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1. SYNOPSIS 

Different types of microorganism and their beneficial applications are attractable topic 

in the current age. A study on themophilic bacteria is very much lucrative because of their 

enzyme which remains active at elevated temperatures. Thermophilic bacteria can survive 

from natural temperature to above the boiling point of water. They can grow in different pH 

of the environment through aerobic or anaerobic way. The thermophilic bacteria which are 

naturally habited in hot water spring are called ‘Hot spring bacteria’. A hot spring or a 

hydrothermal spring is a place where warm or hot groundwater is heated by the geothermal 

causes of the earth interior condition. Such warm water contains dissolved solids and several 

elements/ions such as calcium, lithium, radium, sulphur etc. based on the geographical 

situations and locations. Such geothermal hot spring streams provide favourable condition for 

the development of microbial mats, which contain physiologically and phylogenetically 

different groups of prokaryotes, such as chemotrophic sulphur bacteria, cyanobacteria and 

oxygenic phototrophic bacteria, depending on the temperature, pH, sulphide concentration 

and some other environmental conditions (Tang et al., 2011).  

Thermophilic micro-organisms perform a variety of work, among which one of the 

promising works is metal reduction. Thermophilic microorganisms can reduce Fe (III), Pb 

(II), Mn (IV), Cr (VI), U (VI), Tc (VII), Co (III), Mo (VI), Au (I, III) and Hg (II).Ferric irons 

can be used as electron acceptors during growth (Ilyas et al., 2007). Such microbial Fe (III) 

reduction is an important geochemical process in weathering, the formation of minerals and 

oxidation of organic matter in a variety of sedimentary environments, including freshwater 

aquatic sediments, submerged soils, marine sediments, deep pristine aquifers and shallow 

aquifers contaminated with organic compounds. The microorganisms belong to thermophilic 

microbial community can fulfil both the degenerative and productive functions. Such 

microorganisms probably carry out global reduction of metals and thought to play a major 
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role in the deposition of minerals in the earth crust (Straub et al., 2001; Salomons et al., 

2012). 

The nanoparticles have an important role in the scientific world because of their 

unique properties that are due to a combination of the large proportion of high-energy surface 

atoms compared to the bulk solid (Ghosh et al., 2007). There are different types of successful 

chemical and physical techniques (such as ultraviolet irradiation, aerosol technologies, 

lithography, laser ablation, ultrasonic fields) are used for the production of nanoparticles 

(Narayanan et al., 2013). These techniques are used for the synthesis of nanoparticles in large 

quantities comparatively in short period, but those methods are expensive and sometimes 

involve the use of hazardous chemicals (Thakkar et al., 2010). Increasing attentiveness 

towards green chemistry and other biological processes has led to develop an eco-friendly 

approach for the synthesis of nanoparticles assembly of nanoscale materials using biological 

systems that are relatively hygienic, nontoxic and environmentally friendly.  

Different types of organisms like living plants, plant extracts, bacteria, fungi and also 

human cells have been used to produce nano-composites (Xu et al., 2008; Gonçalves et al., 

2012). It has been also found that green synthesized nanoparticles might have potential utility 

as an antioxidant agent in the medical field (Patra et al., 2015). Gold nanoparticles (GNPs) 

have found to use in India and China as medicine for revitalization and also in drug delivery 

applications. Furthermore, GNPs have important role in remediation of heavy metals such as 

lead, cadmium, mercury and arsenic (Huang et al., 2013).The aim of the present investigation 

is to explore the bio-mineralization attribute of a hot spring bacterium and its applicability to 

synthesis various nanoparticles (e.g., gold, silica, Lead etc.) in an environmental friendly 

approach. 
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The biological study and analysis of bacteria and its characteristics are also added 

some physical and chemical applications which have a vast prospect in future research work. 

Previously, two bacteria BKH1 and BKH2 were isolated from Bakreswar hot springs, West 

Bengal, India. The bacteria were characterized phenotypecally and phylogenetically (Biswas 

et al., 2010; Sarkar et al., 2015). These bacteria possess an important role in silica leaching 

activity and also applicable to increase the compressive strength and durability of the 

cementitious composites (Show et al., 2015; Sarkar et al., 2015). This concept has developed 

to introduce the isolations and characterizations of bacteria from a novel and virgin hot spring 

bacteria of Metaldanga, Mallarpur (24.0763° N, 87.7099° E), Birbhum, West Bengal, India. 

In this dissertation work, a bacterium, MDH1 has been isolated and characterized from 

Metaldanga hot springs and the bacterium reveals that it is a Gram negative, coccoid shaped, 

facultative anaerobic and possesses gold, lead etc. (heavy metal ion) reducing property. 

MDH1 strain optimally grows at pH 8.0 and 42˚C temperature. The phylogenetic analysis 

suggested that MDH1strain (Gen bank accession number: KT600031) was affiliated to the 

family ‘Pseudomonadaceae’ with 99% homologous to Pseudomonasputida H8234 

(Chattopadhyay et al., 2016). The bacterium MDH1 secretes few proteins in its growth 

media. One of its proteins is responsible for gold nanoparticles synthesis and another 

protrein(s) reduces lead from its salution. The protein that formed gold nanoparticles was 

purified through gel filtration chromatography using Sephadex G100 column and found the 

molecular weight around 30KDa. The purified protein was chopped out from the gel and 

digest with trypsin for the analysis of MALDI spectroscopy. The synthesis of gold 

nanoparticles was confirmed by both the bacterium as well as its single protein. The gram 

negative anaerobic bacterium MDH1 is found to successfully produce gold nanoparticles of 

10-15 nm diameters which are spherical in shapes. 
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2. LITERATURE AND REVIEW 

2.1. ORIGIN: 

From ground of the globe the gathering of water on the surface of earth is known as 

springs and if it is produced by the emergence of geothermal hot groundwater that comes 

from the Earth's crust, known as Hot spring. In different area there are many geothermal 

hot springs all over the surface of the world. The temperature of different hot springs 

water normally varies from the body temperature to the boiling point of water. Most of 

the scientists consider that the warmth of hot spring water comes from the heat caused by 

magma. The ground water becomes heated when it comes in contact with magma (known 

as molten rock). The magma and with hot rock heats up the water but it cannot reach up 

to the boiling point. On the other hand the rate of temperature of the rock inside the earth 

increases with the depth and the ground water will be heated when it comes into contact 

with hot rocks. Thus the water from ground in non-volcanic areas is heated in this way. 

The heated water contains more dissolved solids, warm and especially has a very high 

mineral content, containing the elements like simple calcium to lithium, and even radium 

based on the geographical situations and locations.  The hot springs water is famous for 

the mythology of medical importance due to the presence of different types of ions with 

some heavy metals also and hues number of thermophilic microorganism. The field of 

research in different windows such as Textile Engineering related to microbial 

diversities, and the microbial mat used in enzyme industry is currently very attractable to 

the scientists. In geology, it is very important to study of seismicity levels of earthquake 

frequencies in the surface Plateau causing the source of the hot spring and its geological 

properties. The microbial organism has been grown up through some specific 

environmental situations and also to survive life during the initial periods of evolutions of 

Earth (Bisht et al., 2011).  

https://en.wikipedia.org/wiki/Groundwater
https://en.wikipedia.org/wiki/Crust_(geology)
https://en.wikipedia.org/wiki/Volcano
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2.2. INDIAN HOT SPRING:  

The Indian governmental organizations, The Geological Survey of India (GSI) have 

enlisted that there are about 340 hot-water springs in India which are classified on the 

basis of their geo-tectonic setup. The hot springs all over in India are totally sub divided 

into six geothermal provinces such as (a) Himalayan Province, named as Tertiary 

Orogenic belt Or Tertiary magmatism, (b) Areas of Faulted blocks: Aravalli belt, Naga-

Lushi, West coast regions and Son-Narmada lineament. (c)  Volcanic arc - Andaman and 

Nicobar arc. (d)  Deep sedimentary basin of Tertiary age such as Cambay basin in 

Gujarat. (e) Radioactive Province - Surajkund, Hazaribag, Jharkhand, (f) Cratonic 

province peninsular India (Sharma, 2010). The Ministry of Power and Irrigation of India 

constituted a committee on 'Hot Springs' in 1963 to explore the commercial applications 

and importance of thermal or Hot-water springs which was comprised of members from 

the GSI, NGRI (National Geophysical Research Institute) and Jadavpur University 

(Kolkata).  

Hot springs water in India has mineral contents which can be used as therapeutic 

ailments. Such warm water contains dissolved solids and several elements such as 

calcium, lithium, radium, sulphur etc. This type of geothermal hot spring streams provide 
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favourable condition for the development of microbial mats, which contain 

physiologically and phylogenetically different groups of prokaryotes, such as 

chemotrophic sulphur bacteria, cyanobacteria and oxygenic phototrophic bacteria and 

anaerobic thermophilic bacteria etc. depending on the temperature, pH, sulphide 

concentration and some other environmental factors (Tang et al., 2011). 

2.3. SOME WELL-KNOWN HOT SPRINGS IN INDIA: 

Vajreshwari (Maharashtra): Vajreshwari is located at the foot of Mountain Mandakini 

and it has the assembly of some hot springs spread across Vajreshwari, Akoli, 

Ganeshpuri and Satvali. The temperature of the hot springs here varies from 43 to 49 
o
C. 

Taptapani (Odisha): About 50 km from Berhampur, Taptapanihot water spring is 

located. The water of the Taptapani hot spring is used to cure from some dermal ailments. 

A reservoir is constructed next to the hot spring for taking bath for the people.  

Atri (Odisha):  The hot spring Atriis located at a distance of about 42 km from 

Bhubaneswar city and is well known for the presence excessive amount of sulphur in the 

water. The temperature of the hot water spring varies from 55 to 58 
o
C throughout the 

day.  

Thingbu and Tsachu (Arunanchal Pradesh): Thingbu and Tsachu hot water springs 

are the twin healing hotspots and famous to the pilgrims. Sulphur-rich water of the hot 

springs is popular for the tourists as well as those who are wishing to cure their skin 

diseases. 

Yumesamdong (Sikkim):Yumesamdong is located close to the Chinese border; in the 

charming north of Sikkim and is one of famous hot water springs in India. There is more 

than 14 sulphur containing hot water springs present in the region of Yumesamdong of 

North Sikkim.   
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Mannikaran (Himachal Pradesh): Mannikaran hot spring is located at 1829 m above 

from sea level and also one of the famous tourist spot for its hot water springs. The hot 

water contains high quantity of Uranium and radioactive minerals besides Sulphur. The 

temperature of the water is above boiling point. One can have a bath here within the 

premises of a Gurudwara and in two other privately-owned tanks. Mannikaran tourist 

spot is 70 km from Manali. 

Vasisht (Himachal Pradesh): The hot spring is located at Vasishtwhich is a small 

village and only 3 km away from Manali. The present of plentiful natural sulphur is the 

characteristic feature of this hot spring water.  

GauriKund (Uttaranchal): GauriKund is situated at the commencement point of the 

holy trek to Kedarnath, and it is an elevation of 1982 meters from sea level. The natural 

thermal springs is allowed to fall into a Kund. The Kund itself has a mythological 

connotations related with it. A sacred dip is considered auspicious here. 

Panamik (Ladakh, Jammu and Kasmir): Panamik in Ladakh is about 9 km from the 

Siachen glacier. The hot springs at Panamik contains water with some bubbles and has 

very high temperature .The rocks surrounding the hot spring area are very smooth and 

slippery because of the presence of green algae and sulphur coating of the water. 

Bakreshwar (West Bengal): Bakreshwar is a famous spot for pilgrim which is located at 

the edge of the Chhotanagpur plateau. There are ten hot springs sources in Bakreshwar. 

Each hot spring contains several therapeutic minerals. Many people visit there and take 

the pleasure of bath.  Bakreshwar hot spring also produces natural helium gas. The ten 

hot springs of Bakreshwar are: 

1. Paphara Ganga (Temperature range 80 
o
C). 

2. Baitarini Ganga (Temperature range 72 
o
C). 
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3. KharKunda (Temperature range 58- 66 
o
C). 

4. Bhairavkunda: (Temperature range 65 
o
C). 

5. Agni kunda :      Agni means fire. 

6. Dudhkunda: Dudh means milk. The water of this spring attains a white colour during early 

morning probably due to ozone concentration. The water in this spring is at 66 
o
C. 

7. Surya kunda: Surya means the Sun. The water in this spring is of 61 
o
C. 

8. Shwetganga: 35
 o
C. 

9. Brahma kunda: 43-45 
o
C.   

10. Amrita kunda 

The temperature of the water of this hot springs lies in between 60
 o

C and 80
o
C, and 

contains different types of minerals and ions e.g., sodium, potassium, calcium, silicates, 

chlorides, bicarbonates and sulphates which have medicinal applications. Bakreshwar hot 

springs water was found mild alkaline in nature. The warm water of Bakreshwar hot springs 

also contains 0.31 to 1.33% Helium (Mukhopadhya et al., 2012). 

2.4. METALDANGA HOT SPRING: Metaldanga, near Mallarpur (24.0763° N, 87.7099° 

E) is a small Tribal village which is also near the famous Tarapith in Birbhum district of 

West Bengal. This hot spring was discovered only a few years ago by the villagers reside at 

Metaldanga. This is one of the virgin hot springs in West Bengal. The average temperature of 

this hot spring water is about 42
 o

C. It seems to have the same feature of Bakreshwar hot 

water spring as it lies in the same zone and situated about 55 km distance from Bakreshwar. 

This virgin hot spring is revealed with only one source but there are two another hot springs 

are alive at about two km away in the surrounding zone. 
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2.5. MYTHOLOGY OF SOME HOT SPRINGS IN INDIA:     

In India, initially the Hot-Spring water has been used for survival and medicinal 

purposes, In West Bengal, Bakreshwar comes from the name of Lord Shiva, Bakra means 

bent and Ishwar means the God. The Hindu religion considers the hot spring is the blessing 

of the God. In Odisha state; Atri and Taptapani are a couple of famous Hot water springs to 

the people. Taptapani thermal water is mainly used for recovery the ailments of skin, 

stomach and Rheumatic disorders. There are also superstitions in use of thermal water in Atri 

that women take bath in thermal water on auspicious Mahashivaratri and Makar Sankranti to 

cure the impotency and get divine blessings for motherhood (Chandrasekharam, 2007). 

2.6. HOT SPRING BACTERIA: 

A hot spring or a hydrothermal spring is a place where warm or hot groundwater is heated 

by geothermal heat, essential heat from earth’s interior. Such warm water contains dissolved 

solids and several minerals such as calcium, lithium, radium etc. Such geothermal hot spring 

streams provide favourable condition for the development of microbial mats which contain 

physiologically and phylogenetically different groups of prokaryotes, such as chemotrophic 

sulphur bacteria, cyanobacteria and an oxygenic phototrophic bacteria, depending on the 

temperature, pH, sulphide concentration and some other environmental conditions (Roh Y., 

2002; Frankel and Bazylinski, 2004; Ghosh et al., 2005; Ghosh et al., 2009). 

