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Abstract
At currently, approximately 70 species of magnetotactic bacteria have been identi�ed; thus, there is an
urgent need to identify more magnetotactic bacteria from diverse sources with potential applications in
industry and biotechnology. To the best of our knowledge, this is the �rst magnetotactic bacterial strain
discovered in Pakistan. The �rst magnetotactic bacteria, Magnetospirillum moscoviense MS-24, was
isolated from Banjosa Lake (Rawalakot), Pakistan, in the current investigation. Magnetospirillum
moscoviense MS-24 was screened using the Racetrack method and its temperature and pH were
optimized. The Magnetospirillum moscoviense MS-24 were physically characterised using Atomic Force
Microscopy, High-Resolution Scanning Electron Microscopy, and Transmission Electron Microscopy. The
current study used microscopy to illustrate the shape of bacteria and to �nd a very obvious chain of
magnetosomes within the bacterial cell. The Magnetospirillum moscoviense MS-24 measured about 4
0.04m in length and 600 0.02nm in diameter. The micro �uidic chip experiments were also used to detect
magnetotaxis behaviour in bacteria.

Introduction
Magnetotactic bacteria (MTB) belong to a heterogeneous group of microorganisms that can align
themselves along the Earth’s magnetic �eld lines and these microorganisms are also known as nano-
compass. The characterized movement towards magnet is known as “magnetotaxis, magneto-aerotaxis,
magneto-chemotaxis” occurring due to the presence of nanoparticles inside the bacterial cell, known as
magnetosomes. These magnetosomes are made up of magnetite or greigite (Lin et al. 2017). Mature
crystals of magnetosomes of cultured MTB are up to the size range between 35–120 nm in diameter.
However, magnetosomes in some uncultured MTB strains can grow to ~ 180 nm, and even up to 300 nm
(Lins et al. 2006; Mitra et al. 2020; Liu et al. 2021). These magnetic nanocrystals have both north and
south magnetic dipoles and are in chain forms so that the bacterial cell orients and swims towards or
away from the magnetic poles (Liu and Chen 2008; Wang et al. 2020). This behaviour of magnetotactic
bacteria makes them self-propelled magnetic compass needle that migrates along Earth’s geomagnetic
�eld lines (Schüler 2008; Gandia et al. 2019). The highest number of these bacteria are present just below
the oxic-anoxic transition zone (OATZ) (Zhao et al. 2007; Vincenti et al. 2019).

These bacteria play important role in biogeochemical cycles like Fe and S cycles in both fresh and marine
water. They are mostly present in the environments and mud sediments that are rich in organic material.
They use iron, nitrate and sulphate as electron donors and acceptors (Rismani Yazdi et al. 2018). The
environmental parameters like availability of oxygen, iron source, pH and temperature are very important
for the growth of magnetotactic bacteria. It is reported that the highest numbers of MTB were present in
the oxic-anoxic transition zone (Bazylinski and Lefèvre 2013; Salam et al. 2019).

Most of the magnetotactic bacterial species are from the class Alphaproteobacteria while some of the
species are from Deltaproteobacteria and Gammaproteobacteria. Blakemore and co-workers isolated
cultivated species of Magnetospirillum magnetotacticum strain MS-1, Magnetospirillum gryphiswaldense
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MSR-1 and Magnetospirillum magneticum strain AMB-1 (Flies et al. 2005). However, there are some
Magnetotactic cocci strains that are previously a�liated with Alphaproteobacteria class, have been
rede�ned to ‘Candidatus Etaproteobacteria’ classes (Liu et al. 2021). The Deltaproteobacteria class has
been rede�ned to Desulfobacterota phylum (Koziaeva et al. 2020). MTB strain in ‘Candidatus
Omnitrophica’ phylum was also reported (Kolinko et al. 2012). It is also reported that many species of
Magnetospirillum genus have morphological and phylogenetical resemblance with the magnetotactic
bacteria, but they lack the ability of magnetosomes biomineralization in the absence of iron (Flies et al.
2005; Lin et al. 2017). Yan et al. in 2012 reported that M. magnetotacticum and M. gryphiswaldense
contained empty and partially �lled magnetosomes vesicles in iron de�cient condition. The Fe availability
causes change in magnetosomes crystal size and morphology while the oxygen inhibits the formation of
magnetosomes at high O2 partial pressures (Heyen and Schüler 2003; Faivre and Schu 2008; Zhou et al.
2018). Accordingly, smaller magnetosomes are formed such that the magnetic properties of
magnetosomes and MTB indirectly dependent on dissolved oxygen concentration (Lin et al. 2017). There
are many uncultured MTB were isolated recently and lots of novel strains of cultured and uncultured MTB
a�liated with Alphaproteobacteria class e.g. magnetotactic spirillum strains SH-1, QH-2, CCP-1, XQGS-1
and magnetotactic Deltaproteobacteria strain WYHS-1 have been reported in recent years (Li et al. 2017,
2020; Lin et al. 2017; Du et al. 2019). According to Liu et al, 2020, about 16 magnetotactic cocci from
freshwater environments (strains YQC-1, YQC-2, YQC-3, THC-1, MYC-4, MYC-5, BHC-1, MYC-3, MYC-7,
DMHC-1, DMHC-2, DMHC-6, DMHC-8, WYHC-1, WYHC-2, and WYHC-3), two from marine environments
(strains XJHC-1 and LLTC-1), and one from a brackish environment (strain SHHC-2). Based on FISH-SEM
analyses.

