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ABSTRACT

The great discovery of Magnetotactic bacteria is a pleasant surprise for
researches engaged in improving the technology related to the material
science, asit expresses amagnetic property dueto the presence of naturally
occurring nano-crystal, attached to cytoplasm membrane. This review
focuses on current information of MTB on - biochemical, molecular and
genetic organisation within the cells, suggesting the biomineralisation of
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nano-crystal -magnetosome. Application aspects of magnetosome and
perspectivesfor future research arethe additional decided literature of the
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INTRODUCTION

Magnetotactic bacteria (M TB) wasanadysefrom
mud sampl e of water bodies, do not have taxonomical
significant and represent heterogeneous group of fas-
tidious prokaryoteswith cellular morphol ogiesinclud-
ing coccid, rod-shaped, vibrioid, spirilloid™. Theintro-
duction of MTB wasthe serendipitous discovery by
R.P Blakmoreasagraduate sudent, at the University
of massachusetts at Amherst. MTB become popul ar
among theresearchersdueto the dueto their magnetic
property depends on intracellular structure called
Magnetosomé? by whichMTB orient and migrateaong
magnetic field lines, this behaviour refer to as
magnetotaxis®. Magnetosome are the nano-crystal
consist of magneticiron mineral particleswithinthe
membrane vesicles’l. The particular size of
magnetosome range from 35-120nm, resulting perma:
nent dipole moment by properly organized chains of

magnetosome. Bacterid magnetosomehavebeenrel-
evant for synthesisadvanced biomaterials, magnetic
tapes, magnetic targeting of pharmaceuticalsand print-
ing inkg®. most of the applicati ons of magnetosome
dependsonincreasing productivity of magnetosomein
natural condition by improving MTB strain by genetic
engendering for future advantages.

Magnetotactic bacteria (M TB)

Despitethegresat diversity of microorganisms MTB
have severa advantageousfeaturesfound in oxic-an-
oxictransition zoneof freshwater and marine habitat®!.
Studiesof freshwater communitiesof MTB have been
conducted by microscopic, culturd molecular-biologi-
cal approach. Theenvironmenta conditionsare sup-
portivefor the devel opment of specificMTB popula-
tion™ InMaineenvironment, theMTB found in coasta
environment. Theoutstanding feature of MTB wasthe
presences of magnetosome. They are not easily cul-
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ture, only few strains are avail able asaxenic culture.
The proteobacteria are the best characterized are a-
Magnetospirillum magnetotactium MS-1,
Magnetospirillum  magneticum AMB-1,
Magnetospirillum gryphiswaldense MSR-1€. The
Magnetospirillumgryphiswaldense was designate as
modal organism for molecular-biological studieson
magnetite biomineraisation and gpplicationsaspectsin
different fieldsdueto theavail ability of genetic system
and complete draft genome sequence!®.
Magnetospirillumgryphiswal densewasisolated from
river near to Greifswald in 199019, Helical in shape,
flagellated and 2-3m long and 0.5-0.8pum in diameter.
The strain was characterized by adlightly higher oxy-
gen tolerancein comparisoniY.

M agnetotaxisand magnetosomein MTB

Asthemagneticdipolemoment of thecdl isusudly
large, theinteraction with theearth’s geomagnetic field
overcomesthermal force and tend to randomizethe
orientation of the cdll inwaterbody!*, while swimming
thecdl showspassivedignment a ong geomagneticfield
areknown asmagnetotaxis. Theterm magnetotaxis, is
infact amisnomers, describe the behaviour of MTB.
Themagnetotactic cell swims neither up nor downa
magnetic field gradient, cdllsdisplay two-way or one-
way swimming behaviour donglocd fiddlines*®. The
membrane— enclosed magnetosome mineral crystals
consisting either magnetite (Fe,0,) or greigite
(Fe,S)M. These are magnetic minerals with high
chemicd purity, narrow szerange, Joecies-oecificcrys
ta morphol ogiesand exhibit specific arrangement within
themembraneof cdll™. Mackinawite (tetragonal FeS)
and cubic FeSare severd other sulphur minerashave
beenidentify and though to be precursors o Fe S "4,
Thereducing condition in environment promotesthe
formation of greigite™”. high degreeof structure per-
fection have been displaced by magnetosome crystal.
M agnetosome have dimensions within the order of
magnitude of large biomolecules of virusesand can be
mani pul ated by external magneticfied gradient and fa-
low Coulomb’s law 8. Asthe intermediate of mol-
eculeand solid state, these crystalshave physical and
chemicd properties, characteristicsof neither theatom
nor the bulk counteports¥. These crystals are now
become an ideal component for construction of
nanostructure material sand devices. Syntheticaly pre-
pared magnetic nanoparticleshad been studied widdly

