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ABSTRACT

Nanobacteria are the smallest described bacteriato date, with dimensions of 0.08 to 0.50 um. Furthermore,
these organisms were found to produce a biofilm containing hydroxyl apatite or carbonate, preventing their
effective staining. They were also isolated from commercial serum used inthe cell culture. Nanobacteriahave
been detected thereafter in blood and blood products derived from horses, as well as blood from human
blood donors. Some strains were isolated from kidney stones and bovine sera. To confirm the data, we
searched for Nanobacteriafrom aseptically removed urinary tract stoned. We used scanning electron micros-
copy for these stones. Our objectives are identification and determination of Nanobacteria by cell co culture
and apatite formation by Nanobacteria in Loeffler medium and SF medium. Also production of polyclonal
antibodies, immune-fluorescence assays. Moreover, identification using molecular characterization of
Nanobacteria by PCR amplification of 16S rRNA gene of selected isolates and cloning for PCR amplified
products. Microbiological characteristics: We have reviewed recent publications regarding the microbio-
logical characteristic and pathogenicity of a novel infectious agent, the mineral-forming , sterile-filterable,
dow-growing Gram-negative Nanobacteria, detected in bovine/lhuman blood, kidney cyst fluid, urine and
kidney stones. According to their 16S rDNA structure, nanobacteria belong to the alpha-2 Proteobacteria,
subgroup, which includes the Brucella and Bartonella species. Their cell diameter is 0.2-0.5 microm (the
smallest known cell-walled bacteria). Their most remarkable characteristic is the formation of carbonate
apatite crystals of neutral pH and at physiologic phosphate and calcium concentrations. The extracellular
mineralization forms a hard protective shelter for these hardy microorganisms, and enables them to survive
conditions of physical stress that would be lethal to most other bacterial species.

© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION stonesarethen formed on the preformed nuclei. It has
been suggested that tiny bacteriacalled nanobacteria

Immunological char acteristics may causekidney stoneg7.14:17.1836.39
Urineisacomplex solution, andinit crystal nuclei Nanobacterial antigen hasbeen reported in 97%

usually form on existing surfaces. Epithelial cells, cell ~ Of human kidney stoneg/41719334070, Apparently,
debris, urinary casts, other crystalsand red blood cells — thesebacteriasurround themselveswithaminera coat-
can all act as heterogenous nuclei™. Biological pro-  ingand can serveasnidi for the genesisof renal cal-
Cesses can create nucleation sited?1417.18253639 gng  culil791417-19.36.3940701 However, a significant contro-
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versy haserupted over the existence and significance
of nanobacterid2%, ndiananobacteriamay beiniti-
ated by non-living macromol ecul es such as phospho-

lipidsand by sdlf-propagating microcrystallinegpatitd?.
Microbiological characteristics

TheOlavi Kgjander group (Finland) suggeststhat
the apatite produced by nanobacteriamay play akey
roleintheformation of al kidney stones, by providinga
central calcium phosphate deposit around which other
crystd linecomponentscan collect. Nanobacteriaseems
to be a causative agent of diseases related to
biominerdization processes™.

How amdl arethesmdlest livingorganisms? There
seem to be many types of bacteriaof 300 nm and up-
wardsin diameter, but to many microbiologistsit seems
aruleof thumb that if something can get througha0.2
um filter (200 nm) it isn’t alive. Thus the discovery of
so-called “nanobacteria”, with sizes between 50 nm and
200 nm, in the human blood-stream, and their putative
associationwith agrowing number of pathological con-
ditions such askidney stonesand coronary artery dis-
ease, has been controversial. Finnish scientist Olavi
Kajander, thediscoverer of “nanobacteria”, presents
the evidencethat these objectsareahitherto undiscov-
ered form of bacterial lifeinacontributiontoa1999
Nationa Academiesworkshop onthesizelimitsonvery
small organisms. But two recent papersgive strong evi-
dencethat “nanobacteria” are simply naturally formed
inorganic nanoparticles®.

In the first of these papers, Nanobacteria Are
Mineral o Fetuin Complexes, inthe February 2008 is-
sueof PLoS Pathogens, Didier Raoult, Patricio Renesto
and their coworkersfrom Marselllesreport acompre-
hensiveanaysisof “nanobacteria” cultured in calf se-
rum. Their results show that “nanobacteria” are
nanoparticles, predominantly of theminera hydroxya
patite, associated with proteins, particularly aserum
protein called fetuin. Crucially, though, they failed to
find definitiveevidencethat the*“nanobacteria” contained
any DNA.. Intheabsence of DNA, these objects can-
not be bacteria. Insteed, theseauthors say they are““self-
propagati ng minera-fetuin complexesthat we propose
tocal “nanons™,

A morerecent article, intheApril 8 2008 edition of
PNAS, Purported nanobacteriain humanblood ascal-
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cium carbonate nanoparticles (abstract, subscription
required for full article), casts further doubt on the
nanobacteriahypothesis. Theseauthors, Jan Martel and
John Ding-E Young, from Chang Gung University in
Tawan and Rockefeler University, clamtobeableto
reproduce nanoparticles indistinguishable from
“nanobacteria” simply by combining chemicals which
precipitate cal cium carbonate— chalk —in cell culture
medium. Some added human serumisneeded in the
medium, suggesting that blood proteinsarerequired to
producethe characterigtic “nanobacteria” morphology
rather than amore conventiond crystal form(“3.

