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Nanobacteria individual cases under the name of suggesting the bacteria mycoplasma and L-transformed forms of bacteria that imitate their size are nanobacteria that a separate systematic units remains controversial; the introduction of new high-resolution analytical microscopy techniques of prokaryote and eukaryote has revealed new structures in the structures of bacteria,
which are the target of physical, chemical and biologically active stressors. The
purpose of this work is, through a comparative retrospective analysis, to find
out the motivation of “nanobacteria” ultrastructure public and visualize the
structure of Gram-negative bacteria and viruses like symbiont of entamoeba.
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1. Introduction
At the present time, despite the large number of publications about nanobacteria
[1] [2] [3], the issues on their presence as a separate systematic units remain
controversial. For the characterization of bacteria as “nanobacteria”, they can be
attributed to the filtering of L-transformed forms, to mycoplasmas and to dor-

mant forms of the bacteria [4] [5]. Introduction to new high-resolution analytical microscopy techniques of prokaryotes and eukaryotes has revealed new
structures in constructing of uncultivated bacteria and symbiont of entamoeba
[6], which are the target of physical, chemical and biological active stressors factors. To nanobacteria, as to pathogenic factors, they are attributed such diseases
as kidney stone disease, calcification of the placenta, malignant tumors and other
diseases [7]-[9]. Study of nanobiotes and mixing them with nanobacteria, calDOI: 10.4236/oalib.1103485
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cium and other mineral salts will probably make reveal etiological factors for
various pathologies, as well as the mechanisms of formation of biofilm from
bacteria [10]-[12].
The purpose of this work: through a comparative retrospective analysis to find
out the ultrastructure motivations of publicly available visualized nanolike
structures of bacteria and endosymbiont of entamoeba.

2. Material and Methods
2.1. Experimental Materials
In this study has been used a wide range of cultures of micro-organisms, belonging to different taxonomic groups causative agents of intestinal infections:
enteropathogen Escherichia coli (strain 1257), Shigella flexnerii (strain 130),

Salmonella typhimurium (strain 546), Entamoeba moshkovskii (strain “Er”). E.
coli 1257 and S. flexnerii 130 and S. typhimurium 546, in order to follow the
changes in bacterial cells in death phase of growth and after the treatment of antibiotics.
Bacteria were grown anaerobically in LB medium (48 hours, 37˚C), solidified
with 1.8% agar, when necessary. The following antibiotics were used: ampicillin
(35 μg/ml), and the quaternary ammonium compound (QAC) –“A −660” (0.5
mg/ml). The latter was done by serial dilutions as well as according to the instructions of bactericidal properties of new disinfectants. Ultrastructure analysis
of antibiotics action was carried out according to the methods of determining
the minimum inhibitory concentration (MIC) of antibiotics of the penicillin
series-ampicillin (4000 units/ml) was used. The E. moshkovskii “Yer” cultures
(wastewater treatment plant is off) were irradiated with lethal doses 1000 Grey of
γ-ionizing radiation.

2.2.Preparation of Specimens for Electron Microscopy
Cell cultures of bacteria and entamoeba were separated after centrifugation at
low speeds for/during 20 min, and were fixed with 2.5% glutaraldehyde in 0.1 M
cacodylate buffer at pH 7.4 during 2 h. After washing three times in cacodylate
buffer, the post-fixation was performed with the help of 1% osmium tetroxide in
0.1 M cacodylate buffer at pH 7.4 during at least 1h. After washing in the same
buffer, dehydratation of biological samples was performed with ethanol or acetone of increasing concentrations (30%, 50%, 70%, 96% and 100%), followed by
impregnation and by pouring the mixture of araldite according to Luft [13]. After polymerization in the thermostat at temperatures of 37˚C and 59˚C, we obtained ultrathin sections on the ultramicrotome “Reichert-Jung” (Austria). Ultrathin sections were then stained with aqueous uranyl acetate and 3%, and by
Reynolds lead citrate [14]. They were registered in the transmission electron microscope (TEM) JEM-100C and Tesla-500, operating at accelerating voltage of
80 kV. Electron microscopy imaging analysis was performed using the digital
program system “Video-Test Structure-5 of Nanotechnology”.
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3. Results
The formation of spherical granules in 40 - 100 nm surrounding by membrane
structures of S. flexnerii in growth and death phase (Figure 1(a) Figure 1(b)),
leaving the cell vacuoles unicultived forms of bacteria differing with compact citoplasme (Figure 1(c)), as well as the formation of outgrowths on S. typhimu-

