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Chapter 1 

Introduction 

 

To meet the ever-growing demands of materials, natural resources are being 

exploited to the maximum extent. As a result, there is depletion of valuable resources 

as well as an accumulation of different types of wastes. Red mud (bauxite residue) is 

one such waste, produced during aluminum extraction from bauxite ore in the Bayer 

process (Evans, 1993). Bauxite ore is the only economic ore of aluminum. It contains 

30-54% alumina (Al2O3), the rest being a mixture of silica, iron oxides, and titanium 

oxide. Aluminum metal is commercially produced through two main process steps. In 

first step, alumina is obtained by the Bayer process (Chinloy and Holzwarth, 1984) 

and then the alumina is electrolyzed by Hall and Heroult (Hall, 1889) method to yield 

aluminum metal. In the Bayer process, bauxite is washed with a hot solution of 

sodium hydroxide, at 175 °C (called digestion). This converts the alumina to 

aluminium hydroxide, which dissolves in the hydroxide solution. The other 

components of bauxite do not dissolve and are filtered from the solution as solid 

impurities (clarification). The mixture of solid impurities is called bauxite residue (red 

mud) (Fig 1.1; Fig 1.2 a and b), and presents a disposal problem.  

The use of NaOH in the Bayer process results in the bauxite residue being 

extremely saline, sodic and alkaline (Wong, 1990). In addition to these extreme 

properties, bauxite residue is generated in very large quantities in each year, and 

occupies huge area of land. The major components in the red mud are iron oxide, 

silica, un-reacted alumina and residual NaOH as Na2CO3, as well as alkali bound in 

the form of sodalite, ferrite etc. The residual alkali content makes the red mud alkaline 

with a pH from 9 to 13. It is disposed into red mud ponds. By the middle of the 

twentieth century it was established that red mud is a pollutant, and has a detrimental 

effect on the environment and human health (Thakur and Das, 1994).  
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Fig 1.1: Schematic diagram of the red mud production during alumina 
extraction
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Fig 1.2 (a & b) Red mud pond of National Aluminum Company (NALCO), 
Damanjodi, Orissa, India 
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Introduction of Bayer’s process resulted in the deposition of its waste and the 

problem of red mud has grown along with increasing demand and manufacturing of 

alumina. This waste material has been accumulating at an increasing rate throughout 

the world. Worldwide production of alumina was estimated at 52.5 million metric 

tons in 2003. An estimated 70 million metric dry tons of residue is produced globally 

per year and is disposed on land in large residue disposal areas (tailings dams), either 

as wet slurry or de-watered/ dry-stacked (TAA, 2000).  

Disposal of any solid waste is associated with availability of space/ real estate 

near industry, cost of disposal and the pollution caused by it. Obviously these three 

problems are also associated with red mud disposal, and the problem has become 

more acute with increasing amounts of red mud, shortage of real estate around the 

industry and environmental awareness of the society. Disposal of waste adds to the 

cost of production in the range of 2-5%. Dewatering techniques for red mud slurries 

were developed and red mud was dumped on real estate, in the form of heaps or 

ponds. In India, the slurry is pumped (Fig 1.3) out to nearby estate dug into ponds 

where it is left for sun drying (Thakur and Das, 1994) (Fig 1.4). Simultaneously it is 

deeply felt by the scientists and technologists that a good amount of metal value is 

disposed as a waste for which mining and transport cost have been paid. Hence soon 

after the acceptance of Bayer process in industry, scientists and technologists directed 

their efforts in possible utilization and reclamation of red mud. The stream water used 

by human beings and animals is also spoiled due to leaching out of alkali from red 

mud soil. The vegetation cover can considerably checks such type of potential 

damages. Because of the extreme alkalinity and salinity, the microbial growth is also 

a limiting factor in red mud sites. It is necessary to reclaim such sites that are depleted 

of the nutrients due to industrial wastes by using different treatments such as leaching 

out alkali and soluble salts, adding soil conditioners and microbial inoculants, plant 

growth as well as development can be improved on such sites. 
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Fig 1.3: Disposal of red mud in the form of wet slurry to nearby artificial 
impoundment at NALCO, Damanjodi, Orissa, India 

 

Fig 1.4: Red mud ponds are left open for sun drying, leaving cracks after 
being dried at NALCO, Damanjodi, Orissa, India  

5



 

Reclamation of red mud ponds are difficult because of high pH, high 

concentration of soluble ions such as sodium and carbonate which are toxic and 

competitively inhibit the uptake of nutrients in plants and microbes. Without drainage 

and costly chemical neutralization, the exchangeable sodium percentage, pH and 

soluble aluminum concentrations remain high. These properties when coupled with 

lack of nutrients and anoxic conditions prevent the vegetation to establish. Similarly 

when exposed to air, these barren surfaces dry up and become source of highly 

alkaline wind blown dust, which causes severe health problems. 

Efforts were also made to establish vegetation on red mud lakes by chemical 

neutralization. Reduction of alkalinity of red mud may be achieved by the use of 

strong acid (sulphuric acid). It is not economically viable due to high requirement of 

acid to neutralize the alkalinity of the red. Gypsum (CaSO4) and copperas (FeSO4) 

were suggested  as ameliorants for red mud; the addition of these acidic wastes at 8% 

released Na and Ca from red mud and reduced the pH to about 8.5 (Stewart et al., 

1995). The nutrient concentrations in red mud grown plants tend to be low, but can be 

increased to some extent by addition of ameliorants such as gypsum (CaSO4) and 

sewage sludge (Wong and Ho, 1994). Adequate growth of Bermuda grass is possible 

when sufficient gypsum was added to lower the pH to 8.3.  It has been found that fly 

ash and coarse texture red mud can be mixed 20:80 to reduce the pH to 7.0-8.0. After 

addition of NPK fertilizer, it became suitable for growth of Rhodes grass (Eastham et 

al., 2006). Sewage sludge added to coarse structure red mud dikes in Soviet Union 

allowed adequate growth of a number of species. However, the surface pH was only 

7.8 indicating that excessive leaching has taken place. Reaction of bauxite residue 

with seawater results in neutralization of alkalinity through precipitation of Mg-, Ca-, 

and Al- hydroxide and carbonate minerals. Reaction with seawater produced a residue 

pH of 8.0 to 8.5 (Menzies et al., 2004). 

Currently, remediation of various wastes is based on several processes like 

physical, chemical, biological, either singly or in combination. However, some 

uneconomical physicochemical methods are slowly losing ground due to inherent 

problems of secondary contamination and non-sustainable control of contaminants 

(Vidali, 2001). Bioleaching requires the presence of microorganisms able to 

proliferate in extreme ecosystems (strongly acidic pH, highly oxidizing conditions, 

high concentration of metal ions in solution, high alkalinity) and draw their energy 

from oxidation of mineral sulfides. In fact, extraction of metals by biological 
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solubilization has been extensively exploited and used for several years in 

biohydrometallurgy. Because of the inherent problem with the chemical amelioration, 

biological treatment is gaining ground and with a recent estimate of Environmental 

Protection Agency (EPA) approximately 32% of remediation is achieved by 

biological means. 

Despite the extreme alkalinity and salinity, bacteria have been isolated from 

bauxite residue (Williams and Hamdy, 1982; Agnew et al., 1995) and bacterial 

induced pH reduction of bauxite residue has been made (Williams and Hamdy, 1982). 

Thus it may be possible to induce the indigenous bacteria in bauxite residue to 

produce acidic compounds and hence neutralize red mud. Valarie (1999) suggested 

that pH reduction of red mud would be possible by bacterial metabolism. Ward and 

Koch, (1996) have reported the potential use of bauxite residue for recovery of 

aluminium by chemical or biological leaching (Penicillium simplicissimum). Edwards 

et al. (1999) suggested of using bauxite residue as a lime substitute for treating acid 

soils as well as acid mine drainage sites and to enhance minerals deficient soils. 

Anand et al. (1996) used Bacillus polymyxa for the removal of calcium and iron from 

bauxite ore.  

Microbial remediation is accomplished with the help of diverse group of 

microorganisms, particularly indigenous bacteria present in soil. Moreover, metabolic 

diversity of bacterial flora is well-established phenomenon, and a consequence of this 

metabolic diversity is degradation of various biohazardous or persistent anthropogenic 

compounds by microbial activities. Enhanced activity of indigenous bacteria help in 

bioremediation of contaminated sites. An advantage of inoculation of indigenous bacteria 

in contaminated sites is that it may not show deterrent effect on the indigenous microbial 

community. Microbiological analysis of red mud might provide the clue for the 

selection of microbes for remediation or other biotechnological applications. But there 

are very few reports pertaining to the microbiology of the red mud. There is only one 

published report stating the isolation of bacteria from red mud. Less than ten research 

publications in last 30 years, based on the microbial remediation of bauxite residue 

have been published. It shows that ample work can be done to exploit the microbes 

inhabiting in this extreme conditions. These indigenous microbes can be used to 

rehabilitate the waste site for sustainable environment. No reports are available 

regarding the microbial diversity and community structure of the red mud. Keeping 

7



 

these points in view the following objectives have been formulated to study the 

microbes in the red mud. 

 

Aim of present study 

1. To study the diversity of microbes present in the red mud ponds  

2. To characterize the physiological behavior of the isolated bacteria.  

3. To reduce the alkalinity and revegetation of red mud ponds using 

microbes. 
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Chapter 2 

Literature review 
 

Red mud  

Red mud is brick red in color and slimy in appearance, having an average particle 

size of <10 mm also known as red slime, red sludge or bauxite residue. It is comprised of 

oxides of iron, aluminum, sodium, calcium, titanium, silica and other trace elements part 

of the parent ore along with other minor constituents. Apart from alkalinity, red mud 

possesses high surface area (Paramguru et al., 2005). The free moisture content of the red 

mud is highly variable (30-60%), depending upon the disposal method. It consists of 

dilute caustic solution with a pH of about 13. Furthermore, bauxite residues are 

characterized by the presence of Fe, Al, Si, Na, Ca, Ti and trace elements (Table 2.1).  

 

Table 2.1: Composition of red mud of different locations (Thakur and Das, 1994) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Country Fe2O3 Al2O3 TiO2 SiO2 Na2O3 

India 

Al. Corpn. 

 

20.26 

 

19.6 

 

28.0 

 

6.74 

 

8.09 

MALCO 45.17 27.0 5.12 5.7 3.64 

HINDALCO 35.46 2.0 17.2 5.0 4.85 

BALCO 33.8 15.58 22.5 6.84 5.2 

NALCO 52.39 14.73 3.30 8.44 4.0 

USA 

ALCOA Mobile 

 

30.40 

 

16.2 

 

10.11 

 

11.14 

 

6.8 

REYNOLD Arkansas 55.6 12.15 4.5 4.5 2.0 

Sherwon 50.54 11.13 Traces 2.56 1.5-5.0 

FRG Baudart 38.75 20.0 5.5 13 9.0 

Hungarian 38.45 15.2 4.6 10.15 8.12 

Jamaican 50.9 14.6 6.87 3.4 3.18 

Surinam 24.81 19.0 12.15 11.9 9.29 

Taiwan 41.3 20.21 2.9 17.93 8.16 

Australia 40.5 27.7 3.5 19.9 3.8 
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Mud disposal 

Mud disposal means its transporting and depositing in a tailing pond or lake or in 

a landfill, which covers the aspects of landscaping, rehabilitation, and the environmental 

impact. The important objectives remain the same, i.e., 1) reduced mud volume, 2) 

reduced caustic content, 3) reduced environment impact, 4) improved reclamation 

potential, and 5) improved rehabilitation possibilities. The usual earlier trend was to 

pump a slurry with 20-30% solids to the artificial ponds or lakes, requiring bottom 

sealing to avoid caustic leakage, high pumping energy, etc. (Colembera and Want, 1982). 

Improved dewatering techniques have facilitated semidry disposal methods by separating 

fine mud from the sand fractions and dewatering to a solid concentration of 50-60% 

before transporting by pipelines (Nguyen and Boger, 1998). At the disposal dam, the 

discharged mud is spread and allowed to consolidate and dry in layers following the 

method of thickened discharge and dry stacking (Chandler, 1987; Pohland and Tielens, 

1987; Robinsky, 1987). This type of disposal strategy has many advantages such as 

reduced pumping costs, effective use of land, and minimum environmental impact 

(Cooling and Glenister, 1992). After sun drying, red mud desiccates in the field and is 

eventually hardened form cracks (Fig 2.1 a & b). The white soda flakes (Fig 2.1 a and b) 

also appear on the outer surface of the dried red mud, which is blown by the winds, and 

create environmental hazards.  

 

Red mud vs. natural alkaline habitat 

Soda lakes and deserts represent major types of most stable naturally occurring 

alkaline environments with pH values generally higher than 10 and occasionally reaching 

12 (Jones et al., 1994, 1998). The alkaline conditions in soda lakes were, for many years, 

known to be derived from the presence of unusually high levels of sodium carbonate. The 

formation of these environments is dependent on a group of conditions that include the 

topology and the climatic characteristics of a particular location as well as the geological 

composition of the terrain. The alkalinity is due to a shift in the CO2/HCO3
-/ CO3

2- 

equilibrium towards a predominance of CO3
2- that in the absence of Ca2+ or Mg2+ can 

remain in solution (in the presence of those ions, carbonate will precipitate as CaCO3 or 

MgCO3). Therefore, these lakes are characterized by high concentrations of sodium 
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Fig 2.1 (a and b): Deposition of soda flakes, which appears white on the 
surface of dried red mud pond at NALCO, Damanjodi, Orissa (India) 

 

 

a 

b 
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carbonate and also represent saline, and sometimes hypersaline, environments due to the 

concomitant increase in the Cl- concentration. The conditions necessary for the formation 

of a soda lake have much in common with those responsible for the generation of an 

athalassohaline (i.e., not derived from sea water) salt lake (Jones et al., 1994, 1998; Tiago 

et al., 2004). However, heavy metal analyses of the soda lakes are very few and the main 

focus remained to be the alkalinity of the system. Few reports pertaining to the heavy 

metal content of soda lake are as Mn 850, Pb 20, Cu 50, Zn 90, Ni 80, Cd 0.2, Cr 100, Fe 

4.7(µg/g) (Krauskopf, 1979). Soda lakes situated at different locations have slightly 

differing concentration of metal. Iron concentrations were found to be highest in all soda 

lakes studied (Krauskopf, 1979). 

Red mud differs from natural soda lakes in chemical, biological composition and 

origin. The chemistry of the red mud is basically dependent on types of ore used for the 

extraction of the alumina as well as the disposal method. The important parameters that 

have significance in its physicochemical properties are 1) moisture content, 2) rheology, 

3) surface area, 4) particle size, 5) mineralogy, 6) contents of valuable metals, 7) presence 

of rare earth metals, and 8) presence of toxic substances, etc. (Paramguru et al., 2005).   

 

Bacterial diversity analysis 

The historic way to characterize bacteria is to describe quantitatively as many 

phenotypic properties as possible, such as morphology, structure, cultivation, nutrition, 

biochemical metabolism, pathogenecity, antigenic properties, and ecology. Phenotypic 

similarities do not necessarily indicate phylogenetic relationships (relationship based on 

the ancestry of organisms) (Gillis and de Leg, 1992). In contrast to animals and plants, 

the morphology of microorganisms is in general too simple to serve as a basis for a sound 

classification and to allow for reliable identification. Thus, until very recently, microbial 

identification required the isolation of pure cultures (or defined cocultures) followed by 

testing for multiple physiological and biochemical traits (Amann et al., 1995). Cultural 

methods will reveal only those physiological and nutritional types compatible with the 

cultural environment. The potential limitations of this approach are widely acknowledged 

and accepted (Torsvik et al., 1996). 
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Molecular approach for diversity analysis  

Staley and Konopka (1985) coined the term “great plate count anomaly” to 

describe this phenomenon, which has been known to microbiology for generations. By 

now, there is little doubt that in most cases, the majorities of microscopically visualized 

cells are viable but do not form visible colonies on plates. Two different types of cells 

contribute to this silent but active majority: 1) known species for which the applied 

cultivation conditions are just not suitable or which have entered a nonculturable state 

and 2) unknown species that have never been cultured before due to lack of suitable 

methods. It has been well documented for pathogens like Salmonella enteritidis, Vibrio 

cholerae and V. vulnificus that bacteria may quickly enter a nonculturable state upon 

exposure to salt, water, or low temperature (Amann et al., 1995). 

In order to sort out the problems associated due to cultivation based approach, 

genotypic methods are applied which basically depends upon the information derived 

from the nucleic acid (DNA and RNA). It is of primary interest to understand at which 

level various methods carry information and to realize the amount of time and work 

required. Obviously, genotypic methods presently dominate modern taxonomic studies.  

 

Ribosomal RNA (rRNA)  

Since protein synthesis is a very ancient process and present in all living cells, 

rRNA molecules are excellent targets to estimate evolutionary relationships. In 1965, 

Zuckerkandl and Pauling proposed that macromolecules such as nucleic acids and 

proteins could serve as evolutionary chronometers. The sequence of the units should 

contain information about the evolutionary distances among the organisms, including 

those of bacteria (Akkermans et al., 1998). Analysis of 16S rRNA genes is now widely 

used for analysis of bacterial populations. The macromolecules that is most suitable for 

this would require the following prerequisites: 1) generally present, 2) functionally 

homologous in all organisms and 3) the sequence in the molecule should equally change 

as wide the evolutionary distance lower the mutation rate in the sequence. 

Ribosomal RNA is proposed as one of the best candidate and it has been used by 

Woese et al., (1990) for his studies on bacterial evolution. Major properties of rRNA are: 

1) these are old molecules present in the ribosomes, 2) they are functionally constant, 3) 
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have a wide distribution, 4) are well conserved over large phylogenetic distances, 5) they 

occur in large number in cells (104-105/cells), 6) in bacteria three types of rRNA 

molecules are present with different chain length and sedimentation rate(s): 5S rRNA 

(about 120 nucleotides), 16S rRNA (~ 1600 nucleotides) and 23S rRNA (~3000 

nucleotides). The 5S molecule is too small and only suitable to distinguish major 

phylogenetic groups. 23S rRNA is excellent for phylogenetic studies, but so far few 

studies are available while 16S rRNA has been given most attention.  

 

Microbial diversity of alkaline environments 

The phylogenetic diversity of bacteria and archea has been investigated, and 

variations in the bacterial community composition with the depth of a soda lake and other 

alkaline environments were analyzed (Duckworth et al., 1996; Tiago et al., 2004). But, it 

is the soda lakes, which has been studied more systematically to know the cultivable and 

uncultured bacteria. Microbial studies pertaining to the artificial alkaline environments 

such as bauxite residues are very scarce. Three novel alkaliphilic bacteria were isolated 

and characterized following enrichment at pH 10 using red mud tailing pond as source 

material (Agnew et al., 1995). Low level of injured bacterial cells in the bauxite residue 

was isolated by Hamdy and Williams (2001), but they did not perform identification of 

these microbes. Except Bacillus sp., which was isolated by Agnew et al. (1995), no other 

species were reported for the bauxite residue sites. Bacterial diversity of red mud will 

give valuable information about the predominant bacteria, which could possibly be used 

to reduce the alkalinity and reclaim the red mud ponds and for other biotechnological 

applications. 

Alkaliphiles are not confined exclusively to soda lakes but may be found in 

almost any environment, even in environments where the overall pH may not be 

particularly alkaline (Grant et al., 1990). For instance, many alkaliphilic or alkali-tolerant 

members of the “Bacilli” are fairly ubiquitous. However, it seems probable that some 

organisms are unique to soda lakes, especially the haloalkaliphiles found in the 

hypersaline lakes such as Lake Magadi (Jones et al., 1998). Although present-day soda 

lakes are geologically quite recent, they are supposed to be habitats of relict microbial 
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communities and are regarded as possible centers of the origin of microbial diversity 

(Zavarzin et al., 1999).  

Microbial communities in soda lakes have recently attracted attention as potential 

sources of industrially important enzymes (Horikoshi, 1996) and as a new perspective on 

microbial diversity (Duckworth et al., 1996; Jones et al., 1998; Zavarzin et al., 1999). 

However, the diversity of haloalkaliphiles, particularly those inhabiting the hypersaline 

soda lakes, has not yet been adequately explored and most attention has been paid to a 

few separate groups of microorganisms. The major obstacle in understanding the soda 

lake microbial communities may be the ability to culture the organisms (Jones et al., 

1998). In this regard, the application of molecular techniques could provide new insights 

into the microbial composition of the soda lake environments, and the information 

revealed could serve as starting-point for the development of new cultivation techniques 

for yet uncultivated microorganisms (Jones et al., 1998). 

 Tiago et al. (2004) estimated the bacterial diversity of non-saline alkaline 

environement. Heterotrophic populations were isolated and characterized from an 

alkaline groundwater environment generated by active serpentinization, which results in a 

Ca(OH)2-enriched, extremely diluted groundwater with pH 11.4. One hundred eighty-five 

strains were isolated in different media at different pH values during two sampling 

periods. 38 different populations were identified and characterized. The majority of the 

isolates was gram positive with high G+C contents and was affiliated with three distinct 

groups; namely, strains closely related to the species Dietzia natrolimnae (32% of the 

isolates), to Frigoribacterium/Clavibacter lineages (29% of the isolates), and to the type 

strain of Microbacterium kitamiense (20% of the isolates). Other isolates were 

phylogenetically related to strains of the genera Agrococcus, Leifsonia, Kytococcus, 

Janibacter, Kocuria, Rothia, Nesterenkonia, Citrococcus, Micrococcus, Actinomyces, 

Rhodococcus, Bacillus, and Staphylococcus. Only five isolates were gram negative: one 

was related to the Sphingobacteria lineage and the other four were related to the 

Proteobacteria lineage. Despite the pH of the environment, the vast majority of the 

populations were alkali tolerant, and only two strains were able to grow at pH 11. 

 

15



Remediation of bauxite residue 
 

Bauxite residue is generated in very large quantities in Australia, producing up to 

60 million tonnes of residue each year (Nguyen and Boger, 1998). The current method of 

residue management in Western Australia is known as the dry stacking disposal 

techniques. This technique first requires the finer fraction of residue (red mud) to be 

separated from its coarser fraction (red sand) (Nguyen and Boger, 1998). Due to its 

higher hydraulic conductivity (Wong and Ho, 1993) and thus ease of caustic removal by 

washing, red sand poses less of an environmental threat than red mud, and can be safely 

disposed. In contrast, red mud has a very low hydraulic conductivity and is saturated with 

caustic (Wong and Ho, 1994). After separation from red sand, the red mud is de-watered 

and dry stacked in red mud disposal areas (RDA) that are lined with impervious material 

(Hudson, 1987). Dry stacking involves discharging and spreading the red mud in layers 

and allowing each layer to dry before adding another layer (Chandler, 1987; Pohland and 

Tielens, 1987; Robinsky, 1987). This greatly reduces the volume of mud in the disposal 

space. In addition, gravity drain at the bottom of the RDAs enables continuous recovery 

of caustic, which in turn reduces the risk of caustic leakage and subsequent impacts on 

the environment. 

At Alcoa World Alumina, Australia, filled RDAs are topped with red sand and 

amended with gypsum and sewage sludge (Glenister, 1992). This form of surface 

treatment has been shown to improve the structure of residue, and decrease its alkalinity 

and sodicity to levels that allow the establishment of alkaline tolerant plants (Fuller et al., 

1982; Ward 1986; Glenister 1987; Ho 1987; Wong 1990; Wong and Ho 1993). Although 

surface remediation helps to reduce erosion problem and may allow productive use of 

land, it does not alter the alkaline, saline and sodic nature of red mud deeper in profile. 

Continuous leaching of caustic and sodium from the red mud profile requires diligent 

maintenance of RDA linings to prevent ground water pollution. Refineries are thus faced 

with long term environmental responsibilities and liabilities that may extend beyond 

residue production (Valarie, 1999). 

Paffenhoefer (1972) studied rehabilitation program of mined out bauxite areas and 

red mud pond surfaces at Gove, Northern Territory, Australia. The authors discussed the 

details of attempted vegetation on the pond surfaces. Attempts were made to have a self-
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supporting vegetation cover that would survive on the surface of red mud ponds without 

any maintenance and under natural climactic conditions. Analysis of lateritic soil and red 

mud had shown nutrient deficiency particularly in nitrogen, phosphorus, potassium and 

zinc. It was concluded that the efforts succeeded in getting the desired species of 

grass/legume/tree to cover red mud ponds. A few species were marked for this purpose. 

These vegetation species were Chloris gayana, Stylosanthes humilis, Cynodon dectylon, 

Acacia leptocarpa, Sporobulus virginis, Dolochos lab lab and Calapogonium 

mucuniodes which tolerated highly alkaline soil conditions and could grow into a stable 

and maintenance free vegetation over red mud ponds. 

Several papers were published on reuse of the red mud. For example, red mud can 

be used as acidic amender or bottom sealant in disposal sites construction (Browner, 

1995). It is used as catalyst in hydrodechlorination of tetrachloroethylene (Ordonez et al., 

2001). It is also used for iron and titanium oxides extraction (Parek and Goldberger, 

1976), for the production of ceramic glazes (Wagh and Douse, 1991). It is also used for 

building material production as an additive to cement; for producing a coloring agent for 

paint works for ground floors of industrial and other buildings. It has use in producing of 

toned paper in the wood pulp and paper industry; producing iron ore sinter and pellets in 

the ferrous metallurgy; for improving the soil structure and as a micro fertilizer and a 

neutralizer of pesticides in agriculture; and extracting rare-earth metals and alumo-ferric 

coagulants as a technogenic raw material (Kovalenko, 1998). 

Boriosco et al. (1982) found another way to cope up with pollution problems of 

red mud by taking seawater as a reactant. In the process counter current washing of 

sodium carbonate in red mud was carried out till its concentration fell down to 4-5 kg 

Na2CO3 per tonne of dry red mud. This red mud was mixed up with seawater to 

neutralize residual Na2CO3 by bringing pH to 9.5. This neutral material was disposed off 

to a large basin to settle down. Reaction of bauxite residue with seawater results in 

neutralization of alkalinity through precipitation of Mg-, Ca-, and Al-hydroxide and 

carbonate minerals. Reaction with seawater produced a residue pH of 8 to 8.5 (Menzies et 

al., 2004). 

Several workers used red mud as a soil amendment to increase the growth of 

plants.  Summers et al. (1996) reported the phosphorus retention and leachates from 
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sandy soil amended with bauxite residue. Application of red mud to very sandy soil 

increased the yield and phosphorus response in subterranean clover (Summers et al., 

2001). Red mud applied at 80t/ha reduces by about 70% the amount of phosphorus lost in 

water drainage from sandy sites (Summers et al., 1993). Ward and Summers (1993) 

modified the sandy soil with the fine residue from bauxite refining to retain phosphorus 

and increase plant yield. Eastham et al. (2006) reported a field evaluation of different 

forms of inorganic fertilizer, to assess their effectiveness as alternatives to poultry 

manure for supplying nutrients to dust control crops. They compared plant growth and 

nutrient uptake under different forms of nitrogen (N) and phosphorus (P) fertilizers with 

additional potassium (K) and trace elements on bauxite residue. They have also reported 

that diammonium phosphate (DAP) fertilizer blend could be used as an effective 

replacement for poultry manure for growing dust control crops on bauxite residue sand. 

Past efforts to establish vegetation on red mud lakes have frequently involved 

chemical neutralization. Adequate growth of Bermuda grass is possible when sufficient 

gypsum was added to lower the pH to 8.3 for fine texture red mud. This amount was 34 

tons/hectare, which is an expensive amelioration process. It has been found that fly ash 

and coarse texture red mud can be mixed for treatment in the ratio 20:80. After reducing 

the pH to 7-8 and after adding NPK fertilizer it becomes suitable for growth of Rhodes 

grass. It has been found that addition of organic amendments to red mud like paper pulp 

waste did not enhance the growth of Bermuda grass unless it is treated with gypsum. 

Attempts have also been made with glucose and potassium acid phosphate in red mud for 

the reduction of alkalinity (Regional Research Laboratory, Bhuvneshwar, 1996). 

Courtney and Timpson (2005) investigated the use of mixing coarse fraction 

residue with fine fraction residue, at two different application rates (10% and 25%), with 

and without the use of gypsum as an ameliorant, for re-vegetation of the residue with 

Trifolium pratense. Optimum plant growth was observed in treatments that had also 

received gypsum amendment, with higher plant biomass, Mn nutrition and lower Al and 

Fe concentration. However, use of process sand at the higher application rate (25%) 

promoted lower levels of soluble Al and Fe and exchangeable Na in the substrate and, 

consequently, lower plant uptake of Na. Results indicate that co-disposal of the coarse 

fraction sand at 25% (w/w) with fine fraction residue improved the substrate and, 
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therefore, plant uptake and growth. They suggested that further monitoring is 

recommended to determine the effect of the absence of gypsum and other nutrient 

sources on plant growth. 

Courtney and Timpson (2004) examined the chemical and physical amendment of 

fine fraction residue (red mud) at the Aughinish Alumina Ltd. Bayer Plant, Ireland 

followed by a two-year field investigation. Gypsum and sewage sludge were incorporated 

into the residue and amended mud was sown with Lolium perenne and Holcus lanatus. 

The amended substrate was low in manganese and magnesium. After first year, it 

contained adequate calcium levels, but there were deficiencies for nitrogen, manganese, 

potassium and magnesium. Sodium levels were not considered excessive and levels 

declined further in second year. Levels for nitrogen, calcium, manganese, magnesium, 

phosphorous and potassium were also reduced in the second year. As levels were already 

deficient in year one, the further decreases suggest severe nutrient shortage in the residue 

substrate. They have suggested long-term success of revegetation of bauxite residue, even 

after gypsum and organic amendment; the deficiencies of nutrients in the substrate must 

be overcome.  

Restoring biological fertility 
 

Attempts were made to rehabilitate the residue deposits and bauxite mines with 

and without neutralization by establishing vegetation cover using indigenous plants that 

are able to survive the adverse conditions (Wong and Ho, 1994). Extreme pH (10-12 

initially) and salinity accompanied by poor structure and water holding capacity and low 

microbial activity also contribute to the sub-optimal nutrient status of bauxite residue. 

Bauxite residue is ill characterized substrate for plant and microbial growth and nutrient 

availability (Wong and Ho, 1993; 1994). The cycling of nutrients in soil and their 

acquisition by plants is mediated through the soil microbial population. Restoring this 

biological component of soil fertility should be an important aim of red mud 

rehabilitation. This has two aspects; firstly, managing top soils to optimize the survival of 

beneficial microorganisms, soil animals and seeds. Secondly, if topsoil is unavailable or 

severely degraded, then inoculation with key symbiotic microorganisms may be 

warranted (Wong and Ho, 1993; 1994). 
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Bioremediation offers a viable alternative to the regular use of physico-chemical 

methods of decontamination, which are not generally cost effective. Various factors such 

as specific microbial population, bioavailability of contaminants, soil type, temperature, 

pH, nutrients, and presence of oxygen or other electron acceptors influence the 

bioremediation process. Although bioremediation may not completely detoxify inorganic 

pollutant metals and radionuclides, yet it can alter the oxidation state, aiding in 

adsorption, uptake, accumulation, and concentration in micro- or macroorganisms. A 

good bioremediation approach will involve strategic use of all native microbes in an 

engineered way to achieve the best possible detoxification levels. In summary, 

bioremediation technologies have been successfully employed in the field and are gaining 

more and more importance with increased acceptance of ecofriendly remediation 

solutions. 

Williams and Hamdy (1982) introduced biological activities in bauxite residue in 

order to neutralize its extra alkali. So in an envisaged programme, alfa hay was mixed 

with red mud, which stimulated bacterial growth resulting in production of organic acid 

within the system. It was observed that this acid neutralized excess alkali of red mud and 

made it amenable to earthworm and plant growth. Hamdy and Williums (2001) 

demonstrated that low levels of injured bacterial cells in the bauxite residue actively grew 

using various added nutrients and/or hay. The organisms grew from less than 10 to more 

than 109 cells g-1 bauxite residue and formed organic acids that lowered the pH from 13 

to about 7.0. A total of 150 cultures were isolated from treated bauxite residue and 

included species of Bacillus, Lactobacillus, Leuconostoc, Micrococcus, Staphylococcus, 

Pseudomonas, Flavobacterium and Enterobacter. They have demonstrated by using 

scanning electron micrographs that untreated particles (control) of the bauxite residue 

were clumped together, and in treated bauxite residue these particles were highly 

dispersed with microcolonial structures. Furthermore, the treated bauxite residue 

supported the growth of several plants and earthworms that survived for over 300 days. 

In a test plot, bioremediation on a residue deposit at Alcoa Point Comfort, TX, the 

Bermuda grass hay used was effective mulch material and encouraged water filtration, 

leading to establishment and growth of salt –tolerant vegetative species. 
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Valerie (1999) investigated the microbiology of red mud and ascertained the 

possibility of using bacteria to reduce the alkalinity of red mud. To achieve this, bacteria 

were isolated from the red mud sample. Characteristics of these indigenous bacteria were 

investigated, including their ability to produce acidic substances in alkaline glucose 

medium. Finally, the ability of these acid producing bacteria to reduce the alkalinity of 

glucose amended red mud was determined using a series of pot trials. She showed that 

the properties of red mud had an influence on the types of bacteria present. Different 

types of bacteria were isolated from red mud. These bacteria have varying degrees of 

tolerance to high alkalinity and salinity. These was used as ameliorant in red mud in 

presence of added nutrients to encourage its growth. It was revealed that oxygen was 

necessary for pH reduction under the chosen conditions, and that the pH reduction was 

related to bacterial growth.  

Rebuilding a quality soil is a challenge - equally important is proving that it has 

been achieved to the satisfaction of governments and the community. Consequently, 

developing and validating indicators of restoration success is currently of major interest 

(Tacey and Treloar, 1994). Ecosystem development is a long-term process; therefore 

early indicators of recovery, which can be used to predict long-term sustainability, are 

essential. For long-term success of revegetation of bauxite residue, even after gypsum 

and organic amendment, the deficiencies of nutrients in the substrate must be overcome 

(Courtney and Timpson, 2004). 
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Chapter 3 

Materials and methods  
 

Sample collection 

Red mud samples were collected randomly from the red mud pond impoundment 

of National Aluminium Company Limited (NALCO), Damanjodi, Orissa (India) situated 

at 18°46'48"N and 82°53'36"E. NALCO is the largest alumina producers in Asia. The 

upper flakes of soda were removed and the samples were collected from 0-30 cm of 

depth by alcohol sterilized implements and sterile containers. The samples were stored at 

4 oC until their use.  

Isolation and cultivation of bacterial species 

For isolation and enumeration of cultivable bacteria, red mud samples were 

diluted in saline (0.85%) and plated on alkaline nutrient agar, alkaline tryptic soya agar 

(Appendix I) and alkaliphilic Horikoshi agar medium and the plates were incubated at 37 

oC. The grown bacterial colony from the plate was subcultured several times on the same 

medium from where it was picked.  

 

Morphological and biochemical studies of red mud isolates 

Gram staining 

Bacterial smear from actively growing cells were spread on a glass slide and heat 

fixed. Filtered crystal violet was flooded for 10 sec.  Briefly, washed in water to remove 

excess crystal violet. Gram’s iodine was flooded for 10 sec and washed briefly in water. 

Further, it was decolourised with acetone until the moving dye front has passed the lower 

edge of the section and washed immediately in tap water. Safranine was used to counter 

stain for 15 sec and washed with water to remove the excessive stain. The slides were 

visualized under microscope at different magnifications.  

Catalase test  

Small amount of bacterial cells were placed onto a clean microscope slide. A few 

drops of H2O2 
(3%) was added onto the smear. A positive result was the rapid evolution 
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of O2 as evidenced by bubbling. A negative result was no bubbles or only a few scattered 

bubbles.  

Oxidase test  

Small amount of bacteria from an agar slant or plate was obtained with a sterile swab. 

One drop of N,N,N’,N’-tetramethyl phenylenediamine dihydrochloride reagent was 

placed onto the culture on the swab. Positive reactions turned the bacteria violet to purple 

immediately or within 10 to 30 seconds. Delayed reactions were ignored.  

Nitrate reduction test  

Nitrate media (Appendix I)) was used to determine the ability of an organism to 

reduce nitrate (NO3) to nitrite (NO2) using the enzyme nitrate reductase.  It also tests the 

ability of organisms to perform nitrification on nitrate and nitrite to produce molecular 

nitrogen.  Nitrate broth contained potassium nitrate as a source of nitrate. Bacteria were 

grown in nitrate agar plate. After sufficient growth of bacteria, 2-3 drops of sulfanilic 

acid and α-naphthylamine were added. If the organism had reduced nitrate to nitrite, the 

nitrites in the medium will form nitrous acid.  Sulfanilic acid was added; which reacted 

with the nitrous acid to produce diazotized sulfanilic acid.  This reacts with the α-

naphthylamine to form a red-colored compound.  Therefore, if the medium turns red after 

the addition of the nitrate reagents, it was considered a positive result for nitrate 

reduction. 

Alkalinity, salinity and temperature test 

To determine the growth of the bacterial cells in alkaline condition, different 

buffers were used to adjust the pH of media. All buffer solutions were prepared and 

sterilized separately and added to the media to a final concentration of 100 mM. Different 

buffers such as phosphate buffer, Tris buffer and carbonate-bicarbonate buffer (Appendix 

I) were used to adjust the pH at 7, 8 and 9 respectively. Carbonate-bicarbonate buffer was 

used to adjust the pH at 10.5 also, while sodium hydroxide alone was used to adjust the 

pH at 11.3. 

Different sodium chloride concentrations (0, 2, 5, 7, 10, 12 and 15%) were 

amended in the alkaline nutrient broth (pH 10) to determine the survival of the bacterial 

isolates in saline conditions. Growth of bacterial isolates was recorded by measuring the 

absorbance at 600 nm of 24 hr grown cells. Four temperatures (25, 30, 37 and 45 oC) 
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were chosen to test the growth pattern of bacterial isolates. Bacterial isolates were grown 

in liquid and solid media and incubated at different temperatures as stated above. 

 

Biolog test 

The isolated strains were characterized by determining their substrate utilization 

pattern with Biolog GN/GP plates (Biolog Inc., USA). For determination, the bacterial 

cells were grown on alkaline nutrient agar media (pH 10) in four quadrants. Bacterial 

cells were harvested from fourth quadrant by using sterile swab and dissolved in 

inoculation fluid provided by the manufacturer. The Biolog GN/GP plates were 

inoculated by 150 µl of the cell suspension that was adjusted to a density of ~3.0 x 106 

cells per mL by comparison with the turbidity standard supplied by the manufacturer. 

These plates were inoculated at 37 oC for 24 hr, omitting the 4 hr measurement. The color 

development in the micro plate wells was interpreted as positive, negative and borderline, 

in case it is not possible to differentiate positive from negative. The reading was also 

entered in the Biolog microlog GN/GP release 14.01/b databases to provide 

identification. 

Fermentation of carbon substrates and biochemical tests of red mud isolates 

A total of 35-carbohydrate fermentation tests were performed with isolated 

bacterial species according to the manufacturer’s direction (Himedia Lab., Bombay, 

India). Inocula were prepared by growing the cells in alkaline nutrient broth (pH 10.5) at 

37 oC in shaking condition until the inoculum turbidity was ≥0.5 OD at 620nm. Citrate 

utilization, lysine, ornithine and TDA tests were performed with all bacterial isolates of 

red mud by standard methods. 

Sample preparation and organic acid estimation 

One milliliter of the culture supernatant was pipetted into a screw-capped culture 

tube. The following reagents were added: 0.2 mL of 18 N H2SO4, 0.6 g of NaCl, 5 mL of 

diethyl ether, and 25 µl of acetonitrile; the mixture was blended with a Vortex mixer for 1 

min to mix the ether and aqueous phases. The tube was centrifuged at 2,500 rpm for 1 

min to remove any dispersed aqueous droplets from the ether phase. The ether layer was 

transferred to another tube with a Pasteur pipette, and approximately 2 mm of ether was 

left at the solvent interface to ensure that none of the aqueous phase was transferred. To 
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the ether, 0.2 mL of 0.1 N NaOH was added, and the tube was gently shaken. With a 

Pasteur pipette, a small portion of the lower NaOH phase was removed and tested with 

pH paper. If necessary, 1 N NaOH was added, 1 drop at a time, to obtain a pH of 9.0 or 

greater. The tube was blended with a Vortex mixer for 1 min and centrifuged, and the 

ether phase was removed and discarded. Twenty-five microliters of acetonitrile was then 

added, and the tube was left uncapped for about 5 min to allow residual ether to 

evaporate. The tube was blended with a Vortex mixer to mix the contents, and 20 µl of 

sample was introduced into the chromatograph for analysis. Uninoculated medium was 

processed and analyzed in the same manner to determine the acids present. The 

concentration of acids produced by the bacteria was obtained by subtracting the 

concentration found in the uninoculated medium.  