S0, it seemsthecaseisclosed. .. “nanobacteria”
are nothing morethan naturally occurring, inorganic
nanoparticles, inwhich the precipitation and growth of
simpleinorganic compounds such as cal cium carbon-
ateismodified by theadsorption of biomoleculesat the
growing surfacesto give particleswith the appearance
of very small single celled organisms. These natural
nanoparticlesmay or may not haverelevanceto some
human diseases. This conclusion doesleave amore
generd questioninmy mind, though. It’s clear that the
presence of nucleic acidsisapowerful way of detect-
ing hitherto unknown microorganisms, and theabsence
of nucleicacidshereispowerful evidencethat these
nanoparticlesarenot infact bacteria But it’s possible
toimagineasystemthat isaive, at |east by some defi-
nitions, that hasa system of replication that does not
depend on DNA at all. Graham Cairns-Smith’s book
Seven CluestotheOriginto Life offers somethought
provoking possibilitiesfor systemsof thiskind aspre-
cursorsto life on earth, and exobiol ogists have con-
templated thepossibility of non-DNA based lifeon other
planets. If somekind of primitivelifewithout DNA,
perhaps based on some kind of organic/inorganic hy-
brid system akinto Cairns-Smith’s proposal, did exist
on earth today, we would be quite hard-pressed to
detect it. | makeno claim that these“‘nanobacteria” rep-
resent such a system, but the long controversy over
their truenaturedoes makeit dear that decidingwhether
asysemisbeingliving or abioticintheabsenceof evi-
dencefrom nucleic acidscould bequitedifficul 3.

Onereason nanotechnol ogy and medicine poten-
tially make agood marriageisthat the size of nano-
objectsisvery much on the samelength scaleasthe
basic operationsof cdl biology; nanomedicine, there-
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fore, hasthe potential to makedirect interventionson
living systemsat the sub-cellular level. A paper inthe
current issue of Nature Nanotechnol ogy (abstract, sub-
scription required for full article) givesavery specific
example, showing that the size of adrug-nanoparticle
assembly directly affectshow effectivethedrugworks
in controlling cell growth and deathintumour cellg%4.

MATERIALSAND METHODS

Patientswho had undergone operative procedures
such aspye olithotomy, extended pyel olithotomy and/
or nephrolithotomy for theremova of rend stoneswere
included inthestudy. Surgically removed calculi from
patientswith renal stoneswere collected. The stones
wereanalysed for their chemica composition by stan-
dard chemical analytical methods. The stone samples
were processed for the culture of nanobacteriaaccord-
ingto themethod of Ciftcioglu et d.[2*47, The stones
were pulverized, demineralisedin 1 N HCl and neu-
traizedwith0.5M Tris, and the solutionswere centri-
fuged at 20,000 gfor 30minat 4°CinaSorvall RC5B
centrifuge.

Thepdlet wassuspended in serumfreeRPMI 1640,
sterilefiltered through 0.2 Im Milliporefiltersand the
filtrate cultured in flasks containing RPM1 1640 with
10%feta calf serum (FCS) and kept under tissuecul-
ture conditions. Asacontrol, RPMI wasincubated with
FCS but without stonefiltrate. Subcultureswere car-
ried out in serum free RPM 1 after 4 weeks of initial
inoculation and subsequently after every 15days. The
cultureswere harvested by centrifugation at 20,000 g
for 45 min at 4°C, washed with phosphate buffered
saline (PBS, pH 7.2) and used for characterization.
Gram gtainingwasdonewithacommercidly avallable
kit. Ureaseenzymeactivity wasassessed using the stan-
dard method?2.

Nanobacteria cultureswereassayed for antibiotic
sengitivity by subculturingthemin serumfreeRPMI in
the presence of different concentrations (1, 2, 5 and
10-) of penicillin (100 IU=1"), streptomycin, gentami-
cinand kanamycin (100 1g/ml=1- for each) for 6 weeks.

