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Abstract
Silver nanoparticles have been considered as powerful antimicrobial agents recently, especially with
the increasing incidence of diseases associated with biofilm and multi-drug resistant pathogens.
The aim of this study was to synthesize silver nanoparticles by biological and chemical methods
and combination with imipenem to eradicate biofilm-forming bacteria at phenotypic and genotypic
levels. The biosynthesis of silver nanoparticles was done by using Enterobacter cloacae (cell-free
suspension) while chemosynthesis was conducted using sodium borohydride. Biological and chemical
silver nanoparticles were characterized by ultraviolet-visible spectrophotometry which showed
absorbance peak at 400 and 390nm respectively. Fourier transformer infrared analysis revealed that
carboxylic and polyphenolic groups were coated on surface of both silver nanoparticles. Scanning
electron microscope and size analyser showed that the sizes of biologically and chemically silver
nanoparticles were 63 nm and 25 nm, respectively. In addition, it showed the formation of cubical
nanoparticles. The antimicrobial effect of synthesized silver nanoparticles were evaluated by agar
well diffusion and macrodilution method to determine minimum inhibitory concentration value. The
results showed that biological silver nanoparticles were more effective on biofilm forming bacteria
(Serratia fonticola and Pantoea sp.) than chemical synthesized ones. In addition, the combination
effect between silver nanoparticles and imipenem displayed synergistic effect. Gene expression of
biofilm encoding genes (smaI and esaL) were evaluated by real- time quantitative polymerase chain
reaction (RT- qPCR) before and after treatment with silver nanoparticles in both types and imipenem
and in combination between them. The results revealed that biological silver nanoparticles alone or in
combination with antibiotics were more effective on biofilm gene expression by down regulation than
other treatments.
Keywords: Biofilm; Silver nanoparticles; Serratia fonticola; Pantoea sp.; Enterobacter cloacae;
Imipenem

Introduction
Silver ions are considered to have antimicrobial
http://www.nanobe.org

properties. In the early nineteenth century, 0.5% silver
nitrate was utilized for the treatment and prevention of
microbial infections such as Ophthalmia neonatorum.
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The use of silver slowly lessened, when penicillin
antibiotic was discovered [1]. Currently, the utilization
of silver has become important for treating infections
because of the lack of efficacy of conventional
drugs. However, silver ion is easily inactivated by
complexation and precipitation. Consequently, the use
of silver ions is imperfect [2]. Nano silvers, which are
zero valent, can be a valued alternative to silver ions
[3]. Nanoparticles (NPs) are clusters of atoms, with
sizes ranging from 1 to 100 nm, whereas a “nano” is
used to designate one billionth of a meter [4]. Due to
the fact that their small particle size and high surface
area, silver NPs have unique physical and chemical
properties which are different from those of metallic
silver.
Silver NPs are a non-toxic and safe antibacterial
agent for the human body in addition to its procession
of an antifungal activity [5], anti-inflammatory
properties [6], antiviral activity [7], anti-angiogenic
activity [8] and anticancer activity. Nano silver has
been utilized in the functionalization of materials
in order to improve the performance of clothing,
semiconductor, and nanocomposite materials. For
example, in the manufacturing silver NPs coated
medical devices for infection-free transplantation
[9, 10]. Silver NPs have also shown a synergistic
activity in combination with antibiotics for example,
a combination of amoxicillin and nano silver
demonstrated superior bactericidal efficiency towards
Escherichia coli than when they were separately
applied [11], and interactions between silver NPs.
and polymyxin B revealed synergistic effects against
gram negative bacteria [12]. Hwang et al. also reported
the synergistic antibacterial activity of nano silver
in combination with the conventional antibiotics
ampicillin, chloramphenicol and kanamycin against
various pathogenic bacteria. The study illustrated that
nano-Ags had potential as a combination therapeutic
agent for the treatment of infectious diseases by
bacteria [13].
Recently, some bacteria have developed themselves
to be resistant towards the commonest antibiotics.
They have the ability to stay alive and even reproduce
in the presence of an antibiotic. The biofilm production
is also associated to the antibiotic resistance problem
[14]. Bacteria are used to adhere to surfaces through
a biofilm matrix, a 3D, gel-like, highly hydrated
and locally charged environment. Adhesion of
these bacteria to other organs may contribute to the
pathogenesis of infection [15]. For instance, S. typhi
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has demonstrated resistance towards chloramphenicol,
ampicillin, quinolone, and trimethoprim, and E. coli
showed resistance towards ampicillin, kanamycin,
sulfisoxazole, streptomycin, tetracycline, ticarcillin,
and so on [16, 17]. Al-Azawi et al. studied the
formation of biofilm in terms of the utilization of
icaA genes presented in S. lentus, responsible for
biofilm formation [18]. In addition to that, Hasson et
al. achieved the same study on the basis of esaI and
smaI genes present in Pantoea sp. and S. fonticola,
respectively [19]. These genes could be considered
as the indicator of biofilm formation in urinary
catheterized patients, which in turn was considered as
a serious reason of multi-drug resistance in bacteria.
Thus, nanoparticle-based antibacterial formulations
could be effective bactericidal materials owing to the
combined effects of silver NPs and antibacterial agents.
Herein, in the present study, we synthesized silver
NPs according to the biosynthesis and chemical
method. Then, we investigated the antibacterial activity
of green synthesized and chemically synthesized silver
NPs alone and in combination with imipenem as an
antibiotic using well diffusion agar and macrodilution
method to determine MIC value against bacteria
(Serratia fonticola and Pantoea sp.). The Gene
expression of biofilm encoding genes encoding (smaI
and esaL) were evaluated by real- time quantitative
polymerase chain reaction (RT- qPCR) before and after
treated with green and chemical synthesized silver NPs
alone and combined with imipenem.