HPLC equipment for organic acid determination 

The HPLC equipment was series 200 of Perkin Elmer, USA, equipped with 

Polypore-H column (Brownlee Column, Perkin Elmer, USA) and a Micro-Guard column 

(Perkin Elmer, USA). A 10µl bypass-sampling loop was used, and the diode array 

detector was adjusted to a wavelength of 210 nm and at a flow rate of 0.3 mL/min was 

maintained. Ambient temperature was used, and the flow rate was 0.3 mL/min, using 

column eluent, composed of 0.008 N sulphuric acid (HPLC grade). During 

chromatographic separations, the eluents were degassed with helium. Data were captured, 

amplified and analyzed using nuchrom software (Perkin Elmer, USA). A mixture of 

oxalic, citric, malic, fumaric, aceteic and succinic acids (Bio-Rad Laboratories, USA) 

was used as a standard. 

Antibiotic profiling of bacterial isolates 

 Bacterial isolates were grown in nutrient broth until the absorbance reached to 

1.0.  The grown bacterial cells were spread on nutrient agar and antibiotic discs were kept 

on it. These plates were incubated at 37 oC and the inhibition zone was noted. Ready 

precoated twenty antibiotic discs (Himedia Lab., India) were used to check the sensitivity 

of the bacterial isolates. These were: Norfloxacin (10 µg), Gentamicin (10 µg), 

Chloramphenicol (30 µg), Cefuroxime (30 µg), Ciprofloxacin (5 µg), Cefaperazone (75 

µg), Ceftazidime (30 µg), Roxithromycin (30 µg), Calaritromycin (15 µg), Co-

Trimoxazole (25 µg), Netillin (30 µg), Cefaclor (30 µg), Cephotaxime (30 µg), 
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Cephadroxil (30 µg), Azithromycin (15 µg), Ampicillin/Cloxacillin (10/10 µg), Penicillin 

(10 units), Amikacin (30 µg), Sparfloxacin (5 µg) and Ampicillin/sublactam (10/10 µg).  

 

Molecular methods 
Extraction of DNA 

Several protocols have been developed and described for the preparation of genomic 

DNA from microorganisms. Most based upon the methods of Kirby (1957) and Marmur 

(1961), which generally comprise: 

a) Chemical cell disruption by enzymic digestion and detergent lysis;  

b)   Extractions with organic solvents and  

c)    Selective recovery of the DNA.  

The method was optimized specifically for the application of isolated DNA in the 

polymerase chain reaction, to amplify 16S rRNA genes. 

Isolation of genomic DNA from red mud isolates 

A single colony of red mud bacterial isolate was picked from a freshly grown plate 

and transferred it into 20 mL of alkaline Nutrient Broth in a 250 mL of flask. The culture 

was incubated for 16-24 hr at 37 oC with vigorous shaking (120 cycles/minute in a rotary 

shaker). Cells were harvested in 2.0 mL sterile microfuge tube. Media was decanted from 

the microfuge tubes and were kept in an inverted position for 1 min to allow the last 

traces of media to drain away (The cell pellet may be washed here using 10 mM Tris-HCl 

pH 8.0). Each cell pellet was resuspended in 0.8 mL saline-EDTA buffer thoroughly. 

Freshly prepared lysozyme solution (50 µl of 10 mg/ml) was added, mixed well and 

incubated at 37 oC for 20 min. SDS (0.2 mL of 10%) was added, mixed well by inversion, 

and incubated in the water bath at 60 oC for 15 min. The above mixture was extracted 

with phenol: chloroform: isoamyl alcohol (25:24:1). Upper aqueous phase was 

transferred to the sterile microfuge tube. Equal volume of isopropanol was added to 

precipitate DNA. After centrifugation, the supernatant was discarded and the pellet was 

air dried.  DNA was dissolved in 50 µl TE buffer. DNase free RNase solution was added 

to a final concentration of 40 µg/mL and incubated at 37 oC for 30 min, with occasional 

shaking. This was extracted with equal volume of phenol: chloroform: isoamyl alcohol 
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(25:24:1). DNA was precipitated from the upper aqueous layer with 2 volumes of 

ethanol. It was centrifuged and the pellet was redissolved in 50 µl Tris-EDTA (pH 8.0) 

and stored at 4 oC for further use. 

Electrophoresis of DNA on agarose gels 

DNA was loaded on agarose gels prepared in 0.5x TBE buffer, pH 8.0 (appendix 

I) using a 6x loading dye (Appendix I). Agarose concentration was 0.7% for genomic 

DNA (w/v). Ethidium bromide (0.5 µg/mL) was added to stain the gel prior to pouring. 

The nucleic acids were then electrophoresed at 50 volts for 45-60 min and visualized on a 

U.V. transilluminator. 

DNA Purification 

The DNA was purified by elution through the Wizard DNA Clean up system 

(Promega Inc., USA) according to manufacturer’s instructions in order to remove 

contaminants, which can hamper in manipulation of DNA. 

Spectrophotometric quantification of DNA 

The concentration of extracted DNA in suspension was estimated by 

spectrophotometric measurement at A260. For double-stranded DNA suspensions, an OD 

of 1.0 at a wavelength of 260 nm and using a cuvette with 1 cm light path, is equal to a 

concentration of 50 µg/mL. The quality of the DNA was evaluated by measurement of 

the A260 and A280 and the A230/A260 ratios. Ideally, the A260/A280 ratio should be 1.8-2.0. 

Ratios less than 1.8 indicate protein or phenol contamination, while ratios greater than 2.0 

indicate the presence of RNA.  

Ethidium bromide fluorescent DNA quantification 

DNA was checked by agarose gel containing ethidium bromide (0.5 µg/mL) 

electrophoresis. The quantity of DNA was visually determined with reference to a known 

DNA concentration of lambda phage (MBI Fermentas, USA) by comparing the intensity 

of fluorescence. The molecule is linear double stranded undigested DNA.  

REP PCR based DNA fingerprinting 

The reaction mixtures for the REP PCR contained 1x PCR buffer (Invitrogen, 

USA), each deoxynucleotide triphosphate at a concentation of 200µM, 1.5 mM MgCl2, 

each primer at a concentration of 0.1 µM and 2.5U of Taq DNA polymerase in a final 

volume of 100 µl. DNA amplification was performed with Genamp PCR system 
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(Applied Biosystem, USA) by using the following program; initial denaturation 95 oC for 

2 min, 35 cycles of 92 oC for 30 sec, 38 oC for 80 sec and 60 oC for 200 sec, final 

extension at 68 oC for 8 min and final soak at 4 oC. The REP PCR primers were REP F 5’ 

- III ICG ICG ICA TCI GGC -3’ and REP R 5’-ICG ICT TAT CIG GCC TAC-3’. 

Amplification of 16S rDNA and Purification of PCR products 

The forward primer 5’-AGAGTTTGATCCTGGCTCAG-3’ and reverse primer 

5’-ACGGGCGGTGTGTTC-3’ (Weisberg et al., 1991) were used for the amplification of 

1.5 kb gene of 16S rRNA. Variable region 3 was amplified using forward primer 5’-

GACTCCTACGGGAGGCAGCAG-3’ and reverse primer 5’-

ATTACCGCGGCTGCTGG-3’ for amplification of 250 bp. 

DNA amplification was performed with the Genamp PCR system (Applied 

Biosystem, USA). The reaction mixture for the PCR contained 1x PCR buffer, each 

dNTPs at a concentration of 200 µM, 1.5 mM MgCl2, each primer at a concentration of 

0.1 µM and 2.5U of Taq DNA polymerase in a final volume of 100 µl. PCR conditions 

used were same for amplification of 1.5 kb and 250 bp fragment of 16S rDNA which was 

as follows: Preheating at 92 oC for 2 min, 36 cycles of  92 oC for 1 min, 48 oC for 30 sec 

and 72 oC for 2 min and final extension of 72 oC for 6 min 10 sec. Amplified DNA was 

verified by electrophoresis of aliquots of PCR products (5 µl) on a 1.0% agarose gel in  

0.5% TBE buffer. 16S rDNA amplicon was gel eluted using QIAquick columns (Qiagen 

Inc., USA). 

PCR products were purified by agarose gel (0.8%) electrophoresis prior to 

cloning. The DNA fragment was excised from the gel, using the QIAquick gel extraction 

kit (Qiagen Inc., USA) as per manufacturer’s direction. Purified PCR products were 

eluted with 40 µl TE buffer (pH 8.0).  

Ligation in T-vectors 

The 16S rDNA amplicon was ligated into pTZ57R/T (Fermentas Inc., USA) or 

pGEM-Teasy (Promega Inc., USA) vector. For ligation of amplicon in pTZ57R/T vector, 

the final reaction volume was kept 30µl (Appendix I) and incubated at 22 oC for 12 hr. 

The final reaction volume for pGEM-Teasy vector was kept at 10µl (Appendix I) and 

incubated at 4 oC for 12 hr for ligation. The reaction mixture was kept overnight and 

analyzed on 0.7% agarose gel. 
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Genetic Transformation of E. coli 

A single colony of E. coli DH5α was picked from a freshly grown plate and 

transferred into 20 mL of LB broth in a 250 mL flask. The culture was incubated for 16-

20 hr at 37 oC with vigorous shaking (200-250 cycles/min in a rotary shaker). 200 µl of 

the above culture was aseptically transferred into 20 mL of fresh LB broth in a 250 mL 

flask. The culture was incubated with vigorous shaking at 37 oC for 2-3 hr. To monitor 

the growth of the culture, determined the OD590 every one-hour (The OD590 should be ~ 

0.5). The above culture was transferred to sterile, disposable, ice-cold 50 mL 

polypropylene tubes. The culture was incubated on ice for 10 min. The cells were 

recovered by centrifugation at 5000 rpm for 10 min at 4 oC. The tubes were kept in an 

inverted position for 1 min to allow the last traces of media to drain away.  The pellet was 

resuspended in 10 mL of ice-cold 0.1 M CaCl2 and stored on ice for 10-15 min. Cells 

were recovered by centrifugation at 5000 rpm for 10 min at 4 oC. The cell pellet was 

resuspended in 1 mL of ice-cold 0.1 M CaCl2. CaCl2 treatment for 2 hr induces 

considerably a transient state of “competence” in the E. coli cells. A 100 µl of the 

suspension of competent cells was transferred to a sterile and prechilled microfuge tube 

(1.5 mL capacity). Plasmid DNA sample (~100 ng in a volume of 5 µl or less) was added 

to each tube and mixed the content of the tubes gently. The tubes were incubated on ice 

for 30 min. Then with the help of a floater, tubes were incubated in a circulating water 

bath that was preheated to 42 oC for exactly 2 min. The tubes were transferred 

immediately on an ice bath and chilled the cells for 1-2 min. LB broth (1 mL) was added 

to each tube and the cultures were incubated for 45-60 min at 37 oC to allow the bacteria 

to recover and to express the antibiotic resistance marker encoded by the plasmid. The 

cells (100 µl) were plated on each 90 mm LB-antibiotic-X-GAL and IPTG plates. The 

plates were inverted and incubated at 37 oC overnight. Transformed colonies were 

appeared in 12-16 hr. Transformants were selected based on blue and white colonies. 

 

Blue/white screening for recombinant plasmids 

After transformation of the ligated product, the E. coli DH5α (LacZ-) bacterial 

host cells were plated on Luria Agar (Appendix I) medium containing 50 µg/mL 

ampicillin, for selection of transformants. X-Gal and IPTG were used to screen for 
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colonies containing a recombinant plasmid. The cloning site in the pTZ57R/T or pGEM-

T easy vector is located in the multiple cloning site (MCS) of the plasmid’s lacZα gene; if 

insert was present, non-functional β-galactosidase is produced, and the transformed 

bacterial colony is white. White colonies were picked and grown in 2 mL LB containing 

ampicillin (50 µg/mL) and simultaneously patching of these cultures were done on LA 

containing ampicillin. Plasmid DNA was isolated (described in the proceeding section) 

and re-amplification of the insert was done using vector’s promoter specific sequences.  

 

Isolation and purification of plasmid DNA from bacteria by alkaline lysis method 

A single transformed E. coli colony was transferred into 2 mL of LB medium 

containing appropriate antibiotic (ampicillin used in a final concentration of 50 µg/mL) in 

a capped 15-mL tube. The culture was incubated overnight at 37 oC with vigorous 

shaking. 1.5-2.0 mL of the above culture were poured into a microfuge tube. Centrifuged 

at 8000 rpm for 5 min. The medium was removed, leaving the bacterial pellet as dry as 

possible. The bacterial pellet was resuspended in 200 µl of ice-cold Solution I (Appendix 

1) and mixed well by to ensure that the bacterial pellet was completely dispersed in this 

solution.  200 µl of freshly prepared Solution II (Appendix 1) was added and the tube was 

closed tightly and mixed the contents by gentle inversion of the tubes five to ten times. 

The tubes were incubated on ice for few min. A 300 µl of ice-cold Solution III (Appendix 

I) was added and mixed by inversion to disperse Solution III through the viscous bacterial 

lysate. The tube was stored on ice for 5-10 min and centrifuged at 12,000 rpm for 10 min 

at 4 oC in a microfuge. The supernatant was carefully transferred to a fresh tube. DNA 

was precipitated with equal volume of isopropanol. The mixture was allowed to stand at 

room temperature for 5-10 min and centrifuged at 10,000 rpm for 10 min at 4 oC in a 

microfuge. The pellet was air-dried and dissolved in 500 µl of TE buffer (pH 8.0). DNase 

free RNase solution was added to a final concentration of 20 µg/mL and incubate at 37 oC 

for 30 min, with occasional shaking. The solution was extracted once with equal volume 

of phenol: chloroform:isoamylalcohol (25:24:1). The upper aqueous layer was transferred 

to a fresh microfuge tube, and then added one-tenth volume of 3.0 M sodium acetate (pH 

4.5) and  2 volumes of ethanol, mixed well and kept it at –20 oC for 1 hr. The tubes were 

centrifuged at 10,000 rpm for 20 min at 4 oC in a microfuge tube. The pellet was rinsed 
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with 1 mL of 70% ethanol at 4 oC. The pellet was allowed to dry in air for 5-10 min. The 

pellet was redissolved containing plasmid DNA in 50 µl of TE (pH 8.0) and stored at  –

20 oC for further use. 

Restriction analysis of DNA samples by agarose gel electrophoresis 

DNA 17 µl (500 ng) was added in a sterile microfuge tube. The appropriate 10x 

restriction enzyme assay buffer was added and mixed thoroughly by tapping the tube. 1 

µl (2-5 units) of the restriction enzyme was added, mixed by tapping the tube. The 

mixture was incubated at the 37 oC for 1-2 hr. To stop the reaction, 4-5 µl gel-loading 

buffer was added, mixed by vortexing briefly (as the DNA samples need to be analyzed 

directly on agarose gel). 

Sequencing 

The 16S rDNA inserts were sequenced for both strands using T7 and SP6 for 

pGEM-T easy vector and M13 forward and reverse for pTZ57R/T vectors. The sequence 

was generated by chain termination method using an Applied Biosystems automatic 

sequencer (DNA Sequencing Facility, Department of Biochemistry, South Campus, Delhi 

University, New Delhi, India). 

Extraction of DNA from red mud 

Total DNA was extracted from red mud samples, according to the direct DNA extraction 

method described by Mau (1997). This protocol represents a modified version of the 

protocol of Wilson (1987), optimized for the extraction of genomic DNA from sediments. 

Apart from it, several other methods were also used for extraction of genomic DNA. 

Method 1 

One gram of red mud was added in eight, sterile, 2 mL eppendorf tubes. Firstly, the 

red mud aliquots were washed with 500 µl TE buffer (pH 8.0). These aliquots were 

resuspended with 560 µl TE buffer (pH 8.0) and approximately 10 µg crystalline 

lysozyme in each tube. The compounds were mixed thoroughly by inverting the 

eppendorf tubes several times during incubation, at 37 °C for approximately 60 min. The 

mixtures were incubated again, at 37 °C for approximately 60 min after addition of 6 µl 

Proteinase-K (10 mg/mL), and 30 µl SDS (10%), Subsequently, 100 µl NaCl (5M) were 

added, and the tubes were incubated for 2 min at 65 °C. After addition of 80 µl preheated 
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CTAB-solution (10% CTAB in 0.7 M NaCl), the tubes were incubated for another 10 

min at 65 °C. Freeze thawing or bead beating method was used prior to solvent extraction 

as described under the heading “Common steps for extraction of DNA from red mud”. 

Method 2 

In a screw-capped microcentrifuge tubes, 0.5 g sieved red mud was added. To this, 

0.5 mL of modified CTAB extraction buffer (equal volumes of 10% CTAB in 0.7 M 

NaCl with 240 mM potassium phosphate buffer (pH 8.0) was added and the tubes were 

vortexed briefly. Tubes were then incubated at 70 oC for 10 min in a water bath. Freeze 

thawing or bead-beating method was used prior to solvent extraction as described under 

the heading “Common steps for extraction of DNA from red mud”. 

Method 3 

Red mud samples (1 g) were mixed with 2 mL of 120 mM sodium phosphate buffer 

(pH 8.0) by shaking at 150 rpm for 15 min. The slurry was pelleted by centrifugation at 

6,000 x g for 10 min.  The pellet was washed again with phosphate buffer, resuspended in 

2 mL of lysis solution (0.15 M NaCl, 0.1 M Na2EDTA [pH 8.0]) containing 15 mg of 

lysozyme/mL, and incubated at 37 °C water bath for 2 hr with an agitation at 20 to 30 

min intervals. Then 2 mL of 0.1 M NaCl 0.5M, Tris-HCl (pH 8.0), and 10% sodium 

dodecyl sulfate was added. Freeze thawing or bead-beating method was used prior to 

solvent extraction as described under the heading “Common steps for extraction of DNA 

from red mud”.  

Method 4 

Red mud sample (0.25 g) was ground with liquid nitrogen by using a mortar and 

pestle for about 5 min or until a fine powder obtained. The powdered soil was suspended 

in 0.5 mL of skim milk powder solution (0.1 g of milk powder in 25 mL of H2O) by 

vigorous vortexing. The soil and debris are removed by centrifugation (12,000 rpm) at 4 
oC for 10 min, and the supernatant was mixed with 2 mL of SDS extraction buffer (0.3% 

SDS in 0.14 M NaCl, 50 mM sodium acetate of pH 5.1) by vortexing. Freeze thawing or 

bead beating method was used prior to solvent extraction as described under the heading 

“Common steps for extraction of DNA from red mud”. 
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Method 5 

DNA was extracted from MoBio soil extraction Kit as per manufacturer’s direction 

(MoBio, USA). PowerMax™ Bead Solution tube was filled with 10 g of red mud sample 

and vortexed vigorously for 1 min. PowerMax™ Bead Solution tubes were placed in a 

shaking water bath set at 65 °C and shook at maximum speed for 30 min. Tubes were 

centrifuged at 2500 x g for 3 min at room temperature. Supernatant was transferred to a 

clean Collection Tube. 5 mL of solution C2 (provided by the manufacturer) were added 

and inverted twice to mix and incubated at 4°C for 10 min. It was centrifuged at 2500 x g 

for 4 min at room temperature. Avoiding pellet, supernatant was transferred to a clean 

Collection Tube (provided). 4 mL of Solution C3 (provided by the manufacturer) was 

added and inverted twice to mix to incubate at 4 °C for 10 min. The contents were 

centrifuged at 2500 x g for 4 min at room temperature and supernatant was transferred to 

a clean collection tube (provided). 30 mL of Solution C4 (provided by the manufacturer) 

was added to supernatant and invert twice. First, Spin Filter was filled with solution from 

C4. Centrifuged at 2500 x g for 2 min at room temperature. Flow through was discarded 

and added second volume of supernatant to same Spin Filter and centrifuged at 2500 x g 

for 2 min at room temperature. Flow through was discarded and repeated until entire 

volume was processed. Solution C5 10 (mL) (provided by the manufacturer) was added 

to spin filter and centrifuged at 2500 x g for 3 min at room temperature. Spin Filter was 

placed in a new Collection Tube (provided). A 5 mL of sterile Solution C6 was added to 

the center of spin filter membrane and centrifuge at 2500 x g for 3 min at room 

temperature. Spin Filter was discarded and DNA was collected. 

Common steps for extraction of DNA from red mud 

[Freeze-thaw cycles: Samples were frozen for 15 min at –80 °C and then 

immediately placed in a water bath (70 °C) to rapidly thaw the sample. This process 

was repeated three times.  

Bead Beating: After incubation, 0.5 g each of 0.1 mm glass and 0.5 mm 

zircona/silica beads were added. Tubes were then shaken in the Fast Prep instrument 

(Qbiogene) at 2500 rpm for 30 sec for three times with intermittent cooling in ice.] 

The upper aqueous phases were extracted with an equal volume of 

phenol:chloroform:isoamyl alcohol (25:24:1) and, finally, with an equal volume of 
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chloroform:isoamyl alcohol (24:1). Nucleic acids were precipitated by the addition of 0.3 

volumes of ammonium acetate and 0.7 volumes of isopropanol to the aqueous phase, 

followed by 30 min centrifugation at 12,000 rpm. DNA pellets were resuspended in TE 

buffer and combined in 100 µl. DNA was precipitated again by adding 0.1 volumes 3M 

sodium acetate (pH 5.2) and 2.5 volumes of ethanol (absolute).  The pellet was washed 

with 500 µl of 70% ethanol, and centrifuged another 10 min. After removing the ethanol, 

the pellet was dried briefly for 2-3 min and resuspended in a final volume of 40 µl 10 

mM Tris buffer (pH 8.0). 

Quality check and purification of the extracted DNA was performed as described in 

section 3.2.1.3 and 3.2.1.4. Amplification, ligation and transformation were performed 

for clone library preparation as described before.  

Clone library preparation and screening 

The DNA was purified with a Wizard column (Promega Inc., USA) and subjected 

to whole genome amplification (GenomiPhi DNA Amplification Kit, GE Healthcare, 

USA) as per manufacturer’s direction. Amplification and cloning of 16S rDNA was done 

as described earlier. Screening of recombinant clones in clone library was done using 

M13F and M13R primers (Appendix I). The amplicon (1.5 kb) was digested with RsaI. 

Clones having different restriction patterns were selected for partial sequencing (as 

described above). The 16S rDNA gene sequences of clone library were checked in 

chimera check program of Ribosomal Database Project-II (RDP-II). 

Analysis of sequence data 

Sequences were analyzed by using CHECK-CHIMERA program of the RDP II 

(Maidak et al., 2001), in order to detect the presence of possible chimeric artefacts 

generated by PCR. Similarities were calculated for nearly complete 16S rDNA sequences 

using only unambiguously determined nucleotide positions. The 16S rDNA gene 

sequences of red mud isolates and clone library were compared with those available in 

GenBank/ EMBL databases using BLAST program (Altschul et al., 1997) and at RDP-II 

(Cole et al., 2003). The sequences of closely related strains and unclultured bacteria were 

retrieved from RDP-II and aligned using multiple alignments CLUSTALW program 

(Thompson et al., 1997). The evolutionary distance was calculated by Kimura 2 

parameter and phylogenetic dendograms were constructed by neighbor-joining using 
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MEGA 4 software (Tamura et al., 2007). Bootstrap values of 1500 replicates were 

performed to assess the statistical support for the tree.  

 

Measurement of buffering capacities  

The buffering capacity of the bacteria was measured by an acid pulse technique. 

Experiments were conducted in 10 mL glass vials with 7 mL samples of cell suspensions 

which were stirred magnetically at room temperature. The pH values of these suspensions 

were 7.0 and 10.0. Valinomycin (final concentration, 10 mM) was then added from small 

volumes of concentrated stock solutions in acetone; the final acetone concentrations did 

not exceed 0.2%. The cells were allowed to equilibrate for about 2 hr with intermittent 

mixing. Immediately before the assay, 0.23 mL of freshly prepared carbonic anhydrase 

(20 mg/mL in 300 mM KCl) was added. Vigorous mixing with a small magnetic flea was 

performed after insertion of the pH electrode. After 5 to 10 min, an acid pulse was added, 

usually as a 50 to 150 mL portion of 100 mM HCl in 300 mM KCl, and changes in 

external pH were recorded for 3 min. When assays were performed, the pH was initially 

adjusted in the pre-incubation period of 2 hr. In these cases, 50 µl aliquots of 100 mM 

HCl or 100 mM KOH (in 300 mM KCl) were added at intervals of about 20 min until the 

desired pH was attained. Because of the mixing artifact, pH changes during the first 15 

sec were not used in these plots.  

 

Measurement of glycolysis activity and zeta potential 

To evaluate the pH dependency of red mud isolates, glycolysis activity of two red 

mud isolates, namely RM9P and RM8, were measured in the presence and absence of 

valinomycin at various pHs between 7.0 and 10.0. These two isolates were considered as 

representative isolates because of their growth and survival at pH 7 to 11.3. The cells 

were cultured until the exponential phase (OD600 = 1.0) in nutrient broth medium where 

pH was set at 7, 8, 9 and 10 with buffers at 100 mM concentration. The cells were 

harvested, and washed with the same buffer in which these were previously grown. The 

washed cell pellet was re-suspended in the same buffer and incubated for 2 hr at the same 

temperatures in which the cells were cultured to deplete their metabolic energy. The cells 

were washed once again with the same buffer and re-suspended in the same buffer. The 
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basal composition of the reaction mixture for the glycolysis reaction contained 150 mM 

potassium phosphate buffer, 1 mM MgSO4.7H2O, and one of the following buffers at 100 

mM with the pH adjusted to the desired values, using KOH: MES (7.0), MOPS (pH 8.0), 

TAPS (pH 9.0), or TABS (pH 10.0) (Appendix I). Subsequently, the energy-depleted 

cells were added at an OD600 of about 4.0, and then valinomycin in ethanol solution was 

added at a final concentration of 7 µM. The control series received 0.1% (vol/vol) 

ethanol. The reaction was started by the addition of glucose at a final concentration of 10 

mM. The mixtures were incubated at 37 oC, for appropriate time periods. After being 

incubated, the mixtures were   centrifuged at 12000 rpm for 5 min at 4 °C, and the 

supernatant was filtered through a 0.22 µm pore size membrane. The glucose 

concentrations of the filtered supernatants were measured, using the DNS method.  

For zeta potential analysis, cells were resuspended in 1 mM KNO3 at concentrations of 

about 5.3 x108 per mL for RM9P and RM8. The pH was adjusted with KOH or HNO3, 

with a new suspension made for each determination. The solutions were placed in the 

zeta potential analyzer Muteck SZP06 (BTG Mutek GmbH, Germany) and the streaming 

potential of the bacterial cells were determined.  

After incubation in respective buffer, the supernatants were collected and 10 µl (filtered 

from 0.22 µm filter paper) of volume were injected in the HPLC and analyzed for organic 

acid exudation (as described in the previous section). 

 

In vitro studies of Aspergillus tubingensis 

Aspergillus tubingensis a good phosphate solubilizer was isolated from the 

Eucalyptus plantation (Reddy et al., 2002) and tested for its ability to grow at different 

pHs, different concentrations of red mud amended media and tolerance to Na, Al and Fe.  

pH tolerance of A. tubingensis 

An actively growing mycelial disc (0.5 mm) of A. tubingensis was cut from the 

edge of the colony  and was aseptically inoculated to Czapek-Dox modified liquid media 

(Appendix 1) having different pHs 2.5 to 12 in a 250 mL Erlenmeyer flasks. The flasks 

were incubated at 28 oC for 3 days. After 3 days of incubation, the mycelium was filtered 

and dried for 48 hr at 70 oC. The dry biomass and the pH of the culture filtrate were 

measured.  
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Metal tolerance of A. tubingensis 

Aluminium (0, 100 and 200 µg/mL), Na (0, 100 and 200 µg/mL) and Fe (0, 100, 

200, 300, 400, 500 and 600 µg/mL) in the form of AlSO4.16H2O, Na2SO4 and FeCl3 

respectively were amended in the Czapek-Dox modified liquid media separately. The 

fungus was inoculated and incubated 28 oC under shaking conditions. After one week of 

growth, the mycelium was harvested and dried. The dried mycelia were digested with 

HNO3 and perchloric acid (3:1) for analyzing the Al, Na and Fe present in the mycelium 

using inductively coupled argon plasma emission spectroscopy (ICP).  

Effect of red mud amended media on A. tubingensis  

Different concentrations of red mud (0, 1, 2, 5 and 10%) were amended in 

Czapek-Dox liquid media and the pH was recorded. The contents were autoclaved and 

the mycelial disc of (0.5 mm diam.) A. tubingensis was inoculated and incubated at 28 oC 

under shaking condition. After 3 days of incubation the contents were filtered and the pH 

of the culture filtrate was recorded. The mycelium was further washed to remove soil 

particles adhered to the mycelia and dried for 48 hr at 70 oC. The dried mycelia were 

digested with concentrated HNO3 and perchloric acid (1:3). Different elements such as 

Al, Na and Fe present in the mycelium were measured by ICP. 

Nursery trials for amelioration of bauxite residue 

Different substrates such as sludge, top soil, fly ash, and gypsum were added to 

red mud for reduction of pH. Five to 25% of these substrates were amended with red mud 

and the pH change was noted. Nursery trials were carried out at TIFAC-CORE of Thapar 

University, Patiala. The red mud and fly ash were brought from National Aluminum 

Company, Damanjodi, Orissa. Local campus sludge and topsoil were used for the 

amendment of the red mud. Sludge, top soil and fly ash were added at 20% concentration 

and gypsum at 10% concentration to the red mud. The bacterial isolates were grown in 

modified nutrient broth (Appendix 1) at 37 oC with constant shaking at 120 rpm unless 

the bacterial absorbance (A600) reached at 1.0. Aspergillus tubingensis was grown on 

pikovaskaya agar (Appendix 1) at 28 oC for 3 days. The spore inoculation of A. 

tubingensis (~360 Log cfu/plot) and the indigenous bacterial consortium (~350 Log 

cfu/plot) mixed in a sterile soil rite was inoculated to each plot. The Bermuda grass, 

37



 

which was a native of Damanjodi, Orissa, was planted uniformly in each block of nursery 

trials.  

The experiments were designed in such a way that every chemical amendment 

had three treatments such as red mud amended with gypsum contained control (without 

any microbial inoculation), bacterial and Aspergillus tubingensis inoculation. The same 

pattern was followed in sewage sludge, topsoil, fly ash and without any chemical 

amendment of red mud. After six months of nursery experiment, physico-chemical 

characteristics such as pH, Electrical conductivity, organic carbon, available phosphorus, 

total nitrogen; and metal concentrations of treatments were measured and analyzed. The 

plants and soil samples were harvested after six months. The pH and electrical 

conductivity (EC) of the soil was checked by the method of International Society of Soil 

Science (1930). The total organic carbon (Walkley and Black, 1934), total nitrogen (by 

Total Organic Carbon Analyzer), and available phosphorus (Bray and Kurtz, 1945) was 

estimated. The mineral nutrition (Fe, Ca, Mg, Na and K) and aluminum content was 

estimated by Page et al. (1982). Enzymatic assays and microbial load were analyzed and 

all these methods are mentioned in the proceeding section. The plants were analyzed for 

their growth parameters and also for the different mineral nutrients. One gram of oven 

dried ground leaves/shoots and roots were digested (Page et al., 1982) and the 

concentrations of calcium, magnesium, potassium, iron and aluminium were measured 

using an inductively coupled plasma emission spectrophotometer.  

Determination of red mud pH and electrical conductivity (EC) 

Air-dried red mud (20 g) was taken in 100 mL beaker and 50 mL of distilled 

water was added to it and thoroughly stirred for 2-3 min using a glass rod. Further, it was 

kept in shaking condition (120 rpm) for 3 hr. Suspension was allowed to settle for 30 

min. The instrument was checked with two buffer solutions of known pH viz. one acidic 

and other alkaline. The electrode was rinsed with distilled water and carefully wiped with 

filter paper. The pH of the samples were measured of sample by immersing the electrode 

in supernatant solution. The pH value was recorded when the reading was stabilized 

(usually after 1 min). 
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 Red mud mixed with water and stirred as described previously. KCl solution (0.01 

M; EC=1.413 dS m-1) was used to calibrate the meter. The electrode was dipped in the 

supernatant solution and recorded the EC. 

 

Total Organic Carbon in soil (Walkley-Black, 1934) 

Dried red mud (1 g) was transferred into a 150 mL conical flask and 10 mL of 1N 

K2Cr2O7 was added and mixed well. The blank was prepared in which all reagents except 

soil were added. The conical flask was kept on teflon /asbestos sheet and 20 mL of 

concentrated H2SO4 from the sides of the flask was added. The flask was swirled during 

addition. The flask was allowed to stand for 30 min and there after 70 mL of water was 

added. These flasks were swirled thoroughly and allowed the soil particles to settle 

overnight. The supernatant was decanted and read the color intensity using red filter at 

660 nm. For standard, 0, 10, 20, 30, 40 and 50 mg of anhydrous sucrose crystals was 

weighed into a 100 mL volumetric flask and repeated the same procedure. 

Calculation 

The quantities of sucrose (0, 10, 20, 30, 40 and 50 mg) were multiplied by 0.4207 and 

found the quantities (%) of carbon present. Because 10 mg sucrose contained 4.207 mg C 

and if suppose 4.207 mg C was found in 1000 mg of soil, it meant 100 mg soil contained    

= (4.207 x 100)/ 1000   mg carbon; Organic carbon (%) = Colorimetric reading x 0.0042.  

Because organic matter contains 58% carbon so, Organic matter = Organic carbon (%) x 

100/ 58 or organic matter = org. C (%) x 1.724  (Van Bemmelen factor). 

 

Available Phosphorus in red mud (Bray and Kurtz, 1945) 

Red mud sample (2.5 g) was weighed in a 150 mL conical flask and 50 mL of Bray’s P-1 

extractant was added and kept on shaker for 5 min (soil- to- solution ratio 1:20). It was 

filtered through Whatman No. 1 filter paper quickly so as to collect the filtrate within 10 

min. 5 mL of filtered aliquot was transferred into 50 mL volumetric flask and diluted to 

about 20 mL. 8 mL of ascorbic acid (0.042 g) solution was added and the volume was 

made to  50 mL. After 10 min, the color intensity nm was measured at 882. Blank was 

prepared with the extracting solution also (without soil).  For standard, 0, 2, 5, 10, 15 and 

20 mL were pipetted out of working phosphorus (KH2PO4) solution (1mg/L), in 6 
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different volumetric flasks and added 5 mL of extractant. 8 mL of ascorbic acid solution 

was added and finally made the volume to 50 mL with distilled water. The phosphorus 

concentration of these solutions was 0.04, 0.1, 0.2, 0.3 and 0.4 µg/mL respectively. 

Calculation       

              Available phosphorus (mg/kg) =    (Q x V) / (A x S) 

Q = quantity of phosphorus in µg read on X- axis against a sample reading; V = volume 

of extracting reagent (mL); A = volume of aliquot used (mL); S = weight of soil sample 

taken (g) 

 

Determination of Mineral Elements by inductively coupled plasma 

emission spectrophotometer (Page et al. 1982) 

Red mud (1 g) was taken in a 100 mL conical flask. 15 mL of concentrated nitric acid 

was added and kept for 1 hour and then added 5 mL of perchloric acid. The flask was 

kept on a hot plate in acid-proof digestion chamber having fume exhaust system and 

heated at about 100 oC for first one hour and then raised the temperature to about 200 oC. 

The digestion was continued until the contents become colorless and only white dense 

fumes appeared. Reduced the acid content to about 2-3 mL by continuous heating at the 

same temperature. It was removed from the hot plate, cooled and diluted HCl was added. 

The solution was filtered through Whatman No. 42 filter paper and the final volume was 

made 20 mL with diluted HCl. The concentration was measured for mineral elements in 

the filtrate using inductively coupled plasma emission spectrophotometer. The calibration 

curve was prepared for each element by recording absorbance of a series of standard 

solutions of increasing concentrations. 

Calculation     

                    Mineral ion (mg/g) = C x 20/W 

 C = concentration in the sample obtained on X-axis against the reading 

 W = weight of the mycelium taken 

 

Determination of soil metals by SEM-EDX 

The red mud samples were dried, sieved (<200 mesh), and ground. Finely crushed 

soil samples were vacuum air-dried and analyzed qualitatively and quantitatively using 
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an energy dispersive X-ray (EDX) Phoenix Microanalyzer, which was equipped with a 

Hitachi Scanning Electron Microscopy (SEM). The microanalyzer had qualitative, 

quantitative, imaging, and element mapping capabilities. This EDX system could detect 

light elements with 0.1% detectability limit and heavy elements with better than 0.1% 

detectability limit. The software used for analysis is SEM QUANT version 3.0.from 

EDAX Inc. The EDX scan time was set for 200 seconds. 

Anion analysis of the red mud 

Red mud was mixed with water in 1:5 ratio. The water-soluble extract was 

subjected to anion analysis with different anion selective probe potentiometer. The work 

was carried out by TCIRD (Thapar Corporate Industrial Research and Development, 

Patiala) center. 

Soil microbial analysis 

Soil sample were collected form different treatments in sterile containers and 

samples (1 g dry wt.) were suspended in 10 mL of single distilled water and disrupted by  

vortexing for 1 –2 min. The resulting suspensions were serially (1/10) diluted in a sterile 

saline solution (NaCl 0.9%). Total heterotrophic neutrophilic, alkaliphilic and 

actinomycetes cultivable bacteria were estimated from colony forming units (CFU) 

growing on a non-selective nutrient media, nutrient media having pH 10.5 and 

actinomycetes agar (Appendix I). Plates were incubated for 2 days at 37 oC. Three 

replicates per dilution were maintained.  

Statistical analysis 

Three replicates were used for each treatment in nursery experiment. The data 

was completely randomized in this experiment and were subjected to one-way analysis of 

variance (ANOVA). The significant differences among the means were compared with 

Tukey’s test at P< 0.05 using Graphpad Prism version 4.0 software. 
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Chapter 4 

RESULTS 
 
Microbial diversity analysis of red mud 

Isolation and characterization of bacteria 

Red mud samples were collected from different locations of red mud pond of 

National Aluminum Company, Damanjodi, Orissa, India in different seasons and the 

bacteria were isolated. Bacterial isolation was performed at three different times with 

different samples collected at three different time intervals from the red mud pond. The 

bacteria isolated from these samples varied between 5 to 100 cfu per gram of red mud 

samples at pH 10.5 irrespective of the complex media used for the isolation. Most of the 

bacterial colonies were appeared at 10-3 dilution. No growth was observed at 10-6 or 10-7 

dilution. Based on their morphology and growth, 10 different bacteria were considered 

for further studies. These isolates were designated as RM9P, RM10E, RM10D, RM11R, 

RM12W, RM13Y, RM1, RM1A, RM6 and RM8.   

Sub-optimal level of nutrients along with high alkalinity, salinity, sodicity and 

metal concentrations did not support the growth of bacteria and plants. Hence, methylene 

blue hanging drop experiment was carried out to know whether the isolated bacteria were 

metabolically injured or not. All isolated bacteria exhibited the light blue color of 

methylene blue in hanging drop experiment, which was an indication for the level of 

active dehydrogenases and the metabolic status of the cells. 

The bacterial isolates had diverse morphotypes. The diversity found either in cell 

or in colony morphology and pigmentation was rather discrete. RM9P, RM11R and RM1 

had pink pigmentation. RM10D and RM8 were yellowish in color and rest other isolates 

were whitish to cream whitish in color. RM9P, RM10D, RM10E, RM11R, RM1A, RM6 

and RM8 showed gram positive reaction while two isolates namely RM13Y and RM1 

showed variable gram reaction and only one isolate, RM12W showed gram negative 

reaction (Table 4.1). All isolates were catalase positive except RM11R, which was weak 

positive for catalase test (Table 4.1).  RM10E, RM11R, RM1A and RM6 were oxidase 

positive and RM9P, RM10D, RM12W, RM13Y, RM1 and RM8 were oxidase negative 

(Table 4.1). The ability to reduce nitrate was a positive character of all isolates. Only one 
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isolate RM10E was found to be positive for utilization of citrate. RM8 and RM10D were 

positive for urease production and RM13Y and RM1A showed small production of 

extracellular urease (Table 4.1). Extracellular acid phosphatase was positive for RM10E, 

RM11R, RM12W, RM1, RM1A, RM6 and RM8 (Table 4.1). RM1 and RM8 were found 

to hydrolyze xylan and carboxy methyl cellulose (CMC) extracellularly and RM11R and 

RM6 were able to produce small amount of xylanase and cellulase in presence of 

substrates xylan and CMC respectively (Table 4.1). For all other biochemical tests such 

as lysine, ornithine, ONPG, TDA hydrolysis and H2S production, these isolates were 

found to be negative.  

