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Abs tract

For ma tion of bi o log i cal mag netic nanoparticles
(magnetosomes) was achieved by a min er al iza tion pro cess
with bi o log i cal con trol over the ac cu mu la tion of iron and
the de po si tion of the min eral par ti cle with spe cific size and
ori en ta tion within a mem brane ves i cle at spe cific lo ca tions
in the cell of magnetotactic bac te ria Magnetospirillum sp.
AMB-1. The mean di am e ter of iso lated magnetosomes was 
es ti mated from TEM to be as 34 nm. The sat u ra tion mag ne -
ti za tion of the magnetosomes was es ti mated to be 62 emu/g 
what is smaller than for chem i cally syn the sized mag ne tite
75emu/g at room tem per a ture due to pres ence of non mag -
netic or ganic layer. The curve of field de pend ence of mag -
ne ti za tion at 293 K ex hib ited the remanence of 21 emu/g
and coercivity of 185 Oe what is con nected with fact that
the mean di am e ter (34 nm) is larger than crit i cal size for
tran si tion from superparamagnetic to fer ro mag netic be hav -
iour. 

In tro ducti on

Mag netic nanoparticles in di luted aque ous sus pen sions are
an im por tant tool in med i cal di ag nos tics as con trast agent
for mag netic res o nance im ag ing and in ther apy for mag -
netic drug tar get ing and hyperthermia. For these ap pli ca -
tions, spe cial nanoparticles so called magnetosomes were
iso lated, which con sisted of a mag netic core cov ered by a
pro tein-con tain ing lipid mem brane. Un der con trolled syn -
the sis con di tions uni form par ti cles of 20-45 nm core di am -
e ters may be pro duced which are of in ter est for a num ber of 
po ten tial ap pli ca tions [1]. Magnetotactic bac te ria are mi -
cro or gan isms that be long to a het er o ge neous group of
Gram-neg a tive bac te ria with di verse morphologies and
hab i tats. They are a di verse group of aquatic prokaryotes
[2]. Magnetotactic bac te ria ori ent and mi grate along geo -
mag netic field lines. This abil ity is based on intracellular
mag netic struc tures, the magnetosomes, which com prise
nanometer-sized, mem brane-bound crys tals (bac te rial
mag netic par ti cles) of the mag netic iron min er als mag ne tite 
(Fe3O4) or greigite (Fe3S4) [3]. Bac te rial mag netic par ti cles
can be dis tin guished by the reg u lar mor phol ogy and the
pres ence of a thin or ganic mem brane en vel op ing crys tals
from bi o log i cally formed mag ne tite. Magnetosome for ma -

tion is achieved by a min er al iza tion pro cess with bi o log i cal 
con trol over the ac cu mu la tion of iron and the de po si tion of
the min eral par ti cle with spe cific size and ori en ta tion
within a mem brane ves i cle at spe cific lo ca tions in the cell
[3].

Mag netic bac te rial have an un fath om able amount of
po ten tial value for var i ous bio med i cal and bio tech no log i -
cal ap pli ca tions not only sci en tific in ter ests. One of po ten -
tial ap pli ca tion ar eas of magnetosomes is hyperthermia.
The en hance ment of spe cific heat ing power is of im por -
tance for re duc ing the use ful dos age ap plied to the tu mour.
Pre vi ous in ves ti ga tions on the suit abil ity of mag netic
nanoparticles for hyperthermia treat ments [4] and mag -
neto-liposomes [5] have shown that biocompatible mag ne -
tite nanoparticles (with core di am e ter about 20 nm) are
ad van ta geous with re spect to large spe cific heat ing power
so the magnetosomes are of par tic u lar in ter est for test ing
their suit abil ity for hyperthermia ap pli ca tions. Bac te rial
mag netic nanoparticles have been sug gested for a num ber
of in vi tro ap pli ca tions such as mag netic sep a ra tion and
pro ce dures for la bel ing and im mo bi li za tion of var i ous
biomolecules. To use of magnetosomes has been de scribed
for nu mer ous pu ri fi ca tion pro ce dures such as the ex trac -
tion of mRNA and DNA from bi o log i cal sam ples such as
tis sues, blood and bac te rial cells. For in stance, the ef fi -
ciency of DNA re cov ery with dendrimer-mod i fied
magnetosome par ti cles was six fold higher with bac te rial
par ti cles than with ar ti fi cial mag netic par ti cles [6]. Use of
magnetotactic bac te ria was given for the non de struc tive
do main anal y sis of soft mag netic ma te ri als, for lo cate mag -
netic poles on me te or itic mag netic grains, for the re moval
of heavy met als and radionuclides from wa ter, for mi cro -
bial mag ne tom e ter, for the im mo bi li za tion of rel a tively
large quan ti ties of bioactive sub stances, which can then
sep a rated by mag netic fields, for  im mo bi liz ing the en -
zymes glu cose oxidase and uricase as com po nents of med i -
cally im por tant biosensors, for the gen er a tion of mag netic
an ti bod ies, for in cor po rated bac te rial mag ne tite par ti cles
into eukaryotic cells, which could be ma nip u lated by a
mag netic field, for the in tro duc tion of  DNA into cells, for
the de tec tion of mRNA, as a con trast agent for mag netic
res o nance im ag ing and tu mor-spe cific drug car ri ers based
on intratumoral en rich ment, for bio med i cal ap pli ca tions
[3]. As the pre vi ous at tempts to char ac ter ize and ap ply
magnetosome par ti cles were lim ited by their avail abil ity,
the aim of this pa per is the prep a ra tion of magnetosomes
and study of their struc tural, mor pho log i cal and mag netic
prop er ties.
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Ma te ri als and me a su ring method

