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ABSTRACT 
Polyclonal anti sera aga inst whole cells of locally isolated acidophilic bacterial isolates i.e 

(HC-AF2) , (KC-AT2) , and Sulfobacillus thermosuljidooxidans strains (MT13, TH l ) used 

in coa l heap biodesulfuri zation process were successfully raised in rabbits. Among these 

bacteria , KC-A T2 was observed to be highly immunogenic while TH l was least 

immunogeni c. The specificity of each of the developed polyclonal antisera was 

determined against many other acidophilic isolates (TF9, TF lO, MT9, MTIO, MT16, 

MT17) by the serological tests including agglutination reaction, fluorescent antibody 

labeling reaction and enzyme linked immunosorbent assay (ELISA). The po lyclonal 

anti sera against mesophilic isolates HC-AF2 and KC-AT2 were fo und to be more specific 

as they exhibited no cross reactivity with other mesophilic and moderate thermophi lic 

acidophilic isolates. While polyclonal antisera developed for THI and MT13 strains 

showed cross reactivity against other isolates (MT9, MT IO, MT16, MT17) of the same 

species. Populat ion of these bacteria in coal heap set for biodesulfurizat ion was 

determined by quantitative ELISA, which indicated that moderate thermophiles were 

dominated bacteria in leach liquor while in heap both mesophiles and moderate 

thermophiles were detected. PCR amplification of 16S rDNA of genomic DNA from I-IC­

AF2 and KC-AT2 ind icated that they belong to At. ferrooxidans (98%) and At. 

thiooxidans (95%), respectively. A phylogenetic tree of these bacteria was constructed 

by aligning 16S rDNA sequences of other acidophilic bacteri a obtained from NCBI 

database using various softwares available at our laboratory. Integron linked genes were 

ampl ified in these bacteria using integron specific primers HS286 and HS287. Two types 

of DNA bands of approximately 396 bp and 220 bp were obtained in case of both , the 

HC-AF2 and moderate thermophiles. Similarly in case of mixed culture the bands of 

same size were obtained. However, in case of pure KC-AT2 no amplifi cation procluc, 

was observed after agarose gel electrophoresis with the same set of pri mers . .: .. 

VI 





CHAPTER J 

l.NiIIODUCiIO.N 

T\\a ciec'ldes ago coal looked like a fuel without fUlure . Petroleum and gas were 

chc<l p and abLI11t1ant and nuclea r power was go ing to electri fy the \\urlcl. In recent ye<l rs, 

hO\\t!ver. lhe pit.:lUre has changed almost beyond recogni tion. The fuel tha t fired the 

induslrial revolution has been experiencing a revolul ion of its own. and has been restored 

to preponderanc\,;, 

ivlqjor problem assoc i ~lted with di rect ut ilization or coal is its su lfur contents that 

are rrom fraction 10 mure than! 0%. The burning or this coal 011 ;,111 open lire or in any 

trad itional w<Iy. ilcc.:ordingly produce sui rur dioxide and trioxide <IS well as carbon 

dioxid\,.'. If these uXldes of su iI'm are rc h:ased info the envi ronment. the) combine \\ilh 

\\iller W b(,:COll1\.· 'ulfurolls and stdrllric ac ids and sulfn!!.!s. which ~l rc corrosive to 

slnlctlln.!, and potcntial I) pcrnic ions t(l I hi III.! orgllnisms. I ht: (Clw,I\' .. 11 of su I I'ur fru IH Coa I 

bellllt! cOl1lnustioll is an aUractlve t:: mission control ~lr'Ht::gy. Various physical, chemical 

and biolngic[tl methods h:we been de\'eloped for pre-combustion desulfurizmion of' coal 

(Wheelock, (977). Among tbcse processes, biocatalytic dcsul furizatioll of conI has been 

given im:n:asi..ng attenti()l1 in the reccllI ye~l rs due to lower capital nncl operational cost. 

dcsulf'urizatiol1 "ilhoUl any 10:)5 or coa l. operating at relat ively low Ll!l1lpC ratlires, and is 

therefort: less energy illccnlivc Il1 n11 chemical processes (Kargi and Robinson. 1985). The 

key component l)f biocatalytic dcslIlfuriza tioll is microbia l popUlation which cn rri c.s OLi I 

these procl'SSCS. rhcrd~)I'c. the observa tion ,md measurement or bnctcri,tI POpulC11ion is or 

major interest lO unde rstnnd and comrol the rate o r dcsu lfllrizatiol1. But llnf(mUllalcly 

there <In: no spt.!ci fic methods present for monitoring bacterial profile during these 

proccs:o;e:-;. Present study wns cmried ou! to develop serological mel hods for monitoring 

!>pt:cili .:: hm:ttl'ia l "I)(·.::i(:$ during coal hC<1p biodesulrurization process. Serological 

merhods ~\I\' i.Juid~ .• H:curat(: :1I1d rdati\c1) less labor intcnsi\\:!. These method::; emplo)' 
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antibodies that react with components located on the surface of the pathogen e.g. capsid 

protein, or cell wall or flagellar antigens. Such assays will determine the presence and 

quantity of these antigens. Among various serological methods, enzyme linked 

immunosorbcnt assay (ELISA) is well suited for monitoring large number of samples and 

the quantitative results can eas ily be obtained by comparisons against known 

concentrations of controls. 

1.1 STRUCTURE OF COAL 

Coal is a compact, stratified mass of fossilized plant debris interspersed with 

small er amounts of inorganic matter and covered by sedimentary rocks. Genesis of coal 

involved decayed plant materials , which by microbial action, under the influence of heat 

and pressure over a prolonged period of time resulted into coal formation (Hessley ef al., 

1986). Coal being of fossil origin, is not a homogeneous substance . The coal molecule 

has a three dimensional structure in which the aromatic constituents are joined by 

covalent or hydrogen bridge bonds as shown in fi gure 1.1. In addition to its varying 

contents of fixed carbon and hydrogen, it contains varying amounts of fix ed oxygen, 

sulfur, nitrogen and trace minerals of which originated as constituents of the living cells 

that contributed to the fossilization process. Coal also contains varying amounts of 

minerals, which are co-deposited with the organic minerals during the process of coal 

formatio n (Couch, 1987). These minerals, predominantly metal s ili cates and pyrite, 

remain physica lly entrapped within the coal matrix and are large ly responsible fo r the 

sulfur and ash contents of coal. Carbon bonding and the structure of coals also vary and 

coal is, therefore a mixture of chemical substances. 

Sulfur, in coa l exists in two major forms : orgal1lC sulfur and inorganic sulfur 

(Wheelock, 1977). Organic sulfur occurs as a part of complex macromolecular structure 

of coal and is either covalently bonded to carbon in the general form - R-S-S-R- and - R­

S-R- or bonded as sulfate in the general form - R-O-S02 (Casagrande and Diefert, 1977). 

Organic sul fur may be as high as 50-70% of the total sulfur in coal (Attar and 

Hendrickson, 1982). 
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Figure1.1: Structure of Coal 

Inorganic sulfur in coal is mainly pyritic (FeS2), including pyrite and/or 

marcassite (Kargi, 1986). Pyrite and marcassite have the same composition but diffe rent 

crystal structures. Their components occur as inclusions and are not the integral part of 

the coal matrix . Pyrite is the most abtmdant and widespread sulfide mineral. The name, 

pyrite, is originated frol11 a Greek word, pur, fire; friction causes the mineral to emit 

sparks. Pyrite is a very dense mineral, with a specific gravity of 4.95-5.03 , a hardness of 

6.0-6.5, a brass-yellow color and a metallic luster. Pyrite is insoluble in hydrochloric acid 

but its powder is soluble in concentrated nitric acid. Pyrite has a cubic structure but it also 

occurs as pyrithohedron (1 25-sided faces) , and less commonly as octahedron. It 

frequentl y occurs in granulated massive form and sometimes as fibrous radiating nodules. 

Separate grains occur in many types of rock. Pyrite occurs in a wide variety of geological 

deposits. It occurs in large masses and veins of hydrothermal origin. Deposits of pyrite 
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and re lated minerals often contain relatively high levels of many heavy metals. 

Weathering of such minerals (main process being oxidation) results in the re lease of these 

heavy meta ls into the environment (C larke, 196 1). 

1.2 COAL CLEANING STRATEGIES 

The removal of sulfur from coal before combustion is an attractive em ISSIOn 

control strategy. A variety of chemical, pre-combustion sulfur removal processes have 

been developed such as the TRW ferric leaching (Meyers), Battle, Kelmecott processes. 

These, however, have been too expensive to meet practical consideration and , to large 

degree, their expense has been related to the relatively severe process conditions required 

(Table 1.1 ). Further more, for the production of solid fuel it appears undesirable to 

develop a process that chemically breaks down the coal structure itself. Therefore a 

biocleaning process that operates under mild conditions has been sought. The operating 

cost of microbial desul furization process is lower than those of physical or chemical 

desulfurization methods (Detez and Barvinchak, 1979). A m icrobial desulfuri zation 

process represents an excellent method of coal cleaning (Olunura e/ aI. , 1989). 

Table: 1.1 Comparison of cost estimates for various processes for 

sulfur removal from coal (Koizumi, 1994). 

Process Approximate Cost (US $ Iton) 

Micro biological 10-14 

Battelle hydrothermal 20 

TRW ferric leaching (Meyers) 20 

Kennecott oxygen leaching 22 

Solvent-refined coal 45- 150 ______________________________________________________ ;1 

1.2.1 Biocleaning of Coal 

Although biotechnology invo lves the potential use of all living fo rms, but 

microorganisms. espec ially, bacteria have played a major role in this di scipline. The 

diverse metaboli c activiti es of bacteria, and in particular their abili ty to interact with the 
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complex organic and inorganic substrates are now being exploited in the treatment of 

pollution including coal po llution. Biocatalytic methods involve different types of 

microorganisms for removal of sulfur [rom coal. Microorganisms that oxidize metal 

sulfides, especially pyrite (FeS2), assist in the commcrcial recovery of metals from sulfide 

ores and have been studied for desulfurization of coal (Clark et a1., 1993). Solubilization 

of minerals by microorganisms is called microbial leaching or bioleaching and the 

process of removing pyritic sulfur from coal is called biodepyritization. 

1.2.1.1 Mechanism of Biodesulfurization 

The abi li ty of microorganisms to remove pyritic sulfur from coal via the oxidative 

metaboli sm of sulfide (S2') to soluble sulfate (SOl') is well estab li shed on a variety of 

bituminous coal samples (Dugan and Apel, 1978; Kargi and Robinson, 1985). The 

process requ Ires contact either between microbe and pyrite or between a secondary 

oxidant such as ferric iron and pyrite'. Since pyrite (FeS2) is the major inorganic sulfur 

compound in coal, the desulfurization of coal is therefore regarded as oxidation of pyrite. 

The mechanism of microbial attack on sulfide minerals such as pyrite has long been a 

controversial issue. Two independently separate methods have been proposed (S ilverman 

and Ehrlich, 1964), i.e. indirect and direct mechanism. In direct attack, the microbes 

attack the mineral directly by oxidizing it in its soluble form. In indirect mechanism, the 

microbes are responsible fo r generating a reagent that cause solubilization of the mineral, 

most commonly through oxidation. Silverman, (1967) concluded that both the 

mechanisms operate concurrently in the solubilization of the mineral. 

1.2.1.1.1 Direct microbial oxidation 

In direct microbial oxidation of metal sulfides, a physical contact exists between 

bacteria and the crystal lattice of susceptib le metal sulfide . The oxidation takes through 

several enzymatically catalyzed steps. 

Generall y the direct mechanism is expressed by the following reaction : 

Bacteria 
------.~ MS0 4 

where M is a bivalent cation that could be Zn, Co, Pb, Ni, etc (Torma, 1987) . 
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Pyrite ox idation to ferric sulfate takes place tlu'ough following reactions 

(S il verman , 1967): 

Bacteria 

Bacteria 

M icrobial involvement is influenced by the chemical nature of both the aqueous 

and so lid crystal phases (Berry and MutT, 1978). Bacteria appear to attack specifically to 

the sulfide moiety of mineral rock surfaces , which are the regions that contain the energy 

supply fo r the bacteria. Attaclm1ent and sulfid e oxidation results in pitting of the mineral 

surface . 

1.2.1.1.2 Indirect microbial oxidation 

The indirect mechanism covers the processes in which the solubilizing agent is 

merely produced or regenerated by microorganisms and they have only a catalytic 

function because they acce lerate the oxidation of Fe2
+ that takes place only slowly in the 

absence of microorganisms. Ferric iron, either alone or in combinations, is the most 

important chemical species involved in the indirect attack on sulfide minerals (Dutrizac 

and McDonald, 1974). Reactions to explain the involvement of ferric iron are: 

------.. ~ 3Fe S04 + 2S 

In the presence of iron oxidizing bacteria, the iron produced by these reactions 

can be oxidi zed to ferric iron, thereby establishing a ferric-ferrous cyclic process. 

Thus the oxidative attack involves two steps i.e. the chemical interaction of ferric 

iron with the sulfide mineral (S inger and Stumm, 1970) and the regeneration of ferric 

iron by bac teri a. 
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1.2.2 Advantages of Biodesulfurization 

Biocatalyti c desulfurization of coal has low capita l and operating cost due to mild 

operational cond itions, inexpensive reagents and simplicity of des ign and construction 

and is therefore less energy incentive than chemical processes. Being a pre-combusti on 

desulfurizat ion technology, it has an edge over post-combustion desulfurization 

technologies that it m inimizes the damage of machinery due to emission of corrosive 

gases and also a number of different minerals present in coal are dissolved, which 

reduces the ash contents as well (Bhattacharya et al. , 1988 ; Anwar et aI. , 1993). The 

other advantages of thi s teclmique are: it is enviromnent friendly, ash contents of coal are 

reduced by more than 70% , organic sulfur and nitrogen can a lso be removed by this 

process. 

1.3 MICROORGANISMS FOR BIODESULFURIZATION 

M icrobial removal of sulfur from coal is the result of activity of two fa mili es of 

mi croorgani sms. the fi rst functions at about 30° C i.e . Acidithiobacillusferrooxidal1s and 

closely re lated species and the second works at elevated temperatures i.e Sulfo lohus 

acidocaldarious and related species (Koizumi, 1994). Fo llowing types of ac idophilic 

bacteria are used in biodsulfurization of coal. 

1.3.1 Moderate Thermophilic Bacteria 

Moderately thermophilic iron ox idizing bacteri a play a vital ro le in those 

bioleaching operati ons in which temperature exceeds 40° C. Moderate ly thermophilic iron 

oxidi zing bacteria of genus Sulfobacillus were first isolated from an Ice landic hot spring 

and a copper leaching dump in 1977 (LeRoux et a f. , 1977). The genus Sulfobacillus 

includes species S. thermosulfidoox idans, S. thermosu(fidooxidal1s subsp. thel'l11otoleras, 

S. thermosulfidoox idal1s subsp. asporogel1es. All these bacteri a are Gram ' s positive, 

strictly aerobic, of complex morphogenesis, sporulating (excluding the asprogenes 

subspec ies) , facul tative autotrophs developing on mineral (Fe +2, SO and sulfide minerals) 

and orga nic substrates including yeast extract, glucose and some amino acids) . At 

relat ive ly low organic substrate concentration (0 .05- 0. 1 %) they may grow 

heterotrophi cally. Their G+C contents range from 45.5-49.3 mol%. The genome size is 
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approximately 3.7 x 109 bp. The bacteria of the genus Sulfobacillus are wide spread in 

nature. They are common in zones of heating dumps, which implies an important role in 

leaching of metals. They are also able to oxidize sulfide minerals in concentrates actively, 

which is important for the development of tank-leaching technology. (Karavaiko el cd , 

1987) 

1.3.2 Mesophilic Bacteria 

Few spec ies of mesophilic acidophilic bacteria including speCI es from genus 

Acidithiobacillus have been implicated as being the most signifi cant microorganisms 

involved in sulfide mineral oxidation. Since its discovery in 1902 (Nathansohn, 1902), 

the genus Acidithiobacillus (formerly known as Thiobacillus) has come to be recogni zed 

as "the genus of conveni ence", into which a wide range of Gram's negative, rod-shaped, 

colorless, sul fur ox idi zing bacteria have been placed on the basis to obtain energy to 

support autotrophic growth by oxidizing reduced inorganic sulfur compounds. 

Subsequent addi tions to the genus included neutrophiles, acidophil es, halophiles and 

moderate thermophi les, some of these species showed the ab ility to grow 

heterotrophically and mixotrophically, some were even deficient in autotrophic ability 

(McDonald ef aI., 1996). 

Acidilhiobacilli can be classified on the basis of nutritional characteristics, 

deoxyri bonucleic acid (DNA) base composition, and cellular fatty acid compos ition 

(Fuj iman el aI. , 1983). The acidophilic, obligate chemolithotrophs in the genus 

Acidilhiobacillus include Acidithiobacillus ferroox idans and Acidilhiobacillus 

thiooxidans. AI. fe rrooxidans and At. thiooxidans have continued to draw much interest 

because of their unique physiological characteristics (e .g. autophilism and acidophil ism), 

environmental impact (e .g. acid and metal pollution) and commercial value e.g. metal 

recovery by bacterial leaching and desulfuri zation of coal (Wakao el al. , 1990). For better 

understand i ng geneti cs, physiological and taxonomic properties, extensive and systematic 

collections of these species from diverse localities and habitats in the world are very 

important (Novo el aI. , 2000). 
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These microorganisms grow best between pH 2 to 5. A I. ferrooxidans and A I. 

thiooxic!a!1s are mesophiles growing best at temperatures ranging from 25-35°C. AI. 

Ihiooxidal1s utilizes inorganic sulfur as a source of energy whereas AI. ferrooxida!1s can 

utilize Fe2
+ as a sole source of energy. 