Organic acid exudation was estimated in presence of sugar (sucrose) amended in 

the red mud extract media, so that original conditions of this extreme site can be 

mimicked. Bauxite residue was extracted with the aqueous solution and amended with 

carbon source (sucrose). All but three red mud bacterial isolates (RM11R, RM13Y and 

RM1) were found to produce acetic acid (Table 4.1). RM6 produced succinic acid along 

with acetic acid and only trace amount of oxalic acid were found in RM13Y and RM1 as 

shown in Table 4.1. 
 

Growth studies 

When subjected to salinity and temperature tests, RM9P was able to grow in 15% 

NaCl amended media, while other isolates were grown either at 3% and 6% of NaCl 

amended media (Table 4.2). Four temperatures (25, 30, 37 and 45 oC) were chosen to test 

the growth pattern of bacterial isolates. All bacterial isolates were grown at 25 to 37 oC 

and four bacterial isolates (RM9P, RM10E, RM12W and RM8) showed growth at 45 oC 

(Table 4.2). 

All bacterial isolates were grown in nutrient media with different pH in buffered 

media. The growth of red mud isolates was determined in liquid and solid media 

amended with different buffers. RM9P, RM11R, RM12W and RM8 isolates were able to 

grow at pH 10.5, and two isolates (RM9P and RM8) showed growth at pH 11.3 and other 

isolates were grown in buffered media of pH 8.0 (Table 4.2). All isolates showed growth 

in unbuffered media when sodium hydroxide was used to adjust the pH at 10.5. 
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Table 4.1: Biochemical characterization of the bacterial isolates from the red mud pond 

 

 

+: positive reaction; -: negative reaction; ±: weak positive;  
* -: no acid production; AA: acetic acid; SA: succinic acid; Acid production was studied in soil extract media (Appendix I) amended 
with sucrose. 

Bacterial 
Isolates 

Gram 
Staining 

Catalase Oxidase Nitrate 
Reduction 

Citrate 
Utilization 

DNase Urease Xylanase/ 
CMCase 

Acid 
phosphatase 

Organic Acid 
Production* 

RM9P + + - + - - - - - AA 
RM10E + + + + + + - - + AA 
RM10D  + + - + - - + - - AA 
RM11R + ± + + - - - ± + - 
RM12W - + - + - - - - + AA 
RM13Y Variable + - + - - ± - - - 
RM1 Variable + - + - - - + + - 
RM1A + + + + - - ± - + AA 
RM6 + + + + - - - ± + AA, SA 
RM8 + + - + - + + + + AA 
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Table 4.2: Effect of sodium chloride concentration, temperature and pH on the growth of 
bacterial isolates of red mud 
 
 

 

-: no growth; +: poor growth; ++: good growth; +++: luxurious growth 

Bacterial 
isolate 

NaCl (%) Temperature    
( oC ) 

Growth in buffered alkaline condition 

   7 8 9 10.5 11.3 12 

RM9P 0-15 25 – 45  +++ +++ +++ +++ +++ - 
RM10E 0-7 25 – 45 +++ +++ - - - - 
RM10D 0-5 25 – 37 +++ +++ - - - - 
RM11R 0-5 25 – 37 - +++ +++ +++ - - 
RM12W 0-5 25 – 45 +++ +++ +++ +++ - - 
RM13Y 0-10 25 – 37 - +++ ++ - - - 
RM1 0-5 25 – 37 +++ +++ ++ ++ - - 
RM1A 0-5 25 – 37 +++ +++ - - - - 
RM6 0-3 25 – 37 - +++ ++ - - - 
RM8 0-7 25 – 45 + +++ +++ +++ +++ - 
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Carbohydrate fermentation and antibiotic profiling 

The ability to ferment various carbohydrates by these bacteria was determined. 

Majority of the isolates were able to ferment different carbon substrates (Table 4.3). 

RM9P and RM13Y were able to ferment two carbon sources, RM10E and RM1 

fermented three carbon sources, RM11R and RM12W fermented four carbon sources and 

other isolates were able to ferment more than five carbon sources (Table 4.3). 

Bacterial isolates were checked for their sensitivity to different antibiotics. Three 

red mud isolates were found resistant to some antibiotics, but rest all other isolates were 

sensitive. RM10E was resistant to 3 antibiotics, RM1A was resistant to 6 antibiotics and 

RM8 was resistant to 1 antibiotic (Table 4.3). 

 

Biolog test  

Different carbon substrate utilization patterns of red mud isolates were observed 

and matched with the BIOLOG database. Red mud isolates were able to utilize number of 

varied carbon substrates, which ranged from 19 to 78 (Table 4.4). The maximum 

numbers of 78-carbon substrates were utilized by RM1A and only 19 were utilized by 

RM9P (Table 4.4). Different carbon substrates (49) were utilized by two isolates RM11R 

and RM6. Forty-seven, 56, 59 and 66 different carbon substrates were utilized by 

RM10D, RM13Y, RM8 and RM1 respectively (Table 4.4). Homology searching of the 

Biolog database revealed that only RM1A had 30% similarity with Bacillus sp. In other 

red mud isolates similarities varied from 0 to 1% with no probability with the existing 

database of the Biolog (Table 4.4). The similarity percentage of the red mud isolates was 

less than 35% in all cases, clearly indicating that these bacterial isolates were different 

from the reported bacteria.  

The metabolic diversities of the red mud isolates were shown by the ability of 

isolates to metabolize any substrate, including amino acids and carboxylic acids on the 

basis of color development in different wells on Biolog plates. RM10E and RM12W 

utilized the maximum number of carbon substrates along with amino acids and 

carboxylic acids, while RM9P utilized few carbohydrates, 8 carboxylic acids, one fatty 

acid methyl ester and no amino acid.  
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Table 4.3: Fermentation of carbon substrates and antibiotic profiling of the red mud 
bacterial isolates  
 
 
 

 
# Total of 35-carbohydrate fermentation tests was performed with isolated bacterial 
species using HiCarbo Kit (Himedia Lab., Bombay, India).  
* Nt: Netillin (30 µg), Nx: Norfloxacin (10 µg), Cj: Cefaclor (30 µg), Ak: Amikacin (30 
µg), Ca: Ceftazidime (30 µg), C: Chloramphenicol (30 µg), Cu: Cefuroxin (30 µg);  -: no 
antibiotic resistance observed, out of twenty antibiotics of the current study 

Bacterial 
isolate 

Carbon substrate fermentation# Antibiotic 
Resistance* 

RM9P Glucosamine, Ribose - 

RM10E Dextrose, Trehalose, Maltose, Cj, Cu 

RM10D Fructose, Dextrose, Mannose, Salicin, Glucosamine,  
Mannitol, Ribose, Rhamnose, Cellobiose, Melezitose, 
D-Arabinose 

- 

RM11R Lactose, Glucosamine, Mannitol, Ribose - 

RM12W Ribose, Glucosamine, Mannitol, Lactose,  - 

RM13Y Glucosamine, Ribose - 

RM1 Maltose, Dextrose, Ribose - 

RM1A Lactose, Xylose, Maltose, Fructose, Dextrose, 
Galactose, L-Arabinose, Mannose, Sodium gluconate, 
Rhamnose,  

Nt, Nx, Cj,  

Ak, Ca, C 

RM6 Lactose, Xylose, Maltose, Fructose, Dextrose, 
Galactose, Raffinose, Trehalose, Mellibiose,  L-
Arabinose, Mannose, Inulin, Salicin, Inositol, 
Mannitol, Ribose, Rhamnose, Melezitose, D-Arabinose 

- 

RM8 Maltose, Fructose, Dextrose, Trehalose, Glycerol, 
Salicin, Mannitol, Cellobiose, D-Arabinose 

Cj 
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Table 4.4: Carbon substrate utilization of red mud isolates on Biolog GP plates and their 
similarities with the Biolog database. 

Bacterial 
isolate 

No. of Carbon 
substrate utilized 

% Similarity with the 
Biolog database 

 

RM9P 

 

19 

 

<5 

RM10D 47 <5 

RM10E 20 <5 

RM11R 49 <5 

RM12W 20 <5 

RM13Y 56 <5 

RM1 66 <5 

RM1A 78 30 

RM6 49 <5 

RM8 59 <5 
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REP PCR based fingerprinting 

After physiological studies, genetic diversity of red mud isolates were studied by 

PCR based molecular typing. Amplification of the regions between adjacent repetitive 

extragenic elements (REP PCR) of isolate-specific DNA fingerprints was generated.  Rep 

PCR for all isolates yielded a complex genomic fingerprint consisting of ~12 Kbp to 100 

bp amplicons of varying intensity (Fig 4.1). The maximum number of amplicons was 

generated by RM12W and minimum of three amplicons was found in case of RM8. 

Visual observation of the DNA fingerprints clearly showed that all isolates were 

genetically distinct. These results showed complex banding patterns, which reflected a 

high degree of inter or intra specific genetic unrelatedness among isolates (Fig 4.1). 

 

Identification of the bacterial isolates 

All bacterial isolates were subjected to 16S rDNA amplification using universal 

primers, and about 1.5 kb amplicon was observed in all isolates (Fig 4.2). 16S rDNA 

PCR products were cloned into pGEM-T Easy Vector (Promega Inc., USA). The plasmid 

DNA was extracted from different clones and amplified with T7 and SP6 primers. The 

1.5 kb amplified products of different clones were subjected for restriction enzyme 

analysis (RsaI, AluI, HinfI, TaqI and NdeII) analysis to see the variation in the 16S rDNA 

region. The 16S rDNA products from three selected clones were then sequenced using 

Applied Biosystems automatic sequencer. Sequencing reactions were performed with the 

primers T7 and SP6. The 16S rDNA sequences of red mud isolates ranged from 1486 to 

1576 bp. The sequences were analyzed by multiple sequence alignment to check the 

similarities among the isolates. The homologies among the sequences were from 77 to 

97% between isolates. Minimum of 77% similarity was found in RM12W with RM10D, 

RM1 and RM8 and maximum 97% similarity was found between RM13Y and RM1 

(Table 4.5). None of these isolates had shown 99% or more similarity among themselves 

(Table 4.5). RM10E and RM6 had shown 94% similarities. 

Sequences were compared for the similarity in the GenBank DNA database using 

BlastN (NCBI) (Altschul et al., 1997). Pairwise alignment revealed that 16S rDNA of 

bacterial isolates had 96% to 99% similarity with the sequences of NCBI database.  
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Fig 4.1: Comparison of purified genomic-DNA-based fingerprints generated by REP-
PCR for different red mud isolates. Lane 2- RM9P; Lane 3-RM10E, Lane 4-RM10D, 
Lane 5- RM11R; Lane 6- RM12W; Lane 7-RM13Y; Lane 8- RM1; Lane 9- RM1A; Lane 
10- RM6; Lane 11- RM8, Lane 1: 1 kb (Fermentas) size marker. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.2: 16S rDNA amplification of red mud isolates. Lane 1-10: RM9P, RM10E, 
RM10D, RM11R, RM12W, RM13Y, RM1, RM1A, RM6 and RM8 and Lane11: 1 kb 
marker (Fermentas) 
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RM9P had shown 98% similarity with Planococcus maitriensis, Planococcus maritimus 

and Planococcus sp. P. maritimus had isolated from alkaline Lonar lake, India. RM10E 

had 99% similarity with the Bacillus cereus, which was reported to degrade pesticide. 

RM10D had shown 98% similarity with Microbacterium hominis, which was isolated 

from phenol degrading environment. RM11R had 99% similarity with Salinicoccus 

roseus, which inhabited in Eastern Mediterranean Sea. RM12W had shown 99% 

similarity with the Pseudomonas pseudoalcaligenes, Pseudomonas sp. IC017 and 

Uncultured bacterial clone 2As4. These isolates and clone were either isolated form 

contaminated site or from marine sediments. RM13Y had similarity with Kocuria 

palustris, Kocuria sp. CNJ787 PL04 and Kocuria flavus CT9 with 96 to 99% similarity. 

These bacteria were also isolated from marine sediment (Gulf of Mannar). RM1 showed 

98% similarity with Kocuria polaris, Kocuria sp. and Kocuria rosea. These isolates were 

also reported form marine environments. RM1A showed only 95% similarity with the 

uncultured bacterium and Bacillus sp. ge15. RM6 and RM8 showed 99% with Bacillus 

sp. and Agromyces sp. respectively. These isolates were also reported either from marine 

environment or from contaminated sites.  

The 16S rDNA gene sequences of red mud isolates  determined in this study were 

deposited in the GenBank of NCBI data library under accession numbers EF675619 to 

EF675628 (Appendix II). The related sequences showing similarity in BLAST were 

retrieved from GenBank and RDP-II and aligned using the program CLUSTALW 

(Thompson et al., 1997). The resulting multiple alignments were optimized visually and 

the evolutionary distance was calculated by Kimura 2 parameter. Phylogenetic 

dendograms were constructed by neighbor-joining method using MEGA 4 software 

(Tamura et al., 2007). Gaps were treated as missing data. Only unambiguous alignments 

were used in phylogenetic analyses.  

Phylogenetic analysis revealed that most of the bacteria were related to the 

phylum Firmicutes and Actinobacteria and one isolate was related to gram negative 

bacteria. All the sequences in the dendogram were divided into three groups (Group A, B 

and C) with high bootstrap values. There were five isolates in ‘group A’ which were 

related to Phylum Firmicutes and associated with the genera Bacillus, Planococcus and  
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Table 4.5: Percentage similarity of 16S rDNA sequences of bacterial isolates using 
multiple sequence alignment (ClustalW). 
 
 
 

SeqA Name     Len(nt)  SeqB Name     Len(nt)  Score 
=================================================== 
1    RM9P     1511     2    RM10E    1514     92 
1    RM9P     1511     3    RM10D    1486     80 
1    RM9P     1511     4    RM11R    1512     90 
1    RM9P     1511     5    RM12W    1499     80 
1    RM9P     1511     6    RM13Y    1573     80 
1    RM9P     1511     7    RM1      1487     81 
1    RM9P     1511     8    RM1A     1515     94 
1    RM9P     1511     9    RM6      1511     92 
1    RM9P     1511     10   RM8      1489     81 
2    RM10E    1514     3    RM10D    1486     81 
2    RM10E    1514     4    RM11R    1512     91 
2    RM10E    1514     5    RM12W    1499     80 
2    RM10E    1514     6    RM13Y    1573     80 
2    RM10E    1514     7    RM1      1487     82 
2    RM10E    1514     8    RM1A     1515     93 
2    RM10E    1514     9    RM6      1511     94 
2    RM10E    1514     10   RM8      1489     81 
3    RM10D    1486     4    RM11R    1512     81 
3    RM10D    1486     5    RM12W    1499     77 
3    RM10D    1486     6    RM13Y    1573     92 
3    RM10D    1486     7    RM1      1487     92 
3    RM10D    1486     8    RM1A     1515     81 
3    RM10D    1486     9    RM6      1511     80 
3    RM10D    1486     10   RM8      1489     91 
4    RM11R    1512     5    RM12W    1499     80 
4    RM11R    1512     6    RM13Y    1573     81 
4    RM11R    1512     7    RM1      1487     82 
4    RM11R    1512     8    RM1A     1515     90 
4    RM11R    1512     9    RM6      1511     89 
4    RM11R    1512     10   RM8      1489     81 
5    RM12W    1499     6    RM13Y    1573     76 
5    RM12W    1499     7    RM1      1487     77 
5    RM12W    1499     8    RM1A     1515     80 
5    RM12W    1499     9    RM6      1511     80 
5    RM12W    1499     10   RM8      1489     77 
6    RM13Y    1573     7    RM1      1487     97 
6    RM13Y    1573     8    RM1A     1515     81 
6    RM13Y    1573     9    RM6      1511     80 
6    RM13Y    1573     10   RM8      1489     90 
7    RM1      1487     8    RM1A     1515     82 
7    RM1      1487     9    RM6      1511     81 
7    RM1      1487     10   RM8      1489     91 
8    RM1A     1515     9    RM6      1511     92 
8    RM1A     1515     10   RM8      1489     81 
9    RM6      1511     10   RM8      1489     80 
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Table 4.6: Red mud isolates and their closest relative species inferred from 16S rRNA 
gene sequences of existing database 
 

 

 

Red Mud 
Isolate 

Nearest match Phylum  Accession no. % Similarity 
of 16S rDNA 
 

RM9P Planococcus maitriensis  
(AJ544622) 

Firmicutes  EF675619 98 

RM10E  Bacillus cereus 
(AJ577274) 

Firmicutes EF675620 99 

RM10D Microbacterium hominis 
(AM181504) 

Actinobacteria 
 

EF675621 99 

RM11R Salinicoccus roseus 
(X94559) 

Firmicutes EF675622 99 

RM12W Pseudomonas 
pseudoalcaligenes 
(Z76675) 

Proteobacteria EF675623 98 

RM13Y Kocuria palustris 
(Y16263) 

Actinobacteria EF675624 96 

RM1 Kocuria polaris  
(Y16263) 

Actinobacteria
   

EF675625 98 

RM1A Bacillus sp.  
(AJ276809) /uncultured 
bacterium 

Firmicutes EF675626 92/95 

RM6 Bacillus litoralis                
(EF371376) 

Firmicutes EF675627 98 

RM8 Agromyces mediolanus  
(D45052) 

Actinobacteria
   

EF675628 97 
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Fig 4.3: Neighbor-joining tree based on bacterial 16S rDNA sequence data from different 
isolates of current study along with sequences available in GenBank database. Numerical 
values indicate bootstrap percentile from 1500 replicates. 
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Salinococcus. The isolate RM6 was phylogenetically related to Bacillus sp., RM10E with 

Bacillus sp., and RM1A with an uncultured bacterium. RM9P was related with 

Planococcus maitriensis, RM11R with Salinococcus roseus. 

‘Group B’ consisted of 4 isolates belong to phylum Actinobacteria related to 

genus Microbacterium, Kocuria and Agromyces. RM1 showed 98% similarity with 

Kocuria polaris and RM13Y showed 96% similarity with Kocuria palustris. RM10D 

isolate was phylogenetically related to Microbacterium hominis and RM8 with 

Agromyces mediolanus (97%). Group C consisted of only one isolate, which showed 98% 

similarity with Pseudomonas pseudoalkaligens (Fig 4.3, Table 4.6). 

 

DNA extraction from red mud 

Crude DNA was extracted form red mud using various methods as described in 

materials and methods (Section 3.3). Different extraction procedures were checked with 

various combinations of lytic agents along with garden soil as a control to extract 

genomic DNA. The physical and chemical properties of red mud and garden soil were 

completely different. In terms of bacterial counts, garden soil had ~108 cfu/gm as 

compared to 5-100 cfu/gm of  red mud. The garden soil had high C, N, and available P 

content and slightly alkaline pH (~7.6) whereas red mud showed trace amount of C, N, 

and available P content and high alkalinity (pH 10-13). Different extraction procedures 

(method 1 to 4) were applied using freeze thawing and bead beating and extracted DNA 

was checked for concentration and quality. Apparently, only one method for DNA 

extraction worked for red mud was method 1 by both the freeze-thawing and bead 

beating. Freeze-thawing had yielded very low amount of DNA than the bead beating 

method. Other methods including the commercial kit from Mobio did not yielded good 

amount of DNA and loading of this DNA in agarose gel was not visualized by ethidium 

bromide fluorescent staining. Crude DNA extracted from red mud by hot SDS, CTAB 

and proteinase K and mean yields ranged form 2.37 to 9.97 µg/gm of dry wt. of red mud 

(Table 4.7). The purity of red mud DNA was low as compared to DNA of garden soil. 

Agarose gel electrophoresis of these DNA had revealed that it was extracted along with 

contaminant. It was very viscous and could not move from the well (Fig 4.4). For control 

(garden soil), every method had  
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Table 4.7: Purity ratio, DNA yield and 16S rDNA amplification from red mud and 
garden soil sample   
 
 

DNA yield (µg/g of dry wt. 
of cells) 

A260/A280 ratio 16S rDNA PCR 
amplification 

Treatment 

Red mud Garden Soil Red mud Garden Soil Red mud Garden Soil 

Freeze-thawing method 

Method 1 2.37±0.32 16.9±1.3 1.47±0.09 1.67±.002 + + 

Method 2 0.09±0.01 15.3±1.7 1.62±0.05 1.52±0.03 - + 

Method 3 0.10±0.01 15.1±1.5 1.46±0.05 1.21±0.03 - + 

Method 4 0.09±0.03 8.96±0.96 1.66±0.03 1.23±0.02 - + 

Bead-beating method 

Method 1 9.97±0.91 20.3±1.1 1.12±0.06 1.72±0.09 + + 

Method 2 0.46±0.06 17.5±0.9 1.36±0.03 1.47±0.05 - + 

Method 3 0.37±0.05 13.5±0.87 1.31±0.02 1.34±0.03 - + 

Method 4 0.23±0.02 7.93±0.81 1.48±0.02 1.41±0.03 - + 

Method 5 0.32±0.08 19.7±1.2 1.41±0.03 1.52±0.04 - + 

 

-: no amplification with crude DNA; +: PCR amplification with crude DNA 
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yielded high concentration of DNA as compared to red mud. DNA extraction by Method 

1 with freeze-thawing had yielded 7 times more DNA concentration in garden soil than 

the red mud and Method 1 with bead beating yielded two times more DNA concentration 

as compared to red mud. Other methods had also yielded high concentration of DNA in 

garden soil, which ranged form 8.96 to 19.6 µg/g as compared to insignificant amount of 

DNA in red mud (Table 4.7). Direct amplification of V3 region of 16S rDNA was 

performed from each DNA extracted from various methods. DNA of garden soil 

extracted by different methods resulted in 250 bp amplification of 16S rDNA, but DNA 

extracted from the red mud by method 1 along with freeze-thawing showed very light 

amplification (Fig 4.6). 

 

Clone library screening 

16S rDNA was amplified using the red mud high molecular wt. DNA as template. 

No or very small amplification was obtained with crude and purified red mud DNA (Fig 

4.6), because of co-extraction of the contaminants which were not removed after 

purification steps. In order to overcome the inhibition of PCR reactions and to obtain 

successful results on difficult to amplify samples like red mud, a pre-PCR was applied 

which is consisting of whole-genome amplification (WGA) by multiple displacement 

amplification (MDA) using φ29 DNA polymerase and random hexamer primers in an 

isothermal reaction to increase copy number and simultaneously diluting inhibitory 

substances. 300 bp to ~50 kb DNA smear was resolved on agarose gel of the isothermal 

amplification (WGA) of red mud samples (Fig 4.5).  

After WGA amplification, 16S rDNA amplification by PCR was employed 

(Gonzalez et al., 2005) (Fig 4.6). 16S rDNA was successfully amplified with the WGA 

amplified red mud DNA as template, but not with the crude or purified DNA of red mud 

as described previously. 16S rDNA of 1.5 kb amplicon was further purified, ligated in 

pTZ57R/T vector and transformed in E. coli DH5α. Amplicons of different red mud 

samples collected at different time intervals were pooled together and used for clone 

library construction. Clone library was screened visually by selecting the white 

transformed colonies and then subjected to colony PCR using M13F and M13R primers. 

The amplified 1.5 kb region of 16S rDNA was further selected for the restriction  
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Fig 4.4: High molecular wt. DNA isolation from red mud. DNA is seen in the well due to 
presence of co-extraction of contaminant. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.5: Whole genome amplification of high molecular wt. DNA from red mud. Lane 1 
and 2 contain samples of amplified DNA of red mud samples; and Lane 3: 100 bp DNA 
molecular wt. marker (Fermentas). 
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Fig 4.6: Amplification of V3 region of 16S rDNA from crude DNA directly isolated from 
red mud, which is hardly visible in agarose gel because of PCR inhibition (Lane 2), from 
whole genome amplified DNA of red mud sample (Lane 3) and negative control (Lane 
4). Lane 1: 1 kb DNA molecular wt. marker (Fermentas) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Fig 4.7: Restriction anlaysis by RsaI of 16S rDNA amplicon (1.5 kb) of clone library. 
Lane 1,2,7 and 9; Lane 3,4 and 6; Lane 5 and Lane 8 having different restriction pattern 
constitute different operation taxonomic unit (OTU). One clone from each OTU had been 
selected for the partial sequencing. Lane 10: 100 bp DNA molecular wt. marker 
(Fermentas). 
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digestion with RsaI to differentiate the clone based on their restriction pattern (Fig 4.7). 

About 250 clones were screened. Clones having similar restriction pattern were grouped 

together and one clone was selected from each group for sequencing using M13F and 

M13R primers. 41 clones were sequenced partially. Clone library sequences were 

submitted under accession numbers EU665639 - EU665677 (Appendix II). All sequences 

were checked by Chimera Check program of RDPII database. Two apparent chimeric 

sequences were detected and omitted in further studies.  The 16S rRNA gene sequences 

of the 38 clones with an average length of 700 nucleotides (minimum 387 nucleotides; 

maximum, 742 nucleotides) were compared to the 16S rDNA databases (RDP II and 

NCBI), and closest matches were identified. The similarities between red mud 

environmental clone sequences and that of a described species or of uncultured clone 

were depicted in table 4.8. Most bacterial clones were affiliated to Beta- (34%) and 

Gamma- (56%) proteobacteria while 4.8% clones represented Bacteriodetes as shown in 

the table 4.8. Out of 14 clones, which belong to beta-proteobacter class, 7 clones had 

shown high similarity (99%) with uncultured Burkholderiaceae bacterium or Ralstonia 

sp. K101 (Table 4.8).  

Beta-Proteobacter 

RMCL-1, 7 and 18 were affiliated to the clones isolated from recent Hawaiian 

volcanic deposits or with bacteria isolated from soil in Japan having 2,4-

Dichrolophenoxyacetic acid-degrading genes. All these clones had 99% similarity with 

each other. One clone RMCL-58 had shown 97-98% similarity with uncultured bacterium 

PT06 or Cupriavidus basilensis strain SE15. RMCL-28, 68, 112 showed 98-99% and 

RMCL-62, 105 showed 100% similarity with Cupriavidus basilensis N-Ams; AM048887 

or uncultured bacterium 005C-G01 that were reported from the mars exploration rovers 

assemble and diesel-contaminated soil of Baekun Mountain. RMCL-28 had shown 

similarity with the clone isolated from groundwater contaminated with high levels of 

nitric acid-bearing uranium waste at the NABIR-FRC.  

Gamma-Proteobacter 

23 clones which belong to gamma-proteobacter, 6 clones (RMCL-14, 19, 23, 90, 

102, 125) had 99% while one clone (RMCL-142) had 100% similarity with the 

uncultured bacterium 1s8; Serratia marcescens strain RJT which is reported from the 
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swine effluent impacted environments. RMCL-107, 143, 63 clones had shown 99% 

similarity with Uncultured bacterium s1s12a; f2h21 from clone library of microbiota of 

the ant lion (Table 4.8). These had considerably good similarity with the Serratia sp. also 

which was reported for mineralization of chlorpyrifos. 

RMCL-144 had 100% similarity with the Stenotrophomonas maltophilia, 

uncultured bacterium rRNA402, Xanthomonas sp. BBCT38, uncultured bacterium 

S23639. Stenotrophomonas maltophila had also been isolated from alkaline environment 

such as the inner Mongolia Baer soda lakes (Ma et al., 2004). These clones are reported 

from various other sources such as an anaerobic psychrophilic enrichment cultures 

obtained from a greenland glacier ice core, or marine microorganisms of Coco's Island.  

RMCL-25 had 97% similarity with the ant-degrading strains Stenotrophomonas 

sp. or extracellular medium-chain-length poly (3- hydroxyalkanoate) depolymerase 

secreting Stenotrophomonas sp. (Table 4.8). 

RMCL-66, 3, 16 and 115 had shown 99% similarity with different uncultured 

bacterium from rhizosphere and phyllosphere bacteria and Serratia marcescens strain 

RJT having fipronil degradinging capacity. RMCL-4, 93, 95, 103 had shown 99% 

similarity with the uncultured bacterium clone PDC-OTU10 (Table 4.8).  

Bacteriodetes 

RMCL-202 and RMCL-2 showed 99 and 100% similarity with the uncultured 

bacterium 654966 of Bacteriodetes subdivision respectively. RMCL-88 had shown 99% 

similarity with the Iron-reducing enrichment clone Cl-A7. RMCL-89, RMCL-61 and 121 

had shown homology with Serratia marcescens strain P1, capable of converting DL-

lactate to pyruvate isolated from the deep-sea sediment.  
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4.8: Diversity of non-cultivable bacteria of red mud sites and their affiliation to the 16S rDNA sequences of existing database 

Class Red mud clones 
Total 

numbers 
of clones 

Closest relative in database 
% identity to 
closest 
related 

 
Beta 
proteobacterium 

 
RMCL-1, 7, 18, 31, 92, 98, 114 

 
7 

 
Burkholderiaceae bacterium KVD-1700-16; DQ490285/ Ralstonia sp. K101; 
AB212229 

 
99% 

 RMCL-58 1 Bacterium PT06; DQ136051/Cupriavidus basilensis strain SE15; EU447184 97-98% 
 RMCL-28, 68, 112 3 Cupriavidus basilensis N-Ams; AM048887 / uncultured bacterium 005C-

G01; AY662034 
98-99% 

 RMCL-62, 105 2 Cupriavidus basilensis N-Ams; AM048887 100% 
 RMCL-88 1 Iron-reducing enrichment clone Cl-A7 clone Cl-A10; DQ677002/ 

Burkholderiaceae bacterium KVD-1700-16; DQ490285 
99% 

Gamma 
proteobacterium 

RMCL-107, 143, 63 3 Uncultured bacterium; s1s12a; DQ068886/ uncultured bacterium; f2h21; 
DQ068786 

99% 

 RMCL- 89 1 Serratia marcescens strain P1; EU031439 99% 
 RMCL-61, 121 2 Serratia marcescens strain P1; EU031439 100% 
 RMCL-14, 19, 23, 90, 102, 125 6 Serratia marcescens strain RJT ;EU233275/ uncultured bacterium; 1s8; 

DQ068829 
99% 

 RMCL-142 1 Serratia marcescens strain RJT ;EU233275/ uncultured bacterium; 1s8; 
DQ068829 

100% 

 RMCL-66 1 Uncultured bacterium clone spb28b5; DQ321561 100% 
 RMCL-144 1 Stenotrophomonas maltophilia; 15; AY169434/uncultured bacterium; 

rRNA402; AY959175/Xanthomonas sp. BBCT38; EF471219/uncultured 
bacterium; S23_639; EF572540 

100% 

 RMCL-4, 93, 95, 103 4 Uncultured bacterium clone PDC-OTU10; AY700617/ Serratia sp. EP28; 
AM403719 

99% 

 RMCL-25 1 Gamma proteobacterium PI_GH4.1.G2; AY162052/ Stenotrophomonas 
maltophilia; M5-1; AY880274 

97% 

 RMCL- 3 1 Uncultured bacterium; 1s8; DQ068829/ Serratia sp. BBTR23; DQ337601 99% 
 RMCL-16, 115 2 Uncultured bacterium, clone C 4-81; AM947381 99% 
Bacteriodetes RMCL-202 1 Uncultured bacterium; 654966; DQ404637 99% 
 RMCL-2 1 Uncultured bacterium; 654966; DQ404637 100% 
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Salient features 

• The bacterial load of red mud varied from 5 to 100 cfu per gram of red mud. Ten 

bacterial isolates which were further studied, had different Rep-PCR profile and 16S 

rDNA sequences. 16S rDNA sequences showed that these isolated closely related to 

Planococcus sp., Bacillus sp., Psedomonas sp., Kocuria sp., Micrococcus sp., 

Agromyces sp. and Salinococcus sp. These isolates mainly belong to Phylum- 

Firmicutes, Actinobacteria and Proteobacteria. Sequence alignment of closely related 

bacteria and red mud bacterial isolates showed that similarity varied from 97 to 99%, 

but none of the isolates had shown 100% sequence similarity with the bacteria of the 

existing database. Biolog test was performed to study the metabolic diversity of these 

isolates. None of the isolates had shown homology with the Biolog database. 

• Screening of the clone library resulted in distinct 16S rDNA sequences as compared 

to isolated cultures. These were mainly belonging to Proteobacteria and 

Bacteriodetes. These bacterial clones were affiliated to Beta- (34%) and Gamma- 

(56%) Proteobacteria while 4.8% clones represent Bacteriodetes. Interestingly, all 

sequences of clone library had 99% or more similarity with the uncultured and 

cultivable isolates. But these clones had shown no homology with the cultivable 

isolates of red mud. The present study gives the first report on bacterial diversity 

analysis of the red mud. 
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Alkaline tolerance by red mud isolates 

Reduction of media pH by red mud isolates 

Red mud isolates were grown in media adjusted to two different pHs i.e. 7.0 and 

10.0 to test their potential to decrease the media pH. Their growth was relatively same on 

both the pHs in unbuffered media. But there was little variation of growth among the 

isolates which ranges from 9.0 to 9.31 log cfu (Fig 5.1). The maximum growth was 

observed in case of RM10E, RM10D and RM12W (9.3 log cfu). Three isolates, RM10D, 

RM1 and RM1A were able to reduce the initial pH of 10.0 by six units in 36 hr. RM1A 

was able to reduce it further from 3.80 at 36 hr to 3.76 at 168 hr. RM11R had shown the 

pH change from 7.6 (36 hr) to 6.35 (168 hr) when grown at pH 10.0. All other isolates 

were able to change the medium pH 4 to 5 units. RM10E and RM12W had a maximum 

pH change at 36 hr. At pH 7.0, RM10D and RM1A had reduced the medium pH by 3 

units at 36 hr, and decreased further at 168 hr. Interestingly, RM9P showed initial rise of 

1.29 units of medium pH at 36 hr, which reached to pH of 5.1 at 168 hr when grown at 

pH 7.0. The rest of the all isolates had shown minor reductions in the medium pH (Fig 

5.1). 

 

Buffering capacity of red mud isolates RM9P and RM8 

A diverse group of bacteria thrive in highly alkaline environments (Krulwich and 

Guffanti, 1983). Alkaliphilic bacteria develop low proton and high sodium 

concentrations, and are thus different from neutrophilic bacteria in energy metabolism 

(Pitryuk, 2001). Considerable efforts had been made to understand how cellular 

metabolism reacts to variations in pH (Ingram and Marr, 1996). The function and 

structure of the cell wall of a living cell may change during shift in alkalinity, due to 

passive and active (energy consuming) processes. In the present study, the effect of  
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Fig 5.1: Reduction of nutrient media (pH 7.0) and its variant (pH 10.0) by red mud 
isolates at different time intervals. Values are mean ± SD (n = 3) 
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different pH was studied on two selected bacterial red mud isolates. Out of ten isolates, 

RM9P and RM8 were found to grow vigorously at neutral (pH 7.0) and alkaline (pH 

11.0) buffered condition. Hence, these two isolates were taken as representative isolates 

of red mud to study the behavior at different pHs and also to study the alkaline tolerance 

mechanism. 

The buffering capacities of red mud isolates RM9P and RM8 were measured at 

pH 7.0 and 10.0. These isolates were grown in modified nutrient media having pH 7.0 

and 10.0 using 50 mM of phosphate and carbonate buffer, respectively, in aerobic 

condition. pH ranges used for the estimation of buffering capacities were 6.5 to  9.5 for 

RM9P grown at pH 7.0, but  pH ranges of 7.0 to 10.0 were used for the RM9P grown at 

pH 10.0. The buffering capacity of RM8 grown at pH 7.0 was observed in pH ranges 6.5 

to 9.5 and 6.5 to 10.5 pH ranges were used for RM8 grown at pH 10.0 for buffering 

capacity estimation. Outer buffering capacity (Bo) and total buffering capacity (Bt) were 

estimated as a function of pH. There was considerable change in the buffering capacities 

of both isolates at various pHs. RM9P and RM8 when grown at pH 10.0 showed 

maximum total and outer buffering capacities when compared to bacterial growth at pH 

7.0. RM9P grown in neutral conditions had shown maximum total and outer buffering 

capacities 5.0 and 1.6 (mM H+/pH unit/mg of protein) at pH 8.67 (Fig 5.2 a and b). But in 

alkaliphilic conditions, RM9P had exhibited 11.7 and 7.5 (mM H+/pH unit/mg of protein) 

of total and outer buffering capacities at pH 9.68.  RM8 grown in neutral condition 

showed maximum 1.97 and 1.2 (mM H+/pH unit/mg of protein) of total and outer 

buffering capacities at pH 9.11 while at alkaline condition it showed 3.2 and 2.9 (mM 

H+/pH unit/mg of protein) of total and outer buffering capacities at pH 10.15 (Fig 7.3 a 

and b). Both bacterial isolates showed maximum buffering capacities in alkaline 

conditions irrespective of their growth conditions. Both the bacterial isolates showed 

lower buffering capacities when grown at neutral conditions as compared to the alkaline 

conditions. RM9P had more buffering capacity than the RM8 at both pH 7.0 and 10.0 

(Fig 5.2 and 5.3). The total buffering capacity of RM9P in alkaline condition was 4 fold 

higher than the RM8 in same condition and 6 fold higher than the RM8 grown in neutral 

condition. 
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Fig 5.2: Total (firm line) and Outer (dotted line) buffering capacities of RM9P at a) pH 
7.0  and b) pH 10.0 
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Fig 5.3: Total (firm line) and Outer (dotted line) buffering capacities of RM8 at a) pH 7.0 
and b) pH 10.0  
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Effect of alkalinity on glycolysis of the red mud isolates RM9P and RM8 

Whether rise in external pH can affect the glycolysis or energy building process 

intracellularly was checked by growing the bacterial isolates RM9P and RM8 at four 

different pHs i.e. 7, 8, 9 and 10. Maximum glycolytic activity of RM9P was observed at 

pH 7.0. It decreased with the increase of pH (Fig 5.4 a). At pH 7.0, unused glucose was 

3.9 mM and it had increased to 9.0 mM at pH 10.0. Glycolytic activity was checked in 

presence of valinomycin, which dissipates ∆pH, using both the red mud isolates at 

various pHs (7, 8, 9 and 10) (Fig 5.4 a and b). Glycolytic activity of RM9P was rapidly 

decreased in presence of ionophore valinomycin at pH 7.0. It was 6.17 mM of unspent 

glucose at pH 7.0, which was 58% increase from the corresponding non-valinomycin 

treated glycolytic activity of RM9P (Fig 5.4 a). The unused glucose was increased from 

pH 7.0 to 10. The abrupt rise in unused glucose was found from pH 7.0 to 8.0 (3.9 to 8.9 

mM of glucose) in non-valinomycin treated RM9P bacterial strain, which was not evident 

in case of valinomycin treated cells. In valinomycin treated cells (RM9P) the 6.17 and 

6.79 mM of unspent glucose was estimated at pH 7.0 and 8.0 respectively which showed 

slight decrease in glycolytic activity. 

The maximum glycolytic activity of RM8 was observed at pH 7.0, which was 

decreased with the increase in external pHs (Fig 5.4 b). The trend of glycolytic activity of 

RM8 was similar as compared with RM9P.  RM8 at pH 7.0 had 6.7 mM of unused 

glucose concentration, which was higher than the unused glucose concentration of 3.9 

mM at pH 7.0 of RM9P. But, similar unused glucose concentration was found at pH 8.0 

with valinomycin treated RM9P cells. In valinomycin treated and untreated cells of RM8, 

as the pH increased the glucose consumption was decreased. Unused glucose of 7.0 and 

6.7 mM concentration was estimated at pH 7.0 in valinomycin treated and untreated cells 

which reached at 8.7 and 8.5 mM of unused glucose at pH 10.0 (Fig 5.4). At pH 8.0 and 

9.0, relatively constant values of 7.6 and 7.7 were observed. As compared with the RM9P 

(untreated cells), RM8 did not show decrease in glycolytic activity with increasing pH. 
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Fig 5.4: Glycolysis activities of red mud isolate a) RM9P and b) RM8. The experiments 
were carried out in the presence (triangle symbols) or absence (square symbols) of 
valinomycin at different pHs. Data are mean ± SD (n=3) 
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Effect of alkalinity on the zeta potential of the red mud isolates RM9P and RM8 

Surface charge determination was done using zeta potential analyzer. Alkaline 

condition might alter the physiology and cell membrane structure of the cell. Zeta 

potential of RM9P and RM8 were estimated at various pHs (7, 8, 9 and 10), where the 

cells were grown. The maximum zeta potentials, –28.5 and –24.6 mV, were observed at 

pH 7.0 in RM9P and RM8 respectively. With the increase in alkalinity the charge was 

increased. Zeta potentials of –22.3 and -18.3 mV were observed at pH 10.0 in RM9P and 

RM8, respectively. Higher zeta potential was observed in case of RM8 where the 

negativity of the surface was less (Fig 5.5). 