Experimental
Materials
Imipenem (500 mg vial) was purchased from
Merck (USA). Azithromycin (200 mg/5 mL) was
purchased from Reva Phrma (Egypt). Silver nitrate
was provided from Sigma Aldrich (USA). Congo
red stain, ethidium bromide, Kovac’s reagent, and
methyl red were purchased from Sigma Aldrich
(USA). Deionized water and DNA marker ladder
were supplied from Pioneer (Korea). The following
chemicals were used in the preparation of culture
media: agar, blood agar, brain heart infusion agar, brain
heart infusion broth, carbohydrate fermentation media,
eosin methylene blue, MacConkey agar, Muller Hinton
agar, Muller Hinton broth, nutrient agar, nutrient broth,
and trypticase soy broth were all purchased from
Himedia (India). Gram stain was provided by BDH.
(UK). This solution is often used for studying the
http://www.nanobe.org
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cell morphology and arrangement of bacterial cells.
Phosphate buffer saline (PBS) was prepared through
dissolving one tablet of PBS (pH 7.3) in 100 mL of
D.W to prepare this solution; the resulting solution was
sterilized by autoclave. 1× tris borate EDTA (TBE)
buffer was prepared by diluting the concentrated
TBE buffer (10 ×). It was used to dissolve agarose
and in electrophoresis procedure. 100 mL of TBE (10
×) was added to 900 mL of D.W to reach to 1× TBE
concentration. All other reagents were purchased from
BDH, UK and are of the highest commercial grade
available. Highly purified water was used everywhere
in the experiments with analytical grade.
Synthesis of silver nanoparticles
The synthesis of silver NPs were conducted
according to reference [20] with some modifications.
Silver nitrate solution (0.01 M) was prepared by
dissolving 0.16 gm in 100 mL de-ionized water
(solution A). A solution of 0.001 M sodium
borohydride was also prepared by dissolving 0.3783 g
solid NaBH4 in 100 mL distilled water (solution B). 5
mL of solution A (0.01 M AgNO3) was added dropwise
(1 drop per sec.) to 50 mL of 0.001 M NaBH4 (solution
B) in 250 mL beaker with drastic stirring at 400 rpm
for 30 min in dark condition. The color change was
noted. The biosynthesis of silver NPs was conducted
by using Enterobacter cloaca according to Shahverdi
et al. [21] with some modifications. Sterilizing nutrient
broth was inoculated with Enterobacter cloaca fresh
culture (Enterobacter cloaca isolate was isolated from
urine of catheterized patients and had the ability to
produce biofilm) and incubated in shaker incubator at
150 rpm, 37 °C for 24 h. After the incubation period,
the broth culture was centrifuged at 6000 rpm for 15
min. in cold centrifuge (4 °C). Supernatant was drawn
by pasture pipet and filtrated by Millipore filter 0.4,
after which 0.25 mL of 0.1 M AgNO3 was added to
50 mL liquid of 10 mL bacterial supernatant in 40 mL
deionized water. The mixture was incubated in shaker
incubator at 150 rpm, 37 °C for 24 h. A formed brown
color referred to the formation of silver NPs.
Collection of specimens
The specimens were collected and isolated
according to the procedure described in the reference.
28 biofilm bacterial isolates were isolated from urine
samples collected from catheterized patients from 4
Iraqi hospitals (Diwaniya, Hilla, Al Qasim, and Al
Hashimiya Teaching Hospitals) during the period from
February to April 2017 in sterile tubes of 10 mL and
http://www.nanobe.org

