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and Negative Bacteria Assayed by Microtiter-Plate
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Abstract: The microtiter-plate test is an important indicator for the pathogenicity of bacteria and the most
frequently used techniques for quantifying growth, biofilm formation and respiration assay. The purpose of
the present study was to develop a microtiter-plate test, as a quantitative assay, for nanosilver toxicity. It is also
superior to the standard microtiter-plate test because it enables indirect measuring of bacteria attached both
to the bottom and to the walls of the wells in present of nanosilver. It was surprising that 0.2 ppm of nanosilver
promote the formation of biofilm while above this concentration inhibit the biofilm formation by different Gram
positive and negative bacteria.
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INTRODUCTION These interesting properties of nanosilver can lead to

Metal colloids are widely employed because of their
catalytic activities, optical and magnetic properties. Many
studies have been reported for metal nanoparticles of
silver, gold and copper colloids. Elemental silver and
silver salts have been used for decades as antimicrobial
agents in curative and preventive health care. Silver ions
and silver complexes as antimicrobial agents usually
modify microbial activities [1]. Nanosilver, a particle of Ag
element, is a new class of material with remarkably
different physiochemical and biological characteristics
such as increased optical, electromagnetic, catalytic
properties and antimicrobial activity from the bulk
materials  [2].  The  nanosilver  products  make broad
claims about the power of their nano-silver ingredients,
such as: “eliminates 99% of bacteria” renders material
“permanently antimicrobial and antifungal” “kills
approximately 650 kinds of harmful germs and viruses”and
“kills  bacteria  in  a  short  time as  30  minutes  and  it
was 2-5 times faster than other forms of silver [3].

Biofilm formation on surfaces has serious economic
and environmental implications. Growth of biofilm within
a water distribution system can lead to problems such as
biocorrosion and biofouling accumulation. To prevent
and control these occurrences, it is necessary to use
suitable biocides to remove the biofilm and kill biofilm
cells [4].

selecting it for a unique antibacterial and antibiofilm
agent. So it is suitable that effects of nanosilver
preciously investigated on growth, biofilm formation and
respiration of different gram positive and negative
bacteria.

MATHERIALS AND METHODS

Biocides  Tested:  The  antimicrobial  Nanosilver
(obtained  from  Nanocid  Company)  was diluted by
sterile distilled water (pH 7) at various concentrations
(0.25, 0.5, 1, 2 and 4 ppm). Biocide concentrations used in
industry fall within the range used in the experiments
reported here. All antimicrobial agents were supplied from
Merck (Darmstadt, Germany).

Bacterial Isolates: In this research different genus of
bacteria  in  three  groups were used. Pathogen bacteria
(E. coli ATCC 3913 and S. aureus). Two, Bacillus strains
were isolated from waste water and other from soil
(Rhizobium and Azotobacter species). Bacteria were
isolated and identified according to Bergey’s Manual of
Determinative Bacteriology.

Determination of MIC and MBC of Nanosilver on
Bacteria: To determine the minimum inhibitory
concentration (MIC) of nanoilver on studied bacteria,
serially diluted nanoilver (0.25, 0.5, 1, 2, 4, 8 ppm) was
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prepared. Briefly, 80 µl of sterile nutrient broth was added Cellular Respiration Assay in Presence of Nanosilver by
to  96-well microtitre  plates  followed by the addition of Microtiter Plate Test: The respiration was measured
40 µl of diluted nanoilver to provide mentioned ppm using dehydrogenase assay by TTC reagent.
concentration to each row. Then 80 µl of each bacterium Dehydrogenase enzymes have an important role in
that adjated to 0.5 Mac farland was added to each row to aerobic respiration. The technique described here
give final volume of 200 µl. The experiment was done in depends upon the fact that these dehydrogenase
triplicate. The microplate was sealed with plastic film and enzymes can donate the hydrogen ions to a colourless
incubated at 28°C for 24 h. Minimal bactericidal compound, causing it to change colour. When the
concentrations (MBC) were determined by agar plate colourless chemical 2,3,5-Triphenyl tetrazolium chloride
method. (TTC) diffuses into bacteria. It accepts electrons and