 

Organic acid production 

At pH 7.0, 8.0, 9.0 and 10.0, organic acid exudation by RM9P and RM8 were 

checked in presence and absence of valinomycin. Under oxic condition; oxalic, succinic, 

trace amount of acetic and two other low molecular wt. organic acids were detected. In 

comparison to RM9P, the exudation of organic acid was low in RM8. Organic acids were 

detected more in normal cells at various pHs than the valinomycin-treated cells in both 

the isolates. However, at pH 8.0, RM9P showed more acid production in case of 

valinomycin treated cells than the normal cells. The production of organic acids was 

increased with the increase in alkalinity (pH) i.e. from pH 7.0 to 9.0 and then decreased at 

pH 10.0. The maximum organic acid recorded in RM9P isolates were 290 and 234 

nMoles/10µl at pH 9; and 78 and 38 nMoles/10µl were recorded in RM8 isolate in 

valinomycin untreated and treated cells, respectively (Fig 5.6).  
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Fig 5.5: Zeta potential of red mud isolate RM9P (square symbols) and RM8 (triangle 
symbols) at different pHs. Values are mean ± SD (n=3) 
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Fig 5.6 :Succinic acid exudation at various pHs in presence and absence of valinomycin 
in red mud isolates a)RM9P and b) RM8. Mean ± SD (n=3) 
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Salient features 
 
• All bacterial isolates were grown in media where pH was set at 7.0 and 10.0. These 

isolates had shown pH reduction of the media either at 36 or 168 hr. The maximum 

reduction of the pH was observed in case of RM1A isolate. 

• Two isolates RM9P and RM8, were studied for alkaline tolerance mechanism because 

of their growth at neutral and alkaline pH. RM8 showed more buffering capacity at 

both the neutral (pH 7.0) and alkaline (pH 10.0) range as compared to RM9P.  

• Glucose consumption was more at neutral pH in both RM9P and RM8 isolates. It had 

decreased with the increase of alkalinity. RM9P had shown more glucose 

consumption than the RM8 at pH 7.0. 

• Zeta potential of both the isolates was increased with the increase of alkalinity. RM9P 

had shown more negativity in zeta potential at all pH tested as compared to RM8.  

• Organic acid exudation was higher in isolate RM9P than the RM8. Succinic acid 

exudation was increased up to pH 9.0 in both the isolates RM9P and RM8.
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In vitro studies of Aspergillus tubingensis in red mud amended media 
Aspergillus species are widely known for their organic acid producing capacity 

and mineralization of phosphate. The possibility of using exogenous Aspergillus sp., 

which are efficient organic acid producers, to reduce the alkalinity of the red mud, was 

explored in this study.  

The ability of A. tubingensis to reduce the medium pH was tested in this study so 

as to check whether this organism could reduce the pH of the red mud amended soil. A. 

tubingensis was grown in different pHs and it had been observed that A. tubingensis was 

able to grow from pH 2.5 to 12.0. The maximum growth was observed at the pH 3.5 (Fig 

6.1). Growth in neutral to alkaline (pH 7 and 12) condition was less as compared to 

growth at acidic pH. Profound growth (>1.0 g/L) was observed at acidic pH (3.5 to 6.5). 

The final pH of the media was below 3, except that of A. tubingensis grew at pH 11 and 

12 where the final pH of the medium was reduced to 4.8 and 4.9 respectively (Fig 6.1). 

Red mud contains high level of aluminum, iron and sodium. Hence, A. 

tubingensis was grown in different concentrations of aluminum, iron  and sodium to 

study the tolerance. Three concentrations of Al (0, 100 and 200 µg/ml) were used to 

know the effect on A. tubingensis. 100 µg/ml of Al concentration had effect on growth 

and the growth was increased by 50% from the control while at 200 µg/ml of Al it 

decreased by 57% compared to control (Fig 6.2). Aluminum significantly inhibited the 

growth of A. tubingensis at 200 µg/ml (Fig 6.2,). To determine the maximum 

concentration of NaCl tolerance by A. tubingensis, different concentrations of NaCl were 

amended in the media. The results showed that up to 100 µg/ml of Na, the growth of A. 

tubingensis was not affected, but at higher concentrations (150 and 200 µg/ml), the 

growth was inhibited. The level of Na increased in the mycelium as the concentration of 

Na increases in the growth medium (Fig 6.3).  

The ability of A. tubingensis to grow in presence of different Fe concentrations 

was tested and the results indicated that the growth of A. tubingensis increased up to 

 600 µg/ml of Fe tested in this study when compared to control. The maximum growth of 

A. tubingensis was recorded at 400 µg/ml of Fe. Growth was increased in all iron-
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amended media as compared to control. The level of Fe accumulation was also 

significantly increased as the concentration of Fe increased in the medium ((Fig 6.4).  

When A. tubingensis was grown in presence of different concentrations of red 

mud, the mycelial growth increased as the concentration of the red mud amended in the 

medium was increased. The maximum growth was observed when the A. tubingensis was 

grown at 10% red mud amended medium. The pH of the medium was drastically reduced 

to below 3.0 in all the treatments after the growth of the A. tubingensis (Fig 6.5). The 

mycelium grown in presence of red mud was digested and analyzed for different element 

such as Al, Na, and Fe as these are normally present in red mud at higher concentration. 

The Al level increased in the mycelia with the increase in the concentration of the red 

mud. The maximum uptake of the Al was observed in presence of 10% of red mud (Fig 

6.6). The level of Na decreased as the concentration of red mud increased in the growth 

medium. The content of Fe increased in the mycelium as the concentration of red mud 

increased in the medium (Fig 6.6). From these results, it was clear that A. tubingensis 

could tolerate high levels of Na, Fe, Al and high pH when inoculated into the red mud 

soil.  
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Fig. 6.1.  Effect of pH on the mycelial growth of A. tubingensis and the final pH of the   
culture  filtrate. Data are mean ± SEM. 
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Fig 6.2: Influence of Al on the growth of A. tubingensis and their accumulation in the 
mycelium. Data are mean ± SEM. 
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Fig 6.3: Influence of Na on the growth of A. tubingensis and their accumulation in the 
mycelium. Data are mean ± SEM. 
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Fig. 6.4:  Influence of Fe on the growth of A. tubingensis and their accumulation in the 
mycelium. Data are mean ± SEM.  
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Fig 6.5: Mycelial growth of A. tubingensis and the final pH of the culture filtrate when 
grown in presence of different red mud concentrations. Data are mean ± SEM.
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Fig. 6.6: Accumulation of different metals (Al, Na and Fe) by A. tubingensis in presence 
of red mud. Data are mean ± SEM. 
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Salient features 

 

• Aspergillus tubingensis had shown growth in Czapek-Dox medium in the pH range 

2.5 to 12.0. It was able to grow at high concentration of aluminum, iron and sodium 

when grown in metal amended Czapek-Dox medium.  

 

• When grown in red mud (0-10%) amended media, the pH was reduced to less than 

3.0. Aluminum and iron content was increased in A.  tubingensis with the increase of 

red mud concentration, but sodium content was decreased with the increase of red 

mud concentration.  
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Amelioration of red mud in nursery studies 
Nursery trial 

Sub optimal level of nutrients combined with high sodium, pH and other heavy 

metals are considered to be the major constraints of red mud revegetation and 

bioremediation. An attempt was made to alleviate the toxicity of the red mud by using 

different chemical treatments like gypsum, top soil, sewage sludge and fly ash; and 

consortium of bacteria (isolated from the red mud) and Aspergillus tubingensis, were 

used as biological treatments. 

The physicochemical characteristics of the red mud samples were analyzed which 

were collected over the span of three years in different seasons from National Aluminum 

Company (NALCO), Damanjodi, Orissa, India. It had very stable chemical composition, 

characterized by the dominance of iron, aluminum and sodium. The pH of the bauxite 

residue was very high and never recorded below 10.3. The organic carbon, available 

phosphorus and total nitrogen was very low. Predominantly, iron and aluminium are two 

major constituents of red mud (Table 7.1). Anion analysis of red mud revealed the 

presence of different anions such as - chloride 17±5.9 (g/L); sulphate 1082±302.5 (g/L); 

carbonate 4.766±1.6 (g/L); nitrate 4.35±0.4 (g/L); fluoride 13.1±3.8 (g/L); silicate 

4.65±0.7l (g/L) and sulphide was not detectable. 

Application of different ameliorants such as gypsum, topsoil, fly ash and sludge 

with red mud was studied to remediate the red mud.  The addition of 5–25% w/w gypsum 

to red mud reduced the pH to10.5–7.5 as compared with pH 11.9 of red mud (Fig. 7.1, 

Table 7.1.1). Higher reduction of pH was evident in gypsum than the other ameliorants. 

The reduction of pH by gypsum is mainly attributed to the acidity of gypsum. Addition of 

sludge at different concentration showed ~2 unit of pH decrease, while other ameliorant 

decreased about ~1 unit of pH (Fig. 7.1, Table 7.1.1). 

 Top soil, fly ash and sludge (20%) and gypsum (10%) were amended with red 

mud and the physico-chemical characteristics of these mixtures were studied. Maximum 

organic carbon and organic matter were recorded in sludge amended red mud, followed 

by fly ash and topsoil as compared to red mud (Table 7.1). Available phosphorus content 

was higher in sludge and fly ash amended red mud as compared to other amendments 

(Table 7.1). Total nitrogen was highest in sludge followed by topsoil and fly ash amended 
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red mud. But no nitrogen was detected by TOC (total organic carbon) analyzer in red 

mud and gypsum amended red mud (Table 7.1). Alkaline phosphatase, invertase and 

urease were recorded highest in sludge with red mud. Acid phosphatase and cellulase 

enzymes were recorded highest in fly ash with red mud. Enzymatic activities were very 

low in case of control red mud (Table 7.1). Neutrophilic bacteria and actinomycetes were 

present in more numbers in sludge amendment. Alkaliphilic bacteria were recorded 

highest in topsoil amendment followed by fly ash, sludge and gypsum when compared to 

control red mud (Table 7.1). Metal analysis of these amendments showed that iron 

content was highest in red mud followed by sludge amendment and lowest content was 

recorded in fly ash. Aluminum was recorded highest in fly ash amendment and lowest in 

sludge amendment. Titanium, sodium, calcium, potassium and magnesium were also 

analyzed (Table 7.1).  

  

An alkali tolerant, Bermuda grass which is native of aluminum refinery area in 

Damanjodi (from where the sample was collected) was planted in each treatment to see 

the performance and survival of this grass (Fig. 7.1.1; Table 7.1.1). Data were collected 

after completion of the six months of the experiments. A total of twenty different 

treatments which were used in the present study are as follows: Red Mud; red mud 

amended with bacteria (RMB); red mud with A. tubingensis (RMA); red mud with sludge 

(RMSC); red mud with sludge and bacteria (RMSB); red mud with sludge and A. 

tubingensis (RMSA); red mud with fly ash (RMFC); red mud with fly ash and bacteria 

(RMFB); red mud with fly ash and A. tubingensis (RMFA); red mud with gypsum and 

bacteria (RMGB); red mud with gypsum and A. tubingensis (RMGA); red mud with top 

soil (RMTSC); red mud with top soil and bacteria (RMTSB) and red mud with top soil 

and A. tubingensis (RMTSA) (Fig 7.1.1; Table 7.1.1).  
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Table 7.1: Chemical and microbiological characteristics of red mud amended with different treatments  

Values are mean ± SD (n=3) 

Chemical parameters Red mud 
Red mud with 

gypsum 
Red mud with 

sludge 
Red mud with 

topsoil 
Red mud with  

fly ash 
% C 0.3±0.05 0.4±0.01 1.18±0.01 0.55±0.02 0.66±0.04 

pH 11.90±0.10 9.73±0.25 11.15±0.1 11.34±0.20 11.50±0.1 

Organic matter 0.6±0.17 0.8±0.33 2.04±0.8 0.95±0.37 1.16±0.43 

Avail. P (mg/Kg) 0.2±0.1 0.3±0.02 1.81±0.2 0.38±0.1 1.68±0.32 

Nitrogen (mg/Kg) 0 0 6 ±0.2 4.9± 0.23 4.9±0.26 

Alkaline phosphatase (µM/g/hr) 3±10 790±2.01 900±21 600±2 135.17±2 

Acid phosphatase (µM/g/hr) 99±10 340±9.8 300±9 270±5 108±15 

Cellulase (µM/g/24hr) 100±9.9 700±10 590±10 330±10 497±85 

Invertase (µM/g/3hr) 150±10 199±10 1500±10 470±9 669±10 

Urease (µM/g/hr) 2±1 21±1.07 23.26±1 16.51±2 22.44±1.4 

Neutrophilic bacteria (cfu x104/g) 17±1 439±14 1211±80 937±73 982±57 

Alkaliphilic bacteria (cfu x104/g) 9.5±4.3 92.5±13 199±22 230±79 217±15 

Actinomycetes (cfu x104/g) 6.5±2 58.5±2 146±11 83±7 32±5 

Iron (%) 47.3±1 37.6±1.1 43.6±4.4 37.4±1 31.5±1.1 

Titanium  (%) 2.2±0.4 1.9±0.14 2.1±0.55 1.9±0.50 1.7±0.5 

Calcium (%) 1.2±0.09 0.8±0.05 0.8±0.09 1.02±0.1 0.55±0.05 

Potassium (%) 0.2±0.07 0.05±0.01 0.03 0.11±0.07 0.12±0.02 

Magnesium (%) 0.1±0.01 0.1±0.01 0.13±0.01 0.12±0.03 0.02±0.01 

Sodium (%) 5.7±0.1 5.3±0.05 4.8±0.04 5.5±0.04 3.2±0.05 

Aluminium (%) 8±0.50 7.2±0.7 6.6±0.04 7.2±0.03 11.8±0.3 
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Table 7.1.1: Reduction of pH of red mud with addition of different concentrations of 
amendments 
 

 

 

 

 

 

 

 

Values are mean ± SD (n =3) 

 
 

 
Fig 7.1: Reduction of pH of red mud with addition of different substrates. Values are 
mean ± SD (n = 3) 

Substrate (%) Gypsum Sludge Fly ash Top soil 

0 11.9±0.2 11.9±0.1 11.9±0.1 11.9±0.2 

5 10.5±0.2 11.63±0.1 11.7±0.2 11.57±0.2 

10 9.7±0.5 11.15±0.2 11.5±0.3 11.3±0.2 

15 9.5±0.14 11.03±0.2 11.3±0.1 11.21±0.1 

20 9.0±0.3 10.63±0.3 11.3±0.2 11.17±0.2 

25 7.5±0.3 10.01±0.2 11.21±0.3 11.1±0.2 

6

7

8

9

10

11

12

13

0 5 10 15 20 25

Addition rate (% w/w)

pH

Gypsum Sludge Fly ash Top soil

87



 Table 7.1.2: Schematic representation of different treatments of nursery trial  

Red mud with 
fly ash 

 

Red mud with 
gypsum 

Red mud with 
sludge 

Red mud with 
topsoil Red mud 

Red mud with fly 
ash and 

A. tubingensis 
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gypsum and 

A. tubingensis 

Red mud with 
sludge and 

A. tubingensis 

Red mud with 
topsoil and 

A. tubingensis 

Red mud with 
A. tubingensis 

Red mud with 
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bacteria 
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gypsum and 

bacteria 

Red mud with 
sludge and 

bacteria 
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bacteria 

Red mud with 
bacteria 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 7.1.1: Effect of indigenous red mud bacterial consortia and Aspergillus tubingensis 
for the ameloration of the bauxite residue amended with different substrates in nursery 
trail after six months. Column 1, 2, 3, 4 and 5 are red mud amended wit fly ash, gypsum, 
sludge, topsoil and red mud alone respectively. Row a, b and c is without microbes, with 
A. tubingensis and with indigenous bacterial consortium respectively. 
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Chemical analysis of soil 

Reduction of pH is a primary aspect of bioremediation of bauxite residue. The pH 

of the red mud was ~12.0 at the beginning of the nursery experiment, which was 

significantly decreased in all the treatments (Table 7.1.3). In the red mud control 

treatment, there was a reduction of pH of one unit after six months as compared to initial 

pH, which was further decreased to 0.5 unit in both bacteria and A. tubingensis inoculated 

red mud treatments (Table 7.1.3). In the sludge amended red mud, initial pH of 11.15 

decreased to 10.27 after six months, in the control treatment. A. tubingensis treatment had 

significantly decreased the pH to 9.86 as compared to bacterial treatment (10.04) and 

control (10.27). The control treatment of fly ash amended red mud had one unit of pH 

decrease after six months as compared to initial sample. In this treatment also, there was 

no significant difference observed between bacterial and A. tubingensis treatments. 

However, these two treatments had significantly decreased pH with respect to control 

(Table 7.1.3). The maximum decrease of pH was observed in gypsum amended red mud. 

Initial pH of 9.73 was decreased to 8.05 in control treatment after six months. However, 

no significant decrease was observed in control, bacterial and A. tubingensis treatments 

(Table 7.1.3). The initial pH of topsoil amended red mud was 11.34, which decreased 

significantly to 9.85 in control treatment after six month. The bacterial and control (six 

month) treatments showed no significant difference in pH reduction. But, A. tubingensis 

showed more significant reduction compared to other treatments of sludge amendment 

(Table 7.1.3). Overall, a maximum reduction of 4 units of pH was observed in gypsum 

amendment followed by top soil (Table 7.1.3).  

 

Electrical conductivity (EC) 

Soil electrical conductivity (EC) is a property of soil that is determined by 

standardized measures of soil conductance (resistance-1). Soil electrical conductivity is 

related to factors that affect soil productivity, use, and management.  Red mud had high 

EC of 3.84 (mS/cm), which was significantly decreased to 2.89 mS/cm after six months 

time in control treatment. The bacterial treatment had shown maximum significant 

reduction of EC (0.74 mS/cm) as compared with A. tubingensis (1.47 mS/cm) and control 
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 red mud treatment (Table 7.1.3). The EC of sludge-amended red mud was reduced to 

0.64 from 3.5 mS/cm in six months compared to control treatment. A slight reduction 

was observed in bacterial and A. tubingensis treatments as compared to control treatment 

of sludge amendment (Table 7.1.3).  Fly ash-amended red mud had significantly 

decreased EC from 3.97 mS/cm to 0.53 mS/cm in six months in control treatment. No 

significant difference was observed in control (six month), bacteria and A. tubingensis 

treatments (Table 7.1.3).  The least reduction of EC was observed in case of gypsum 

amended red mud after six months time. The initial EC of 3.63 was decreased to 1.8 

mS/cm in six month in control treatment and no significant difference was observed in 

control, bacterial and A. tubingensis treatments (Table 7.1.3). The top soil-amended red 

mud had initial EC of 3.2 mS/cm, which was decreased to 0.4 mS/cm in six months in 

control treatment. No significant difference was observed in control and bacterial 

treatments. Furthermore, slight reduction was observed in A. tubingensis as compared to 

control and bacteria (Table 7.1.3).  

The maximum reduction of EC was observed in red mud with topsoil and A. 

tubingensis, which was 0.3 when compared to 3.8 mS/cm as that of control red mud 

(Table 7.1.3). The EC was significantly higher in gypsum treatments when compared to 

all other treatments but lower than that of control red mud. This was in contrast to the pH, 

as maximum pH reduction was noted in gypsum-amended red mud treatment (Table 

7.1.3).   

90



 Table 7.1.3: Effect of bacterial consortia and A. tubingensis on the reduction of pH 
and electrical conductivity of the different amendments of red mud  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Values sharing a common letter within the column are not significant at P<0.05. Values 
are mean ± SD (n = 3) 
 

 

 

 
 
 

Treatments pH EC (mS/cm) 
Red mud 

Before 11.90±0.10a 3.84±0.17a 
Control 11.08±0.01c 2.89±0.04e 
Bacteria 10.48±0.03de 0.74±0.01h 
A. tubingensis  10.49±0.02de 1.47±0.02g 

Red mud with sludge 
Before 11.15±0.1c 3.5±0.1c 
Control 10.27±0.02f 0.64±0.01hi 
Bacteria 10.04±0.02g 0.50±0.01ij 
A. tubingensis  9.86±0.04h 0.46±0.005j 

Red mud with fly ash 
Before 11.50±0.1b 3.97±0.07a 
Control 10.55±0.08d 0.53±0.01ij 
Bacteria 10.34±0.07ef 0.5±0.01ij 
A. tubingensis  10.35±0.08ef 0.53±0.04ij 

Red mud with gypsum 
Before 9.73±0.25hi 3.63±0.25b 
Control 8.05±0.03j 1.8±0.04f 
Bacteria 7.94±0.09j 1.80±0.02f 
A. tubingensis  7.96±0.05j 1.71±0.01f 

Red mud with top soil 
Before 11.34±0.20b 3.2±0.1d 
Control 9.85±0.02h 0.4±0.01jk 
Bacteria 9.81±0.07h 0.41±0.005jk 
A. tubingensis  9.64±0.04i 0.30±0.01k 
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 Organic carbon and organic matter 

 
Organic carbon and organic matter were significantly increased in bacterial and A. 

tubingensis inoculated red mud when compared to control red mud treatment. Organic 

carbon and organic matter increased 160% and 125% in bacterial and A. tubingensis 

treatments respectively as compared to control red mud (Table 7.1.4). In gypsum 

amended red mud, no significant difference in organic carbon and organic matter content 

was observed in control and A. tubingensis treatments. A 50% increase of organic carbon 

and organic matter was observed in bacterial treatment when compared to control and A. 

tubingensis treatment (Table 7.1.4). In sludge amended red mud, the bacterial treatment 

had higher content of organic carbon and organic matter as compared to control and A. 

tubingensis treatment. A. tubingensis treatment showed 109% higher content of organic 

carbon and organic matter when compared to control treatment (Table 7.1.4). Topsoil 

amended red mud had no significant difference in organic carbon and organic matter in 

control and A. tubingensis treatments. The bacterial treatment had shown 84% increase in 

organic carbon and organic matter when compared to control A. tubingensis treatment 

(Table 7.1.4). Red mud amended with fly ash had also shown increased organic carbon 

and organic matter in all treatments. A small increase was observed in A. tubingensis 

treatment as compared to control. Bacterial treatment showed significantly more organic 

carbon and organic matter as compared to control and A. tubingensis treatments (Table 

7.1.4). Organic carbon and organic matter was increased in all treatments (Table 7.1.4). 

These were recorded highest in sludge, followed by fly ash, topsoil, gypsum and without 

any chemical amendment of red mud respectively. In sludge amended red mud, organic 

carbon (OC) and organic matter (OM) were highest in bacteria followed by fugal 

amendment. Also, in all other treatments, OC and OM were recorded higher in the case 

of bacteria than the A. tubingensis treatment (Table 7.1.4).  

 

Available Phosphorus 

Available phosphorus was similar in the red mud control after six months when 

compared to A. tubingensis inoculated red mud. The bacterial treatment had significantly 

increased available P compared to control and A. tubingensis treatment of red mud (Table 
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 7.1.4). In gypsum amended red mud, control and bacterial treatment showed similar 

content of available P, while A. tubingensis treatment had significantly increased 

available P (Table 7.1.4). Bacterial inoculation in sludge amended red mud had increased 

available P as compared to control and A. tubingensis treatments. A. tubingensis 

treatment had shown 123% increase of available P as compared to control (Table 7.1.4).   

In topsoil amended red mud, bacterial and control treatments had no significant 

difference in content of available P, but A. tubingensis had shown slight increase of 

available P compared with control and bacterial treatments (Table 7.1.4). The bacterial 

treatment of fly ash amended red mud, had significantly increased available P as 

compared to control treatment. Slightly decreased available P was observed in A. 

tubingensis treatment when compared with bacterial treatment (Table 7.1.4) of fly ash 

amended red mud. The available P was estimated highest in the same treatment where 

organic carbon was highest i.e. red mud amended with sludge and bacterial (Table 7.1.4). 

In three treatments red mud amended with sludge, fly ash and red mud alone; bacterial 

treatments had more available phosphorus than the A. tubingensis amended treatment. 

This trend was not observed in case of topsoil and gypsum amended red mud treatments. 

A more than 200% increase of available P was estimated in red mud with sludge and 

bacteria as compared to control (Table 7.1.4). 

 

Nitrogen 

Total nitrogen was increased significantly in bacteria inoculated red mud as 

compared with control red mud. A more than 400% increment was observed in bacterial 

treatment of red mud as compared to control. But, no nitrogen was estimated in A. 

tubingensis treatment of red mud (Table 7.1.4). Nitrogen was not detected in control and 

A. tubingensis treatment of gypsum amended red mud by total organic carbon (TOC) 

analyzer and kjeldahl method. An abrupt increase of 388 mg/Kg of nitrogen was recorded 

in bacteria inoculated, gypsum amended red mud when compared to control treatment, 

which was devoid of nitrogen (Table 7.1.4).  

In sludge amended red mud, significant increase in total nitrogen was observed in 

bacterial and A. tubingensis treatments as compared to control. Bacterial treatments had 

significantly higher nitrogen than A. tubingensis and control treatments. Decreased total 
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 nitrogen was observed in bacteria and A. tubingensis treatments of topsoil amended 

red mud when compared to the control. Control treatments had increased total nitrogen 

than the other two treatments. No significant difference was observed in bacteria and A. 

tubingensis treatment of topsoil amended red mud in relation to nitrogen (Table 7.1.4).  

In fly ash amended red mud, no difference was observed in all three treatments i.e. 

control, bacteria and A. tubingensis in relation to the nitrogen level (Table 7.1.4). 

Nitrogen was not detectable in red mud by kjeldahl method and total organic carbon 

(TOC) analyzer. The enormous increase was observed in gypsum with bacterial treatment 

and it was the highest total nitrogen among all treatments. Bacterial inoculation in all 

treatments showed increased nitrogen as compared to control and A. tubingensis 

treatments (Table 7.1.4).  
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 Table 7.1.4: Effect of bacterial consortia and A. tubingensis on the chemical structure of 
different red mud amended treatments  

 

 

Values sharing a common letter within the column are not significant at P<0.05. Values 
are mean ± SD (n = 3) 
 

Treatments Organic 
Carbon (%)  

Organic matter 
(%) 

Avail. P     
(mg/Kg)  

Nitrogen 
(mg/Kg) 

Red mud 

Control 0.43±0.01j 0.75±0.30j 1.40±0.2fgh 5.68±0.2de 

Bacteria 1.13±0.07ghi 2.03±0.75ghi 2.14±0.15de 29.3±0.7c 

A. tubingensis  0.97±0.02hi 1.62±0.66hi 1.43±0.2fgh 0e 

Red mud amended with gypsum 

Control 0.93±0.03i 1.69±0.63i 0.38±0.1i 0e 

Bacteria 1.39±0.36efg 2.05±0.72efg 0.36±0.1i 388.1±11.5a 

A. tubingensis  0.93±0.002i 1.61±0.65i 1.7±0.2efg 26.78±1.55c 

Red mud amended with sludge 

Control 1.62±0.02e 2.79±1.13e 1.92±0.2ef 15.6±4.2d 

Bacteria 3.82±0.11a 6.58±2.62a 5.90±0.2a 40.4±4.4b 

A. tubingensis  3.40±0.09b 5.86±2.33b 4.30±0.2b 0e 

Red mud amended with top soil 

Control 1.27±0.02fgh 2.20±0.88fgh 1.04±0.2h 10.8±2.9d 

Bacteria 2.34±0.05d 4.04±1.62d 1.14±0.17h 5.5±1.1de 

A. tubingensis  1.28±0.03fgh 2.21±0.88fgh 1.32±0.2gh 5.8±0.1de 

Red mud amended with fly ash 

Control 1.45±0.04efg 2.50±0.99efg 1.71±0.1efg 5.9±0.2de 

Bacteria 2.71±0.03c 4.68±1.89c 2.92±0.2c 6.4±0.6de 

A. tubingensis  1.58±0.03ef 2.74±1.09ef 2.61±0.1cd 7.5±0.7de 
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Microbial count and their survival in different amendments of red mud 

The total number of neutrophilic, alkaliphilic and actinomycetes were determined 

in each treatment.  

 

Neutrophilic bacterial count 

The neutrophilic bacterial count was significantly decreased in A. tubingensis 

inoculated red mud as compared to control red mud. Bacterial inoculation in red mud 

showed significantly higher number of (1449 x104 cfu/g) of neutrophilic bacteria than of 

the control (197 x104 cfu/g). In sludge-amended red mud, A. tubingensis treatment 

significantly increased in neutrophilic bacterial count compared to the control. The 

bacterial treatment had significantly decreased neutrophilic count than the control (Table 

7.1.6). Bacterial and A. tubingensis treatments significantly increased the neutrophilic 

bacterial count in topsoil-amended red mud when compared with the control. A. 

tubingensis treatment significantly increased the numbers of neutrophilic bacterial count 

than the bacterial and control treatments (Table 7.1.6). In fly ash-amended red mud, 

bacteria and A. tubingensis had shown significant enhancement of the neutrophilic 

bacterial count as compared with control treatment. But, no significant difference was 

observed in bacterial and A. tubingensis treatments. In gypsum-amended red mud, 

bacterial and A. tubingensis treatments had significantly increased the neutrophilic 

bacterial count than the control red mud.  Slight increase was observed in bacterial 

treatment as compared to A. tubingensis treatment (Table 7.1.6).  

The highest number of neutrophilic bacteria (2840 x104 cfu/g) were counted in 

topsoil with A. tubingensis amended red mud, which was two-fold increase from its 

control treatment (without any microbial amendment) and 180% higher than the control 

red mud (Table 7.1.6). This was followed by four treatments, namely red mud with 

topsoil and bacteria; fly ash with bacteria and A. tubingensis; and gypsum with bacteria, 

where there was no significant difference was observed. The number of neutrophilic 

bacteria ranged from 1900-2250 (x104 cfu/g) in these treatments (Table 7.1.6). The 

maximum rise of nuetrophilic bacteria was observed in red mud with bacteria where it 

was 1449 (x104 cfu/g) as compared to 197 (x104 cfu/g) of control red mud.  
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 Alkalitolerant bacterial count 

The significant rise of alkalitolerant bacteria was observed in bacterial and A. 

tubingensis treatments of red mud as compared to the control. However, bacterial 

treatment showed significantly increased number of alkalitolerant bacteria as compared to 

the A. tubingensis treatment (Table 7.1.5). In sludge-amended red mud, the bacterial 

treatment had significantly increased number of alkalitolerant bacteria as compared to A. 

tubingensis and control treatments. A. tubingensis treatment significantly increased the 

number of alkalitolerant bacteria than the control treatment (Table 7.1.5). In topsoil-

amended red mud and fly ash-amended red mud, the increase of alkalitolerant bacteria 

was relatively same. In these treatments, A. tubingensis and bacteria showed a increased 

number of alkalitolerant bacteria as compared to its respective control. A. tubingensis 

treatments showed a significantly increased number of alkalitolerant bacteria as 

compared with bacterial treatments (Table 7.1.5). In gypsum-amended red mud, bacterial 

treatment had shown significant increase of 1926 (x104 cfu/g) than control treatment (129 

x104 cfu/g). A. tubingensis showed significant increase of alkalitolerant bacteria when 

compared with control but was less in comparison with bacterial treatment (Table 7.1.5).  

The alkalitolerant bacterial population was recorded highest in red mud amended 

with topsoil and A. tubingensis; and red mud-amended with gypsum and bacteria. In 

these treatments, no significant difference was found. Bacterial treatments had higher 

amounts of alkalitolerant bacteria as compared to their respective controls. But, in red 

mud with fly ash amendment, no significant differences were found in bacterial treatment 

as compared to the control. A. tubingensis inoculants showed the increase of 

alkalitolerant bacteria in different treatments as compared to its control, except in the 

sludge amendment where it had decreased significantly than the control.  

Actinomycetes count 

No significant differences were observed in the actinomycetes count of control, 

bacterial and A. tubingensis treatments of in red mud; red mud amended with sludge; and 

red mud amended with fly ash treatments. No significant differences were observed in 

bacterial and control treatments of top soil amended red mud. A. tubingensis treatment 

had significantly increased actinomycetes than the control and bacterial treatments (Table 

7.1.5). A significant increase of actinomycetes count was observed in bacteria and A. 
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 tubingensis treatments of gypsum amended with red mud.  But, no significant 

difference was observed in case of bacterial and A. tubingensis treatments. 

Actinomycetes counts were relatively less as compared to neutrophilic and alkalitolerant 

bacteria. Top soil with A. tubingensis; gypsum with A. tubingensis and bacteria had 

highest actinomycetes count in the range of   1075 to 1125 (x104 cfu/g) which were not 

significantly different (Table 7.1.5). 
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 Table 7.1.5: Effect of bacterial consortia and A. tubingensis on the microbial count 
(neutrophilic, alkalophilic and actinomycetes) of different red mud amended 

treatments of nursery experiment. 

 

Values sharing a common letter within the column are not significant at P<0.05. Values 
are mean ± SD (n = 3) 

Treatments 
Neutrophilic bacteria 

(x104 cfu /g) 
Alkaliphilic bacteria 

(x104 cfu /g) 
Actinomycetes 

(x104 cfu /g) 

Red mud with sludge 

Control 1184±79bcdef 1536±22ef 146±11.3b 

Bacteria 462±70def 2570±342bc 229.5±10.6b 

A. tubingensis  1880±73abc 1188±33fg 206±5.6b 

Red mud with top soil 

Control 1340±73bcde 620±79gh 105.5±17.6b 

Bacteria 1900±446ab 2700.5±351bc 158.5±3.5b 

A. tubingensis  2840±158a 3654±3a 1125±91.9a 

Red mud with fly ash 

Control 1782±579abc 2236±158cd 69±65b 

Bacteria 2250±70ab 2196±5cd 217±12.7b 

A. tubingensis  2381.5±75ab 2934±36b 387.5±41.5b 

Red mud with gypsum 

Control 666±149cdef 129.5±13h 87.5±2.12b 

Bacteria 1926.5±325ab 3630±19a 1225±35.3a 

A. tubingensis  1888.5±334abc 2141±140cde 1075±106a 

Red mud 

Control 197±70ef 209.5±43h 16.5±4.9b 

Bacteria 1449±182bcd 1771.5±231def 58±5.6b 

A. tubingensis  16±2f 1218±229fg 7±0.4b 
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 Metal analysis 

The sources of metals in soil are diverse, including mining and smelting of 

metalliferous ores, municipal wastes, fertilizers, pesticides, sewage sludge amendments, 

the use of pigments and batteries. Metals in soil are present as free metal ions, soluble 

metal complexes, exchangeable metal ions, organically bound metals, precipitated or 

insoluble compounds such as oxides, carbonates and hydroxides or they may form part of 

the structure of silicate minerals. The toxicity of metals in soil depends on their 

bioavailability. Red mud had high metal (Fe, Al and Na) content and appears red due to 

the presence of high content of iron oxide. Here, soil metals such as iron and aluminum 

along with some micronutrients were analyzed. 

Soil iron content  

Red mud control treatment had 42% of iron content after six months. It was 

significantly decreased in bacterial and A. tubingensis treatments of red mud. The 

bacterial treatment had shown significant reduction of iron content when compared to A. 

tubingensis and control treatments (Table 7.1.6). In gypsum amended with red mud, A. 

tubingensis treatment had more iron content as compared to control, but slight reduction 

of iron content was observed in the bacterial treatment as compared with control 

treatment (Table 7.1.6). In sludge amended red mud, control and A. tubingensis 

treatments, there was significant difference in the iron content was observed. But 

reduction was observed in the bacterial treatment as compared to other two treatments 

(Table 7.1.6). The bacterial and A. tubingensis treatments had shown significant 

reduction in soil iron content as compared to the control in topsoil amended red mud. But 

no significant difference was observed between the bacterial and A. tubingensis 

treatments (Table 7.1.6). The bacterial and A. tubingensis treatments had shown 

significant reduction in soil iron content as compared to control in fly ash-amended red 

mud. The bacterial treatment decreased the content of iron as compared to A. tubingensis 

treatment (Table 7.1.6). Red mud amended with sludge (control and A. tubingensis) had 

maximum iron content (Table 7.1.6). Red mud amended topsoil with bacteria and A. 

tubingensis; and red mud amended fly ash and bacteria had shown maximum reduction in 

iron content and these three treatments were significantly similar to each other. In the 

gypsum amendment, bacteria had shown significant reduction with control and A. 
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 tubingensis treatment. Little reduction of iron content was observed in red mud and 

red mud amended with sludge. Significant reduction was found in bacterial inoculation of 

all treatments when compared to the control and A. tubingensis treatments (Table 7.1.6).  

Soil calcium content  

Calcium contents were similar in control and bacterial treatments of red mud, but 

significantly reduced content of Ca was observed in A. tubingensis treatment when 

compared to bacterial and control treatments of red mud (Table 7.1.6). Significantly 

increased Ca content (5.14 to 5.31%) was estimated in bacterial and A. tubingensis 

treatments of gypsum amended red mud when compared to control (1.75%) treatment 

(Table 7.1.6). Bacterial and control treatments had significantly same content of Ca in 

sludge amended red mud. Higher content of Ca was estimated in A. tubingensis treatment 

as compared with control (Table 7.1.6). Ca content was decreased significantly in 

bacterial and A. tubingensis treatments of topsoil and fly ash amended red mud. In these 

treatments, A. tubingensis had significantly increased Ca content when compared with 

bacterial treatments (Table 7.1.6). Gypsum with bacteria and A. tubingensis showed 

maximum content of soil Ca among all treatments in comparison to all other treatments 

(Table 7.1.6).  

Soil potassium content 

High potassium retention was observed in bacterial and control treatment of red 

mud. However, no significant difference was observed between these two treatments. A. 

tubingensis treatment had shown significantly less content of K when compared to 

control treatment. Potassium content was reduced significantly in bacterial and A. 

tubingensis treatments of gypsum-amended red mud and fly ash-amended red mud as 

compared to their controls. Moreover, bacterial treatment had significantly increased K 

level in fly ash-amended red mud as compared with A. tubingensis treatment. But, in 

gypsum-amended red mud A. tubingensis had more K content when compared with 

bacterial treatment (Table 7.1.6). In sludge-amended red mud, the bacterial treatment had 

significantly increased K levels as compared to control and A. tubingensis treatments. No 

significant difference of K content was observed in A. tubingensis and control treatments 

(Table 7.1.6). In topsoil amended red mud, bacterial and A. tubingensis treatments 

showed higher content of K were observed when compared to control. No significant 
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 difference was observed in bacterial and A. tubingensis treatments (Table 7.1.6). The 

highest content of K was observed in red mud amended with topsoil. Bacterial and A. 

tubingensis treatments had no significant difference between both the treatments (Table 

7.1.6).  

Soil magnesium content 

The magnesium content was significantly decreased in bacterial treatment of red 

mud as compared with the control. No significant difference was observed in control and 

A. tubingensis treatments of red mud (Table 7.1.6). In gypsum-amended red mud, Mg 

content was increased in both bacterial and A. tubingensis treatments as compared with 

control. No significant difference was observed in bacterial and A. tubingensis treatments 

(Table 7.1.6). In sludge-amended red mud, a slight increase of Mg was observed in 

bacterial treatments while A. tubingensis treatments showed less Mg when compared to 

control. A slight increase was recorded in bacterial and A. tubingensis treatments of 

topsoil-amended red mud as compared with the control. No significant difference of Mg 

was observed in bacterial, A. tubingensis and control treatments of fly ash amended red 

mud (Table 7.1.6). The highest content of magnesium was estimated in red mud amended 

with gypsum and bacteria; and A. tubingensis (Table 7.1.6). Significant increase of the 

Mg was observed in gypsum, sludge and topsoil with bacteria as compared to its 

respective control. The A. tubingensis treatment showed significant increase of Mg in two 

amendments such as gypsum and topsoil compared to their respective controls (Table 

7.1.6).  

Soil sodium content 

Sodium is one of the major elements present in red mud after iron and aluminum. 