The cultures were examined for nanobacterial
growth, every week over aperiod of 6 weeks. Scan-
ning el ectron microscopy A 30-day old bacterial cul-
turewas centrifuged at 20,000gfor 30 minat 4°Cand
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washed with PBS. Pelletswere subcultured in serum
freeRPMI-1640 on glass cover dipsfor 72 h.

Thebacterid pellet wasfixed with 3% glutaral de-
hyde overnight, followed by treatment with Os04 for 1
h. Thebacteriawere dehydrated in ethyl a cohol, em-
bedded in epoxy and ultrathin sectionswere cut and
placed on 200 mesh copper grids. The sectionswere
stained with uranyl acetate and lead citrate and sub-
jected to transmission electron microscopy (TEM).
Nanobacterial cultures in serum free media were
analysed for the presence of DNA by afluorescence
activating cell sorter (FACS) usingamodified method
of Ormerod, (1990). The nanobacteria pellet wasde-
materidized with 1N HCI, washed in PBS and treated
with 70% ethanol. The pellet was then treated with
RNase (1 mg/ml) and incubated with propidiumiodide
(5001g/ml).

Nanobacterial sampleswithout demineralization
werea so processed by the samemethod. Invitro cal-
cium oxaatemonohydratecrystalization assay Cadcium
oxalate monohydrate (COM) seed crystalswere pre-
pared by themethod of Pak et d ., and crystal growth
was measured by the method of Nakagawaet al .57

Theresult was expressed as percent decreasein
radioactivity compared to the control. Nanobacterial
protein profileandimmunologica characterization Dem-
ineraized pdllet waslysed by sonicationwith 10%wave
intengty inthepresenceof 2IMEDTAand1mM PMSE
Lysatewas centrifuged at 10,000 g for 10 min and the
supernatant subjected to SDS-PAGE under reducing
conditionsfollowing the method of Laemmlli®! and
stained by Commasie blue 250.

For raising polyclona antibodies, demineralized
nanobacteriawereemulsified with Freund’s complete
adjuvant (1.1, viv) andinjected intramuscularly into New
Zedland whiterabbits. Two booster dosesweregiven
with Freund’s incomplete adjuvant at 14 day intervals.
Serum was separated and stored at 20°C. Thereactiv-
ity of the serumwithisol ated nanobacteria content was
examined by the Ouchterlony immunodiffusion
method®3. Western bl ot of the nanobacteria lysatewas
done by the standard method of Towbin et al 168,

Microbiological characteristics

Inthiswork, the authorsbound adrug moleculeto
ananoparticle, and looked at the way the size of the
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nanoparticle affected theinteraction of thedrug with
receptorson thesurface of target cells. Thedrug was
herceptin, aprotein moleculewhich bindsto areceptor
moleculecalled ErbB2 on the surface of cellsfrom hu-
man breast cancer. Cancerous cells havetoo many of
these receptors, and this affects the communications
between different cellswhichtell cellswhether to grow,
or which markscellsfor gpoptosis— programmed cell
death. What the authorsfound wasthat herceptin at-
tached to gold nanoparticleswas more effective than
free herceptin at binding to thereceptors; thisthenled
to reduced growth ratesfor thetreated tumour cells.
But how well theeffect works dependsstrongly on how
big the nanoparticles are best results are found for
nanoparticles 40 or 50 nm in size, with 100 nm
nanoparticlesbeing barely moreeffectivethan thefree
drug4.

What theauthorsthink isgoing onisconnected to
the process of endocytosis, by which nanoscal e par-
ticlescan beengulfed by thecdl membrane. Very small
nanoparticlestypicdly only haveoneherceptinmolecule
attached, so they behave much like free drug — one
nanoparticlebindsto onereceptor. 50 nm nanoparticles
have anumber of herceptin moleculesattached, so a
single nanoparticlelinkstogether anumber of recep-
tors, and the entire compl ex, nanoparticles and recep-
tors, isengulfed by the cell and taken out of the cell
signalling processcompletdy. 100 nm nanoparticlesare
too bigto be engulfed, so only that fraction of the at-
tached drug moleculesin contact with the membrane
can bindto receptors. A commentary (subscription re-
quired) by Mauro Ferrari setsthisachievement in con-
text, pointing out that ananodrug needsto do four things:
successfully navigate through the bl oodstream, negoti-
ateany biologica barrierspreventing it from getting it
whereit needsto go, locatethe cell that isitstarget,
and thento modify the pathological cellular processes
that underly thediseasebeing treated. Wedready know
that nano-particlesizeishugey important for thefirst
three of these requirements, but thiswork directly con-
nectssizeto the sub-cellular processesthat arethetar-
get of nanomedicing*4.