The magnetosomes are magnetic nanoparticles that are used in a diverse range of applications not only
in technical applications but also in medical applications (targeted drug delivery, hyperthermia, imaging
methods) (Yan et al. 2012; Gandia et al. 2019). The process of producing magnetite by the accumulation
of iron source from the medium is known as biomineralization in magnetotactic bacteria so that they
create chains of magnetic crystals called magnetosomes in the cells (Park et al. 2013; Wang et al. 2020).

In the current study, the water-sediment sample from Banjosa Lake was collected for isolation of
magnetotactic bacteria. The magnetosomes within the bacterial cell were characterized by various
analytical techniques like Compound Microscopy, High-Resolution Scanning Electron Microscopy,
Transmission Electron Microscopy (TEM) and Atomic Force Microscopy. These techniques help to �nd
the bacterial shape, size, and the chain of magnetosomes and the magnetotaxis behavior of bacteria.

Material And Methodology

Sample collection
The water sediments from Banjosa Lake (Rawalakot, Pakistan) (33° 48′ 38″ N, 73° 48′ 59″ E) was
collected by magnetic enrichment technique in May 2017 (Fig. 1). The temperature of the lake was 25°C
and the pH was 7. The sampling jar with magnet was placed in water-sediment (almost 1m deep) for 30
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min then carefully tightened the jars without distortion so that the magnetotactic bacteria that were
attracted towards the magnet were collected in the jar.

The Technique Of Capillary Racetrack
Enrichment of magnetotactic bacteria was obtained using the capillary racetrack method from the same
sediment sample(Blakemore et al. 1979) using the Pasteur pipette shown in Fig. 2. The narrow end of the
Pasteur pipette was closed by heating and autoclaved distilled water was �lled in the narrow end while
the cotton was plugged from the wide end side and then �lled the wide end side by water MTB enriched
sample by syringe. Then placed the magnet at the side of the narrow end for 30 min. The tip of the
capillaries having MTB was broken off after 30 min collecting water sample in the narrow end by using a
permanent magnet next to it. The collected water from the narrow end must have magnetotactic bacteria
as they moved from the water sample through cotton and collected in the distilled water by the attraction
of magnet (Schüler et al. 1999; Lin et al. 2008; Li et al. 2010).

Media Composition
The activated charcoal agar was used for microaerophilic and anaerobic bacteria. The composition of
medium was 10 g.L− 1 of peptone, 5 g.L− 1 of yeast extract, 1 g.L− 1 of L-cysteine hydrochloride, 10 g.L− 1

of activated charcoal, and 15 g.L− 1 of agar and is adjusted to pH 6.8 with NaOH before autoclaving
(Lefevre et al. 2011; Lefevre and Bazylinski 2013; Salam et al. 2019).

The growth culturing medium is a speci�c and modi�ed iron-containing medium for MTB growth. The
composition of the medium was 5 g.L− 1 of tryptone, 3 g.L− 1 of beef extract, 5 g.L− 1 of sodium chloride,
and 20 ml.L− 1 of ferric citrate solution (Chandrajit and Prakash 2011).

Culturing Of Bacterial Strain
The water sample collected from the Capillary Racetrack method was inoculated in the ACA medium that
only support the growth of anaerobic bacteria. The ACA plates were incubated in an anaerobic jar for 3 to
4 days. The emerging colonies were streaked on a speci�c iron-containing growth medium for
magnetotactic bacteria that is a modi�ed medium having an iron source to produce magnetosomes in
bacterial cells (Lefevre et al. 2011).