High content of Na (5%) was recorded in red mud after six months time. No significant 

difference was observed between control and A. tubingensis treatments of red mud. But, 

bacterial treatment had shown significant decrease in Na content when compared with 

control and A. tubingensis treatment (Table 7.1.6). In gypsum-amended red mud, no 

significant difference was observed between control and A. tubingensis treatments. But, 

marginal increase of Na content was estimated in bacterial treatments compared to the 

control (Table 7.1.6). A significant increase of Na content was observed in A. tubingensis 

treatment of sludge amended red mud as compared with control. A marginal decrease of 

102



 Na was estimated in bacterial treatment as compared to control treatment (Table 

7.1.6). In topsoil-amended red mud, bacteria and A. tubingensis treatments showed 

decreased Na retention as compared with control. Increased content of Na was estimated 

in bacterial treatment when compared with A. tubingensis treatment (Table 7.1.6). Na 

content decreased in bacterial treatment and increased in A. tubingensis treatment as 

compared to control in fly ash amended red mud.  

The highest content of sodium was observed in red mud control (Table 7.1.6). The 

highest significant reduction of sodium was observed in fly ash with bacteria among all 

treatments. Bacterial treatments showed significant decreases in the sodium content in all 

treatments but in gypsum-amended red mud whereas bacterial inoculants did not show 

any significant decrease of Na compared to control (Table 7.1.6). 

Soil aluminum content 

Red mud had 8.0% of aluminum content after six months, which was significantly 

decreased in bacterial treatment of red mud as compared to control. Also, a slight 

reduction was observed in A. tubingensis treatment than the control red mud. In gypsum-

amended red mud, bacterial treatment had decreased retention of Al as compared to 

control and A. tubingensis treatments. But, there were no significant differences between 

control and A. tubingensis treatments. A decreased content of Al was observed in 

bacterial and A. tubingensis treatments of sludge amended red mud compared to control. 

However, marginal increased retention of Al was observed in A. tubingensis treatment as 

compared with the bacterial treatment. The bacterial treatment of topsoil amended red 

mud had a decreased content of Al as compared to control and A. tubingensis treatments. 

No significant difference was observed in the control and A. tubingensis treatments. The 

highest content of aluminum was recorded in fly ash amended red mud. No significant 

difference was observed in the control and A. tubingensis treatments, while bacterial 

treatment had shown decreased content of Al when compared with control and A. 

tubingensis treatments (Table 7.1.6). The maximum reduction of aluminum was observed 

in case of red mud with bacteria; and red mud amended with gypsum and bacteria. Soil 

aluminum reduction was observed more in all bacterial treatments when compared to 

control and A. tubingensis treatments (Table 7.1.6). 
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Table 7.1.6: Effect of red mud bacterial consortia and A. tubingensis on the soil metal content (%) of different red mud amended treatments of 
nursery experiment.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Values sharing a common letter within the column are not significant at P<0.05. Values are mean ± SD (n = 3) 

 Iron  Calcium Potassium  Magnesium  Sodium  Aluminum  

Red mud 

Control 41.81±0.95ab 1.09±0.08cd 0.14±0.02fgh 0.38±0.02bcd 4.94±0.55a 8.02±0.5c 

Bacteria 37.66±1.10c 1.06±0.10cd 0.1±0.05fgh 0.08±0.01d 2.87±0.61c 5.32±0.2g 

A. tubingensis  39.68±0.85bc 0.94±0.04d 0.04±0.01h 0.29±0.01bcd 4.74±0.04a 7.31±0.2cd  

Red mud with gypsum 

Control 24.43±2.38ef 1.75±0.04b 0.84±0.04b 0.41±0.01bcd 1.34±0.04fg 6.54±0.5defg  

Bacteria 21.81±1.05f 5.14±0.05a 0.53±0.03cd 1±0.1a 1.50±0.05ef 5.59±0.4fg 

A. tubingensis  27.06±0.65de 5.31±0.10a 0.63±0.03c 0.94±0.04a 1.34±0.04fg 6.06±0.2defg 

Red mud with sludge 

Control 43.42±0.90a 1.13±0.04c 0.11±0.01fgh 0.13±0.03cd 2.88±0.07c 7.0±0.5cde  

Bacteria 40.73±0.90abc 1.15±0.04c 0.25±0.04efg 0.15±0.05bcd 2.39±0.05cd 5.8±0.3efg 

A. tubingensis  43.30±1.11a 0.94±0.04d 0.07±0.02gh 0.06±0.0d 3.85±0.05b 6.41±0.3defg 

Red mud with top soil 

Control 27.85±1.02d 0.64±0.04ef 0.85±0.04b 0.28±0.02bcd 2.19±0.30cde 6.94±0.4cde  

Bacteria 9.87±0.74h 0.35±0.04h 1.26±0.10a 0.55±0.05abc 1.63±0.30def 6.58±0.4def 

A. tubingensis  8.55±0.40h 0.45±0.03gh 1.34±0.04a 0.61±0.02ab 1.31±0.30fg 6.84±0.7cde 

Red mud with fly ash 

Control 21.51±1.05f 0.75±0.04e 0.63±0.15c 0.14±0.03cd 1.03±0.04fg 11.81±0.3a 

Bacteria 9.49±0.40h 0.43±0.05gh 0.37±0.07de 0.11±0.02cd 0.57±0.06g 9.96±0.5b  

A. tubingensis  14.80±1.05g 0.56±0.05fg 0.28±0.07ef 0.10±0.018cd 1.57±0.1ef 11.79±0.2a 
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7.1.5 Plant growth and mineral nutrition 

Establishment of vegetation on residues produced from the bauxite refining 

process is a beneficial part of their environmental management. Bermuda grass was 

chosen as a species for rehabilitation of amended bauxite residue, as the presence of 

alkaline grass can result in greatly increased dry matter production. After six months of 

growth of Bermuda grass, vegetation was rinsed thoroughly with deionized water and 

oven-dried to a constant dry weight prior to grinding. Samples were then digested on an 

open hot block for 3 hours by di-acid digestion (Page et al., 1982), filtered, and analyzed 

by inductively coupled plasma emission spectroscopy equipped with mass spectroscopy.  

The results showed that the grass was unable to grow in red mud and A. 

tubingensis inoculated red mud, while bacterial (RMB) treatment had shown potential for 

grass growth (Table 7.1.7). In sludge-amended red mud, A. tubingensis treatment had 

higher biomass of grass as compared to bacteria and control treatments. Even the 

bacterial treatment had significantly higher grass biomass as compared to control (Table 

7.1.7).  In fly ash-, gypsum- and topsoil-amended red mud, bacterial and A. tubingensis 

treatments showed more grass biomass than control. But, no significant difference was 

observed between the bacterial and A. tubingensis treatment (Table 7.1.7).   

 

 7.1.6 Plant metals 

Plant metal contents were analyzed for Al, Fe, K, Mg and Ca. In top soil amended 

red mud, bacterial and A. tubingensis treatments had shown significantly increased 

accumulation of Al content in aerial part of grass as compared to control. When 

compared between bacterial and A. tubingensis treatments, bacterial treatment had more 

accumulation of Al in grass. In sludge-amended red mud, bacterial treatment had more Al 

uptake in grass as compared to control and A. tubingensis treatments. But, the  A. 

tubingensis treatment  
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Table 7.1.7: Effect of bacterial consortia and A. tubingensis on the growth of Bermuda 
grass in different amendment of red mud treatments.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Values sharing a common letter in the column are not significant at P<0.05. Mean ± SD; 
NG- No Growth. 

Treatment Grass dry wt. (g) 

Red mud 

Control NG 

Bacteria 8.7±0.51h 

A. tubingensis  NG 

Red mud with sludge 

Control 16.65±0.35ef 

Bacteria 33.16±0.92b 

A. tubingensis  41.51±0.32a 

Red mud with fly ash 

Control 14.78±0.96fg 

Bacteria 33.25±2.35b 

A. tubingensis  31.3±1.98b 

Red mud with gypsum 

Control 23.4±1.11d 

Bacteria 12.42±0.35g 

A. tubingensis  12.22±1.3g 

Red mud with top soil 

Control 23.05±0.36e 

Bacteria 28.08±0.35c 

A. tubingensis  26.89±1.65c 
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showed a decreased content of Al in grass as compared with control (Table 7.1.8). In the 

A. tubingensis treatment of fly ash-amended red mud, Al content was higher in grass as 

compared to control and bacterial treatments. Bacterial treatment showed significantly 

decreased content of Al as compared to control (Table 7.1.8). In gypsum-amended red 

mud, bacterial and A. tubingensis treatments showed significantly decreased content of 

Al in grass as compared to the control. Furthermore, bacterial treatment showed 

significantly less Al content than the A. tubingensis treatment (Table 7.1.8). The highest 

uptake of Al was recorded in red mud amended with fly ash and A. tubingensis treatments 

(Table 7.1.8). This was followed by the gypsum-amended red mud control and A. 

tubingensis treatments. The lowest content of Al was accumulated in the grass of topsoil 

control treatment (Table 7.1.8). Red mud inoculated with bacteria showed higher content 

of grass Al and was similar to the bacterial treatment of gypsum-amended red mud.  

 

Iron metal uptake was significantly higher in grass treated with bacterial and A. 

tubingensis in topsoil amended red mud as compared with control. The bacterial 

treatment showed highest Fe content than the other two treatments (Table 7.1.8). In 

sludge-amended red mud, bacterial treatments showed significantly more iron content as 

compared to control and A. tubingensis treatments. A. tubingensis treatment showed 

decreased grass iron content when compared with control treatment. In fly ash- and 

gypsum-amended red mud, A. tubingensis treatment showed more content of iron in grass 

as compared to bacterial and control treatments. But, bacterial treatments showed less 

uptake of iron as compared to control and A. tubingensis treatments (Table 7.1.8).  

The highest levels of iron was accumulated in red mud amended with fly ash and 

A. tubingensis treatment followed by red mud amended gypsum control (Table 7.1.8). 

The A. tubingensis showed significantly higher uptake of iron in grass when compared to 

its controls and bacteria in fly ash- and gypsum- amended red mud treatments. The iron 

uptake in grass of red mud with bacterial treatment showed significantly higher uptake as 

compared to control of topsoil, sludge and fly ash (Table 7.1.8). 

 

The potassium content was observed significantly higher in bacterial and A. 

tubingensis treatments of red mud when compared with red mud control. However, very 
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slight increase was recorded in A. tubingensis inoculated red mud treatment as compared 

to bacterial treatment (Table 7.1.8). In sludge-amended red mud, the bacterial treatment 

showed significantly more content of K than A. tubingensis treatment and control 

treatment.  

In fly ash-amended red mud, bacterial and A. tubingensis treatments showed 

significantly higher content of K in grass as compared to control. However, A. 

tubingensis treatments showed significantly higher level of K as compared to bacterial 

treatment. In gypsum-amended red mud, both bacterial and A. tubingensis treatments 

showed significantly lesser K content as compared to control. In the bacterial and A. 

tubingensis treatments, A. tubingensis treatment showed significantly more content of K 

than the bacterial treatment (Table 7.1.8). The highest content of potassium was also 

accumulated in red mud amended with fly ash and A. tubingensis treatment followed by 

red mud amended with gypsum control (Table 7.1.8). Only in one treatment i.e. sludge 

amended red mud, bacterial treatment stimulated the potassium uptake in grass as 

compared to its control and A. tubingensis treatment. A. tubingensis stimulated the 

potassium uptake in topsoil and fly ash. Red mud inoculated with bacteria showed same 

content of K as that of bacterial treatment of topsoil amended red mud (Table 7.1.8). 

 

Magnesium uptake was significantly more in grass of bacterial and A. tubingensis 

treatment of red mud as compared to control. Red mud inoculated with bacteria showed 

significantly more accumulation of Mg in grass compared to A. tubingensis inoculated 

red mud (Table 7.1.8). In sludge-amended red mud, the bacterial treatment showed 

significantly more accumulation and A. tubingensis treatment showed significantly less 

accumulation of Mg in grass when compared to control treatment. In fly ash-amended red 

mud, A. tubingensis treatment showed significantly more accumulation of Mg in grass as 

compared to control and bacterial treatments. However, bacterial treatment showed 

significantly less Mg content when compared to A. tubingensis and control treatments. In 

gypsum-amended red mud, bacterial and control treatments showed no difference in 

relation to Mg content. But A. tubingensis treatment showed less accumulation of Mg in 

grass as compared to the bacterial and control treatments. 
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The maximum uptake of magnesium was observed in red mud amended with 

sludge and bacteria followed by red mud amended with fly ash and A. tubingensis (Table 

7.1.8). Bacteria facilitated the magnesium uptake in sludge, topsoil and gypsum 

treatment, which was significantly higher than their respective controls and A. 

tubingensis treatments. Bacterial inoculated red mud treatment showed significantly more 

accumulation of Mg in grass as compared to bacterial treatments of topsoil, fly ash and 

gypsum amended red mud (Table 7.1.8). A significantly increased content of calcium 

was recorded in bacterial and A. tubingensis treatments of red mud as compared to 

control. Furthermore, A. tubingensis treatment showed more accumulation of Ca in grass 

when compared with bacterial treatment. In sludge amended red mud, no significant 

difference was observed in control and bacterial treatments. But, significantly decreased 

Ca content in grass was observed in A. tubingensis treatment as compared with control 

and bacterial treatments. In fly ash and gypsum amended red mud, bacterial and A. 

tubingensis treatments showed significantly lower content of Ca when compared with its 

respective controls. However, A. tubingensis treatments showed significantly more 

accumulation of Ca as compared with its respective bacterial treatments (Table 7.1.8). 

Calcium uptake was maximum in control treatment of fly ash amended red mud followed 

by red mud amended with topsoil and A. tubingensis treatment (Table 7.1.8). Red mud 

inoculated with bacteria showed increased uptake of Ca in grass when compared to other 

bacterial treatments (Table 7.1.8).  
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Table 7.1.8: bacterial consortia and A. tubingensis on the grass metal content (µg/2mg of 
dry wt. of grass) of different amendments of red mud treatments.  
 

Values sharing a common letter within the column are not significant at P<0.05. NG, no 
growth. Values are mean ± SD (n = 3) 

Treatments Al Fe K Mg Ca 

Red mud with top soil 

Control 335.6±9i 232.4±8k 568±8i 550.9±10k 782.7±9.46j 

Bacteria 847.4±8de 692.9±8f 734.8±8h 919.6±9f 996.1±7.66g 

A. tubingensis 508.6±11gh 458.2±12i 760.9±9gh 878.9±9g 1237.5±8.74b 

Red mud with sludge 

Control 614.3±9fg 465.3±9i 793.9±8f 960.9±9e 1039.5±9ef 

Bacteria 763.4±9def 572±9g 1020.2±5bc 1604.7±9a 1046.7±10ef 

A. tubingensis 258.7±10i 272±7.8j 589.6±9i 694.2±9j 894.5±8h 

Red mud with fly ash 

Control 693.6±8f 524.5±8.5h 869.4±9e 1069.4±9c 1306.7±10a 

Bacteria 364.4±8hi 286.5±8.5j 949.4±9d 818.3±11h 862.3±8i 

A. tubingensis 1518.3±9a 1453.7±7.9a 1504.3±8a 1415.7±10b 1097.5±8d 

Red mud with gypsum 

Control 1179.6±10b 1247.6±8.7b 1037.9±10b 968.2±11e 1048.8±9e 

Bacteria 876.8±7cd 893.4±8.05d 777.1±10fg 963.3±7e 873.4±3i 

A. tubingensis 1022±10c 1020.7±5.9c 993.7±10c 932.5±10f 1031.3±10f 

Red mud 

Control NG NG NG NG NG 

Bacteria 946.5±9cd 761.5±9.7e 826.7±10h 1022.7±11d 1143.7±10c 

A. tubingensis NG NG NG NG NG 
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Salient features 
 

Bacterial isolates and Aspergillus tubingensis were used in combinations with 

chemical treatments for remediation of red mud in nursery trial. Gypsum amended red 

mud showed highest reduction of pH. Red mud with topsoil and A. tubingensis treatment 

showed maximum reduction of electrical conductivity. The maximum increase of organic 

carbon, organic matter and available phosphorus was observed in red mud amended with 

sludge and bacterial treatment. Red mud amended with gypsum and bacterial treatment 

showed maximum increase of total nitrogen. Red mud with top soil and A. tubingensis 

showed the highest number of neutrophilic, bacteria. Iron, aluminum and sodium were 

greatly reduced in all treatments and an increase in magnesium, potassium and calcium 

was observed. The maximum growth of Bermuda grass was observed in red mud 

amended with sludge and A. tubingensis treatment. Red mud inoculated with bacteria 

showed grass growth, but red mud control and red mud inoculated with A. tubingensis did 

not support the grass growth. 
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Chapter 5 

Discussion 
 

Isolation and characterization of red mud isolates 

Bauxite residue (red mud) is unique and artificially induced environment. The 

high EC, pH and exchangeable Na values are indicative of the extreme salinity; alkalinity 

and sodicity of the red mud (Hunt and Gilkes, 1992). The presence of higher 

concentrations of heavy metal oxides makes this environment extremely alkaline and 

different from the natural soda lakes.  The sub optimal level of nutrient status makes it 

harsher environment to grow microbes and plants. Organic carbon, nitrogen and available 

phosphorus are limiting conditions to grow any heterotrophic population of microbes. 

However, they are not analogous to soda lakes or non-saline alkaline environment as 

reported by Tiago et al., (2004), because of different chemical composition and 

predominance of iron and aluminium oxide. Bauxite residue contained small numbers of 

metabolically inactive (injured) bacterial cells that grew in rich medium but not in 

minimal media and exhibited the light blue color of methylene blue in the hanging drop 

experiments. The methylene blue reduction test uses the change in methylene blue from 

blue in the oxidized state to colorless form in the reduced state (Fletcher and Wilson, 

1994). Viable bacterial cells use methylene blue as a hydrogen acceptor via the 

dehydrogenases in the presence of NADH and appear colorless, whereas dead cells stain 

dark blue. Metabolically inactive bacterial cells exhibit shades of light blue depending on 

the level of active dehydrogenases (Hamdy and Williams, 2001).  

The number of heterotrophic bacteria isolated was not dependent on the media 

composition as all the three media used for the isolation was complex basal media in this 

study. The number of isolated heterotrophic microbes appears to be lower than the known 

alkaline and hyper-saline environment; this might be due to the unique characteristic of 

the red mud (Hamdy and Williams, 2001). Alkaliphilic bacteria are not confined to a 

single group or to a defined set of phylogenetic lineage; instead they are distributed in 

various evolutionary branches. The real paradox is that all isolates were isolated at pH 

10.5 but five bacteria (RM10E, RM10D, RM13Y, RM1A and RM6) could grow at pH 
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10.0 or less. However, this effect is relatively common and various isolates from extreme 

alkaline environments only proliferate under laboratory condition at more moderate pH 

values (Jones et al., 1994). The red mud isolated microbes exuded organic acids mainly 

acetic acid and succinic acid in red mud extract media amended with sucrose; and were 

able to ferment different carbon sources. In order to maintain the homeostasis of the 

cytoplasm and the acidic environment near the cell wall, exudation of the organic acids is 

an important aspect of the microbial physiology. Organic acids also help in chelation of 

the metal present in the medium (Gadd and Griffiths, 1977). However, the extent and rate 

of pH reduction in the red mud will differ from pH reduction in fermentable carbon-

amended medium, due to differences in the chemistry and buffering capacities of the 

substrates (Valarie, 1999). This demonstrated the possibility of using pure cultures of 

indigenous bacteria in the red mud to reduce the alkalinity. It would be possible to reduce 

the pH of red mud by bacterial metabolism by inoculating the red mud with pure cultures 

of indigenous bacteria and incorporating nutrients to encourage bacterial growth. The 

isolates were positive for one or more enzyme activities like cellulase, Dnase, xylanase 

and phosphatases at alkaline pH. The stability of these enzymes at alkaline pH attributed 

to their habitat and growth profile in wide range of pHs.  

 

Carbon substrate utilization pattern  

Species of heterotrophic bacteria differ in the specific organic substrates, which 

they can use as carbon and energy sources for growth. The substantial diversities in the 

substrates that are biodegradable, and the ability of individual species to catabolize 

specific substrates, have been used for many years to characterize and identify pure 

cultures of bacteria (Konopka et al., 1998). The metabolic diversities of the red mud 

isolates were detected by the ability of isolates to metabolize any substrate, including 

amino acids and carboxylic acids on the basis of color development in different wells of 

Biolog plates.  Previously, the Biolog system had been used to characterize pure cultures 

isolated on heterotrophic growth media from diseased animals and plants, and also from 

aquatic or terrestrial habitats. Red mud isolates have shown diverse pattern of carbon 

substrate utilization. To know the effect of culture condition on the carbon substrate 

utilization, red mud isolates have grown in different media such as Horikoshi alkaline 
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medium, modified tryptic soya medium (pH 7 and 10) and nutrient medium (pH 7 and 

10) to befurther inoculated in the Biolog plates. It was noted that these culture conditions 

were not affecting the carbon substrate utilization pattern of red mud isolates. 

Biolog, which is based on carbon substrate utilization pattern to identify microbes 

faster than the routine cultivation based approach, was used for the characterization and 

identification of the red mud isolates. In many cases, >70%, but less than 100%, of 

isolates could be identified (Miller et al., 1993). Isolates from aquatic or terrestrial 

ecosystems are less likely to be identified by the Biolog database (McCarthy and Murray, 

1996); identification rates of 47–70% were reported for cultures isolated from surface or 

subsurface soils. Some bacteria gave very few reactions on the plates (Konopka et al., 

1998). Interestingly, in present study, only one red mud isolate showed similarity index 

of 30%, and rest have showed less than 30% similarity, which suggest that the isolated 

microbes might be uncharacterized before or new member of the known genera.  

 

DNA fingerprinting and 16S rDNA analysis 

Repetitive sequence based PCR (Rep PCR) was used successfully to generate 

DNA fingerprints to distinguish between genetically unrelated and closely related 

bacterial strains. It involves the use of primers based on the short repetitive element 

derived from highly conserved palindromic inverted repeat regions dispersed throughout 

the prokaryote kingdom (Laguerre et al., 1996). In the present study, unique Rep-PCR 

based genotypic fingerprints of different isolates from red mud samples were found. With 

Rep PCR, 10 representative red mud isolates were found to be genetically dissimilar. The 

genomic fingerprints with Rep PCR showed certain intense amplimers. These amplimers 

can serve as distinct molecular markers for the respective isolates to track them in the 

environment (Sadowsky et al., 1996). The genetic variability in the representative red 

mud isolates, 16S rDNA was amplified and sequenced. All red mud isolates showed 

genetic dissimilarity of sequence data and none of the isolates were 99% similar among 

themselves.  The biochemical, Rep PCR and 16S rDNA results were in concordance and 

showed variability at each level. 

According to variability map of sequences of 16S rDNA of red mud isolates, over 

10% of bases in the 16S rRNA gene are totally conserved (within a sample of 500 
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bacterial sequences). The majority of these conserved bases are, however, not adjacent to 

each other and thus form no continuous conserved regions for universal priming 

(Watanabe et al., 2001). The longest string of variable bases was between positions 173 

to 218 in red mud isolates when compared within them along with E. coli. None of the 

isolates showed more than 97% similarities of their 16S rDNA among themselves. A 

comparison of the diversity observed in this study with that observed in other studies is 

rather difficult because of lack of studies of similar environments (Tiago et al., 2004). 

Novel Bacillus sp. was reported from the red mud (Agnew et al., 1995), and the focus 

was concentrating on Bacillus sp., while analyzing natural alkaline environments. This is 

due to its adaptability to higher pH and production of several industrially important 

enzymes (Horikoshi, 1999). In the present study, three isolates namely RM10E, RM1A 

and RM6 showed similarity with Bacillus cereus, uncultured bacterium and Bacillus sp. 

Some of the representative isolates of red mud were same as reported by Tiago et al., 

(2004) in non-saline alkaline environments. They reported the occurrence of Agrococcus 

spp., Kocuria spp. Micrococcus spp. in high G+C gram-positive bacteria and low G+C 

gram-positive Bacillus spp. While Salinococcus species, a novel alkaliphile and moderate 

halophile was reported by Zhang et al. (2002) from Baer Soda Lake in inner Mongolia 

autonomous region, China. Planococcus species, Gram-positive, aerobic, heterotrophic 

bacterium are abundant members of the bacterial community in a variety of marine 

environments, including some in sensitive Antarctic ecosystems, was also present in the 

bauxite residue and capable of growing at elevated temperature (45 oC). In the present 

study, two red mud isolates RM9P and RM11R showed similarity with Planococcus sp. 

and Salinococcus sp. The isolate RM11R was placed with Saninococcus sp. and RM9P 

with Planoccus sp. in the phylogenetic tree. We also found some of the bacteria, which 

belong to class Actinobacteria. The isolates RM1 and RM13Y were grouped with 

Kocuria sp., whereas RM10D with Microbacterium  and RM8 with Agromyces sp. in the 

phylogentic tree. A gram-negative bacterium that showed similarity with Psedomonas sp. 

(RM12W) was also reported from the red mud. Previously, alkaliphilic Pseudomonas 

pseudoalkaligens was cultivated from decomposing reed rhizomes in Hungarian soda 

lakes (Borsodi et al., 2005). RM-1A showed similarity with the uncultured bacterium and 

Bacillus spp. Because of the striking similarity between the genus Bacillus and 
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Planococcus, RM-1A showed phylogenetic affiliation with Planococcus sp. in 

phylogenetic tree. As more studies have revealed considerable heterogeneity among 

motile Gram-positive cocci (Marquez et al., 1993; Hao and Komagata, 1985), and this 

was supported by phylogenetic analyses based on comparison of ribosomal RNA 

sequences (Farrow et al., 1992, 1994). These studies showed that the genus Planococcus 

was most closely related to the round-spore-forming bacilli (e.g. Bacillus globiformis and 

B. psychrophilus). These results showed that red mud isolates were related to alkaliphilic, 

halophilic and marine bacteria. It is noteworthy that none of the amplicon had 100% 

identity to sequences in the database. The clones that had sequence identities of over 98% 

to a known organism may represent the same species. These sequences that share an 

identity 88% to 98% are usually considered to be part of the same genus (Sadowsky et 

al., 1996). On this basis, seven red mud isolates described here probably represent new 

members of the known genera. 

Red mud being hard to process sample (for DNA extraction) may be accessed for 

genome information with the whole genome amplification (WGA) using φ29 DNA 

polymerase by amplifying the extracted DNA form a sample and constructing 

environmental libraries from the amplified DNA (Gonzalez et al., 2005). The 

environmental libraries gave contrasting results to the culture dependent method. This 

seems to be the case for many environments (Grey and Herwig 1996; Borneman and 

Triplett, 1997). Diverse bacteria were identified which belong to known genera with high 

and low similarities. A potential hazard associated with PCR amplification of target DNA 

of mixed sequences is the creation of recombinant or chimeric products that consist of 

mixtures of parts of different sequences (Choi et al., 1994; Wang and Wang, 1997). The 

frequency of occurrence of chimeric sequences in clone libraries was reported, from 

independent studies (Barns et al., 1994; Kopczynski et al., 1994). In the present study, 

two chimeric sequences were detected using Chimara check program of RDP II and 

discarded. Detection of chimeric SSU rRNA genes is difficult but of importance since 

they could otherwise lead to erroneous reports of novel lines of evolutionary descent, 

giving a false impression of biodiversity within microbial communities. 

The 16S rDNA sequences of red mud clone library belonging to members of 

Beta- and Gamma- proteobacteria; and Bacteriodetes. Members of Beta- and Gamma- 
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proteobacteria are metabolically versatile. Multiple detection of the identical sequences in 

clone library may also reflect that these corresponding aerobic bacteria were significant 

and predominant members of the communities that were probably active in the 

decomposition and mineralization of the toxic content of red mud. To understand the 

roles and structures of microbial communities, sequence data only are not enough, but 

cultivability of microorganisms is very important (Borsodi et al., 2005). The cultivable 

isolates of red mud are mostly belonging to the alkaline and saline environment. But the 

paradox is in the fact that no clone from clone library matches with the isolates of the red 

mud. This might be due to the microbial remediation process of the red mud in which, 

bacteria might be reaching to transition phase, which is hard to cultivate on synthetic 

media or due to bias associated with diversity analysis. 

Out of ten representative red mud isolates, seven isolates (RM9P, RM12W, 

RM13Y, RM1, RM1A, RM6 and RM8) is belonging to the new members of the known 

genera. This is evidenced form the 16S rDNA sequence analysis that it had shown 98% 

similarity or less with the existing databases. Their closest relative in database have 

mainly alkaline and saline habitat. Screening of bacteria by culture dependent and 

independent methods resulted in completely different results with no overlapping of the 

species between these two methods. Interestingly, all sequences of clone library have 

99% or more similarity with the cultivable isolates or uncultured clones. Detection of 

large number of clones which belong to Proteobacteria suggested that Proteobacteria 

might be predominant and metabolically engaged in reduction of pH and metal toxicity of 

the red mud.  

Alkaline tolerance of red mud isolates 

Bacteria have their cell walls, which are designed to obtain nutrients from the 

environment, and to protect the organism from harmful chemical changes such as 

alkalinity in the surrounding medium. As a consequence, the function and structure of the 

cell wall of a living cell may change during acid-base titrations, due to passive and active 

(energy consuming) processes. Some of the processes that may regulate the acid-base 

activity of live bacterial suspensions are as follows: 1) Deprotonation of functional 

groups: macromolecules of the cell wall contain exposed ionisable functional groups that 

protonate or deprotonate, according to their acid dissociation constant and the pH of the 
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medium, 2) Proton leakage: at high pH, hydrogen ions diffuse out of the cell as a result of 

the proton concentration gradient across the cell wall, 3) Exudation of organic acids: by 

producing and subsequently releasing organic acids, bacteria may attempt to buffer the 

pH increase of the external medium, and 4) Electrostatic destabilization: electrical 

charging of the cell wall may lead to a destabilization of its three dimensional structure, 

and may expose previously inaccessible functional groups, which may then deprotonate 

(Claessens et al., 2004). Different events such as buffering capacity, organic acid 

exudation, gycolysis activity and surface negative charge (zeta potential) associated with 

the change in alkalinity of two representative facultative red mud isolates RM9P 

(Planococcus sp.) and RM8 (Agromyces sp.) were studied. 

The buffering capacities were estimated in two representative isolates of red mud, 

which were grown at different alkaline pH (7.0 – 10.0).  The smooth curves of total 

buffering capacity (Bt) and outer buffering capacity (Bo) were obtained from a 

polynomic regression. Several studies of buffering capacity of bacterial cells have 

suggested that total and outer buffering capacity values vary markedly between species. 

The buffering capacity was quite different in gram-positive bacteria (RM9P) with 

actinomycetes (RM8). The slight differences of buffering capacity of RM9P (13 mM 

H+/pH unit/mg of protein) and the results (14 mM H+/pH unit/mg of protein) obtained by 

other worker for the same species (Kannan et al., 2006) could be due to the culture 

conditions used, the solutions employed to prepare bacterial suspensions, and the 

technical approaches used. As it had been shown that the buffering capacity varies from 

species to species and one strain to another. Staphylococcus aureus exhibited greater 

buffering capacity than the acidophilic bacterium Lactobacillus acidophilus (Rius et al., 

1994b) and different strains of Serratia marcescens (Rius et al., 1994a). No comparison 

of the buffering capacity of Agromyces sp. RM8 could be done due to lack of studies on 

similar genus. At external pH values below 10.0, imposition of a valinomycin-mediated 

potassium difussion potential is a way to energize ATP synthesis (Guffanti et al., 1985). 

The H+ translocation involved in ATP synthesis could increase the buffering capacity 

values obtained by the acid pulse technique. In order to avoid this possibility, cells were 

allowed to equilibrate for about 2 hr. with intermittent mixing after valinomycin addition 

(Rius and Loren, 1996). 
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Planococcus sp. (RM9P) and Agromyces sp. (RM8) had buffering capacity higher 

when grown at pH 7.0 than the cells grown at pH 10.5. These results are in contrast to the 

buffering capacity of Bacillus alcalophilus cells grown at pH 10.5 was greater than the 

buffering capacity of cells grown at pH 8.5 (Rius and Loren, 1996). As it was evident 

from the study of Rius and Loren (1996) that B. alcalophilus cells grown in L-malate 

medium exhibited greater resistance to low external pH values than cells grown in other 

medium. They suggested that the resistance seemed to correlate with the pH values of the 

suspensions. It was shown that certain enzymatic activities can be induced by a change in 

external pH (Hickey and Hirshfield, 1990) and that surface characteristics of gram-

positive bacteria depend on the pH of cultures and the energized state of the membrane. 

Differences in the proton motive force between respiring and fermenting cells 

have been reported for gram-positive and gram-negative bacteria. Aerobically growing 

cells had a greater proton motive force than cells growing anaerobically, and these 

differences depended on the pH of the medium (Kashket, 1981a; 1881b). The diversity of 

alkali tolerance depended strongly on the cellular metabolism, especially on the 

glycolysis reactions of a given strain. In fact, the alkali-tolerant representative strain, 

RM9P and RM8, exhibited the maximum utilization of glucose at neutral pH in the 

presence or absence of valinomycin. The glycolysis activity profile of RM9P and RM8 

have never shifted to the alkaline side in the presence or absence of valinomycin. A 

dramatic decrease in glycolysis activity of both the red mud isolates, occurred at pH 8.0. 

It is interesting that in RM9P and RM8, substantial glycolysis activity in the presence or 

absence of valinomycin was still observed at pH 7.0, beyond this red mud isolates have 

decreased glucose consumption. In valinomycin added cells, an interesting pattern of 

glucose utilization activity was observed. Though, the maximal utilization was at pH 7.0 

and it was decreasing with the increase of alkalinity. But, at pH 9.0 both the red mud 

isolates have shown increased activity when compared to pH 8.0 and 10.0. These results 

suggest that in these isolates anabolic reactions may be more sensitive to an alkaline 

environment than catabolic reactions (glycolysis reactions).  

Under aerobic conditions, Escherichia coli, releases succinate as the major 

product in the tricarboxylic acid (TCA) cycle (Lin et al., 2005). E. coli can also grow 

under anoxic conditions by using sugars, for example glucose, as sole carbon and energy 
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source in fermentation reactions, releasing different organic acids, such as succinate, 

acetae, formate and lactate (Clark, 1989; Sanchez et al., 2005). It is likely that the RM9P 

and RM8 release succinate as an intermediate product of the TCA cycle as is reported for 

E. coli (Lin et al., 2005; Sanchez et al., 2005). RM9P and RM8 may use cell material or 

internal reserves, such as glycogen, to neutralize the pH of the surrounding solution by 

releasing acids. The results showed that the rate of organic acid released by live cells of 

RM9P and RM8 depends on the pH. With the increase of the alkalinity, there was 

increased production of succinic acid in both RM9P and RM8. Interestingly, the 

production of succinic acid was maximum at pH 9.0 and decreased at pH 10.0, showed 

decreased intracellular metabolism for the production of organic acid beyond pH 9.0. It 

may also possible that the internal homeostasis of the red mud isolates to combat the 

alkalinity was maximum at pH 9.0. 

Surface charge was measured as zeta potential in both the representative red mud 

isolates at different pH. The negative charge was higher in RM9P than RM8 at various 

pH ranges 7.0 to 10.0. Charge was increasing and negativity was decreasing with the 

increase of the alkalinity in both the case. It was reported that the cell wall of B. subtilis 

was less negatively charged when the bacteria were metabolizing a carbon source and 

creating a proton motive force than when the cells had de-energized membranes (Kemper 

et al., 1993). This might not be true in this case as it was evident from the glucose 

utilization that the both red mud isolates utilized less amount of carbon substrates at the 

higher pH with respect to neutral pH. The variation in the result from the study of 

Kemper et al. (1993) might be due to the different strain chosen and cultural conditions 

used. Aono et al. (1995) demonstrated that cell walls of Bacillus lentus C-125, an 

alkalophile, grown at pH 10.0 were about 20% thicker than the cell walls of organisms 

grown at pH 7.0 and that they had about three times the negative charge density of the 

cell walls of strain C-125 cells grown in a neutral environment. The cell wall of bacterial 

cells showing less negative charge at the higher alkaline pH in the present study might be 

due to the fact that negative ions of cell was may get neutralized in alkaline conditions. 

Cultural conditions might have direct impact on the charge densities of bacterial cell wall.  

The extreme pH environment is reported to cause damage to cellular components and 

interferes with transport across cellular membranes in neutrophiles, whereas alkalophiles 
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maintain their internal pH near neutral and require high concentration of Na+ ions. This 

shows that the protein in the cellular surface must be adapted to pH extremes. The 

bacterial cells isolated from red mud environment, in the present study were more stable 

under high alkaline environment. The cell walls and membranes have greater adaptation 

to the alkaline pH.  

 

In vitro studies of A. tubingensis 

The high EC, pH and exchangeable Na values are indicative of the extreme 

salinity, alkalinity and sodicity of the red mud (McArthur, 1991; Hunt and Gilkes, 1992). 

The ability of A. tubingensis to produce acidic compounds in nutrient medium was tested 

in this study in order to check whether this organism could reduce the pH of the red mud 

amended soil. A. tubingensis was grown at different pH levels and it was observed that it 

was able to grow at pH values from 2.5 to 12.0. It had optimal growth at pH 3.5. The pH 

of the medium was drastically reduced indicating that the A. tubingensis is producing the 

acidic compounds able to reduce the pH. This A. tubingensis was already known to 

reduce the pH of the medium when amended with different rock phosphates and also as 

excellent rock phosphate solubilizer (Reddy et al., 2002). In metal tolerance studies, the 

growth of A. tubingensis was significantly inhibited by Al at 200 µg/mL; however, at 50 

µg/mL of Al, the growth was increased compared to control. To determine the maximum 

concentration of NaCl tolerance by A. tubingensis, different concentrations of Na were 

amended and the results showed that up to 50µg/mL of Na, the growth of A. tubingensis 

was not affected and at higher concentrations (150 and 200 µg/mL) the growth was 

significantly inhibited. The Na content increased in the mycelium as the concentration of 

Na increased in the growth medium and the maximum accumulation was found at 200 

µg/mL. The ability of A. tubingensis to grow in presence of different Fe concentrations 

was tested and the results indicated that the best growth of A. tubingensis was achieved at 

concentrations of 400µg/mL. At higher Fe concentrations (500 and 600 µg/mL) the 

growth was slightly increased when compared to control. The level of Fe accumulation 

was also significantly increased as the concentration of Fe increased in the medium. 

Pagano et al. (2002) showed that the analytical and toxicity outcomes of red mud are 

based on ore composition and variable release of toxic contaminants from bauxite 
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byproducts, including their main components Al and/or Fe and some other minor 

components such as Mn, Zn and Pb. When A. tubingensis was grown in presence of 

different concentrations of red mud, the mycelial growth increased with the increasing of 

the concentration of the red mud amended in the medium. At 10% concentration of red 

mud amended media, maximum the growth of A. tubingensis was observed. It was able to 

reduce the pH to below 3.0 in all the treatments after the growth of the A. tubingensis. 

The mycelium grown in presence of red mud was digested and analyzed for different 

elements such as Al, Na, and Fe as these are normally present in red mud at higher 

concentration. The Al and Fe level had increased in the mycelia as the concentration of 

the red mud increased, but Na concentration was decreased as the concentration of red 

mud increased in the growth medium. From these results, it was clear that A. tubingensis 

could tolerate high levels of Na, Fe, Al and high pH when inoculated into the red mud 

soil. Furthermore, because of its growth at high pH, metals (Na, Fe and Al) and in red 

mud amended media; it could be used for remediation of red mud. 

 

Remediation of red mud using bacterial isolates and A. tubingensis 

Hazardous waste sites often contain complex mixtures of pollutants, which 

include both organic contaminants and heavy metals (Kovalick, 1992). Microbial 

bioremediation of pollutants is a promising method of environmental cleanup. However, 

if the metals in soils are toxic to the microbes, removal of pollutants is slowed or 

prevented. Many reports have shown that (i) the short-term response to toxic metals is a 

large reduction in microbial activity and (ii) habitats that have had high levels of metal 

contamination for years still have microbial populations and activities that are smaller 

than the microbial populations and activities in uncontaminated habitats (Hutchinson and 

Symington, 1997; Kuperman and Carreiro, 1997). Reclamation of red mud ponds is 

difficult because of high alkalinity, sodicity, salinity, high concentration of soluble ions, 

which are toxic and competitively inhibit the uptake of nutrients in plants and microbes 

(Thakur and Das, 1994). The high alkalinity also reduces the water availability to the 

plants. These properties when coupled with lack of nutrients and anoxic conditions can 

prevent vegetation. Hence, remediation of bauxite residue must be a way that can 

promote the plant growth and improve the nutritional status. In the present study, 
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reduction of alkalinity was achieved up to about pH 8.0 in red mud amended gypsum 

treatment of nursery experiment after six month. In four years of leaching and 

precipitation study, it was observed that pH reduced in red mud from 10 to 8.8 (Gherardi 

and Rengel, 2003). Conversely, in another study, within 5 years of planting, the pH of the 

red mud under vegetation had decreased from 10.5 to 9.5 (Hinz, 1982). In the current 

study, pH values recorded after six months in all treatments of red mud had reductions of 

more than 1.5 pH units. Except red mud-amended gypsum, all other treatments had more 

than 10.0 pH. Plants growth may not be favored at this elevated pH. Hence, long-term 

studies are needed to study the decrease in alkalinity of various treatments.  