1.3.3 Heterotrophic Bacteria 

Chemolithotrophic iron oxidizing bacteria are often contaminated with acidophilic 

heterotrophic 
. . 

mlcroorgal1lsms. Chemolithotrophic Iron oxidizing bacteria and 

heterotrophic acidophiles can form a highly stable mixed cultures. Many are adept 

scavengers and rely to a greater or lesser extent on carbon originating as leakage or lysis 

products from chemolithotrophic acidophiles. Obligatory acidophilic heterotrophs include 

archaea, bacteria, fungi, yeasts and protozoa. Some prokaryotic acidophilic heterotrophs 

have a direct ro le in the diss imilatory oxido-reduction of iron (Pronk and Johnson, 1992). 

These include the iron-oxidizer Fe/romicrob ium acidophilus (Johnson and Roberto, 

1997) which appears to use the energy from iron-oxidation to support growth, and 

varioLls Acidiphiliul11-like isolates which can use ferric iron as terminal electron acceptor. 

Many acidophi lic archaea are obligate heterotrophs, including Sulfolobus acidocaldarius , 

early reports of this archaean being a facultative chemolithotroph are now thought to be 

due to the inadvertent use of mixed cultures of S. acidocaldarius and another extreme 

thermophile (possibly Su(folobus metallicus). Some data have indicated that the presence 

of heterotrophic acidophilic bacteria may enhance the rate of sulfide mineral oxidation by 

iron-oxidizing acidophiles (Wichlaez and Thompson, 1988); one way in which this may 

occur is by the heterotrophic bacteria metabolizing organic materials that accumulate in 

leachate I iquors and inhibit the growtl}, of iron oxidizers . The two characterized species of 

the moderately thermophilic heterotrophic archaean Picl'ophilus have the lowest recorded 

pH optima for gro\vth (pH 0.7) of allimown acidophilic microorganisms (Schleper el al., 

1995). 

1.4 IDENTIFICATION OF MICROORGANISMS 

Although bioclesul furization is relatively slow process, its rate can be improved by 

monitoring the microbial population in field trails. The methods that are usually used to 
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identify microorganisms include morphological characteristics, differential staining, 

biochemical tests, serological analysis. phage typing, amino acid sequencing, fatty acid 

profil es. flowcytometry, DNA base composition, DNA finger printing, ribosomal RNA 

sequencing. polymerase chain reaction, and nucleic acid hybridization (Tortora, 1997). 

But the identification and especially the enumeration of bacteria in leaching system is 

diffi cul t task because of the presence of mineral particles. Also it is diffi cult to obtain 

growth of leaching bacteria on defined solid media (Harrison, 1984), although the media, 

which allow the growth of a variety of iron-oxidizing acidophiles, have been developed 

(Johnson, 1995) . Even with this development it is still difficult to distinguish bacteri a by 

colony morphologies alone and incubation time for the development of colonies is 

usually on the order of one week or more (Hallberg and Lindstrom, 1996). In addition, 

the failure of many bacteria to form colonies is a widely acknowledged problem when 

using plate-counting procedures (Pace et a!. , 1986). Therefore, other quicker means of 

identification and enumeration of leaching bacteria have been developed. Serological 

tests involving the reactions of microorganisms with specific antibodies are useful in the 

identification of microorganisms. These tests can differentiate not only among microbial 

species but also among strains within species. Antibodies generated against whole cell of 

species can be Llsed fo r determining the involvement of this species in the desulfurization 

of coal. Jerez and Arredondo, (1991) showed that approximately 103_104 cells of 

Leptospirillum ferroox idans could be rapidly counted in leaching s~ 

anti bodies . .~{::t\!H1 <~./f,.. 
.:, ":~ 

,i .. - . 
.. j • 

1.4.1 Serology r:; 
. ,,; 

.... ' .... 

The studies involving the reactions of antiserum with the antigen outside;; e 
':-" . "; .. :. ',:. .,-;. 

animal body come under the heading of serology. All the serological reacti6-fl~~hive the 

same underl ying principle i. e. specificity of the reaction of an antibody with an antigen 

that elicits its formation (Somasegaran and Hoben, 1985). Antigen antibody reactions are 

highly specific in that the antibody reacts only with antigen that elicited its formation. 

Although monoclonal antibodies are more specific and presumably more reliable but 

when polyclonal antibodies serve the same purpose without being a tlu'eat to specific ity, 

they are preferred. 
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1.4.2 Development of Antibodies for the Identification of Microorganisms 

A wide range of vertebrate species can be used for the production of antibodies. 

However. the following basic points should be kept in mind before selecting an animal 

species for immunization: 

I Quantity of antigen available 

II Quantity of serum required 

III Type of antibodies needed 

IV The species from which antigens will be isolated 

The most commonly used animal systems are hamsters, guinea pigs, mice, and 
........ 

rabbits. Rabbits are the best choice for the production of polyclonal antisera (Harlow and 

Lane, 1988). Their use has got many advantages such as easy to keep and handle. In 

addition, they can be safely and repeatedly bled without being too harmful to the animal. 

Moreover, the antibodies produced are well characterized and easi ly purified. Enough 

amount of high-titered serum can be obtained for relatively small amounts of antigen 

used for immunization . With other small animals, the amount of serum achieved is 

relatively lovv. Thus , rabbits are the best choice for the production of polyclonal 

antiserum (Catty, 1988; Ball et al. , 1990). The minimum number of animal used should 

be two because even in genetically identical animals, different antibodies will be 

produced v\lith a single preparation of·antigen. The preferable number of animals is three 

to fo ur. 

1.4.3 Immune System and Different Stages of Immune Response 

1.4.3.1 Definition 

The term immuni ty is derived fro m the Latin word immunitas, which referred to 

the exemption from various civic duties and legal prosecution offered to Roman senators 

during their tenures in offi ce. Historically, immunity meant protection from disease, and 

more spec ifica lly, infectious di sease. The cells and molecules responsible for immunity 

constitute the immune system (Abbas e/ al. , 1998) . 

Immunc responses are processes in which animals form specifically reactive 

proteins (antibodies) and cells in response to a great variety of fore ign orgal1lC 

macromolecules (Pelczar e/ al. , 1986). Immune response is found only in vertebrates. It is 
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the basis of internal defense mechanism of an animal system which is not only against 

infections by pathogens but also against cancerous host cells. 

1.4.3.2 Different Stages of Immune Response 

When an animal has been exposed to an antigen, antigen-presenting cells (APCs), 

T -cells and B-cells act in concert to stimulate the production of antigen-specific 

antibodies (I-Iarlow and Lane, 1988; Long and Kindt, 1988). 

1.4.3.2.1 Interaction between an ant,igen (Ag), an antigen presenting cell (APe) and 

a T cell: 

When an antigen is introduced into the body. APCs, such as B cells, interact with 

it, ingest it and breakdown or process it (Fig 1.2A). The processed antigen is then 

returned to lhe surface of APC where it is presented by the cell 's major histocompatibility 

molecule (MHC) (Long, 1988; Long and Kindt, 1988). A T cell with a receptor spec ific 

for both the processed antigen and MHC molecule (Fig 1.2B) on the APC interacts with 

APC (Fig 1.2C) (Ezquerra and Coligon, 1988). A trimolecular complex is formed 

between the T cell antigen receptor, the processed antigen and the MHC molecule on the 

APC (Fox, 1988). This complex triggers the APCs and T cells to produce a variety of 

soluble factors such as interleukin 1 (IL-l) (Fig 1.2D) and interleukin 2 (IL-2) (Fig 1.2E) 

which st imulate T cell proliferation and differentiation. 

1.4.3.2.1 Interaction between an antigen, a B cell and an activated T cell: 

A B cell , with a surface antibody specific for the antigen, interacts with the 

antigen (Fig 1.3A). The antigen is taken up and processed by the B cell (Fig 1.3B). The 

antigen is presented by the B cell's MHC molecule (Fig 1.3C). Properly activated T cells 

bind to antigen presenting B cells and produce IL-4 and IL-5 , which stimulates B cell 

mUltipl ication and differentiation. T cells secreted IL-5, along with other signals; allow B 

cells to differentiate into either short-lived (3-4 days) plasma cell s that secrete large 

amounts of antigen or long-lived memory cells (Fig 1.3D). Memory B cells are primed to 

respond to further antigen stimulation and do not secrete but rather express antibody on 

their surfaces (I-Iarlow and Lane, 1988). 
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1.4.4 Description of Antigen and Antibody 

An antigen is a molecule that evokes a specific immune response upon 

introduction into an animal. The response may be in the form of antibody production, 

cell-mediated immunity or tolerance. Antigen should also react observably with an 

antibody it has caused to be produced . The term antigen is also used more broadly to 

denote mi xtures of mo lecules, whole microorganisms or cells used as an immUnlZll1g 

entity or as a complex target for antibody binding in immunoassay. 

By definition , antibodies are immunoglobulin molecules produced in direct 

response to an antigen ic stimulus and they should combine specifically, non-covalently 

and reversibly with an antigen that elicited their formation . The term antibody is also 

used to refer to a homogeneous or heterogeneous population of antibodies, which are in 

principle polyclonal antibodies (Abbas et al ., 1998). 

1.4.5.1 Structure of Antibody 

A monomeric immunoglobulin (Ig) molecule is composed of two identical heavy 

(H) and two identical light (L) polypeptide chains that are linked together by disu lfide 

bonds as shown in figure 1.4. Both Hand L chains are organized into domains that are 

defined by homology and are approximately 110 amino acid in length. Each domain 

forms a conserved structure, known as the antibody fold, which is stabilized by an 

internal disul fide linkage that forms a loop of about 65 amino acids. Digestion of IgG 

with papain yields three fragments , as shown in figure 1.5. Two of these fragments, each 

with a heavy and light chain, are equal in size and are antigen-binding (Fab fragment). 

The third fragment, consisting of antibody heavy chain only, does not bind antigen and 

crystallizes at 4°C (Fe fragment). The region between Fab and Fe that gives fl ex ibility to 

antibody molecule, needed for Fab segment to operate independently of one another, is 

called hinge region (Mernaugh e{ aI. , 1993). In an antibody molecule, variable regions of 

heavy and light chains are paired with each other to form a site that recognizes and bind 

to an antigen, called an antigen binding si te or paratope. Each antibody has two or more 

such sites, a paratopc has the capability to recognize ancl bind a single epitope. Antibody 

affinity relates to the exactitude of stereo-chemical fit of an antibody-combining site to its 

complementary anti genic determinant (.Ierne ef al., 1974). 
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1.4.6 Antigen-Antibody Reaction 

Each antibody molecule is specific to the antigenic determinants to which it binds. 

The speci ricity of an antiserum by contrast, reflects the much specificity of the 

constituent antibodies. However, some antigenic determinants are shared between 

molecules especially if there are similar molecules of related species. In this case some 

antibodies, induced in response to one antigen may bind to another antigen and are then 

said to be cross-reacting and the containing antiserum is said to lack specificity or be 

cross reactive. The reaction of an antigen with antibody results in the formation of an 
.. 

antigen-antibody compl ex (AgAb): 

Ag + Ab AgAb (1 ) 

AgAb is formed by non-covalent interactions such as hydrogen bonds, 

electrostatic charges and coulombic, hydrophobic, and van del' Waal ' s forces (Sheriff el 

af., 1987 ; Harlow and Lane, 1988; Van RegelU110rtel , 1988). The reaction is reversible 

and the affinity or the strength of the reaction is affected by many factors, such as 

temperature, pI-1, and solvent conditions (Harlow and Lane, 1988). Because the reaction 

is non-covalent and neither reactant is altered, the reaction is, in theory, a reversible one. 

All of the methods Llsed to quantify the antigen-antibody reaction depend upon the ability 

to measure AgAb (Go lub, 1987). Avid ity is the measure of overall stability of the 

antigen-antibody complex. Since avidity describes the complete reaction, this value 

ultimately determines the Sllccess of all immunochemical techniques (Harlow and Lane, 

1988). The more the number of paratopes on an antibody, the greater is its avidity . 

However, there is a possibility that a paratope of an antibody exhibits low affinity of an 

antigen but such weak bonding is subsidized by the rest of the paratopes attached to 

nearby epitopes, thus the interaction between an antigen and antibody is stabilized. 

1.4.6.1 Affinity of Antigen-Antibody Reaction 

Because the formation of AgAb can be treated as a chemical reaction between 

two species and because the reaction is reversible, the affinity or strength of the reaction 

can be determined. According to the law of mass action, the rate of a reaction is 
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proportional to the concentration of the reactants. By applying the law of mass action to 

equat ion (1). we obtain: 

Ag + Ab AgAb (2) 

ka [Ab] [Ag] = kd [AgAb] 

Where [Ag] and [Ab] are the concentrations of free antigen and antibody; [AgAb] 

is the concentration of AgAb complex ; ka and kcl and are the association and dissociation 

constants, respectively. 

From equation (2), we can write the equilibrium constant for the reaction 

ka [AgAb] 

l( = --------- = --------------

kd [A b] [Ag] 

Affinity is the sum of the non-covalent attractive and repulsive forces , stabilizing 

the complex and is therefore the same as the equilibrium constant (Golub, 1987). 

These equations are only approximations of the actual conditions as antibodies are 

extremely heterogeneous. For monoclonal antibodies, these equations come very close to 

representing the actual interactions. 

1.5 IMMUNOLOGICAL METHODS FOR IDENTIFICATION OF 

MICROORGANISMS 

Immunological methods are widely used to detect antigens in clinical , agricultural 

and environmental samples. Accurate diagnosis depends on the affinity and specificity of 

the antibody preparation lIsed, and high affinity antibodies are essential for the detection 

of very small amounts of antigens. These antibodies react with components located on the 

surface of the pathogen e.g. capsid protein, or cell wall or flagellar antigens. These 

methods determine the presence (and quantity) of these antigens. Hallberg and 
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Lindstrom, (1996) have reported that when antiserum was generated against whole cell of 

AI. caldlls KU, It recognized protein antigens common to cell lysates of the three At. 

caldlls strains KU, BC13 , and C-SH12 but did not recognized the whole celllysates of C­

SH12. Difference in the lipopolysaccharide (LPS) of strain C-SH12 and those of other 

two A I. caldus strains were found, and the anti-KU antiserum did not recognized the LPS 

from strain C-SH12. This data indicated this At. caldus isolate belongs to a serotype 

different from that of strains KU and BC 13. (Hallberg and Lindstrom, 1996). 

Immunological methods may also be combined with other tests (e.g. culture, dye 

permeability stains, nucleic acid based tests) to confirm the identity and viability of 

pos itive samples. The serological methods usually used for the identification are 

agglutination, precipitation, immunofluorescence, enzyme linked immunosorbent assay 

(ELISA) . and membrane immunoblot. (Somasegaran and Hoben, 1994) 

1.5.1 Agglutination Reactions 

The process in which antigens are linked together by their corresponding 

antibodies is called agglutination. When an antigen is particulate (e .g. a cell), it settles to 

the bottom of the container and forms a visible pellet. If the cells have been reacted with 

antibody. the pattern of settling will be altered and the cell s will agglutinate. This 

agglutination can produce various forms of AgAb complex, ranging from large clumps to 

fine material with the appearance of ground glass (Golub, 1987). The agglutination 

reacti on depends upon a fi rm structural relationship between an exposed antigen and the 

bacterium. Linus Pauling's lattice hypothesis is the widely accepted concept fo r 

explaining the agglutination reaction. He proposed that the antibody is bivalent and that 

the antigen-antibody complexes are molded into a lattice or framework of alternating 

antigen-anti body particles (Somasegaran and Hoben, 1994). 

1.5.2 Fluorescent Antibody Labeling Reactions 

Fluorescent -antibody (F A) technique is a versatile serological test for 

identificati on of microorganisms. This technique involves the fluorescent dyes such as 

fl uoresce in isoth iocynate (FITC) , lissamine, and rhodamine etc. These chemical dyes 

have the property of fluorescing when excited by near UV light. Polyclonal antibodies 
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developed in rabbits can be conjugated to these fluoresc ing chemical dyes or 

fluorochhromes. The chemical dye that is most commonly used for labeling the specific 

antibody is FITC. FITC is a small organic molecule and is typi cally conjugated to 

proteins via primary amines (i .e lysine). Usually 3-6 rITC molecules are conjugated to 

each antibody molecule. FITC gives an apple-green flu orescence upon irradiation with 

blue light. In practi ce, a smear of cells is made on microscopic slide, and this smear is 

allowed to react with specific antibody labeled with FITC. These procedures are sensitive 

and very specific (Tortora, 1997). There are two types of fluorescent antibody techniques, 

namely the direct and indirect immunoflu orescence. In direct method, the specific 

antiserum is co nj ugated and is used as a stain in the procedure. Where as in the indirect 

method the unconj ugated specific antibody is fi rst reacted with the antigen smear, and 

after suffic ient time is allowed for antigen-antibody reaction, the smear is washed free of 

excess antiserum. The above complex is then stained with the FITC-Iabeled secondary 

antibody. 

Polyclonal antisera, produced against whole cells of Acidithiobacillus 

thiooxidans, AI. fe rrooxidans and LeptospiriluTn ferrooxidans, gave highly specific 

reacti ons when cross reacted with 23 strains of acidophilic bacteria using an 

immunonuorescence (IF) staining technique. Strains of identical serotype exhibited 

maximum cross-reaction whereas strains of different serotypes reacted only weakly. 

Lipopolysaccharides (LPS) examined by SDS-PAGE showed diffe rent, serotype-specific 

migration patterns indicating their rough or smooth character. LPS patterns may therefore, 

be used for sero logical classification of acidophilic bacteria. By immunoblot staining 

surface antigens of fo ur strains were identified . (Koppe and Harms, 1994) 

1.5.3 Enzyme-linked Immunosorbent Assay (ELISA) 

Of the wide range of immunoassays available, enzyme-linked immunosorbent 

assay (ELISA) is well suited for testing large numbers of samples, and quantitative 

results are readi ly obtained by comparisons against known concentrations of control 

antigens. ELISA formats can be devised fo r different requirements, sLleh as testing large 

numbers of samples, the detection of very small amounts of antigens, or for rapid ' on­

site ' assays that require little expertise or fac ilities to perform (Martins et al. , 1998) . 
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ELISA is a useful and pO\,verful method in estimating ng/ml to pg/ml ordered materials in 

the solution, such as serum , urine and culture supernatant. ELISA methods combine the 

speciticity of antibody molecules with the amplification of antibody-antigen interactions 

by enzyme catalysis, and therefore can detect very small amounts of pathogen. There are 

many di fferent ELISA methods, and. both qualitative and quantitative results can be 

obtained (Tijssen, 1993). 