Screening And Detection
The screening of magnetotactic bacteria was done by the Hanging drop technique(Schüler 2008) under
an optical microscope that showed the movement of magnetotactic bacteria when the magnet was
placed near the glass slide shown in Fig. 3. The color of the colonies of magnetotactic bacteria was light
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brown and they are Gram-negative. The detection was done by inoculating culture in broth modi�ed iron
medium and incubating for 120 h in shaking incubator at 30˚C. After 120 h, the colour of the medium
turned from light brown to dark brown indicating the production of iron in the medium (Chandrajit and
Prakash 2011).

Molecular Identi�cation Through 16s Rrna Gene Sequencing
The selected strains were then molecularly identi�ed by extracted whole genome using
Phenol/chloroform DNA extraction protocol (Leena et al. 2018; Cycil et al. 2020). DNA was partially
sequenced for the 16S rRNA gene by Macrogen, Inc., Seoul, South Korea. Sequences were further
analysed for similar strains in NCBI using BLAST software (http://blast.ncbi.nlm.nih.gov/Blast.cgi/).
Phylogenetic trees were constructed by using MEGA 7 software by neighbour-joining method, which
determined the similarity of Magnetospirillum moscoviense strain MS-24 with the closely related strains
(Masood et al. 2017; Salam et al. 2019).

Micro�uidic Chip Formation
Polydimethylsiloxane called PDMS is a polymer widely used for the preparation of micro�uidic chips. The
micro�uidic chip was prepared by mixing PDMS with the cross-linking agent and then this suspension
was poured into the micro-structured mould and heated this micro-structured at high temperature to get
the chip. The channel depth of the micro�uidic chip was 5 µm and lithography and thermal bonding
constructed the chip. This chip has straight inlets on both sides of the channels. The prepared chip was
then attached with the glass slide by plasma gas. The channel width was 200 µm so that the movement
of bacterial could be easy and free (Fig. 4a and b) (Roda et al. 2013; Pichel et al. 2018).

Magnetic Field Setup
The micro�uidic chip was positioned on a microscope slide by plasma gas so that no air was present
between the glass slide and chip. A schematic set was required for the proper imaging of the movement
of the bacterial strain. A permanent magnet (NdFeB magnet) was attached with a stepper motor
(Silverpak 17CE, Lin Engineering) on the bottom side of the micro�uidic chip. The magnetic �eld can be
adjusted in different directions with a rotation time of 5 s at an acceleration of 745 rads− 2. The camera
(model 1328 1048 at 100 fps, FL3-U3-13S2M-CS, Point Grey) was used to make the movies of the
bacterial magnetotaxis. The camera was mounted on a Zeiss Axiotron 2 microscope with a 20 objective
(Fig. 4a) (Pichel et al. 2018).

1. The magnetic �eld lines were applied by using a strong magnet at the centre of the micro�uidic chip
from the downside of the micro�uidic chip slide.

2. A strong magnet attached with a rotating stand in the left and right direction applied the magnetic
�eld lines.
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Insertion of Magnetotactic Magnetospirillum moscoviense MS-24 in micro�uidic chip

Magnetospirillum moscoviense MS-24 was inserted in the micro�uidic chip by micropipette. About 0.2 µl
of broth inoculated with bacterial culture was inserted in one shallow open end of the channel (Fig. 4b).
The air pressure �lled the complete channel with the bacterial broth sample. The magnetic �eld was
applied in different directions (Pichel et al. 2018).

Characterization of Magnetospirillum moscoviense MS-24

Bacterial cell culture was characterized by various analytical techniques like compound microscopy,
atomic force microscopy, high-resolution scanning electron microscopy and transmission electron
microscopy.

Compound Microscopy
Under compound microscopy (LIECA DM6000 M), the movement of bacterial strain Magnetospirillum
moscoviense MS-24 in broth was observed towards the magnet. The bacterial slide was prepared by
using the hanging drop method. A drop of bacterial culture in broth media was dropped on a glass
coverslip and inverted on a ring so that a drop in hanging position. The image was observed under a
compound microscope under the in�uence of an applied magnetic �eld (Lefevre et al. 2011).