Cul ti va tion pro cess: Bac te rial magnetosomes in ves ti -
gated in this con tri bu tion are syn the sized  by magnetotactic 
bac te ria  Magnetospirillum sp. strain AMB-1.  Magneto -

spirillum sp. strain AMB-1is a Gram-neg a tive a-proteo -
bacterium that is more ox y gen-tol er ant and eas ier to grow
on a large scale. Now a days, the en tire ge nome of
Magnetospirillum sp. AMB-1 was se quenced an no tated
and an a lyzed [3]. The me dium for Magnetospirillum sp.
AMB-1 con sisted of (per 1 L me dium): 10 mL Wolfe’s vi -
ta min so lu tion, 5 mL Wolfe’s min eral so lu tion, 0.68 g
KH2PO4, 0.848 g so dium succinate hexahydrate, 0.575 g
so dium tartrate dihydrate, 0.083 g so dium ac e tate
trihydrate, 0.225 mL 0.2% (w/v) resazurin (aque ous), 0.17
g NaNO3, 0.04 g ascor bic acid, 2 mL 0.01 M fer ric quinate
[8]. Resazurin was added to me dia as colorimetric in di ca tor 
of re dox po ten tial. The pH was ad justed to 6.75 with
NaOH. This me dium was prereduced un der ni tro gen for a
pe riod of 1 hour, us ing cop per as a re duc ing agent, and was
sub se quently dis pensed into cul ture tubes in an an aer o bic
hood. In oc u lated tubes were in cu bated at 25°C for a pe riod
of 4 days. 

Tech niques for the iso la tion and pu ri fi ca tion of
magnetosome par ti cles from Magnetospirillum spe cies are
based on mag netic sep a ra tion [9,10] or a com bi na tion of a
su crose-gra di ent centrifugation and a mag netic sep a ra tion
tech nique [11]. These pro ce dures leave the sur round ing
mem brane in tact and magnetosome prep a ra tions are ap par -
ently free of con tam i nat ing ma te rial. Ow ing to the pres ence 
of the en vel op ing mem brane, iso lated magnetosome par ti -
cles form sta ble, well-dis persed sus pen sions. Af ter
solubilization of the mem brane by a de ter gent, the re main -
ing in or ganic crys tals tend to ag glom er ate as a re sult of
mag netic at trac tive forces. Typ i cally, 2.6 mg bac te rial
mag ne tite can be de rived from a 1000-mL cul ture of
Magnetospirillum sp. AMB-1. For the iso la tion of the
magnetosome par ti cles, we have used the method de -
scribed by Gorby [9]. 