The use of the enzyme linked immunosorbent assay (ELISA) techniques since its 

first description in 197 1 (Engvall and PerlmaIUl, 1972) is widely distributed for detecting 

anti gens and antibodies. Briefly, the assay involves: 1) the adsorption of antigen or 

antibody to a solid phase; 2) the addition of sample; 3) incubation and washing steps; 4) 

addition of enzyme labeled antigen or antibody, and 5) the addition of the enzyme 

substrate and incubation, 6) colorimetric measurement of colored product. 

The first ELISA technique for detecting antibodies against a bovine haemoparasite was 

described in 1976 by Purnell , for Babesia divergens. Barry et aI. , (1 982) described the 

first ELISA for detect ing antibodies to B. bovis showing agreement of more than 95% 

with the indirect fluorescent antibody 'test (IFAT) in a comparative study. Also the assay 

was able to detect B bovis antibody 14 days after experimental infection showing more 

sensitivity than the IFAT. 

1.5.3.1 Advantages of ELISA 

ELISA methods are the simplest and least labour intens ive of the avai lable 

immunoassays. Moreover, relatively unskilled operators with little training can do rapid 

tests. These methods are largely unaffected by contaminants in concentrated samples. In 

comparati ve tests, a rapid ELISA test fo r Cryptosp oridium in faecal samples was shown 

to give equivalent results to immunofluorescence assay (IF A) (Dagan e/ a I. , 1995; 

Graczyk e/ al., 1996). The assays can be readi ly standardized, and optimized to minimise 
, 

variation both between and within assays (Tij ssen, 1993) . 

1.6 MOLECULAR ANALYSIS FOR IDENTIFICATION 

Bacteri a are vital components of global ecology, but we have very little 

information on how bacteria interact with each other in natural communities. Among the 
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vanous components used for taxonomy, only clu'omosomal DNA and RNA are 

unaffected by growth conditions. The amount of these molecu les will fluctuate with 

grovvth rate , but the composition is invariant. Thus the nucleic acids offer the only 

standard molecules by which the widest range of microorganisms (and higher eukaryotes) 

can be compared and classified. Constitutively synthesized proteins are also very useful 

in thi s respect but individual proteins may not be distributed universally (Brian and 

Fergus. 1986). Ribosomal RNA sequence analysis has been extensively used to study 

phylogenetic relationship between bacteria (Woese, 1987), as well as for taxon 

identifi cati on (Woese e/ al., 1985). A significant achievement of molecular evolution 

studies has been the recognition of tlu'ee domains, the Bacteria, the Archaea and the 

Eucarya, each containing two or more kingdoms (Woese e/ al. , 1990) . 

1.6.1 Importance of rRNA studies 

Ribosomal RNA is an invaluable procedure for extending classification, 

established by DNA re-association and phenotypic studies, to more distant organi sms, 

and is being used to provide a comprehensive view to the re lationship among all 

prokaryo tes. Of the three methods, sequencing 5S RNA and cataloging 16S RNA 

molecules have the advantage of prov~ding information for individual organisms that can 

be processed using estimates of similarity and clustering algoritlU11s. Some 400 bacterial 

species have now been characterized by 16S rRNA cataloging (Stackebrandt and Woese, 

1984). 

1.6.2 16S rRNA sequence analysis 

l6S rDNA sequence-based bacterial identification is the most advanced and 

accurate as it is based on highly conserved sequence stretches. It is more reli able and 

precise compared to error-prone conventional morphological and metabolic identification 

techniques. This conserved sequence code can be used even by users with limited 

expertise in the fie ld of bacterial systematics . The primary structure of 16S rRNA contain 

stretches of sequences conserved to varying degree and their positions are mostly known. 

The information gained from 16S rRNA gene sequence comparisons can be used to 

deduce detailed phylogenetic relationships based on evolution (Woese et aI., 1985). The 
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highly conserved portions of 16S rRNA genes are ideal for designing primers that will 

amplify small subunit rRNA genes from all three domains of life (Bacteria, Archaea, and 

Eucarya) . At the other extreme, primers can be designed to highly variable regions of 16S 

rRNA genes and thus amplify only a particular species or genus in a mixture of 

microorganisms. Using conserved primers, the16S rRNA gene can be easily amplified by 

PCR not only from pure cultures but also directly from the environmental samples 

(Giovannoni e/ al. , 1990; Olsen et al. , 1986; Pace et al. , 1986; Ward et al., 1992). 

1.6.4 Microbial Population Studies by Integron Profile Analysis 

Integron profi le analysis may be useful in the identification of bacterial 

population developed during biodesulfurization of coal heaps. By observing the integron 

profile of separate and mixed cultures at various time intervals during biodesulfurization, 

we can observe if there is any change occurring in the microbial population of heap. 

Integrons are gene acquisition and expression systems. The units of DNA captured by 

integrons, gene cassettes, are the simplest known mobile elements and consist of only a 

gene and a recombination site known as a 59-be (59-base element). Cassettes are inserted 

into or exc ised from integrons by a site-specific recombination reaction catalyzed by 

integrase, IntI, (Colli s et al., 2002). Multiple inseliion events lead to the formation of 

multi cassette arrays, which in chromosomal integrons may contain over 150 cassettes. In 

such arrays. 59-be recombination sites flank essentially all cassette-associated.,...gen s. 

While these sites are variable in terms of both their sequence and length, th~y. ~~ h~~e~, 
number of common features, including a conserved sequence of about 2S'~p'at each end ~ 
that forms imperfect inverted repeats (Hall and Collis, 1995). In the present study /1 
integrity of genetic make up of bacteria used for coal heap biodesulfl.lrization will be / ' 

studied through integron profile screening. 
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OB.J£CiIV£S 
Biocatalytic desulfurization of coal has been gIven increasing attention in the 

recent years due to lower capital and operational cost, desulfurization without any loss of 

coal, operat ing at relat ive ly low temperatures and environment friend ly. But Upscaling of 

these processes up to commercial level require the optimization of all the parameters 

affecting them. One of the key parameter affecting these processes is microbial 

population involved. So there is need to monitor the bacterial populations during 

desul fur izati on processes because the observation and measurement of bacterial 

populati on is very important to understand and control the rate of desulfurization. 

Serological and molecular analysis can playa vital role in this regard. The present study 

was co nducted to analyze the bacterial population developed during biodesulfurization of 

coal heaps, through sero logical and molecular approaches. The specific obj ectives of 

present work are: 

1. Development of polyclonal antibodies against acidophilic moderate thermophilic 

bacteria Sul(obacillus thermosu(fidooxidans TEl and MT1 3 (local isolate) and 

mesophil ic bacteria Acidithiobacillus ferroox idans (strain HC-AF2) and 

Acidilhiobacillus Ihiooxidans (strain KC-AT2). 

2. Determination of specificity and cross reactivity of developed polyclonal 

antibodies through various serological tests like agglutination, ELISA and FA 

staining. 

3. Application of the above antibodies to the samples taken from heap at various 

time intervals for the quantification of specific bacterial strains in heap. 

4 . Phylogenetic studies of locally isolated coal desulfurizing bacteria strains through 

J 6S rDNA amplification. 

5. lntegron profile study of separate and mixed culture of moderate and mesophilic 

bacteria used in coal biodesulfl.1 ri zation. 
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.MArI:RIA£S AND .Ml:rHIJDS 

2.1 MICROORGANISMS 

Microo rganisms used in the present study were local isolates from NIBGE 

Culture Collection, iso lated from their natural habitats (Table 2.1). 

Table 2.1: Bacterial species used in the present study. 

Sr. No. Iso late Source Notes 

1 Su/fobacillus Uranium mines, Iso lated and purified 

thermosulfidooxidans Dera Ghazi Khan, by Dr. M. A. Ghauri 

Strains Punjab by growing on 

MT13, MT9, MTIO, MT16 & FeTSB (Johnson ef 

MT17 al. , 1987) solid 

TH I Standard strain medium. 

2 A cidith iobacillus !errooxidans Coal mines at Isolated and purified 

Strain HC-AF2 Hernai, Balochistan by Mr. Munir A. 

Acidithiobacillus !errooxidans Uranium mines, Anwar & Dr. M. A. 

Strains TF9, TF10 Dera Ghazi Khan, Ghauri by growing 

Punjab on FeTSB solid 

medium. 

'1 Aciditlliobacillus tlziooxidans Coal mine site at Isolated and purified .) 

Strain Khushab, Punjab by Mr. Munir A. 

KC-AT2 Anwar by growing 

on Gelrite (Khalid ef 

ClI. , 1993) medium 
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2.2 GROWTH MEDIA FOR ACIDOPHILIC MICROORGANISMS 

Both solid and liquid media were employed for the growth of Sul[obacillus 

therl71osuljidooxidans, Acidithiobacillusferrooxidans and Acidithiobacillus thiooxida/1s. 

2.2.1 Solid Media 

2.2.1.1 Solid Medium for Aciditltiobacillus ferrooxidans and Sulfobacillus 

tltermosu(fidooxidans 

(FeTSB medium) 

FeTSB medium, developed by Jolmson et al. (1987), enabled simultaneous 

growth of ac idophili c iron-oxidizers and acidophilic heterotrophic bacteria. This medium 

consists of three so luti ons that were prepared separately and were mixed together after 

sterilization. 

The composition of these solutions is as follows: 

Solution I (Ferrous sulfate solution) 

Ferrous sulfate so lution (20% w/v) was prepared in distilled water, acidified to pH 

2. 0 with 0.5 M sulfuri c acid and then filter-sterilized using 0.2 ~lm nitrocellulose 

membrane filter and was stored in a pl:e-autoc!aved bottle of suitable size at 4 ° C. 

Solution II (Basal Salt-Tryptone Soya Broth Solution) 

This solution was prepared by dissolving fo llowing compounds in distilled water: 

(NH.j)2S0y 

MgS04.7I-hO 

TSB 

1.8 giL 

0.7 giL 

0.35 giL 

The pH was adjusted to 2.0 using sulfuric acid. This solution was autoclaved at 

121 ° C and 15 psi for 15 minutes. 

Solution III (Gelling so lution) 

Ge lrite solution (0.5 w/v) was prepared and sterilized by autoclaving at 121°C and 

15 psi for 15 minute. 

These solutions i.e. so lution I, solution II, and solution III, were combined in the 

ratio 1: 14:5, respecti vely, and poured into pre-sterilized petri dishes. The petri plates 

inoculated with A t. {errooxidans were incubated at 30° C, where as those inoculated with 

S. therl17oslI(jidooxidans were incubated at 45° C. 
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2.2.1.2 Solid Medium for Aciditlziobacillus tlziooxidans 

The so lid medium for the growth of Acidithiobacillus thiooxidans was consisted 

of follo\ying three so lutions that were prepared separately and mixed together after 

steri lization. 

Solution I (Sodium thiosu lfate solution) 

lO% w/v Sodium thiosulfate solution (pH 4.0) was prepared in distilled water and 

then filter- sterili zed using 0.2 ).1m (Millipore) nitrocellulose membrane filter and was 

stored in a pre-autoclaved bottle of suitable size at 40 C. 

Solution II (Basal Salt Solution) 

1 X basal salt solution was prepared by dissolving following compounds Il1 

disti lled water: 

MgS04. 7I-bO 0.05 giL 

(NH4)2S04 0.015 giL 

I(CI 0.005 giL 

KH2P04 0.005 giL 

Ca(N03)2 0.001 giL 

The pI-I was adjusted to 4.4 using dilute NH40H. This so lution was autoclaved at 

121 0 C and IS psi for 15 minutes. 

Solution III (Gelling solution) 

Gelrite so lution (0.5 w/v) was prepared. It was sterilized by autoclaving at 1210 C 

and 15 psi for 1 5 minute. 

These so lutions i. e. solution I, solution II, and solution III, were combined in the 

ratio 1 :6:3 respectively, and poured into pre-sterilized petri dishes. The petri p lates 

inoculated with AI. thiooxidans were incubated at 300 C. 

2.2.2 Liquid Media 

2.2.2.1 Liquid Medium for Growing Aciditlziobacillus jerrooxidans 

Iron medium 

The liquid medium for the growth of iron-oxidizing Acidithiobacillus 

ferrooxidans was prepared according to the composition described by Leathen et af., 

(1956) and modified by Postgate, (1966). Its composition is as fol lows: 
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Solution A (Basal sa lt solution) 

It contains the following basal salts: 

19S0-l.7H2O 0.50 giL 

(N IL.,hSO-l 0.15 giL 

KCI 0.05 giL 

KH 2P04 0.05 giL 

Ca(N 0 3)2 0.01 giL 

A stock so luti on (lOX) was prepared and stored at room temperature. 

The pI-I was adjusted to 1.8-2 .0 using 1.0 M H2S04. Aliquots of basal salt solution 

were diluted 10 times and sterilized by autoclaving at 121 0 C and 15 psi for 15 minutes . 

Solution B 

So lution B of iron medium is 0.5 M ferrous sulfate solution and is used as energy 

source for iron-oxidizing Acidithiobacillusferrooxidans. Ferrous sulfate solution (0.5 M) 

was prepared by disso lving 139 g FeS04.7H20 in llitre of distilled water having pH l.8 -

2. 0. Sol ution was steri lized by using 0.2 ~lm (Millipore) nitrocellulose membrane filter 

and was stored in a pre-autoclaved bottle of suitable size at 40 C. 

To prepare the growth medium for At. ferrooxidans, appropriate volume of 

ferrous sulfate (Solution B) was dispensed in basal salt solution (Solution A) to give final 

ferrous ion (Fe2+) concentration 50 mM. After growth on iron medium, At. ferrooxidans 

was inoculated (l0%) in a medium containing finely ground «61 ~lm) pyrite . The 

composition of medium was same as that of solution A (basal salt solution) in iron 

medium, but instead of using solution.B (0.5 M FeS04 solution) , 0.35% pyrite was added 

as substrate for the growth of At. ferrooxidans. 

2.2.2.2 Liquid Medium for Growing Acidithiobacillus thiooxidans 

Sulfur" medium 

Elemental sulfur medium was prepared with same basal salt so lution as described 

earlier. pH of the medium was adjusted to 2.8-3.0 using 0.5 M sulfuric acid. Finely 

ground sulfur, at a concentration of 1 % (w/v) was added as an energy source for 

Acidithiohocil1l1s thiooxidol1s. Before adding to autoclaved medium , finely grou nd sulfur 

was steam sterilized. 
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2.2.2.3 Liquid Medium fo r Growing Sulfobacillus thermosu/fidooxidalls 

The liquid media for growth of S. thermoslI(fidooxidans is same as for 

Acidithio/Joci//us /errooxiduns as described in section 2.2.2.1 but with addition of 0.03% 

TSB or yeast ex tract. 

2.2.3 GROWTH OF MICROORGANISMS 

After purificati on on solid media S. thermosulfidooxidans, A I. ferrooxidans and 

A I. thiooxidans were grown in liquid medium for serological as well as molecular studies. 

S. Ih erl77osu(fidooxidans and At. fe rrooxidans, were grown in basal salt solution 

containing 0.3S% (w/v) fi nely ground «61 )lm) pyrite as energy source. pH of the 

medium was adjusted to 2.0 with sulfuric acid. After sterilization, the flasks were 

inoculated (10%) and incubated on an orbital shaking incubator at ISO rpm. S. 

thermosulfidooxidans were incubated on 4So C while A t. fe rrooxidans/ were on 30° C. 

The grovvth was confirmed by complete oxidation of ferrous iron to ferri c iron. 

At appropriate intervals, 1 mL aliquots from the test fl asks were titrated against 

1.0 mM KMnO.j solution to calculate the amount of ferrous iron oxid ized to ferric iron. 

The end point of the titration was the appearance of a slightly pink color. 

The stochiometery of the ferrous iron and permanganate reaction is: 

Fe2+ 

Mn04- + 8H+ + Se-

It means 1 mole ofMn0 4- oxidizes S moles of Fe2+. 

Fe3+ + e­

Mn2+ + 4I-bO 

A I. I hiooxidans were grown in basal salt solution supplemented with elemental 

sulfur (1 % w/v) as energy source at' pH 2.8-3 .0 and temperature 30° C on an orbital 

shaking incubator at ISO rpm. Growth of A t. thiooxidans was confi rmed by sulfur 

oxidation, wh ich was monitored by reduction in pH in the test fl asks against a control. 

The decrease in pH was due to the production of sulfuric acid from the oxidation of sulfur 

according to the fo llowing chemical reaction: 
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2.2.3.1 Hal·ves ting of Cells 

After obtaining rich growth, whole contents of flasks were fi ltered through 

Whatman No. 1 fi lter paper to remove pyrite or sulfur particles under sterilized 

conditions. Arter fi ltration the cell mass was harvested by using centri fuge (BeclGllan 12-

I-IS), with JA- 14 rotor at 10,000 rpm for 10 minutes at 4° C. 

2.2.3.2 Washing of Cells 

The ce ll pellet was washed twice with autoclaved di stilled water having pH 

adjusted to 2.0 using 1 M sulfuric acid to remove jarosites, and once with autoclaved 

di stilled water. Finall y the pellet was resuspended in 10 mL of previously mentioned 

basal sa lt solution (Section 2.2 .1.1) . Washed cells were stored at 4° C for further studies. 

2.2.4 Maintenance of Pure Cultures 

I n order to keep the microorganisms alive, subculturuing was done routinely after 

each 20-25 days in fresh autoclaved respective liquid medium using the same culture 

conditions. 

2.3 SEROLOGICAL STUDIES 

Rabbit antiserum developed against different bacterial strains (THl , MT13 , HC­

AF2 and KC-A T2) was the basic reagent for strain identificati on utilizing serological 

techniques . Therefore, antigens of these bacteria were prepared and then used fo r the 

development of antisera in rabbits . 

