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Abstract Nanobacteria have been isolated from kidney
stones and it has been suggested that they may act as a
nucleus for the initiation of the renal stones. In the
present study, we examine their role in biocrystallization
and their in vivo effects on kidney pathology. Calcium
oxalate monohydrate (COM) assay was carried out in
the presence of nanobacteria to study biocrystallization.
Wistar rats were given an intravenous injection of
nanobacteria and the kidneys were examined for path-
ological changes. The COM assay showed accelerated
biocrystallization of '*C-oxalate in the presence of
nanobacteria, indicating them to be efficient candidates
for biomineralization. Histopathological studies re-
vealed bacteria induced renal tubular calcifications and
various manifestations of infection. Our studies confirm
that nanobacteria may be involved in the pathogenesis
of renal tubular calcification.
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Introduction

Biocrystallization of calcium is encountered in many
diseases such as kidney stone disease, atherosclerosis,
chronic pancreatitis, rheumatoid arthritis, and various
other tissues in the body [1]. Several theories have been
put forward to explain the etiology of renal calcifica-
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tion but none has been able to answer fully the ques-
tions concerning the genesis of renal calculi [2]. This is
due to the fact that several factors such as hypercalci-
uria, hyperoxaluria, stone matrix, promoter and
inhibitor molecules, and bacteria, etc. may be involved
in the etiology of this disease. These molecules may
alter or modify crystal formation or may provide pre-
existing surfaces for biocrystallization [3-7]. Bacteria
and other cell types can create nucleation sites or nu-
cleus, which is considered to be central in the genesis of
kidney stones [8, 9]. It has been shown that microor-
ganisms could be a factor in dental plaque calcium
nucleation and the same may be true for urinary lithi-
asis [7, 19, 20].

Recently, it was reported that a novel bacteria,
nanobacteria, may be involved in the genesis of renal
stones. These bacteria have been isolated from renal
stones [9, 10]. These are the smallest described bacteria
to date and are phylogenetically close relatives of
mineral forming bacteria [11, 12]. Nanobacteria have
been shown to mineralize calcium and phosphate even
under physiological conditions, indicating that these
bacteria could have a contributory role in urolithiasis
[13, 14]. Tt has been proposed that nanobacteria may
serve as biomineralization centers as they produce
carbonate apatite on their cell walls for the initiation of
kidney stones.

Cuerpo et al. [15] showed that when these bacteria
were injected intravenously, they accumulate in the
kidney and produced apatite. These bacteria have been
shown to accumulate in the kidney [16]; however, studies
on in vivo effects of these bacteria on the kidneys are
lacking. In our study we investigated the effects of
intravenous administration of nanobacteria on kidney in
Wistar rats. We found evidence of their inflammatory
infiltration and accumulation in the cortex; in addition,
small uniform renal calcification was seen on the surface
of renal tubules. It could be that the kidney is a preferred
site for mineralization by these tiny bacteria. It is also
plausible that other body calcifications could have a
nanobacterial element.
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Materials and methods

The nanobacterial cultures were produced according to
the method of Ciftcioglu et al. [10]. Subcultures were
carried out in serum free RPMI-1640 (HiMedia Labo-
ratories, Mumbai, India) after 4 weeks of initial inocu-
lation and kept under tissue culture conditions (37°C,
5% CO2, and 95% air). The cultures were harvested by
centrifugation at 20,000 g for 30 min at 4°C, washed
with phosphate buffered saline (PBS, pH 7.2), and
freshly used for experimental work.

For energy dispersive X-ray microanalysis (EDX), a
30-day old nanobacterial culture was harvested by cen-
trifugation at 20,000 g for 30 min at 4°C. The bacterial
pellet (biofilm) was washed in a phosphate buffered
solution (pH 7.2). The biofilm was dehydrated in abso-
lute alcohol and air dried overnight. The sample was
further processed for Scanning electron micrographs
(SEM) with EDX analysis system (S-360 Leiche Cam-
bridge, UK, ISIS-300).