then transferred to laboratory immediately [22].
Bacterial isolate
S. fonticola and Pantoea sp. were isolated from
urine of catheterized patients, which were identified
and diagnosed by the automated system VITEK 2
(BioMerieux, Marcy I’Etoile, France) to achieve final
diagnostics and identification of the species level.
Serratia marcescens and E. coli were diagnosed by
biochemical tests as reference strains to Serratia
fonticola and Pantoea sp., respectively [22]. The
biofilm forming bacteria were investigated through
using Congo red agar method [10], tissue culture plate
method, and the biofilm forming bacterial was also
diagnosed genetically by polymerase chain reaction
(PCR) method. Briefly, PCR technique was performed
for biofilm formation genes, i.e. smaI and esaI genes
in Serratia sp. and Pantoea sp., respectively. The
primers were designed by using the National Center
for Biotechnology Information (NCBI) gene sequence
data base and primer 3 plus design. This primer
was provided by Bioneer, South Korea as shown in
Electronic Supplementary Information (ESI 1). DNA
extraction was carried out according to manufactured
instructions of commercial DNA extraction kit (Presto
Mini-DNA Bacteria Kit. Geneaid Biotech Ltd. USA).
Then, the extracted DNA was estimated by the
Nanodrop device at 260/280 nm. PCR master mix was
prepared from Accu-Power® PCR-PreMix-Kit master
mix reagent according to the company directions (ESI
2). The PCR mixture revealed in ESI 2 was placed
in AccuPower PCR-PreMix that contained all PCR
components (Taq DNA polymerase, dNTPs, and 10
PCR buffers). Then, all the PCR tubes were transferred
into vortex vibration for 3 min and transferred into
thermocycler apparatus (MyGene, Bioneer, Korea).
The conditions of the PCR thermocycler are tabulated
in ESI 3. Then the products of PCR were analyzed
by electrophoresis on a 1% agarose gel stained with
ethidium bromide and observed under a ultra-violet
(UV) trans-illuminator.
Antimicrobial susceptibility testing
The test for antimicrobial susceptibility was
achieved by two methods. The first was disc diffusion
method, according to Clinical and Laboratory Science
Institute (CLSI), 2015 [12]. The test was carried out on
Müller-Hinton agar with antibiotics disc listed in Table
5. The second was minimum inhibitory concentration
(MIC) testing, accomplished by using VITEK 2 AST
system for antibiotics including ampicillin/clavulanic,
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cefazolin, ceftazidime, ceftriaxone, cefepime,
ertapenem, imipenem, gentamicin, tobramycin,
ciprofloxacin, levofloxacin, nitrofurantoin, and
trimethoprim/sulfamethoxazole. The results in both
methods were regarded as sensitive, intermediate or
resistant based on the Clinical and Laboratory Science
Institute (CLSI) standard guidelines, M100, 2017 [13].
Statistical analysis
All experiments were carried out in triplicate to
validate the reproducibility of experiments. Statistical
analysis was conducted by using one way ANOVA at
p-value 0.05 by SPSS Statistics 24.0 software.
1.4