2.3.1 Antigen Preparation 

Rich growth of bacteria was taken fo r preparing antigens from these bacterial 

species . After washing, the cell pellet was resuspended in filter-sterilized saline (NaCI; 

0.85% w/v) and cell concentration was adjusted to approximately 1 x 1 09 ceUs/mL i.e. 

absorbance at 600 nm (A6oo) was adjusted approximately to 0.45 using double beam 

spectrophotometer (Cary l , Varian, Australia) . For different strains, different cell 

concentra ti ons were used for the preparation of antigens according to the response of 

rabbits against these strains. 
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2.3.1.1 Heat Inactivation 

The cell suspension was transferred to sterile serum bottles and closed with rubber 

septum. A small gauge (about 230) needle was inserted tlu'ough the septum to act as an 

air and steam vent. The antigens were heat treated for one hour at 100° C to inacti vate 

any remaining fl agellar and internal antigens. Heat inactivation was accomplished by 

partly immers ing the serum bottle in boiling water or by subjecting it to heat in a steam 

bath . After heat inactivation, 1 mL of 1 % filter-sterilized merthiolate (Thinu'osal, Sigma) 

per 100 mL of antigen suspension was added as a preservative (i .e in ratio of 1: 10000) 

and then stored at 4 ° C. 

2.3.2 Immunizing the Rabbits 

Four to five months old, healthy, albino rabbits were used, in duplicate, for each 

strain for the producti on of polyclonal antibodies . Each rabbit was labeled with an ear tag 

and was pre-tested for the presence of antibodies against the bacterial species, which is 

being inj ected. Indiv idual records of all treatments to which each rabbit was subj ected 

were main tained . Vari oLl s schedules fo r stimulating antibody production and recovering 

blood samples were reported (SclU11idt et al., 1968; Dudman, 1964). The schedule used in 

present study is mentioned in table 2.2 .This schedule employed two different routes of 

injection. 

I Intt"avenous injections (IV) 

Intravenous inj ecti ons were glven to rabbits in the marginal vell1 of one ear 

(Figure 2. 1). Shaving a small section of the ear with a razor blade exposed the marginal 

ear vein. The shaved area was swabbed with 70% ethanol and antigen was injected with a 

1-3 mL syringe fitted with a narrow gauge (260) needle. As the schedule called for 

several consecuti ve inj ections, the first inj ection was delivered at the distant end of the 

ear and progressed towards the base of the ear with each successive inj ection. 
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II Subcutaneous inj ection (SC) 

Subcutaneous booster injections were given to maintain the antibody titter. The 

antigen was injected under the skin in the shoulder area. The syringe used was fi tted with 

a 26 gauge needle. 

Table 2.2: Injection and blood collection schedule. 

Day Procedure Needle used 

I 0.5 mL intravenously (IV) 26 G 

2 ].0 mL (IV) 26 G 

" 1.5 mL (IV) 26 G -' 

4 ].5 mL (IV) 26 G 

5 2.0 mL (IV) 26 G 

6 2.0 mL (IV) 26 G 

]6 Test bleed (3 mL) 25 G 

Titer determination 

18 Inj ect] mL SC & 1 mL IV (booster inj ection) 26 G 

26 Test bleed (3 mL) 25 G 

Titer determination 

28 Inject] mL SC & 1 mL IV (booster injection) 26 G 

38 Test bleed (3 mL) 25 G 

Titer determination 

40 Inject 1 mL SC & 1 mL IV (booster inj ection) 26 G 

48 Test bleed (3 mL) 25 G 

Titer determination 

50 Cardiac bleed (20mL) 18 G 

Inject 20 mL saline intraparetonealy (IP) 25 G 

Titer determination 
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Figure 2.1 Intravenous (IV) injection to a rabbit 
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2.3.3 Trail Bleeding for Titer Determination 

Ten days after the last injection, the rabbits were test bled. For test bleeding, the 

blood was drawn from the ear. A small area along the marginal vein was shaved and 

swabbed with 70% alcohol. The blood (3mL) was collected using 3 mL disposable 

syringe equ ipped with 25 G needle. The collected blood was transferred to a sterile 

screw-capped test tube. 

2.3.3.1 Collection of Antiserum 

The blood, obtained by trail bleeding was allowed to clot at room temperature for 

about two hours. After the blood had been clotted, the clot was separated from inner 

walls of the test tube using a wooden applicator stick. It was refrigerated overnight. If the 

clot was not tight enough after 12 hours at 40 C, refrigeration was continued for another 

12 hours or more . After the blood had been clotted and refrigerated, the clear serum was 

decanted into microcentrifuge tubes n1inimizing the carryover of red blood cells. These 

tubes were centri fuged at 5,000 rpm for 15 minutes at 40 C to clear the serum of red 

blood cell s. Clear serum supernatant was transferred to suitable sized vials. Merthiolate 

was added to each vial as a preservative and vials were adequately labeled. Then these 

were stored at 40 C. 

2.3.4 Agglutination Reactions 

The titer of the antiserum may be determined using the microtiter trays, test tubes, 

and microscope slides methods. The scheme for the antiserum titer determination in wells 

of microt iter tray is as follows: 

2.3.4.1 Preparation of Serial Dilutions of Antiserum 

Ten test tubes (15 mL) were arranged in a row on a test tube rack. They were 

labeled 1 to 10. In tube 1, 4.8 mL of filter-sterilized saline was pipetted. In tubes 2 to 10, 

l.0 mL saline was taken. (0.2 mL) of the stock antiserum was accurately added into tube 

1. The serum and saline were mixed thoroughly, but gently to avoid frothing using a 

vortex mi xer. Thus tube 1 contained antiserum of a 1125 dilution. 1.0 mL of di luted 

serum frol11 tube 1 was transferred to tube 2 and mixed well. The serum dilution in tube 2 
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was thus 11125 x 1/2 = 1150. The dilution was repeated down the seri es by transferring l.0 

mL of the diluted anti serum successively from the previous tube to the next until tube 10. 

Tube 10 contained serum dilution of 1112800. Table 2.3 shows antiserum dilutions and 

corresponding serum tiler. 

Table 2.3: Antiserum dilutions and antiserum titer 

Tube No. Antiserum dilution Antiserum titer 

1 1:25 1:50 

2 1 :50 1: 1 00 

" 1: 100 1 :200 .) 

4 1:200 1:400 

5 1 :400 1:800 

6 1 :800 1: 1600 

7 1: 1600 ' 1 :3200 

8 1:3200 1 :6400 
I--

9 1 :6400 1:12800 

10 1:12800 1 :25600 

1 1 Serum-saline control - - - - -

12 Serum-antigen control -- ---

2.3.4.2 Performing Agglutination Reaction in Microtiter Trays 

A microtiter tray having 96 wells was used to perform agglutination reaction. 

Starting with the highest dilution (tu,be 10) and accurate micropipette, 100 ilL of the 

diluted antiserum was placed into well A- I0 of the plastic agglutination tray. From the 

antiserum of the next ant iserum dilution (Tube 9), 100 ~LL was placed into well A-9 of the 

agglutination tray . Same procedure was repeated until all the dilutions of the antiserum 

have been dispensed into the respective wells of Row-A of the agglutination tray. Then 

1 00 ~LL of the homogeneous antigen was dispensed into each of the wells from A-I to A-

10, avoiding touching the antiserum in the well or the wall of the well with the tip of the 



:Materiafs d :Metfioas 36 

antigen pipette . In each well, the antigen-antiserum mixture was stirred using a clean 

glass applicator, avoiding spillage into neighboring wells . 

2.3 ..... 3 Controls 

I Serum-saline control 

To prepare serum-saline control, 100 !lL of serum of 1125 dilution was placed into 

well A- II . Then 1 00 ~LL of saline was added to it. 

II Antigen-saline control 

100 !lL of saline was placed into a well A -12 and 1 00 ~LL of antigen was added to 

it. This served as the antigen-saline control. 

2.3.4.4 Incubation 

All the well s were sealed llSll1g a cellophane tape. The microtiter tray was 

incubated in an incubator at 52° C for 4 hours and then transferred to a refrigerator before 

reading the reactions. 

2.3.4.5 Recording the Titer 

Serum titer is the reciprocal ' of the highest serum dilution at which positive 

agglutination occurs (Somasegaran and Hoben, 1985). After incubation at 52° C for 4 

hours and refrigeration for two hours at 4°C, the microtiter trays were ready to be 

observed. Some times refrigeration was done for 24 hours to get distinct results. Positive 

agglutination was appeared as granular clumps with clear supernatant. Negative 

agglutination was indicated by settling of the cells to the bottom of the well and turbid 

supernatant. The antigen-saline control helped in distinguishing between positive and 

negative agglutinations. Further confirmation of the positive reaction was made by gently 

stirring the reactants in the well with a sterile loop. Stirring caused the granular clump to 

float in clear supernatant. 

2.3.4.6 Giving Subcutaneous Booster Injections 

1n case of low titer in the initial trial bleeding (less than 1: 1600), a booster 

injection of 2.0 mL antigen was given subcutaneously eSC) immediately after the titer 
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determinati on. After ten days, rabbit was agalJ1 test blcd until the desired titer was 

reached. After that the blood was taken by cardiac puncture. 

2.3.5 Collection of Blood by Cardiac Puncture 

When the titer was satisfactory, the rabbit was bled from the heart by cardiac 

puncture on a bleeding rack (Figure 2.2). The rabbit was tied on the bleeding rack. The 

area above the sternum was shaved using razor blade and swabbed with 70% alcohol. 

About 20 mL of blood vvas extracted with a large syringe fitted with 2 1-gauge needle. 

The blood was transferred into a sterile, screw-capped fa lcon tube of 50 mL capacity . 
. ' 

After the blood has been clotted and refrigerated, the serum was decanted and centrifuged 

at 5,000 rpm for 10 minutes at 4° C to clear the serum of red blood cells. The clear 

supernatant was transferred into other screw caped tube. Antisera from rabbits receiving 

the same antigen were pooled and stored at 4 ° C after titer determination. 

2.3.6 Maintaining the Level of Immunoglobulins 

The level of immunoglobulins in the rabbit was maintained by booster inj ections 

7 days after each bleeding. However in such cases, subcutaneous inj ections of sterile 

saline were made to replenish the liquid level in the animal each time after the blood had 

been taken. The volume of saline injected was equal to the volume of blood taken from 

the rabb it. 

2.4 DETERMINATION OF CROSS REACTIVITY OF DEVELOPED 

POLYCLONALANTffiODffiS 

In order to cbeck whether or not polyclonal antiserum developed against one 

strain reacts with antigens of other strains, fo llowing three antigen-antibody reactions 

were used. 

1. Agglutination reaction 

2 . Enzyme lin ked immunosorbent assay (ELISA) 

3. Fluorescent antibody labelipg reaction 
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Figure 2.2: Collection of blood from rabbit by cardiac puncture 
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2.4.1 Agglutination Reaction 

The agglutination reactions to check cross reactivity were performed in the same 

manner as for titer determination discussed earlier. 

2.4.2 Enzyme Linked Immunosorbent Assay (ELISA) 

ELISA is a colorimetric enzyme immunoassays used to detect antigens. Several 

variations of the assay have been developed. In this case, indirect ELISA was used that 

does not require the conjugation of primary (rabbit) antibodies with an enzyme. The 

primary antibodies bound to the antigens in the wells react with alkaline phosphatase 

conjugated secondary antibodies that bind specifically to the primary antibodies. 

For ELISA, microtiter plates having 96 wells were used. Specificity & cross reactivity of 

each strai n specific antisera was determined in separate plates. 

The procedure used for the indirect ELISA is as follows: 

1) The bacterial antigens (100 flL) were pipetted into each well of poly~fyrene 

microtiter plate. Six replicates of each antigen were used. Saline was also 

pipetted into the six wells as negative control. 

2) Added 200 ~lL of coating buffer (appendix I) in each well. Covered the plate 

with transparent tape to prevent evaporation. 

3) Incubated the plates at 40 C for 12- 16 hours for the attachment of antigens to 

solid phase. 

4) Emptied the wells by turning the plate upside down. Filled all the wells with 

phosphate buffered saline tween20 (PBST), (appendix II) contained in a 

squeezed bottle. Allowed soaking for three minutes and turned the plate over 

aga1l1. Repeated the washing three times and shake out residual liquid in the 

wells. 

5) To block the nonspecific binding sites, added 200 ~lL blocking buffer (1 % 

BSA in PBS) to each well and incubated at 37° C in a moist chamber for one 

hour. 

6) Repeated the washing as described in step 4. 
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7) Added 1 00 ~lL of appropriately diluted antisera (l: 1600 in PBS) into each 

well containing antigens and saline and incubated the plate at 37° C for one 

hour. 

8) Repeated the washing as in step 4. 

9) Added 1 00 ~L of diluted (l :4000 in PBS) secondary antibody, goat anti rabbit 

alkaline phosphatase conjugate (GAR.AP) to each well and incubated at 37° C 

for three hours. 

10) Repeated the washing as described in step 4. 

11 ) Added 1 00 ~lL of freshly prepared enzyme substrate solution (appendix III) to 

each well. Incubated at 37° C in dark for 20-60 minutes or until color was 

developed in +ve control. 

12) Stopped the reaction by adding 50 )..lL of 3M NaOH/well. 

13) The intensity of color was noted by taking absorbance at 405nm 111 

Microplate reader (ELx 800 UV, Biotech. Instruments. Inc. , USA). 

2.4.3 Fluorescent Antibodies Preparation 

Certain chemical dyes (FITC, lissamine and rhodamine) have the property of 

fluorescing when excited by near UV light. Polyclonal antibodies developed in rabbits 

can be conjugated to these fluorescing chemical dyes or fluorochhromes. In the present 

study, fluorescien isothiocynate (FITC) was used to label the developed antibodies. This 

dye has an apple-green fluorescence upon irradiation with blue light. 

2.4.3.1 Preparation of Globulin Fraction 

Serum collected from rabbit contained many kinds of proteins such as albumen, 

L, B, Y globu lin etc. Protein that acts, as antibody is a globulin called immunoglobulin 

(Ig). IgGs were separated by "salting out" with saturated cold ammonium sulphate 
.' 

(3.9M) so lution. Cold 3.9 M ammonium sulfate solution was added drop wise with 

constant stirring in a 1: 1 ratio to the volume of serum placed at crushed ice to precipitate 

the serum globulins. The mixture was left overnight at 4° C. Globulins were separated by 

centrifugation at 10,000 x g for 30 minutes. The supernatant was discarded and pellet 

was dissolved in enough saline to bring the volume back to the original serum volume. 
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Precipitation and centrifugation procedure was repeated three times, which was enough to 

render the globulins completely white and free of hemoglobin. The desalting of globulins 

was done through dialysis against 0.85% saline (pH 8.0) in a co ld room with constant 

stirring. When dialys is had completed, the protein was kept at -200 C. 

2.4.3.2 Conjugation of Globulins with Fluorescent Dye 

Protein concentration of the dialyzed globulin solution was determined by 

Bradford method (appendix IV) and w,as adjusted to 1 % (10 mg mL - I) by the addition of 

0.85% sa line. For conjugation 4.0 mL of 0.1 5 M sodium phosphate buffer (pH 9.0), 

(append ix V) was added to 10 ml of 1 % globulin solution. Fluorescien isothiocynate 

(FITC), at the rate of 0.05 mg per mg of protein, was disso lved in 0.1 M sodium 

phosphate buffer (pH 8.0), (appendix V) separately. FITC solution and globulins 

solutions v,rere mixed and pH of the solution was adjusted to 9.5 with 0.1 N NaOH and 

the volume was made up to 20 mL with phosphate buffered saline (PBS). The 

conj ugation was allowed to proceed for eight hours at room temperature under constant 

stirring. 

2.4.3.3 Purification of Conjugated Antibodies 

Conj ugated F As were separated from umeacted FITC by column chromatography 

or dialysi s. In chromatographic method, the glass column was washed with disti lled water 

and clamped in a stand to keep the column straight. Sephadex G25 ( IS g) was soaked in 

500 mL suction flask for 30 to 60 minutes. Then sephadex was poured gently into the 

column and the flow rate of PBS was adjusted at 40 drops/minutes by moving the lower 

valve of column. The fl ow of PBS tlu'ough the sephadex was allowed until the level of 

PBS reached 1 cm high from the sephadex surface. The mixture of FITC and F As was 

added into the column . The first dark yellow fraction (FAs) was co llected in tlu'ee parts 

(initial portion, midd le portion and last portion) in tlu'ee tubes separately. 

2.4.3.4 Staining of Cultures with Fluorescent Antibodies (FAs) 
.' 

A smear of cell sLlspension was made on a glass slide. Smear was air-dried, heat 

fixed. covered with gelatin rhodamine conjugate and dried fo r one hour in an incubator at 
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60° C. A drop of homologous F As was placed on thc slide and incubated the slide for 20 

minutes in moist chamber. Extra F As were drained and slide was washed by placing in 

PBS for 10 minutes. Then air-dried and mounted with mounting solution (1:9 PBS -

glycero l). Cover the plate with coverslip and observe it under UV microscope (ZIESS, 

West Germany}. 

2.5 ANALYSIS OF SPECIFIC BACTERIAL SPECIES IN HEAP 

This analysis was carried out to determine different bacterial species in the liquid 

as well as so lid samples taken from heap. 

2.5.1 Bacterial Analysis in Leach Liquor 

Liquid samples were taken regularly from the effluent coming out of the heap and 

the population of specific bacterial species was monitored by ELISA. For this purpose, 

exactly 25 mL of each sample taken from heap was centrifuged to get cell pellet. The 

pellet was washed, first with autoc1aved water, and then with 0.85% saline. Finally, the 

cell pell et was suspended in 1.5 mL sa line and the absorbance was taken at 600 mn . The 

cells were heat treated at 100° C for 20 minutes. After cooling, merthiolate was added as 

preservative . Then these samples were subjected to ELISA. The procedure used for 

ELISA was the same as discussed earlier in section 2.4.2. 

2.5.2 Analysis in Solid Coal of Heap 

For quantitative analysis of specific bacteria in heap, solid coal samples were 

taken from five different places of heap i.e top side (TS), mid side (MS), mid centre 

(MC), bottom centre (BC) and bottom edge (BE). 