Natural hot springs are numerous all over the world which are distinguished by the 

minerals dissolved in water and give rise to the development of different bacterial communal 

mat (www.science.html). Different kinds of thermophilic and hyper-thermophilic 

microorganisms remain in slightly alkaline (pH 7.8-8.9) environment with a temperature near 

boiling point of water around the world.  Molecular and cultivation studies show that many of 

these ecosystems, including high and low-sulphide springs in Japan, Iceland, Kamchatka, and 

http://www.science.html/
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Yellowstone National Park, are dominated by organisms belonging to the order Aquificales 

(Frankel and Bazylinski, 2004). Some organisms are unrelated to any known cultured 

divisions; they include the Korarchaeota, which are found in Yellowstone's Calcite Springs 

and Obsidian Pool (Chen and Dubnau, 2004; Johnsborg et al., 2007). Photosynthetic 

bacteria are visible all over the Yellowstone, in the form of different colours in and around 

hot springs. A multiple colourful microbial mats are found at various temperatures and pH 

conditions under different site-dependent chemical regimes. These colours are often the 

product of photosynthetic pigments within the microbial cells. The green, black, orange, 

brown, and yellow mats around Grand Prismatic spring, or around the boardwalks of the 

Lower Geyser Basin, are the examples of photosynthetic mats (John et al., 2006). 

The thermophilic and hyper thermophilic microorganisms are able to grow in mild 

alkaline media; its favourable and comfortable environment is hot water or muddy warm 

water in which it can survive smoothly. Thermophilic bacteria are those microbes that mostly 

inhabit in hot springs, live and survive in general at temperatures above 70 °C (Panda et al., 

2013). They have been less explored due to difficulties in isolation and maintenance of pure 

culture. Therefore, their diversity and biotechnological potential remain to explore from 

majority of the thermal habitats. As a consequence of growth at high temperatures and unique 

macromolecular properties, thermophiles can possess high metabolism, physically and 

chemically stable enzymes and lower growth but higher end product yields than similar 

mesophilic species (Haki and Rakshit, 2003).Thermophilic microorganisms have gained 

world-wide importance due to their tremendous potential to produce thermo stable enzymes 

that have wide applications in pharmaceuticals and industries (Coolbear et al., 1992). 

Proteases are such enzymes which account for nearly 60% of the total world-wide enzyme 

sales (Mala et al., 1998). Thermo-stable proteases are of greater advantage in applications 

and they also remain active at such high temperatures. Several workers have reported 
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thermophilic bacteria from diverse environmental habitats such as geothermal sites and hot 

springs. The sulphate reducing thermophilic bacteria can survive in H2 or CO2 environment 

by sulphate respiration (Mori et al., 2003). With the microorganism of this hot spring water 

possess as a major part sulphide component in the compound of solution. The order of 

aquificales depends upon some major organisms (Frankel & Bazylinski, 2004). In the recent 

years the microorganism, in which the pink filaments are isolated from Yellowstone's 

Octopus hot spring, is renowned as Thermocrinisruber. This observation implies that the 

ecosystem where the bacteria survived is of chemoautotrophic hydrogen oxidation (Ghosh et 

al., 2005). The next part of the detected organisms in these ecosystems is   bacterial divisions, 

including the Thermotogales, the Thermus clade, and the Thermodesulfobacterium clade 

(Ghosh et al., 2009; Ghosh et al., 2006). The Korarchaeota organisms are detected and 

studied to know about their morphological characteristics from Yellowstone's Calcite Springs 

and also Obsidian Pool (Ghosh et al., 2008; Biswas et al., 2010; Bruce A. 2002; Chen & 

Dubnau., 2004; Johnsborg et al., 2007). 

 In a different investigation, the world famous photosynthetic bacteria are observed in 

Yellowstone hot springs exhibiting different in colors with many other characteristic 

parameters. These pigments of microorganisms are collected from hot spring water sample 

which often take an important role to produce the photosynthetic pigments in the microbial 

organisms. In the Grand Prismatic hot spring or in the field area of the boardwalks of the 

Lower Geyser Basin, the black, green, orange, brown, and yellow microbial mats there or 

thereabouts are the instances of photosynthetic organisms. (Pedersen and Nilsson, 2004; 

Sleep and Meibom, 2004).The hot spring cyanobacteria mats take an active role for 

understanding principles of microbial community ecology. Molecular methods such as 

microscopic and cultivation methods expose that composition of these communities. Many of 

work have been done with comparative way of island-like hot spring and cyanobacteria 
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communities in which geographical isolation has done. The genetic variety of cyanobacteria 

indigenous to North American, Japanese, New Zealand and Italian springs was surveyed by 

(i) amplification and cloning (ii) lineage-specific oligonucleotide probing (used to verify the 

predominance of cloned sequences); and (iii) lineage-specific polymerase chain reaction 

(PCR) (used to search for possible rare genotypes). Phylogenetic and distribution patterns 

were found to be consistent with the occurrence of geographical isolation at both global and 

local spatial scales, although different cyanobacteria lineages were found to vary in their 

distribution. Geographical isolation may be an important underestimated aspect of microbial 

evolution (Papke et al., 2003). 

2.7. SOME USEFUL HOTSPRING BACTERIA IDENTIFIED AND CULTIVATED 

IN INDIA: 

 Ghosh et al. (2003) in their study on bacteria from Bakreshwar hot spring observed the 

low-GC Gram positive gamma-Proteobacteria in the hot spring. The morphological 

characteristics identified that the bacterium belongs to Shewanella sp. This thermophilic 

microorganism can be used as iron-reducer.   

 Bhoumik et al. (2005) successfully approached to metal reduction like Cr (VI) by the low 

G-C Gram positive thermophilic anaerobic bacteria, Thermoanaerobacter,  collected 

from Bakreshwar hot springs.  

 Debnath et al. (2009) made investigation on the cyanobacteria, the thermophilic 

organisms collected from Bakreshwar hot spring, India and showed that these bacteria 

could form a thick colourful mats (forming cyanobacterial flora) and could exhibited as 

band pattern.    

 Murugan et al. (2014) studied thermo tolerant bacteria in Manikaran hot spring in India. 

It was cultured in different media in the temperature range 40 °C–70 °C. An extra 

ordinary strain M48 having sensitivity to chemicals which contained a factor of useful 
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metabolic attributes, and that would be explored further for industrial and agricultural 

applications. 

 Sharma et al. (2009) observed the 13 thermophilic bacteria in different hot springs of 

Garhwal in Indian Himalaya region. The facultative strains are able to tolerate a 

temperature range from 40 to 90 °C and pH in the range of 4 –11.  

 Panda et al. (2013) studied on the hot springs of Tarabalo, Odisha, India. Endospore 

formation, motility, anaerobic; catalase and oxidase activity were studied by different 

biochemical tests. The thermophilic Bacillus isolation was performed for protease and   

amylase activity, Proteases is an important enzyme of all forms of life in the world 

including prokaryotes, fungi, plants and animals. Major portion of Proteases enzyme is 

exploited in food, leather, detergent, pharmaceutical, diagnostics, waste management and 

silver recovery. 

 Bandyopadhyay et al. (2013) discovered a novel aerobic bacterium from Athamallik hot-

spring, Orissa, India. This bacterial strain survives on 500 mM sodium arsenate at 20°C – 

45°C and pH 6.0 –11.0 and is affiliated with the strain HT23
T
.  In the study of 16SrRNA 

gene sequence analysis, it was revealed that the bacterium clustered with the genus 

Pannonibacter and showed 98.9 % similarity with Pannonibacterphragmitetus C6-19
T 

 

 Jugran et al. (2016) investigated the bacterial strain GJP2 which was isolated from a 

Gaurikund (Uttarakhand) hot spring, India. The temperature of the strain is 50 °C and pH 

is 8.5. Based on the partial 16SrRNA sequencing and biochemical properties the 

bacterium was identified as a Bacillus sp.  

 Satpal et al. (2011) invented three thermophilic bacteria like AK-P1, AK-P2, and AK-P3, 

which were isolated from the Taptapani hot spring water in Orissa, India.  They 

compared the lipolytical activities of those strains and identified them as Porphyrobacter 

sp.  
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 Jha et al. (1992) studied on the hot water springs of Rajgir. Certain physico-chemical 

characteristics (temperature, pH, NO , PO , etc.) of the water along with phycological 

parameters viz. community composition, species diversity, standing crop etc. were 

measured by them. The hot springs were mainly dominated by algae belonging to 

Cyanophyceae and Bacillariophyceae. The algal community comprised 18 species, with 

dominance of Cyanophyceaeover Bacillariophyceae.  They observed that though there 

was a considerable seasonal change in species diversity of the algal community, the total 

biomass (chlorophyll a extracted per unit area from the algal mat) remained constant. 

 In Bakreshwar hot spring, some novel bacteria such as BKH1 (Biswas et al., 2010), 

BKH2 (Sarkar et al., 2015) and BKH3 (Chaudhuri et al., 2016) were detected.  

BKH1: The phenotype characterization of BKH1 reveals that it is a Gram negative, rod 

shaped, iron reducing, thermophilic strain which optimally grows at pH 7 and 65 ˚C 

temperature. The phylogenetic analysis suggests that the isolation is affiliated with the family 

‘Firmicutes’ which are closely similar (99.8%) with the Thermoanaerobactor 

thermohydrosulfuricus. (GenBank accession no FJ 177512) (Biswas et al., 2010). 

Experimental observation concludes that the bacterium BKH1 is able to Increase the 

compressive strength and split tensile strength of concrete/mortar. It is also useful for 

developing more durable and self-healing concrete structures.  

BKH2: This bacterium also has been isolated from Bakreshwar Hot spring at 65
o
C and 

phylogenetically characterized by the 16SrRNA identification (Sarkar et al., 2015). The 

isolated bacterium BKH2 is affiliated with the family ‘Burkholderiaceae’ and shares closest 

similarity (97%) with Cupriavidus metallidurans (GenBank accession no KP231522). The 

phenotype characterization of BKH2 shows that it is a Gram negative, rod shaped, iron 

reducing, thermophilic strain which optimally grows well at pH 8 and 65 ˚C temperature.  
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The bacterium also secretes a protein (Bioremediase) which can enhance the strength and 

durability of concrete similarly.  

BKH3: Another novel bacterial strain BKH3 has been isolated from the hot spring of Bakreshwar 

having temperature at 65
o
 C and pH at 8.0 (GenBank Accession No.: KP 890928). The 16S rRNA 

gene sequence data shows that bacterium is 96% identity with Citrobacterfreundii species. The 

morphology of the bacterium is coccoid and Gram negative (Chaudhuri et al., 2016). It also reduces 

the permeability of sulphate ions to the cementitious matrix reflecting the increment of durability of 

the incorporated material. The enhancement of compressive strength and durability of the prepared 

bio-concrete material by using the isolated bacterial strain (BKH3) is due to the silica leaching 

activity of the protein bioremediase.  

2.8. APPLICATIONS OF THERMOPHILIC MICROORGANISM: 

Metal reduction: 

Thermophilic microorganisms perform a variety of work. Among which, one of the 

promising work is metal reduction. Thermophilic microorganisms can reduce Fe (III), Pb (II), 

Mn (IV), Cr (VI), U (VI), Tc (VII), Co (III), Mo (VI), Au (I, III) and Hg (II) etc. metallic 

ions. Ferric iron and Mn (IV) are used by some of the thermophilic bacteria as electron 

acceptors during their growth (Slobodkin, 2005). Such microbial Fe (III) reduction is an 

important geochemical process in weathering, the formation of minerals and oxidation of 

organic matter in a variety of sedimentary environments, including freshwater aquatic 

sediments, submerged soils, marine sediments, deep pristine aquifers and shallow aquifers 

contaminated with organic compounds. Many Fe (III)-reducing microorganisms also reduce 

other forms of oxidized metals, including radio nuclides such as uranium (VI), and 

technetium (VII) and trace metals including arsenic (V), chromium (VI), cobalt (III), 

manganese (IV) and selenium (VI)  (Roh, 2002). In the thermophilic microbial community, 

these microorganisms can fulfill both degenerative and productive functions. Such 
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microorganisms probably are carried out global reduction of metals and thought to play a 

major role in the deposition of minerals in the earth’s crust (Frankel and Bazylinski, 2004). 

Bio-concrete development: 

Concrete can be considered as a kind of artificial rock with properties more or less 

similar to certain natural rocks. However, due to the heterogeneity of the composition of its 

principal components, cement, water and a variety of aggregates, the properties of the final 

products can widely vary (Jonkersand Schlangen, 2007). It is typically characterized by a 

high-compressive strength, but unfortunately also by a rather low-tensile strength. However, 

through the application of steel or other material reinforcement, the latter can be 

compensated for as such reinforcements can take over tensile forces. Corrosion of the steel 

reinforcement is in fact one of the major causes limiting the durability, or lifetime of concrete 

structures. 

A variety of additives or replacements of cement can be applied in order to improve the 

durability of the final concrete products but not all these are easy and good and also 

sometimes cause environmental pollution (Neville, 1996; Mehta, 1999). Other commonly 

applied additives that improve or change certain concrete characteristics needed for specific 

applications where high strength is required, affect the durability and result in the unwanted 

early deterioration of concrete structures. One major cause that initiates various mechanisms 

of concrete deterioration is the process of cracking what dramatically increases the 

permeability of concrete. As cracking links both isolated and connected pore systems, this 

results in a substantially increased permeability which plays a major role in deterioration.  

An attempt was made to explore the significances of inclusion of thermophilic and iron 

reducing microorganisms within the cementitious matrix to develop of bio-concrete materials 

having higher strength and more durable in character (Ghosh et al., 2005; Ghosh et al., 

2009). The bacterial cells of BKH1, and BKH2 strain were incorporated at different 
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concentrations to the cement-sand mixture during concrete/mortar samples preparation. 

Experimental observations established that the compressive strength of the bacterial 

incorporated samples increased about 25 – 30% compared to the normal cement-sand 

samples. The split tensile strength, ultrasonic pulse velocity, sulphate resistance, chloride 

permeability resistance etc. characteristic properties of the concrete/mortar samples were 

increased significantly compare to their respective control specimens. The durability study 

also confirmed that bacteria incorporated concrete/mortar samples was also enhanced in case 

of bacteria incorporated samples. The bioconcrete samples also exhibited self-healing 

attribute due to which the cracks and fissures of the samples were repaired effectively. The 

incorporation of hot spring bacterial cells to mortar and concrete produced a new crystal 

phase inside the cementitious matrices. Biswas et al. (2010) and Sarkar et al.(2015) showed 

that these bacteria secreted silica–leaching protein in the growth medium which was named 

as Bioremediase. The protein interacts with the matrix multiphase components leading to a 

change in the matrix composition due to the formation of a new phase (Calcium-aluminium-

silicate or Gehlenite) inside the matrices. 

Nanoparticles: 

Nanoparticles are in general very small in size likely up to 100 nm and expose some 

progressive properties depending upon their size, distributions and morphology compared to 

the larger particles of bulk materials (Wllem, 2005).  The nanoparticles have an important 

role in modern perspective because of their unique optical, thermal, electrical, chemical, and 

physical properties that are due to a combination of the large proportion of high-energy 

surface atoms compared to the bulk solid (Ghosh and Pal, 2007). There are many successful 

chemical and physical techniques (such as ultraviolet irradiation, aerosol technologies, 

lithography, laser ablation, ultrasonic fields) are used for synthesis of nanoparticles 

(Narayanan and Sakthivel, 2010). These different techniques are followed for the synthesis 
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of nanoparticles in large quantities comparatively in short period, but those methods are 

expensive and sometimes involve the use of hazardous chemicals (Thakkar et al., 2010). 

Nanoparticles of such noble metal, Gold, Silver, and Platinum etc. have direct applications 

contacting with the human bodies. Now-a-days, we can use nanoparticles with shampoos, 

soaps, toothpaste, detergent and cosmetic products along with the vast utilization of 

pharmaceutical and medical field.  