RESULTSAND DISCUSSION

Theresult showed that, Nanobacteria (NB) were
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discovered asacontaminating agent incell cultureover
10yearsago. Despitevisiblebiomass present onacell
culturedish, standard microbiol ogical methodsfailed
to detect any known microbe>163, Culturestudiesin-
dicated that the novel agent wasapparently indefinitely
passagablein cdl culture medium (beyond 10 years)
and could adapt to growinginplan DMEM or RPMI-
1640. Omitting serum supplementation resultedinlarger
cel|g57.141618363839 hejng formed i nside cavitiesformed
by thick apatitelayersinold cultures, large colonies
with dimy, but only dightly mineraized walswereob-
served indicating socia behaviour. Figurea so shows
therelease of tiny formsof NB from the colony.

Further studieswith éectron microscopy reveded
minerdizediglooscons sting mainly of carbonate apa
tite. Such iglooscould grow in size, bud-off new ones
and fusewith othersto form stonesvisibleto the naked
eye. Whenthe gammarirradiated serum culturewasin-
ocul ated with unirradiated positive serum or cultured
agent, growth wasrestored. In thisway, the source of
theagent wastracked to ‘sterile’ FBS used as a supple-
ment for culture medium(®1638, Over 80% of tested
commercia FBS batchesfrom many different manu-
facturerswerepositivefor NB** ™. NB werefoundin
aggnificant number of humansaswell, inserum and/or
inurine. To date, NB have beenisolated from bovine
serum and from human serum, urine, kidney stones,
dental stones and tl ssue Sampl SS,Z14,16-20,30,36,38—40,59,70] .

Interestingly, NB show improved growth proper-
tiesinartificid urind'?. Thegenera characteristicsof
NB aregiven. Thecompilation of dataisbased onre-
searchresultsobtained by the present authorson astan-
dard “strain” (SeraLab901045). Intrastrain differences
dueto prolonged culture have beenfoundin cytotoxic-
ityl"141718363% gnd in thekineticsof diminationinto urine
after intravenousinjectionintorats®.

In addition to culture methodg*>2223037 several
their diagnostictool shave been devel oped for theiden-
tification of NB. One of themost powerful methodsis
transmission el ectron microscopy (TEM). TEM sample
preparation for negative staining takesonly afew min-
utes and allowsfor the detection of NB as dark par-
ticles, duetotheir apatite content'*. NB culturesample
dried on acarbon-coated grid can beinspected either
without staining, or after staining with 2% uranyl ac-
etate. Thelatter reveal sdimy material around the par-
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ticles. Themost powerful tool isanovel techniquein
which an unstained grid isincubated for 20 minwith
colloida gold-labelled anti-NB antibody, washed, dried
and inspected. Theantibody revealsitstarget (NB sur-
face epitope) inside of the slimy material onthe NB
surface.

Thesetechniquesalowimaging a highresolution
without any fixation steps. NB have gpatiteminerd asa
structural support, which makesthem visibleand so
robust that fixationisunnecessary for TEM. Thisisa
uniquefeature of NB, which alowsfast and specific
diagnosisusing € ectron micrascopy. Many properties
of NB arerareand extreme. Relatively tiny minera -
associ ated microbes havebeen found by geol ogistg249,

Older findingslink such small formsto cancer™.
Many properties of NB support the theory that they
might be primitive life formsl"1417.18363%  The
extremophilic characteristics of NB would be benefi-
cid insurviving hostile conditiong” 1517232303739 Say-
era groups are researching NB and a Nanobacteria
(NB) cultured without serumin DMEM, aphase con-
trast microscopy image, magnification 800. Theresults
showsamineralized colony with two large organisms
inddeaminerdizedigloo. bNB bicofilminDMEM. The
micrograph showsalargecommunity withrelaivey thin
walls, seethetwo arrows. Small particles have been
released outsidethecommunity. M agnification 800°C.

Transmission e ectron microscopy (TEM) micro-
graph of asection of NB igloo. The micrograph shows
anigloosmilar tothatina. Alayer of gpatitecrystasis
evident onthe surface. Bar=0.2Im. d Scanning elec-
tron microscopy (SEM) micrograph of igloos. Bar=1
Im 48 have succeeded in thedetection or cultureof NB
or NB like formg1221.2320304859.70 ' However, the con-
cept that NB areliving organismsiscontroversial as
longasther putativenudeic acidisnot sequenced. How
nanobacteriaareinvolvedin soneformation? Thetheory
of NB-linked stoneformation*+#? isbased on: (1) find-
ingNB inkidney stones(2) finding smilar formsof NB
inkidney stonesculture, (3) invitro calcific stonefor-
mation by NB and (4) kidney stoneformation after NB
inoculationtorat kidneys.