A known amount (500 g) of each coal sample was taken in a separate 2 L flasks 

and 300 mL of 1 % Tween20 solution was added to each flask. The flasks were agitated 

and allowed the coal to settle down for an hour. Then separated the supernatant in another 

flask and added 200 mL of 1 % Tween20 in the coal. After agitation, again allowed the 

solid particles to settle down for an hour. Then the supernatant was collected in the same 

flask in \,vhich earl ier one was collected . Filtered the supernatant through whattman filter 

paper to remove residual solid particles . Centrifuged it at 10,000 rpm for ten minutes. 
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Discarded the supernatant and washed the pellet with autoclaved di stilled water having 

pH 2. Again filtered the suspension to remove remaining pyrite particles and centrifuged 

to get pellet. Finally the cell pellet was suspended in 5 mL of 0.85% saline solution. Then 

the absorbance of each sample was taken at 600 lU11. Finally these samples were heat 

treated at 100° C for 20 minutes. After cooling, merthiolate was added to each sample as 

preservative. Then samples were subjected to ELISA. 

2.6 MOLECULAR STUDIES 

Molecul ar studies involved two parts. 

1. PCR ampli fication of 16S rDNA ~~l!~ of HC-AF2 and KC-AT2 for phylogenetic 

analysis. 

2. lntegron profil e study of heap inoculum by using integron specific primers. 

2.6.1 Total Genomic DNA Extraction 

For mo lecular studies total genomic DNA was extracted from the bacterial strains 

as specified below. 

1. From pure cu ltures of HC-AF2, KC-AT2 and MT13 grown in shake flasks under 

steri le conditions. 

2. From cultures of HC-AF2, KC-A T2 and moderate thermophiles grown separately, 

in fermentors for heap inoculum under non-sterilized conditions. 

Methodology: 

1. Bacterial cultures were centrifuged for 10 minutes at 10,000 rpm to get cell pellet. 

10-20 mg ce ll pellet/tube was. taken in several 1.5 mL eppendorf tubes. 500 ~lL 

TE buffe r and 200 ~L of lysozyme (15 mg/mL of TE buffer) were added in each 

tube. Then these were incubated at 37" C for 24 hours. 

2. 50 ~lL RNase (10 mg/mL) was added in each eppendorf tube and mixed gently by 

inverting the tube fo r several times. After mixing, tubes were incubated again at 

3 T C for 24 hours. 
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3. 30 ~lL SDS (10%) was added in each tube and incubated them at 70° C for 30 

minutes . Then 1 0 ~LL Proteinase K (20 mg/mL) was added in each tube and 

incubated again at 30° C for 24 hours. 

4. Tubes were centrifuged at 10,000 rpm for 10 minutes to remove cell debri s and 

the supernatant was collected in fresh tubes. 

5. 690 ~LL chloroform: isoamyl alcohol (24:1) was added in supernatant and mixed 

gently by inverting the tubes to form an emulsion. 

6. The tubes were centrif-uged at 13,000 rpm for 15 minutes. 

7. Aq ueous layer was taken in a new tube and discarded the remaining chloroform 

phase_ 

8. Equal volume of phenol : chloroform: isoamyl alcohol (25:24:1) was added in 

each tube and centrifuged for 15 minutes. Aqueous layer was taken in fresh tube 

and 70 ~LL 3M Na-acetate and 400 ~LL of isopropanol was added in it. 

9. Each tube allowed to stay at _20° C for 1 hour. 

10. Centri fuged at 14,000 rpm for 10 minutes and discarded the supernatant. Washed 

the pellet with 70% ethanol to remove the bases. 

11. Suspended the pellet in appropriate volume of deionized H20 . 

12. Quality of DNA was checked by running on 1% agarose gel. 

2.6.2 Agarose Gel (10/0) for DNA Electrophoresis 

1. Adequate volume of TAE buffer (I .OX) was prepared to fill the electrophoresis 

tank and to prepare the agarose gel. 

2. For 1 % agarose gel, desired amount of agarose was taken in a flask containing 

TAE buffer (1.0X) and was melted in microwave oven. 

3. Melted agarose was cooled to 45-55 ° C and poured onto the gel-casting tray. A 

co mb was inserted into it. 

4. Air bubbles were removed, i(any, underneath the comb or on the surface of gel 

and the gel was allowed to solidify at room temperature. 

5. After so lidifi cation of gel, the comb was removed carefully to avoid tearing of 

we ll s. 
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6. The gel casting tray, containing gel, was placed in electrophoretic tank, having 

I .OX TAE buffe r in it. Ethidium bromide (2.0 ~lL) was added to the tank. 

7. DNA samples were mixed with appropriate volume of loading dye and loaded 

into the wells with a micropipette. 

8. Vo ltage was set at 70 V. Movement of dye indicated the migration of DNA from 

anode to cathode through gel. 

9. When dye covered the distance suffic ient for separation of DNA fragments, the 

power suppl y was turned off. . 

10. DNA fragments were visualized under UV light and photographed. 

2.6.3 Protocol for Amplification of 16S rDNA 

Polymerase chain reaction (PCR) amplification of 16S ribosomal DNA of HC­

AF2 and KC-A T2 was carried out using the following primers: 

Forward primer (FD l ) AGAGTTTGATCCTGGCTCAG 

Reverse primer (rP ! ) ACGG(ACT)TACCTTGTTACGACTT 

Reaction mixture (50 ~L) contained: 

1. Nanopure water 34.75 ~L 

2. I X PCR buffer 5'.0 ~L 

" MgCb 6.0 ~lL .J. 

4. dNTPs 1.0 ~L 

5. FD I 1.0 ~lL 

6. rPl 1.0 ~L 

7. Taq DNA polymerase, 0.25- 1 ~L 

8. Template 1.0 ~lL 

peR profile 

Ampli ficati on was carried out in thirty cycles, Each cycle was comprised of 30 

seconds at 95° C, 40 seconds at 55° C ,and 2 minutes at 72° C. The fi nal extension was [or 

! 0 minutes at 72° C. The ampl ified PCR product was run on 1.5% agarose gel. 
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2.6.3.1 Phylogenetic Analysis of HC-AF2 and KC-AT2 

Amp li fied 16S rDNA product was got sequenced commercially (GenelinkTM, 

Hav.rthorne, New York). The gene sequences were compared with others in the GenBank 

databases using the NCB! BLAST (w'vVvv'.ncbi.nlm.nih.gov). Gene sequences of 16S 

rDNA of selected organisms were obtained from GenBank and aligned with gene 

sequence of our isolates using CLUST ALX. The aligned sequences were used to 

construct a distance matrix (Jukes and Cantor, 1969), after the generation of 100 

bootstrap sets that was subsequently used to construct a phylogenetic tree by neighbor­

joining method (Saitou and Nei, 1987), using Treecon for windows (Van de Peer and De 

Wachter. 1993). 

2.6.4 Recovery of Different Genes Using Integron Specific Primers 

lntegron linked genes were recovered by PCR amplification using integron 

specific primers. 

The primers to conserved sequences were HS286 (51 GGGATCCTC(GC) 

GCT(GT)GA(GA)CGA(AC)TTGTTAG(GCA)C 31 ) and HS287 (51 GGGATCCGC 

(GC)GCT(GT)A(AGCT)CTC(GCA)(GA)(GA)CGTTAG(GC)C 3/ ). These primers 

target the flanking regions of 59-base element sites (stokes et al., 2001). The underlined 

sequence is a BamHI linker that is not complementary to 59-base element sequences. 

Reaction mixtures consisted approximately of 5ng of template DNA, 100pmoi of each of 

the primer, 200nM deoxynucleoside triphosphate (dNTP) mix, 2mM MgCh and 1 U of 

Taq DNA polymerase. 

Reaction mixture (50~lL) comprised of: 

1. Nanopure water 36.0 ~lL 

2. 1 X PCR buffer 5.0 ~lL 
') MgC1 2 4.0 ~L .J. 

4. dNTPs 1.0 ~lL 

5. HS286 1.0 ~lL 

6. HS287 1.0 ~L 

7. Taq DNA polymerase 1.0 ~lL 

8. Template 1.0 ~lL 
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peR profile 

Amplification was carried out with the following cycling program: 3 minutes at 

94° C [or 1 cycle, 30 seconds at 94° C, 30 seconds at 55° C, 2 minutes and 30 seconds at 

72° C for 35 cycles, and 5 minutes at n° C for 1 cycle. 





CHAPTER 3 

n£SU£iS 

The results obtained Juring the present study are presented be low. 

3.1 GROWTH OF MICROORGANISMS 

1\$ described in section 2.1, the locnl bacterial isolmcs from N1BGE culture 

co ll ec tion \\ere sLl~jcctl!d to se ro logical and molecular analysis for present study. These 

local bal:lcnal isoi;HCS involved HC-AF2. TF9, TF'IO (strains ur Acidif/liobaci/llls 

./cl'ro(lxld(lIlS). KC-/\ r2 la strnin or Ikidilhiobacilllls r/iiooxidolls ). MT9. NIT I O. MTI 3. 

MTI6. tvll 17 (slr~l ins or S/llth/wcil/llS Iher/l/()slI(jldv()xhkll1s) and TH 1 (rc lerencc sLrain 

of.<; 11t4'I'/I//I\/d/ldo(/l'idw/1) I1lllh solid und liquid I1ll!Ch~l wen.: cmpl()ycl.l for the ~!.r(lv.'h 

1)1' 1111 CrO\lrgilll ,snl!) 

3.1.1 Cr"wth ofS. liler/llosl/{fidooxidlll/s 

Rotll so lid (l nd liquid llH.:di ll were employed Il l(' the growth 0 1 S 

I /Jeri/if'" Iii {ic/(uIYit/{IIl,l' 

3. 1.1. 1 (; rHwt h Hf S. I/H!1'1II0SU([ir/oox ;t/ulls 011 Solid MediulU 

1'(' I ":i lj Illcdillill deVeloped by Johnson C/ (1/. , (J 987) was cmployed as n so lid 

medium !hr tht' g.rowlh or ,\: rJwtl1loslIljidooxidclIIS. Arter spreading, the petri plates were 

incubated at 45 0 C. Alier th ree days of' incubation dark brown co lonies were appeared on 

so lid mediulll. A single colony was picked, using a platinu lll loop. alld ill('lculnted in 

liqUid Ineliillill rill 5; Ihe/'l}/fI.Ilf(jic/ol)xidtlJl.f (iron medium) roJ' inocul ulll preparation to 

conduct "'I;'r(ll()~i c.\[ and IlwlC'cubr ~ tllcli C's. 
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3.1.1.2 Growth of S. tltermosulfidooxidans in Liquid Medium 

Iron medium (Leathen et af., 1956; Postgate, 1966) was employed as a liquid 

medium lor the gro\\th of S. thermosu(fidooxidans. A single colony grown on solid 

medium was inoculated and the flasks were incuba..ted at 45° C on an orbital shaker. 

Observing turbidity in flasks and typical reddish-brown coloration indicated 

growth of bacteri a. For further confirmation of growth, aliquots from flasks were titrated 

against 1.0 mM KMn04 solution, which indicated the amount of ferrous iron oxidized to 

ferric iron by S. therl11osuljidooxidans. Growth was obtained after three days of 

incubation. 

After growth on iron medium, fresh bacterial culture was inoculated (10%) in 

basal sa lt solution containing finely ground pyrite (0.35%). The flasks were incubated 

again at 45° C. Bacterial growth was indicated by observing turbidity in medium and by 

the appearance of yellowish green coloration due to the formation of Fe +2 and Fe +3 by the 

oxidation of pyrite. Confirmation of, growth of S. thermosulfidooxidans was done by 

titrating aliquots from flasks against 1.0 mM KMn04 solution. Rich growth was obtained 

after seven days of incubation. After rich growth the flasks were removed from shaker 

and stored at 4°C for further studies. 

3.1.2 Growth of At. ferrooxidans 

3.1.2.1 Growth ofAt.jerrooxidans HC-AF2 on Solid Medium 

FeTSB solid medium developed by Jolmson et ~t!. , (1987) was employed as a 

solid medium for the growth of A t. ferrooxidans HC-AF2. After spreading, the petri 

plates were incubated at 30° C. After three days of incubation, dark brown colonies 

appeared on so lid med ium. A single c?lony was picked, and inoculated in liquid medium 

for A I. ferrooxidans (iron medium) for inoculum preparation. 

3.1.2.2 Growth ofAt.jerrooxidans HC-AF2 in Liquid Medium 

Iron medium (Leathen et al. , 1956; Postgate, 1966) was employed as a liquid 

medium ror the growth of AI. jerrooxidans. A single colony grown on solid medium was 

inoculated and the flasks were incubated at 30° C on an orbital shaker. 
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Growth of bacteria was indicated by observing turbidity in fl asks and typical 

reddish-brown coloration. For the confirmation of growth, aliquots from flasks were 

titrated aga inst 1.0 111M KMn04 solution, which indicated the amount of ferro us iron 

oxidized to ferric iron by At. jerrooxidans. Growth was obtained after twu days of 

incubati on. 

After growth on Iron mediulTl, fresh bacterial culture was inoculated (10%) in 

basal sa lt solution contain ing finely ground pyrite (0.35%). The flasks were incubated at 

30° C on an orbital shaker. Bacterial growth was indicated by observing turbidity in 

medium and by the appearance of yellowish green coloration. Confirmation of growth of 

At. jer/'ooxidans HC-AF2 was done by titrating aliquots from flasks against 1.0 mM 

KMn04 so lution. Rich growth was obtained after seven days of incubation. When rich 

growth was obtained the flasks were removed from shaker and stored at 4° C for further 

studies. 

3.1.3 Growth of At. thiooxidans 

3.1.3.1 G,'owth of At. tlliooxidans KC-AT2 on Solid Medium 

Sodium thiosulfate was used as energy source fo r AI. Ihiooxidans growth on solid 

media. After spreading, the petri plates were incubated at 30° C for three days. After tlu'ee 

days of incubation, off white colonies appeared on solid medium. A single colony of A t. 

thiooxidans KC-A T2 was picked with a platinum loop and inoculated in liquid medium 

for inoculum preparation . 

3.1.3.2 Growth of At. tltiooxidans KC-AT2 in Liquid Medium 

For the growth of At. thiooxidans KC-A T2 in liquid medium, elemental sulfur 

medium was used whose composition was same as that of iron medium but instead of 

ferrous su lfate , fine ly ground elemental sulfur (1 %) was added as energy source and pH 

was adjusted to 2.8-3.0. Flasks were incubated at 30° C on orbital shaker. Growth of At. 

Ihiooxidans KC-AT2 ,,.,,as indicated by observing turbidity in liquid medium and 

reduction of pH aga inst control. Rich growth was obtained after five days. 
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SEROLOGICAL STUDIES 

3.2 AGGLUTINATION REACTIONS 

In the present study, the somatic agglutination reactions were carried out to 

determine the antibody titer in the rabbit antisera against each bacterial strain. 

Agglutination reacti ons were performed in microtiter trays as discussed in section 2.3.4. 

The anti serum titer aga inst S. thermosulfidooxidans MT13 strain reached to a value of 

1 :3200 after two booster inj ections. This was indicated by visible agglutination (granular 

clump) in wells of microtiter plate h~ving antisera dilution upto 3200 . The controls did 

not show any agglutination as in well having antisera and saline the solution was 

transparent while the we ll containing antigens and saline showed the settling of antigens 

at bottom and turbid supernatant. 

The ri se in antisera titer against S. thermosulfidooxidans TH1 strain was slow and 

required four booster inj ections for reaching upto 1 :3200. 

In case of At. thiooxidans KC-AT2, the antibody titer value easi ly reach up to 

1 :3200 after early six doses, which indicates that response of rabbits against this strain is 

very high. 

However in case of At. ferl'Ooxidans HC-AF2, the response of rabbits was again 

slow and booster injections were needed to raise the antisera upto 1 :3200.The two rabbits 

used for each strain showed almost same level of antibodies in serum. 

3.3 CROSS REACTIVITY 

Cross reactivity refers to the ability of an individual antibody combining site to 

react with more than one antigenic determinant or the ability of a population of antibody 

molecules to react with more than one antigens. In order to check whether or not 

antiserum developed against one strain reacts with antigen of other strains of same 

species or different species, tlu'ee types of serological tests were performed i.e 

agglutinat ion reaction, enzyme linked immunosorbent assay (ELISA) and fluorescent 

antibody labe ling test. 
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3.3.1 C."OSS Reactivity of Polyclonal Antisera Developed Against Antigens 

from At. ferrooxidans Strain HC-AF2 

The results of antigen-antibody reactions to check cross reactivity of antiserum 

developed against antigens from At. jerrooxidans HC-AF2 are shown in table 3. l. It is 

evident from the results mentioned in table 3.1 that antibodies developed against At. 

jerrooxic/ol1s HC-AF2 were very specific and did not cross react with antigens of other 

bacterial strains except little cross reactivity with species of Acidilhiobacillus. From the 

ELISA results, it was noted that AI. ferrooxidans HC-AF2 strain has almost 20% cell 

surface antigens common with AI. thiooxidans KC-AT2 isolated from Khushab coal 

mines and 10% cell surface antigens common with At. Jerrooxidans TF9 and At. 

jerrooxidans TF10 isolated from urani,um mines DG khan. The agglutination test showed 

that thi s strain has no cross reactivity with all other strains. In case of fluorescent 

antibody labeling test, dull green color was observed with KC-AT2 antigens which was 

rated as (1 +) while with +ve control (HC-AF2) the color was brilliant yellow green (4+). 