Results and Discussion
Synthesis and characterization of silver
nanoparticles
Silver NPs were prepared according to reduction of
silver nitrate with sodium borohydride as a reducing
agent and capping agent. A brown colour was formed,
representing the formation of silver NPs as shown in
Fig. 1(a), and the colour was also developed to be dark
brown when continuing mixing with magnetic stirrer
for 0.5 h. Additionally, biosynthesized silver NPs were
also prepared through incubation of Enterobacter cell
free filtrate solution (pale yellow) with silver nitrate
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Fig. 1 (a) Colour profile for the synthesis of silver NPs using chemical method through reduction of silver ions with sodium
borohydride as a reducing agent. (b) Colour profile for the biosynthesis of silver NPs using secondary metabolites of bacteria. (c) UVvisible absorption spectrum of chemically and biologically synthesized silver NPs. And (d) FTIR spectrum of silver NPs which were
synthesized with chemical and biological methods.
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solution for 24 h, leading to forming brown colour as
stated in Fig. 1(b). The change in colour was owing to
the reduction of Ag+ ions to Ag NPs. The colour change
was previously reported in extracellular synthesis method
from bacterial source [23] and from Enterobacter
cloacae specially [21]. The brown colour for both
methods related to excitation of SNPs surface Plasmon
vibration [24], as a result of SNPs production.
Fig. 1(c) represents the absorption spectrum of
both chemical and biological synthesized silver NPs.
In chemical SNPs, the UV-visible absorption spectra
revealed the absorption band was at 390 nm due to
surface Plasmon resonance of silver NPs. The absorption
energy of SNPs depended on Plasmon resonance
degree which represented the ratio of silver ion to silver
zero valent [25]. The observation of biological SNPs
synthesis by E. cloacae was strong with narrow peak at
wavelength 400 nm. The peak indicated to narrow size
range of NPs which was less than100 nm [21]. The
surface Plasmon attributed the vibration combination
of silver NPs free electrons with light wave, and it was
considered as another indicator of NPs production at
the range of absorption from 390-420 nm [26]. The
synthesized silver NPs were also characterized by
using Fourier transform infrared spectroscopy (FTIR)
as seen in Fig. 1(d). The FTIR results illustrated FTIR
spectrum of chemical and biological synthesized SNPs
respectively in the wavelength range from 500 to
4000 cm-1. It can be shown in the figure that the FTIR
spectrum presented absorption bands at 1635, 1636 and
3330, 3445 cm-1 in chemical and biological synthesis,
respectively. The band at 1636 and1635 cm-1 referred to
vibration stretching group C=O indicating the carboxylic
acids group which was bounded to silver NPs. The
peak at 3445 and 3330 cm-1 belonged to O-H stretching
vibration band for polyphenolic compounds in the
extract adsorbed on the surface of biological synthesized
NPs, as well as the presence of water into the system,
and thereby intermolecular hydrogen-bonding in case of
chemically synthesized silver NPs. All these stretching
vibrations bands clarified that carboxylic groups and
polyphenolic groups were coated on the surface of
silver NPs producing stabilized NPs with negligible
aggregation [27].
Silver NPs size of both methods were determined by
dynamic light scattering. The size of NPs distribution
analysis of chemical method revealed the average of
particles size was approximately 22-28 nm (25 ± 3)
with zeta potential of about -48 (Fig. 2(a) and (b)),
while the biosynthesis SNPs was 56-70nm (63 ± 7)
http://www.nanobe.org
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with zeta potential of -30, as seen in Fig. 2(c) and
(d). Concerning the antibacterial activity of SNPs
influence of its size particles, the small particles are
well known to be more effective than larger ones in
terms of antibacterial and anti-biofilm activities [28].
Many previous studies reported that antibacterial
activity was based on particles size of SNPs [29].
Fig. 2(e) and (f) revealed typical SEM micrograph of
chemical and biological silver NPs obtained by the
reduction of AgNO3 solution with sodium borohydride
and cell-free filtrate of E. cloacae, respectively. The
morphology of NPs was cubic in shape, uniformly
(mono dispersed) without significant aggregation in
both types. The particle size ranged from 22-28 nm for
chemical silver NPs and 56-72 nm for biological SNPs.
Scanning electron microscopy (SEM) was employed
to determine the shape, size and morphology of the
chemically and biologically synthesized silver NPs.
Antimicrobial effects of silver NPs on biofilm
bacteria
Antibacterial activity of silver NPs were evaluated
by many previous studies [30, 31], but fewer studies
focused on the anti-biofilm activity of SNPs such as
[32, 33], and the comparative effect of both types
(chemical and biological SNPs). Silver NPs were
recorded to be anti-biofilm agents which were effective
against biofilm bacteria formation, and were also most
effective against multi- drug resistant bacteria, resulting
from biofilm formation to solve most serious problem
to worldwide public health [28, 34, 35]. Herein, the
antimicrobial activity of chemo and biosynthesized
SNPs on S. fonticola and Pantoea sp. was evaluated
using well diffusion agar and MIC methods as shown
in Fig. 3. The antimicrobial effects of both types SNPs
on S. fonticola and Serratia sp. as a control are shown
in Fig. 3(a) and (b). The antimicrobial effect of both
types SNPs on Pantoea sp. and E. coli as control were
illustrated in Fig. 3(c) and (d).
The results in Fig. 3 revealed that the antibacterial
activity of SNPs increased directly with the
concentration increasing for both types. The inhibition
zone diameter of tested biofilm bacteria increased
significantly with the increasing of concentration of
SNPs. Tiwari et al. pointed out that protein leakage
from bacterial cell treated with SNPs increased along
with SNPs concentration, which led to cell death, and
the releasing of protein was lower in gram positive than
negative bacteria [36]. Gram negative biofilm bacteria
(S. fonticola and Pantoea sp.) were more susceptible
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Fig. 2 (a), (b) The average particle diameter and zeta potential of chemosynthesis of silver NPs. (c), (d) The average particle
diameter and zeta potential of biosynthesis of silver NPs. (e), (f) Scanning electron microscopy (SEM) of chemically and biologically
synthesized silver NPs, respectively explaining the crystallized particles of nanosized silver formed.
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to SNPs in both types. The figure also shows that the
MIC values of biological silver NPs towards both S.
fonticola and Pantoea sp. isolates were 25 µg/mL, while
for chemical silver NPs were 90 µg/mL to all isolates.
Solutions of these values were used later in RT-PCR
analysis to evaluate the gene expression among tested
bacteria. It was supposed that SNPs caused pits in gram
negative cell wall leading to increasing permeability of
cell membrane and inhibiting respiratory chain leading
to kill treated bacterial [37, 38]. The antimicrobial
effect of silver NPs may be related to attachment to the
surface of cell membrane disturbing permeability and
respiration functions of the cell [39]. It is also possible
that silver NPs not only interact with the surface of
membrane, but can also penetrate inside the bacteria
[40]. Many researchers also proposed that Ag+ ions
interacted with the thiol groups in bacteria proteins,
affecting the replication of DNA [41]. It has been

reported that Ag+ ions uncouple the respiratory chain
from oxidative phosphorylation or collapse the protonmotive force across the cytoplasmic membrane [42].
Table 1 depicts the statistical analysis for antimicrobial
effect of chemical SNPs, which illustrates that there
was no significant differences among S. fonticola
isolates (p = 0.229) against control as well as Pantoea
sp. isolates (p = 0.171) and its control. On the other
hand, biologically synthesized silver NPS also showed
no significant differences p = (0.254, 0.959) in
biological SNPs, respectively.
Synergistic effect of silver NPs combined with
imipenem on biofilm isolates
The antibacterial activity of silver NPs was enhanced
through combination with some antibiotics. Herein,
imipenem antibiotic was utilised in combination with
both chemical and biological silver NPs. Fig. 4 shows

Table 1 Statistical characteristics analysis of antibacterial activity of chemosynthesis and biosynthesis of silver NPs with reference to
zone of inhibition for both bacteria isolates S. fonticola and Pantoea sp.
Bacteria IZ ± SE
Biological silver NPs

Chemical silver NPs

Control IZ ± SE

P-value

S. fonticola

15.933 ± 0.564

17.400 ± 1.029

0.254

Pantoea sp.