Inastudy by Ciftcioglu et al .1*%47 70 out of 72
kidney tonescontained NB. The presence of NB was
independent of the stonetype, although apatite stones
gavethehighestimmunopostivity. Kidney sconeswere
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crushed, treated with 1 M HCI followed by neutrdiza
tion and then analyzed using culture, immunologica
methods and e ectron microscopy. Surprisingly, kidney
stones contained NB that started to replicate under
culture conditionsand formed ca cium phosphate stones
invitro. In addition, NB were ableto produce stony
coloniesin modified Loeffler medium, causeintra- and
extracd lular cacium depositsand cell damagein many
cultured cell lineg714:17.1836:39]

Importantly, dose-dependent kidney stoneforma-
tionwasobserved within 1 monthinratsafter injection
of NB using thetrand umbar, percutaneousrena punc-
turemethod 2%, Despitethe small number of experi-
menta animas(n=4), theresult providesevidencethat
kidney stoneformation can be caused by introducing
NB into kidney. The suggested involvement of NB in
kidney stoneformation*“? supportsthe observations
made by Carr and Randall™. Carr’s concretions are
amall shiny depositsof caddum phosphateinkidney lym-
phaticsand collecting ducts. Ca cium phosphateformed
abovethe coll ecting duct might induce heterogeneous
nucleation of calcium oxaateat |ower levelsof there-
nd collection system® and bearisk factor for Randall’s
plagueformation. Randall described calcium-contain-
ing plaguesinthekidney papil [d®.

Accordingto hishypothesis, theformation of kid-
ney stone starts from these plagues dueto aprimary
lesioninthetissue. Cell culture experimentshavere-
ved ed that the adherenceand interndization of calcium
oxdate crystalsinto cultured cellsisan active process
potentialy important for kidney stoneformation.

Recent studieson NB have produced findings sug-
gesting that NB might be calcium phosphate nidi for
kidney stoneformation. NB arerenotrophic, asreported
from rabbit experimentsusing radiolabelled NB53,
They arediminated fromthecirculation through excre-
tioninto theuring®>%, NB werefound to adhere, in-
vade and damagecdlsin collecting tubuli and the pap-
illary areaintherat and rabbit model §5%.

NB colonization could lead to theaccumul ation of
calcium depositson thelesionsand trigger stonefor-
mation as described by Randall. Nanoscale
biocrystalization by nanobacteriamany kidney stones
have acore composed of apatitic spheroids. NB cul-
tured from human kidney stonesformed gpatitic spher-
oid particlesinvitrowithasmilar architecturetothatin
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kidney stone; observe the broken spheroids. Tiny
nanosca e crystal s show ahighly organized structure
resembling the nanosphere structuresfound in pearls
and other cal cium carbonate formationsinliving bod-
ies. Thissuggestsaprotein mediated mineral growth
mechanism. Pearlsareknownto grow inthisway.

The biomineralization processof NB takesplace
inside amucus-protein matrix around theNB that is
detectablewith uranyl acetate staining. Thissuggests
that nanoscal e gpatite crystalsgrow asaresult of mu-
cus-protein mediated crystal formation on the surface
of NB. Thistheory wasfirst introduced by Vdi et a.™,
Crystaluriaappearsto form at alower urinary ionic
concentration in stoneformers?”, suggesting higher
crystallization potency intheseindividuds, i.e., active
nidi or weaker crystalizationinhibitor activity. NB are
trangportableapatitic nidi frombloodinto kidney tissue
and urind>*, andtheir activerolein crystdlization may
explain the observation above 1417193694042

Biominerdizationisaneffectiveprocess. goditefor-
mation in vitro stopped only when the calcium level
decreased by 50% from 1.8 t0 0.9 mM and the phos-
phate levelsfell to near zero*+l, NB can use dolo-
mitel”1417.183639 gnd synthetic apatite (K gjander, un-
published observation) as acalcium source. NB-in-
duced biomineralization isdependent on the presence
of oxygen571416183638.39 Ggmmairradiation at doses
that prevented the TEM micrograph of asamplefrom
NB culturein DM EM supplemented with 10% FBS.
Negative stai ning techniqueomitting the stain. Bar=1
Im. b TEM micrograph of NB culturesampleincubated
for 20minwith colloida goldconjugated anti-NB 8D10
monoclonal antibody, otherwiseasina. Threeapproxi-
mately 20 nm-sized gol d-particlesareindicated by the
arrow. There is highly significant binding of the
goldlabelled antibody to NB. Bar=0.12 Im. ¢ TEM
micrograph of NB subjected to negative staining with
2% uranyl acetate. Bar=11m. D TEM imageasincat
high magnification. Mucus-proteinlayer surrounding NB
can be seen (see arrow in ¢). Such asticky layer ap-
parently helpsNB to adhere on surfaces, togrow asa
socid colony or biofilm, and promotesapatitecrystalli-
zation. Bar=0.11m 50 replication of NB, abolished the
biomineralization“5162038],

Biominerdization wasabolished with severa anti-
biotics and antimetabolites that showed a nanoba-
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ctericidal effect at concentrationsrelevant for human
therapy™?.. Further proof that biomineralization by NB
areabiological phenomenon related tobeingaliving
entity camefrom recent experimentswith light. Low
intengity light trestment (without thermal effects) at cer-
tain wave engths stimul ated NB replication asdetected
by particle numbers, incorporation of uridineand elec-
tron microscopy. Concomitantly, light stimul ated apa-
titeformation asdetected by 85-strontium incorpora-
tionl®™, Synthetic gpatitedid not respond.