and appliedin variousfield of biotechnology, such as
magnetic drug targeting, magnetic resonanceimaging,
diagnostics, immunoassays, magnetic separation and
magnetic hyperthermiatreatment. By conventional in-
organic synthesis, aqueous salt sol ution of Fe**and Fe
3 co-precipitate to synthesis magnetic iron oxide par-
ticled??, PH adjustment and formation of aggregates
during synthesi sand particle purification becomeama:
jor problem of bulk solution, athough enormousefforts
were spent from last few yearsto generateuniform size
particlesand achallengeisbeing heretofacefor the
synthesis of advanced nano-sized magnetic materias
withinnovative propertiestotailored and functiondized
according to application. the above maintained prob-
lems hasbeen alternative route the biomineralisation
process have been suggested for the biosynthesi ses of
magnetic nanoparticles.

Structure and biomineralisation of bacterial
magnetosome

The morphologies of magnetite crystals in
magnetosomeare derived fromisometricform{ 111},
{110}, { 100} 24, Anisotropic crystal growth support
theelongated and prismatic structure, which could ex-
plained by chemicd gradientandioninflux. Thespecific
interaction with biominerali sation-mediating protease
favoured or inhibitsthegrowth of particular crystd lat-
ticeplanessd ectivdy?. Themagnetitebiominerdisation
iscover up by the specifictake-up of iron asFe(l11) or
Fe(I1) by the cells from the medium, Fe(lll) iron re-
duced to Fe(I1) during uptake. in the cytoplasm and
transported to magnetosomevesicle®, thentheironis
re-oxidized to prepare highly reactive Fe(l11) oxide-
ferrihydriteand later react with dissolved Fe** toform
magnetite by vio-sol ution®!. Themutant with lessabil-
ity of magnetosomewas moresengitiveto e evated con-
centration of iron?, Themagnetite particlesqudity per
cdll degpendson growth condition. Alongwith avallabil-
ity of micromolar amountsof iron, themicroaerobic con-
ditionsaredsorequired for theformation of magnetite.
The particles of magnetite are oriented with magnetic
easy axis{ 111} withinthecell dongthechaindirection
and oneor moreparald straight chainsare present to
thelongaxisof cdl. Inthisorganisation, magnetosome
chains of magnetotactic bacteria confers an average
magnetic dipole moment of 5x10°Am?tothecell®,
Thepassive organisation of cell inthe earth magnetic
fieldisdueto torque exerted by geomagnetic field on



40 Biochemical, molecular and genetic organisation of bacterial magnetosome

Review

RRBS, 8(1) 2013

cellular dipole'?. Thus, the size and shape of
magnetosome, length and orientation of magnetosome
chain developedin M TB to generateamagnetic dipole
and permanent efficient migration along magneticfied
lines

Biochemistry of magnetosome membrane (MM)

The processof magnetiteminimization enablesregu-
lation by biochemical pathways. MM provides spatia
constrainsfor shaping crystalsmorphology. pH and re-
dox potential, together are essential for magnetic
biominerdisation. Thegrowth of magnetitecrystasis
regulated by uptake mechanism and depends on con-
trolled flux of ionsover MM to provide supersaturating
iron concentrationinthevesicle. Hence, MM isacontrol
pand to perform specific function intransport and accu-
mulation of iron, crystallization and redox and pH con-
troll. Thespecification in functioningisknown by the
andysesof Magnetospirillumgryphiswal dense. Almost
all thestrainsof MTB indicates ssmilar structure and
mechanism for theformation of magnetosome. Dueto
the presence of aninterparticle connection mediated by
MM components, strong tendency to form chain have
beenindicated. Numbersof commonfaity acid areiden-
tified from MM extract of moda MTB.