The electrical conductivity of all the treatments was below 0.5 except in gypsum 

amended red mud. The gypsum sample, in addition to Ca and SO4, contained Si and 

small amounts of Na, Fe, K, etc. The high electrical conductivity of gypsum amended red 

mud might be due to presence of high concentration of Ca in treatment, which is 

exchanged, with the sodium ion of the red mud (Xenidis et al., 2005). The increase in 

levels of soluble and exchangeable calcium and magnesium are attributed to the probable 

high content of these elements in the gypsum used. Exchangeable calcium is the major 

reserve of soil calcium available to plant roots (Haby et al., 1990) as it acts as a supply of 

calcium over a longer period. Levels of exchangeable calcium cited as low or deficient 

will vary between plants and soil types. Substrate levels recorded in the current study 

show gypsum treatments have considerably higher concentration of Ca (1.5%).  

Sewage sludge being a source of rich organic carbon was frequently used in 

reclamation schemes for its nutrient supply (Wong and Lai, 1982; Munshower, 1994). 

Whilst many workers have achieved plant growth in bauxite residue in pot trials, there is 

limited knowledge of long-term growth of vegetation in red mud at field level. Organic 

carbon values were recorded in the range of 0.4 to 3.5% which is much greater than 0.58– 

1.88% range reported by Ye et al. (2002) for sparsely and densely vegetated tailings. 

Nitrogen is usually deficient in mine soils, which limits vegetation establishment 

and sustained productivity. Nitrogen contents of unamended bauxite residues are low 

with levels ranging from trace to 0.02% (Wong and Ho, 1993). Values found in the 

current study show a significant increase in total nitrogen levels of some treatments while 

123



some were devoid of nitrogen. In red mud amended with gypsum and bacteria, nitrogen 

was about 388 mg/Kg. It ranged 0 to 40 mg/Kg in other treatments of red mud.  

Bauxite residue contains large amounts of sesquioxides, and thus had a very high 

phosphorus retention capacity (Snars et al., 2004). Analysis with acidic extracting reagent 

(pH 4.8) showed high values of greater than 150 mg/kg phosphorus as described by 

Courtney et al., (2008). The available phosphorus was low in all treatments in the present 

study, with values corresponding to 0.2 to 5.9 mg/kg. Similarly, Meecham and Bell 

(1977) found available levels of 8.2 mg/kg phosphorus with an 8-fold increase in acid 

extract. These results indicate that although phosphorus reserves may be high, available 

amounts are low. This might be due to high pH values of the red mud.  

Aluminum levels in bauxite residue are closely correlated with pH (Fuller et al., 

1982), with solubility increasing above pH 9.2. Wong and Ho (1993) reported soluble 

aluminum levels of 1.04 mg/kg (pH 10.5) in unamended residue with reductions to 0.08–

0.24 mg/kg (pH 8.56–9.98) with increasing gypsum addition. Levels of 20 mg/kg are 

reported to be toxic to red clover and other legumes (Alam and Adams, 1979). Results 

reported in the current study are 5.3 to 11.7% of aluminum concentration in various 

treatments. Contrast to other reports, the pH directly does not affect the aluminum 

concentration of different treatments. Gypsum treatments have more pH reduction than 

the other treatments but have aluminum concentration in the range of other treatments 

such as sewage sludge, top soil and without chemical amendments. The fly ash treated 

red mud had more aluminum concentration than the rest, because initial level of 

aluminum was higher than the control red mud.  

The decrease in soluble iron levels can be attributed to an improvement in 

substrate conditions. The relatively insoluble ferric ion (Fe3+) is associated with well-

drained soils, compared to ferrous iron (Fe2+) associated with waterlogged soils (Troeh 

and Thompson, 1993). Topsoil and fly ash amended red mud along with bacteria and A. 

tubingensis have been recorded for the lower concentration of iron. Exchangeable forms 

of potassium are considered the primary source of K for plant uptake (Knudsen et al., 

1982). Typically, sludge and without any chemical amended treatments had marginally 

lower, but significantly, exchangeable potassium compared to other treatments. Gypsum, 
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sludge and fly ash amended treatments had significantly higher concentration of K. This 

indicates that the exchange of K is complex in different treatments.  

Availability of major cations is a concern in revegetating bauxite residues due to 

excessive levels of exchangeable sodium. Previous studies indicated deficient levels of 

potassium in amended residue (Courtney and Timpson, 2004). Calcium and potassium 

levels in the amended residue are within the satisfactory limits reported for mine soils 

(Monterroso et al., 1999). Available magnesium levels recorded for all treatments are 

within the slight to severe deficiency range reported by Monterroso et al. (1999) for mine 

soils. In the present study, Mg concentration was significantly increased in all treatments 

but a steep rise was recorded in gypsum and topsoil with bacteria and A. tubingensis. The 

results showed that microbes carry out the mobilization of Mg more efficiently. Sodium 

concentration was lesser than 3% in all bacterial and fungal treatments combined with 

chemical amendments, except that of red mud amended with sludge and A. tunigensis, 

where sodium concentration was reported to be 3.8%. Lower concentration of sodium is 

necessary for the adequate growth of plants.  

The growth of Bermuda grass was observed in all red mud treatments except that 

of red mud control and red mud inoculated with A. tubingensis. This shows that 

indigenous bacteria played important role in plant growth promotion without addition of 

any chemical substrate for the reduction of pH. The maximum growth was observed in 

the sludge with A. tubingensis treatment. Bacterial inoculation had more growth 

promoting activity in all treatments of red mud except that of sludge treatment where A. 

tubingensis had shown more grass growth than the bacteria. This gives the clear evidence 

that these indigenous bacteria play important growth promoting activity in red mud 

treatments. Plants growing in high Na content substrates can have impaired uptake and a 

subsequent low Ca concentration (Chang and Dregne, 1955; Gupta and Abrol, 1990). 

Results from this study contrast with such finding, as none of the treatments can be 

considered deficient in calcium. It can be deduced that sodium levels in the substrate 

were not affecting ion regulation in the plant cells.  

The high accumulation of aluminum and iron metal did not hamper the uptake of 

magnesium, potassium and calcium. For example, fly ash with A. tubingensis had Al 

1518, Fe 1453, K 1504, Mg 1415 and Ca 1097 (µg/2mg of soil). Interestingly, the lower 
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uptake of iron and aluminium also did not have effect on the Mg, Ca and K accumulation. 

This was observed in case of fly ash with bacterial treatments Al 364, Fe 286, K 949, Mg 

818 and Ca 862 (µg/2mg of soil). The soil of Damanjodi (Orissa) had a high content of 

Fe and aluminum from where the Bermuda grass was collected to use in this study. The 

high iron and aluminum content had resulted the Bermuda grass to be acclimatized to 

grow in high metal concentration. Because of this acclimatization, grass might not have 

shown impaired metal uptake activities when grown in red mud treatments. Although 

revegetation of bauxite mine sites is relatively straightforward, the bauxite residue (red 

mud) is difficult to revegetate. The refinery residue is characterized by high pH (pH >10), 

high electrical conductivity (EC > 30 mS/cm), and high exchangeable sodium percentage 

(>70%) (Meecham and Bell, 1977; Hinz, 1982; Wong and Ho, 1993). On the other hand, 

concentrations of plant nutrients such as calcium, magnesium, manganese, nitrogen and 

phosphorus are low (Meecham and Bell, 1977; Hinz, 1982) and the fine texture obstructs 

penetration of plant roots (Meecham and Bell, 1977). Consequently, the chemical and 

physical limitations of the red mud must be addressed prior to revegetation if the refinery 

residues are to form part of the plant growth medium. Inclusion of gypsum (CaSO4. 

2H2O) and other material (sewage sludge, fly ash, chicken manure) is used to improve the 

physical characteristics and reduce nutrient deficiencies (Fuller et al., 1982; Ward, 1986; 

Wong and Ho, 1994, 1993; Wehr et al., 2006). 

Amelioration of the surface layer has been widely attempted using gypsum 

(Wong and Ho 1991), manure/ compost, sewage sludge (Wong and Ho 1991; Courtney et 

al., 2003; Courtney and Timpson 2004), soil (Wong and Ho 1991), and combinations 

thereof. Vegetation survival was only good at the highest application rates of these 

substrates. Most researchers attributed the positive effect of high addition rates for 

improvement of the physical structure (bulk density, porosity) of red mud, thereby 

improving drainage and leaching of salts from red mud (Wehr et al., 2006). However, 

there are no indications that vegetation would have survived over longer timescales or 

with minimal input, or that roots penetrated into the unamended red mud. Furthermore, 

the quantities suggested by these studies are economically unlikely to be viable (Wehr et 

al., 2006). Courtney et al. (2003) demonstrated that the establishment of clover species 

on red mud and process sand can be achieved without the addition of gypsum and that 
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thermally dried sewage sludge is a beneficial organic amendment. A period of leaching is 

however required to effectively lower pH and sodium levels. Revegetation is only 

achievable when sodium and pH levels are sufficiently low. Such threshold levels have 

yet to be established. But, microbial remediation is not studied so far in red mud. As soil 

microorganisms play a crucial role in increasing soil fertility and accelerating 

revegetation process through their activities in disturbed soils (Visser et al., 1983). 

Hence, use of microbes in combination with chemical amendment in the current study, 

has helped in sufficient reduction of pH. Other parameters such as levels of the soil 

nutrient (organic C, total N and available P) were improved and promoted growth and 

activities of different microbial groups, thus showed both the nutrient pools and the 

stability of the soil ecosystem in the revegetated sites were gradually reestablished by 

inoculated microbes.  

 

Microbial analysis of red mud treatments of nursery trial  

Clear differences in the abundance of neutrophilic and alkaliphilic bacteria were 

observed in different treatments of the field trials. Addition of different substrates and the 

growth of Bermuda grasses after six months have facilitated the increase in microbial 

abundance. Though, there was no clear trend that indigenous bacteria or A. tubingensis 

had triggered the increase of microbial load. In some treatments like gypsum, sludge and 

without chemical; bacterial inoculation had increased alkaliphilic bacteria than the 

control or A. tubingensis treatments. But, in topsoil and fly ash treatments A. tubingensis 

inoculation had more numbers of alkaliphilic bacteria than the bacterial and control 

treatments. The same is true for actinomycetes but not for the neutrophilic bacteria. 

Neutrophilic bacteria were significantly more or same in A. tubingensis inoculated 

treatments except that the control red mud where no chemical amendment was made. In 

this treatment, red mud with bacteria had more neutrophilic bacteria than the A. 

tubingensis and control treatments.  

pH, electrical conductivity, organic carbon and nitrogen might have direct impact 

on the structure and abundance of the microbial community, which is not directly 

correlated in this case. For example, the maximum organic carbon was observed in 

sludge amended red mud; but the maximum abundance of neutrophilic alkaliphilic and 
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actinomycetes bacteria was not observed in the same treatment. Microbial growth and 

activity in soil is often limited by the availability of carbon (Lynch and Whipps, 1990) 

and nitrogen (Wardle, 1992) and it may respond to a varying supply of substrates either 

by physiological adaptation or by changes in the community composition. Even small 

additions of organic substrates (in the form of sludge, fly ash, gypsum and topsoil) may 

trigger a shift in the composition of the microbial community and an accompanying 

change in the relative abundance of specific hydrolytic ecto-enzymes (Pinhassi et al., 

1999). 
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Conclusions 

 
This is the first report of bacterial diversity analysis of red mud. Bacterial 

diversity seems to be complex of this extreme site as revealed by the cultivation based 

and culture independent approach. Cultivation based approach, revealed the presence of 

low bacteria load, predominance of gram-positive bacteria, which belonged to mainly 

alkaline, saline and contaminated habitat. These isolates mainly belonged to Phylum- 

Firmicutes, Actinobacteria and Proteobacteria. Sequence alignment of closely related 

bacteria and red mud bacterial isolates showed that similarity varied from 97 to 99%, but 

none of the isolates had shown 100% sequence similarity with the bacteria of existing 

database. On this basis, seven bacteria might be new member of existing genus.  

Clone library showed the presence of bacteria inhabiting in contaminated sites. 

Clones mainly belonged to Proteobacteria and Bacteriodetes; and red mud isolates were 

related to Firmicutes, Actinobacteria and Proteobacteria. There was no commonality of 

identical species in clone library and red mud isolates which shows the complex 

community structure of this extreme environment.  

Two of the bacterial isolates (RM9P and RM8), which were studied for alkaline 

tolerance showed that buffering capacity and organic acid exudation was more in RM9P 

which was identified as Planococcus sp. than the RM8 (Agromyces sp.). These results in 

combination with zeta potential and glucose consumption at different pH have shown that 

both the isolates have different strategies to combat the alkaline pH. 

Isolated bacteria and A. tubingensis were used for the remediation of bauxite 

residue in combination with different substrates such as gypsum, sewage sludge, topsoil 

and fly ash. pH reduction was found maximum in gypsum amended red mud. Reduction 

of alkalinity was achieved maximally in gypsum amendment of red mud. Red mud 

amended with sewage sludge and bacteria treatment had shown maximal organic carbon, 

organic matter and available phosphorus. Growth and survival of alkali tolerant Bermuda 

grass which was native of NALCO Damanjodi, Orissa was studied in these treatments. 

Interestingly, red mud control and red mud inoculated with A. tubingensis did not support 

the growth of Bermuda grass, but red mud inoculated with bacteria had increased the 

growth of grass, but red mud control and red mud inoculated with A. tubingensis did not 
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support the grass growth. It showed that indigenous bacterial consortia played an 

important role in the growth promotion of Bermuda grass without any chemical 

amendment. A. tubingensis did not promote the growth of Bermuda grass when used 

alone (without any chemical amendment). It had promoted grass growth, which was 

highest among all treatments when used in combination with sludge. Overall, the present 

study showed that indigenous bacteria and A. tubingensis played an important role in 

reducing the pH of the red mud, reducing the soil metal content, promoting the grass 

growth, increasing the nutrient status, though bauxite residue is a poor substrate for plant 

growth because of very high pH, salinity and sodicity. Long term studies might be 

required for the reduction of alkalinity, uptake of metal contents, availability of nutrients 

and survival of plants. To best of our knowledge it the first report of amelioration of red 

mud using different biological means in nursery trial.  
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Summary 
 

Red mud (bauxite residue) is waste produced during aluminum extraction from bauxite 

ore with concentrated sodium hydroxide at elevated temperature in the Bayer process 

(Evans, 1993). The major components in the red mud are iron oxide, silica, un-reacted 

alumina and residual NaOH as Na2CO3 as well as alkali bound in the form of sodalite, 

ferrite etc. The residual alkali content makes the red mud alkaline with a pH range from 9 

to 13, and disposed off by putting them into red mud ponds. Reclamation of red mud 

ponds are difficult because of high pH, high concentration of soluble ions such as sodium 

and carbonate which are toxic and competitively inhibit the uptake of nutrients in plants 

and microbes.  

In microbiological analysis, it was found that the bacterial count was very less, which 

varied from 5 to 100 cfu per gram of red mud. Ten bacterial isolates, which were studied, 

had different Rep-PCR profile and 16S rDNA sequences. 16S rDNA sequences showed 

that these isolated closely related to Planococcus sp., Bacillus sp., Psedomonas sp., 

Kocuria sp., Micrococcus sp., Agromyces sp. and Salinococcus sp. These isolates mainly 

belong to Phylym- Firmicutes, Actinobacteria and Proteobacteria. Multiple alignment of 

closely related bacteria and red mud bacterial isolates showed that similarity varied from 

97 to 99%, but none of the isolates showed 100% sequence similarity with the bacteria of 

existing database. The clones that had sequence identities of over 98% to a known 

organism may represent the same species. These sequences that share an identity 88% to 

98% are usually considered to be part of the same genus (Sadowsky et al., 1996). On this 

basis, seven red mud isolates described here probably represent new members of the 

known genera. Furthermore, none of the isolates showed homology with the Biolog 

database when grown on Biolog plates, which depicts that these strains are not 

characterized previously.  

Screening of the clone library resulted in distinct 16S rDNA sequences as compared to 

isolated cultures. These were mainly belonging to Proteobacteria and Bacteriodetes. 

These bacterial clones were affiliated to Beta- (34%) and Gamma- (56%) Proteobacteria 

while 4.8% clones represent Bacteriodetes. Interestingly, all sequences of clone library 

had 99% or more similarity with the uncultured and cultivable isolates. But, these clones 
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showed no homology with the cultivable isolates of red mud. These results showed that 

the bacterial diversity is complex in this environment. The present study gives the first 

insight about the microbiological (bacterial diversity) analysis of red mud. 

The indigenous bacterial isolates and exogenous Aspergillus tubingensis were used in 

nursery trial for the remediation and revegetation of red mud in combination with fly ash, 

topsoil, gypsum and sewage sludge. Although, gypsum amended red mud showed 

maximum reduction of alkalinity (pH) and attained pH about 8.0, but the level of soluble 

ion in this treatment was relatively high as revealed by the measurement of electrical 

conductivity. Red mud amended sewage sludge and bacterial treatment had highest level 

of organic carbon, organic matter and available phosphorus. Red mud amended sewage 

sludge and bacterial treatment showed maximum metabolic diversity of bacteria on 

Biolog plates. Curiously, red mud inoculated with bacteria also showed growth of grass, 

but red mud control and red mud inoculated with A. tubingensis did not support the grass 

growth. It showed that indigenous bacterial consortia played an important role in the 

growth promotion of Bermuda grass without any chemical amendment. A. tubingensis 

did not promote the growth of Bermuda grass when used alone (without any chemical 

amendment). It promoted grass growth, which was highest when used in combination 

with sludge. Overall, the present study showed that A. tubingensis and indigenous 

bacteria play an important role in reducing the pH of the red mud and also promote the 

plant growth, though bauxite residue is a poor substrate for plant growth because of very 

high pH, salinity and sodicity. To best of our knowledge it the first report of amelioration 

of red mud using biological means in nursery trial.  

Alkali tolerance mechanism were studied on two red mud isolates RM9P and RM8, 

which had shown that the buffering capacities are influenced by the pH of the medium 

and culture conditions. RM8 showed more buffering capacity than the RM9P. Alkali 

tolerance is strongly dependent on the cellular metabolism, as it was evident from the 

glycolysis reactions and organic acid production of RM9P and RM8 at different pH.  
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Appendix I 
 
Alkaline nutrient agar  
Ingredients     Quantity (g/L) 
Casein Hydrosylates   15.0 
Peptone    5.0 
NaCl      5.0  
Agar     20.0  
pH adjusted with 10N NaOH to 10.5 before autoclaving. Sterilized by autoclaving at 15 
lbs pressure (121 °C) for 15 min. 
 
Alkaline tryptic soya agar  
Ingredients     Quantity (g/L) 
Casein enzyme hydrosylates   17.0  
Papaic digest of soyabean meal  3.0  
Sodium chloride    5.0  
Dipotassium phosphate   2.5  
Dextrose     2.5  
Agar      20.0  
pH adjusted with 10N NaOH to 10.5 before autoclaving. Sterilized by autoclaving at 15 
lbs pressure (121 °C) for 15 min. 
 
Alkalophilic Horikoshi agar medium  
Ingredients     Quantity (g/L) 
Sucrose     10.0  
Yeast extract     5.5 
Polypeptone     5.5 
K2HPO4    1.1 
Mg2SO4.7H2O   0.2 
Na2CO3     10.0 
Agar      20.0  
Sterilized by autoclaving at 15 lbs pressure (121 °C) for 15 min. 
 
Pikovskaya's agar 
Ingredients     Quantity (g/L) 
Agar      15.0 
Ammonium sulphate    0.5  
Calcium phosphate    5.0  
Dextrose     10.0 
Ferrous sulphate   0.0001 
Magnesium sulphate    0.1  
Manganese sulphate    0.0001  
Potassium chloride   0.2 
Yeast extract    0.5 
Suspended 31.3 g in 1000 ml distilled water. Boiled to dissolve the medium completely 
and sterilized by autoclaving at 15 lbs pressure (121 °C) for 15 min. 
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Czapek Dox medium (modified) 
Ingredients     Quantity (g/L) 
Glucose     10.0  
Potassium nitrate    3.0  
Magnesium sulfate   0.5  
Potassium chloride    0.5 
Iron(III)sulfate    0.01  
di-potassium hydrogen phosphate 1.0   
pH adjusted with 1N HCl to 5.5 and autoclaved (15 min at 121 °C).  
 
Red mud extract media 
Red mud was mixed with water in 1:5 ratio, kept at shaker (120 rpm) overnight and then 
filtered to separate water soluble part. To this extract following compound were mixed- 
Ingredients     Quantity (g/L) 
Glucose/Sucore   10.0 
KH2PO4    5.0 
Yeast extract    5.0 
Casamino acid    5.0 
Agar     20.0 
Sterilized by autoclaving at 15 lbs pressure (121 °C) for 15 min. 
 
Luria-Bertani (LB) medium  
Ingredients     Quantity (g/L) 
Nacl      10.0   
Beef extract     5.0    
Tryptone     10.0    
Agar      10.0  
pH 7 adjusted with 5N NaOH. Sterilized by autoclaving at 15 lbs pressure (121 °C) for 
15 min. (Added filter sterilized ampicillin 50 µg/ml to prepare LB - Ampicillin plates)  
  
Actinomycete agar 
Ingredients    Quantity (g/L) 
Agar      15.0  
Dipotassium phosphate  0.5  
Ferrous sulphate    0.001  
L-Asparagine    0.1  
Magnesium sulphate    0.1 
Sodium caseinate    2.0  
Sodium propionate    4.0 
Suspended 22 g in 1000 ml distilled water containing 5.0 ml glycerol. Boiled to dissolve 
the medium completely. Sterilized by autoclaving at 15 lbs pressure (121 °C) for 15 min. 
 
Nitrate agar 
Ingredients    Quantity (g/L) 
Agar     12.0  
Beef extract    3.0  
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Peptic digest of animal tissue   5.0  
Potassium nitrate    1.0 
Suspended 21 g of nitrate agar in 1000 ml distilled water. Boiled to dissolve the medium 
completely. Sterilized by autoclaving at 15 lbs pressure (121°C) for 15 min.  
 
Modified  Universal buffer  (5X) 
Tris (hydroxyl methyl) amino methane 3.025 g 
Maleic acid    2.90 g 
Citric acid            3.50 g 
Boric acid             1.57 g 
NaOH (1N)    122 ml 
Water               up to 250 ml 
pH                                    5.5 
 
Phosphate buffer 
Stock solution A 
2 M monobasic sodium phosphate, monohydrate (276 g/L)  
Stock solution B 
2 M dibasic sodium phosphate (284 g/L).  
 
Mixing an appropriate volume (ml) of A and B as shown in the table below and diluting 
to a total volume of 200 ml, a 1 M phosphate buffer of the required pH at room 
temperature. 
A (mL) B (mL) pH 
39.0 61.0 7.0 
33.0 67.0 7.1 
28.0 72.0 7.2 
23.0 77.0 7.3  
19.0 81.0 7.4  
16.0 84.0 7.5  
 
Carbonate and bicarbonate buffer 
Stock solution A 
 0.l M Sodium carbonate. 10.599 g anhydrous Na2CO3 are dissolved in water and diluted 
to 1 L. 
Stock solution B 
 0.l M Sodium bicarbonate. 8.4 g NaHCO8 are dissolved in water and diluted to 1 L. 
Solution A and B were mixed in following way: 
A (mL) B (mL) pH 
5   5   9.90  
6   4   10.14  
7   3  10.28  
8  2 10.53  
9   1  10.83  
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TBE buffer (10x) 
Tris-HCl    0.09 M (pH 8) 
Boric acid    0.9 M 
EDTA      0.02 M (pH 8) 
 
Molybdate-tartarate solution 
i) Dissolved 12 g of ammonium molybdate in about 250 ml distilled water.  
ii) Dissolved 0.291 g of antimony potassium tartarate in 100 ml of distilled water. Added 
the two solutions to 1L of 5N H2SO4. Mixed thoroughly and made the volume to 2L with 
distilled water. 
 
Bray’s P-1 extractant 
Dissolved 1.110 g of AR grade ammonium fluoride in one liter of 0.025N HCl. 
 
Plasmid extraction solution I (10X) 
Tris-HCl  25 mM  (pH 8.0) 
Glucose  50 mM 
Na2EDTA 10mM 
 
Plasmid extraction solution II 
NaOH   5M  
SDS   10% 
 
Plasmid extraction solution III 
5.0 M K-acetate (pH 4.5) 
 
Agarose gel loading dye (6X) 
Bromophenol blue    0.25% 
Xylene cyanol FF   0.25% 
Glycerol in water    30.0% 
 
Ligation reaction of amplicon in pTZ57R/T 
Plasmid pTZ57R/T (50ng/µl)  3µl  
Amplicon (75ng/µl)    4µl  
Buffer (10X)     3µl  
T4 Ligase     1µl  
H2O      19µl  
Ligation reaction of amplicon in pGEM-Teasy 
Plasmid pGEM-Teasy (50ng/µl)  1µl  
Amplicon (75ng/µl)      1µl  
Buffer (2X)         5µl  
T4 Ligase         1µl  
H2O          2µl 
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Primers 
 
M13 forward primer  5’'-GTAAAACGACGGCCAGT-3’ 

M13 reverse primer  5’-CAGGAAACAGCTATGAC-3’ 

T7 primer  5’-TAATACGACTCACTATAGGG-3’ 

SP6 primer 5’-ATTTAGGTGACACTATAG-3’ 

Rep forward primer 5’-IIIICGICGICATCIGGC -3’ 

Rep reverse primer 5’-ICGICTTATCIGGCCTAC - 3’ 

16S rDNA forward primer 5’-AGAGTTTGATCCTGGCTCAG-3’ 

16S rDNA reverse primer 5’-ACGGGCGGTGTGTTC-3’ 

16S rDNA forward primer (V3 region) 5’-GACTCCTACGGGAGGCAGCAG -3’ 

16S rDNA reverse primer (V3 region) 5’-ATTACCGCGGCTGCTGG -3’ 
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Appendix II 
 

16S rDNA sequences of red mud isolates 
16S rDNA sequences of red mud isolate RM9P 
 
LOCUS       EF675619                1511 bp    DNA     linear   BCT 16-JUL-2007 
DEFINITION  Planococcus sp. RM9P 16S ribosomal RNA gene, partial sequence. 
ACCESSION   EF675619 
VERSION     EF675619.1  GI:151549010 
KEYWORDS    . 
SOURCE      Planococcus sp. RM9P 
  ORGANISM  Planococcus sp. RM9P 
            Bacteria; Firmicutes; Bacillales; Planococcaceae; Planococcus. 
REFERENCE   1  (bases 1 to 1511) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Phylogenetic and physiological diversity of a heterotrophic aerobic 
            population of bacteria from extremely alkaline bauxite residue (red 
            mud) 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 1511) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (13-JUN-2007) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..1511 
                     /organism="Planococcus sp. RM9P" 
                     /mol_type="genomic DNA" 
                     /strain="RM9P" 
                     /isolation_source="bauxite residue (red mud)" 
                     /db_xref="taxon:453995" 
     rRNA            <1..>1511 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag gacgaacgct ggcggcgtgc ctaatacatg caagtcgagc 
       61 ggaaccggtg gagcttgctc cattggttta gcggcggacg ggtgagtaac acgtgggcaa 
      121 cctgccctgc agatcgggat aactccggga aaccggtgct aataccgaat agtttgcggc 
      181 ctctcatgag gctgcacgga aagacggttt cggctgtcac tgcaggatgg gcccgcggcg 
      241 cattagctag ttggtggggt aacggcccac caaggcgacg atgcgtagcc gacctgagag 
      301 ggtgatcggc cacactggga ctgagacacg gcccagactc ctacgggagg cagcagtagg 
      361 gaatcttccg caatggacga aagtctgacg gagcaacgcc gcgtgagtga agaaggtttt 
      421 cggatcgtaa aactctgttg tgagggaaga acaagtacca gctaactact ggtaccttga 
      481 cggtacctca ccagaaagcc acggctaact acgtgccagc agccgcggta atacgtaggt 
      541 ggcaagcgtt gtccggaatt attgggcgta aagcgcgcgc aggcggtcct ttaagtctga 
      601 tgtgaaagcc cacggctcaa ccgtggaggg tcattggaaa ctgggggact tgagtgcaga 
      661 agaggaaagt ggaattccac gtgtagcggt gaaatgcgta gagatgtgga ggaacaccag 
      721 tggcgaaggc gactctttgg tctgtaactg acgctgaggc gcgaaagcgt ggggagcaaa 
      781 caggattaga taccctggta gtccacgccg taaacgatga gtgctaagtg ttagagggtt 
      841 tccgcccttt agtgctgcag ctaacgcatt aagcactccg cctggggagt acggccgcaa 
      901 ggctgaaact caaaggaatt gacgggggcc cgcacaagcg gtggagcaag tggtttaatt 
      961 cgaagcaacg cgaagaacct taccaggtct tgacatcccg ctgcccgcct tggagacaag 
     1021 gctttccctt cggggacagc ggtgacaggt ggtgcatggt tgtcgtcagc tcgtgtcgtg 
     1081 agatgttggg ctaagtcccg caacgagcgc aacccttgat cttagttgcc agcattcagt 
     1141 tgggcactct aaggtgactg ccggtgacaa accggaggaa ggtggggatg acgtcaaatc 
     1201 atcatgcccc ttatgacctg ggctacacac gtgctacaat ggacggtaca aagggtcgcg 
     1261 aacccgcgag ggggagccaa tcccagaaaa ccgttctcag ttcggattgc aggctgcaac 
     1321 tcgcctgcat gaagccggaa ttgctagtaa tcgcggatca gcatgccgcg gtgaatacgt 
     1381 tcccgggcct tgtacacacc gcccgtcaca ccacgagagt ttgtaacacc cgaagtcggt 
     1441 ggagtaaccg taaggagcta gccgcctaag gtgggacaga tgattggggt gaagtcgtaa 
     1501 caaggtaacc a 
// 
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16S rDNA sequences of red mud isolate RM10E 
 
LOCUS       EF675620                1514 bp    DNA     linear   BCT 16-JUL-2007 
DEFINITION  Bacillus sp. RM10E 16S ribosomal RNA gene, partial sequence. 
ACCESSION   EF675620 
VERSION     EF675620.1  GI:151549011 
KEYWORDS    . 
SOURCE      Bacillus sp. RM10E 
  ORGANISM  Bacillus sp. RM10E 
            Bacteria; Firmicutes; Bacillales; Bacillaceae; Bacillus. 
REFERENCE   1  (bases 1 to 1514) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Phylogenetic and physiological diversity of a heterotrophic aerobic 
            population of bacteria from extremely alkaline bauxite residue (red 
            mud) 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 1514) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (13-JUN-2007) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..1514 
                     /organism="Bacillus sp. RM10E" 
                     /mol_type="genomic DNA" 
                     /strain="RM10E" 
                     /isolation_source="bauxite residue (red mud)" 
                     /db_xref="taxon:453990" 
     rRNA            <1..>1514 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag gatgaacgct ggcggcgtgc ctaatacatg caagtcgagc 
       61 gaatggatta agagcttgct cttatgaagt tagcggcgga cgggtgagta acacgtgggt 
      121 aacctgccca taagactggg ataactccgg gaaaccgggg ctaataccgg ataacatttt 
      181 gaaccgcatg gttcgaaatt gaaaggcggc ttcggctgtc acttatggat ggacccgcgt 
      241 cgcattagct agttggtgag gtaacggctc accaaggcaa cgatgcgtag ccgacccgag 
      301 agggtgatcg gccacactgg gactgagaca cggcccagac tcctgcggga ggcagcagta 
      361 gggaatcttc cgcaatggac gaaagtctga cggagcaacg ccgcgtgagt gatgaaggct 
      421 ttcgggtcgt aaaactctgt tgttagggaa gaacaagtgc tagttgaata agctggcacc 
      481 ttgacggtac ctaaccagaa agccacggct aactacgtgc cagcagccgc cgtaatacgt 
      541 aggtggcaag cgttatccgg aattattggg cgtaaagcgc gcgcaggtgg tttcttaagt 
      601 ctgatgtgaa agcccacggc tcaaccgtgg agggtcattg gaaactggga gacttgagtg 
      661 cagaagagga aagtggaatt ccatgtgtag cggtgaaatg cgtagagata tggaggaaca 
      721 ccagtggcga aggcgacttt ctggtctgta actgacactg aggcgcgaaa gcgtggggag 
      781 caaacaggat tagataccct ggtagtccac gccgtaaacg atgagtgcta agtgttagag 
      841 ggtttccgcc ctttagtgct gaagttaacg cattaagcac tccgcctggg gagtacggcc 
      901 gcaaggctga aactcaaagg aattgacggg ggcccgcaca agcggtggag catgtggttt 
      961 aattcgaagc atcgcgaaga accttaccag gtcttgacat cctctgacaa ccctagagat 
     1021 agggcttctc cttcgggagc agagtgacag gtggtgcatg gttgtcgtca gctcgtgtcg 
     1081 tgagatgttg ggttaagtcc cgcaacgagc gcaacccttg atcttagttg ccatcattaa 
     1141 gttgggcact ctaaggtgac tgccggtgac aaaccggagg aaggtgggga tgacgtcaaa 
     1201 tcatcatgcc ccttatgacc tgggctacac acgtgctaca atggacggta caaagagctg 
     1261 caagaccgcg aggtggagct aatctcataa aaccgttctc agttcggatt gtaggctgca 
     1321 actcgcctac atgaagctgg aatcgctagt aatcgcggat cagcatgccg cggtgaatac 
     1381 gttcccgggc cttgtacaca ccgcccgtca caccacgaga gtttgtaaca cccgaagtcg 
     1441 gtggggtaac ctttttggag ccagccgcct aaggtgggac agatgattgg ggtgaagtcg 
     1501 taacaaggta acca 
// 
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16S rDNA sequences of red mud isolate RM10D 
 
LOCUS       EF675621                1486 bp    DNA     linear   BCT 16-JUL-2007 
DEFINITION  Microbacterium sp. RM10D 16S ribosomal RNA gene, partial sequence. 
ACCESSION   EF675621 
VERSION     EF675621.1  GI:151549012 
KEYWORDS    . 
SOURCE      Microbacterium sp. RM10D 
  ORGANISM  Microbacterium sp. RM10D 
            Bacteria; Actinobacteria; Actinobacteridae; Actinomycetales; 
            Micrococcineae; Microbacteriaceae; Microbacterium. 
REFERENCE   1  (bases 1 to 1486) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Phylogenetic and physiological diversity of a heterotrophic aerobic 
            population of bacteria from extremely alkaline bauxite residue (red 
            mud) 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 1486) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (13-JUN-2007) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..1486 
                     /organism="Microbacterium sp. RM10D" 
                     /mol_type="genomic DNA" 
                     /strain="RM10D" 
                     /isolation_source="bauxite residue (red mud)" 
                     /db_xref="taxon:453994" 
     rRNA            <1..>1486 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag gatgaacgct ggcggcgtgc ttaacacatg caagtcgaac 
       61 ggtgaagccc agcttgctgg gtggatcagt ggcgaacggg tgagtaacac gtgagcaatc 
      121 tgcccctgac tctgggataa gcgctggaaa cggcgtctaa tactggatac gagctgcgat 
      181 cgcatggtca gtagctggaa agattttttg gtcagggatg agctcgcggc ctatcagctt 
      241 gttggtgagg taatggctca ccaaggcgtc gacgggtagc cggcctgaga gggtgaccgg 
      301 ccacactggg actgagacac ggcccagact cctacgggag gcagcagtgg ggaatattgc 
      361 acaatgggcg caagcctgat gcagcaacgc cgcgtgaggg atgacggcct tcgggttgta 
      421 aacctctttt agcagggaag aagcgaaagt gacggtacct gcagaaaaag cgccggctaa 
      481 ctacgtgcca gcagccgcgg taatacgtag ggcgcaagcg ttatccggaa ttattgggcg 
      541 taaagagctc gtaggcggtt tgtcgcgtct gctgtgaaat cccgaggctc aacctcgggt 
      601 ctgcagtggg tacgggcaga ctagagtgcg gtaggggaga ttgggaattc ctggtgtagc 
      661 ggtggaatgc gcagatatca ggaggaacac cgatggcgaa ggcagatctc tgggccgtaa 
      721 ctgacgctga ggagcgaaag ggtggggagc aaacaggctt agataccctg gtagtccacc 
      781 ccgtaaacgt tgggaactag ttgtggggtc cattccacgg attccgtgac gcagctaacg 
      841 cattaagttc cccgcctggg gagtacggcc gcaaggctaa aactcaaagg aattgacggg 
      901 gacccgcaca agcggcggag catgcggatt aattcgatgc aacgcgaaga accttaccaa 
      961 ggcttgacat acaccagaac accgtagaaa tacgggactc tttggacact ggtgaacagg 
     1021 tggtgcatgg ttgtcgtcag ctcgtgtcgt gagatgttgg gttaagtccc gcaacgagcg 
     1081 caaccctcgt tctatgttgc cagcacgtaa tggtgggaac tcatgggata ctgccggggt 
     1141 caactcggag gaaggtgggg atgacgtcaa atcatcatgc cccttatgtc ttgggcttca 
     1201 cgcatgctac aatggccggt acaaagggct gcaataccgt gaggtggagc gaatcccaaa 
     1261 aagccggtcc cagttcggat tgaggtctgc aactcgacct catgaagtcg gagtcgctag 
     1321 taatcgcaga tcagcaacgc tgcggtgaat acgttcccgg gtcttgtaca caccgcccgt 
     1381 caagtcatga aagtcggtaa cacctgaagc cggtggccca acccttgtgg agggagccgt 
     1441 cgaaggtggg atcggtaatt aggactaagt cgtaacaagg taacca 
// 
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16S rDNA sequences of red mud isolate RM11R 
 
LOCUS       EF675622                1512 bp    DNA     linear   BCT 16-JUL-2007 
DEFINITION  Salinicoccus sp. RM11R 16S ribosomal RNA gene, partial sequence. 
ACCESSION   EF675622 
VERSION     EF675622.1  GI:151549013 
KEYWORDS    . 
SOURCE      Salinicoccus sp. RM11R 
  ORGANISM  Salinicoccus sp. RM11R 
            Bacteria; Firmicutes; Bacillales; Salinicoccus. 
REFERENCE   1  (bases 1 to 1512) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Phylogenetic and physiological diversity of a heterotrophic aerobic 
            population of bacteria from extremely alkaline bauxite residue (red 
            mud) 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 1512) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (13-JUN-2007) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..1512 
                     /organism="Salinicoccus sp. RM11R" 
                     /mol_type="genomic DNA" 
                     /strain="RM11R" 
                     /isolation_source="bauxite residue (red mud)" 
                     /db_xref="taxon:453997" 
     rRNA            <1..>1512 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag gatgaacgct ggcggcgtgc ctaatacatg caagtcgaac 
       61 gcgcggatca ggagcttgct cctgtgacgc gagtggcgga cgggtgagta acacgtaggc 
      121 aacctgccca tcagactggg ataaccacgg gaaaccgtgg ctaataccgg ataatccttt 
      181 tccacacagg tgggaaagtt gaaaggcggc ttcggctgtc actgatggat gggcctgcgg 
      241 cgcattagct ggttggtggg gtaacggccc accaaggcga cgatgcgtag ccgacctgag 
      301 agggtgatcg gccacactgg gactgagaca cggcccagac tcctacggga ggcagcagta 
      361 gggaatcttc cgcaatggac gaaagtctga cggagcaacg ccgcgtgagt gaagaagggt 
      421 ttcggctcgt aaaactctgt tgtcagggaa gaacgccgac gggagtaact gcccgtcggg 
      481 tgacggtacc tgaccagaaa gccacggcta actacgtgcc agcagccgcg gtaatacgta 
      541 ggtggcaagc gttatccgga attattgggc gtaaagcgcg cgtaggcggt tcgttaagtc 
      601 tgatgtgaaa gcccccggct caaccgggga gggtcattgg aaactggcgg acttgagtgc 
      661 agaagaggag agtggaattc catgtgtagc ggtgaaatgc gcagagatat ggaggaacac 
      721 cagtggcgaa ggcggctctc tggtctgcaa ctgacgctga ggtgcgaaag cgtggggatc 
      781 aaacaggatt agataccctg gtagtccacg ccgtaaacga tgagtgctaa gtgttagggg 
      841 gtttccgccc cttagtgctg cagctaacgc attaagcact ccgcctgggg agtacggccg 
      901 caaggttgaa actcaaagga attgacgggg acccgcacaa gcggtggagc atgtggttta 
      961 attcgaagca acgcgaagaa ccttaccaaa tcttgacatc ctctgaccac cctggagaca 
     1021 gggtttccct tcggggcaga gtgacaggtg gtgcatggtt gtcgtcagct cgtgtcgtga 
     1081 gatgttgggt taagtcccgc aacgagcgca acccttatca ttagttgcca gcattcagtt 
     1141 gggcactcta atgagactgc cggtgacaaa ccggaggaag gtggggatga cgtcaaatca 
     1201 tcatgcccct tatgatttgg gctacacacg tgctacaatg gacaggtaac aaagggcagc 
     1261 taagccgcga ggccaagcga atcccataaa actgttctca gttcggattg gagtctgcaa 
     1321 ctcgactcca tgaagctgga atcgctagta atcgtggatc agaatgccac ggtgaatacg 
     1381 ttcccgggtc ttgtacacac cgcccgtcac accacgaaag tcggtaacac ctgaagccgg 
     1441 tgggccaacc tcttggaggc agccgtcgaa ggtgggaccg atgattgggg tgaagtcgta 
     1501 acaaggtaac ca 
// 
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16S rDNA sequences of red mud isolate RM12W 
 