Table 3.1: Reactivity of antisera developed against At. ferrooxidans HC-AF2 

Bacterial strains Agglutination Fluorescent ELISA 

reaction antibody labeling 

At. JerJ'Ooxidans HC-AF2 +ve 4+ 100% 

At. jel'J'Ooxidans TF9 -ve ND 10% 

At. jel'l'oox idans TF 1 0 -ve ND 10% 

At. Ihiooxidans KC-AT2 -ve 1+ 20% 

S. thel'l11osulftdooxidans TH 1 -ve 0 0 

S. thel'l11osulfidooxidans MT] 3 -ve 0 0 

S. thel'l11osulftdooxidans MT9 -ve ND 4% 

S. thel'l11osu(ftdooxidans MT1 0 -ve ND 0 

S. Ihel'l11osul/jdooxidans MT16 -ve ND 0 

S. therl11osu({ldooxidans MT17 -ve ND 5% 

(ND=Not deterillined) 
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Figure 3.1: Enzyme-linked immunosorbent reaction of polyclonal antibodies 

developed for At. ferrooxidans HC-AF2 with antigens from different bacterial 

isolates. Rows: (1) +ve control, (HC-AF2 antigens), (2) -ve control (without 

antigens) (3) TH1, (4) MT13, (5) KC-AT2, (6) +ve control, (7) TF9, (8) TF10, (9) 

MT9, (10) MT10, (11) MT16, (12) MT17 
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3.3.2 Cross Reactivity of Polyclonal Antisera Developed Against Antigens 

from At. thiooxidans Strain KC-AT2 

The table 3.2 is showing the results of cross reactivity of anti serum developed 

against antigens from At. thiooxidqns KC-AT2. ELISA results indicated that At. 

thiooxidans KC-A T2 strain has almost 28% cell surface antigens common with At. 

ferrooxidans HC-AF2 isolated from Hernai coal mines. 7% cell surface antigens 

similarity of KC-A T2 was also observed with At. ferrooxidans TF 1 0 isolated from 

uranium mines DG khan. Antisera against At. thiooxidans KC-AT2 also showed a some 

reaction with antigens of moderate thermophilic strains MT9 and MTIO. The 

agglutination test indicated that this strain has cross reactivity with HC-AF2 strain of At. 

ferrooxidans. In case of fluorescent antibody labeling test, dull green color was observed 

with antigens from HC-AF2, which was rated as + 1 while with +ve contro l (KC-AT2) the 

color was brill iant yellow green. 

Table 3.2: Reactivity of antisera developed against At. tltiooxidans KC-AT2 

Bacterial strains 

At. thiooxidans KC-AT2 

At. fe rrooxidans HC-AF2 

At. ferrooxidans TF9 

At. ferrooxidans TFI 0 

S. therf11osuljidooxidans THI 

S. thermosuljidooxidans MT13 

S. thermosuljidooxidans MT9 

S. therl11osuljidooxidans MTI 0 

S. therf11osuljidooxidans MT16 

S. thermosuljidooxidans MT17 

(ND=Not determined) 

Agglutination 

reaction 

+ve 

+ve 

-ve 

-ve 

-ve 

-ve 

-ve 

-ve 

-ve 

-ve 

Fluorescent 

antibody labeling 

4+ 

1+ 

ND 

ND 

0 

0 

ND 

ND 

ND 

ND 

ELISA 

100% 

28% 

o 
7% 

o 
o 

10% 

16% 

o 
o 
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Figure 3.2: Enzyme-linked immunosorbent reaction of polyclonal antibodies 

developed for At.tlliooxidal1s KC-AT2 with antigens from different bacterial isolates. 

Rows: (1) +ve control (KC-AT2 antigens), (2) -ve control (without antigens) (3) HC­

AF2, (4) THl, (5) MT13, (6) +ve control, (7) TF9, (8) TFI0, (9) MT9, (10) MTIO, 

(11) MT 16, (12) MT17 
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3.3.3 Cross Reactivity of PolycionaI Antisera Developed Against Antigens 

from Sulfobacillus thermosulfldooxidans Strain THI 

The results of antigen-antibody reactions to check cross reactivity of antiserum 

developed against antigens from S. Ihermosu(fidooxidans strain TH I are shown in tabl e 

3.3. Strong reaction was observed among the antisera developed against Sulfobacillus 

Ihermosulfidooxidans and locally isolated moderate thermophilic strains MT13 and 

MTIO. The other moderate thermophilic strains MT9, MT16 and MT17 were also found 

to have more than 50% cell surface' antigens common with S. thermosu(fidooxidans. 

However, it was found that S. thermosu(fidooxidans has no antigenic similarity with 

mesophilic strains AI. fe,.rooxidans HC-AF2, At. thiooxidans KC-AT2, AI. ferroox idans 

TF9 and AI. fer,.oox idans TF I0 . The agglutination test also showed that this strain has 

cross reactivity with MT9, MTIO, MTI3 , and MTI6. However, no agglutination was 

observed with antigens from MT17 strain. In case of fluorescent antibody labeling test, 

yellow green co lor was observed with antigens from MT13 and also from +ve control 

(TH 1), which was rated as 2+. 

Table 3.3: Reactivity of antisera developed against S. tltermosulfldooxidans THI 

Bacterial strains Agglutination Fluorescent ELISA 

reaction antibody labeling 

S. the,.l11osZllfidooxidans THI +ve 2+ 100% 

At. ferrooxidans HC-A T2 -ve 0 0 

At. ferrooxidans TF9 -ve ND 0 

At. ferrooxidans TFI 0 -ve ND 0 

A I. Ihiooxidans KC-AT2 -ve 0 0 

S. thermosulfidooxidans MT13 +ve 2+ 90% 

S. thermosulfidooxidans MT9 +ve ND 65% 

S. Ihermosulfidooxidans MTI 0 +ve ND 95% 

S. the,.mosulfidooxidans MT16 +ve ND 56% 

S. Ihe,.musulfidooxidans MT17 -ve ND 50% 

(N D=N at determ i ned) 
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Figure 3.3: Enzyme-linked immunosorbent reaction of polyclonal antibodies 

developed for S. thermosu/fidooxidal'ls TH1 with antigens from different bacterial 

isolates. Rows: (1) +ve control (TH1 antigens), (2) -ve control (without antigens) (3) 

HC-AF2, (4) MT13, (5) KC-AT2, (6) +ve control, (7) TF9, (8) TF10, (9) MT9, (10) 

MT1 0, (11) MT16, (12) MT17 
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3.3.4 Cross Reactivity of Polyclonal Antisera Developed Against Antigens 

from Su(fobacillus Thermosulfldooxidans Strain MT13 

The table 3.4 is showing the results of cross reactivity of antiserum developed 

against antigens ii'om S. Ihermosu{{tdooxidans strain MT13. S. Ihermosulfidooxidans 

MT13 strain gave strong positive reaction with other moderate thermophilic strains MT9, 

MTI 0, MT16, MT17 and with standard strain TH I . This strain was also found to have no 

antigenic similarity with mesophilic strains At. ferrooxidans HC-AF2, At. Ihiooxidans 

KC-A T2. A I. ferrooxidal1s TF9 and At. f errooxidans TF IO. The agglutination test also 

showed that th is strain has cross reactivity with THl , MT9, MTIO and MT17 strains. 

However, no agglutination was seen with antigens from MT16 strain. In case of 

fluorescent antibody labeling test, yellow green color was observed with antigens from 

THland also from +ve control (MT13) that was rated as 2+. 

Table 3.4: Reactivity of antisera developed against S. tltermosu/fidooxidans MT13 

Bacterial strains 

S. Iherl110SlIIfidooxidal1s MT13 

At. ferrooxidans HC-A T2 

At. fe rrooxidans TF9 

At. ferrooxidans TFI 0 

AI. Ihiooxidans KC-A T2 

S. therl11osu(fidooxidans THI 

S. therl11osulfidooxidans MT9 

S. therl11osu(fidooxidans MTI 0 

S. therl11osulfidooxidans MT16 

S. therl11osulfidooxidans MT17 

(ND=Not determ ined) 

Agglutination 

reaction 

+ve 

-ve 

-ve 

-ve 

-ve 

+ve 

+ve 

+ve 

-ve 

+ve 

Fluorescent 

antibody labeling 

2+ 

0 

ND 

ND 

0 

3+ 

ND 

ND 

ND 

ND 

ELISA 

100% 

o 
o 
o 
o 

93% 

70% 

95% 

50% 

50% 
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Figure 3.4: Enzyme-linked immunosorbent reaction of polyclonal antibodies 

developed for S. tllel'n1osu/fidooxidans MT13 with antigens from different bacterial 

isolates. Rows: (1) +ve control (MT13 antigens), (2) -ve control (without antigens) 

(3) HC-AF2, (4) THl, (5) KC-AT2, (6) +ve control, (7) TF9, (8) TFI0, (9) MT9, (10) 

MT10, (11) MTI6, (12) MT17 
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3.4 Quantitative Analysis of Specific Bacterial Species in Leach Liquor 

Quantitative ELISA results indicated that moderate thermophiles dominated in heap 

leach liquor, though Acidifhiobacilllls ferrooxidans were also found in leach liquor 

coming from the heap. However, no AcidifhiobaciLlus thiooxidans were found in leach 

liquor (Table 3.5). 

Table 3.5: Bacterial quantification in leach liquor 

Sample # Days Moderate thermophiles At·ferrooxidans At. thiooxidans 

cells/ml HC-AF2 KC-AT2 

cells/ml cells/ml 

Initial inocu lum 0 5 x 10J 2.4 x 104 2.4 x 104 

" 

1 7 l.16 x 106 ND ND 

2 14 9.2 x lOll 6 X 104 ND 
'1 2 1 2.4 x lOll ND ND .) 

4 30 2.4 x lOll 5.4 X 104 ND 

5 37 l.32 x lOll 5.9 X 104 ND 

6 45 4.28x10b ND ND 

7 54 8.68 x 106 ND ND 

8 67 8.48 x lOb ND ND 

9 77 5.6x106 ND ND 

10 85 1.44 x 107 ND ND 

11 93 5.12 x lOll ND ND 
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3.5 Quantitative Analysis of Specific Bacterial Species in Heap 

The figure 3.5 is showing the population of specific bacterial species at five 

different locations of heap and the figure 3.6 is showing the locati ons from where the 

samples were taken. 

_ MTs EiMS HC-AF2 ~ KC-AT2 

4.---------------------------------------------. 
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Sample Locations 

Figure 3.5: Bacterial quantification in heap 
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Figure 3.6: Location of sampling sites in 20-ton coal heap set for coal 
biodesulful"ization ( __ sites on the periphery, ~ sites inside the heap) 
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3.6 MOLECULAR STUDIES 

3.6.1 DNA Isolation 

Total genomic DNA was isolated from pure cultures of AI. ferrooxidans HC-AF2, 

At. thiooxidans KC-AT2 and S. thermosulfidooxidans MT13 and also from the cultures of 

the same bacteria grown in fermentors under non-sterilized conditions. The DNA bands 

obtained on agarose gel are shown in figure 3.7. The sizes of the total genomic DNA of 

all strains were observed to be approximately of equal size. 

2 3 4 5 6 7 8 

Figure 3.7: Genomic DNA bands on agarose gel: (1) 1 Kb ladder, (2) Mix culture of 

HC-AF2, KC-AT2 & moderate thermophiles, (3) HC-AF2 grown in fermentor, (4) 

KC-AT2 grown in fermentor (5) moderate thermophiles grown in fermentor, (6) 

HC-AF2 pure culture, (7) KC-AT2 pure culture (8) S. thermosulfidooxidrtns MT13 

3.6.2 peR Amplification of the 16S rDNA and Sequencing 

DNA samples from HC-AF2 and KC-AT2 were amplified using FDI and rpl 

primers and PCR product of approximately 1600 bp was obtained (Fig 3.8). Purified PCR 

product was got sequenced and the sequences obtained were very fine and only few Ns 

were present in some sequences (section 3.8). Partial sequence of the 16S rDNA showed 
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that HC- AF2 isolate has homology with At. ferrooxidans species and KC-A T2 has 

homology with At. thiooxidans. 

1636 bp ~ 

Figure 3.8: PCR amplification for 16S rDNA (1) 1 Kb ladder, (2) HC-AF2, (3) KC­

AT2 

3.6.4 Partial16S rDNA Sequences (forward) of HC-AF2 and KC-AT2 

Following are the sequences of At. ferrooxidans HC-AF2 & At. thiooxidans KC­

A T2 obtained by using FD 1 primer. 

At. ferrooxidalls HC-AF2 

5' .. .. .. TAGAACGCTGGCGGCATGCCTAACACATGCAAGTCGAACGGTAACAGG 

TCTTCGGATGCTGACGAGTGGCGGACGGGTGAGTAATGCGTAGGAATCTGTC 

TTTTAGTGGGGGGACAACCCAGGGAAACTTGGGCTAATACCGCATGAGCCCT 

GAGGGGGAAAGCGGGGGATCTTCGGACCTCGCGCTAAGAAGAAGGAGCCTA 

CGTCCGATTAGCTAGTTGGCGGGGTAAAGGCCCACCAAGGCGACGATCGGTA 

GCTGGTCTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGAC 

TCCTACGGGAGGCAGCAGTGGGGAATTTTTCGCAATGGGGGCAACCCTGACG 

AAGCAATGCCGCGTGGATGAAGAAGGCCTTCGGGTTGTAAAAGTCCTTTCGT 

GGAGGACGAAAAGGTGGGTTCTAATACAATCTGCTATTGACGTGAATCCAAG 

AAGAAACACCGGTTACTCCGTGCCAGCAGCCGCGGTAATACGGGGGGTGCA 

AGCGTTAATTC GGAAT. ............. 3' 
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At. tlliooxidans KC-A T2 

5' ...... TTAGACGCTGGCGGCATGCCTAACACATGCAAGTCGAACCGAGGCAGN 

CCTTCGGATGCTGACGAGTGGCGGNCGGGTGAGTAATGCGTAGGAATCTGCC 

TTTGAGTGGGGGACAACCCAGGGAAACTTGGGCTAATACCGCATAAGCCCTG 

AGGGGGAAAGCGGGGGATCTTCGGACCTGGCGCTGGAAGAGGAGCCTACGT 

CTGATTAGCTAGTTGGTAGGGTAAAGGCCTACCAAGGCGACNATCGGTAGCT 

GGTCTGAGAGGACGACCAGCCACACTGGGACTGAGACACTGGCCCAGACTCC 

TACGGTTAGGCACGCAGTGGGGAATTTTTCGCAATGGGGGCAACCCTGACGA 

AGCAATGCCGCGTGAATGAAGAAGGCCTTCGGGTTGTAAAAGTCTTTCGTGG 

AGGACCAAAAGGNGGGTGCTATAACGCCTGCTGTTGACGTGAATCCAAAGAA 

GAAACACCGTTT ACTTC .............. 3' 

3.6.3 Nucleotide Sequence Accession Numbers 

Accession numbers of the partial 16S rDNA sequences of the isolates described 

in this study are given below along with the closest matching sequences already in the 

database. The sequences of moderate thermophiles THI & MT13 were taken from data 

base for phylogenetic tree. 

Iso late 

HC-AF2 (A Y437843) 

KC-AT2 (AY437844) 

Nearest relatives 

At. ferrooxidans (AJ295655) 

At. thiooxidans (B-S3) (X75269) 

3.6.4 Phylogenetic Analysis of HC-AF2 and KC-AT2 

Identity (%) 

98 

95 

Partial 16S rDNA sequences were obtained from the NCBI 

(www.ncbi .nlm.nih.gov) site and they were aligned with our isolates to generate a 

phylogenetic tree. 
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Fig.3.9. The inferred relationship based on partial 16S rDNA sequence, of the 
locally isolated HC-AF2 and KC-AT2 (in bold) to other bacteria. The tree was 
rooted with E.coli. Scale bar represents the number of inferred nucleotide 
substitution pel' site. Bootstrap values (100 replicates) are shown at the nodes. 
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3.9 Integron Profile of Inoculum Prepared for Heap 

Integron profile of inoculum was studied by PCR amplification of integron-linked 

genes using HS286 and HS287 primers. The results indicated that amplification was 

much clear at 5 times dilution of genomic DNA although bands were observed in 

concentrated DNA and at its 10 times dilution also. The approximate sizes of observed 

the bands were 396 & 220bp. Integrons bands were not observed in case of At. 

thiooxidans KC-A T2 . 

396 bp ---..::::~ 

220 bp---. 

2 3 4 5 678 9 10 11 12 13 14 

Figure 3.10: PCR amplification for integron-Iinked genes. (1) 1 Kb ladder, (2) Mix 

culture of HC-AF2, KC-AT2 & moderate thermophiles (MTs), (3) HC-AF2 grown 

in fermentor, (4) KC-AT2 grown in fermentor (5) MTs grown in fermentor, (6) Mix 

culture (5 time dilution), (7) HC-AF2 (5 time dilution), (8) KC-AT2 (5 time 

dilution), (9) 1 Kb ladder, (10) MTs (5 time dilution), (11) Mix culture (10 time 

dilution), (12) HC-AF2 (10 time dilution), (13) KC-AT2 (10 time dilution), (14) MTs 

(10 time dilution), 





CHAPTER 4 

DISCUSSION 

Microbiological m;cekrated oxidat ion o f pyrite and other sulfide mineral s is 

llllport<llll in bOlh environmental llnd applied microbiology and also from economic point 

or view. Few species of ~Icidophi lic bacteria including Acidilhiobacilllls /el',-ooxida!1.1', 

Ac:iC/ilhifl/wcilfll.\ ,'liooxidolls and SI/(fubacillw; ,hel'lIIvslI(jidooridans ha ve been 

implicat(;-'d ::lS being the significant microorganisms iJivo]ved i ll [he sulfide mineral 

oxidation during coal desulfurizalion and metal leaching fro111 Ores. Monitoring or 
microbial populmion is, ery important 10 improve the biocatalytic desul rllrizalion as \Veil 

as olher biule,)ching processes at pilol and cOlllmercial scale. Serological tests c,m play an 

impor1<lllt rnlc in identification and ClluJl1cl'<ltion or speci fi c bacterial popu l atioll~ during 

these proL'csscs. rhus Ih~ present stud) has signiJicant imporwncc f!.!gw·d lllg Ihl;; 

impro\ I.:rn~nt in l:..trge-scale biocatalytic ~l1 lJide mint:J'al oxidation processes. 

Lm:al isolates 11'01\1 the N IBGI~ culture collt;ct ion were lIsed in the prest::lIt study. 