15.550 ± 0.450

15.600 ± 0.678

0.959
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the antibacterial activity of chemically and biologically
synthesized silver NPs. It can be seen in the figure
that the antibacterial action profoundly increased
for both categories of silver NPs and enhanced the
growth inhibition of tested biofilm bacteria. Thus,
the antibacterial effect of combined silver NPs and
antibiotic exhibited higher than bare SNPs or free
antibiotic. These results corresponded to references
[26] and [43] where those researchers pointed out that
the combined antibiotics with SNPs caused greater
anti-biofilm activity and elevated bacterial cell death
level. Therefore, the treatment with combination of
antibiotics and SNPs could be considered of more
potent effectiveness as antibacterial and anti-biofilm.
Namasivayam et al. also concluded that silver NPs
made a good compatibility in combination with
antibiotics to inhibit bacterial biofilm [44]. Therefore,
silver NPs can be used as great adjuvants to antibiotics
upon combination by enhancing antibiotics activity
against gram positive and negative bacteria [43]. It
has been recently reported that the combination of
silver NPs and vancomycin increased the inhibition of
biofilm activity to 55% and 75% to gram positive and
negative bacteria, respectively [26]. Table 2 depicts
the statistical analysis of results of the combination of
both types of silver NPs with imipenem. These results

have shown that biological silver NPs in combination
with imipenem were more effective than chemical
silver NPs with imipenem, with significant differences
at p =0.005 and 0.028 for S. fonticola and Pantoea sp.,
respectively.
The results of individual combination of both types
of silver NPs with imipenem, revealed that there was
a synergistic effect. Table 3 shows a highly synergistic
effect and anti- biofilm activity mostly more than each
one alone and to both types (chemical and biological)
and to all tested biofilm bacteria. Anti-biofilm activity
of silver NPs in other studies increased to reach 50%
and 70% to gram positive and negative biofilm forming
bacteria, respectively, when combined with ampicillin
[26]. In addition, it increased bacterial susceptibility
to antibiotics when combined with them as synergistic
effect especially in biofilm infection like nitrofurazone
increased its effect in the presence of silver [45].
Gene expression of biofilm formation
incubated with silver NPs
Biofilm formation is a cooperative genetic process
requiring different genes to cause and regulate biofilm
formation. NPs may potentially effect on the process,
and so the goal was to evaluate the silver NPs’ effect on
gene expression level of biofilm causative and regulatory

Table 2 Statistical characteristics analysis of antibacterial activity of combination of chemosynthesized and biosynthesized silver NPs
individually with imipenem antibiotic with reference to zone of inhibition for both bacteria isolates of S. fonticola and Pantoea sp.
Bacteria

Chemical SNPs+ imipenem (IZ ± SE)

Biological SNPs + imipenem(IZ ± SE)

P-value

S. fonticola

19.571 ± 1.237

25.800 ±1.718

0.005 *

Pantoea sp.