LOCUS       EF675623                1499 bp    DNA     linear   BCT 16-JUL-2007 
DEFINITION  Pseudomonas sp. RM12W 16S ribosomal RNA gene, partial sequence. 
ACCESSION   EF675623 
VERSION     EF675623.1  GI:151549014 
KEYWORDS    . 
SOURCE      Pseudomonas sp. RM12W 
  ORGANISM  Pseudomonas sp. RM12W 
            Bacteria; Proteobacteria; Gammaproteobacteria; Pseudomonadales; 
            Pseudomonadaceae; Pseudomonas. 
REFERENCE   1  (bases 1 to 1499) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Phylogenetic and physiological diversity of a heterotrophic aerobic 
            population of bacteria from extremely alkaline bauxite residue (red 
            mud) 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 1499) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (13-JUN-2007) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..1499 
                     /organism="Pseudomonas sp. RM12W" 
                     /mol_type="genomic DNA" 
                     /strain="RM12W" 
                     /isolation_source="bauxite residue (red mud)" 
                     /db_xref="taxon:453996" 
     rRNA            <1..>1499 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag attgaacgct ggcgacaggc ctaacacatg caagtcgagc 
       61 ggatgaaggg agcttgctcc ctgatttagc ggcggacggg tgagtaatgc ctaggaatct 
      121 gcctggtagt gggggataac gttccgaaag gaacgctaat accgcatacg tcctacggga 
      181 gaaagcaggg gaccttcggg ccttgcgcta tcagatgagc ctaggtcgga ttagctagtt 
      241 ggtgaggtaa tggctcacca aggcgacgat ccgtaactgg tctgagagga tgatcagtca 
      301 cactggaact gagacacggt ccagactcct acgggaggca gcagtgggga atattggaca 
      361 atgggcgaaa gcctgatcca gccatgccgc gtgtgtgaag aaggtcttcg gattgtaaag 
      421 cactttaagt tgggaggaag ggcagtaagt taataccttg ctgttttgac gttaccgaca 
      481 gaataagcac cggctaactt cgtgccagca gccgcggtaa tacgaagggt gcaagcgtta 
      541 atcggaatta ctgggcgtaa agcgcgcgta ggtggttcgt taagttggat gtgaaagccc 
      601 cgggctcaac ctgggaactg catccaaaac tggcgagcta gagtacggta gagggtggtg 
      661 gaatttcctg tgtagcggtg aaatgcgtag atataggaag gaacaccagt ggcgaaggcg 
      721 accacctgga ctgatactga cactgaggtg cgaaagcgtg gggagcaaac aggattagat 
      781 accctggtag tccacgccgt aaacgatgtc aactagccgt tgggttcctt gagaacttag 
      841 tggcgcagct aacgcattaa gttgaccgcc tggggagtac ggccgcaagg ttaaaactca 
      901 aatgaattga cgggggcccg cacaagcggt ggagcatgtg gtttaattcg aagcaacgcg 
      961 aagaacctta cctggccttg acatgctgag aactttccag agatggattg gtgccttcgg 
     1021 gaactcagac acaggtgctg catggctgtc gtcagctcgt gtcgtgagat gttgggttaa 
     1081 gtcccgtaac gagcgcaacc cttgtcctta gttaccagca cgttatggtg ggcactctaa 
     1141 ggagactgcc ggtgacaaac cggaggaagg tggggatgac gtcaagtcat catggccctt 
     1201 acggccaggg ctacacacgt gctacaatgg tcggtacaaa gggttgccaa gccgcgaggt 
     1261 ggagctaatc ccataaaacc gatcgtagtc cggatcgcag tctgcaactc gactgcgtga 
     1321 agtcggaatc gctagtaatc gtgaatcaga atgtcacggt gaatacgttc ccgggccttg 
     1381 tacacaccgc ccgtcacacc atgggagtgg gttgctccag aagtagctag tctaaccttc 
     1441 ggggggacgg ttaccacgga gtgattcatg actggggtga agtcgtaaca aggtaacca 
// 
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16S rDNA sequences of red mud isolate RM13Y 
 
LOCUS       EF675624                1498 bp    DNA     linear   BCT 16-JUL-2007 
DEFINITION  Kocuria sp. RM13Y 16S ribosomal RNA gene, partial sequence. 
ACCESSION   EF675624 
VERSION     EF675624.1  GI:151549015 
KEYWORDS    . 
SOURCE      Kocuria sp. RM13Y 
  ORGANISM  Kocuria sp. RM13Y 
            Bacteria; Actinobacteria; Actinobacteridae; Actinomycetales; 
            Micrococcineae; Micrococcaceae; Kocuria. 
REFERENCE   1  (bases 1 to 1498) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Phylogenetic and physiological diversity of a heterotrophic aerobic 
            population of bacteria from extremely alkaline bauxite residue (red 
            mud) 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 1498) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (13-JUN-2007) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..1498 
                     /organism="Kocuria sp. RM13Y" 
                     /mol_type="genomic DNA" 
                     /strain="RM13Y" 
                     /isolation_source="bauxite residue (red mud)" 
                     /db_xref="taxon:453993" 
     rRNA            <1..>1498 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 tagagtttga tcctggctca ggacgaacgc tggcggcgtg cttaacacat gcaagtcgaa 
       61 cgctgaagct ccagcttgct ggggtggatg agtggcgaac gggtgagtaa tacgtgagta 
      121 acctgccctt gactctggga taagcctggg aaaccgggtc taatactgga tacgactcct 
      181 catcgcatgg tggggtgtgg aaagggtttt actggttttg gatgggctca cggcctatca 
      241 gcttgttggt ggggtaatgg cctaccaagg cgacgacggg tagccggcct gagagggtga 
      301 ccggccacac tgggactgag acacggccca gactcctacg ggaggcagca gtggggaata 
      361 ttgcacaatg ggcgcaaggc cagcctgatg cagcgacgcc gcgtgaggga tgacggcctt 
      421 cgggttgtaa acctctttca gcagggaaga agccacaagt gacggtacct gcagaagaag 
      481 cgccggctaa ctacgtgcca gcagccgcgg taatacgtag ggcgcaagcg ttgtccggaa 
      541 ttattgggcg taaagagctc gtaggcggtt tgtcgcgtct gctgtgaaag cccggggctc 
      601 aaccccgggt ctgcagtggg tacgggcaga ctagagtgca gtaggggaga ctggaattcc 
      661 tggtgtagcg gtgaaatgcg cagatatcag gaggaacacc gatggcgaag gcaggtctct 
      721 gggctgttac tgacgctgag gagcgaaagc atggggagcg aacaggatta gataccctgg 
      781 tagtccatgc cgtaaacgtt gggcactagg tgtgggggac attccacgtt ctccgcgccg 
      841 tagctaacgc attaagtgcc ccgcctgggg agtacggccg caaggctaaa actcaaagga 
      901 attgacgggg gcccgcacaa gcggcggagc atgcggatta attcgatgca acgcgaagaa 
      961 ccttaccaag gcttgacatc caccggaccg cactggagac agtgcttccc ttcggggctg 
     1021 gtggacaggt ggtgcatggt tgtcgtcagc tcgtgtcgtg agatgttggg ttaagtcccg 
     1081 caacgagcgc aaccctcgtt ctatgttgcc agcacgtgat ggtggggact cataggagac 
     1141 tgccggggtc aactcggagg aaggtgggga tgacgtcgaa tcatcatgcc ccttatgtct 
     1201 tgggcttcac gcatgctaca atggccggta caaagggttg cgatactgtg aggtggagct 
     1261 aatcccaaaa agccggtctc agttcggatt gaggtctgca actcgacctc atgaagtcgg 
     1321 agtcgctagt aatcgcagat cagcaacgct gcggtgaata cgttcccggg ccttgtacac 
     1381 accgcccgtc aagtcacgaa agttggtaac acccgaagcc ggtggcctaa ccccttgtgg 
     1441 gagggagccg tcgaaggtgg gaccggcgat tgggactaag tcgtaacaag gtaaccaa 
// 
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16S rDNA sequences of red mud isolate RM1 
 
LOCUS       EF675625                1488 bp    DNA     linear   BCT 16-JUL-2007 
DEFINITION  Kocuria sp. RM1 16S ribosomal RNA gene, partial sequence. 
ACCESSION   EF675625 
VERSION     EF675625.1  GI:151549016 
KEYWORDS    . 
SOURCE      Kocuria sp. RM1 
  ORGANISM  Kocuria sp. RM1 
            Bacteria; Actinobacteria; Actinobacteridae; Actinomycetales; 
            Micrococcineae; Micrococcaceae; Kocuria. 
REFERENCE   1  (bases 1 to 1488) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Phylogenetic and physiological diversity of a heterotrophic aerobic 
            population of bacteria from extremely alkaline bauxite residue (red 
            mud) 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 1488) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (13-JUN-2007) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..1488 
                     /organism="Kocuria sp. RM1" 
                     /mol_type="genomic DNA" 
                     /strain="RM1" 
                     /isolation_source="bauxite residue (red mud)" 
                     /db_xref="taxon:453992" 
     rRNA            <1..>1488 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 tagagtttga tcctggctca ggacgaacgc tggcggcgtg cttaacacat gcaagtcgaa 
       61 cgatgatctc ccgcttgcgg gggtgattag tggcgaacgg gtgagtaata cgtgagtaac 
      121 ctgcccttga ctctgggata agcctgggaa accgggtcta atactggata ctaccgtcca 
      181 ccgcatggtg ggtggtggaa agggttttac tggttttgga tgggctcacg gcctatcagc 
      241 ttgttggtgg ggtaatggct caccaaggcg acgacgggta gccggcctga gagggtgacc 
      301 ggccacactg ggactgagac acggcccaga ctcctacggg aggcagcagt ggggaatatt 
      361 gcacaatggg cggaagcctg atgcagcgac gccgcgtgag ggatgacggc cttcgggttg 
      421 taaacctctt tcagtaggga agaagcgaaa gtgacggtac ctgcagaaga agcgccggct 
      481 aactacgtgc cagcagccgc ggtaatacgt agggcgcaag cgttgtccgg aattattggg 
      541 cgtaaagagc tcgtaggcgg tttgtcgcgt ctgctgtgaa agcccggggc tcaaccccgg 
      601 gtctgcagtg ggtacgggca gactagagtg cagtagggga gactggaatt cctggtgtag 
      661 cggtgaaatg cgcagatatc aggaggaaca ccgatggcga aggcaggtct ctgggctgtt 
      721 actgacgctg aggagcgaaa gcatggggag cgaacaggat tagataccct ggtagtccat 
      781 gccgtaaacg ttgggcacta ggtgtggggg acattccacg ttttccgcgc cgtagctaac 
      841 gcattaagtg ccccgcctgg ggagtacggc cgcaaggcta aaactcaaag gaattgacgg 
      901 gggcccgcac aagcggcgga gcatgcggat taattcgatg caacgcgaag aaccttacca 
      961 aggcttgaca ttcaccggac cgccccagag atggggtttc ccttcggggt cggtggacag 
     1021 gtggtgcatg gttgtcgtca gctcgtgtcg tgagatgttg ggttgagtcc cgcaacgagc 
     1081 gcaaccctcg ttctatgttg ccagcacgtg atggtgggga ctcataggag actgccgggg 
     1141 ttaactcgga ggaaggtggg gatgacgtca aatcatcatg ccccttatgt cttgggcttc 
     1201 acgcatgcta caatggccgg tacaaagggt tgcgatactg tgaggtggag ctaatcccaa 
     1261 aaagccggtc tcagttcgga ttgaggtctg caactcgacc tcatgaagtc ggagtcgcta 
     1321 gtaatcgcag atcagcaacg ctgcggtgaa tacgttcccg ggccttgtac acaccgcccg 
     1381 tcaagtcacg aaagttggta acacccgaag ccggtggcct aaccccttgt gggagggagc 
     1441 cgtcgaaggt gggactggcg attgggacta agtcgtaaca aggtaacc 
// 
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16S rDNA sequences of red mud isolate RM1A 
 
LOCUS       EF675626                1515 bp    DNA     linear   BCT 16-JUL-2007 
DEFINITION  Bacillus sp. RM1A 16S ribosomal RNA gene, partial sequence. 
ACCESSION   EF675626 
VERSION     EF675626.1  GI:151549017 
KEYWORDS    . 
SOURCE      Bacillus sp. RM1A 
  ORGANISM  Bacillus sp. RM1A 
            Bacteria; Firmicutes; Bacillales; Bacillaceae; Bacillus. 
REFERENCE   1  (bases 1 to 1515) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Phylogenetic and physiological diversity of a heterotrophic aerobic 
            population of bacteria from extremely alkaline bauxite residue (red 
            mud) 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 1515) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (13-JUN-2007) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..1515 
                     /organism="Bacillus sp. RM1A" 
                     /mol_type="genomic DNA" 
                     /strain="RM1A" 
                     /isolation_source="bauxite residue (red mud)" 
                     /db_xref="taxon:453991" 
     rRNA            <1..>1515 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag gacgaacgct ggcggcgtgc ctaatacatg caagtcgagc 
       61 ggacttgagg gagcttactc ccgatggtca gcggcggacg ggtgagtaac acgtgggcaa 
      121 cctgccctgc agatggggat aactccggga aaccggggct aataccgaat gatcgatagc 
      181 accgcatggt gctattctga aagatggttt cggctatcac tgcaggatgg gcccgcggcg 
      241 cattagcttg ttggtggggt aatggcctac caaggcgacg atgcgtagcc gacctgagag 
      301 ggtgatcggc cacactggga ctgagacacg gcccagactc ctacgggagg cagcagtagg 
      361 gaatcttccg caatggacga aagtctgacg gagcaacgcc gcgtgagcga agaaggcctt 
      421 cgggtcgtaa agctctgttg taagggaaga acaagtgcca tttaactgat ggcaccttga 
      481 cggtaccttg cgagaaagcc acggctaact acgtgccagc agccgcggta atacgtaggt 
      541 ggcaagcgtt gtccggattt attgggcgta aagcgcgcgc aggcggtcct ttaagtctga 
      601 tgtgaaagcc cacggctcaa ccgtggaggg tcattggaaa ctgggggact tgagtgcaga 
      661 agaggaaagc ggaattccac gtgtagcggt gaaatgcgta gagatgtgga ggaacaccag 
      721 tggcgaaggc ggctttctgg tctgtaactg acgctgaggc gcgaaagcgt ggggagcaaa 
      781 caggattaga taccctggta gtccacgccg taaacgatga gtgctaagtg ttagggggtt 
      841 tccgcccctt agtgctgcag ctaacgcatt aagcactccg cctggggagt acggccgcaa 
      901 ggctgaaact caaaggaatt gacgggggag cccgcacaag cggtggagca tgtggtttaa 
      961 ttcgaagcaa cgcgaagaac cttaccaggt cttgacatcc tctgacaact ctggagacag 
     1021 agcgttcccc ttcgggggac agagtgacag gtggtgcatg gttgtcgtca gctcgtgtcg 
     1081 tgagatgttg ggttaagtcc cgcaacgagc gcaacccttg atcttagttg ccagcattca 
     1141 gttgggcact ctaaggtgac tgccggtgac aaaccggagg aaggtgggga tgacgtcaaa 
     1201 tcatcatgcc ccttatgacc tgggctacac acgtgctaca atggacggta caaagggctg 
     1261 cgaacccgcg agggggagcc aatcccataa aaccgttctt agttcggatt gcaggctgca 
     1321 actcgcctgc atgaagccgg aatcgctagt aatcgcggat cagcatgccg cggtgaatac 
     1381 gttcccgggc cttgtacaca ccgcccgtca caccacgaga gtttgtaaca cccgaagtcg 
     1441 gtggggtaac ccttttggga gccagccgcc gaaggtggga cagatgattg gggtgaagtc 
     1501 gtaacaaggt aacca 
// 
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16S rDNA sequences of red mud isolate RM6 
 
LOCUS       EF675627                1512 bp    DNA     linear   BCT 16-JUL-2007 
DEFINITION  Bacillus sp. RM6 16S ribosomal RNA gene, partial sequence. 
ACCESSION   EF675627 
VERSION     EF675627.1  GI:151549018 
KEYWORDS    . 
SOURCE      Bacillus sp. RM6 
  ORGANISM  Bacillus sp. RM6 
            Bacteria; Firmicutes; Bacillales; Bacillaceae; Bacillus. 
REFERENCE   1  (bases 1 to 1512) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Phylogenetic and physiological diversity of a heterotrophic aerobic 
            population of bacteria from extremely alkaline bauxite residue (red 
            mud) 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 1512) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (13-JUN-2007) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..1512 
                     /organism="Bacillus sp. RM6" 
                     /mol_type="genomic DNA" 
                     /strain="RM6" 
                     /isolation_source="bauxite residue (red mud)" 
                     /db_xref="taxon:410796" 
     rRNA            <1..>1512 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 tagagtttga tcctggctca ggacgaacgc tggcggcgtg cctaatacat gcaagtcgag 
       61 cgaatcaatg ggagcttgct ccctgagatt agcggcggac gggtgagtaa cacgtgggta 
      121 acctgcctgt aagattggga taactccggg aaaccggagc taataccgga taacattttg 
      181 aaccgcatgg ttcaaaattg aaaggtggct tttgctatca cttacagatg gacccgcggc 
      241 gcattagcta gttggtgagg taacggctca ccaaggcaac gatgcgtagc cgacctgaga 
      301 gggtgatcgg ccacactggg actgagacac ggcccagact cctacgggag gcagcagtag 
      361 ggaatcttcc gcaatggacg aaagtctgac ggagcaacgc cgcgtgaacg atgaaggcct 
      421 tcgggtcgta aagttctgtt gttagggaag aacaagtacc agagtaactg ctggtacctt 
      481 gacggtacct aaccagaaag ccacggctaa ctacgtgcca gcagccgcgg taatacgtag 
      541 gtggcaagcg ttgtccggaa ttattgggcg taaagcgtac gcaggcggtt tcttaagtct 
      601 gatgtgaaag cccacggctc aaccgtggag ggtcattgga aactggggaa cttgagtaca 
      661 gaagaggaga gtggaattcc acgtgtagcg gtgaaatgcg tagagatgtg gaggaacacc 
      721 agtggcgaag gcgactctct ggtctgtaac tgacgctgag gtacgaaagc gtggggagcg 
      781 aacaggatta gataccctgg tagtccacgc cgtaaacgat gagtgctaag tgttagaggg 
      841 tttccgccct ttagtgctgc agcaaacgca ttaagcactc cgcctgggga gtacggtcgc 
      901 aagactgaaa ctcaaaggaa ttgacggggg cccgcacaag cggtggagca tgtggtttaa 
      961 ttcgaagcaa cgcgaagaac cttaccaggt cttgacatcc cactgcccgg tatagagata 
     1021 tacctttccc ttcggggaca gtggtgacag gtggtgcatg gttgtcgtca gctcgtgtcg 
     1081 tgagatgttg ggttaagtcc cgcaacgagc gcaacccttg atcttagttg ccagcattta 
     1141 gttgggcact ctaaggtgac tgccggtgac aaaccggagg aaggtgggga tgacgtcaaa 
     1201 tcatcatgcc ccttatgacc tgggctacac acgtgctaca atggatggta caaagggctg 
     1261 caagaccgcg aggtcaagcc aatcccataa aaccattctc agttcggatt gcaggctgca 
     1321 actcgcctgc atgaagctgg aatcgctagt aatcgcggat cagcatgccg cggtgaatac 
     1381 gttcccgggc cttgtacaca ccgcccgtca caccacgaga gtttgtaaca cccgaagtcg 
     1441 gtggggtaac cgtaaggagc cagccgccta aggtgggaca gatgattggg gtgaagtcgt 
     1501 aacaaggtaa cc 
// 
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16S rDNA sequences of red mud isolate RM8 
 
LOCUS       EF675628                1489 bp    DNA     linear   BCT 16-JUL-2007 
DEFINITION  Agromyces sp. RM8 16S ribosomal RNA gene, partial sequence. 
ACCESSION   EF675628 
VERSION     EF675628.1  GI:151549019 
KEYWORDS    . 
SOURCE      Agromyces sp. RM8 
  ORGANISM  Agromyces sp. RM8 
            Bacteria; Actinobacteria; Actinobacteridae; Actinomycetales; 
            Micrococcineae; Microbacteriaceae; Agromyces. 
REFERENCE   1  (bases 1 to 1489) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Phylogenetic and physiological diversity of a heterotrophic aerobic 
            population of bacteria from extremely alkaline bauxite residue (red 
            mud) 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 1489) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (13-JUN-2007) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..1489 
                     /organism="Agromyces sp. RM8" 
                     /mol_type="genomic DNA" 
                     /strain="RM8" 
                     /isolation_source="bauxite residue (red mud)" 
                     /db_xref="taxon:453989" 
     rRNA            <1..>1489 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag gacgaacgct ggcggcgtgc ttaacacatg caagtcgaac 
       61 gatgaaccgg gtgcttgcac ctggggatta gtggcgaacg ggtgagtaac acgcgagtaa 
      121 cctgccctgg actctgggat aaccccgaga aatcggagct aataccggat aggacctttc 
      181 ctcgcatgag gtttggtgga aagtttttcg gtctgggatg gactcgcggc ctatcagctt 
      241 gttggtgagg taatggctca ccaaggcgtc gacgggtagc cggcctgaga gggtgaccgg 
      301 ccacactggg actgagacac ggcccagact cctacgggag gcagcagtgg ggaatattgc 
      361 acaatgggcg caagcctgat gcagcaacgc cgcgtgcggg atgacggcct tcgggttgta 
      421 aaccgctttt agtagggaag aagggcttcg gcttgacggt acctgcagaa aaaggaccgg 
      481 ctaactacgt gccagcagcc gcggtaatac gtagggtccg agcgttgtcc ggaattattg 
      541 ggcgtaaaga gctcgtaggc ggtttgtcgc gtctgctgtg aaaactagag gctcaacctc 
      601 tagcctgcag tgggtacggg cagacttgag tggtgtaggg gagactggaa ttcctggtgt 
      661 agcggtggaa tgcgcagata tcaggaggaa caccgatggc gaaggcaggt ctctgggcac 
      721 ttactgacgc tgaggagcga aagcgtgggg agcgaacagg attagatacc ctggtagtcc 
      781 acgccgtaaa cgttgggcgc tagatgtggg gacctttcca cggtttccgt gtcgtagcta 
      841 acgcattaag cgccccgcct ggggagtacg gccgcaaggc taaaactcaa aggaattgac 
      901 gggggcccgc acaagcggcg gagcatgcgg attaattcga tgcaacgcga agaaccttac 
      961 caaggcttga catatacgag aacgggccag aaatggtcaa ctctttggac actcgtatac 
     1021 aggtggtgca tggttgtcgt cagctcgtgt cgtgagatgt tgggttaagt cccgcaacga 
     1081 gcgcaaccct cgtcgcatgt tgccagcacg ttatggtggg gactcatgtg agactgccgg 
     1141 ggtcaactcg gaggaaggtg gggatgacgt caaatcatca tgccccttgt gtcttgggct 
     1201 tcacgcatgc tacaatggcc ggtacaaagg gctgcgatgt cgtaaggcgg agcgaatccc 
     1261 aaaaagccgg tctcagttcg gattgaggtc tgcaactcga cctcatgaag tcggagtcgc 
     1321 tagtaatcgc agatcagcaa cgctgcggtg aatacgttcc cgggccttgt acacaccgcc 
     1381 cgtcaagtca tgaaagtcgg taacacccga agccggtggc ctaacccttg tggagggagc 
     1441 cgccgaaggt gggatcggtg attaggatta agtcgtaaca aggtaacca 
// 
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16S rDNA sequences of red mud clones directly retrieved form red mud  
 
16S rDNA sequences of red mud isolate RMCL-2 
 
LOCUS       EU665639                 705 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-2 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665639 
VERSION     EU665639.1  GI:187960736 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 705) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 705) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..705 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-2" 
                     /environmental_sample 
     rRNA            <1..>705 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag gatgaacgct agcggcaggc ttaatacatg caagtcgagg 
       61 ggcagcagct ttatagcaat atagaggctg gcgaccggca aacgggtgcg gaacacgtac 
      121 acaaccttcc ttgaataggg ggatagccca tagaaatgtg gattaatacc ccgtaatata 
      181 gcggtgtggc atcacactgt tattatagtt tcggcgattc gagatgggtg tgcggctgat 
      241 taggtagttg gcggggtaaa ggcccaccaa gccttcgatc agtagctgat gtgagagcat 
      301 gatcagccac acgggcactg agacacgggc ccgactccta cgggaggcag cagtaaggaa 
      361 tattggtcaa tggacgcaag tctgaaccag ccatgccgcg tgaaggatga aggtcctctg 
      421 gattgtaaac ttcttttata gggggcgaaa aaaggtcttt ctagatcact tgacagtacc 
      481 ctatgaataa gcaccggcta actccgtgcc agcagccgcg gtaatacgga gggtgcaagc 
      541 gttatccgga ttcactgggt ttaaagggtg cgtaggcggg taggtaagtc agaggtgaaa 
      601 tcctggagct taactccaga actgcctttg atactatcta tcttgaatat ggtggaggta 
      661 agcggaatat gtcatgtagc ggtgaaatgc atagatatga catag 
// 
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16S rDNA sequences of red mud isolate RMCL-202 
 
LOCUS       EU665640                 705 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-202 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665640 
VERSION     EU665640.1  GI:187960737 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 705) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 705) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..705 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-202" 
                     /environmental_sample 
     rRNA            <1..>705 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag gatgaacgct agcggcaggc ttaatacatg caagtcgagg 
       61 ggcagcagct ttatagcaat atagaggctg gcgaccggca aacgggtgcg gaacacgtac 
      121 acaaccttcc ttgaataggg ggatagccca tagaaatgtg gattaatacc ccgtaatata 
      181 gcggtgtggc atcacactgt tattatagtt tcggcgattc gagatgggtg tgcggctgat 
      241 tacctagttg gcggggtaaa ggcccaccaa gccttcgatc agtagctgat gtgagagcat 
      301 gatcagccac acgggcactg agacacgggc ccgactccta cgggaggcag cagtaaggaa 
      361 tattggtcaa tggacgcaag tctgaaccag ccatgccgcg tgaaggatga aggtcctctg 
      421 gattgtaaac ttcttttata gggggcgaaa aaaggtcttt ctagatcact tgacagtacc 
      481 ctatgaataa gcaccggcta actccgtgcc agcagccgcg gtaatacgga gggtgcaagc 
      541 gttatccgga ttcactgggt ttaaagggtg cgtaggcggg taggtaagtc agaggtgaaa 
      601 tcctggagct taactccaga actgcctttg atactatcta tcttgaatat ggtggaggta 
      661 agcggaatat gtcatgtagc ggtgaaatgc atagatatga catag 
// 
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16S rDNA sequences of red mud isolate RMCL-107 
 
LOCUS       EU665641                 672 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-107 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665641 
VERSION     EU665641.1  GI:187960738 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 672) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 672) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..672 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-107" 
                     /environmental_sample 
     rRNA            <1..>672 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag attgaacgct ggcggcaggc ttaacacatg caagtcgagc 
       61 ggtagcacaa gggagcttgc tccctgggtg acgagcggcg gacgggtgag taatgtctgg 
      121 gaaactgcct gatggagggg gataactact ggaaacggta gctaataccg cataacgtcg 
      181 caagaccaaa gagggggacc ttcgggcctc ttgacatcag atgtgcccag atgggattag 
      241 ctagtaggtg gggtaatggc tcacctaggc gacgatccct agctggtctg agaggatgac 
      301 cagccacact ggaactgaga cacggtccag actcctacgg gaggcagcag tggggaatat 
      361 ttcacaatgg gcgcaagcct gatgcagcca tgccgcgtgt gtgaagaagg ccttcgggtt 
      421 gtaaagcact ttcagcgagg aggaaggtgg tgagcttaat acgctcatca attgacgtta 
      481 ctcgcagaag aagcaccggc taactccgtg ccagcagccg cggtaatacg gagggtgcaa 
      541 gcgttaatcg gaattactgg gcgtaaagcg cacgcaggcg gtttgttaag tcagatgtga 
      601 aatccccggg ctcaacctgg gaactgcatt tgaaactggc aagctagagt ctcgtagagg 
      661 ggggtagaat tc 
// 
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16S rDNA sequences of red mud isolate RMCL-143 
 
LOCUS       EU665642                 692 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-143 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665642 
VERSION     EU665642.1  GI:187960739 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 692) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 692) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..692 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-143" 
                     /environmental_sample 
     rRNA            <1..>692 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag attgaacgct ggcggcaggc ttaacacatg caagtcgagc 
       61 ggtagcacaa gggagcttgc tccctgggtg acgagcggcg gacgggtgag taatgtctgg 
      121 gaaactgcct gatggagggg gataactact ggaaacggta gctaataccg cataacgtcg 
      181 caagaccaaa gagggggacc ttcgggcctc ttgccatcag atgtgcccag atgggattag 
      241 ctagtaggtg gggtaatggc tcacctaggc gacgatccct agctggtctg agaggatgac 
      301 cagccactgg aactgagaca cggtccagac tcctacagga ggcagcagtg gggaatattg 
      361 cacaatgggc gcaagcctga tgcagccatg ccgcgtgtgt gaagaaggcc ttcgggttgt 
      421 aaagcacttt cagcgaggag gaaggtggtg agcttaatac gctcatcaat tgacgttact 
      481 cgcagaagaa gcaccggcta actccgtgcc agcagccgcg gtaatacgga gggtgcaagc 
      541 gttaatcgga attactgggc gtaaagcgca cgcaggcggt ttgttaagtc agatgtgaaa 
      601 tccccgggct caacctggga actgcatttg aaactggcaa gctagagtct cgtagagggg 
      661 ggtagaattc caggtgtagc ggtgaaatgc gt 
// 
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16S rDNA sequences of red mud isolate RMCL-63 
 
LOCUS       EU665643                 678 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-63 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665643 
VERSION     EU665643.1  GI:187960740 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 678) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 678) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..678 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-63" 
                     /environmental_sample 
     rRNA            <1..>678 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag attgaacgct ggcggcaggc ttaacacatg caagtcgagc 
       61 ggtagcacaa gggagcttgc tccctgggtg acgagcggcg gacgggtgag taatgtctgg 
      121 gaaactgcct gatggagggg gataactact ggaaacggta gctaataccg cataacgtcg 
      181 caagaccaaa gagggggacc ttcgggcctc ttgccatcag atgtgcccag atgggattag 
      241 ctagtaggtg gggtaatggc tcacctaggc gacgatccct agctggtctg agaggatgac 
      301 cagccacact ggaactgaga cacggtccag actcctacgg gaggcagcag tggggaatat 
      361 tgcacaatgg gcgcaagcct gatgcagcca tgccgcgtgt gtgaagaagg ccttcgggtt 
      421 gtaaagcact ttcagcgagg aggaaggtgg tgagcttaat acgctcatca attgacgtta 
      481 ctcgcagaag aagcaccggc taactccgtg ccagcagccg cggtaatacg gagggtgcaa 
      541 gcgttaatcg gaattactgg gcgtaaagcg cacgcaggcg gtttgttaag tcagatgtga 
      601 aatccccggg ctcaacctgg gaactgcatt tgaaactggc aagctagagt ctcgtagagg 
      661 ggggtagaat tccaggtg 
// 
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16S rDNA sequences of red mud isolate RMCL-89 
 
LOCUS       EU665644                 709 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-89 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665644 
VERSION     EU665644.1  GI:187960741 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 709) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 709) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..709 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-89" 
                     /environmental_sample 
     rRNA            <1..>709 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag attgaacgct ggcggcaggc ttaacacatg caagtcgagc 
       61 ggtagcacag gggggcttgc tccctgggtg acgagcggcg gacgggtgag taatgtctgg 
      121 gaaactgcct gatggagggg gataactact ggaaacggta gctaataccg cataacgtcg 
      181 caagaccaaa gaggggacct tcgggcctct tgccatcaga tgtgcccaga tgggattagc 
      241 tagtaggtgg ggtaatggct cacctaggcg acgatcccta gctggtctga gaggatgacc 
      301 agccacactg gaactgagac acggtccaga ctcctacggg aggcagcagt ggggaatatt 
      361 gcacaatggg cgcaagcctg atgcagccat gccgcgtgtg tgaagaaggc cttcgggttg 
      421 taaagcactt tcagcgagga ggaaggtggt gagcttaata cgttcatcaa ttgacgttac 
      481 tcgcagaaga agcaccggct aactccgtgc cagcagccgc ggtaatacgg agggtgcaag 
      541 cgttaatcgg aattactggg cgtaaagcgc acgcaggcgg tttgttaagt cagatgtgaa 
      601 atccccgggc tcaacctggg aactgcattt gaaactggca agctagagtc tcgtagaggg 
      661 gggtagaatt ccaggtgtag cggtgaaatg cgtagagatc tggaggaat 
// 
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16S rDNA sequences of red mud isolate RMCL-61 
 
LOCUS       EU665645                 687 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-61 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665645 
VERSION     EU665645.1  GI:187960742 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 687) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 687) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..687 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-61" 
                     /environmental_sample 
     rRNA            <1..>687 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag attgaacgct ggcggcaggc ttaacacatg caagtcgagc 
       61 ggtagcacag gggagcttgc tccctgggtg acgagcggcg gacgggtgag taatgtctgg 
      121 gaaactgcct gatggagggg gataactact ggaaacggta gctaataccg cataacgtcg 
      181 caagaccaaa gagggggacc ttcgggcctc ttgccatcag atgtgcccag atgggattag 
      241 ctagtaggtg gggtaatggc tcacctaggc gacgatccct agctggtctg agaggatgac 
      301 cagccacact ggaactgaga cacggtccag actcctacgg gaggcagcag tggggaatat 
      361 tgcacaatgg gcgcaagcct gatgcagcca tgccgcgtgt gtgaagaagg ccttcgggtt 
      421 gtaaagcact ttcagcgagg aggaaggtgg tgagcttaat acgttcatca attgacgtta 
      481 ctcgcagaag aagcaccggc taactccgtg ccagcagccg cggtaatacg gagggtgcaa 
      541 gcgttaatcg gaattactgg gcgtaaagcg cacgcaggcg gtttgttaag tcagatgtga 
      601 aatccccggg ctcaacctgg gaactgcatt tgaaactggc aagctagagt ctcgtagagg 
      661 ggggtagaat tccaggtgta gcggtga 
// 
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16S rDNA sequences of red mud isolate RMCL-121 
 
LOCUS       EU665646                 703 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-121 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665646 
VERSION     EU665646.1  GI:187960743 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 703) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 703) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..703 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-121" 
                     /environmental_sample 
     rRNA            <1..>703 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag attgaacgct ggcggcaggc ttaacacatg caagtcgagc 
       61 ggtagcacag gggagcttgc tccctgggtg acgagcggcg gacgggtgag taatgtctgg 
      121 gaaactgcct gatggagggg gataactact ggaaacggta gctaataccg cataacgtcg 
      181 caagaccaaa gagggggacc ttcgggcctc ttgccatcag atgtgcccag atgggattag 
      241 ctagtaggtg gggtaatggc tcacctaggc gacgatccct agctggtctg agaggatgac 
      301 cagccacact ggaactgaga cacggtccag actcctacgg gaggcagcag tggggaatat 
      361 tgcacaatgg gcgcaagcct gatgcagcca tgccgcgtgt gtgaagaagg ccttcgggtt 
      421 gtaaagcact ttcagcgagg aggaaggtgg tgagcttaat acgttcatca attgacgtta 
      481 ctcgcagaag aagcaccggc taactccgtg ccagcagccg cggtaatacg gagggtgcaa 
      541 gcgttaatcg gaattactgg gcgtaaagcg cacgcaggcg gtttgttaag tcagatgtga 
      601 aatccccggg ctcaacctgg gaactgcatt tgaaactggc aagctagagt ctcgtagagg 
      661 ggggtagaat tccaggtgta gcggtgaaat gcgtagagat ctg 
// 
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16S rDNA sequences of red mud isolate RMCL-14 
 
LOCUS       EU665647                 742 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-14 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665647 
VERSION     EU665647.1  GI:187960744 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 742) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 742) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..742 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-14" 
                     /environmental_sample 
     rRNA            <1..>742 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 gcgtggggag caaacaggat tagataccct ggtagtccac gctgtaaacg atgtcgattt 
       61 ggaggttgtg cccttgaggc gtggcttccg gagctaacgc gttaaatcga ccgcctgggg 
      121 agtacggccg caaggttaaa actcaaatga attgacgggg gcccgcacaa gcggtggagc 
      181 atgtggttta attcgatgca acgcgaagaa ccttacctac tcttgacatc cagagaactt 
      241 tccagagatg gattggtgcc ttcgggaact ctgagacagg tgctgcatgg ctgtcgtcag 
      301 ctcgtgttgt gaaatgttgg gttaagtccc gcaacgagcg caacccttat cctttgttgc 
      361 cagcggttcg gccgggaact caaaggagac tgccagtgat aaactggagg aaggtgggga 
      421 tgacgtcaag tcatcatggc ccttacgagt agggctacac acgtgctaca atggcatgta 
      481 caaagagaag cgacctcgcg agagcaagcg gacctcataa agtatgtcgt agtccggatt 
      541 ggagtctgca actcgactcc atgaagtcgg aatcgctagt aatcgtagat cagaatgcta 
      601 cggtgaatac gttcccgggc cttgtacaca ccgcccgtca caccatggga gtgggttgca 
      661 aaagaagtag gtagcttaac cttcgggagg gcgcttacca ctttgtgatt catgactggg 
      721 gtgaagtcgt aacaaggtaa cc 
// 

169



16S rDNA sequences of red mud isolate RMCL-19 
 
LOCUS       EU665648                 711 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-19 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665648 
VERSION     EU665648.1  GI:187960745 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 711) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 711) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..711 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-19" 
                     /environmental_sample 
     rRNA            <1..>711 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 gtagtccacg ctgtaaacga tgtcgatttg gaggttgtgc ccttgaggcg tggcttccgg 
       61 agctaacgcg ttaaatcgac cgcctgggga gtacggccgc aaggttaaaa ctcaaatgaa 
      121 ttgacggggg cccgcacaag cggtggagca tgtggtttaa ttcgatgcaa cgcgaagaac 
      181 cttacctact cttgacatcc agagaacttt ccagagatgg attggtgcct tcgggaactc 
      241 tgagacaggt gctgcatggc tgtcgtcagc tcgtgttgtg aaatgttggg ttaagtcccg 
      301 caacgagcgc aacccttatc ctttgttgcc agcggttcgg ccgggaactc aaaggagact 
      361 gccagtgata aactggagga aggtggggat gacgtcaagt catcatggcc cttacgagta 
      421 gggctacaca cgtgctacaa tggcatatac aaagagaagc gacctcgcga gagcaagcgg 
      481 acctcataaa gtatgtcgta gtccggattg gggtctgcaa ctcgactcca tgaagtcgga 
      541 atcgctagta atcgtagatc agaatgctac ggtgaatacg ttcccgggcc ttgtacacac 
      601 cgcccgtcac accatgggag tgggttgcaa aagaagtagg tagcttaacc ttcgggaggg 
      661 cgcttaccac tttgtgattc atgactgggg tgaagtcgta acaaggtaac c 
// 
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16S rDNA sequences of red mud isolate RMCL-90 
 