Phosphati dylethanol amin and phosphatidylglycerol
arepolar liquid, abundant compared to ornithinamidlipid
and unidentified aminolipid in outer and cytoplasmic
MM Magnetosomeisassociated with highly spe-
cificand complex protein subset with various quanti-
ties. Only 0.1%of total cdlular proteinsisMM-bounded
polypeptides?. The proteomic techniques and bio-
chemica andysisleadtoidentify dmost dl mgor MM
proteins (MM Ps)2%, Approximately 20 mgjor polypep-
tides have been identified in magnetosome sub-
proteome, limited of them occurringin posttrand ationa
modification of resulting geneand numerousminor con-
stituents were found bounded to isolated
magnetosome®¥, The proteinsbounded tightly to the
magnetosome crystal sare embedded within membrane
and showsresi stance towards proteases and detergent
(e.g-MamC, MamF) and loosdly attached proteins get
dissolved in mild detergent sel ectively'?1. MM amost
consist of proteins with covalently bounded C-type
heme and glycoproteinsare not detected.

Onthebasesof analysng sequence, number of pro-
teins families can be associated to MM Ps and seem

shared by dl MTB. MamA isabundant protein of MM
with 4-5 copies TPR (tetratricopeptide repeat) motifs,
TPR havebeen identified in growing number of pro-
teinswith variousfunction and areknown to mediate
protein-proteininteraction’®. ThereforeMamA act as
areceptor in MM interacting with cytoplasmic pro-
teind®3. MamB and MamM are membersof CDF (cat-
iondiffusonfacilitator) family of meta transporter, com-
prises the protein respond to efflux pumps of toxic
divaentcatiansand heavy metd ions, postulated to com-
prise putativeiron transporters® and necessary to di-
rect uptake of iron within magnetosome. MamE and
MamO aresimilar to HtrA-like serine proteasd®!. Htr-
A like proteinsshare conserved trypsin-like protease
domain and one or two PDZ domain and act as a
molicula chaperones®!. The MM — associated pro-
teinsMamC, MamD, MamG and MamF have known
homologuesin M TB and represent M TB specific pro-
teinfamilies. Therepeated motif -MamD, Mms6 and
MamG share the conspi cuous hydrophobic sequence
motifswith rich repeated leucineand glycineresidues,
indi cates the common noti ceabl efeaturesto these par-
ticles. Theproteinsinteractswith mineralsconsist of
polyelectrolytegroupin cluster™l,

Genetic or ganization and manipulation of magne-
titebiomineralisation

Almogt, dl theMMPsareencodedinasinglege-
nomicregionknownas“Magnetosome Island”. the gene
encodefor magnetosomeformation arelocatedinthree
different operon, placed within 35kb genomeof MTB.
Ascan beinferred theavail able genomedataof differ-
ent MTB, thegene order and amino acid sequences of
Mam protein are conserved in other MTBE), Thenu-
merous genesencoding mobile DNA eementsarethe
characteristic of theregionwithinflanking clusters. The
mobil DNA el ements phase-associ ated integrates ac-
countsabout 22% of coding sequence and participate
inextremegeneticingtability of thisregion under condi-
tions of stationary growth®. In short, theentirefea-
turesarestrongly reminiscent of genomicidandsin other
bacteria. They often encode “accessory” gene func-
tion®, Thus, thelarge genome*“Magnetosome Island”
organised essential genefunction for magnetite synthe-
sisand may later distributed by genetransfer later.

Functionalizations and application of bacterial
magnetosome
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The encapsulated magnetosome crystal or magne-
tite crystal providesanatural coating within MM to
ensurethesuperior dispersibility of particlesand shows
excellency to target, modify and functionalise the par-
ticles. Besideinvivo “tailoring”, the genetic engineer-
ing dtered magnetitecrysta and biochemica compos-
tion of MM. Thedesign of magnetosomeishighly pro-
moting with functionalized surface. Thedesigncanbe
achieved by generationsof chimeric protein, specifi-
caly digplayed onthesurface of isolated magnetosome.
M agnetosome proteins can be used for the construc-
tion of functiond genetic fusiong®.