NANOPARTICLES SYNTHESIS WITH MICROORGANISM: 

Many biological systems can provide some instances of tailored nano structures with 

highly optimized properties and characteristics including magneto tactic bacteria that 

synthesize intra cellular magnetic nano-crystal in magnetosomes (Dicksonet al., 1999). The 

diatom cell walls are considered as a paradigm for controlled production of nanostructured 

silica (Kroger.et al., 1999). The bacterium E.coli (DH5α) strain has been used in bio-

reduction of aqueous AuCl4
-
 ions. This results to the formation of gold nanoparticles 

(Liangwei et al., 2007).  

A non-pathogenic thermophilic bacterium driven bio synthesis of SiO2-NPs from 

inorganic (2MgO·3SiO2·xH2O) and organic silica precursor (TEOS) was demonstrated by 

Show et al. (2015). The bio prepared silica nanoparticles were comprehensively 

characterized by different techniques like Atomic Force Microscope, UV-visible 

spectrophotometer, X-ray Diffractometer, Transmission and Scanning electron Microscope 

etc.  They have shown that silica leaching proteins of thermophilic hot spring bacterium 

BKH1, for instance bioremediase, was involved in the formation of silica nanoparticles as a 

consequence of the bacterial activity. The formation of SiO2-NPs through a simple 

biocompatible bacterial template is a green eco-friendly technology that can produce uniform 

spherical and size-reduced particles in cost effective manner. 
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GOLD NANOPARTICLES: 

Gold compound in the form of solution or the metal has an important utilization in 

industrial field and also in medical field. In India and China, red colloidal gold has been used 

as medicine of revitalization (Bhattacharya and Mukherjee, 2008). In diagnostic field and 

drug delivery applications, gold nanoparticles have an important attachment (Bhumkar et 

al., 2007). In the long history of utilization of gold nanoparticles in environment, it is 

observed that gold nanoparticle is ecofriendly and helpful in human life. Therefore, without 

using toxic chemicals, some biological methods are developed for nanoparticles synthesis 

using microorganisms, enzymes, plant extracts etc. are the noble alternatives to chemical and 

physical methods (Mohanpuria et al., 2008). Conventional Chemical synthetic methods to 

produce gold nanoparticles are progressive through the some different procedures (Tolles, 

1996; Selvakannan et al., 2002; Okitsu et al., 2001). The recent study of gold nanoparticles 

synthesize procedure mainly stands to reduce the ions Au
3+

 and the formation of 

nanoparticles with size range below 100 nm by using microorganism. Bacteria, fungi and 

Shewanellaalgae were detected to reduce the ions Au
3+

 (10 to 20 nm gold nanoparticles ) 

with the help of hydrogen gas (Konish et al., 2004). Fungi (Sankar et al., 2003), 

Verticilliumsp., Fusariumoxysporum and actinomycetes (Ahmed et al., 2003) and human 

cells (Anshup et al., 2005) are also used to synthesis gold nanoparticles in intra or 

extracellular conditions. It is true that the extracellular bio- synthesis of gold nanoparticles is 

very rare isolation in nature. The metal gold can serve as a slow acting drug in rheumatology. 

The metal- microbe interactions have an important role in various biotechnological 

applications such as in the fields of bioremediations, biomineralization, bioleaching and 

microbial corrosion etc. Microorganisms not only produce gold nanoparticles but also 

synthesize the other metallic nanoparticles such as cadmium, silver etc (Sastry et al., 2003). 
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2.9. METALDANGA HOT SPRING BACTERA: 

In this dissertation work, a novel hot spring bacterial strain (MDH1) has been isolated 

from the virgin hot springs of Metaldanga having temperature range at 42 
o
C and pH 8. A 

mixed population bacterial culture was developed by culturing the bacterial consortium 

present in the soil of the Metaldanga hot spring under the anaerobic conditions for several 

days of incubation. From the mixed population of culture, an enrichment culture was then 

developed by serial subculture dilution technique. A novel bacterial strain MDH1 has been 

isolated by culturing the enrichment culture and using serial sub culturing process in a 

specified semi-synthetic growth medium. The phylogenetic characterization of the isolated 

bacterial strain has been done. The analysis of partial 16SrRNA gene sequences (Gen bank 

accession number: KT600031) suggests that the isolation is affiliated with the family 

‘Pseudomonadaceae’ and 99% homologous with Pseudomonas putida H8234 and the 

morphology coccoid in shape. 

The isolated bacterium has been found to be a facultative anaerobic and thermophilic in 

nature because the bacterium grows well and multiply in anaerobic condition but survive in 

presence of oxygenated growth medium. From scanning electron microscopic views it was 

seen that the morphology of MDH1 bacterium was coccoid and the dimension of the 

bacterium was 2 – 3 nm in diameter.  

The bacterial growth kinetics on pH variation and temperature variation has been done. 

The optimum growth pH of the medium for the isolated bacterial strain is pH 8 and the 

optimum temperature of the strain is at 42 
o
C under anaerobic environment. The bacterium is 

Gram negative by nature. The identified strain does not cause any harm while handling and 

culturing process and thus the strain is completely ecofriendly.  

In my work, I have shown that the bacterium MDH1 possesses similar type of metal 

reducing activity as BKH1 or BKH2 bacteria do. It can form gold nanoparticles as well as 
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lead nanoparticles. The corresponding protein (M. W. 30 kDa approximately) secreted by 

bacterium MDH1 and responsible for such reduction has been isolated from the bacterium 

grown cultured medium by using Sephadex G-100 column chromatographic technique. From 

MALDI-MS analysis, 136 amino acids sequence of the desired protein has been determined 

based on the MASCOT database. This analysis shows that the protein is 43% homologous in 

amino acids sequence with the Pseudomonas chlororaphis. The applications of bacterium 

MDH1 and its one of the proteins in the development of bio-concrete materials have been 

studied. The experimental results showed that there is no significant improvement of 

compressive strength of the MDH1 bacterium amended mortar samples compared to the 

BKH1 and BKH2 bacteria amended mortar samples. Only 5 – 10% strength improvement is 

noted in the MDH1 incorporated mortar samples which is insignificant.  
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3. MATERIALS AND METHODS OF THE STUDY 

This experimental study has been performed mainly in the Biophysics laboratory of Physics 

Department, Jadavpur University. Some instrumental facilities were taken from Indian 

Institute of Chemical Biology (IICB) and Indian Association for Cultivation of Science 

(IACS), Kolkata, India. 

3.1. MATERIALS & CHEMICALS ARE USED: 

Sephadex G-100, Protein marker with low molecular weight, Dialysis bag, etc. were 

purchased from the Sigma Chemicals, USA. Standard silica solution, Tris buffer, Ferric 

chloride, Sodium di-hydrogen phosphate, Potassium chloride, Sodium carbonate, Calcium 

chloride, Zinc chloride, Magnesium chloride, etc. were purchased from the MERCK, 

Germany. Sodium dodesylsulphate (SDS), pure grade Sucrose, Sodium hydroxide, Copper 

sulphate, Sodium potassium tartarate etc. were purchased from the HIMEDIA, India. Acryl 

amide, Bis-acrylamide, Coomassie Brilliant Blue R-250, Acetone, Glycine, Acetic acid 

Glacial etc. were purchased from the SpectrochemPvt. Ltd. India., Protein molecular markers 

were purchased from the Fermentus, India. Ammonium per sulphate, Ammonium sulphate, 

Ammonium chloride, Lysozyme,  Yeast extract, Sodium chloride, Bromophenol blue, Methyl 

alcohol, Peptone, Sodium azide, ß-marcapto ethanol, Silver nitrate, Folin reagent, Bovine 

serum albumin (BSA), Glutaraldehyde, Ethyl alcohol, Nitric acid, Sulphuric acid, 

Hydrochloric acid etc. were purchased from the SRL, India. Chloroauric acid (AuHCl4) used 

as gold source, was purchased from Qualigens fine chemicals, Mumbai, India. 

3.2. SOURCE OF THE BACTERIA: 

The sample of hot water with soil was collected from a virgin hot spring of Metal Danga or 

Meteldanga, located near the National High Way (NH 60) from Mallarpur to Rampurhat, 
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(24.0763° N, 87.7099° E), and a few kilometres from Tarapith  Mandir, Birbhum district, 

West Bengal, India. The temperature of the virgin hot water is about 42 
o
C and slightly 

alkaline of pH 8.0. This hot spring is enriched with different types of chemicals and ions. The 

water sample with some mud from hot spring was carried by sterilized thermo-flask to the 

Biophysics Laboratory, Department of Physics, Jadavpur University for isolation of bacteria 

through the process of bacterial culture. The soil specimen that was collected from the hot 

spring was cultured and incubated at 42 
o
C in our laboratory by using a specific semi-

synthetic medium to obtain a mixed population of culture. The culture was maintained 

through the process of sub culturing of the mixed population culture on regular basis. Purified 

MDH1 strain was obtained by growing the mixed population culture through the process of 

serial dilution technique. 16 S-rRNA sequence of the isolated strain was done and identified 

the bacterial strain and named as MDH1 strain. 

3.3. ANALYSIS OF THE WATER SAMPLE: 

Water sample was collected from Metaldanga hot spring, Birbhum at 42 
o
C. Water was 

collected without filtration in 15-ml polyethylene sterilized tubes. After collection, a drop of 

0.1 %  suprapure HNO3 solution was added as preservative to prevent coagulation of iron into 

its oxides. These freshly collected samples were analyzed immediately thereafter. 

Quantitative analysis of elements was performed in a laboratory-based ICP-OES instrument 

[Perkin-Elmer USA, Optima 2100 DV].  

3.4. THE MEDIA PREPARATION FOR THE BACTERIAL GROWTH: 

To grow and maintain of the isolated bacterial strains, a media suitable for the growth of the 

bacterial population was prepared. The hot spring bacteria possess some special activity of 

oxidizing elements (Lovely, 2000) which is essential for the metabolic activities of those 

bacteria. In the semi-synthetic type bacterial growth media, the iron (0.1 M) that accepts 
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electrons is used in +III state and transfers itself  to +II state. This prepared media is turned 

into two combined separate media which are medium -I and medium- II. These two types of 

media compositions and chemicals are collected from different reputed and standard 

companies. 

3.4.1. COMPOSITIONS OF MEDIA - I: 

Medium-I is prepared by using0.1 M FeCl3 solution. The 0.1 M ferric chloride (FeCl3) 

reagent was dissolved in 100 ml sterile deionised water and pH of solution was adjusted to 

7.5 by pouring 5(N) NaOH. The precipitate, ferric hydroxide [Fe(OH)3], was collected after 

the centrifugation at 5000 x g for about 12 minutes. The precipitate was washed twice with 

sterile deionised water to remove chloride ions (Cl
-
) from it. The resulting compound was 

then dispersed in 100 ml sterile deionised water and kept into natural freezing at 4ºC. 

3.4.2 CHEMICAL REACTIONS OF MEDIA COMPOSITION: 

                        FeCl3 +3 NaOH → Fe (OH) 3 ↓ + 3NaCl 

                  FeCl3 +3 NaOH → FeO(OH) +H2O+NaOH  

          Medium I contains iron in +III state as FeO(OH) 

   COMPOSITIONS 

Sodium di-hydrogen phosphate          0.6 g/lit 

Potassium Chloride                           0.33 g/lit 

Sodium carbonate                            2.5 g/lit 

Yeast Extract                                  200 mg/lit 

Peptone                                     5 g/lit 
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The Medium I and medium II, which were prepared previously, were mixed in the ratio of 1: 

9 respectively. The final medium was filtered to remove extra precipitate and the pH of 

medium was adjusted to 8.0 by adding hydrochloride acid (6 N). 

3.5. CULTURE OF BACTERIAL STRAIN: 

Being anaerobic in nature, the bacterial sample harvested from the soil of Meteldanga hot 

spring was cultivated in sealed gas-pressure vials (100 ml of the vial contains 40 ml growth 

medium). Air content in the sealed vial was totally replaced by passing carbon dioxide (CO2) 

through the medium by using syringe-needle process before inoculation as described earlier 

(Chattopadhyay et al., 1993). Inoculum (1%) of the raw or crude soil sample, i.e., mother 

culture was added initially to the culture vial containing the semi-synthetic medium (at pH 

8.0) for development of the mixed bacterial population. The inoculated cultures were 

incubated at 42 
o
C for 7 to 10 days for obtaining sufficient growth of the bacterial population. 

3.5.1. SERIAL DILUTION PROCESS: 

Serial dilution is one of the procedure with serially development of sequential dilutions such 

as geometrical progressive method which is used to reduce a dense culture from mixed 

populated cells to pure bacterial strains. After the completion of each dilution, the 

concentration of bacteria in media will be reduced by a calculated amount. From the hot 

spring of 42 
o
C temperature, the mixed population of culture was initially developed by 

culturing the soil samples in the semi-synthetic medium anaerobically. From the mixed 

population culture, an enrichment culture of MDH1 bacterial strain (later characterized and 

named) was developed and isolated by serially dilution sub culturing technique with the 

sterile growth medium. This technique was mainly demonstrated and developed through 

Lister Method. At first, the concentration of the bacterial cells present in the mixed 

population of culture was determined (Biswas et al., 2010). The mixed population bacterial 
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culture (100 μL) of inoculums was diluted with 900 μL in to the sterilized medium and then 

from this diluted solution again 100 μL of inoculums was added to 900 μL of fresh sterilized 

medium. This process was repeated till the final dilution contains single bacterium/ml of 

culture. Now from the final dilution, 5 ml of inoculum was added to 35 ml fresh growth 

medium in 100 ml volumetric sealed anaerobic gas-pressure vial. The CO2 filled vials were 

kept at 42 
o
C for 7-10 days to get sufficient numbers of bacteria in the cultured medium. Sub 

culturing was done by this method and an enrichment culture was obtained after few 

subcultures which were confirmed by Scanning Electron Microscope (SEM) analysis of the 

culture. The bacterium was unable to grow on other nutritionally rich solid media such as 

Tryptic soy agar, nutrient agar, Luria-Bertani agar. 

3.6. CHARACTERIZATIONS OF BACTERIUM ISOLATED FROM 42
o
C 

TEMPERATURE SOURCE OF METEL DANGA: 

The bacterial strain collected from Meteldanga hot spring at 42 
o
C was cultivated and isolated 

in a suitable environment. Different experimental procedures were performed to characterize 

the isolated strain both in phenotypically and phylogenetically.  

PHENOTYPE CHARATERIZATION  

3.6.1. OPTICAL DENSITY VS. BACTERIAL CELLS COUNTS FOR THE 

PREPARATION OF STANDARD CURVES: 

A well grown with sufficient bacterial cells (10
8
 cells/ ml) was taken and diluted up to 10 

times in the sterilised growth medium. This procedure dilution was repeated for several 

times. After the frequent dilution, different unknown cell concentrations were prepared. The 

optical density of these unknown cell concentrations were then measured at 540 nm using a 

COLORIMETER, ERMA INC AE 11M (Ghosh et al., 2005). The number of bacterial cells 
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corresponding to each bacterial population (having different O.D. value) was counted by 

deposition the trace cultured medium on Haemocytometer. A plot was prepared by the 

bacterial cells nos. vs. its corresponding O.D. value. This graph was the Standard calibration 

curve from which the bacterial cells concentration was determined after measuring the O.D. 

value of the cultured medium.  

3.6.2 EFFECT OF pH ON BACTERIAL GROWTH:  

The thermophilic microbial growth directly depends upon pH of the media. In this study, the 

optimum pH for the growth of the isolated bacterial strain was determined. 