Biostimulation by light treatment isagenera phe-
nomenon observedin living entitiesfrom bacteriato
mammalian cdllswith theusad light trestment!®59, Mac-
romolecul e-cal cium phogphateminera complexeshave
also been recently observed in human and animal cir-
culation by other researcherd®*", Price hypothesized
that these parti cl es cause soft tissue cd cification, such
asatherosclerosisand kidney cacification. Thesource
of Price’s particles was an enigma. These high molecu-
lar weight complexesof ca clum phospheatetogether with
protei naceouscacificationinhibitorswerecirculaingin
rats (subjected to atherogenic treatments) after asingle
subcutaneousdose of etidronate™.

The maximum concentration of complexeswasob-
served at 6 h after the drug dose and complexeswere
cleared fromcirculationwithin 24 h after injection. The
route of elimination was not studied. The presence of
theprotein-mineral complex increased total serum ca-
cium and phosphate 1.8- and 1.6-fold, respectively,
after adose of 8 mg/100 g body weight etidronate, and
even morewith higher doses™ %, It was suggested that
the complex originatesdueto theinhibition of bonemin-
erdlization by etidronate®™”.

Thesefindingsconfirm our detection of high mo-
lecular wei ght mineral-protein complexes containing
cal cium phosphatein serum (NB). Wehave shown that
thetreatment of such complexesinsdecacifichiofilms
or stoneswith bisphosphonates, chelating agentsand
some antibiotics, resulted in therelease of destroyed
particlesintothemedium(,

We propose an explanation for the appearance of
complexesasdescribed by Priceet d .. bisphosphonate
administration causesthedestruction of NB into “pop-
corn-like” floating particulate debris General charac-
teristicsand behaviour of nanobacteria(NB) Morphol-
ogy Stained Gram-negative, Serile-filterable(0.22Im
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pore-sze), bacteria-like particleswith varying amounts
of acarbonateapatitecoat Sizeof individua NB ranges
from 80 nm to500 nm By light and el ectron micros-
copy, apatite “igloos” have a central chamber occu-
pied by oneor moreNB Under low nutrient conditions
(e.g., serum-free), NB tend to form microscopic colo-
niesinliquid mediasurrounded by athick coat of cal-
cium gpatite; calcified coloniescan approach>1mmin
SzeExhibit budding and fragmentation, socid behaviour,
and communitiesreminiscent of biofilms, butwithunique
characteristics consistent with that of extremophiles;
withstand 90°Cfor 1 h, 15 kGy gammairradiation, 5%
NaCl Growth and metabolism Serumformshaveagen-
eration timeof about 3 days Serum-freeformsdouble
about every 6 days Can be passaged indefinitely in
DMEM with or without serum Metabolismis 10,000
times slower than in E. coli Incorporate uridine and
methionineinto DNA and protein, respectively.

Grow best under aerobic conditions: 5% CO2:95%
air Inhibitors of nucleic acid synthesis, 5-fluorouracil
and cytosine arabinoside, inhibit NB growth Tetracy-
cline, an apatite-binding protein synthesisinhibitor, in-
hibitsNB growth at therapeutically achievable blood
leves, asdotrimethoprim, sulfamethoxazole, nitrofuran-
toin and ampicillin; at supra-pharmacologic levels,
aminoglycosdesasoinhibit growth Calcium chelators,
such as EGTA and citrate, inhibit growth in vitro
Bisphosphonates are highly nanobactericidal Structure
NB biomass contains novel proteins and ““‘tough”
polysaccharides Over 30 proteins have been found by
SDS-PAGE Oneof theseproteinsisabacteria porin
protein Muramic acid, amajor component of bacteria
peptidoglycans, wasidentified The 16SrDNA of NB
obtained with PCR placesit in thed pha-2 subgroup of
proteobacteria; further proof for nucleic acids are
needed, sncemany dataindicatethat nucleicacidsare
modified and PCR methods may not work well Detec-
tion Monoclona antibodiesto the nanobacterial porin
protein and peptidoglycan recognizeintact NB asshown
by immunogol d |abeling Hoechst DNA fluorochrome
stainsNB Demineralization of NB enhancestheir en-
dotoxin positivity inthe Limulusamebocytelysate as-
say Monoclond antibodiesto chlamydial lipopolysac-
charide (endotoxin) react with NB Effect on cellsSome,
but not all isolates of NB exhibit cytotoxicity to mam-
malian celsinvitro NB can bindtomammdiancellsin
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vitro and beinternalized by endocytosisIn human and
animal tissues, transmission electron microscopy has
revealedintracdlular putativeNB I.v. administered NB
wereexcreted tourinein rodents.