Thesl;; bactcri~1 have bel.!ll isolated n'om their mHurnJ habitats and included AI 

/i.'/'/'O()xiC/olI.\ strains. IIC-AF2. TF9. & TFIO, 5i. Iltel'llulJ'lI/fidooxidalls strains THI. 

M'] 13. M"19. rvl'! 10. MTI () & MT 17 and Af. Ihivvxidons KC-AT2. : 11. /errooxidans ~111d 

S. IheJ'/J/{J,\'ulfidooxidam Hl'e capable of ox idizing ferrous iron tFe2
+) to Jerrie iron (Fe)"). 

Iron tryptic SO) a broth WeTSJ3) mediulll, developed by Johnson at al.. (1987) was used 

as solid IHl.!dil1ln tor their growth and to ~heck the purity of culture tJohnson and Ke lso, 

1983). Growth was observed as dark browll colonies due to jarositcs produced fi'olll the 

oxidation uJ' ferrous ions by the bacter ia. In addition to dark brown colonies. 

c.:haractcrisLic or Ch~1ll0lilhOlrophi c growth. while colonies are also obtained on thi::;: 

medium irtl1~ l:u lLurc is cunl,mlinaled with heterotrophs. Ilowever. no such colonies were 

obsc.:: rved in Ihis case confirming the purity of Olll' culture. Singh:. iso lated colon) was 

piCked n\11ll the platt:: and illm.:ulatcd illto iron medium (Lcathcn el (/1 .• 1956: Postg::HC. 
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1966), consisting of basal salt solution and 0.5 M of ferrous sulfate. From iron medium, 

these bacteria obtain ferrous iron (Fe2+) as substrate and oxidize it to ferric iron (Fe3+) due 

to which the color of the growth media becomes reddish brown after growth. The number 

of cells obtained on iron media was not enough for antigen preparation. Therefore, to 

obtain rich growth, the cells were inoculated into the liquid medium containing pyrite 

(FeS2) as energy source instead of ferrous sulfate. Pyrite is better substrate as 

Acidil hiobacilli & S. thermosulfidooxidans utilize it as energy source and convert it into 

ferrous sulfate through its oxidation. The ferrous ions are oxidized to ferric ions by 

bacteria and energy for growth is obtained from this step also. The ferric ions, thus 

produced, react chemically with pyrite to produce more ferrous ions. Excess of ferric ions 

have inhibitory effect on the growth of bacteria, which is alleviated in pyrite containing 

medium as no accumulation of ferric ions takes place. After obtaining rich growth in 

pyrite containing liquid medium, the cultures of At. ferrooxidans and S. 

thermosuljidooxidans were fi ltered, washed and centrifuged. The cell pellet was 

suspended in 0.85% saline and after adjusting the desired cell concentration the cell 

suspension was stored at 4 0 C to avoid contamination. 

The other bacterium used in this study i.e Acidithiobacillus Ihiooxidans KC-AT2 

obtains energy from the oxidation of various reduced sulfur compounds, such as 

elemental sulfur, sulfide and thiosulfate etc. during its chemolithotrophic growth. 

However it is unable to oxidize Fe2
+ as energy source. Jones and Starkey, (1961) 

demonstrated that cultures of Acidithiobacillus thiooxidans produced a wetting agent that 

permitted wetting of sulfur thereby faci litated bacterial oxidation. Moreover they 

decreased the pH of growth medium due to the production of sul furic acid from the 

oxidation of sulfur. Growth of KC-A T2 on solid medium containing sodium thiosulfate 

as energy source was observed as off white colonies. Colonies of fungi or any other type 

of bacteria were not observed on the plates confirming the purity of our culture. Single, 

iso lated co lony was picked from solid media plate and inoculated into liquid medium 

containing elemental sulfur as an energy source. After obtaining rich growth, the cells 

were filtered to remove so lid sulfur particles and centrifuged. The cell pellet was 

sllspended in 0.85% saline and after adjusting the desired cell concentration the cell 

suspension was stored at 40 C to avoid contamination. 
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The optim um concentration of cells for antigen preparation is reported to be 1 X 

109 (~O.D60() = 0.45) in literature (Somasegaran and Hoben, 1994). However, in the 

present study it was observed that, with reported concentration of cells, the response of 

rabbits was low [or iron oxidizing bacteria. Therefore higher cell concentration (~1.8 x 

109 ce lls/ml) was used for antigen preparation to get optimum titer of antibodies in the 

rabbit sera . In the present study, the somatic agglutination reactions of whole bacterial 

cells with the homologous antiserum were used for titer determination. However in case 

of At. ferrooxidans HC-AF2 and S. thermosuljidooxidans TH 1, the antigen antibody 

reaction was slow as the agglutination occurred by incubating the reaction mixture at 

52°C for 4 hours and then leaving tubes for overnight at 4° C instead of one hour at later 

temperature . This might be due to low affinity of antibody for antigen. Among all the 

four strains injected to the rabbits for antibodies production, Acidithiobacillus 

thiooxidans KC-A T2 strain was found to be most immunogenic as rabbit response against 

this strain was very quick and antibody titer value easily reached to 1 :3200 by early doses 

of antigens. When booster injections were given later on for maintaining the antibody 

titer, the titer value reached to 1 :6400. S. thermosuljidooxidans strain MT13 was also 

considered to be reasonably immunogenic as for this strain the titer value reached to 

1 :3200 after two booster doses of antigens. The strain S. thermosulfidooxidans THI was 

observed to be poorly immunogenic as rabbit response against this strain was very slow 

and many booster doses were given in order to get the proper titer of antibodies in the 

serum. The slow response might be due to the inability of this antigen to stimulate both 

cellular as well as humoral immune system. At present there is not enough information 

available concerning the serology of these acidophilic bacteria especially moderate 

thermophiles. No report IS available 111 literature regarding the serological 
-

characterization of S. thermosuljidooxidans. 

Cross reactivity refers to the ab ility of an individual antibody combining site to 

react with more than one antigenic determil.1ant or the ability of a population of antibody 

molecules to react with more than one antigen. Cross-reactions arise because the cross­

reacting antigen shares an epitope in common with the immunizing antigen or because it 

has an epitope that is structurally similar to one on the immunizing antigen 

(multi specificity). Three of the serological tests i.e agglutination, enzyme linked 
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immunosorbent assay & fluorescent antibody labeling reactions were performed to check 

cross reactivity of antiserum developed against one strain with antigen prepared [rom 

another one. Among these tests, enzyme-linked immunosorbent assay was observed to be 

the more appropriate as [rom this test we can estimate the %age simi larity among the 

epitopes at different antigens whi le agglutination some times gives fa lse positive results 

as in case of cross reactivity discussed in table 3.3 & 3.4. Though, the 

immunofluorescence is as sensitive as ELISA but it is time consuming and it might not 

be suitable for testing large number of samples. 

From serological reactions, S. thermosulfidooxidans strain MT13 and reference 

strain TH 1 were found to have same serotype. On the basis of results shown in table 3.3 

& 3.4 it can be inferred that strains MT9, MT 10, MT 16 & MT 17 of S. 

thermos1l1fjdooxidans have also most of the cell surface antigens common with those of 

MT13 and THI. These observations indicate that all these strains are closely related to 

each other and have similar serotype. On the other hand, no cross reactivity was observed 

when antisera developed against MT13 and THI were reacted with mesophilic strains 

KC-AT2, HC-AF2, TF9 and TFIO. Thus indicating that all these mesophilic strains 

belong to different serotypic group and no cell surface antigens are common among these 

strains. Similar results were obtained when antisera developed against KC-AT2, HC-AF2 

were reacted with moderate thermophilic strains MT9, MTI0, MT13, MTI6, MT17 & 

TH1 , confirming the above observation. Only about 25% antigenic determinants were 

found to be common among mesophilic strains AI. ferrooxidans HC-AF2 & AI. 

thiooxidans KC-A T2 isolated from two different locations. Antisera developed against 

AI. fer,.ooxidans HC-AF2 strain show only small positive reaction when reacted with 

antigens from TF9 & TF 10 indicating them to be distinct strains having different serotype 

among the same species. These results are in accordance with those obtained by Halberg 

and Lindstrom (1996) who reported that mUltiple serotypes of biomining microorgani sms 

such as AI. fe,.rooxidans or AI. caldus exist. 

Compared to pervious quantitative indirect methods using counting of cells in 

suspensions (Monroy el al., 1994) and qualitative methods using a combined 

immunofluorescence-DNA-fluorescence staining procedure (Muyzer el aI , 1987) the 

enzyme linked immunosorbent assay performed in microtiter plates during thi s study 
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a llowed the direct quantification of specific bacterial strains in leach liquor as well as in 

solid coal samples taken from heap at regular time intervals. ELISA results indicated that 

moderate thermophil es dominated in the leach liquor as compared to At. ferrooxidans & 

A t. thiooxidal1s Cfable 3.5). These moderate thennophiles were also detected in so lid coal 

samples taken from different locations of heap, significant population was in the bottom 

edge, mid side and top side samples (Figure 3.5 & 3.6). Although temperature conditions 

in the inner portion of heap seem to be favourable for the growth of moderate 

thermophiles, but their low population density was observed in that region probably due 

to less ava ilability of oxygen. On the other hand, we were unable to find the mesophil ic 

bacteria A I. Ihiooxidal1s KC-AT2 in the leach liquor which indicates that this bacterial 

strain has more affi nity (adhesion) with solid coal as compared to leach liquor as we 

found thi s strain in the solid samples . However, this strain was not detected in samples 

taken from topside and mid-centre. Unexpectedly, the highest population of this strain 

was found at bottom centre of the heap where the temperature range was 60-70° C. It was 

also confirmed by spreading the aqueous extract from these coal samples on solid media 

containing sod ium thiosu lfate as energy source. The cells of other mesophile, AI. 

ferrooxidal1s HC-AF2, were found in some liquor samples, but considerable popUlation 

of this bacterial species was detected in solid coal samples indicating its adhesion to 

pyrite crysta ls in the coal. The overall bacterial population was higer towards peripheries 

(i.e. mid side, bottom edge and top side) while less in central portion (i.e. bottom centre 

and mid centre) of heap (Fig. 3.5). This might be due to elevated temperature and less 

availability of oxygen in the centre of heap. So, providing aeration can increase the 

bacterial population in the centre. 

The 16S rDNA amplification was done to confirm the identity of our locally 

iso lated stra ins being used in coal biodesulfurization studies because at present 16S 

rDNA sequence-based bacterial identification is the most advanced and accurate as it is 

based on highly conserved sequence stretches. It is more reliable and precise compared to 

error-prone conventional morphological and metabolic identification techniques. 16S 

rDNA sequence analysis of the two bacterial strains HC-i\F2 & KC-A T2 llsed in the coal 

heap bi odesulfuri zation showed that l-IC-AF2 belongs to AI. ferrooxidans and has 98% 

16S rDNA simil ar ity \vith A t. fe rroox idans (AJ295655) iso lated from uranium piles by 
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Selenska-pobel el aI, (2001) and KC-AT2 strain belong to At. Ihiooxidans and has 95% 

16S rDNA similarity with AI. thiooxidans (B-S3)(X75269) isolated by Goebel and 

Stackebrandt in 1994. So these results confirmed the identification done by conventional 

methods. 

Integrons seem to be very efficient gene acquisition and expreSSIOn systems 

making them a good alternative to traditional methods for gene isolation. Comparison of 

integron linked genes in HC-AF2 and moderate thermophiles and inoculum containing 

both of these strains along with KC-A T2 on agarose gel have shown that equal size 

integron-linked genes are present in all of the tlu'ee samples Presence of integrons in 

these species has also been reported by other investigators (Ghauri e/ al. , 2003 ; Rowe­

Magnus and Mazel, 2001). However no bands were observed in case of KC-AT2 strain 

indicating that this strain apparently has no integron linked genes. Further separation of 

these mUltiple genes and sequencing can lead to the identification of proteins coded by 

these genes . 

The present study indicates that serological reactions could be very useful for 

qualitative as well as quantitative analysis of bacterial populations. By indirect ELISA we 

can eas i Iy quantify large number of samples in a very short time. So the method 

developed for the quantification of bacteria in this study has significant importance for 

monitoring popUlation of specific bacterial species during the bioleaching processes and 

ultimately leads to the improvement of these processes. 
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APPENDIX I 

Coating Buffer (pH 9.6) 

(Carbonate-bicarbonate buffer, 0.05 M) 

Na2C03 

NaHC03 

NaN3 

1.59 g 

2.93 g 

0.20 g 

Dissolve in 1 liter of distilled water; store at 4° C for not more than two weeks. 

APPENDIX II 

Phosphate Buffer Saline (PBS) 

NaCI 

Na2HP04 (anhydrous) 

NaH2P04.2H20 

Merthiolate 

Dissolve in 1 li ter distilled water and store at 4° C. 

8.5 g 

1.08 g 

0.31 g 

0.10 g 

Phosphate Buffer Saline Tween 20 (PBST) 

For PBST, dissolve 0.5 mL Tween 20 in 1 liter PBS and store at 4° C. 



APPENDIX III 

Enzyme Substrate Solution for ELISA 

Enzyme substrate buffer 

(Diethanolamine Buffer, 10%) 

Diethanolamine 

NaN3 

MgCh.6I-bO 

97 mL 

0.2 g 

0.1 g 

Disso lve in 800 mL of distilled water and adjust the pH to 9.8 with HCl. Adjust 

the vo lume to 1 liter with distilled water. Store at room temperature in an amber bottle. 

To make enzyme substrate solution, dissolve 

p-nitrophenol phosphate 

Enzyme substrate buffer 

5 mg 

5mL 

Immediately before 'use, dissolve 5 mg of p-nitrophenol phosphate in 5 mL 

enzyme substrate buffe r at room temperature. Store p-nitrophenol phosphate at -200 C in 

the dark until use. 

APPENDIX IV 

Bradford's Reagent 

The assay reagent was made by dissolving 100 mg of Coomassie blue G-250 in 

50 mL of 95% ethanol. The solution was then mixed with 100 mL of 85% phosphoric 

acid and was made upto one liter with distilled water. It was stirred overnight. The 

reagent was then filtered through Whatman No . 1 filter paper before storage in an amber 

bottle at room temperature. 



APPENDIX V 

Phosphate Buffer, 0.15 M (pH 9.0) 

Na2HPO" (anhydrous) 21.3 g 

Dissolve in 800 mL of distilled water. Adjust the pH to 9.0. Dilute to 1000mL 

distilled water. 

Phosphate Buffer, 0.1 M (pH 8.0) 

Na2I-IPO" (anhydrous) 14.2 g 

Dissolve in 800 mL of distilled water. Adjust the pH to 9.0 by the dropwise 

addition of 1 N He!. Dilute to 1 OOOmL distilled water. 
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Posters: Sess ion I 

P1.40; DEVELOPMENT OF POLYCLONAL ANTIBODIES AGAINST MT13 STRAIN OF 
SULFOBACILLUS THERMOSULFIDOOXDANS AND DETERMINATION OF THEIR 

SPECIFICITY 

Saleem, M; Anwar, M. A; Ghauri , M. A; Akhtal', K; Rehman, M; Hafeez, F. Y. 
and Khalid, A. M. 

Bioprocess Technology Di vision, Na ti onal In stitute for Biotec hn ology and Genetic Engineering, 
P. O. Box 577, Jhang Road , Fai sa labad, Pakistan. 

The identifi cation of bacteria in a leaching system is very critical and diffi cult task. Quicker and accurate 
means of identification of bacteria have been reported (I ). In the present study, polyc lonal antisera were 
rai sed in rabbits again st whole ce ll s of locally isolated moderate thermophilic acidophilic MT 13 strain of 
Sulfobacilllls thel'lllOsuljidooxidalls (Ghauri et aI. , 2003) and its specifi city was determined against various 
mesophilic and moderate thermophilic isolates . To get higher titer of antibodies 1. 8 x I O~ cell s/ml were used 
for antigen preparat ion . The production of antibodies was slow and titer value reached to 3200 in about two 
months thus indicating slow release of antibodies when rabbit is used as a model system in thi s case. The 
anti gen ant ibody reac tion was al so slow as the agglutination reac ti on occurred by incubating the reaction 
mixture at S2uC for 4 hours and then leav ing tubes for overnight at 4"C instead of one hour at later temperature. 
Thi s mi ght be due to low affinity of antibody fo r anti gen. The developed antisera were hi ghl y spec ific for 
MT 13 strain as no cross reacti vity was observed when tes ted aga inst other strains of the same species and 
bacteria belonging to Acidithiobacillus thiooxidall s alld Acidithiobacillllsferrooxidall s. It is postul ated that 
MT I3 has unique serotype amongst the tes ted bacterial groups. Thi s was further confirmed by ma king 
lluorescent antibod ies (FAs) and applying them to all the above-mentioned cultures. No detectable Iluorescence 
was observed except in the case ofMT 13 cultures thus confirming earlier observation of antibodies specificity. 

(I). Halberg, K. B. and Lindstrom, E. B. Appl. Alld EIII'iroll. Microbial. 62: 11 ( 1996) 4243-4246 
(2). Ghauri, M. A; Khalicl, A. M; Grant, S; Heaphy, S. ancl Grant , W. D. E.r/I'ell/liphiles (2003) (in Press) 
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DEVELOPMENT OF POLYCLONAL ANTIBODIES AGAINST MT13 
STRAIN OF SULFOBACILLUS THERMOSULFIDOOXDANS AND 

DETERMINATION OF THEIR SPECIFICITY 

Saleem, Mj Anwar, M. Aj Ghauri, M. Aj Akhtar, Kj Rehman, Mj Hafeez, F. Y. and Khalid, A. M. 

Biopl'ocess Technology Division, 
National Institute for Biotechnology and Genetic Engineering , P. O. Box 577, Jhang Road, Faisalabad, Pakistan. 

[ BACKGROUND] 

,------------------------------
! Th~·li1l0phiil~· a..:idl\J1hi l i~· h:l~'ll'lia :11 1,.' ailk III \)~idi.'i": 

1".:dlll..'..:d inlll alld suiI'm l'llIllpUlltlds alld pnssl'ss ~ll'a! 