PROCEDURE: 

During preparation of growth medium, the pH of the growth medium was adjusted to 5.0, 5.5, 

6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0, 9.5, 10.0, 10.5, 11.0 and 12.0 respectively. Taking the 

sterilized medium of each pH, it was then inoculated with 1 ml bacterial culture of highest 

population density. All the inoculated cultures were at 42 
o
C incubator. The optical density 

(O.D.) of the each inoculated bacterial cultures was measured after regular (8 h) intervals. 

The O.D. was measured at 540 nm by UV- visible spectrophotometer and the readings were 

taken up to 22 days from the days of inoculation. The highest population density was 

measured from pre-calibrated standard curve to determine the optimum growth pH of the 

medium. This procedure was repeated at least three times. 

3.6.3. EFFECT OF TEMPERATURE ON BACTERIAL GROWTH: 

The thermophilic bacterial strains may survive at a definite temperature range. The optimum 

growth of the bacteria executes at a definite temperature. For characterization of bacteria, the 

optimum growth at definite temperature is very important one. After determining the 
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optimum pH of the medium for the growth of the isolated bacterial strain, the optimum 

growth temperature was determined as follows: 

Different growth medium having same pH (optimum pH) was inoculated with 1 ml bacterial 

culture of highest population density. The inoculated cultures were then kept at different 

incubators with different temperatures (42, 50, 65 and 72 
o
C) for several days. The optical 

density (O.D.) of the each inoculated bacterial cultures was measured after regular (8 h) 

intervals. The O.D. was measured at 540 nm by UV- visible spectrophotometer and the 

readings were taken up to 22 days from the days of inoculation.  The highest population 

density was measured from pre-calibrated standard curve to determine the optimum growth 

temperature of the medium. This procedure was repeated at least three times. 

3.6.4. GRAM STAINING STUDY OF THE ISOLATED BACTERIUM: 

With the help of Gram staining procedure one can find out whether the isolated bacterium 

was Gram positive or Gram negative. The Gram staining is important in biological science to 

classify the bacteria on the basis of their form, sizes, and cellular morphologies. The Gram 

staining test was developed by Christian Gram in 1884. The bacteria are permitted to separate 

into two different large groups, named by Gram-Positive bacteria and such of bacteria take 

the colour of the secondary stain are Gram- Negative bacteria.  

PROCEDURE: 

 Taking 100 μl of mother culture and added 900 μl sterilized medium to get 10 x 

dilutions. This procedure was repeated about 10000 time‟s dilutions. 

 After the dilution 40 μl diluted culture was taken on the centre of glass slide. The 

bacterial cells were firmly mounted to the slide by mild heating. 

 The slide was immerged on primary stain crystal violet and incubated for 1 minute. 
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 Gram iodine, a mordant was added for 1 minute, which fixed the crystal violet stain to 

the bacterial cell wall. 

 The slide was washed with a solution prepared with 50% ethyl alcohol and 50% 

acetone to decolorize. 

 Thensafranin, the secondary stain was added and incubated for 1 minute. 

 The slide was washed by distilled water for 5 seconds and air dried. 

 Cells were then observed through Olympus Magnus MLX microscope with the help 

of SANYO Digital colour CCD camera 

3.6.5. MORPHOLOGICAL STUDY OF THE BACTERIAL CULTURE:  

There are many bacteria executes similar in morphology but they behave different 

characterizations genetically. The different shape of bacteria was encountered, like as Cocci 

(Coccus) are spherical in sizes, generally the cells of coccoid exist as individual. Diplococci 

(Diplococcus): is the division of coccoid. There is another rod shaped may twisted or spiral. 

Scanning Electron Microscopy (SEM) is one of the best detecting technique to visualize the 

external appearance of bacteria. 

PROCEDURE: 

[1] For the detection the morphology of bacteria in Scanning Electron Microscope 

(SEM), slides were prepared by fixing bacterial cells (collected by centrifugation 

from a well grown cultured medium)in 2.5% (v/v) gluteraldehyde for about 24 

hours at room temperature. Samples were dehydrated by incubation for 10 to 15 

minutes in each of a graded aqueous acetone in series of 20, 40, 60, 80 and 100% 

acetone. Taking the samples as air dried and transferred into SEM, alumina 
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supported and then sputtered with gold by a sputter coater. Slides were detected 

under FESEM (INSPECT F50 SEM, FEI Europe BV, and Netherlands) and 

photomicrographs of the bacterial cells were taken (Sarkar et al.,2015) 

3.6.6. PHYLOGENETICCHARACTERIZATION: 

STEPS WERE FOLLOWED: 

1. Genomic DNA was isolated from the bacterial cells (MDH1) as provided below by the 

Author. 

2. Isolated genomic DNA was run in 1% Gel electrophoresis agar. 

3. The ~1.5Kb DNA fragment was cut and amplified using high –fidelity PCR polymerase. 

4. The PCR product was cloned at Not I site in pBS vector. 

5. Positive clones are screened by colony PCR. 

6. Further clones are screened for difference in pattern by digestion with a 4 base cutter. 

7. The clones are sequenced bi-directionally using the forward and reverse primer. 

8. The sequence data was aligned and analysed to identify the bacteria and its closest 

neighbours. 

The 16S-rRNA gene sequence of MDH1 was determined to study the bacterial phylogenetic 

tree and taxonomy. The reasons behind the 16S-rRNA sequence analysis are: 

(i) Its presence in almost all bacteria, often existing as a multi gene family, or operons; 

(ii) The function of the 16S rRNA gene overtime has not changed, suggesting that random 

sequence changes are a more accurate measure of time (evolution); and 
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(iii) The16S rRNA gene (1,500 bp.) is large enough for informatics purposes (Patel et al., 

2001; Janda et al., 2007). 

In this study, using conventional partial-sequence 16S-rRNA gene sequencing as the "gold 

standard," the bacterial strain was identified by analysis of the sequences using the Gen Bank 

database system (Woo et al., 2003). 

PROCEDURE: 

MDH1bacterial cells (enrichment culture) were collected by centrifugation and washed 

several times with phosphate buffer (pH 7.0). The chromosomal DNA of the bacterium was 

isolated by using following protocol (Roose-Amsaleg et al., 2001) 

 DNA Isolation & Quantification : 

 REAGENTS: 

 TE buffer (pH 8.0) 

 10% SDS 

 Proteinase K 

 5M Sodium Acetate (pH 5.2) 

 RNase 

 Phenol-chloroform mixture 

 Isopropanol 

 70% ethanol 
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REAGENTS PREPARATION: 

1. Tris-EDTA (TE) buffer (pH 8.0): 10 mm Tris-HCl (pH 8.0), 1 mm EDTA (pH 8.0) 

2.  10% SDS: Dissolve 10 g of SDS in 100 ml autoclaved distilled water. 

3. Proteinase K: Dissolve 10 mg of Proteinase K in 1 ml autoclaved distilled water. 

4. Phenol – Chloroform mixture:  The phenol was mixed with chloroform in 24:1v/v ratio 

5. 5M Sodium acetate: Dissolve 41 g of sodium acetate in 100 ml distilled water and adjust 

pH with dilute acetic acid (pH 5.2) 

PROCEDURE: 

[1] The well grown culture (7 - 10 days old) of enrichment MDH1 bacterial strain was taken 

and the cells were harvested by centrifugation for 10 min at 8000 x g. The bacterial cell 

pellet was washed several times with phosphate buffer (pH 7.0). Then TE buffer was 

added to the cell pellet, re-suspended by gentle mixing. Then 100 μl of 10% SDS and 5 μl 

of Proteinase K were added to the cells pellet. The above mixture was mixedwell and 

incubated at 37 ºC for 15 minute. Equal volume of phenol-chloroform mixture was added 

to the contents and mixed well by inverting and incubated at room temperature for 5 

minute. The content was centrifuged at 10000 x g for 10 min at 4
o
C. The highly viscous 

jelly like supernatant was collected and transferred in to a fresh tube. The process was 

repeated for several times.  A 1/10th volume of 5 M sodium acetate was added to the 

content. Double volume of isopropanol was then added and mixed carefully till white 

precipitate appeared in the mixture. The white precipitate was collected by centrifugation 

(at 10000 x g for 10 min at 4 
o
C) and washed by 70% ethanol solution. After the 

centrifugation, the precipitate was air dried and dissolved in TE buffer.  5µl RNase was 

added to this DNA solution and incubated at 37
 o

C for 30 min. Then equal volume of 
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phenol-chloroform mixture was added and mixed it. The mixture was then centrifuged at 

10000 x g for 10 min and the upper portion was collected. This method was repeated for 

two times. The upper portion of the supernatant was collected. 1/10th volume of 5 M 

sodium acetate and double volume of isopropanol were added to it at a time and incubated 

at 0 
o
C for 1h. The mixture was centrifuged at 10000 x g for 10 minutes to get the DNA 

precipitation. The precipitation was washed by 70% ethanol and dried in air. In the same 

way the TE buffer was added to the precipitate. The concentration of DNA was 

determined by noting the absorbance ratios at 260/280 nm wavelengths by using a 

spectrophotometer. The remaining samples were stored for further experiments. Then 3 µl 

ethidiumbromide (10 mg/ml) was added to 7 µl DNA and 1% low melting agarose gel. 

The DNA was visualized under gradient with UV light by trans-illuminator. Bacterial 

DNA was isolasted by using standard phenol chloroform technique (Sarkar et al., 2015; 

Wilson, 1987). The gene for 16 S-rRNA was then amplified by using the forward and 

reverse primers for molecular characterization.These primers were used as follows 

Forward- 5′CAGGCCTAACACATGCAAGTC3′ 

Reverse- 5′GGCGGTGTGTACAAGGC3′ 

[2] The amplified DNA fragment was then separated and eluted from a 1% agarose gel and 

purified using the Qiaquick gel extraction kit (Qiagen). The purified PCR product was then 

sequenced with the same primers. The partial rRNA gene sequence was determined by the di-

deoxy chain-termination method using the Big Dye terminator kit and ABI 310 Genetic 

Analyzer (Applied Bio systems). The sequence similarity was searched on this using BLAST. 

Phylogenetic analysis of the isolated strain was done by neighbour-joining method where 

distance between the sequences was determined by Kimura's two-parameter model (Tamura 

et al., 2011).The confidence limits of the branching were performed by Bootstrap 
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analysis (Alfaro et al., 2003).The partial sequence of 16S-RNA was obtained and submitted 

to the Gen Bank. For the strain identification the phylogenetic tree of the bacterium was 

developed, named MDH1 Gene Bank accession Number: KT600031 (Chattapadhyay et 

al., 2016). 

3.7 ISOLATION AND PURIFICATION OF PROTEIN OF MDH1 

STRAIN 

The  “MDH1”  bacterium  secretes  some  extracellular  proteins  in  its  growth  medium. 

Among all these proteins, the focus of this chapter involves the isolation and purification of 

one of these proteins which itself has a property of gold nanoparticles synthesis. 

3.7.1 ISOLATION OF CRUDE PROTEIN FROM MDH1: 

Bacterial cells from five cultural vials (each vial contains 40 mL of 5-6 days old bacterial 

culture) were collected by centrifugation at 5000 x g for 10 minutes using Eltek 

Centrifugation Machine (TC 4100D). The precipitated cells collected through centrifugations 

were leftover. The supernatant contained few proteins secreted by the bacterium “MDH1” 

during the growth of the bacteria. To isolate the crude protein in the supernatant, Acetone 

Precipitation method was used.  

Acetone precipitation is an easy and popular method to use for precipitation and to 

concentrate of protein(s). This technique is useful for condensing a protein sample, and 

eliminating mechanisms of the substances which are not well-matched with the desired 

analysis. 
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PROCEDURE: 

The supernatant containing the mixture of crude protein was taken in a round bottom flask 

and lyophilized (Freez dryer FD-1, Rikakikai, Toshiba) to dust powder. From the dust 

powder, 20 mg of the lyophilized powder was dissolved in 1 ml sterile deionized water. To 

remove the fats from the dissolved fraction, 2 ml of ice-cold acetone was added to it and kept 

the mixture at 4
o
C for 2 hrs. The protein in the fraction was precipitated and then separated 

by centrifugation at 10000 x g (Plasto Craft Super spin R-V/FM) for 15 minutes at 4
o
C. The 

precipitation was again washed with 1 mL ice-cold acetone and centrifuged similarly for the 

complete removal of fats. After air-dried, the precipitated protein was dissolved in 250 µL 

deionized sterile water for further analysis. The process was repeated to obtain sufficient 

quantity of crude protein mixture.   

3.7.2 COLUMN-PURIFICATION OF MDH1 PROTEIN: 

From the mixture of crude protein as mentioned above, 200 μL crude protein solution was 

loaded onto a Sephadex G-100 gel filtration column (100 cm x 1 cm) that was pre-

equilibrated with 5 MmTris-HCl buffer. Proteins were eluted through the column at a flow 

rate of 12 mL/hour and fractions of 1 ml each were collected by using a fraction collector 

(Eyela DC-1000). The protein containing fractions were detected by measuring their optical 

densities at 280 nm using Elico SL-196 UV- Visible Spectrophotometer. The concentrated 

fraction was again eluted similarly through column chromatography. The eluted fraction was 

then concentrated (250 µL) through lyophilisation and dialyzed in dialysis tubing cellulose 

membrane against deionized sterile water. 
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3.7.3 DETERMINATION OF PROTEIN CONCENTRATION: 

To determine the concentration of purified protein, the Bradford Method was used. The 

Bradford protein assay is a spectroscopic analytical procedure which is used to measure the 

concentration of protein in a solution. The Bradford protein assay was developed by Marion_ 

M._Bradford. It is based on an absorbance move to the dye Coomassie Brilliant Blue G-250, 

which under the acidic conditions the red form of the dye, is converted after sometimes into 

its blue colour to bind the protein being assayed. In the time of formation of this complex 

compound, two types of bond interaction take place: the red form of Coomassie dye first 

release its free electron to the ionisable groups in the protein, which causes a interruption of 

the protein's adjacent state, subsequently revealing its hydrophobic pockets. These pockets in 

the protein's tertiary structure by binding with non-covalently to the non-polar region of the 

dye via Van der Waal forces, take place the positive amine groups in closeness with the 

negative charge of the dye. This type of bond is further strengthened by the ionic interaction 

between the two. The binding of the protein thus stabilizes the blue form of the Coomassie 

dye. In this way the protein concentration can be estimated by using absorbance reading of 

the sample present in solution. The bound form of the dye has an absorption spectrum 

maximum at 595 nm. The increase of absorbance at 595 nm is proportional to the amount of 

bound dye, and thus to the amount (concentration) of protein present in the sample. 

 Chemicals Required: 

 Bradford Reagent
 

 BSA solution: 2 mg of BSA (Bovine serum albumin) was dissolved in 1 ml of 

double distilled water
 

 MDH1 protein
 

https://en.wikipedia.org/wiki/Spectroscopy
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Marion_M._Bradford
https://en.wikipedia.org/wiki/Marion_M._Bradford
https://en.wikipedia.org/wiki/Marion_M._Bradford
https://en.wikipedia.org/wiki/Absorbance
https://en.wikipedia.org/wiki/Coomassie_Brilliant_Blue
https://en.wikipedia.org/wiki/Hydrophobic
https://en.wikipedia.org/wiki/Tertiary_structure
https://en.wikipedia.org/wiki/Van_der_Waals_force
https://en.wikipedia.org/wiki/Absorption_spectrum
https://en.wikipedia.org/wiki/Absorption_spectrum
https://en.wikipedia.org/wiki/Absorption_spectrum
https://en.wikipedia.org/wiki/Nanometre
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PROCEDURE: 

Before going to start the experiment, the Bradford reagent bottle was gently mixed and kept 

at room temperature. Next, different concentration of standard BSA solution (0μg/μL, 0.25 

μg/μL, 0.5μg/μL, 1.0μg/μL)was prepared in series of eppendorf from the stock solution 

(2mg/mL). The assay was performed in a test tube by adding 0.05 mL of the sample in 1.5 

mL of Bradford reagent. After adding, the solution was vortex and the samples were 

incubated at room temperature for 5-45 min in dark room. Spectrometric reading was taken at 

595 nm by using Elico SL-196 UV-visible spectrophotometer and a standard curve was 

prepared. Then 0.01 mL, 0.02 mL, 0.03 mL, 0.04 mL, 0.05 mL, 0.06 mL and 0.07 mL of 

bioremediase protein were taken in series of test tubes and experiment was done according to 

the above procedure. Optical density of the final solution was measured at 595 nm and 

concentration was determined from BSA standard curve. Several times was taken on 

determining the final protein concentration by taking average of all data. 

