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ABSTRACT: Magnetotatic bacteria have been isolated from iron cap belt of Cuddegali Voril Soddo iron ore mine. 
Here magnetic measurement and non magnetic analysis helps to detect biogenic magnetite in soil sample. The 
cultivation of magnetotactic bacteria was done in modified enrichment medium and incubated at room temperature 
(25–300 C). A short rod of magnetotactic bacteria contained two or more magnetosomes revealed under TEM, having 
the shape of rounded and irregular. The SEM was used for morphological study of MTB. Energy spectrum analysis 
with SEM showed that iron oxides were main component of magnetic particles. This study reports the isolation and 
characterization of magnetotactic bacteria isolated from the mining area of Goa region, India. It also points towards the 
ability of modified media to support growth of magnetotactic isolates. The result depicts that there is a direct 
correlation of soil magnetic susceptibility with biogenic magnetite, geology and soil process. The natural way for the 
synthesis of nanoparticles by microbes, which is potent eco- friendly, green synthesis leads to the development of 
advance research in nanotechnology.  The result gives the direction for future work, that is it can be used as potential 
heating agent in magnetic fluid hyperthermia (MFH). 
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INTRODUCTION  
Magnetotactic bacteria are morphologically, metabolically, and phylogenetically diverse prokaryotes [1]. They are 
known to synthesize intracellular ferromagnetic magnetite and or gregite magnetosomes and have significant roles in 
global iron cycling in aquatic systems, as well as rock magnetism [2]. Bacterial magnetite contributes to the magnetic 
signal of the sediments and is widely distributed mainly in natural habitats [3] such as fresh water lake [4], marine 
region [5], pond ecosystem [2], iron ore soil [6] and estuarine region [7]. In spite of their wide distribution and 
abundance in aquatic environments, most MTB are intractable, and so far only a few of them are isolated in pure 
culture [8]. Enrichment of ferromagnetic minerals and magnetite is observed in top layer of soil therefore all biogenic 
and abiogenic process facilitate to produce magnetite [9] (Yongxin et al., 2005). Soil minerals play a vital role in soil’s 
fertility since mineral surfaces serve as potential sites for nutrient storage. However, according to reported research 
magnetotactic bacteria and magnetosome can contribute magnetite in soil [10,11].  Even though Goa is an India’s 
smallest state and it accounts for just 0.11% of India’s geographical area, then also it is India’s leading producers of 
iron and manganese [12]. Therefore to detect magnetotactic bacteria in the iron ore soil and further quantify its 
contribution to the magnetic signal, we conducted one of the primary soil magnetic measurement (VSM) as well as 
complimentary non-magnetic analyses (TEM, FTIR). Our result demonstrates magnetism in soil contributed by 
bacterial magnetite and its growth of desired community is supported by modified medium.  In the present study soil 
was analyzed for the presence of MTB and effective method was developed to isolate magnetotactic bacteria from iron 
ore soil. The culture based approach was used for the study. Pure isolate obtained were characterized on the basis of 
morphology, biochemical tests, physiology. They were screened for their metal accumulation ability which further 
extends to production of magnetic nanoparticles for hyperthermia application.  
 
MATERIALS METHODS  
Soil Sample collection: The collection of soil sample was done from Cuddegali Voril Soddo Iron Ore Mine Showing 
Geographical distribution Latitude 150 19’ 30”, Longitude 740 09’ 45” having lease area 91.09 Ha, located at village 
Santona District South goa, Goa. Three different random samples were taken through soil profile. (Table 1). 
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Table-1: The environmental characteristics of soil samples collected from Cuddegal iron ore mine Goa region 
India. 

Sample Name Level Source of Sample Characteristic of sample 
T1 Top Horizon Surface soil Dark Brown Surface soil 
M1 Meadow  Horizon Intermediate soil Dark Brown Surface soil 
B1 Bottom Horizon Bottom soil Black primary iron ore 