In vitro calcium oxalate monohydrate assay
Preparation of COM seed crystals

Calcium oxalate monohydrate (COM) seed crystals were
prepared by the method of Pak et al. [17] by mixing
equal volumes of 0.01 M CaCl,.2H,0O and 0.01 M so-
dium oxalate by drop wise addition of sodium oxalate
solution to calcium chloride solution with constant
stirring for 1 week at 4°C. The solution was centrifuged
at 2,000 g for 10 min at room temperature. The crystal
pellet was washed with distilled water followed by
methanol and these crystals were air dried before their
use for further studies.

Preparation of seed crystal slurry

The crystal slurry was prepared by equilibrating seed
crystals in 50 mM sodium acetate buffer (pH 5.7) con-
taining 96 mM NaCl at 37°C for 2 h with constant
stirring prior to use.

COM crystal growth assay

The crystal growth was measured by the method of
Nakagawa et al. [18]. The reaction mixture contained
10 ml of 2 mM CacCl,, seed slurry (1.5 mg/ml), and 10 ml
of 0.4 mM sodium oxalate containing 10 pl of '*C-oxa-
late (0.5 uCi) (BARC, Mumbali, India). The 500 ul (PBS)
of purified nanobacterial pellet was inoculated into this
mixture. This reaction mixture was incubated at 37°C for
15 min with constant stirring. The rate of decrease of the
amount of radiolabelled '*C-oxalate at different time
intervals was determined by measuring the counts in the
infiltrate, after the reaction mixture had been filtered
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Fig. 1 X-ray microanalysis of EDX of serum free nanobacterial
pellet at 20.0 kV, system resolution 109 eV

through 0.2 pum Millipore filter. After filtration, the
100 pl of each reaction mixture were mixed into 7 ml of
Bray’s scintillation fluid (POPOP) at different time
intervals and the radioactivity counts in the infiltrate
were measured with a scintillation counter (LKB1214
Rack beta) at different time intervals for a period of 72 h.
The reaction mixture, without bacterial suspension,
served as a control. The result was expressed as percent
decrease in radioactivity/mg of protein.

Lithogenesis of rats

The experimental model of nephrolithiasis was produced
in male Wistar rats as described below. The male Wister
rats (n=3) of 150-200 gm body weight were on normal
rat diet and water, and were injected intravenously with
nanobacteria (0.19 mg of bacterial protein/0.4 ml nor-
mal saline). The control group (n=3) were administered
normal saline without nanobacteria. After 8 weeks, the
animals were killed, and the kidneys were removed and
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Fig. 2 Time course of COM crystal growth in the presence and
absence of nanobacteria. Test samples containing nanobacteria
showed rapid growth of COM crystal in comparison to control



processed for histopathological examination. The kid-
ney sections were also processed for SEM studies.

Results

Energy dispersive X-ray microanalysis of nanobacterial
pellet obtained after 30 days of subculture was analyzed
for its inorganic chemical constituents using EDX. The
nanobacterial pellet showed high content of Na, Ca, P,
Mg etc. The predominant components were found to be
calcium (32%) and phosphorus (28%) (Fig. 1).

The COM crystallization assay was carried out to
examine the effect of nanobacteria on calcium oxalate
incorporation in vitro. A decrease in residual radioac-
tivity '*C counts of the filtrate in the presence of nano-
bacterial pellet was more than that in the control
without nanobacteria (Fig. 2).