17.071 ± 0.778

19.950 ± 1.03

0.028 *

Note: IZ = inhibition zone; SE = stander error

Biological Silver NPs

Chemical Silver NPs

Table 3 Synergistic effect of combination of different concentration of both chemically synthesized and biologically synthesized
silver NPs with different concentration of imipenem antibiotic towards bacterial isolates S. fonticola and Pantoea sp.
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genes. Depending on previous literature about the gene
expression of biofilm for the bacterial isolates under
study, no study was found to be dealing with this subject
except one that used chitosan to inhibit staphylococci
biofilm formation by down-regulating icaA gene
expression [46]. Hence, the current study could be
considered the first one that applied the SNPs prepared
chemically and biologically to minimize the biofilm
formation in bacterial infection caused on catheterized
patients. For this reason, the discussion was limited to
interpretation of the recent results. The results of total
RNA were estimated by Nanodrop spectrophotometer
as shown in Table 3-15 (S. fonticola and Pantoea sp.),
which explained the total RNA concentration ranged
from 384.6 to 634.3 ng/µL, and the RNA purity was
at the ratio of 260/280 nm ranging in 1.71-1.89. These
data emphasized that the technique used for RNA
extraction was perfect for amplification in the RTPCR system. Total RNA was extracted by using Total
RNA extraction Trizol kit in performing RT-qPCR for
relative gene expression analysis of biofilm genes smaI
and esaL for the tested and the control of S. fonticola
and Pantoea sp., respectively in different treatments.
The concentration and purity of the extracted RNA
had powerful influence on gene expression outcome
and determined the accuracy of RNA profile. RNAs
are characterized by sensitive molecules as compared
to DNAs, which can be easily denaturized by heating,
UV or nuclease, and so RNA sample should be
free of protein, nucleases and inhibitor enzyme or
contaminated with DNA molecules [47]. Combination
of the reverse transcription with PCR to be RT-PCR
made a powerful gene expression quantification method
[48]. To gain an insight into molecular estimation of
differences in gene expression of biofilm regulation
by smaI and esaL genes in the test and the control of
S. fonticola and Pantoea sp. isolates, respectively,
quantitative reverse transcription real-time PCR (RTqPCR) was performed. The gene expression patterns
were evaluated in biofilm bacterial genes before and
after treatment with antibiotics and silver NPs alone
and combined, by normalization with expressions
of the housekeeping gene (reference gene), RNA
polymerase β subunit gene (rpoB). Reference gene
was potent to assess the accuracy of tested gene
[49] and must be expressed constantly according to
experimental conditions [48]. RT-PCR was considered
a standard analysis technique to assess gene expression
of potential gene which impacted on pathological
diseases [50]. The current study investigated the
expression stability of rpob housekeeping genes which
http://www.nanobe.org
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highly conserved RNA subunit as reference genes to
study the gene expression of biofilm regulated and
causative genes (smaI and esaL) in S. fonticola and
Pantoea sp., and to determine the differences in gene
expression of biofilm gene before and after treatment
with silver NPs and antibiotics.
The relative quantification meant the change of
target gene expression relative to the control group
[48]. Quantification PCR estimates the amplification
of sampling DNA at cycle number according to the
induction of fluorescence indicator (SYBR Green),
which was used as amplification detection of target
genes and assessment of expression levels [50]. Fig.
5(a)-(d) show the RT-qPCR amplification biofilm
genes of the tested bacteria and the control. The results
described in the figure revealed that gene expression
of biofilm genes (smaI and esaL) could be underexpressed when biofilm formation bacterial cell (S.
fonticola and Pantoea sp.) was treated with chemical
and biological silver NPs, antibiotics (imipenem), and
the combination of them which might lead to loss of
its biofilm ability. The expression was termed “RFU”,
meaning “relative fluorescence units”, is a measurement
unit used in RT-PCR analysis to detect fluorescence
signal [47]. The cycle number across red line is called
the threshold cycle, or CT, which represents the cycle
number of PCR that gene expression occurs [51].
CT is a value of PCR cycle at which the fluorescent
signal determines the amplification of each gene by
monitoring it to represent expression level [50].
The relative quantification gene expression was
determined according to CT value of the tested and
the housekeeping gene and differences between them,
to determine the fold change in gene expression [50]
based on the ∆CT method reference gene equation
which is simpler to perform than the Livak method and
gives the same results [51]:
Ratio (reference/target) = 2^ CT (reference) – CT (target)
= fold change.
Fold changes were represented by relative gene
expression of target genes (icaA, smaI and esaL) that
normalized to reference gene rpoB. The reference
gene utilised to normalize the target gene expression
was very important to estimate the fold change in
gene expression and the accurate results, because is
considered a highly conserved expressed RNA subunit
and used as constant standard [52]. Calculations of the
fold change gene expression of differences between the
tested CT and the housekeeping gene are shown in Fig.
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6(a)-(d), which represent the expression level of smaI
and esal during biofilm formation. The level of smaI and
esal expression decreased dramatically for S. fonticola
and Pantoea sp. Isolates, respectively incubated

with chemical and biological silver NPs and selected
antibiotics (imipenem) (with varying influences) in
comparison to the level of gene expression of the
control isolates (broth of biofilm bacteria with sugar
http://www.nanobe.org
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and without silver NPs or antibiotics treating). The
fold change of smaI expression level in S. fonticola
isolate 1, 2 ranged from 1.640 to 3.678 as compared
to 6.953 for the control, while it ranged from 0.939
to 3.015 against the control in S. fonticola isolate 3,
as shown in Fig. 6 (a) and (b). Also, the fold change
of esaL expression in Pantoea sp. isolates 1, 2 ranged
from 2.666 to 4.468 versus 6.735 for the control, and
for Pantoea sp. isolates 3, 4, it ranged from 1.090 to
3.089 in comparison to 5.593 for the control. These
results might explain that silver NPs in both types
and antibiotics mechanisms down-regulated gene
expression of smaI and esaL genes, and might degrade
the quarm sensing signal which regulated biofilm
formation.
Fig. 6 (a)-(d) also show that biological silver NPs
were more influential on gene expression of the tested
biofilm bacterial genes than chemical silver NPs or
antibiotics, with the significant difference p = 0.009,
0.001, 0.006 and 0.007 to biofilm bacterial isolates
(S. fonticola 1, 2, S. fonticola 3, Pantoea sp. 1, 2,
and Pantoea sp. 3, 4), respectively (Appendix 1-5).
Genotypic effects were associated with phenotypic
effects of biological silver NPs on the tested biofilm
bacteria, which revealed more potent antibacterial
effects than the others.
Gene expression of biofilm formation for
antibiotic combined silver NPs
At genetic level, as well as at phenotypic level, the
gene expression was influenced with the combination
which down-regulated the expression of the tested
genes compared to individual antimicrobial agents,
as shown in Fig. 7 for the combination of chemical
silver NPs with antibiotic imipenem and Fig. 8
for the combination of biological silver NPS with
antibiotic imipenem. The results revealed that gene
expression of biofilm encoding genes (smaI and esaL)
decreased due to the combining effect of chemical
and biological silver NPs with imipenem. Each
treatment was a microdilution broth of mixing silver
NPs with antibiotic at below, equal and above MIC
concentrations.
Combined therapies potentially has many benefits
compared to individual antibiotic therapies, especially
in the cases of severe infections. Combinations would
increase the effectiveness of antimicrobial agents
through synergism, increase the range of bacteria
targeted in empirical therapy through affecting
different targets, limit virulence factors expression,
http://www.nanobe.org