3.7.4 SODIUM DODECYL SULFATE - POLYACRYLAMIDE GEL ELECTROPHORESIS: 

PAGE (Polyacrylamide Gel Electrophoresis), is an analytical method used to separate 

components of a protein mixture based on their size. In this technique a charged molecule 

will migrate in an electric field towards an electrode with opposite sign. The general 

electrophoresis techniques cannot be used to determine the molecular weight of biological 

molecules because the mobility of a substance in the gel depends on both charge and size. To 

overcome this, the biological samples need to be treated so that they acquire uniform charge, 

then the electrophoretic mobility depends primarily on size. For this purpose, different 

protein molecules with different shapes and sizes, need to be denatured (done with the aid of 

SDS) so that the proteins lost their secondary, tertiary or quaternary structure.The proteins  
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being covered by SDS are negatively charged and when loaded onto a gel and placed in an 

electric field, it will migrate towards the anode (positively charged electrode) and separated 

by a molecular sieving effect based on size. Depending on their size, each bio-molecule 

moves differently through the gel matrix: small molecules more easily fit through the pores in 

the gel, while larger ones have more difficulty. The gel is run usually for a few hours, though 

this depends on the voltage applied across the gel; migration occurs more quickly at higher 

voltages, but these results are typically less accurate than at those at lower voltages. After the 

set amount of time, the bio-molecules have migrated different distances based on their size. 

Smaller bio-molecules travel farther down the gel, while larger ones remain closer to the 

point of origin. Bio-molecules may therefore be separated roughly according to size, which 

depends mainly on molecular weight under some definite conditions; it also depends on 

higher-order conformation under native conditions. After the visualization by a staining 

(protein-specific) technique, the size of a protein can be calculated by comparing its migrated 

distance with that of a known molecular weight ladder(marker). 

PROCEDURE: 

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed at a 

constant voltage of 100 volt using 12% acrylamide gel. Protein samples were boiled for 3 min 

in sample buffer with a reducing agent and loaded onto 12% gel along with the Sigma protein 

molecular marker. Molecular masses of various protein bands were stained with Coomassie 

brilliant blue R-250 (Weber, 1969: Laemmli, 1970) followed by de-staining procedure to 

visualize the band. 
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3.7.5 MATRX- ASSISTED LASER DESORPTION/IONIZATION TIME-OF-FLIGHT 

MASS SPECTROMETRY (MALDI-Tof-MS) ANALYSIS OF MDH1BACTERIAL 

PROTEIN: 

MALDI-T of-MS is a popular and resourceful method to isolate macromolecules from 

biological source. The fundamental principle of MALDI-T of-MS turns about the rapid 

photo-volatilization of a sample fixed in a UV-absorbing matrix followed by time-of-flight 

mass spectrum analysis. The Mass spectrometry experiment conducts of ionizing chemical 

compounds to generate charged molecules by molecular fragments and the measurement of 

their mass with respect to charges. MS instrumental system consists of three sections: a 

source of ion organiser, which can easily turn into a gaseous phase sample molecules in 

active ions; a mass analyzer, which classify the ions by their masses in the electromagnetic 

field; and a detector, which detects the value of an indicator quantity and thus provides data 

for calculating the large quantity of each ion present. The experiment has both qualitative and 

quantitative uses. The lighter ions of samples will accelerate faster and can be detected first. 

The mass is able to measure with precision, and then the compositions of the molecule 

including the sequence of the protein can be identified. The choice of the matrix is one of 

complicated for success in MALDI experiments. The most common MALDI-MS matrices 

are specially used in derivatives of benzoic acid, cinnamic acid and other related aromatic 

compounds which are generally acknowledged as good MALDI matrices for proteins and 

may also be found suitable for oligosaccharides. The matrix absorbs the ultraviolet light 

(nitrogen laser light, wavelength 337 nm) and converts it to heat energy. A small part of the 

matrix (down to 100 nm from the top outer surface of the Analyte) heats rapidly (in several 

nano seconds) and is vaporized, together with the sample. 

MALDI-T of-MS identification of proteins is carried out by the so-called peptide mass 

mapping or peptide mass fingerprinting technique. This highly effective approach of protein 
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identification is based on the accurate mass measurement of a group of peptides, derived 

from a protein by sequence-specific proteolysis. After proteolysis with a specific protease 

(e.g. trypsin), proteins of different amino acid sequence produce a series of peptides masses 

and this is further detected by MALDI-Tof-MS. The spectrum of identified peptide masses is 

unique for a specific protein and is known as a mass fingerprint. Searching the selected 

masses from the fingerprint against databases of known protein sequences (e.g. Swiss Prot, Tr 

EMBL) enables the identification of most proteins. The development of large biological 

databases based on sequence identification in general has been the major driver for the 

application of MALDI-T of-MS and proteomics. 

PROCEDURE: 

At first the bio-remedies protein was allowed to run on SDS-PAGE and stained with colloidal 

Coomassie (BIO-RAD Laboratories-G250) to visualize the band. Then spot picker was used 

to excise protein band of interest into smallest possible pieces. The gel pieces were taken in 

sterilized eppendorf tube to which 200 µL of destaining solution (80mg of ammonium 

bicarbonate with 20 mL of acetonitrile and 20 mL of ultrapure water) was added and 

incubated the sample at 37°C for 30 min with gentle shaking. After that, the destaining 

solution was discarded from the tube and 30 µL reducing buffer (3.3µL of Tris-2-

carboxyethyl phosphine with 30 µL of digestion buffer which was prepared by mixing 10 mg 

of ammonium bicarbonate in 5 ml of ultrapure water) was added to it and incubated again at 

60 °C for 10 min. The reducing buffer was then discarded after cooling and 30 µL of 

alkylation buffer (dissolve 1.4 mg of iodoacetamide in 70 µL water) was added to the gel 

containing tube which was further incubated in the dark at room temperature for 1 h. After 

discarding the alkylation buffer from the tube, the gel pieces were washed by using 

destaining buffer. To the protein containing gel pieces, 50 µL of acetonitrile was added and 
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kept incubation for 15 min at room temperature. After carefully removing acetonitrile, the gel 

pieces were allowed to dry in air for 10 min. Then 10 µL of activated trypsin (Promega, 

Madison, WI: dilute 1µL of trypsin with 9µL of digestion buffer) was added to the gel pieces 

and incubated the sample at room temperature for 15 min. Again 25 µL of digestion buffer 

was added to the tube and further incubation of the sample at 30 °C overnight with gentle 

shaking was done. After the incubation, digested mixture was separated and salts if present 

were removed by using C18-ZipTip_ (Millipore, Bedford, MA) from the digested mixture. 

Then the salt-free digested mixture was taken in a clean tube and the solution phase was 

removed completely by using Speedvac leaving the resulted peptides within the tube. 

Next 50 µL of loading mixture (containing 50% acetonitrile with 0.1% trifluoroacetic acid) 

was added to the tube and kept for 30 min at room temperature to dissolve the isolated 

peptides. Then 0.5 µL of peptide solution was taken and mixed with saturated solution of α - 

cyano-4-hydroxycinnamic acid (1 : 1) on the loading plate and analysed by using applied 

Biosystems 4800 MA;DO TOF/TOF proteomics analyser equipped with TOF/TOF ion optics 

and a diode pumped Nd:YAG laser with 200 Hz repetition rate. The data was initially 

processed with GPS Explorer Software, Version 3.6 (Applied Biosystems). The data was 

further assembled using MASCOT database. 

3.8 USES OF ISOLATED MDH1 BACTERIAL STRAIN AND ITS PROTEINS 

3.8.1. THE MEASUREMENT OF COMPRESSIVE STRENGTH: 

The capacity of a material to with stand loads to reduce its size is called compressive 

strength. In a testing machine it can be measured by plotting applied force against 

deformation. 
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Some materials break when it attains or over the value of their compressive strength limit; 

others deform irreversibly. So a given amount of deformation may be considered as the limit 

for compressive load. The compressive strength of concrete is very important, as it is used 

more often in compression than in any other way. For mortar sample‟s preparation, generally 

ordinary Portland cement was used (Sarkar et al., 2015; Wilson, 1987; IS 8112, 1989 and 

IS 650, 1991). Cement to sand ratio was fixed at 1:3 (as per weight) and the water cement 

ratio was taken 0.4. The size of standard mortar cubes used as specimen is 70.6 mm × 70.6 

mm × 70.6 mm was made. For bio-concrete/mortar sample preparation, BKH1, BKH2 and 

MDH1 bacterial cells with different cell concentrations were used to the cement-sand mixture 

as described previously (Biswas et al., 2010; Sarkar et al., 2015; Alam et al., 2016). 

PROCEDURE: 

Experimental procedure was repeated for at least five times to collect an average statistical 

data. Two types of mortar have been made. Those are differently controlled (where no protein 

is given) and amended mortar cubes (where protein is given) of size 70.6 x 70.6 x 70.6 mm
3
, 

were made in different density such as 1 µg, 2 µg, 3 µg and 4µg per gram of cement. The 

data were measured after different days of curing (air and water).  Using compressive 

strength testing machine, compressive strength of these mortar cubes were determined and 

compared with control mortar cubes after 28 days of water curing as described by Ghosh et 

al. (2005, 2006). To make mortar samples the water and cement weight ratio was important 

one. The standard ratio was taken as 0.4 and also to bind it clearly a definite weight ratio of 

cement and sand is needed.  We have taken the ratio 1:3. To prepare of mortar specimens 

three different types of sand were used. This different grain sized of sand particles were 125–

250 µm; 250–500 µm; 500–1000 µm in the ratios 1:1:1, all the experimental specimens were 

cured under water in open air. After 24 h of casting at room temperature frequently the 
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compression testing was performed. The total experiment was repeated for at least six times 

to get an average statistical data. The compressive strengths data of the mortar cubes were 

measured after 3, 7, 14, 28, 120 days of curing. Among the five samples of different 

categories, were tested and calculated at the average value. Using compressive strength 

testing machine the breaking loads of the mortar samples were determined. Then finally 

calculated the average breaking loads after the calculating of five samples from different 

categories of mortar have been made. 

3.8.2. ULTRASONIC – PULSE VELOCITY MEASUREMENT: 

For the Ultrasonic-Pulse velocity test, mortar samples (70.6 mm × 70.6 mm × 70.6 

mm) were prepared by incorporating with different concentrations of protein. The UPV 

mortar samples were tested as per IS 13311-1 by using PUNDIT plus PC1007 UPV machine. 

(IS 13311-1, 1992). After different days of air curing and water curing were done before 

measurement of breaking load. In all the procedure was developed in normal frequency 

which lies in the range of 20 to150 kHz, the transducer was kept totally in favour of the 

experimental advantages. 

PROCEDURE: 

1) Preparing for use: Before swiching ON the “V” meter, the transducers were connected to 

the sockets marked “TRAN” and “REC”. After this the switch will on the V meter. The 

principle of V meter stands on some different functions such as (a) the internal battery. 

(b) An external battery or (c) The A.C line. 

2) SET reference: A reference cube was provided to check the instrument zero. The pulse 

time for the specimen was engraved on it. A smear of grease to the transducer faces 

before placing it on the opposite ends of the specimen was applied. The „SET‟ and „REF‟ 
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control until the reference specimen transit time has obtained on the instrument read-out 

was adjusted. 

3) Range Section: To get maximum accuracy, it was considered that the 0.1 microsecond 

range be selected for path length up to 400 mm.  

4) Pulse Velocity: In this step is the most important for measurement of the material to be 

tested. The measurement of path length was taken. Couplant was applied to the surfaces 

of the transducers and pressed it hard onto the surface of the material. The movement was 

restricted of the transducers while a reading is being taken, as this can generate noise 

signals and errors in measurements. The continuation of holding the transducers onto the 

surface of the material until a consistent reading plotted on the display, in which the time 

was counted in microsecond for the Ultrasonic pulses to travel the distance ‟L
”
. From the 

display reading the average value was calculated. This mean value of the display readings 

was taken when the unit digit lies between two values. Pulse velocity = (Path 

length/Travel time). 

5) Separation Transducer leads: It was advisable to prevent the two transducer leads from 

coming in to close contact with each other when the transit time measurements were 

being taken. If this was not done, the receiver lead might pick-up unwanted signals from 

the transmitter lead and this would result in an in correct display of the transit time.    

3.8.3. SYNTHESIS OF NANOPARTICLES: 

The bacterial cells and its protein(s) may execute different types of   applications in 

scientific fields. It has been observed that the hot spring bacteria (BKH1, BKH2 etc.) and 

their secretary proteins have unique attribute in compressive strengthens and durability 

increments due to their biosilicification property (Ghosh et al., 2005; Biswas et al., 2010; 
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Chowdhury et al., 2015). They can be used in silica nanoparticles synthesis (Show et al., 

2015). I have approached to synthesis different types of nanoparticles such as silica 

nanoparticles, silver nanoparticles and gold nanoparticles by using the isolated MDH1 

bacterial cells and its secretary protein(s). Since the bacteria often take a part to reduce ions 

from metallic elements and also react to non-metallic elements, the approach was thus 

justified. This chapter is about testing for the leaching properties of MDH1 bacteria and its 

proteins.  

3.8.4. TESTING FOR SILICA LEACHING ACTIVITY OF MDH1 CELL: 

The bacterial culture (MDH1) was grown in presence or absence of magnesium 

trisilicate (400 mg/L of culture) in a semi-synthetic growth medium which chemically 

enriched with Fe(OH)2(0.1 M), Na2HPO4 (0.6 g/L), Na2CO3 (0.33 g/L), yeast extract (200 

mg/L), and peptone (5 g/L), pH was adjusted to 8.0. From this growth culture,  1 mL of 

culture aliquot containing ∼10
7
 –10

8
 active cells was inoculated in vials containing fresh 

media with (test environment) or without (control environment)magnesium trisilicate and 

incubated at 42 ºC for 6–7 days to get sufficient active bacterial mass. Both the cultures i.e., 

control and test systems were subjected to centrifugation (3000 × g for 10 min at room 

temperature), then the bacterial cell pellet was washed thrice with 0.9% (w/v) sterile sodium 

chloride aqueous solutions and finally with ethanol–DI water solution for geting cell biomass. 

Thereafter, the bacterial cells were collected on mica cover slips and kept in dry condition for 

overnight. The morphology of silica on bacterial cell surfaces was studied (n = 5) by Atomic 

Force Microscopy (AFM). 
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3.8.5. TESTING THE BIOSYNTHESIS OF GOLD NANOPARTICLES BY MDH1 

CELLS AND PROTEINS: 

3.8.5.1. CHARACTERIZATIONS OF GOLD NANOPARTICLES BY MDH1 

BACTERIA AND ITS PROTEINS: 

Nanoparticles are generally characterized by their size, shape, surface area and dispersity. 