rium cell walls with different length during the ampicillin-treatment (Figure
1(d)) were detected in these studies. These formations could be discussed as a
basis for the development of nanobacteria under the specific conditions of environment [15].
After the action of the quaternary ammonium compound A-660 on E.coli,
was detected the formation of “nanobacteria”, which had the structure of Gramnegative bacteria, closely adjacent to the surface of the cell wall of E. coli (Figure
2(a) Figure 2(b)). Some of them are connected by the little bridge to the cell
wall of bacteria, thus creating the appearance of budding. In the same biosamples, were installed the outgrowths of the cell wall of the outer membrane of
various lengths (Figure 2(c)).

(a)

(c)

(b)

(d)

Figure 1. (a)-(d) TEM. Ultrathin section Shigella flexnerii (strain “120”) (a). Stationary
phase growth of the culture, leaving “nanobacteria” spherical bodies (→). Magn. ×50,000;
(b) TEM. Ultrathin sections Shigella flexnerii. Out nano-like bacteria from the vacuole
(1b) Magn. ×30,000; (c) TEM. Ultrathin section. Leaving the cell vacuoles Shigella flexnerii uncultivated forms of bacteria differing with compact cytoplasm; Magn. ×30,000; (d)
TEM. Ultrathin section Salmonella typhimurium (strain 546) after subdrug action ampicillin. Formation granules of nano-like bacteria. Mag. ×30,000.
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At nano-like symbiotic bacteria of Ent. moshkovskii, after exposure to γ- radiation, have been identified previously unknown structures in the form of electron dense granules with different diameter from 8 to 35 nm (Figure 3). The
particles “O1” on ultrathin sections were examined it should be said that the diameter of the large granule “O1” was 35 nm, the area-885 nm2; and the diameter
of the small “O2”-8 nm, the area-45 nm2. After irradiation, the morphometric
parameters of virus-like symbionts, on ultrathin sections, were equated in length
within 160 nm in diameter-94 nm, the total area-11036 nm2. “O1” granules with
their electron density and sizes resemble volutin-acidocalcisom (AC) (Figure 3)
of bacteria and unicellular eukaryotes after the action of stress factor [16].
One can consider the formation of nano-like bacteria as one of the forms of survival of bacteria and symbionts under the influence of stress factors. The results of
our searches have shown various forms of nanosphere transformation under the
action of antibiotics, quaternary ammonium compounds and ionizing radiation,
which is comparable with the literature data of nanomicrobiology [2] [12].

4. Conclusions
The data we obtained witness the fact that the formation of nano-like structures

(a)

(b)

Figure 2. (a) TEM. Ultrathinsections of E. coli (strain 1257) The action of the quaternary
ammonium compound to E. coli. Formation of nano-like bacteria on the surface of bacteria cells. (→on E. coli); Magn. ×3000; (b) TEM. Ultrathin sections of E. coli (strain
1257). The action of the quaternary ammonium compound to E. coli. Protuberances (→)
of the outer membrane of the cell wall of bacteria. (→on E. coli). Magn. ×30,000.

Figure 3. TEM. Ultrathin section of symbiont of Entamoeba moshkovskii (strain Yer.). It
is seen the volutin-acidocalcisom-like (AC) electron dense granule under cover symbiont
(→O1) and nanoparticle (→O2). Electron microscopy imaging analysis was system “Video-Test Structure-5 of nanotechnology.” Magn. ×100,000.
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in/at E. coli, Shigella flexnerii, Salmonella typhimurium was type connected with
the cultures aging, as well as by the action of bio-organic, chemical and physical
stress factors of the environment, as well as they testify the possibility of the
presence of acidocalcisome in nanobacteria of symbionts in entamoeba cells with

γ-ionizing radiation.
Our attempts to analyze nanobacteria-like formations and the obtained results
allowed to establish different types of nanostructures in studied Gram-negative
bacteria and symbiont of entamoeba performed using the digital program.
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