Bacterial magnetosomes become an interesting
fieldin broad range of disciplinesin Scienceand tech-
nology. magnetosomes are replacing the synthetic
magnetic nanoparticles. In Nanotechnology,
magnetosomesare considered suitableas components
of nano-motors, nano-generators, nano-pumps and
other nanometer-scal e devices*). Magnetosomehave
been suggested biomedical applicationsfor magnetic
drug targeting, magnetic resonanceimaging (MRI),
magnetic fluid hyperthermia, magnetofection and pro-
ceduresfor separation of biological entitiessuch as
cdl, nucleicacid, proteing*l. The hypethermal treat-
ment of tumors has been effectively successful dueto
magnetic drug targeting“?. Sometechniques could be
used to carry anti-inflammeatory, anti-bacteria or blood
clotting drug to localized the desiresregions. Other
thanthis, the bacterid magnetosomearegpplicablein
thefield of biotechnology, for theextraction DNA and
mMRNA from different cells, blood and tissue“*?. The
immunoassay based on magnetosome developed to
detect antigene, environmenta pollution, hormonesand
toxic substance®l. Most of the biotechnological ap-
plications are depend on interaction of magnetosome
with surfacemodification to interact with certain tar-
get molecule. Numerious in vitro application of
magnetosomes have been suggested, such as mag-
netic separation, labelling proceduresand biomolecule
immobilisation. For instance, the bacterial
magnetosomes with dendrimer-modification shows 6
fold higher efficiency of DNA recovery rather than
artificial magnetic paticld!. ThemRNA isolationis
facilitated by oligo modified magnetosome*. Re-
cently, automation of DNA extraction procedure based
on dendrimer-modified particles, peptide and enzymes
on magnetic particles; allow saectionto reuseimmo-

bilized enzymesfrom areaction mixture“®. Bacteria
magnetosome particles have been successfully har-
nessed immobili zation of enzymé“7.

The antibodi es conjugated to magnetosomes, used
for automated immunoassaysto detect hormones, toxic
substance and environmentd pollution“®. The specific
separation of target cell from human blood have been
successfully done by antibody-modified magne-
tosomes*. Streptavi din-modified magnetosomes, used
for automated di scrimination of singlenucleotide poly-
morphismi®, Magnetic forcemicroscopeinvolvefor
highly sensitive and quantification®X. Recently, it has
been shown that magneti c nano-tubes can beassembled
by incorporation of bacterial magnetosomeinto pep-
tide nanotubes®2.

Per spectives

The gpplication of bacterial magnetosomes hasnot
been commercialy exploded becausethe mass culti-
vationof MTB isabig problem asit istoo expensive
for most practical purpose. Thelimited practicability
of ideasisthelack of detailsof biochemical and ge-
netic principleswith the bacterial cell responsiblefor
magnetite biominerdisation. Themechanismfor nude-
ation and growth of particlesisstill acritical issueto
know. Theiron transport mechanism through mem-
braneisunder investigation. The effortsregarding
magnetotactic bacteriashould directed to the genetic
and molecular biologica analysisof magnetosomefor-
mation. It has been analysed that the construction of
genefusion to coupl e bioactive substances have per-
formed by magnetosome-specific proteind®3. Once
the proper genesfor biomineraisation pathway would
detected, the gene might be expressed to cultivable
host organism, thereby potentially removethedifficul-
ties related to MTB cultivation. A single Gene of
Magnetospirillum has already been expressed in
E.Coli but, dueto thelack of intracellular compart-
mentslimitsthe heterologous expression of genesre-
lated to bacterid magnetosome biomineraisation. The
dramatic diversity of MTB shouldincreasesthe study
on related speciesto know the biomineralisation pro-
cesswithin cell. Finally the problem related to the ex-
pression of gene could be undertaken by cloning of
genetothehost individualy. Further detail sudiesare
required to innovate and modify the application as-
pects of bacterial magnetosome.
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