In ratsthey caused apoptosisand doughing of re-
nal epitheliumin collecting ducts and papilla51 few
hourg*+?9, and these detached particles could appear
intheblood until removed by thereticul oendothelial
system. Bisphosphonates and chel ating agents, either
aone or together with antibiotics might thus be useful
agentsin thetreatment of pathologica calcification,
whether intheform of atherosclerosisor stoneforma-
tion. In fact, a recent summary advocates
bi sphosphonate treatment for stopping or preventing
atherosclerosig™, and one earlier report has shown
bi sphosphonate therapy to decrease the recurrence of
kidney stoneg®.

Larger sudiesarewarranted, becausethisagpproach
might havedeep implicationsin thetreatment of recur-
rent kidney stones, nephrocal cinosisand atherosclero-
sis. Cisar et d.?Y wereableto culture NB-like apatitic
particlesfrom human salivaand dental plaques. They
reported unsuccessful DNA extraction, failed PCR de-
tection dueto bacteria contamination and anegative
result from proteinisol ation athough someprotein bands
wereobtained. Their conclusion wasthat the particles
were self-replicating inorgani c gpatite. The useof posi-
tiveand negative controlsand methodsto identify NB
could have been used in their study to confirm or ex-
cludethe presence of NB, but were not performed.

Interpretation should not be based only onfailed
nucleic acid results. Nucleic acid research on NB has
many problems, e.g., nucleic acid extractionisdifficult
dueto gpatite and extracted DNA-likemateria hasin-
hibited theamplification of exogenous bacterial DNA
in PCR methods. Moreeffort should be madefor the
characterization of NB. Ongoing research on
nanobacteriaongoing researchamsat solvingthemys-
tery behind nanoscalebiominerdization: What areNB?
What aretheir survival and growth strategies? How do
they mineralizeand what istheir rolein kidney stone
disease and other cal cifications? Doesthelr eradication
prevent stoneformation? Research isnow being car-
ried out by an increasing number of researchers, anong
others,intheMayo Clinicand NASA. Effectiveeradi-
cation therapies may arise asaconsequence of such
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international research efforts. New gpproachesinthe
treatment and prevention of kidney stonescould sig-
nificantly reduce hedlth carecostsandincreasethe qual-
ity of life. Emerging knowledge onthedrug sensitivity
of nanobeacterialkidney stoneforming units*® suggests
that novel treatment Strategiescould be based onacom-
bination thergpy using ““old” drugs.

A magjor hindrancein adopting such new therapies
can bethereluctance of drug companiesto carry out
the necessary but expensiveclinica studieswith ge-
neric drugs. Epidemiologica studiesareimportant for
determining the prevaence of NB in various popul a
tionsand diseases. Serum prevaence of theantigenin
adult Finnish volunteersis about 5%%7, Our recent
collaboration with Holmberg et a. from Uppsalare-
veal ed that about 14% of healthy Swedish blood do-
nors have antibodies to the agent®3. Furthermore,
gammaglobulin preparations pooled from thousands
of healthy volunteersrevealed NB antibodies®. In
some disease states, e.g. atherosclerosisand hemodi-
alysis, NB markers, antibodies and antigen, can be
found in the serum/urine in the mgority of cases
(Kgander, unpublished data).

Whether NB arebacteria, mineral autocataytic ag-
gregatesor self-replicating biological particles, they
should beregarded asaninfectiousagent which can be
involved in the pathogenesisof pathological calcifica:
tions. Exposureto NB can cause animmuneresponse
and may result in chronic bacteremia. One accidental
exposureto NB during laboratory work hasbeen moni-
tored. Theexposurewasfollowed by the devel opment
of antibodiesagainst NB, antibody levelsremaning high
for severa yearsafter the accident (Kgander, unpub-
lished datd). Thisfinding suggeststhat NB may cause
chronicinfectionwithoutimmediateclinica symptoms.
It has been estimated that the growth of a3 mm thick
layer of calcium oxalatetakesgpproximately 2.7 years,
based on crystal growth rate®”). For thisand other rea-
sons, exposureto NB infection might have seriouscon-
sequences severd yearsafter exposure. It issuspected
that biopharmaceuticals might be contaminated via
FBS*" and someviral vaccineswerefound to con-
tain NB“1427, Thispossibility should bekept inmind
and efforts should be madeto determine theroleof NB
intheetiology of kidney stonesand pathologica calcifi-
cation, diseaseswithan goparently increasing prevaence.