Transmission Electron Microscopy (TEM)
TEM is used to produce images from a thin specimen by illuminating it with a very high-energy electrons
beam and detecting the electrons that are transmitted through the specimen. Transmission electron
microscopy (Philips CM300ST-FEG Transmission Electron Microscope) operating at 300 kV was used to
see the bacterial specimen. The bacterial culture was suspended in distilled water and made a
homogenised suspension. About 10 µl of suspension was dropped on the sample holder, air-dried the
drop, and washed the sample with formaldehyde to �x it properly and then micrographs were taken
(Oestreicher et al. 2012, 2013).

Atomic Force Microscopy (AFM)
AFM is a technique that is based on the measurement of electrostatic and the ability to image surfaces at
high resolution and measure forces between surfaces. AFM is also used for three-dimensional imaging.
The morphology and size of the magnetotactic bacteria were analysed in AFM (Bruker ICON Dimension
Microscope). For AFM imaging, bacterial broth culture was suspended in phosphate buffer saline (PBS)
having pH 7.4 and placed the suspension onto a glass slide and air-dried and then placed the slide under
a microscope. AFM can visualize biological species in their native conditions (Oestreicher et al. 2012).

High-resolution Scanning Electron Microscopy (HR-SEM)
HR-SEM (FEI Quanta 250 FEG scanning electron microscope) is operating at 10 kV in a high vacuum was
used for the characterization of the size and morphology of bacterial cells and Magnetosomes chains
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inside. For high-resolution scanning electron microscopy, an aqueous suspension of magnetotactic
bacteria was dropped onto pieces of Si wafers (5x5 mm) with a native oxide layer, subsequently washed
with sterile distilled water and blow-dried with N2 gas (Ji et al. 2017).

Results

Screening and detection
The movement of magnetotactic bacteria towards the magnet revealed magnetotaxis behaviour and help
in its screening by using a compound microscope (Leica DM6000 M). The capillary racetrack method
helped in the separation of magnetotactic, non-magnetotactic bacteria, the cotton inhibited the
movement of non-magnetotactic bacteria to move, and only magnetotactic bacteria showed a movement
towards the magnet. The magnetotactic bacteria accumulated in the autoclaved distilled water at one
end of the Pasteur pipette shown in Fig. 2. The hanging drop technique also showed the movement of
magnetotactic bacteria towards the magnet shown in Fig. 4. The colonies of magnetotactic bacteria
appeared light brown on a Speci�c iron medium shown in Fig. 4.

Molecular Identi�cation Through 16s Rrna Gene Sequencing
According to the phylogenetic tree, the magnetotactic bacteria showed its resemblance to
Alphaproteobacteria. The magnetotactic bacterial strain MS-24 showed similarity with Magnetospirillum
moscoviense (Fig. 5). The accession number obtained for strain Magnetospirillum moscoviense MS-24
was MK367808.1 from the NCBI database (https://www.ncbi.nlm.nih.gov/nuccore/MK367808.1).

Insertion Of Magnetotactic Bacterial Strain In Chip
In the current study, the detection of Magnetospirillum moscoviense MS-24 was observed under applied
magnetic �eld lines. The background image of the bacterial movement was constructed by an average of
30 frames spread with videos. Gaussian low pass �lter was used for making the high-frequency noise
low. The magnetic �eld was applied in the central line of the micro�uidic chip to observe their movement
at a central point (Fig. 6). They only showed movement at one point.

The magnetic �eld line in the next experiment was applied in circular rotation so that the South Pole in
one rotation and the North Pole in another rotation were pointed to the bacterial cells present in a
micro�uidic chip. The bacterial movement was in direction of left and right in the applied magnetic �eld
(Fig. 7).

Characterization Of Magnetotactic Bacteria

Compound Microscopy
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The compound microscope showed the movement of Magnetospirillum moscoviense MS-24 towards the
magnet. This con�rmed the magnetotaxis movement of bacteria towards the magnet. Figures 6 and 7
showed the movement towards and away from the magnet as the magnet is moving circularly, so the
south and north poles of the magnets were changed in every turn.

Transmission Electron Microscopy
The magnetotactic bacterial strain Magnetospirillum moscoviense MS-24 showed its spiral shape and
magnetosomes in Transmission Electron Microscopy and this also con�rmed the presence of
magnetosomes in the cell. The length of the strain MS-24 was 4µm while the width was around 600nm
(Fig. 8).