With the help of different types of modern instruments GNPs are characterized. 

X-ray diffraction (XRD) 

XRD is a versatile and non-destructive technique which reveals detailed information about 

the chemical composition and crystallographic structure of natural and manufactured 

materials with the machine BRUKER D8 ADVANCE). X-ray powder diffraction (XRPD) 

techniques are used to characterize samples in the form of loose powders or aggregates of 

finely divided material. These techniques cover various investigations, including qualitative 

and quantitative phase identification and analysis, micro identification, determination of 

crystalline, high-temperature studies, lattice-parameter determinations, thin film 

characterization, and also in some cases, crystal structure analysis. The powder method of 

XRD, as it is referred to, is perhaps best known for its use as a phase characterization tool 

partly because it can routinely differentiate between phases having the same chemical 

composition but different crystal structure polymorphous. The diffraction of the beam occurs 

by travelling the distance in a reflected way from successive planes differed by a complete 

number n of wavelengths when a monochromatic X-ray beam with wavelength lambda is 

projected onto a crystalline material at an angle theta. Bragg's Law conditions (2d Sinθ = nλ 

where n = an integer, λ = wavelength in angstroms, d = interatomic spacing in angstroms, θ= 

the diffraction angle in degrees.) in are satisfied by different d-spacing in polycrystalline 

materials. A pattern which is characteristic of the sample is produced by plotting the angular 
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positions and intensities of the resultant diffracted peaks of radiation. The resultant 

diffractogram is formed by addition of the individual patterns where a mixture of different 

phases is present. Powder diffraction is a scientific technique by using X-ray diffraction on 

powder or microcrystalline samples for structural characterization of materials.  The d-

spacing of each peak is then obtained by solution of the Bragg equation for the appropriate 

value of λ. Once all d-spacing have been determined that automated search/match routines 

compare the d-spacing of the unknown to those of known materials. These d-spacing provide 

an identification of the unknown sample because each mineral has a unique set of d-spacing. 

A systematic procedure is used by ordering the d-spacing in terms of beginning of their 

intensity with the most intense peak. Files of d-spacing for hundreds of thousands of 

inorganic compounds are available from the International Centre for Diffraction Data as the 

Powder Diffraction File (PDF). Many other sites contain d-spacing of minerals such as the 

American Mineralogist Crystal Structure Database. Commonly this information is an integral 

portion of the software that comes with the instrumentation. Here in our study the X-ray 

diffraction (XRD) technique offers a convenient way to determine the mineralogical analysis 

of crystalline solids. If a crystalline mineral is exposed to X-rays of a particular wavelength, 

the layers of atoms diffract the rays and produce a pattern of peak which is characteristic of 

the mineral. The horizontal scale (diffraction angle) of a typical XRD pattern gives the crystal 

lattice spacing and the vertical scale gives the intensity of the diffracted ray. When the 

specimen being X-rayed contains more than one mineral the intensity of characteristic peaks 

from the individual minerals, it is proportional to their amount (BRUKER D8 ADVANCE 

instrument in the Physics Department of Jadavpur University, Kolkata, India). The gold 

nanoparticles synthesized solution samples were prepared by the interaction of bacterial cell 

and also its proteins differently. We have found out the GNPs nature about the ranges of 

nanoparticles differently by cell and proteins. 
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SCANING ELECTRON MICROSCOPE (SEM): 

The sample surface as imaged by scanning it with high-energy beam electrons of in a raster 

scan pattern by a microscope known as Scaning Electron microscope The electrons interact 

with the atoms that make up the sample producing signals that contain information about the 

sample's surface topography, composition and other properties such as electrical conductivity. 

This type of signals which are produced by a SEM, include secondary electrons, back-

scattered electrons (BSE), characteristic X-rays, light, specimen current and transmitted 

electrons. The signals are resulted from interactions of the electron beam with atoms at or 

near the surface of the sample. In the most common or standard detection mode, secondary 

electron imaging the SEM can produce very high-resolution images of a sample surface by 

revealing details about less than 1 to 5 nm in size. Due to the very narrow electron beam, 

SEM micrographs have a large depth of field yielding characteristic three-dimensional 

appearances which are useful for understanding the surface structure of a sample. In this 

work, INSPECT F50 SEM (FEI Europe BV, The Netherlands) were used to characterize 

bacterial morphology and micro structural analysis of gold nanoparticles. SEM specimens 

were dried and then coated with gold and next stored in the desiccators prior to examination 

using an INSPECT F50. BSE was often used in analytical SEM along with the spectra made 

from the characteristic X-rays. Because of the intensity of the BSE signal is strongly related 

to the atomic number (Z) of the specimen, BSE images can provide information about the 

distribution of different elements in the sample. For the same reason, BSE imaging can image 

colloidal gold immune-labels of 5 or 10 nm diameter which would otherwise be difficult or 

impossible to detect in secondary electron images in biological specimens. Characteristic of 

X-rays are emitted when the electron beam removes an inner shell electron from the sample 

by causing a higher energy electron to fill the shell and release energy. These characteristics 

of X-rays are used to identify the composition and measure the abundance of elements in the 

sample. 
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THE TRANSMISSION ELECTRON MICROSCOPE (TEM): 

The electron is diffracted in the crystalline specimen when a beam of high velocity electron 

passes through a specimen sample. The wave propagation of electron towards the objective 

lens, which generates diffraction pattern in the back focal plane; this pattern can be described 

as the Fourier transform FΨ(r) of the wave function at the object exit plane Ψ(r). The location 

and size of the objective aperture in the back focal plane determine the beams that contribute 

to the image. In HRTEM a beam of electrons is passed through several apertures and lenses. 

This is then passed through the sample and the image is focused on a phosphor screen. 

Generally the electron beam is much more energetic than the beam used in SEM (100-300 kV 

in HRTEM compared to 1-30 kV in SEM). This is so that the beam may pass through the 

sample. Samples with smaller thickness (< 100 nm) can give good images in HRTEM than in 

SEM. The advantages of HRTEM are easy to measure the particle in size and able to 

determine crystalline form. The useful crystallographic data can be obtained from selected 

area of electron diffraction pattern. 

 The TEM (Model JEM-2100, JEOL, Japan) was used for the characterization and the 

detection of gold nanoparticles synthesis. It has three independent condenser lenses and 

produces the highest probe current for any given probe size which allows improving the 

analytical and diffraction capabilities. The JEM-2100 offers a number of pumping options 

including full dry pumped or Turbo pumped versions for lab environments that do not allow 

for oil based or different types of rotary pumps. The instrument has a confirmed resolution of 

0.1 nm. The resolution attained during the range of measurements is 8–10 Å. Magnification 

in this instrument could be varied from 50 X to 1,500,000 X with accelerating voltage 200 

kV. 
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THE UV–VISIBLE SPECTROPHOTOMETRY: 

The UV-Vis spectrometry (Shimazdu, model UV-1800, Kyoto, Japan from 300-800 nm), is 

the quantitative measurement of the reflection or transmission properties of solutions, 

transparent or opaque solids, such as polished glass, or gases as a function of wavelength. It 

is more specific than the general term electromagnetic spectroscopy in that 

spectrophotometry deals with visible light near-ultraviolet and near-infrared, but does not 

cover time-resolved spectroscopic techniques. Spectrophotometry uses photometers that can 

measure a light beam's intensity as a function of its colour (wavelength) known as 

spectrophotometers. Important features of spectrophotometers are spectral bandwidth, the 

percentage of sample-transmission, the logarithmic range of sample-absorption and 

sometimes a percentage of reflectance measurement.  However they can also be designed to 

measure the diffusivity on any of the listed light ranges that usually cover around 200 nm - 

2500 nm using different controls and calibrations. Within these ranges of light, calibrations 

are needed on the machine using standards that vary in type of depending on the wavelength 

of the photometric determination. An example of experiment in which spectrophotometry is 

used is the determination of equilibrium. A certain chemical reaction within a solution may 

occur in a forward and reverse direction where reactants form products and products break 

down into reactants.  At some point, this chemical reaction will reach at a point of balance 

called an equilibrium point. In order to determine the respective concentrations of reactants 

and products at this point, the light transmittance of the solution can be tested by using 

spectrophotometry. The beam of light that passes through the solution is indicative of the 

concentration of certain chemicals that do not allow light to pass through. The use of 

spectrophotometers spans various scientific fields, such as physics, materials science, 

chemistry, biochemistry, and molecular biology. They are widely used in many industries 

including semiconductors, laser and optical manufacturing, printing and forensic 
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examination, and as well in laboratories for the study of chemical substances. Ultimately, a 

spectrophotometer is able to determine depending on the control or calibration, which 

substances are present in a target and exactly how much through calculations of observed 

wavelengths.  Optical transmittance spectra were recorded with Shimadzu UV-Vis-NIR (UV-

3101-PC) spectrophotometers. The instrument automatically records a graph of absorbance or 

transmittance vs. wavelength within a spectral range of 180-2600 nm with accuracy ± 0.2 nm 

in UV/VIS region and ± 0.8 in NIR region. The unique six-grating system achieves low-noise 

optics with superb 0.1 nm resolution. A PMT detector (photomultiplier tube) for the 

ultraviolet and visible regions and PbS detectors for near infrared region is used for detection 

purpose 

FOURIER TRANSFORMS INFRARED SPECTROSCOPY (FTIR): 

This is an optical instrumental technique to detect the internal structure of a solid, liquid and 

gas. The mechanism of this technique is to obtain an infrared spectrum of absorption or 

emission of a material. With the FTIR spectrometer high spectral resolution data were 

collected over a wide spectral range at the same time. The spectral data were produced and 

those were expressed by Fourier transform process, a mathematical procedure from spectrum 

characteristics to raw data. 

PROCEDURE:  

The gold nanoparticles which have been terminated from gold solution by use of bacteria 

MDH1 and different experimental work with the same bacterial purified proteins. There are 

four types of purified proteins of different concentrations have been used to synthesize GNPs. 

The GNPs were then centrifuged and re dispersed in double distilled water thrice to purify 

them. After then the solid residuals are collected and prepared to FTIR study as it dust form. 

https://en.wikipedia.org/wiki/Infrared
https://en.wikipedia.org/wiki/Electromagnetic_spectrum
https://en.wikipedia.org/wiki/Absorption_(electromagnetic_radiation)
https://en.wikipedia.org/wiki/Emission_(electromagnetic_radiation)
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ZETA POENTIALS: The surface charge of the biosynthesized gold nanoparticles were 

analysed by DLS of Zeta-sizer (Nano ZS- Malvern). 

3.9 PREPARATION OF LEAD NANOPARTICLES BY MDH1 

PROTEINS: 

At first, 0.6 M lead nitrate solution was prepared. MDH crude isolated from the cultured 

medium was added to the lead nitrate solution and a white precipitate was formed. The 

reaction mixture was then incubated for 24 hr. at 65˚C. After that the precipitate was 

centrifuged at 5000 rpm for 10 minutes. Supernatant and precipitate was separatedand the 

precipitate was dried and photographs were taken in FESEM. This is the first hand report and 

the characterization of the lead nanoparticles will be done in due course of time. 

3.10 SOME FACULTATIVE INSTRUMENS HAVE BEEN USED IN THIS WORK: 

 

Transmission Electron Microscope (Model JEM-2100, JEOL, Japan) 
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INSPECT F50 SEM (FEI Europe BV, Netherlands) 

 

 

BRUKER D8 ADVANCE     XRD 
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LYPHOLYZER 

 

 

 

 
  

COLUMN CHROMATOGRAPHY 
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Optical transmittance spectra were recorded with Shimadzu UV-Vis-NIR (UV-

3101-PC) spectrophotometers 
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4. RESULTS 

4.1 INTRODUCTION FOR RESULT OF THE STUDY 

This chapter contains all experimental results which are evaluated and showed in the 

following parts. 

A) Analysis of the crude soil sample: 

Crude soil sample was collected from the virgin Metaldanga hot spring and analysis of 

the sample was done in the laboratory. 

B) Isolation, maintenance and characterization of pure bacterial strain:  

Mixed population culture of bacteria was isolated from the crude soil sample of 

Meteldanga or Metaldanga, Near Mallarpur, Birbhum, West Bengal, India (source 

temperature was 42 ˚C)  hot spring. An enrichment culture of purified bacterial strain (named 

as MDH1) was identified from the mixed population cultures. Growth and maintenance of 

the identified bacterial strain was standardized in the laboratory.    

Phenotype as well as genotype characterization of the isolated bacterial strain from 42 ˚C 

temperature virgin Metaldanga hot spring was characterized and the results thus obtained are 

shown in this section. 

C) Isolation, purification and characterization of a secretary protein(s): 

The isolated bacterial was found to secrete few proteins in the growth medium during the 

growth of the bacterium. One of the proteins having a specific property (synthesis of gold 

nanoparticles) was purified through column chromatographic technique by using Sephadex 

G-100 column material. Molecular weight of the protein was determined by using standard 

protein marker in SDS-PAGE technique. MALDI-MS analysis was employed to determine 

the amino acid sequence of the protein and characterization of the protein was done by using 

Bioinformatics tools.  
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D) Applications of the isolated bacterial strain in various fields: 

The isolated bacterial cells (MDH1) were used to observe its applications in the 

development of Bio-concrete material as well as in the formation of nanoparticles.  

E) Synthesis and characterizations of gold nanoparticles from the bacterium: 

This part consists of the results of microstructure analysis and characterizations of GNPs 

by Scanning Electron Microscope and X-Ray Diffraction, TEM, FTIR etc. 

 

4.2 ANALYSIS OF THE CRUDE SOIL SAMPLE:  

From the Meteldanga hot spring at Mallarpur, Birbhum, West Bengal, of 42 
0
C the water 

sample with mud was collected. The soil sample was found to contain a mixed population of 

bacterial strains with some chemicals or ions. Through some standard laboratory based 

procedures, those elements were analyzed and presented in the Table 1. Figure 1 executed 

the presence of the element in quantity (i.e. mg/L) with respect to the hot spring water 

sample. The toxic material like led was present at a very low quantity. It was also found that 

there were no fluoride elements in the water of Metaldanga hot spring.  

Table 1: Elemental analysis of Metaldanga hot spring soil sample 
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Figure 1: The elements contained in hot water sample 

 

4.3  ISOLATION, MAINTENANCE AND CHARACTERIZATION OF PURE 

BACTERIAL STRAIN: 

The soil sample was inoculated in the semi-synthetic growth medium anaerobically and 

kept the sealed inoculated culture vials at 42  
o
C incubator for several days for the growth of 

the mixed population culture as shown in Figure 2. Pure enrichment culture was obtained 

from the mixed population culture by growing the bacteria in the growth medium after serial 

dilutions of the inoculated culture. The enrichment culture showed one dominant strain 

which was further purified by serial dilution technique and was named by named as MDH1 

bacterial strain. ‘ 

 

Figure 2: Bacterial culture vials showing bacterial growth. 
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4.4 MORPHOLOGY STUDY OF THE ISOLATED STRAIN:  

 

4.4.1 DETERMINED BY SCANNING ELECTRON MICROSCOPE (SEM):  

 

Figures 3A and 3Bshowed the scanning electron microscopic views at two different 

magnifications of pure strain of bacterium MDH1 isolated from 42 ˚C temperature hot spring 

sources. It was observed that bacterium was coccoid shaped. The dimension of the bacterium 

was 2 – 3 nm in diameter.  