Magnetic Measurements of Soil  
Magnetic measurements was carried out at room temperature using Molspin Vibrating Sample Magnetometer (VSM) 
which was conducted on 3 bulk soil samples from three level of iron cap belt (T1, M1, B1).  For the measurement 
required up to 0.5 g in weight sample in a maximum applied field of 1 T [13]. 
Enrichment and Cultivation of MTB  
The collected soil (1gm) was inoculated in 100 ml of enrichment medium (flask) incubated at room temperature in 
dark for 7 days [6]. The modified enrichment medium was used for isolation and cultivation of desired community. It 
contained 300 ml of soil extract, 0.1 ml of peptone, 5 ml of 0.01M ferric quinate, 0.1gm of yeast extract, 0.05 gm of 
sodium chloride, 0.05 gm of sodium thioglycolate. About 500 ml of soil extract was filtered through 0.45 micrometer 
filter membrane and pH was adjusted to 7.2-7.4. After pH adjustment, the medium was autoclaved at 1210 c for 20 
min. Initially, 2 ml enriched samples were distributed in each 20 ml of enrichment medium in capped bottles and 
incubated at 300C for 48 hrs with applied magnetic field (1 T ).The soil sample profile characteristics were shown 
Cuddegali Voril Soddo Iron Ore Mine ( Table no.1). The comprehensive study of MTB involves a series of processes 
including sample collection, Pre-enrichment, Isolation, Cultivation and purification that was achieve systematically. 
Transmission electron microscopy studies  
For TEM, cells were centrifuged at 1000 rpm for 10 min and supernatant was discarded. The pellet was suspended in 
0.1 M phosphate buffer pH (7.4) and centrifuged with addition of little fixative into buffer (3:7). The pellet was fixed 
in a mixture of 2% par formaldehyde and 2.5 % Glutaraldehyde in buffer for 2 -3 hr at 40 for 10 min and buffer was 
added. This processed pellet was used for grid preparation and further proceeds to TEM (TECNAI 200 Kv TEM (Fei, 
Electron Optics) [15]. 
FTIR analysis 
A 20-30 µl of isolated magnetosomes were suspended in distilled water and dried on a zinc disc. The FTIR spectrum of 
Magnetosomes was recorded on alpha ATR Bruker (Eco ATR) o.ver the wave number range of 500 – 4000 cm−1 under 
ambient condition [16].  

Induction heating study of Samples 
The extracted magnetosomes suspension was used to perform primary induction heating experiments. The change in 
temperature rise of extracted magnetosomes was measured by an induction heating unit (Easy Heat 8310, Ambrell; 
UK) with a 6 cm diameter (4 turns) heating coil by applying an AC magnetic field of 335.2- 502.0�Oe at a fixed 
frequency of 265�kHz. (Concentration 1 mg/mL). 

RESULTS  
Magnetic properties  
Measurements of the magnetization using vibrating sample magnetometry (VSM) concerning applied magnetic field 
were carried out at room temperature with results for coercivity (Hc), saturation magnetization (Ms), and remanence 
(Mr) obtained from hysteresis loops presented in (Figure 1). By comparing the measured saturation magnetic moment 
with theoretical saturation magnetization the content of magnetic iron oxide of the sample was estimated [17].The 
Hysteresis loops are characterized by the pot bellied shape. However the standard hysteresis parameter differs 
significantly. Sample M1 shows typical hysteresis loop and has Ms, Mr and Hc are 96.85, 6.15 & 44.44 respectively in 
comparison with sample T1 and B1. Additionally the figure represents the ratio of saturation remanence to saturation 
magnetization (Mr/Ms) and coercivity remanence to coercivity (Hcr/Hc) is 0.063 and 40.91 respectively. Therefore 
hysteresis parameters indicate that the biogenic magnetite is present in soil.  
Enrichment and Cultivation of MTB 
Pre enrichment of the soil sample is done by using simple flask and magnet to get desired community. MTB was 
successfully enriched from the middle horizon of iron ore belt using modified cultivation method. To obtain a pure 
culture of MTB the mixed culture was repeatedly subjected to racetrack purification and re inoculation in modified 
cultivation medium. Modified culture medium was analyzed for the growth of isolate culture.  
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Electron Microscopic Studies of Isolate and Elemental analysis  
Electron microscopic observation shows that the enriched cell samples contain rod cells (Figure 3). The width of 
isolated MTB is relatively uniform with mean 0.8 - 2 X 0.6 - 1 µm in size. The TEM was performed on the samples to 
investigate morphology and size changes in series of the formation of magnetosomes. Larger magnetosomes have a 
bullet shape with long axis, parallel to the magnetosome chain and smaller magnetosomes of spherical and irregular 
shape are dispersed uniformly into the cell. This is unique feature shown by soil MTB. In order to obtain information 
on the surface nature of magnetosome, the FTIR spectroscopy method was used to characterize the surface functional 
groups of magnetosome membrane [18]. The FTIR spectrum of the magnetosome is presented in Fig. 4. The FTIR 
spectrum at 3297.30 cm−1 was indicative of the existence of \OH and \NH groups of the magnetosome. The peaks 
observed at 2389.14 cm−1 can be assigned to the\CN group of the magnetosome. The peaks at 1640.20 cm−1 (mainly 
C_O stretching) can be attributed to amide I and amide II bands of protein peptide bonds. In primary induction heating 
study from the temperature kinetic curve, it is observed that magnetosomes reach the hyperthermia temperature within 
a short time span for applied field of 400,500 and 600 Oe. Heat generation by the magnetosomes was due to the, 
hysteresis losses, or from both of relaxation loss mechanisms. 
 