Fig. 3 Longitudinal sections of
Wistar rat kidney exhibiting
various pathological
manifestations. a Interstitial
inflammation by
lymphomononuclear cells in the
medulla; magnification 280x. b
Focus of epithelial cell lysis;
magnification 280x. ¢, d Focus
of interstitial inflammation and
fibrosis in the renal cortex;
magnification 140x

Fig. 4 Longitudinal sections of
Wistar rat kidneys showing
renal calcifications.
Magnification, 280x. a
Photomicrograph shows renal
calcification in the inner surface
of tubules. b Photomicrograph
shows calcifications in the inner
surface of tubules obtained by
von Kossa staining. ¢
Photomicrograph shows
extracellular calcifications in the
renal tubules obtained by von
Kossa staining. d Control did
not reveal any calcification
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The histological sections of the kidney showed focal
areas of chronic inflammatory infiltrate in the cortex and
medulla (Fig. 3). Glomeruli were normal but the tubular
epithelial cells revealed degenerative changes (Fig. 3). In
addition, there were small uniform calcifications on the
surface of renal tubular epithelium as evidenced by von
Kossa staining (Fig. 4). Scanning electron microscopy
revealed nanobacteria adhered to the surface of the
epithelium and their penetrance into the renal epithelial
cells (Fig. 5).

Discussion

Recently, nanobacteria have been linked to the etiology
of kidney stone disease as they can produce sufficient
calcium apatite in their cell walls to initiate pathologic
calcifications and stone formation [6, 8]. It has been
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Fig. 5 Scanning electron micrographs. Scanning electron micro-
scopic analysis showing nanobacteria like structures on the renal
tubular cell surfaces. Their diameter was between 50 and 200 nm.
Bar 1 um. a Renal epithelial cell showing adhered nanobacteria like
structures. Magnification, 11,000x. b SEM showing internalization
view of nanobacteria into renal tubular epithelial cells. Magnifica-
tion, 12,000x. ¢ Control samples did not reveal any nanobacteria.
Magnification, 12,000x

suggested that nanobacteria may serve as nucleus for
mineral deposition and may lead to genesis of renal
calculi.

In order to see if nanobacteria could accelerate
crystal growth we carried out an in vitro assay, COM
assay. We observed a significant increase in '*C-oxalate
incorporation into the calcium seed crystals in the
presence of nanobacterial pellet. Earlier, we have re-
ported significant calcium (Ca’?") uptake by these bac-
teria in a growing culture [9]. These bacteria have also
been found to mineralize calcium and phosphate at
physiological conditions [13, 14]. Thus, it appears that

these bacteria are biomineralizing calcium that could
lead to apatite formation. The EDX analysis of bacterial
pellet also showed the presence of calcium (Ca®*) and
phosphorus (P) as main constituents in these bacteria
indicating that these bacteria are rich in these minerals.
Calcium (Ca?") and phosphorus (P) are important
chemical constituents of hydroxyapatite. These results
further confirm the mineral forming activities of nano-
bacteria and support biocrystallization, a hallmark of
these bacteria.

Akerman et al. [16] reported that radiolabeled, viable
nanobacteria accumulated in the kidney and appeared in
urine within 15 min of their intravenous injection into
rabbits. This could be due to the fact that kidneys are the
preferred sites for these bacteria, and the presence of
injured epithelium or a nucleus in the kidney/urinary
tract provides a preferable niche for these bacteria to
adhere and grow, resulting in biocrystallization. We too
observed that nanobacteria, when injected intravenously
into Wistar rats, were localized in the kidneys and pro-
duced renal tubular calcifications as evidenced by von
Kossa staining. These results are similar to the early
reports of Cuerpo et al. [15] who have demonstrated
genesis of renal calculi in Brown Norway rats after
administration of nanobacteria, thereby indicating their
contributory role in the urolithiasis. In addition, we
observed regions of chronic inflammatory infiltrate in
the cortex and medulla, which could be due to damage
induced by these bacteria. Glomeruli were normal but
the tubular epithelial cells showed degenerative changes,
which is again indicative of bacterial infiltration. The
SEM showed these bacteria adhering to the surface of
the epithelium and their penetrance into the renal epi-
thelial cells, which again confirms increased bacterial
affinity for the kidney epithelial surfaces, which then
serve as nucleus on which these bacteria grow. Thus, our
study shows that nanobacteria may induce renal tubular
extracellullar calcifications and histopathological mani-
festations.
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