Journal of Applied Microbiology in Food Industry (Volume 12 — Issue 2) ... Pages 1 to 12 I

Nanobacteria: Living Microorganisms or Non-living Calcifying
Nanoparticles?

Masoumeh Nezhadali'”, Faezeh Ahmadi', Aida Bakhshi!

! Department of Biology, IsI.C., Islamic Azad University, Islamshahr, Iran

Received Date:2026.01.24 Accepted Date:2026.05.20

[ Downloaded from mail.amfi.ir on 2026-09-03 ]

Abstract

Nanobacteria, also known as calcifying nanoparticles (CNPs), were introduced in the late twentieth century as
putative self-replicating entities and possible contributors to pathological calcification processes. These particles
have been reported in association with several pathological conditions, , including kidney stones, atherosclerotic
plaques, dental calculus, and tumor-related calcifications. Early studies attributed life-like or pseudo-biological
properties to these structures; however, accumulating physicochemical, molecular, and proteomic evidence has
increasingly supported their non-biological nature. Current findings indicate that these particles lack nucleic acids
and independent reproductive capacity and are mainly composed of protein—mineral complexes, particularly
involving albumin and calcium-containing minerals. Relevant studies published up to 2024 were retrieved from
PubMed, Google Scholar, Scopus, and Web of Science using keywords related to nanobacteria and calcifying
nanoparticles (CNPs). This narrative aims to examine the historical background of nanobacteria, evaluate the
evidence supporting and opposing their living nature, review current identification methods, and discuss their
potential roles in human diseases associated with pathological calcification.
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i Nanobacteria: Living Microorganisms or Non-living Calcifying Nanoparticles?

EXTENDED ABSTRACT

Introduction

Calcified nanostructures were initially observed in deposits from hot springs in Italy and certain sedimentary
rocks, suggesting that these particles might play a role in carbonate mineral precipitation processes. Subsequently,
Kajander and colleagues observed similar structures in commercial cell culture media and fetal bovine serum and
referred to them as “nanobacteria.” In early studies, these structures were introduced as a novel form of life and
were proposed to be involved in the development of a wide range of human diseases, including atherosclerosis,
kidney stones, periodontal diseases, and certain malignancies. This extended narrative review aims to summarize
the historical background of nanobacteria, critically examine the evidence supporting and opposing their living
nature, and discuss their potential pathophysiological roles.

Evidence supporting and opposing the hypothesis of the “Living” nature of nanobacteria

With the advancement of research, it became evident that these structures do not possess the classical
characteristics of living organisms. Subsequent investigations demonstrated that these particles are non-biological
protein—mineral complexes composed primarily of hydroxyapatite, which are now referred to as calcifying
nanoparticles (CNPs). Nevertheless, in the early years, certain features including their spherical or ovoid
morphology, morphological resemblance to bacteria in electron microscopy images, and reports of apparent
budding and replication were interpreted as evidence supporting the hypothesis that nanobacteria are living
entities. In addition, the reported sensitivity of these structures to certain chemotherapeutic agents and chemical
compounds was also considered indicative of biological activity. In contrast, extensive studies employing
enzymatic, molecular, and spectroscopic approaches have provided compelling evidence against the living nature
of nanobacteria. These investigations revealed the absence of detectable DNA or RNA within these structures.
Treatment of CNPs with DNase I and RNase resulted in no structural changes, whereas exposure to proteinase K
led to complete degradation of the particles. This enzymatic response pattern is inconsistent with that of living
cells, which typically possess a protective cellular membrane and safeguarded genetic material, and is instead
more consistent with non-living, protein-coated inorganic nanoparticles. Collectively, these findings indicate that
these particles lack genetic components and support their classification as non-living structures.
Pathophysiological roles of nanobacteria

Recent evidence suggests that, from a pathophysiological perspective, calcifying nanoparticles do not function as
active initiators of calcification processes under in vivo conditions. Pathological or ectopic calcification typically
occurs in tissues that have already experienced disturbances in mineral homeostasis. Within this framework, the
role of CNPs appears to be secondary and dependent on environments predisposed to calcification. For instance,
in atherosclerosis, a chronic and progressive disease, particles with characteristics similar to CNPs have been
identified within atherosclerotic plaques. However, available evidence indicates that these particles are not
primary triggers of plaque formation but rather accumulate at later stages of the disease and may contribute to
plaque hardening and stabilization. Similarly, the presence of calcified nanoscale structures has been reported in
patients with kidney stones; however, to date, no convincing evidence has been provided to support an
independent role for CNPs in the initiation of kidney stone formation. Furthermore, investigations examining the
association between these particles and cancer have generally failed to demonstrate a direct carcinogenic role for
CNPs.

Identification methods and interpretative challenges

To identify and characterize these structures, various imaging and analytical techniques have been employed,
including scanning electron microscopy (SEM), transmission electron microscopy (TEM), energy-dispersive X-
ray analysis (EDS), SDS—-PAGE electrophoresis, and proteomic analyses. While these approaches provide
valuable information regarding morphology, elemental composition, and protein content, misinterpretation of
imaging findings and contamination-related artifacts remain important challenges in accurately identifying
calcifying nanoparticles.

Conclusion

Overall, the available evidence indicates that nanobacteria are most likely not living organisms but rather
calcifying nanoparticles formed through protein-mediated biomineralization processes. Nevertheless, under
specific pathological conditions, their potential role as secondary contributors to the progression of calcification-
related diseases should not be overlooked.
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