 

Figure 3A: SEM micrograph of MDH1 

 

 

Figure 3B: SEM micrograph of MDH1 
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4.5 GRAM STAINING STUDY OF THE ISOLATED BACTERIUM: In the Gram staining 

experiment it was found that the bacterium reserved the colour of secondary stain (Safranin) 

and its resulting colour was pink. Figure 4 showed the Gram-negative nature of the 

bacterium. 

 

Figure 4: Gram staining photo micrograph of bacterium MDH1 

4.6 GROWTH KINETICS OF THE ISOLATERD BACTERIUM: 

The rate of bacterial growth was measured by noting the optical densities of bacteria 

cultured medium (three readings for each category of sample) at 540 nm at different interval 

of days up to 22 days starting from the days of inoculation. The optical densities (with ± S.D) 

were plotted against the days of incubation (Figure 5). A sigmoid growth curve was thus 

produced (Fig. 5) which showed that the highest bacterial cells density was reached at 8 -10 

days of incubation at 42 ˚ . Statistical analysis was done by ANOVA and all values were 

significant at P<0.05, where N = 3.  
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Figure 5: Growth curve of bacterium at different days of incubation (N= 3) 

4.7 EFFECT OF pH ON BACTERIAL GROWTH: 

The bacterial growth rates at different pH (from pH 5 to 12) were determined by 

measuring the optical densities (three readings for each category of sample) at 540 nm. The 

values of optical density (with ± S.D) were plotted against its corresponding pH value 

(Figure 6). It was noted that the maximum bacterial population density was reached at 8
th

 

day of incubation. It also showed that the maximum growth of the bacterium was occurred at 

pH 0.8 though the bacterium could remain alive over a wide pH ranges (pH 6 to 12). 

Statistical analysis was done by ANOVA and all values were significant at P<0.05, where N 

= 3. 

 

Figure 6: Bacterial growth curve at different pH (N= 3) 
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4.8 OD vs. CELL COUNT CURVE:  

Considering pH 8.0 and 42 ˚ as the maximum growth conditions of the isolated MDH1 

bacterial strain, the bacterial strain was grown in the medium with the optimum conditions. 

The optical densities of different bacterial cell concentrations were noted at 540 nm by using 

UV–visible spectrophotometer (UV-3101PC, Shimadzu)and the measured ODs were then 

used to determine a standard curve by plotting cell numbers versus their ODs (Figure 7).  

 

Figure 7: OD vs. Cell count curve 

 

 

4.9 PHYLOGENETIC STUDY: 

Genomic DNA was isolated from the MDH1 bacterial strain in which the ~1.5Kb DNA 

fragment was amplified using high–fidelity PCR polymerase (Figure 8).  
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Figure 8: Lane 1 – Genomic DNA of MDH1 

Lane 2 – 1.5 kb Fragment 

                                                      Lane 3 – Marker DNA 

 

The PCR product was cloned at Not I site in pBS vector. Positive clones were screened 

by colony PCR. Further clones were screened for difference in pattern by digestion with a 4 

base cutter. The clones were sequenced bi-directionally using the forward and reverse primer 

as shown in Figure 9. 

The sequence data was aligned and analyzed to identify the bacteria and its closest 

neighbours. Phylogenetic analysis of the partial 16 S-rRNA gene sequence (1421 

nucleotides; Gen Bank accession number KT600031) clearly shows that the isolated 

MDH1 bacterial strain is affiliated with the family ‘Pseudomonadaceae’ and closest 

similarity (99%)with Pseudomonasputida H8234 (Figure 10). 
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Figure 9: Partial 16 S-rRNA gene sequence 

 

 
Figure10: Phylogenetic tree of MDH1 bacterium 
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4.10 ISOLATION, PURIFICATION AND CHARACTERIZATION OF SECRETARY 

PROTEIN(S): 

At first, proteins secreted by the bacterium MDH1 was isolated by centrifuging the well 

grown bacterial cultured medium and thereby discarding the bacterial cells precipitate from 

the supernatant. The supernatant (100 ml) was then concentrated by lyophilization (2 ml). A 

200 µl lyophilized supernatant which contained secretary protein was then loaded in 

Sephadex G-100 column and eluted in different fractions (1 ml) for getting the separation of 

different proteins. The optical densities of the eluted fractions were measured at 280 nm and 

plotted against their respective fractions (Figure 11). Fractions 67 to 69 show maximum OD 

which were pooled and concentrated to 1 ml by lyophilization procedure. This pooled 

fraction was used for further studies. 

 

 

Figure 11: Elution profile of secretary proteins 
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4.10.1 DETERMINATION OF PROTEIN CONCENTRATION BY LOWRY 

METHOD: 

The concentration of protein was determined by Lowry Assay. At first, Standard graph of 

BSA (Figure 12) was prepared. The isolated protein concentration was measured by 

comparing the corresponding OD with the standard curve. Table 2 shows the different 

concentration of BSA used for the preparation of standard curve.  

Table 2 – Concentration of BSA used for calibration curve 

Amount of BSA (μg) Optical density (660 nm) 

5 0.055 

10 0.112 

20 0.209 

50 0.534 

100 1.007 

 

 

 

Figure 12: Standard graph of BSA 
 

The concentration of the pooled protein fraction (67 to 69) was determined by Lowry 

assay which is shown in Table 3.Concentration of protein after first step purification was 

determined as 0.43 μg/μl, by using the standard BSA graph. 
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Table 3 – Determination of pooled protein concentration after column purification 

Samples used 

(μl) 

Optical 

density 

Amount of BSA from 

Std. graph (μg) 

Concentration

(μg/μl) 

AverageConce

ntration(μg/μl) 

10 0.049 5 0.5 

0.43 

20 0.086 8 0.40 

30 0.151 13 0.43 

40 0.173 17 0.425 

50 0.221 21 0.42 

60 0.266 26 0.433 

70 0.311 30 0.428 

 

4.10.2 MOLECULAR WEIGHT DETERMINATION BY SDS-PAGE: 

Molecular weight of the purified pooled protein was determined by SDS-PAGE (12%) 

analysis. Figure 13 showed that the molecular weight of the purified protein was 

approximately 30-kDa and active as a monomer.  

 

Figure 13: Determination of molecular weight of the protein by SDS-PAGE 

 

4.10.3 MASS SPECROMETRY ANALYSIS OF PURIFIED PROTEIN 

Analysis of MALDI-MS data assembled with MASCOT database revealed that the 

partial sequence of the isolated protein (136 AA) had 43% sequence homology with 

Pseudomonas chlororaphis (Figure 14). 
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Figure 14: Partial sequence of the isolated protein by MALDI-MS 

 

4.11 APPLICATIONS OF THE ISOLATED BACTERIAL STRAIN IN VARIOUS 

FIELDS: 

4.11.1 MEASUREMENT OF COMPRESSIVE STRENGTH OF THE BACTERIA 

AMENDED MORTAR SAMPLES:  

 The compressive strength of mortar samples incorporated with the bacterium MDH1 and 

cured in air was measured in compressive strength testing machine (Figure 15). The 

compressive strength of the mortar samples amended with BKH1 and BKH2 bacteria cells 

also measure to compare the effect of MDH1 with the other bacteria on mortar samples.  

 

Figure 15: Compressive strength of different bacteria amended mortar samples. 
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It was noted that there was no significant improvement of compressive strength of the 

MDH1 bacterium amended mortar samples compared to the BKH1 and BKH2 bacteria 

amended mortar samples. 

Ultrasonic pulse velocity of mortar in normal water curing: 

The ultrasonic pulse velocity of mortar samples incorporated with the bacterium MDH1 

and cured in water was measured in UPV testing machine (Table 4). The UPV of the mortar 

samples amended with BKH1 and BKH2 bacteria cells also measured to compare the effect 

of MDH1 with the other bacteria on mortar samples. 

Table 4 – UPV of different bacteria amended mortar samples 
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Nil 20.49 

±0.10 

3.446 19.64 

±0.12 

3.595 17.90 

±0.06 

3.944 

BKH1
 

20.08 

±0.08 

3.516 19.15 

±0.04 

3.687 17.64 

±0.02 

4.002 

BKH2
 

20.24 

±0.04 

3.488 19.18 

±0.03 

3.681 17.78 

±0.05 

3.971 

MDH1
 

20.19 

±0.05 

3.497 19.35 

±0.07 

3.649 17.85 

±0.03 

3.955 

 

               Data are given mean ± S.D., S.D. implies the standard deviation N = 5 

 

4.11.2 SYNTHESIS OF NANOPARTICLES BY MDH1 BACTERIAL CELLS AND 

ITS SECRETARY PROTEIN 

The bacterium MDH1 and its sectary proteins both failed to produce silica nanoparticles 

as the bacterium did not show any biosilicification activity as seen in bacteria BKH1 and 

BKH2. 



Results 

70 

The bacterium MDH1 and one of it sectary protein showed the positive activity on 

synthesis of gold nanoparticles (GNPs). At first, by visual inspection of the reaction mixture 

in presence of MDH1 bacterium, it was observed that the colour of the mixture changed from 

golden yellowish to ruby red (Figure 16). The control Chloroauric acid (AuHCl4) showed no 

change in colour.  

 

Figure 16: Synthesis of gold nanoparticles 

The change of colour indicated the synthesis of GNPs within the reaction medium. The 

formation of GNPs was confirmed by the characteristics absorption spectrum (peak at 523 

nm) of the synthesized nanoparticles detected by spectrophotometer (Figure 17).  

One of the proteins secreted by the MDH1 bacterium also showed similar activity of 

GNPs synthesis as the protein could act as a template to synthesis silica nanoparticles. 
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Figure 17: Characteristic absorption spectrum of GNPs 

The morphology of the MDH1 bacterium assisted gold nanoparticles was mostly 

spherical but a few large particles with different shapes such as triangles and quasi-hexagons 

also observed from FESEM (Figure 18A) and TEM (inset of Figure 18A and Figure 18B) 

images. From the detection of TEM images it was measured the average particle size of the 

synthesized gold nanoparticles are about 12 ± 3 nm (n = 100; excluding the large particles).  

 

Figure 18A: FESEM image of GNPs (TEM image in inset) as prepared by MDH1 bacterial 

cells 
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Figure 18B: TEM image of GNPs as prepared with a purified secretary protein 

Zeta potential 

Average charge of the synthesized particles was found to be negative as confirmed by 

zeta potential measurement (Figure 19). The negative charges of the synthesized gold 

nanoparticles indicated the higher stability of the particles. 

 

Figure 19: Zeta potential of GNPs 
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X-ray Diffraction study of the GNPs 

The crystal structure and phase composition of the as-prepared GNPs were analyzed by 

XRD (Figure 20). Three prominent peaks were observed in the diffraction pattern, 

corresponding to the (111), (200) and (220) Bragg reflections of face-centered cubic gold. 

This clearly indicates that the formation of gold nanoparticles by using a bacterial cells as 

template. This morphology of synthesized gold nanoparticles as obtained from FESEM or 

TEM analysis is consistent with that of XRD measurements. 

 

Figure 20: XRD spectrum of GNPs 

FTIR analysis of GNPs 

FTIR spectrum of synthesized GNPs showed the presence of characteristic bands for 

several functional groups (Figure21). The presence of phenolic groups by C-C=C symmetric 

stretch (1590 cm
−1

) and C-C=C asymmetric stretch (1470 cm
−1

) along with aromatic group 

by C-H band (1590 and 2848 cm
−1

) were observed in the IR spectrum. Presence of aromatic 
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amines (C6H5NH2) and aliphatic amines (R-NH2) were confirmed by 1118 cm
−1

 and 1390 

cm
−1

 bands. IR band at 1040 cm
−1

 supported the presence of carbonyl (>C=O) groups of 

carboxylic acids. IR band for metallic gold was observed near 500 cm
−1

. A band was 

observed near 3500 cm
−1

 due to O-H stretching of water molecules and a sharp band near 

2310 cm
−1 

was observed due to presence of CO2. Compounds with free carboxylic acid group 

(-COOH) or amino group (NH2) were attached to gold surface during GNPs synthesis. 

Compounds with free hydroxyl and amino group (-OH, -NH2) can donate their electron to 

Au
3+

 ions to form Au
0
 and carboxylic and amino moiety can bind to Au

0
 to stabilize GNPs. 

 

Figure 21: FTIR study of GNPs 

 

4.11. 2.1 IDENTIFICATION OF THE SECRETARY PROTEIN RESPONSIBLE TO 

SYNTHESIZE GOLD NANOPARTICLES  

One of the purified proteins from the supernatant of MDH1cultured medium was seen to 

synthesize gold nanoparticles. The protein was sequenced partially by MALDI-MS 

instrument. The protein was mixed to the Chloroauric acid (AuHCl4) solution and incubated 

for some time, gold nanoparticles were formed. The FESEM pictures of the synthesized 

GNPs were shown in the Figure 22.  
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Figure 22: FESEM image of GNPs by Protein 
 

 

4.11.3 IDENTIFICATION OF THE SECRETARY PROTEIN RESPONSIBLE TO 

SYNTHESIZE LEAD NANOPARTICLES 

 

The bacterium MDH1 or its secretary crude proteins were found to produce lead 

nanoparticles. Lead nanoparticles were formed by using 0.6 M lead nitrate solution and 

MDH1crude protein was added to the lead nitrate solution (Figure 23A and 23B). 

 

Figure 23: Nanoparticles of lead by Protein  
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5. DISCUSSION 

The special properties and functions of biomineralization of thermophilic bacteria 

particularly of hot spring bacteria inspire the scientists for innovation of various novel 

material like high performance composites for new construction materials, new 

microelectronic, optoelectronic and catalytic devices, chemical-biological sensors (Bright, 

1994), energy transducers, „smart‟ medical implants (Newnham, 1997), faster and higher 

capacity „Biochips‟ (Kozak et al., 1997; Travis, 1997) etc. so many things. Biologically 

induced mineralization is naturally involved with the various bacterial metabolic activities 

leading to the complete encrustation of organism, sink subsequently and form sediments 

(Weiner et al., 2003). Hot springs are the hot spots of various novel thermophilic microbial 

mats throughout the world. These microbes sometimes possess many unique attributes that 

may develop new research aspects in biotechnological area. Such thermophilic microbes have 

important contributions in the development of various innovative technologies. 

The hot spring at Metaldanga (Metaldanga, Birbhum, West Bengal, India) is one of the 

virgin hot springs whose microbial consortium is completely in dark. Several bacterial strains 

may exist within the Metaldanga hot spring and they may be used to develop various „smart‟ 

materials as previously do by the bacteria isolated from Bakreshwar hot springs. The present 

investigation thus was an attempt to explore the microbial diversity of the virgin Metaldanga 

hot spring for various beneficial applications in biotechnological industries.  

The soil sample analysis confirmed that the Metaldanga hot spring water contained a 

mixed population of bacterial strains and some chemicals or ions. Table 1 shows that there 

are adequate amount of Calcium (7.7 mg/L), Sodium (saturated) and potassium (6.4 mg/L) 

ions along with substantial amount of magnesium and silica present in the hot spring water. 

Other elements like Strontium, Barium, Boron and Lead etc. are present in trace amount (as 
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depicted in Figure 1).  It was also found that there were no fluoride elements in the water of 

Metaldanga hot spring. Presence of those elements may help different microbial communities 

to grow in the hot spring water. 

Several bacterial strains having various morphologies were viewed from experimental 

observations of the soil sample. Microbial population present in the soil sample when 

inoculated in the semi-synthetic growth medium of anaerobic pressure vials and incubated the 

culture vials at 42 
o
C incubator for several days, growth of the mixed population culture was 

observed inside the vials as seen in Figure 2. An enrichment culture was obtained from the 

mixed population of culture by growing the population several times in the growth medium 

by using the technique of serial dilutions. The enrichment culture showed one dominant 

bacterial strain (named as MDH1) which was purified further by serial dilution technique. 