Atomic Force Microscopy
The Atomic Force Microscopy also showed the bacterial spiral shape of magnetotactic bacterial strain
Magnetospirillum moscoviense MS-24. The atomic force microscopy also showed the three-dimensional
structure of the sample so in Fig. 9 the image taken was a three-dimensional structure of the bacterial
cell. The presence of magnetosomes in the bacterial cell was also clearly observed.

High-resolution Scanning Electron Microscopy
The best image of magnetotactic bacterial strain Magnetospirillum moscoviense MS-24 was observed
under high-Resolution Scanning Electron Microscopy that also showed bacterial cell shape and also the
magnetosomes chain very clearly. The size of the bacterial cell was approximately 4µm in length and
600nm in width. The magnetosomes are present in a chain form and a single magnetosomes chain was
found in a bacterial cell. The �agella of the bacteria were observed (Fig. 10).

Discussion
Magnetotactic bacteria are found worldwide in fresh and marine water or brackish and hyper-saline. The
magnetotactic bacterial isolate MS-24 was isolated from a freshwater source from Banjosa Lake
(Rawalakot, Pakistan) (Fig. 1). Most of the magnetotactic bacterial strains were present in oxic anoxic
interface of water or chemically strati�ed water (Lefèvre et al. 2014). Banjosa Lake is an arti�cially
created lake and it is located at an altitude of 1,981 m. According to Christopher T. Lefevre et al., 2011),
the oxygen concentration in the water directly affects the presence of MTB. The race track method helps
to collect the magnetotactic bacterial strain that showed a movement towards the magnet used on one
end of the capillary tube (Khalil & Misra, 2014) (Fig. 2). The bacterial cells present in the distilled water
was easily collected in Eppendorf for further analysis. In the current study, ACA was used to grow the
anaerobic bacteria as ACA decomposed the toxic free oxygen radicals and peroxides and inhibit the
growth of many microaerophiles in the agar plate. The water collected from capillary was then spread on
charcoal agar plates and incubated in anaerobic jars so that the only anaerobic and microaerophilic
bacterial colonies grew on agar plates (Dubbels et al. 2004; Dongre and Alok Goel 2011). The bacterial
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colonies that appeared on ACA plates were collected and streaked on a speci�c iron-containing medium.
The magnetotactic bacterial colonies that appeared on iron speci�c media were preserved on a speci�c
iron broth medium for further analysis (Fig. 4).

The magnetotactic bacteria Magnetospirillum moscoviense MS-24 showed movement under a
compound microscope in the hanging drop technique. According to (Khalil and Misra 2014), the hanging
drop technique help in the detection of magnetotactic bacteria. The magnet should be oriented towards
the drop and bacterial strains showed the movement according to the movement of the magnet. The
movement of bacterial strain was very clear in the compound microscope.

The magnetotactic bacterial strain Magnetospirillum moscoviense MS-24 movement was observed under
an applied magnetic �eld to check if they can use in any application. The micro�uidic chip was used to
see the movement of bacteria. According to Pichel et al. 2018, the rotation of Magnetospirillum
gryphiswaldense was also observed in the micro�uidic chip and the resulting average rate of rotation of
M. gryphiswaldense was 0.74 ± 0.03 rad/mTs. The bacteria took a U-turn with the applied magnetic �eld
but the velocity of bacteria slowed down with the turn.

In the current study, MTB was inserted in a micro�uidic chip for the observation of bacterial movement
according to applied magnetic �eld lines. The applied magnetic �eld lines were in different directions in
the experiment so that the con�rmation of bacterial direction with magnetic �eld lines was properly
checked (Fig. 3). The purpose of this experiment was to con�rm the magnetotaxis behaviour of MTB and
their application in hyperthermia and drug delivery system. Figure 6 shows bacterial movement at one
place in circular motion as the magnet was attached under the micro�uidic chip. This bacterial
movement was also used in hyperthermia as they vibrate very quickly and as a result, start increasing the
temperature of that part. In the case of cancer cell therapy, the cancer cell can be killed by using this
method. In Fig. 7, the bacterial cell movement was observed in different directions. This behaviour of
bacterial cells can be used in pathogen separation and drug delivery systems. In pathogen separation,
antibodies were attached with MTB and made them Nano-robots. These Nano-robots helped in the
separation of the pathogen as they get attached to the antibodies and are separated through a magnetic
�eld line.