Biofilm Production Assay in Presence of Nanosilver by accumulation of this pink compound is proportional to the
Microtiter Plate Test: Prior to inoculation, all strains were rate of respiration in inoculated microplate by bacteria. So,
transferred from the stock cultures to NA and incubated the OD of each well was measured at 450 nm by using an
aerobically at suitable temperatures depend on bacteria automated Eliza counter [4].
for 24 h. Then, all strains were sub- cultured in TSB to
give OD 0.5 Macfarland. Three wells of a sterile 96-well RESULTS
flat-bottomed microtiter plate were filled with 200
microlitere bacterial suspension each and different The experiments performed in our study enabled us
concentrations of nanosilver were added to each row. to measure the rate of nanosilver effects on growth,
Negative control wells contained broth only. The plates cellular respiration, adherence and subsequent biofilm
were covered and incubated aerobically for 24 h at formation of tested bacteria. The summarized results of
suitable temperatures. First the OD was measured at determination of MIC and MBC were shown in Table 1.
(600nm) by using an automated Eliza counter, then, the The results of biofilm formation and respiration assay
content of each well was aspirated and each well was were shown in Figure1-4. The blank showed significantly
washed three times with 250 microliter of sterile different results from they obtained by the wells treatment
physiological saline. The remaining attached bacteria were with nanosilver. However, this effect is largely dependent
fixed with 200 microliter of 99% methanol per well and after on the concentration of nanosilver used.
15 min plates were emptied and left to dry. Then, plates According to the results, Gram positive Bacillus
were stained for 5 min with 0.2 ml of 2% crystal violet used strains were isolated from waste water formed biofilm in
for Gram staining per well. Excess stain was rinsed off by TSB medium but addition of 0.25 and 0.5 ppm nanosilver
washing the plate slowly with distilled water. After the increased biofilm formation. The data were shown that the
plates were air dried, the dye bound to the adherent cells rate of respiration was increased at 0.25 ppm nanosilver in
was resolubilized with 160 ml of 33% (v/v) glacial acetic both pathogen and Bacillus strains. It is surprising that
acid per well. The OD of each well was measured at 492 the respiration assay showed different profile for soil
nm by using an automated Eliza counter [5]. Gram negative bacteria (Figure 4). As it is shown at 8 ppm

Assessment  of  the  Potential  of  Nanosilver  to Kill nanosilver it has low respiration. These data are shown
Biofilm Cells: A measure of biocide efficacy (i.e. the that although it is toxic to soil Gram negative bacteria but
percentage reduction in stain) was calculated from the it  can increase respiration as catalyst (oxidation activities)
blank, control and treated absorbance values on a plate
(Equation 1):

Where B  denotes  the  average  absorbance  for
blank wells,  C  denotes the average absorbance for
control wells and T denotes the average absorbance for
treated wells [4].

reduced to a pink compound, known as formazan. The

nanosilver the respiration is high. However in 1ppm of

Table 1: Determination of MIC and MBC of nanosilver on gram positive
and negative bacteria

Bacteria MIC (ppm) MBC (ppm)

E.coli 1 8
S.aureus 0.5 2
Bacillus A 1 4
Bacillus B 1 4
Rhizobium A 1 8
Azotobacter A 1 8
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Fig. 1: Enhancement of biofilm formation in presence of Fig. 3: Enhancement  of   respiration   in   presence of
specific concentration of nanosilver on bacteria 0.25 ppm  Nanosilver  in  E.coli  and  S.aureus.
isolated from waste water. (The data are mean of (The data are mean of triple experiments)
triple experiments)

Fig. 2: Reduction of biofilm formation in presence of Fig. 4: Profile of respiration assay in presence of
nanosilver on bacteria isolated from waste water. nanosilver in soil Gram negative bacteria. (The
(The data are mean of triple experiments) data are mean of triple experiments)

at higher concentration. Therefore it can act as electron micro-organisms [6]. Silver nanoparticles used as drug
transporter. However this profile is not seen in E.coli and disinfectant have some risks as the exposure to silver can
using 0.5 ppm nanosilver reduced respiration in this cause agyrosis and argyria also; it is toxic to mammalian
strain. So for each bacterium, this nanoparticle acts in cells [6, 7]. The current investigation supports that use of
different pattern. silver ion or metallic silver as well as silver nanoparticles

It  can be  concluded that nanosilver has activated can be exploited in medicine for burn treatment, dental
the  cells  metabolism  in  low  concentration, however materials, coating stainless steel materials, textile fabrics,
with higher concentration is toxic to bacteria. Because of water treatment, sunscreen lotions and posses low
the small size of the nano particles, the total surface area toxicity to human cells, high thermal stability and low
of the silver exposed in solution is maximized, resulting in volatility [8].
the highest possible effect per unit of silver. As a result, However the  same  property  that   makes  these
the 0.25 ppm concentration of silver in nanosilver nano   materials   attractive   to   manufacturers   their
provides more effectiveness on bacteria than silver highly enhanced antimicrobial action can be highly
solutions in the colloidal class. Silver nanoparticles have destructive to the environment and raise serious human
proved to be most effective as it has good antimicrobial health  concerns.  Even  in  bulk  form, silver is toxic to
efficacy against  bacteria,  viruses  and  other  eukaryotic fish, aquatic species and microorganisms. Nanosilver
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exhibit remarkably unusual physical, chemical and 4. Shakeri,  S.,  R.  Kermanshahi,  M. Moghaddam and
biological properties, such as the ability to be harmful in G. Emtiazi, 2007. Assessment of Biofilm Cell Removal
new ways [9]. and Killing and Biocide Efficacy Using the Microtiter

Here we have observed that low concentration of Plate Test. Biofouling, 23: 79-86.
nanosilver act as catalysis to increase bacterial 5. Stepanovic  S.,  D.  Vukovic,  I. Dakic, B. Savic and
metabolism. Therefore most care is needed before using M. Svabic-Vlahov 2000. A modified microtiter-plate
them in medicine and environment. test for quantification of staphylococcal biofilm
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