Iso la tion of magnetosomes: Ap prox i mately 10 g (wet
weight) cells of Magnetotacticum Magnetospirillum sus -
pended in 100 ml of 20 mM HEPES-4 mM EDTA, pH 7.4,
was split up (dis rupted) by sonification. The un bro ken cells 
and the cell de bris were re moved from the sam ple by
centrifugation (10 min, 3036 rpm). The cell ex tract was
placed on to a mag net (NdFeB-mag nets, 1h). The black
magnetosomes sedimented at the bot tom of the tube and the 
re sid ual con tam i nat ing cel lu lar ma te rial was re tained in up -
per part tube. The re sid ual con tam i nat ing cel lu lar ma te rial
was de canted. To elim i nate the elec tro stati cally bound con -
tam i na tion, the mag netic par ti cles at tached to the col umn
were rinsed first with 50 ml of 10 mM HEPES-200 mM
NaCl, pH 7.4, and sub se quently with 100 ml of 10 mM
HEPES, pH 7.4. Af ter re moval of the cell ex tract from the
mag nets, the mag netic par ti cles were flushed with 10 mM
HEPES buffer. The magnetosome sus pen sion (black sed i -
men ta tion) was centrifugated (18000 rpm, 4oC). Af ter
centrifugation the cell ex tract was placed on the mag net for
30 min utes. The mag netic par ti cles were sedimented at the
bot tom of the tube, whereas re sid ual con tam i nat ing cel lu lar 
ma te rial was re tained in up per part tube. The last pro ce dure 

was re peated ten-times to ob tain well pu ri fied magneto -
somes.

Mag ne ti za tion prop er ties of pre pared aque ous sus pen -
sions were mea sured by SQUID mag ne tom e ter of Quan -
tum De sign in mag netic field (up to 2 T) and in tem per a ture 
range 2-300K.  The mor pho log i cal prop er ties and size of
magnetosomes were es ti mated from Trans mis sion Elec tron 
Mi cros copy (TEM) us ing JEOL1200EX Mi cro scope
work ing at 120 kV. The sam ples for TEM ex per i ments
were pre pared on amor phous car bon foil by micropipetted
of aque ous so lu tion of magnetosomes. 

Re sults and dis cus si on

It is well known that magnetosomes in magnetotactic bac -
te ria are ar ranged in straight chains [1]. Af ter iso la tion
from these bac te ria those chains tend to form closed loops.
Elec tron mi cro graph of the magnetosomes (Fig.1) re veals
that magnetosomes dis persed very well are ar ranged with
ten dency to form bent chains in sus pen sion so as to min i -
mize their mag netic stray field en ergy [12]. The rea son for
these phe nom ena is ex is tence of lipid mem brane sur round -
ing mag netic core pre vents them to stick to gether by elec -
tro static re pul sion [3]. As was stated ear lier elas tic ity may
play a ma jor role in the magnetosome ar range ment of bent
con fig u ra tion [14]. The mean size and stan dard de vi a tion
es ti mated from TEM was 34 nm and 6nm, re spec tively. But 
in spite of large size dis tri bu tion of magnetosomes it would
be good to em pha size that in com par i son to chem i cal prep -
a ra tion tech niques re sult ing in broad lognormal dis tri bu -
tions [13], the size dis tri bu tion of magnetosomes is
re mark ably nar row.  

Mag ne ti za tion mea sure ments of the pre pared
magnetosomes sus pen sion were car ried out by SQUID
mag ne tom e ter of Quan tum De sign. The sat u ra tion mag ne -
ti za tion of the magnetosomes was es ti mated to be 62 emu/g 
what is smaller than for chem i cally syn the sized mag ne tite
75emu/g at room tem per a ture due to pres ence of non mag -
netic or ganic layer. The curve of field de pend ence of mag -
ne ti za tion at 293 K ex hib ited the remanence of 21 emu/g
and coercivity of 185 Oe and is higher as for monodomain
mag ne tite par ti cles what can con nected with fact that the
mean di am e ter (34 nm) is larger than crit i cal size for tran si -
tion from superparamagnetic to fer ro mag netic be hav iour
[12]. 
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Fig ure 1. TEM mi cro graph of magnetosomes.



To con clude it can be said, that for ma tion and iso la tion
of magnetosomes ob tained by min er al iza tion pro cess of
magnetotactic bac te ria Magnetospirillum sp. AMB-1 was
car ried out succesfully. The anal y sis of mag netic prop er -
ties has shown that magnetosomes have in ter est ing mag -
netic char ac ter is tics and can re plen ish the chem i cally
syn the sized mag ne tite nanoparticles mainly in field of
med i cal ap pli ca tions. 
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Fig ure 2. Mag ne ti za tion of magnetosomes at 293 K.