Sample T1 

 

Sample M 1 

 

Sample B 1 
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Figure1. Typical hysteresis loops of soil samples T1, M1and B1. The maximum applied field is 1T. Ms, Hc, Mr 
refer to saturation magnetization, coercivity and magnetic remanence respectively. 

 

Figure 2.  FTIR spectra of magnetosomes formed by isolate obtained from iron ore soil. 

 

Figure 3.  TEM images of (a) immature magnetosome, (b) Mature magnetosomes (blue arrow indicate the 
presence of magnetosomes) 
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Figure 4. In Induction heating study (temperature curve) indicate the rate of temperature change of a solution 
containing extracted magnetosomes (Fe3O4) under the influence of different magnetic field conditions from 400, 

500 and 600, at frequency 265 kHz. 

DISCUSSION   
Here we report the study on magnetic and non magnetic parameters of the ore environment and isolated MTB culture 
from soil. This information can serve as a guide to elucidate, potential mineral donors that contributes to the formation 
of magnetosomes and other intracellular bodies. Hence MTB were screened for their presence in different fractions of 
the soil environment. The magnetic measurement was carried out by VSM. The middle layer soil sample show greater 
hysteresis value than the top and bottom layers. The magnetic property varies with depth due to occurrence of MTB 
that influences the magnetism and chemical environment leading to dissolution of biogenic magnetite. Bioconsortium 
of MTB affects biogenic magnetism in topmost to bottom layer. However the correlation between magnetic properties 
and geochemical parameters defines the interaction of biogenic and abiogenic process which leads to formation of 
biogenic magnetite [19].  Therefore there is high possibility to have live MTB and biogenic magnetite in M1 sample. 
Hence M1 sample was chosen for further isolation studies. Therefore Pre enrichment of soil sample and series of 
process successfully isolate MTB. The pair arrangement of cells is attributed to the natural tendency of MTB. Here we 
report first time the variation in magnetic measurement and non magnetic analysis on purified sample containing solely 
MTBs. The TEM observation shows that magnetosomes dispersed vary well in cell. The main component Fe3O4 (Iron 
oxide) content of magnetosomes was determined by FTIR [19]. From the temperature kinetic curve, it is observed that 
Sample M2 reach the hyperthermia temperature within a short time span, it is observed that for M2 at the fields 400  
Oe are not sufficient to reach hyperthermia threshold temperature while for applied field at 500 and 600 Oe, 
hyperthermia temperature is reached. The values of sufficiently high temperature observed for M2 was 480c under 
applied at 600 Oe. The essential changes in magnetic properties and NPs behavior provide major platform to perform 
magnetic hyperthermia in cancer treatment. [20] Further details Induction heating study theses magnetosomes is in 
progress and will be presented in future publication. 

CONCLUSIONS 
The present study is the first reporting on magnetic properties of soil samples and subsequent isolation of MTB from 
Cuddegali iron ore soil at Goa region .It has been found that the  iron ore soil has high magnetism as compare to other 
rock . However the biogenic magnetite is significantly contributed by the magnetotactic bacteria through controlled 
biomineralization. The bioconsortium of magnetotactic bacteria increases with decrease in the oxygen concentration 
and is high just below the topmost layer under microaerophilic condition. The stronger interaction between the 
magnetosome moments attributes to magnetic properties of MTB. Iron oxide (Fe3O4) is the chief constituent of 
magnetosomes that is synthesized under anaerobic conditions with a series of anabolic and catabolic reactions 
performed by MTB. Immature magnetosomes and mature magnetosomes differs in their magnetic properties that 
reflect its motility and population density.  
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The live magnetotactic bacterium is a key magnetic mineral in Cuddegali iron ore mine. Biogeochemical and physical 
parameters of iron soil is affected by concentration of magnetotactic bacteria. Magnetosome formation and its 
deposition dominates biomagnetism in iron ore sediment. Here peculiar conditions in soil favors the synthesis of Fe 
hydrated phase overlying the surface of crystals of immature magnetosomes. The extracted magnetosomes can be used 
as an effective heat mediator hence can be of  potential use in biomedical application and as a heat mediator for 
magnetic Hyperthermia. Moreover, increasing demand of magnetosomes and the study of isolation of MTB provides 
great milestone in the Interdiscipinary field of research. 
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