Nano Biomed. Eng., 2019,Vol. 11, Iss. 2

and prevent the development of antibiotic resistance
[53]. Fig. 7(a) and (b) depict that the smaI expression
level decreased from 7.4 to 0.46 in accordance with
excess of the combination of chemical silver NPs and
imipenem concentration, compared to the control of
S. fonticola bacteria isolates1, 2. The same was true
for S. fonticola bacteria isolate 3. The smaI expression
level decreased from 9.95 to 0.16 in accordance with
excess of the combination of chemical silver NPs and
imipenem concentration in comparison to the control,
as seen in Fig. 7 (c) and (d). However, for esal gene,
the expression level decreased from 4.47 to 1.65, in
accordance with excess of the combination of chemical
silver NPs and imipenem concentration as compared
to the control Pantoea sp. isolates1, 2 (Fig. 7 (e)
and (f)). Fig. 7 (g) and (h) show the esaL expression
level decreased from 5.13 to 0.58 in accordance with
excess of the combination of chemical SNPs and
imipenem concentration in compared to the control
Pantoea sp. isolates 3, 4. Upon the combination
with biosynthesized silver NPs, the smaI expression
level decreased from 6.2 to 1.0 in accordance with
excess of the combination of biological silver NPs
and imipenem concentration in comparison to the
control S. fonticola isolates 1, 2 (Fig. 8 (a) and (b)).
Also, the smaI expression level decreased from 6.68
to 0.23 in accordance with excess of the combination
of biological silver NPs and imipenem concentration
in comparison with the control S. fonticola isolates
3, 4, as illustrated in Fig. 8 (c) and (d). For Pantoea
sp. isolates 1, 2, the esaL expression level decreased
from 2.69 to 0.25 in accordance with excess of the
combination of biological silver NPs and imipenem
concentration in comparison to the control, as stated
in Fig. 8 (e) and (f). At last, the esaL expression level
decreased from 5.13 to 1.9 in accordance with excess
of the combination of biological silver NPs and
imipenem concentration in comparison to the control
Pantoea sp. isolates 3, 4, as described in Fig. 8 (g) and
(h).
Statistical analysis revealed that the combination
between chemical and biological silver NPs with
imipenem on S. fonticola 1, 2 isolates exhibited a
significant difference p = 0.002 to chemical SNPs
combination only (Appendix 6, 7). But S. fonticola 3
showed a significant differences p < 0.001 in chemical
and biological silver NPs combination (Appendix
8, 9). The combination effect of chemical and
biological silver NPs with imipenem on Pantoea sp.
isolates revealed a significant difference p < 0.001 in

Nano Biomed. Eng., 2019,Vol. 11, Iss. 2
16
14

211
Amplification

(a)
0.8 (b)
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
0

10
7.24 7.40
6.65 6.83

8
6
4
2
0

16
14

0.46
T1

1.67
T2

8.62

RFU

Fold change

12

2.25
T3
T4
T5
T6
Experimental group

T7

C

0.7

6.00

6

0.5

RFU

Fold change

0.6

9.95

8

0.4

7.00 7.44

0.3
0.2

4

16

0.16 0.65
T1

T2

0.1

1.50
T3
T4
T5
T6
Experimental group

T7

0.0
0

C

1.4

(e)

14

1.2

12

1.0

6.00

6
3.80 4.00

4
2 1.65

14

T1

2.00
T2

4.47

0.2

T3
T4
T5
T6
Experimental group

T7

0.0
0

C

10

20
30
Cycles

40

Amplification

(g)
0.7

(h)

0.6
0.5

8

6.50

6

5.13
4.35 4.78

4
0.58
T1

1.59
T2

2.75

0.4
0.3
0.2

2.90

T4
T5
T6
T3
Experimental group

RFU

Fold change

Amplification
(f)

0.4

2.12 2.21

10

0

40

0.6

12

2

20
30
Cycles

0.8

8

16

10

RFU

Fold change

10

0

40

0.8 (d)