The con�rmation of isolated magnetotactic bacterial isolate Magnetospirillum moscoviense MS-24 was
done by using transmission electron microscopy, atomic force microscopy and high-resolution scanning
electron microscopy. The compound microscope analysis showed the movement of magnetotactic
bacterial strain MS-24 towards the magnet, that is its magnetotaxis property. The best imaging was
observed by TEM and HR-SEM analysis. Figures 8 and 10 showed the magnetotactic bacterial isolate
Magnetospirillum moscoviense MS-24 clear image of spiral-shaped and having magnetosomes chain in
the cell. Faivre & Schu, 2008) also showed the same magnetotactic bacterial strains of spiral-shaped and
having magnetosomes in their cells. Figure 9 showed atomic force microscopy of Magnetospirillum
moscoviense MS-24. The current study aimed to characterize the shape and size of magnetotactic
bacterial strain in an aqueous environment using AFM. According to this analysis, the bacterial cell size is



Page 10/21

4µm in length and 600nm in width. According to Yamamoto et al. in 2010, it is a great challenge to obtain
high-resolution images for a whole organelle that contains various molecular particles and has a complex
3D structure. The magnetosomes structure inside the bacterial cell is also visible in the image taken by
AFM (Fig. 9). The HR-SEM showed a very clear image of magnetotactic bacterial isolate
Magnetospirillum moscoviense MS-24 (Fig. 10). In HR-SEM, the image of Magnetospirillum moscoviense
MS-24 revealed a proper shape and size of a bacterial cell. The magnetosomes chain was also cleared in
this image. The size of the bacterial cell is 4 ± 0.01 µm in length while the width of the bacterial cell is
around 600 ± 0.02 nm. The magnetosomes chain was also very clearly shown in Fig. 10.

The conclusion of the current study includes the main investigation of isolation and screening of the new
magnetotactic bacterial strain from Pakistan. It was the �rst magnetotactic bacterial strain isolated from
Pakistan. The isolate Magnetospirillum moscoviense MS-24 was con�rmed by using different techniques
like the racetrack method and hanging drop technique. The isolated strain MS-24 showed a close
similarity with the magnetotactic bacterial strain Magnetospirillum moscoviense. The compound
microscopy revealed its magnetotaxis behaviour according to the movement of the magnet. The other
microscopic techniques like Atomic Force, Transmission and High-Resolution Scanning Electron
Microscopy showed the best images of Magnetospirillum moscoviense MS-24 with its proper spirillum
shape and size of bacteria about 4µm length and about 600nm width with polar �agella. The HR-SEM
also showed a very clear image of the chain of magnetosomes.
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Figure 1

Arial view of Banjosa Lake, Pakistan (https://www.enroutepakistan.com/location/banjosa).
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Figure 2

Schematic diagram of the Pasteur pipette and magnetic separation method (Racetrack method) of
magnetotactic bacteria.

Figure 3

Magnetotactic bacterial strain Magnetospirillum moscoviense MS-24 colonies speci�c iron-containing
medium agar plate. Compound microscopy with 100X magni�cation imaging of magnetotactic bacteria
showed the movement of Magnetospirillum moscoviense MS-24 towards the magnet (Hanging drop
technique) (scale bar 200 µm).
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Figure 4

(a) Schematic diagram showed the movement of MTB against applied magnetic �eld. (b) Design of
Polydimethylsiloxane micro�uidic chip. The narrow channel of Polydimethylsiloxane micro�uidic chip
with a channel depth of 5 µm and channel width of 200 µm.
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Figure 5

Phylogenetic tree of isolated magnetotactic bacteria Magnetospirillum moscoviense MS-24.

Figure 6
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The magnetic �eld lines were applied at the centre of the micro�uidic chip to observe Magnetospirillum
moscoviense MS-24 movement at a central point.

Figure 7

The magnetic �eld lines were applied in rotating left and right direction to observe Magnetospirillum
moscoviense MS-24 movement.
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Figure 8

Transmission electron microscopy of Magnetospirillum moscoviense MS-24 showed it's spiral-shaped
with magnetosomes (Arrow represented the magnetosomes chain).

Figure 9

Atomic force microscopy of bacterial culture of Magnetospirillum moscoviense MS-24 showed it's spiral-
shaped with magnetosomes.
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Figure 10

High resonance scanning electron microscopy of Magnetospirillum moscoviense MS-24 showed a clear
image of magnetosomes chain in a bacterial cell and the bacterial �agella.
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