flano Soienoe and flano Teohnology

Microbiological characteristics

Drancourt € al.” have reported on their attempts
to isolatenanobacteriafrom upper urinary tract stones.
Their findingsand opinions are valuable for the
nanobacteriaresearch. However, wewant to point out
difficultiesthat any researcher will facewhenworking
with nanobacteria: lack of published dataand working
instructions, lack of tested commercia culturemedia
and identificationtools, and lack of readily available
positive and negative controls. Novel paradigmsare
difficult to publish. Manuscripts on nanobacteriahave
so far been returned from Nature, Science, etc. Lack
of publicationson bas c findingsand methodsused leads
totwoimportant consegquences. (i) Scientistswill waste
their timetrying towork with well-established routine
methods, whichunfortunately need modificationsor must
bereplaced by newtechnologies. (ii) Negativeresults
are obtained and accepted assuch. Although theresults
were not properly controlled (culturemediawerenei-
ther pretested for growth promotion of nanobacteria
nor controlled by positivetest cultures), peopleand jour-
nalsmay choosethe easiest way.

Any microbiological classification of tentative
nanoorganisms, such as nanobacteria proposed by
K ajander and Ciftcioglul”14171836:3 gnd nanobes pro-
posed by Uwinset al %, isdifficult becausethey are
not typical bacteria. They havea sovirus-, fungus-,and
prion-like characteristicsand thus cannot fit into any
existing classof microorganisms. They should becon-
sideredastheir own entity. Research tools and tech-
niquesfor nanoorganismsrequire new attitudes and
ideas. Recent findingshaveindicatedthat therearemany
surprisesto come®-%,

Isolation of Nanoarchaeumequitans, asymbiont of
hyperthermophilic bacteria, required extraeffortsin
characterization becausestandard PCR techniquesfailed
in detecting the organism’s genetic material, the pres-
enceof which wasreveaed with DNA staing®!, In-
terestingly, both nanobacteria and nanobes contain
nucleic acid material detectablewith DNA and RNA
Stal n§7, 14,17,18,36,39,69] .

Itisof utmostimportanceto redizethelimitsof our
current methodol ogies with respect to detection and
culture of novel nanoorganisms, as exemplified by
nanobacteria. Many so-cdlednegativereportshavebeen
abletorepeat themorphol ogica finding of cacium phos-
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phate salf-propagating unitg®2129,

Nanobacteria-like organisms have beenfoundin
human atheroscl erotic plaqued®. Atherosclerosisisa
burdentobillionsof people. Clinica and microbiologi-
cd laboratoriesshould not takethe eas est way andjudge
the cal ciumphosphate particlesasartifacts. Whowould
liketo carry self-propagating nanocrystallineapatitein
their blood, blood vessdls, stones, and tissues? Evalua-
tion of nanobacteria phenomenashould not be based
just on routine bacteriological criteria but rather on
mui sciplinary effortsby innovative and open-minded
sientigs.

Aho and Kgjander®¥ are commenting on the nega-
tive attemptsin the previous study by my laboratory to
grow nanobacteria. My coworkersand | tried to re-
producetheir technique without success. Since 1998,
wehavetriedto obtainthestrainfromKgander. Here
we failed to confirm their work. The putative
“Nanobacterium” strain is protected and not available,
but they sdll productsto detect nanobacteria.

To the best of my knowledge, nobody has repro-
duced thiswork. | would be happy to test their strain
and changemy mind if thedataare convincing. The
authorscite references on Nanoarchaea®*l, which
have no correlationwith thistopic but the name.

Themain problemisthat in saence, theexact method
and the obtai ned strains should be exchangedto alow
other investigatorsto reproduceand confirmthework.
Regarding my dleged reluctanceto find new microor-
ganisms, | suggest that the authors consider previous
sudiesfrom mylaboratory, including reportsof the cul-
tureof thebiggestvirus, that of Tropherymawhippl (4661
and that of other microorganisms, including Rickettsia
species, which are small bacterid®¢2,

Acknowledgment: Thiswork wasfunded by Cairo
university, Project No, 3/5 2009 Application of
nanobacteriainthenew millennium.

CONCLUSIONS

NB remain controversial agentsthat mediate apa-
titenucleation and crystd growth. They arerenotropic,
cause apoptotic cell death, are present in human kid-
ney stonesand occasiondly inurine. They may trigger
rend pathol ogy involving damageto tubular epithelium,
biomineraization, and perhapstubul e obstruction and

——— Review

chronicinfection resultingin defectivetissuerepar and
stoneformation.
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