was 
used four disks of imipenem 30 µg (IPM) and on two of these disks 
were applied 6.2 µL (10.52 µg disk-1) of silver nanoparticles solution 
of 1690 µg mL-1. In parallel, two blank disks of filter paper received 6.2 
µL (10.52 µg disk-1) of silver nananoparticles solution of 1690 µg mL-1 
(control). As the plates were incubated for 18 h at 35°C ± 2°C and the 
inhibition diameter average was registered.  All the assays were carried 
out in duplicate.

Results and discussions
Biosynthesis of silver nanoparticles: The formation of Ag/AgCl 

was investigated by UV-Vis spectroscopy technique. In Figure 1a shows 
the presence of a plasmon band around 429 nm is attributed to the 
formation of pseudo-spherical silver nanoparticles and corresponds to 
the surface resonance. In Figure 1b of XRD pattern is shown typically 
peaks at 38.1°, 43.8°, 64.2°, 77.2° e 81.5°, corresponding to the (111), 
(200), (220), (311) and (222) diffractions for face centered cubic (fcc) 
silver phase (JCPS 04-0783), that coexists with the cubic phase of AgCl 
at 27.9°, 32.3°, 46.3°, 55.0°, 57.6°, 67.6°, 74.6°, 76.9°, and 85.7° and that 
corresponds to the (111), (200), (220), (311), (222), (400), (331), (420), 
and (422) planes (JCPDS file: 31-1238) in a similar way as recently 
published by laccase Ag/AgCl nanoparticles synthesis [8,16] or from 
F. oxysporum [23]. 

The zeta potential for the Ag/AgCl was evaluated to estimate 
the stability for aggregation of the nanoparticles. The zeta potential 
absolute value can be usually used as an indicator of a colloidal system 
stability. The zeta potential value for the Ag@AgCl was found to be 
approximately – 26.5 mV, which is, according to literature [24], 
features state stability. Suggesting the stability of the Ag/AgCl occurs 
also due to the presence of molecules adsorbed on surface, formed 
during biosynthesis. 

The morphology, size and size distribution of silver nanoparticles 
was investigated by TEM. Figure 2 shows TEM images obtained for 
the silver nanoparticles pseudo-spherical morphology. It was observed 
aggregation of silver nanoparticles, which can be associated with the 
drying process for the preparation of the sample for TEM analysis. 
It can be also observed the presence of Ag/AgCl nanoparticles with 
an average size of 4 nm. The obtained Ag/AgCl nanoparticles have a 

 

Figure 1. (a) UV-vis spectrum and (b) XRD diffraction patterns of the Ag/AgCl.
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size distribution with a mean diameter of 55 ± 18 nm, from the TEM 
image (The total number of particles counted for the histogram was 
198). This, it was different from DLS measurement, since in that case 
the hydrodynamic radius was measured that as it is known protein 
capped the silver nanoparticles (89 nm with a zeta potential of -26.5 
mV) [17,25,26], and showing excellent antibacterial activities [27-29]. 

Antibacterial assay: The disk diffusion test results showed very 
similar values between the different treated bacteria, since for E. coli 
ATCC 25922 (no beta-lactamase ESBL or KPC resistance mechanisms) 
had substantially equivalent zones inhibition (Table 1). This suggests 
that the mechanism of action of Ag/AgCl nanoparticles is similar to 
those different bacteria and independent of the presence of enzymatic 
mechanisms of resistance to beta-lactamase. This finding was confirmed 
by the MIC determination, since all bacterial strains presented the 
same profile sensitivity (Minimum Inhibitory Concentration=10.52 
µg/mL of Ag/AgCl nanoparticles). 

However, all the bacteria that produced beta-lactamases (ESBL or 
KPC) demonstrated an increase of inhibition zone diameter with the 
presence of IPM/silver nanoparticles when compared to the diameter 
produced only with IPM. This behavior suggests a synergism between 
the IPM antibiotic and Ag/AgCl nanoparticles. The results obtained 
with E. coli 25922 and other bacteria reinforced the potentiality of 
silver nanoparticles on beta-lactamase enzymes, since E. coli is free 
of any beta-lactamase enzymatic mechanism, and it was not observed 
any alteration in the IPM zone inhibition with the silver nanoparticles. 
Therefore, it is evident that the action of imipenem (IPM) on 
Enterobacteriaceae producing beta-lactamase was incresead due the 
nanoparticles.

Final remarks: Due to the severity of the action of resistant 

bacteria is essential to search for new antibiotics. Recently e.g. two 
patients who were admitted to the Intensive Care Unit (ICU) of the 
Emergency Sergipe Hospital (Huse) (Brazil) died in the and according 
to the manager of the Hospital Infection Control, patients were 
infected with bacteria resistant KPC [30]. Then, our results with Ag/
AgCl nanoparticles alone or their formulations in combination with 
commonly used antibiotics could be used as effective bactericidal agents 
showing to be an interesting nanomaterial against resistant bacteria.
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Figure 2. TEM micrograph of A/AgCl nanoparticles. 

Strain IPM 
Zone diameter 

average (mm) (a)

IPM/Ag/AgCl
Zone diameter 

average (mm) (b)

Ag/AgCl
Zone diamenter 
average (mm) (c)

SER* 17.0 ± 0 18.5 ± 0.5 7.5 ± 0.5
KPN 710* 19.0 ± 0 20.0 ± 0 7.0 ± 0
KPN PCR* 18.0 ± 0 19.0 ± 0 6.7 ± 0.25

KPN HC PCR* 18.0 ± 0 18.5 ± 0.5 6.0 ± 0
ESBL 700603 28.0 ± 0 29.0 ± 0 7.5 ± 0.5
E. coli 25922 30.0 ± 0 30.0 ± 0 7.0 ± 0

Table 1. Evaluation of synergistic effect of 10.52 µg/disk silver nanoparticles (Ag/AgCl) 
with imipenem (IPM).

SER: Serratia mascescens; KPN: Klebsiella pneumoniae; ESBL: K. pneumoniae producer 
of Extended Spectrum Beta-Lactamase; *: KPC producing; NSE: Non synergistic effect; 
IPM: imipenem; Ag/AgCl: silver nanoparticles. 
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