The isolated bacterial strain was maintained in the laboratory for its further characterization 

and uses.  

Characterization of the bacterium MDH1 was basically divided in to two parts, 

phenotypic characterization as well as genotype characterization. A phenotype is the 

observable characteristic or trait of an organism that results from the expression of               

different genes of the organism as well as the impact of various environmental factors 

including the possible interactions between these two. Whereas, the inherited                      

instructions carries within its genetic code is called the genotype of an organism 

(https://en.wikipedia.org/wiki/Phenotype). The genotype is the descriptor of the sets 

of physical DNA molecules present in the genome which are inherited from the parental 

genes. Therefore, for understanding of heredity and the development of any organism, 

characterizations of phenotype and genotype are very much essential and most fundamental 

studies. In this dissertation work, the phenotypic characterization of the isolated bacterium 

https://en.wikipedia.org/wiki/Phenotype
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MDH1 included the morphological study, Gram staining study, cell counting, growth pattern, 

growth parameters (pH and temperature) etc. The genotypic characterization involved the 

sequencing and analysis of partial DNA sequence and use the sequence alignments search 

from the phylogenetically tree of life.  

The isolated MDH1 bacterium strain has been maintained by sub-culturing the bacterium 

in the specific semi-synthetic growth medium. The isolated bacterium was found to be a 

facultative anaerobic and thermophilic in nature because the bacterium grew well and 

multiplyin anaerobic condition but survive in presence of oxygenated growth medium. The 

growth pattern of the MDH1 bacterial strain was seen as usual sigmoid nature. The 

exponential phase for the growth of  the  isolated strain was observed within 4 to 10 days of 

incubation which reflected that the bacterium  reproduced maximally and increased in 

multiple numbers. The maximum growth of the bacterium was occurred around 8 – 10 days 

of incubation (Figure 2) which implied that the growth rate of the isolated strain was very 

slow. After 10 days of incubation, the growth of the bacterium attained stationary phase. 

From the Figure 2, it is clear that the bacterial death phase occurs after 15 days of incubation. 

It implies that the isolated MDH1 bacterial life cycle is quite long and the bacteria remains 

alive within the growth medium almost up to 20 days. The scanning electron microscopic 

views of the isolated bacterial morphology clearly showed that the bacterium was coccoid 

shaped (Figures 3A and 3B).The dimension of the bacterium as determined from SEM image 

was 2 – 3 nm in diameter.  

The bacterial growth kinetics on pH variation and temperature variation suggested that 

the optimum growth pH of the medium for the isolated bacterial strain was pH 8 (Figure 5) 

and the optimum  temperature of the strain was at 42 
o
C (Figure 6) respectively under an 

anaerobic environment. This implies that the bacterium is mildly alkaliphilic as well as 

thermophilic by nature. The Gram staining of the bacterium MDH1 showed that the 
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bacterium was Gram negative by nature. The identified strain does not cause any harm while 

handling and culturing process and thus the strain is completely eco-friendly. Bacterial cell 

counting was determined by hemocytometric counter and a standard curve of optical density 

at 540 nm vs. cell concentrations was drawn. By using the standard curve, the cell 

concentration of any bacterial grown culture can be estimated at any stage by noting the 

optical density at 540 nm of that culture. 

Genotypic characterization was performed by analyzing the partially 16S –rRNA gene 

sequence of the MDH1 bacterial strain. According to Charles Darwin (1859), the original 

cell might have used RNA as its genetic material. Therefore, based on rRNA gene sequence, 

the idea of a “tree of life” or “evolutionary tree” from ancient notions of a ladder like 

progression from lower to higher forms of life was evolved. An evolutionary tree, also called 

a phylogenetic tree is a tree showing the evolutionary relationships among various biological 

species or other entities that are believed to have a common ancestor. The partial sequence 

data of 16S-rRNA gene sequences (1421 nucleotides) was aligned and analyzed to identify 

the bacterial position in the tree and its closest neighbours. The phylogenetic analysis of the 

isolated MDH1 bacterial strainwas seen to affiliate with the family „Pseudomonadaceae‟ and 

had the closest similarity (99%)with Pseudomonasputida H8234 as seen from Figure 10. The 

analyzed result was submitted to the Gen Bank to get the accession number as KT600031. 

Previous studies (Banfield and Zhang, 2001; Bauerlein, 2003) have already confirmed 

that bio-mineralization is a significant phenomenon for anaerobic bacteria as those bacteria 

use sulphate and/or various metals including iron as terminal electron acceptors in electron 

transport chain during the anaerobic respiration. The metabolic product e.g., reduced metal 

ions and sulphidesions produced by these bacteria are reactive and participate in subsequent 

mineral formation. In many cases, the organisms secrete one or more metabolic products or 

some enzymes that react with ions or compounds in the environment resulting in the 
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subsequent deposition of mineral particles. Ramakrishnan et al. (2005) similarly reported 

the involvement of an enzyme “Urease” which controlled the whole reaction of calcite 

precipitation. They also showed that Bacillus pasteurii, a soil microorganism produced 

intracellular urease that played a crucial role in microbiologically induced mineral 

precipitation. B. pasteurii produces  urease as a part of  metabolism which catalyzes urea to 

produce CO2 and ammonia which  ultimately helpes   to form CaCO3. This calcite formation 

increases the overall compressive strength of concrete (Bang et al., 2005). Researchers 

(Ghosh et al., 2005; Ghosh et al., 2009; Biswas et al., 2010, Sarkar et al., 2014, 2015) 

from our laboratory have already established that hot spring bacteria (BKH1 and BKH2) 

secrete a novel protein (Bioremediase/ Bioremediase like) in the growth medium which can 

leach silica from silicate compounds and that silica reacting with the different components of 

cement forms a new phase “calcium-aluminium-silicate (Gehlenite)” inside the concrete 

matrices. This new phase increases the compressive strength and durability of the 

concrete/mortar samples. 

In my work, it was observed that the bacterium MDH1 possessed similar type of metal 

reducing activity. It can form gold nanoparticles as well as lead nanoparticles. The 

corresponding protein secreted by bacterium MDH1 and responsible for such reduction of 

gold ions  was  isolated from the bacterium grown cultured medium by using Sephadex G-

100 column chromatographic technique (Figure 11). The column purified fraction was 

concentrated and run in SDS-PAGE for determination the molecular weight. The molecular 

weight of the desired protein as seen from SDS-PAGE photomicrograph was 30 kDa 

(approximately). From MALDI-MS analysis, 136 amino acids sequence of the desired 

protein was determined based on the MASCOT database (Figure 14). This analysis showed 

that the protein was 43% homologous in amino acids sequence with the Pseudomonas 

chlororaphis. The bold red colour shows the matched portion with the riboflavin kinase/ 
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adenylyltransferase of Pseudomonas chlororaphis. This is a partially characterization of the 

desired protein isolated from MDH1 bacterium grown culture medium.  

The applications of bacterium MDH1 and its one of the proteins in the development of 

bio-concrete materials have been studied. The experimental results showed that there was no 

significant improvement of compressive strength of the MDH1 bacterium amended mortar 

samples compared to the BKH1 and BKH2 bacteria amended mortar samples. Only 5 – 10% 

strength improvement was noted in the MDH1 incorporated mortar samples which was 

insignificant (Figure 15). Similar result also noticed when ultrasonic pulse velocity was 

measured in MDH1 incorporated mortar sample (Table 4). Previous works have shown that 

two hot spring bacteria isolated from Bakreshwar, West Bengal are able to increase the 

compressive strength of concrete material when incorporated to the concrete mixture (Ghosh 

et al., 2005;  Ghosh et al., 2009; Biswas et al., 2010, ; Majumdar et al., 2012; Sarkar et 

al., 2014 & 2015).  These bacteria BKH1 and BKH2 are found to secrete a protein 

(Bioremediase; UniProt Knowledgebase under the accession no.: P86277) which 

possesses biosilicification activity (Biswas et al., 2010). The protein can act as a template to 

synthesis silica nanoparticles (Chowdhury et al., 2015). The experimental outcomes of my 

study clearly indicate that the bacterium MDH1 is not suitable to use for bio-concrete 

materials. Also the bioremediase protein is not secreted by the bacterium MDH1 as observed 

in BKH1 and BKH2 bacteria. Also, neither the bacterium MDH1 nor its any secretary protein 

was able to synthesis silica nanoparticles as does by bioremediase protein. 

The bacterium MDH1 and one of its secretary proteins was seen to act as a temple for 

the production of gold  nanoparticles. The bio-precipitation  of GNPs was easily observed by 

visual inspection of the bacterium cells incorporated reaction mixture (which turned from 

yellowish to ruby-red colour in presence of MDH1 bacterium at 6 h of incubation (Figure 

16). The change of colour indicated the synthesis of GNPs within the reaction medium. The 
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characteristics absorption spectrum of the synthesized nanoparticles recorded by 

spectrophotometer (Figure 17) was a clear evidence of gold nanoparticles synthesis where 

absorption maximum of GNPs was appeared at 523 nm as reported earlier (Chauhan et al., 

2011). 

The morphology of the bio-assisted gold nanoparticles are mostly spherical but a few 

large particles with different shapes such as triangles and quasi-hexagons also observed from 

FESEM (Figure 18A) and TEM (inset of Figure 18A and Figure 18B) images. The average 

particle size of the synthesized gold nanoparticles were about 12 ± 3 nm (n = 100; excluding 

the large particles).Average charge of the synthesized particles was found to be negative (- 30 

mV) in neutral pH environment as confirmed by zeta potential measurement (Figure 19). 

The negative charges of the synthesized gold nanoparticles indicated the higher stability of 

the particles. It was also indicated that the negative nature of Zeta potential prevents from 

agglomeration of gold nanoparticles and promotes stable dispersion. 

The crystal structure and phase composition of the as-prepared product were analyzed by 

XRD (Figure 20). Three prominent peaks were observed in the diffraction pattern, 

corresponding to the (111), (200) and (220) Bragg reflections of face-centered cubic gold. 

This clearly indicated the formation of gold nanoparticles by using bacterial cells as template. 

This morphology of synthesized gold nanoparticles as obtained from FESEM or TEM 

analysis was consistent with that of XRD measurements. 

FTIR spectrum of synthesized GNPs showed the presence of characteristic bands for 

several functional groups (Figure 21). The presence of phenolic groups by C-C=C symmetric 

stretch (1590 cm
−1

) and C-C=C asymmetric stretch (1470 cm
−1

) along with aromatic group 

by C-H band (1590and 2848 cm
−1

) were observed in the IR spectrum. Presence of aromatic 

amines (-C6H5NH2) and aliphatic amines (R-NH2) were confirmed by 1118 cm
−1

 and 1390 
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cm
−1

 bands. IR band at 1040 cm
−1

 supported the presence of carbonyl (>C=O) groups of 

carboxylic acids. IR band for metallic gold was observed near 500 cm
−1

. A band was 

observed near 3500 cm
−1

 due to O-H stretching of water molecules and a sharp band near 

2310 cm
−1

was observed due to presence of CO2. Compounds with free carboxylic acid group 

(-COOH) or amino group (-NH2) were attached to gold surface during GNPs 

synthesis.Compounds with free hydroxyl and amino group (-OH, -NH2) can donate their 

electron to Au
3+

 ions to form Au
0
 and carboxylic and amino moiety can bind to Au

0
 to 

stabilize GNPs. 

One of the secretary proteins isolated from the MDH1 bacterium grown culture medium 

having molecular weight about 30 kDa was seen to produce gold nanoparticles (Figure 22). 

The average size of the gold nanoparticles as measured from FESEM image was about 12 ± 3 

nm which was again in agreement with the dimension of nanoparticles produced by the 

bacterial cells template. This implied that the bacterium BKH1 secreted a specific sectary 

protein which played the key role in the formation of gold nanoparticles from gold chloride 

salt solution. This protein was partially characterized as discussed earlier. The bacterium 

MDH1 also possessed other protein(s) which may have similar reducing activity due to which 

nanoparticles of lead oxide (Figure 23) were formed as evident from my preliminary 

experimental result. This was supported by the experiment in which nanoparticles of lead 

oxide were observed when the bacterial crude protein was mixed with the lead nitrate 

solution and incubated for 60 min. If the bacterium MDH1 can leach lead nanoparticles from 

any lead compound, this will certainly be an interesting and encouraging phenomenon as the 

bacterium or its secretary corresponding protein can be used to reduce lead contamination 

from the environment. The work on lead nanoparticles and its characterization is on progress 

and will be reported elsewhere. 
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6. CONCLUSION 

Hot springs are the hot spot of many novel thermophilic microbial mats throughout the 

world. Most of these microbes possess beneficial unique properties which may have immense 

applications in different biotechnological fields. Such thermophilic microbes have important 

contribution in the development of many modern technologies. One of such novel anaerobic 

MDH1 strain was isolated from the virgin hot spring of Metaldanga, Birbhum, West Bengal, 

India which shares 99% homology with the family ‘Pseudomonadaceae’ and closest 

similarity of Pseudomonasputida H8234 (Gen Bank accession no. KT600031). The 

bacterium MDH1 secretes few proteins in their growth medium. One of these proteins is 

responsible to act as a template for synthesis of gold nanoparticles due to its gold leaching 

activity. There are other proteins present within the bacterial cell wall which have lead 

property also.  

On the basis of my present experimental findings, the following conclusions of my 

work are made: 

1. A novel bacterium MDH1 has been isolated from Metaldanga hot spring. 

2. The bacterium MDH1 is a Gram negative, facultative anaerobe, meso-thermophilic 

and coccoid in nature. 

3. It grows well at pH 8.0 and temperature 42 
o
C. 

4. The formation of GNPs via a simple biocompatible bacterial template designates 

an eco-friendly green cost effective methodology in which spherical and smaller 

(12 nm) and stable nanoparticle size can be obtained.  

5. The corresponding protein (Molecular weight 30 kDa approximately) responsible 

for gold nanoparticles synthesis has been isolated and partially characterized. 

6. The bacterium also shows lead reducing property. 

It is therefore concluded that isolation and characterization of a novel bacteria from 

Metaldanga has been made which might have potential biotechnological applications in 

various fields. 
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7. LIMITATION OF THE WORK 

 One practical limitation of the present research work is to study the bacterial 

growth is that the bacterium forms clump during the growth in the culture 

medium which restricts to count the accurate cells numbers. 

 Partial characterization of protein has been made in this work. Further 

characterization is needed to know the structural and functional properties of 

the protein for future study. 

 Analysis of the complete sequence of the protein could not be achieved due to 

lack of funding and proper equipment. 

 Characterization of the lead nanoparticles and the protein responsible for such 

synthesis is to be extensively investigated. This could not be done due to short 

time frame. 
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8. FUTURE SCOPE OF THE WORK 

 Full length sequencing of the protein responsible for gold nanoparticles 

synthesis is necessary to characterize the protein such that the protein can be 

used in gold nanoparticles synthesis. 

 Full length sequencing of the protein responsible for lead nanoparticles 

synthesis is necessary to characterize the protein such that the protein can be 

used to remove lead contaminations from the environment. 

 By identifying the gene against the useful protein present within the MDH1 

bacterial strain, cloning can be done by using suitable vector. Once clone will 

be possible, then by inserting the cloned gene in the appropriate 

microorganism, large scale production of the protein can be made for various 

biotechnological applications. 
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