!l1'll'lIlial for ("0:11 lksulfuri z:lli llil and billk:lI:hiut; llf 
lIIil:l'I":l1 sullilk Im:s at high tl'l1Ip ... mlllrc: . I hJwc\,cr. thl' 
idclUi li .. 'illioll ami l'1II1111l'rati!JII llf sp\.'\.'ilil,,' n..:idl1philil' 
b:Kh'ria l spn'i .. ,s ill II kadling S),SII,.'III an .. ' diflil:Lllt tasl..s 
bl.'(;HIS(, or [h..: IHI.'Sl' IKI.' of lIIilll'rnl parlidcs . Also, it is 
diflku li \0 0 1.)["111 ~ro\\,lh or leaching lIactl'ria 0 11 ddilll.'d 

solid media Ill'callse illl'lIhation lime 1'''11" th .. , dc\'do pll h:1I 1 
~lf ~'\ll\mi~s is usuall \, Ill! 1111' ~lhkr or U1H.' wc~'k ~Jr 111\11'1' . II 
is ah\) J i l1i ~\l1 1 i ~1 dl s tin~uish ha~· t l· 1 in by ~\II\\lI)' 
1II11lVhlllogy. J)ill'l'I~'''1 ulctlllHls lih~' Inurplml\lgi ~al 
charal·lc lisli~·s. ditl'cll'lll ial st ain ing, hiudlclnicnl Il· SIS. 
sI.'n11l.lg icai analysis and lIluk~ular ilnalys is llrc II Sl'd I'M 
Ihl.' it!~·ntirkalillli uf hal·ll· .. ia. r\ lIhllll,! Ih~ SI' llll'lhllds. 
sl'\I)hlgi~' nl Il'S IS haw ~~1I111' ad\'l\ll llll!\'S Ihnl Ill eSt' nil' 
q\ll~'h nnd II IlJI\.' spl'e; !'h:. 

111 thl' prl.'selJl silldy, Sl'fUII'gi~'il ll l'SI was (kvclllPl't\ Ii))" Ihl' 
idl'lllill~'atilltl and IJII.Liltilil·,lIilln lit" IIllldl' lall'] Y 
Ih!!l1llophilie lJ;1~'t~'I'I:l Sult;,,,,/,',II,,.\· Ihe/'lIIo.l"Il//i,/{III.\"I,/{1/1.1" 

~IT\3 in bioil'a~'hillg SYS;~· II1 . FIll' Ihis pllrpns~' \HI I}"l'hlllnl 
1IllIlhodic:s "I'll' dl"l'lllpt'd ag;linsl t-.ITI.1 hal'lt'll:I ill 
rilllhlls. Tht' C;ltlSS Il'al'[1\ il~ ' III' thl'se al\l;hlldil·.~ \\ ilh 11111l'1 
lIlotll'r:lIc Ih~l"IIhlplllll\.· \l;1l'll'II;1 Ill-I' Till :J1Il\ IIwsllphlli..: 
b:1Ctl'I'In lik\.· .·!,·/,IIIIIIIJ/',/olh/l ,,'/"1"0"\,''',/1/.\ t'~ SII;l11i ,mil 
.. 1,dllll/obo,·"",.1 (/tW,I\/./,II/I· rr.! SI1;llIl \\as :1"11 

~'he~'~~'d 

T~pirlLt SII"l II· tlll'l· \If 
,\11 .\lIlihully 

§tETHODOLOGY I 

FUI pulyl'lllllallllllihlldil'S prllllu c; liUl I Ill\.' ruhhits Wl' ll' II Sl· t! 
as IIHllkl S)'~ ICIII . For 1lil li gCII JlIl'\HlrntiulI .I"IIUiJ/'llnllll.\· 
("alll(l.I"IIU;dllll.l'idrlll.~ t-.f l'l.1 li ll"lIllI W/IS gnnvlI Ill! hn lin l 
sn ll mcdia . ,\ I"tl'r r i ~h BrtlWl h till' l'~' lI s w~' rc SII SJl Clllll'tl ill 
O.N:'i'Yu snlinl'. Thl' nnligl' 11 S Wl'll' Pl l'JlIliCd h)' sll'ulllillH I.H 
.\ 1(l" l'l'lls/1lI1 rur \IIII' hULl!". Ilil-\hl'r C;\lII~l' lI lrul i llll til' cl'lls 
WiI\ II sl'd 10 Hl'l high 1\·S l'llllSl· . 

Rnbhits wcrc illJl llllllizeti wilh IInlig\.·lJs ntul Iile' hlulld 
S~'r\llli WIIS Il'Sll'd fur li lh.'d lk IIlllihthiil's hy ngg iulillllliull 
1\'Il ~ liulI ll :iH 1. Tllhk 1). Whl'/1 Ih l' Illllihudy li ll' l vll lt le 
Icadll.:d III J2UU [hclI IIIl' hluud WIIS 11I~1,'11 lind Ihe SC IUlli 
"'liS Sqlllllltl·ll. Ml'llhiu lnh! \VIIS nddc;d in il liS II 

pn:sl·!\' ll li,o'l' . The cross 1"l'IICli vil ), Ill' Ihese Illililwilics WIIS 

d ll'l'hl'd h)' ag~luli ll nlilln 1I11t1 illdire\'! ELlS" IIIl,thuds. 
Thl' SCC IHlll:lI ), IIlllihlldil's IIs!"·d ill EI.ISA Wl'll' 
l'U IIIIIIl'll' ial IH{i j.:UIlI IIl1li o lllhhil IIlhlllt'll' I Jh(\''\IIIIIIIII~c 

cllnjugll ll' ((iAR.A P). Thl'lie Il'sull S Wl'le fUllitl'l WI ilkl! 
b)' Illal-illg I1U1Hl'S~'l'lll ililliitiidi l's WAs ). 

1-'111 I:,\s 11Il·Pilll\ [lllll . illlllll1lH)~ltlhlllll1.~ Wl'll' IlIlIili l' d 
111 1111 S\.'IIIII I hy UlIlIIlIlllitllll .\ Idl'nll· pll'~ipill1liutl 111111 Ilt c 
sa il \\ liS 1l'lIluWtl ")' diul)'sb. lIa'JI th l'!\l' 
1I11111111hll:lulJldlllS Wl'lC ~'\III.illgllll·d will! 1I11\11l'~I'Il' 1I 

l~nthi\ll') lIah' WII (.) d)T wllh I'Tn' ~'\ll1lTllllallllll 

II {I \1I1~: / l\1ll III ' 1I1111t'1I1 I Ill" 1I!1l'\Hljllgnlnl d)'l' wn.~ 

"'Pill nil'" hy P/l~'UlII l1Jl' /III\IIIH' 111I\11I~1t ' l'IlllIlIk.\ 
\'1111111111 (Fig.ll. I"Ill' FA ~ l ui l'lll/'. III' thr ndlllln 1\\1)0, 1111\1\' 

alld IlIl' Ihlllll'M'l'nfl' \\'II .~ dwdrd \lllilel I IV lI\1l· I\I ~l· \IPl· . 

0./1,,,1 till 
111,,,/ \11"1 
11",ltl\', 
1.1 ,,,1(1 1, 
!II,,,III\' ) 
;U",III\', 

t",1 l'!.-,·.!I 1 ",I I 

1""." ,1~I,·""'n.h,w' 

1.·"1>1<",11 1,,,1) 
1",·,.1,'10'",,,,,,,,,,,, 
1"" ·,1.·11,,,1.\11/ ..... ,10'1 

1,' ,1"1.-",1\1,,,11 

l·."h •• hJ,·,·Jt!II,,,I) 

1"1,·,1 !O ",I ",I",~ tll'\ 
... ~ .'" I"., J"h""""'I~~' 
I"' .... I!U "" M ·' I" .... h·') , , 

\'III.IOUI!I. '~I!·II~!11I"1.1~""11.hr 

RESULTS 

---------------. 
The develuJled IIl1lihlldies ijll YC 110 cross rellcli vi ly with 
mcsuphilic s lm ill ~ C2 nllli Tn tluring UHH lulillllli UII 
n:m: lwn intliclllillH Ihlll these IIIcsophilcs beloll H to 
dil"ll'relll liefO typc thull MT 1 J. ELISA !llso showed sillliln r 
IcsullS hecnuse 110 culor wns deve loped ill micro liter pl llie 
wdls hll yiliH IIl1li8l' IIS frum mcsophilcs (FiN)). Howevl'r, 
!,; ulul" W IIS seen i ll wells lill yill8 KllligCIIS of Till cells IIlo,,!! 
wi lh '1 ve \:0 1111"0 1 illlJiculillU Ihlll MT 13 untJ Till bllCICl"ill 
hll ve ulmusl slI mc scrolype (rnhle 2). 

"·II/.:J Cnm 
"""1'/11"11), ur 
MTIJ\\"l\hulhH 
111,,' \1'1"1, chtl'krlJ 
try .:I.ISA, WI'II. 
A hlll"r t,·t 
!'IlIIlrul, II : -I't" 

1'111111",,1, (': ('1, 
II : Till, II l1d V-: 
TI"l 
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CONCLUSIONS 

o Scruiogiclil I'cllcliuns IIrc imp0I'I llill 
luu ls l'or quick lind accuralc 
idcnli liclliion or bllclcriul slrai ns. 

o From vllrious onl igcn-rullibody 
rCliclions il is ckur Ihlll MTI3 slrllin 
hilS no scrulypic homology wilh 
mcsophil ic sll'llins (:2 lind '1"1'2. 

o M'J'13 bllclcria hllvc sumc scrolypic 
humulogy wilh modcralc 
Ihcrmophilic slrain TH I. 
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DEVELOPMENT OF POLYCLONAL ANTISERA FOR THE IDENTIFICATION Of LOCALLY 
ISOLATED ACIDOPHILIC BACTERIA 

Muhammad Saleem-, Munir A. Anwar, Muhammad A. Ghaurl. Kalsoom Akhtar, Moazur 
Rehman. Fauzia Y. Hafeez, & Ahmad M. Khalid~. 

Bioprocess Technology DiVision, National Institute for Biotechnology and Genetic Englneenng 
POBox 577 , Jhang Road, Falsalabad, Pakistan. 
Presenting author· saleemraza 5@yahoocom 
Corresponding author" amkhalid@mbge.org 
Fax: +92-(4 1 )-651472 
Phone No, +92-(41)-651472 

Acidopllilic bactena are able to oxidize reduced iron and sulfur compounds and possess great 
potential for coal desulfunzation and bioleaching of minerai sulfide ores. However the 
identification and enumeration of specific aCidophilic bacterial species In a leaching system is 
difficult task because of the presence of mineral particles. Moreover it is difficult to obtain growth 
of leachmg bacteria on defined solid media because incubation time for the development of 
colonies IS usually on the order of one week or more. Therefore, some quicker anrj accurate 
means of Identification of bacteria should be developed In the present study, polyclonal antisera 
against whole cells of locally Isolated acidophilic bacteria Including Acidilhiobacilfus ferroDxidans 
(HC-AF2), Acidi/ll/obac,lIos tll/ooxidans (KC-AT2), $ulfobaCi/lliS thermosulfidooxidans strains TH1 
and MT13 were raised In rabbits Their specifiCity was determined against each other and various 
other acidophilic isolates by the serological tests such as agglutination and EliSA. The antigen 
antibody reacllon was observed to be slow as the agglutination reaction occurred by incubating 
the reaction mixture al 52"C for 4 hours and then leaving tubes for overnight at 4°C Instead of one 
hour at later temperature This mlgllt be dLle to the low affinity of polyclonal antisera for their 
antigens The polyclonal antisera against mesophilic strains HC-AF2 and KC-AT2 observed to be 
more specIfic as it gave no cross reactivity With othel mesophihc and moderate thermopllilic 
acidophilic Isolates when tested by indirect ELISA While polyclonal antisera developed for TH1 
and MT13 stra ins showed cross reactivity against other moderate thermophilic aCidophilic 
Isotates 

Paper m:.(;cpled ror oral pn.:senI8Iioll at " 41h Internat ional and 141h National Chemi stry 
Conference", 2004. 
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Entrez PubMed Nucleotide Protein Genome Structure PMC Taxonomy Books 

A Y 437843. Acidithiobacillus ... [gi:38326767] 

LOCUS AY437843 529 bp DNA linear BCT 19-NOV-2003 
DEFINITION Acidithiobacillus sp . HC-AF2 16S ribosomal RNA gene, partial 

sequence. 
ACCESSION AY437843 
VERSION 
KEYWORDS 
SOURCE 

AY437843.1 GI:38326767 

ORGANISM 
Acidithiobacillus sp . HC-AF2 
Acidithiob a cillus sp. HC - AF2 

REFERENCE 
AUTHORS 
TITLE 

JOURNAL 
REFERENCE 

AUTHORS 
TITLE 
J OURNAL 

FEATURES 

Bacteria; Proteobacteria; Gammaproteobacteria; 
ACidithiobacillales; Acidithiobacillaceae; Acidithiobacillus . 
1 (bases 1 to 529) 
Saleem,M., Ghauri , M.A., Anwar,M.A., Akhtar,K. and Khalid,A.M. 
Isolation and characterization of acidophilic bacteria from coal 
mines of Pakistan 
Unpubl i shed 
2 (bases 1 to 529) 
Sal eem ,M. , Ghaur i,M .A. , Anwar ,M. A. , Akhtar ,K. a nd Khal id , A. M. 
Direct Submi ssion 
Submitted (14-0CT-2 003 ) Bioprocess Tech nology, National Institute 
for Biotechnology and Genetic Engineering, Jhang Road,Faisalabad, 
Punjab 38000, Pakistan 

sou rce 
Location/Qualifiers 
1. . 529 

rRNA 

ORIGIN 
1 tagaacgctg 

61 gacgagtggc 
121 agggaaactt 
181 tcgcgctaag 
241 aggcgacgat 
30 1 ccagactcct 
361 gcaatgccgc 
421 aaggtgggtt 
481 cgtgccagca 

/organism="Acidithiobacillus sp. HC-AF2 " 
/mol_type="genomic DNA" 
/ isolate= "HC- AF2 " 
/isolation source= "coal mine" 
/db_xref="taxon:254943" 
/country="Pakistan: Hernai" 
/note="Acidithiobacillus cf. ferrooxidans" 
<1 .. >529 
/product="16S ribosomal RNA" 

gcggcatgcc taacacatgc aagtcgaacg gtaacaggtc 
ggacgggtga gtaatgcgta ggaatctgtc ttttagtggg 
gggctaatac cgcatgagcc ctgaggggga aagcggggga 
aagaaggagc ctacgtccga ttagctagtt ggcggggtaa 
cggtagctgg tctgagagga cgaccagcca cactgggact 
acgggaggca gcagtgggga atttttcgca atgggggcaa 
gtggatgaag aaggccttcg ggttgtaaaa gtcctttcgt 
ctaatacaat ctgctattga cgtgaatcca agaagaaaca 
gccgcggtaa tacggggggt gcaagcgtta attcggaat 

ttcggatgct 
gggacaaccc 
tcttcggacc 
aggcccacca 
gagacacggc 
ccctgacgaa 
ggaggacgaa 
ccggttactc 
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AY 437844. Acidithiobacillus ... [gi:38326768] 

LOCUS AY437844 480 bp DNA linear BCT 19-NOV- 2003 
DEFINITION Acidithiobacillus sp. KC-AT2 16S ribosomal RNA gene, partial 

sequence. 
ACCESSION AY437844 
VERSION AY437844 . 1 GI:38326768 
KEYWORDS 
SOURCE 

ORGANISM 
Acidithiobacillus sp. KC - AT2 
Acidithiobacillus sp . KC - AT2 

REFERENCE 
AUTHORS 
TITLE 

JOURNAL 
REFERENCE 

AUTHORS 
TITLE 
JOURNAL 

FEATURES 

Bacteria; Proteobacteria; Gammaproteobacteria; 
Acidithiobacillales; Acidithiobacillaceae; Acidithiobacillu s. 
1 (bases 1 to 480 ) 
Saleem,M., Ghauri,M.A., Anwar,M.A., Akhtar,K. and Khalid,A.M. 
Isolation and characterization of acidophilic bacteria from coal 
mines of Pakistan 
Unpublished 
2 (bases 1 to 480 ) 
Saleem,M., Ghauri,M.A., Anwar,M.A., Akhtar,K. and Khalid,A.M. 
Direct Submission 
Submitted (14-0CT-200 3 ) Bioprocess Technology, National Institute 
f o r Biotechnology and Genetic Engineering, Jhang Road, Faisalabad, 
Punjab 38000, Pakistan 

source 
Location/Qualifiers 
1. . 480 

rRNA 

ORIGIN 
1 ttagacgctg 

61 gacgagtggc 
121 gggaaacttg 
181 ggcgctggaa 
241 cgacnatcgg 
301 agactcctac 
361 gcaatgccgc 
421 aggngggtgc 

/organism="Acidithiobacillus sp. KC - AT2" 
/mol_type="genomic DNA" 
/isolate= "KC-AT2 " 
/isolation source="coal mine" 
/db xref="taxon:254944" 
/country="Pakistan : Khushab" 
/note="Acidithiobacillus cf. thiooxidans" 
<1 .. >480 
/product="16S ribosomal RNA" 

gcggcatgcc taacacatgc aagtcgaacc gaggcagncc 
ggncgggtga gtaatgcgta ggaatctgcc tttgagtggg 
ggctaatacc gcataagccc tgagggggaa agcgggggat 
gaggagccta cgtctgatta gctagttggt agggtaaagg 
tagctggtct gagaggacga ccagccacac tgggactgag 
ggttaggcac gcagtgggga atttttcgca atgggggcaa 
gtgaatgaag aaggccttcg ggttgtaaaa gtctttcgtg 
tataacgcct gctgttgacg tgaatccaaa gaagaaacac 

ttcggatgct 
ggacaaccca 
cttcggacct 
cctaccaagg 
acactggccc 
ccctgacgaa 
gaggaccaaa 
cgtttacttc 