13.60

10

0

20
30
Cycles
Amplification

(c)

12

2

10

0.1
T7

C

0.0
0

10

20
30
Cycles

40

Fig. 7 Mean of fold change in gene expression of (a) smaI in biofilm of S. fonticola 1, 2, (c) smaI in biofilm of S. fonticola 3, (e)
esaL in biofilm Pantoea sp. isolates 1, 2, and (g) esaL in biofilm Pantoea sp. isolates 3, 4, separately treated with the combination
of chemical SNPs and imipenem. T1 = 170/8, T2 = 150/4, T3 = 130/2, T4 = 110/1, T5 = 90/0.5, T6 = 70/0.25, T7 = 50/0.125, C =
control (S. fonticola broth and sugar). RT- qPCR amplification biofilm formation genes in treated and untreated (b) smaI in biofilm of S.
fonticola 1, 2, (d) smaI in biofilm of S. fonticola 3, (f) esaL in biofilm of Pantoea sp. isolates 1, 2, and (h) esaL in biofilm of Pantoea
sp. isolates 3, 4. Red plot = T1, blue plot = T2, yellow plot = T3, orange plot = T4, black plot = T5, pink plot = T6, grey plot = T7,
green plot = control, and red line = threshold line.
http://www.nanobe.org

Nano Biomed. Eng., 2019,Vol. 11, Iss. 2

212
12

Amplification
(a)

0.7 (b)
0.6

8

7.50
6.20

6

2
0

12

0.4
0.3

4.59

4
2.00

0.2

2.72

0.1

1.00
T1

T2

0.5
RFU

Fold change

10

T3
T4
T5
Experimental group

C

0.0
0

10.65

0.8 (d)

RFU

4

0.23

0.42

T1

T2

0.2

1.28

0.1

T3
T4
T5
Experimental group

Fold change

0

10

20
30
Cycles

40

Amplification

(e)

(f)

1.2
1.0

8
6.00

6

0.8
0.6

4

0.4

2.69

2
0.25

0.59

T1

T2

1.11

1.73

0.2

T3
T4
T5
Experimental group

C

(g)

10
8.55
8

0.0
0

10

20
30
Cycles

40

Amplification

0.8 (h)
0.7
0.6
0.5

6

0

0.4

5.13

0.3

4
2

RFU

Fold change

0.0

C

10

12

0.4
0.3

3.21

2

0.5

RFU

Fold change

0.6

6.66

6

0

40

0.7

8

12

20
30
Cycles
Amplification

(c)

10

0

10

1.90

2.00

T1

T2

2.22

2.70

0.2
0.1
0.0

T4
T5
T3
Experimental group

C

0

10

20
30
Cycles

40

Fig. 8 Mean of fold change in gene expression of (a) smaI in biofilm of S. fonticola 1, 2, (c) smaI in biofilm of S. fonticola 3, (e)
esaL in biofilm Pantoea sp. isolates 1, 2, and (g) esaL in biofilm Pantoea sp. isolates 3, 4, separately treated with combination of
biosynthesized SNPs and imipenem. T1 = 170/8, T2 = 150/4, T3 = 130/2, T4 = 110/1, T5 = 90/0.5, T6 = 70/0.25, T7 = 50/0.125, C
= control (S. fonticola broth and sugar). RT- qPCR amplification biofilm formation genes in treated and untreated (b) smaI gene in
biofilm of S. fonticola 1, 2, (d) smaI gene in biofilm of S. fonticola 3, (f) esaL gene in biofilm of Pantoea sp. isolates 1, 2, and (h)
esaL gene in biofilm of Pantoea sp. isolates 3, 4. Red plot = T1, blue plot = T2, yellow plot = T3, orange plot = T4, black plot = T5,
pink plot = T6, grey plot = T7, green plot = control, and red line = threshold line.
http://www.nanobe.org

Nano Biomed. Eng., 2019,Vol. 11, Iss. 2

combination of biological SNPs with imipenem only
to Pantoea sp. 1, 2 (Appendix 10-13), respectively.
T-test analysis comparing the combination of chemical
silver NPs with antibiotics and biological silver NPs
with antibiotics showed no significant difference as of
p > 0.005 in all experimental biofilm bacterial isolates
(Appendix 14-17) to S. fonticola 1, 2, S. fonticola 3,
Pantoea sp. 1, 2, and Pantoea sp. 3, 4, respectively.
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[11]
[12]

[13]

Conclusions

[14]

In comparison with chemical synthesized
silver NPs, biological silver NPs had more potent
antimicrobial effect on biofilm bacterial isolates. In
addition to the synergistic effect of silver NPs and
antibiotics as a results of combining them, their effects
on biofilm forming bacteria and gene expression of
biofilm encoding genes (smaI and esaL) were down
regulated when treated with silver NPs in both types,
and increased when treated with the combination
of silver NPs and antibiotics. But the most effective
among them was biological silver NPs alone and in
combination with antibiotics.
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