LOCUS       EU665650                 714 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-90 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665650 
VERSION     EU665650.1  GI:187960747 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 714) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 714) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..714 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-90" 
                     /environmental_sample 
     rRNA            <1..>714 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 ctggtagtcc acgctgtaaa cgatgtcgat ttggaggttg tgcccttgag gcgtggcttc 
       61 cggagctaac gcgttaaatc gaccgcctgg ggagtacggc cgcaaggtta aaactcaaat 
      121 gaattgacgg gggcccgcac aagcggtgga gcatgtggtt taattcgatg caacgcgaag 
      181 aaccttacct actcttgaca tccagagaac tttccagaga tggattggtg ccttcgggaa 
      241 ctctgagaca ggtgctgcat ggctgtcgtc agctcgtgtt gtgaaatgtt gggttaagtc 
      301 ccgcaacgag cgcaaccctt atcctttgtt gccagcggtt cggccgggaa ctcaaaggag 
      361 actgccagtg ataaactgga ggaaggtggg gatgacgtca agtcatcatg gcccttacga 
      421 gtagggctac acacgtgctg caatggcata tacaaagaga agcgacctcg cgagagcaag 
      481 cggacctcat aaagtatgtc gtagtccgga ttggagtctg caactcgact ccatgaagtc 
      541 ggaatcgcta gtaatcgtag atcagaatgc tacggtgaat acgttcccgg gccttgtaca 
      601 caccgcccgt cacaccatgg gagtgggttg caaaagaagt aggtagctta accttcggga 
      661 gggcgcttac cactttgtga ttcatgactg gggtgaagtc gtaacaaggt aacc 
// 
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16S rDNA sequences of red mud isolate RMCL-102 
 
LOCUS       EU665651                 706 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-102 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665651 
VERSION     EU665651.1  GI:187960748 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 706) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 706) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..706 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-102" 
                     /environmental_sample 
     rRNA            <1..>706 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 ccacgctgta aacgatgtcg atttggaggt tgtgcccttg aggcgtggct tccggagcta 
       61 acgcgttaaa tcgaccgcct ggggagtacg gccgcaaggt taaaactcaa atgaattgac 
      121 gggggcccgc acaagcggtg gagcatgtgg tttaattcga tgcaacgcga agaaccttac 
      181 ctactcttga catccagaga actttccaga gatggattgg tgccttcggg aactctgaga 
      241 caggtgctgc atggctgtcg tcagctcgtg ttgtgaaatg ttgggttaag tcccgcaacg 
      301 agcgcaaccc ttatcctttg ttgccagcgg ttcggccggg aactcaaagg agactgccag 
      361 tgataaactg gaggaaggtg gggatgacgt caagtcatca tggcccttac gagtagggct 
      421 acacacgtgc tacaatggca tatacaaaga gaagcgacct cgcgagagca agcggacctc 
      481 ataaagtatg tcgtagtccg gattggagtc tgcaactcga ctccatgaag tcggaatcgc 
      541 tagtaatcgt agatcagaat gctacggtga atacgttccc gggccttgta cacaccgccc 
      601 gtcacaccat gggagtgggt tgcaaaagaa gtaggtagct taaccttcgg gggggcgctt 
      661 accactttgt gattcatgac tggggtgaag tcgtaacaag gtaacc 
// 
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16S rDNA sequences of red mud isolate RMCL-125 
 
LOCUS       EU665652                 709 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-125 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665652 
VERSION     EU665652.1  GI:187960749 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 709) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 709) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..709 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-125" 
                     /environmental_sample 
     rRNA            <1..>709 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agtccacgct gtaaacgatg tcgatttgga ggttgtgccc ttgaggcgtg gcttccggag 
       61 ctaacgcgtt aaatcgaccg cctggggagt acggccgcaa ggttaaaact caaatgaatt 
      121 gacgggggcc cgcacaagcg gtggagcatg tggtttaatt cgatgcaacg cgaagaacct 
      181 tacctactct tgacatccag agaactttcc agagatggat tggtgccttc gggaactctg 
      241 agacaggtgc tgcatggctg tcgtcagctc gtgttgtgaa atgttgggtt aagtcccgca 
      301 acgagcgcaa cccttatcct ttgttgccag cggttcggcc gggaactcta aggagactgc 
      361 cagtgataaa ctggaggaag gtggggatga cgtcaagtca tcatggccct tacgagtagg 
      421 gctacacacg tgctacaatg gcatatacaa agagaagcga cctcgcgaga gcaagcggac 
      481 ctcataaagt atgtcgtagt ccggattgga gtctgcaact cgactccatg aagtcggaat 
      541 cgctagtaat cgtagatcag aatgctacgg tgaatacgtt cccgggcctt gtacacaccg 
      601 cccgtcacac catgggagtg ggttgcaaaa gaagtaggta gcttaacctt cgggagggcg 
      661 cttaccactt tgtgattcat gactggggtg aagtcgtaac aaggtaacc 
// 
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16S rDNA sequences of red mud isolate RMCL-142 
 
LOCUS       EU665653                 704 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-142 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665653 
VERSION     EU665653.1  GI:187960750 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 704) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 704) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..704 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-142" 
                     /environmental_sample 
     rRNA            <1..>704 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 acgctgtaaa cgatgtcgat ttggaggttg tgcccttgag gcgtggcttc cggagctaac 
       61 gcgttaaatc gaccgcctgg ggagtacggc cgcaaggtta aaactcaaat gaattgacgg 
      121 gggcccgcac aagcggtgga gcatgtggtt taattcgatg caacgcgaag aaccttacct 
      181 actcttgaca tccagagaac tttccagaga tggattggtg ccttcgggaa ctctgagaca 
      241 ggtgctgcat ggctgtcgtc agctcgtgtt gtgaaatgtt gggttaagtc ccgcaacgag 
      301 cgcaaccctt atcctttgtt gccagcggtt cggccgggaa ctcaaaggag actgccagtg 
      361 ataaactgga ggaaggtggg gatgacgtca agtcatcatg gcccttacga gtagggctac 
      421 acacgtgcta caatggcata tacaaagaga agcgacctcg cgagagcaag cggacctcat 
      481 aaagtatgtc gtagtccgga ttggagtctg caactcgact ccatgaagtc ggaatcgcta 
      541 gtaatcgtag atcagaatgc tacggtgaat acgttcccgg gccttgtaca caccgcccgt 
      601 cacaccatgg gagtgggttg caaaagaagt aggtagctta accttcggga gggcgcttac 
      661 cactttgtga ttcatgactg gggtgaagtc gtaacaaggt aacc 
// 
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16S rDNA sequences of red mud isolate RMCL-66 
 
LOCUS       EU665654                 426 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-66 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665654 
VERSION     EU665654.1  GI:187960751 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 426) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 426) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..426 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-66" 
                     /environmental_sample 
     rRNA            <1..>426 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag attgaacgct ggcggcaggc ttaacacatg caagtcgagc 
       61 ggtagcacaa gggagcttgc tccctgggtg acgagcggcg gacgggtgag taatgtctgg 
      121 gaaactgcct gatggagggg gataactact ggaaacggta gctaataccg cataacgtcg 
      181 caagaccaaa gagggggacc ttcgggcctc ttgccatcag atgtgcccag atgggattag 
      241 ctagtaggtg gggtaatggc tcacctaggc gacgatccct agctggtctg agaggatgac 
      301 cagccacact ggaactgaga cacggtccag actcctacgg gaggcagcag tggggaatat 
      361 tgcacaatgg gcgcaagcct gatgcagcca tgccgcgtgt gtgaagaagg ccttcgggtt 
      421 gtaaag 
// 
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16S rDNA sequences of red mud isolate RMCL-3 
 
LOCUS       EU665655                 703 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-3 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665655 
VERSION     EU665655.1  GI:187960752 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 703) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 703) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..703 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-3" 
                     /environmental_sample 
     rRNA            <1..>703 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 cgctgtaaac gatgtcgatt tggaggttgt gcccttgagg cgtggcttcc ggagctaacg 
       61 cgttaaatcg accgcctggg gagtacggcc gcaaggttaa aactcaaatg aattggcggg 
      121 ggcccgcaca agcggtggag catgtggttt aattcgatgc aacgcgaaga accttaccta 
      181 ctcttgacat ccagagaact ttccagagat agattggtgc cttcgggaac tctgagacag 
      241 gtgctgcatg gctgtcgtca gctcgtgttg tgaaatgttg ggttaagtcc cgcaacgagc 
      301 gcaaccctta tcctttgttg ccagcggttc ggccgggaac tcaaaggaga ctgccagtga 
      361 taaactggag gaaggtgggg atgacgtcaa gtcatcatgg cccttacgag tagggctaca 
      421 cacgtgctac aatggcatat acaaagagaa gcgacctcgc gagagcaagc ggacctcata 
      481 aagtatgtcg tagtccggat tggagtctgc aactcgactc catgaagtcg gaatcgctag 
      541 taatcgtaga tcagaatgct acggtgaata cgttcccggg ccttgtacac accgcccgtc 
      601 acaccatggg agtgggttgc aaaagaagta ggtagcttaa ccttcgggag ggcgcttacc 
      661 actttgtgat tcatgactgg ggtgaagtcg taacaaggta acc 
// 
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16S rDNA sequences of red mud isolate RMCL-4 
 
LOCUS       EU665656                 694 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-4 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665656 
VERSION     EU665656.1  GI:187960753 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 694) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 694) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..694 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-4" 
                     /environmental_sample 
     rRNA            <1..>694 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag attgaacgct ggcggcaggc ttaacacatg caagtcgagc 
       61 ggtagtacag gggagcttgc tccctgggtg acgagcggcg gacgggtgag taatgtctgg 
      121 gaaactgcct gatggagggg gataactact ggaaacggta gctaataccg cataacgtcg 
      181 caagaccaaa gagggggacc ttcgggcctc ttgccatcag atgtgcccag atgggattag 
      241 ctagtaggtg gggtaatggc tcacctaggc gacgatccct agctggtctg agaggatgac 
      301 cagccacact ggaactgaga cacggtccag actcctacgg gaggcagcag tggggaatat 
      361 tgcacaatgg gcgcaagcct gatgcagcca tgccgcgtgt gtgaagaagg ccttcgggtt 
      421 gtaaagcact ttcagcgagg aggaaggtgg tgaacttaat acgttcatca attgacgtta 
      481 ctcgcagaag aagcaccggc taactccgtg ccagcagccg cggtaatacg gagggtgcaa 
      541 gcgttaatcg gaattactgg gcgtaaagcg cacgcaggcg gtttgttaag tcagatgtga 
      601 aatccccggg ctcaacctgg gaactgcatt tgaaactggc aagctagagt ctcgtagagg 
      661 ggggtagaat tccaggtgta gcggtgaaat gcgt 
// 
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16S rDNA sequences of red mud isolate RMCL-95 
 
LOCUS       EU665657                 697 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-95 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665657 
VERSION     EU665657.1  GI:187960754 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 697) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 697) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..697 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-95" 
                     /environmental_sample 
     rRNA            <1..>697 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag attgaacgct ggcggcaggc ttaacacatg caagtcgagc 
       61 ggtagcacag gggagcttgc tccctgggtg acgagcggcg gacgggtgag taatgtctgg 
      121 gaaactgcct gatggagggg gataactact ggaaacggta gctaataccg cataacgtcg 
      181 caagaccaaa gagggggacc ttagggcctc ttgccatcag atgtgcccag atgggattag 
      241 ctagtaggtg gggtaatggc tcacctaggc gacgatccct agctggtctg agaggatgac 
      301 cagccacact ggaactgaga cacggtccag actcctacgg gaggcagcag tggggaatat 
      361 tgcacaatgg gcgcaagcct gatgcagcca tgccgcgtgt gtgaagaagg ccttcgggtt 
      421 gtaaagcact ttcagcgagg aggaaggtgg tgaacttaat acgttcatca attgacgtta 
      481 ctcgcagaag aagcaccggc taactccgtg ccagcagccg cggtaatacg gagggtgcaa 
      541 gcgttaatcg gaattactgg gcgtaaagcg cacgcaggcg gtttgttaag tcagatgtga 
      601 aatccccggg ctcaacctgg gaactgcatt tgaaactggc aagctagagt ctcgtagagg 
      661 ggggtagaat tccaggtgta gcggtgaaat gcgtaga 
// 
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16S rDNA sequences of red mud isolate RMCL-93 
 
LOCUS       EU665658                 701 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-93 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665658 
VERSION     EU665658.1  GI:187960755 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 701) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 701) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..701 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-93" 
                     /environmental_sample 
     rRNA            <1..>701 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag attgaacgct ggcggcaggc ttaacacatg caagtcgagc 
       61 ggtagcacag gggagcttgc tccctgggtg acgagcggcg gacgggtgag taatgtctgg 
      121 gaaactgctt gatggagggg gataactact ggaaacggta gctaataccg cataacgtcg 
      181 caagaccaaa gagggggacc ctcgggcctc ttgccatcag atgtgcccag atgggattag 
      241 ctagtaggtg gggtaatggc tcacctaggc gacgatccct agctggtctg agaggatgac 
      301 cagccacact ggaactgaga cacggtccag actcctacgg gaggcagcag tggggaatat 
      361 tgcacaatgg gcgcaagcct gatgcagcca tgccgcgtgt gtgaagaagg ccttcgggtt 
      421 gtaaagcact ttcagcgagg aggaaggtgg tgaacttaat acgttcatca attgacgtta 
      481 ctcgcagaag aagcaccggc taactccgtg ccagcagccg cggtaatacg gagggtgcaa 
      541 gcgttaatcg gaattactgg gcgtaaagcg cacgcaggcg gtttgttaag tcagatgtga 
      601 aatccccggg ctcaacctgg gaactgcatt tgaaactggc aagctagagt ctcgtagagg 
      661 ggggtagaat tccaggtgta gcggtgaaat gcgtagagat c 
// 
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16S rDNA sequences of red mud isolate RMCL-103 
 
LOCUS       EU665659                 712 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-103 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665659 
VERSION     EU665659.1  GI:187960756 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 712) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 712) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..712 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-103" 
                     /environmental_sample 
     rRNA            <1..>712 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttatc ctggctcaga ttgaacgctg gcggcaggct taacacatgc aagtcgagcg 
       61 gtagcacagg ggagcttgct ccctgggtga cgagcggcgg acgggtgagt aatgtctggg 
      121 aaactgcctg atggaggggg ataactactg gaaacggtag ctaataccgc ataacgtcgc 
      181 aagaccaaag agggggacct tcgggcctct tgccatcaga tgtgcccaga tgggattagc 
      241 tagtaggtgg ggtaatggct cacctaggcg acgatcccta gctggtctga gaggatgacc 
      301 agccacactg gaactgagac acggtccaga ctcctacggg aggcagcagt ggggaatatt 
      361 gcacaatggg cgcaagcctg atgcagccat gccgcgtgtg tgaagaaggc cttcgggttg 
      421 taaagcactt tcagcgagga ggaaggtggt gaacttaata cgttcatcaa ttgacgttac 
      481 tcgcagaaga agcaccggct aactccgtgc cagcagccgc ggtaatacgg agggtgcaag 
      541 cgttaatcgg aattactggg cgtaaagcgc acgcaggcgg tttgttaagt cagatgtgaa 
      601 atccccgggc tcaacctggg aactgcattt gaaactggca agctagagtc tcgtagaggg 
      661 gggtagaatt ccaggtgtag cggtgaaatg cgtagagatc tggaggaata cc 
// 
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16S rDNA sequences of red mud isolate RMCL-115 
 
LOCUS       EU665660                 658 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-115 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665660 
VERSION     EU665660.1  GI:187960757 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 658) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 658) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..658 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-115" 
                     /environmental_sample 
     rRNA            <1..>658 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 cttccggagc taacgcgtta aatcgaccgc ctggggagta cggccgcaag gttaaaactc 
       61 aaatgaattg acgggggccc gcacaagcgg tggagcatgt ggtttaattc gatgcaacgc 
      121 gaagaacctt acctactctt gacatccaga gaactttcca gagatggatt ggtgccttcg 
      181 ggaactctga gacaggtgct gcatggctgt cgtcagctcg tgttgtgaaa tgttgggtta 
      241 agtcccgcaa cgagcgcaac ccttatcctt tgttgccagc ggttcggccg ggaactcaaa 
      301 ggagactgcc agtgataaac tggaggaagg tggggatgac gtcaagtcat catgaccctt 
      361 acgagtaggg ctacacacgt gctacaatgg catatacaaa gagaagcgac ctcgcgagag 
      421 caagcggacc tcataaagta tgtcgtagtc cggattggag tctgcaactc gactccatga 
      481 agtcggaatc gctagtaatc gtagatcaga atgctacggt gaatacgttc ccgggccttg 
      541 cacacaccgc ccgtcacacc atgggagtgg gttgcaaaag aagtaggtag cttaaccttc 
      601 gggagggcgc ttaccacttt gtgattcatg actggggtga agtcgtaaca aggtaacc 
// 
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16S rDNA sequences of red mud isolate RMCL-16 
 
LOCUS       EU665661                 684 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-16 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665661 
VERSION     EU665661.1  GI:187960758 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 684) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 684) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..684 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-16" 
                     /environmental_sample 
     rRNA            <1..>684 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 tgggaggttg tgcccttgag gcgtggcttc cggagctaac gcgttaaatc gaccgcctgg 
       61 ggagtacggc cgcaaggtta aaactcaaat gaattgacgg gggcccgcac aagcggtgga 
      121 gcatgtggtt taattcgatg caacgcgaag aaccttacct actcttgaca tccagagaac 
      181 tttccagaga tggattggtg ccttcgggaa ctctgagaca ggtgctgcat ggctgtcgtc 
      241 agctcgtgtt gtgaaatgtt gggttaagtc ccgcaacgag cgcaaccctt atcctttgtt 
      301 gccagcggtt cggccgggga ctcaaaggag actgccagtg ataaactgga ggaaggtggg 
      361 gatgacgtca agtcatcatg gcccttacga gtagggctac acacgtgcta caatggcata 
      421 tacaaagaga agcgacctcg cgagagcaag cggacctcat aaagtatgtc gtagtccgga 
      481 ttggagtctg caactcgact ccatgaagtc ggaatcgcta gtaatcgtag atcagaatgc 
      541 tacggtgaat acgttcccgg gccttgtaca caccgcccgt cacaccatgg gagtgggttg 
      601 caaaagaagt aggtagctta accttcggga gggcgcttac cactttgtga ttcatgactg 
      661 gggtgaagtc gtaacaaggt aacc 
// 
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16S rDNA sequences of red mud isolate RMCL-25 
 
LOCUS       EU665662                 387 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-25 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665662 
VERSION     EU665662.1  GI:187960759 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 387) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 387) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..387 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-25" 
                     /environmental_sample 
     rRNA            <1..>387 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 aatattggac aatgggcgca agcctgatcc agccataccg cgtgggtgaa gaaggccttc 
       61 gggttgtaaa gcccttttgt tgggaaagaa atccagctgg ttaatacccg gttgggatga 
      121 cggtacccaa agaataagca ccggctaact tcgtgccagc agccgcggta atacgaaggg 
      181 tgcaagcgtt actcggaatt actgggcgta aagcgtgcgt aggtggtcgt ttaagtccgt 
      241 tgtgaaagcc ctgggctcaa cctgggaact gcagtggata ctgggcgact agagtgtggt 
      301 agagggtagc ggaattcctg gtgtagcagt gaaatgcgta gagatcagga ggaataccgg 
      361 tggcgaaggc ggccccctgg acgaaga 
// 
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16S rDNA sequences of red mud isolate RMCL-144 
 
LOCUS       EU665663                 693 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-144 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665663 
VERSION     EU665663.1  GI:187960760 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 693) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 693) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..693 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-144" 
                     /environmental_sample 
     rRNA            <1..>693 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 gcgaactgga tgttgggtgc aatttggcac gcagtatcga agctaacgcg ttaagttcgc 
       61 cgcctgggga gtacggtcgc aagactgaaa ctcaaaggaa ttgacggggg cccgcacaag 
      121 cggtggagta tgtggtttaa ttcgatgcaa cgcgaagaac cttacctggc cttgacatgt 
      181 cgagaacttt ccagagatgg attggtgcct tcgggaactc gaacacaggt gctgcatggc 
      241 tgtcgtcagc tcgtgtcgtg agatgttggg ttaagtcccg caacgagcgc aacccttgtc 
      301 cttagttgcc agcacgtaat ggtgggaact ctaaggagac cgccggtgac aaaccggagg 
      361 aaggtgggga tgacgtcaag tcatcatggc ccttacggcc agggctacac acgtactaca 
      421 atggtaggga cagagggctg caagccggcg acggtaagcc aatcccagaa accctatctc 
      481 agtccggatt ggagtctgca actcgactcc atgaagtcgg aatcgctagt aatcgcagat 
      541 cagcattgct gcggtgaata cgttcccggg ccttgtacac accgcccgtc acaccatggg 
      601 agtttgttgc accagaagca ggtagcttaa ccttcgggag ggcgcttgcc acggtgtggc 
      661 cgatgactgg ggtgaagtcg taacaaggta acc 
// 

184



16S rDNA sequences of red mud isolate RMCL-1 
 
LOCUS       EU665664                 699 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-1 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665664 
VERSION     EU665664.1  GI:187960761 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 699) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 699) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..699 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-1" 
                     /environmental_sample 
     rRNA            <1..>699 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 cgccctaaac gatgtcaact agttgttggg gattcatttc ttcagtaacg tagctaacgc 
       61 gtgaagttga ccgcctgggg agtacggtcg caagattaaa actcaaagga attgacgggg 
      121 acccgcacaa gcggtggatg atgtggatta attcgatgca acgcgaaaaa ccttacctac 
      181 ccttgacatg ccactaacga agcagagatg catcaggtgc ccgaaaggga aagtggacac 
      241 aggtgctgca tggctgtcgt cagctcgtgt cgtgagatgt tgggttaagt cccgcaacga 
      301 gcgcaaccct tgtctttagt tgctacgcaa gagcactcta gagagactgc cggtgacaaa 
      361 ccggaggaag gtggggatga cgtcaagtcc tcatggccct tatgggtagg gcttcacacg 
      421 tcatacaatg gtgcgtacag agggttgcca acccgcgaag gggagctaat cccagaaaac 
      481 gcatcgtagt ccggatcgta gtctgcaact cgactacgtg aagctggaat cgctagtaat 
      541 cgcggatcag catgccgcgg tgaatacgtt cccgggtctt gtacacaccg cccgtcacac 
      601 catgggagtg ggttttgcca gaagtagtta gcctaaccgc aaggagggcg attaccacgg 
      661 cagggttcat gactggggtg aagtcgtaac aaggtaacc 
// 
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16S rDNA sequences of red mud isolate RMCL-7 
 
LOCUS       EU665665                 694 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-7 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665665 
VERSION     EU665665.1  GI:187960762 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 694) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 694) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..694 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-7" 
                     /environmental_sample 
     rRNA            <1..>694 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 taaacgatgt caactagttg ttggggattc atttcttcag taacgtagct aacgcgtgaa 
       61 gttgaccgcc tggggagtac ggtcgcaaga ttaaaactca aaggaattga cggggacccg 
      121 cacaagcggt ggatgatgtg gattaattcg atgcaacgcg aaaaacctta cctacccttg 
      181 acatgccact aacgaagcag agatgcatca ggtgcccgaa agggaaagtg gacacaggtg 
      241 ctgcatggct gtcgtcagct cgtgtcgtga gatgttgggt taagtcccgc aacgagcgca 
      301 acccttgtct ttagttgcta cgcaagagca ctctagagag actgccggtg acaaaccgga 
      361 ggaaggtggg gatgacgtca agtcctcatg gcccttatgg gtagggcttc acacgtcata 
      421 caatggtgcg tacagagggt tgccaacccg cgagggggag ctaatcccag aaaacgcatc 
      481 gtagtccgga tcatagtctg caactcgact acgtgaagct ggaatcgcta gtaatcgcgg 
      541 atcggcatgc cgcggtgaat acgttcccgg gtcttgtaca caccgcccgt cacaccatgg 
      601 gagtgggttt tgccagaagt agttagccta accgcaagga gggcgattac cacggcaggg 
      661 ttcatgactg gggtgaagtc gtaacaaggt aacc 
// 
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16S rDNA sequences of red mud isolate RMCL-18 
 
LOCUS       EU665666                 678 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-18 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665666 
VERSION     EU665666.1  GI:187960763 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 678) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 678) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..678 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-18" 
                     /environmental_sample 
     rRNA            <1..>678 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 tttgttgggg attcatttct tcagtaacgt agctaacgcg tgaagttgac cgcctgggga 
       61 gtacggtcgc aagattaaaa ctcaaaggaa ttgacgggga cccgcacaag cggtggatga 
      121 tgtggattaa ttcgatgcaa cgcgaaaaac cttacctacc cttgacatgc cactaacgaa 
      181 gcagagatgc atcaggtgcc cgaaagggaa agtggacaca ggtgctgcat ggctgtcgtc 
      241 agctcgtgtc gtgagatgtt gggttaagtc ccgcaacgag cgcaaccctt gtctttagtt 
      301 gctacgcaag agcactctag agagactgcc ggtgacaaac cggaggaagg tggggatgac 
      361 gtcaagtcct catggccctt atgggtaggg cttcacacgt catacaatgg tgcgtacaga 
      421 gggttgccaa cccgcgaggg ggagctaatc ccagaaaacg cgtcgtagtc cggatcgtag 
      481 tctgcaactc gactacgtga agctggaatc gctagtaatc gcggatcagc atgccgcggt 
      541 gaatacgttc ccgggtcttg tacacaccgc ccgtcacacc atgggagtgg gttttgccag 
      601 aagtagttag cctaaccgca aggagggcga ttaccacggc agggttcatg actggggtga 
      661 agtcgtaaca aggtaacc 
// 
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16S rDNA sequences of red mud isolate RMCL-58 
 
LOCUS       EU665667                 734 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-58 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665667 
VERSION     EU665667.1  GI:187960764 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 734) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 734) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..734 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-58" 
                     /environmental_sample 
     rRNA            <1..>734 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 tgggagcaaa caggattaga taccctggta gtccacgccc taaacgatgt caactagttg 
       61 ttggggattc atttcttcag taacgtagct aacgcgtgaa gttgaccgcc tggggagtac 
      121 ggtcgcaaga ttaaaactca aaggaattga cggggacccg cacaagcggt ggatgatgtg 
      181 gattaattcg atgcaacgcg aaaaacctta cctacccttg acatgccact aacgaagcag 
      241 agatgcatca ggtgcccgaa agggaaagtg gacacaggtg ctgcatggct gtcgtcagct 
      301 cgtgtcgtga gatgttgggt taagtcccgc aacgagcgca acccttgtct ttagttgcta 
      361 cgcaagagca ctctagagag actgccggtg acaaaccgga ggaaggtggg gatgacgtca 
      421 agtcctcatg gcccttatgg gtagggcttc acacgtcata caatggtgcg tacagagggt 
      481 tgccaacccg cgagggggag ctaatcccag aaaacgcatc gtagtccgga tcgtagtctg 
      541 caactcgact acgtgaagct ggaatcgcta gtaatcgcgg atcagcatgc cgcggtgaat 
      601 acgttcccgg gtcttgtaca caccgcccgt cacaccatgg gagtgggttt tgccagaagt 
      661 agttagccta accgcaagga gggcgattac cacggcaggg ttcatgactg gggtgaagtc 
      721 gtaacaaggt aacc 
// 
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16S rDNA sequences of red mud isolate RMCL-88 
 
LOCUS       EU665668                 705 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-88 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665668 
VERSION     EU665668.1  GI:187960765 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 705) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 705) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..705 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-88" 
                     /environmental_sample 
     rRNA            <1..>705 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agtccacgcc ctaaacgatg tcaactagtt gttggggatt catttcttca gtaacgtagc 
       61 taacgcgtga agttgaccgc ctggggagta cggtcgcaag attaaaactc aaaggaattg 
      121 acggggaccc gcacaagcgg tggatgatgt ggattaattc gatgcaacgc gaaaaacctt 
      181 acctaccctt gacatgccac taacgaagca gagatgcatc aggtgcccga aagggaaagt 
      241 ggacacaggt gctgcatggc tgtcgtcagc tcgtgtcgtg agatgttggg ttaagtcccg 
      301 caacgagcgc aacccttgtc tttagttgct acgcaagagc actctagaga gactgccggt 
      361 gacaaaccgg aggaaggtgg ggatgacgtc aagtcctcat ggcccttatg ggtagggctt 
      421 cacacgtcat acaatggtgc gtacagaggg ttgccaaccc gcgaggggga gctaatccca 
      481 gaaaacgcat cgtagtccgg atcgtagtct gcaactcgac tacgtgaagc tggaatcgct 
      541 agtaatcgcg gatcagcatg ccgcggtgaa tacgttcccg ggtcttgtac acaccgcccg 
      601 tcacaccatg ggagtgggtt ttgccagaag tagttagcct aaccgcaagg agggcgatta 
      661 ccacggcagg gttcatgact ggggtgaagt cgtaacaagg taacc 
// 
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16S rDNA sequences of red mud isolate RMCL-92 
 
LOCUS       EU665669                 669 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-92 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665669 
VERSION     EU665669.1  GI:187960766 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 669) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 669) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..669 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-92" 
                     /environmental_sample 
     rRNA            <1..>669 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 gattcatttc ttcagtaacg tagctaacgc gtgaagttga ccgcctgggg agtacggtcg 
       61 caagattaaa actcaaagga attgacgggg acccgcacaa gcggtggatg atgtggatta 
      121 attcgatgca acgcgaaaaa ccttacctac ccttgacatg ccactaacga agcagagatg 
      181 catcaggtgc ccgaaaggga aagtggacac aggtgctgca tggctgtcgt cagctcgtgt 
      241 cgtgagatgt tgggttaagt cccgcaacga gcgcaaccct tgtctttagt tgctacgcaa 
      301 gagcactcta gagagactgc cggtgacaaa ccggaggaag gtggggatga cgtcaagtcc 
      361 tcatggccct tatgggtagg gcttcacacg tcatacaatg gtgcgtacag agggttgcca 
      421 acccgcgagg gggagctaat cccagaaaac gcatcgtagt ccggatcgta gtctgcaact 
      481 cgactacgtg aagctggaat cgctagtaat cgcggatcag catgccgcgg tgaatacgtt 
      541 cccgggtctt gtacacaccg cccgtcacac catgggagtg ggttttgcca gaagtagtta 
      601 gcctaaccgc aaggagggcg attaccacgg cagggttcat gactggggtg aagtcgtaac 
      661 aaggtaacc 
// 
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16S rDNA sequences of red mud isolate RMCL-98 
 
LOCUS       EU665670                 703 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-98 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665670 
VERSION     EU665670.1  GI:187960767 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 703) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 703) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..703 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-98" 
                     /environmental_sample 
     rRNA            <1..>703 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 tccacgccct aaacgatgtc aactagttgt tggggattca tttcttcagt aacgtagcta 
       61 acgcgtgaag ttgaccgcct ggggagtacg gtcgcaagat taaaactcaa aggaattgac 
      121 ggggacccgc acaagcggtg gatgatgtgg attaattcga tgcaacgcga aaaaccttac 
      181 ctacccttga catgccacta acgaagcaga gatgcatcag gtgcccgaaa gggaaagtgg 
      241 acacaggtgc tgcatggctg tcgtcagctc gtgtcgtgag atgttgggtt aagtcccgca 
      301 acgagcgcaa cccttgtctt tagttgctac gcaagagcac tctagagaga ctgccggtga 
      361 caaaccggag gaaggtgggg atgacgtcag gtcctcatgg cccttatggg tagggcttca 
      421 cacgtcatac aatggtgcgt acagagggtt gccaacccgc gagggggagc taatcccaga 
      481 aaacgcatcg tagtccggat cgtagtctgc aactcgacta cgtgaagctg gaatcgctag 
      541 taatcgcgga tcagcatgcc gcggtgaata cgttcccggg tcttgtacac accgcccgtc 
      601 acaccatggg agtgggtttt gccagaagta gttagcctaa ccgcaaggag ggcgattacc 
      661 acggcagggt tcatgactgg ggtgaagtcg taacaaggta acc 
// 
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16S rDNA sequences of red mud isolate RMCL-114 
 
LOCUS       EU665671                 703 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-114 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665671 
VERSION     EU665671.1  GI:187960768 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 703) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 703) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..703 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-114" 
                     /environmental_sample 
     rRNA            <1..>703 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 tccacgccct aaacgatgtc aactagttgt tggggattca tttcttcagt aacgtagcta 
       61 acgcgtgaag ttgaccgcct ggggagtacg gtcgcaagat taaaactcaa aggaattgac 
      121 ggggacccgc acaagcggtg gatgatgtgg attaattcga tgcaacgcga aaaaccttac 
      181 ctacccttga catgccacta acgaagcaga gatgcatcag gtgcccgaaa gggaaagtgg 
      241 acacaggtgc tgcatggctg tcgtcagctc gtgtcgtgag atgttgggtt aagtcccgca 
      301 acgagcgcaa cccttgtctt tagttgctac gcaagagcaa tataaagaga ctgccggtga 
      361 caaaccggag gaaggtgggg atgacgtcaa gtcctcatgg cccttatggg tagggcttca 
      421 cacgtcatac aatggtgcgt acagagggtt gccaacccgc gagggggagc taatcccaga 
      481 aaacgcatcg tagtccggat cgtagtctgc aactcgacta cgtgaagctg gaatcgctag 
      541 taatcgcgga tcagcatgcc gcggtgaata cgttcccggg tcttgtacac accgcccgtc 
      601 acaccatggg agtgggtttt gccagaagta gttagcctaa ccgcaaggag ggcgattacc 
      661 acggcagggt tcatgactgg ggtgaagtcg taacaaggta acc 
// 
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16S rDNA sequences of red mud isolate RMCL-31 
 
LOCUS       EU665672                 710 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-31 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665672 
VERSION     EU665672.1  GI:187960769 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 710) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 710) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..710 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-31" 
                     /environmental_sample 
     rRNA            <1..>710 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 ctggtagtcc acgccctaaa cgatgtcaac tagttgttgg ggattcattt cttcagtaac 
       61 gtagctaacg cgtgaagttg accgcctggg gagtacggtc gcaagattaa aactcaaagg 
      121 aattgacggg gacccgcaca agcggtggat gatgtggatt aattcgatgc aacgcgaaaa 
      181 accttaccta cccttgacat gccactaacg aagcagagat gcatcaggtg cccgaaaggg 
      241 aaagtggaca caggtgctgc atggctgtcg tcagctcgtg tcgtgagatg ttgggttaag 
      301 tcccgcaacg agcgcaaccc ttgtctttag ttgctacgca agagcactct agagagactg 
      361 ccggtgacaa accggaggaa ggtggggatg acgtcaagtc ctcatggccc ttatgggtag 
      421 ggcttcacac gtcatacaat ggtgcgtaca gagggttgcc aacccgcgag ggggagctaa 
      481 tcccagaaaa cgcatcgtag tccggatcgt agtctgcaac tcgactacgt gaagctggaa 
      541 tcgctagtaa tcgcggatca gcatgccgcg gtgaatacgt tcccgggtct tgtacacacc 
      601 gcccgtcaca ccatgggagt gggttttgcc agaagtagtt agcctaaccg caaggagggc 
      661 gattaccacg gcagggttca tgactggggt gaagtcgtaa caaggtaacc 
// 
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16S rDNA sequences of red mud isolate RMCL-28 
 
LOCUS       EU665673                 711 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-28 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665673 
VERSION     EU665673.1  GI:187960770 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 711) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 711) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..711 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-28" 
                     /environmental_sample 
     rRNA            <1..>711 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag attgaacgct ggcggcatgc cttacacatg caagtcgaac 
       61 ggcagcacgg gagcaatcct ggtggcgagt ggcgaacggg tgagtaatac atcggaacgt 
      121 gccctgtcgt gggggataac tagtcgaaag attagctaat accgcatacg acctgagggt 
      181 gaaagcgggg gaccgtaagg cctcgcgcga taggagcggc cgatgtctga ctagctagtt 
      241 ggtggggtaa aggcccacca aggcgacgat cagtagctgg tctgagagga cgatcagcca 
      301 cactgggact gagacacggc ccagactcct acgggaggca gcagtgggga attttggaca 
      361 atgggggcaa ccctgatcta gcaatgccgc gtgtgtgaag aaggccttcg ggttgtaaag 
      421 cacttttgtc cggaaagaaa tcccttgccc taatacggcg gggggatgac ggtaccggaa 
      481 gaataagcac cggctaacta cgtgccagca gccgcggtaa tacgtagggt gcgagcgtta 
      541 atcggaatta ctgggcgtaa agcgtgcgca ggcggttttg taagacaggc gtgaaatccc 
      601 cgagctcaac ttgggaatgg cgcttgtgac tgcaaggcta gagtatgtca gagggggggt 
      661 agaattccac gtgtagcagt gaaatgcgta gagatgtggg aggaataccg a 
// 
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16S rDNA sequences of red mud isolate RMCL-68 
 
LOCUS       EU665674                 711 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-68 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665674 
VERSION     EU665674.1  GI:187960771 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 711) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 711) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..711 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-68" 
                     /environmental_sample 
     rRNA            <1..>711 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag attgaacgct ggcggcatgc cttacacatg caagtcgaac 
       61 ggcagcacgg gagcaatcct ggtggcgagt ggcgagcggg tgagtaatac atcggaacgt 
      121 gccctgtcgt gggggataac tagtcgaaag attagctaat accgcatacg acctgagggt 
      181 gaaagcgggg gaccgtaagg cctcgcgcga taggagcggc cgatgtctga ttagctagtt 
      241 ggtggggtaa aggcccacca aggcgacgat cagtagctgg tctgagagga cgatcagcca 
      301 cactgggact gagacacggc ccagactcct acgggaggca gcagtgggga attttggaca 
      361 atgggggcaa ccctgatcca gcaatgccgc gtgtgtgaag aaggccttcg ggttgtaaag 
      421 cacttttgtc cggaaagaaa tcccttgccc taatacggcg gggggatgac ggtaccggaa 
      481 gaataagcac cggctaacta cgtgccagca gccgcggtaa tacgtagggt gcgagcgtta 
      541 atcggaatta ctgggcgtaa agcgtgcgca ggcggttttg taagacaggc gtgaaatccc 
      601 cgagctcaac ttgggaatgg cgcttgtgac tgcaaggcta gagtatgtca gaggggggta 
      661 gaattccacg tgtagcagtg aaatgcgtag agatgtggag gaataccgat g 
// 
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16S rDNA sequences of red mud isolate RMCL-112 
 
LOCUS       EU665675                 706 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-112 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665675 
VERSION     EU665675.1  GI:187960772 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 706) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 706) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..706 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-112" 
                     /environmental_sample 
     rRNA            <1..>706 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagttttga tcctggctca gatctgaacg cttggcggca tgccttacac atcgcaagtc 
       61 gaacggcagc acgggagcaa tcctggtggc gagtggcgaa cgggtgagta atacatcgga 
      121 acgtgccctg tcgtggggga taactagtcg aaagattagc taataccgca tacgacctga 
      181 gggtgaaagc gggggaccgt aaggcctcgc gcgataggag cggccgatgt ctgattagct 
      241 agttggtggg gtaaaggccc accaaggcga cgatcagtag ctggtctgag aggacgatca 
      301 gccacactgg gactgagaca cggcccagac tcctacggga ggcagcagtg gggaattttg 
      361 gacatttggg gcaaccctga tccagcaatg ccgcgtgtgt gaagaaggcc ttcgggttgt 
      421 aaagcacttt tgtccggaaa gaaatccctt gccctaatac ggcgggggga tgacggtacc 
      481 ggaagaataa gcaccggcta actacgtgcc agcagccgcg gtaatacgta gggtacgagc 
      541 gttaatcgga attactgggc gtaaagcgtg cgcaggcggt tttgtaagac aggcgtgaaa 
      601 tccccgagct caacttggga atggcgcttg tgactgcaag gctagagtat gtcagagggg 
      661 ggtagaattc cacgtgtagc agtgaaatgc gtagagatgt ggagga 
// 
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16S rDNA sequences of red mud isolate RMCL-62 
 
LOCUS       EU665676                 681 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-62 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665676 
VERSION     EU665676.1  GI:187960773 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 681) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 681) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..681 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-62" 
                     /environmental_sample 
     rRNA            <1..>681 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag attgaacgct ggcggcatgc cttacacatg caagtcgaac 
       61 ggcagcacgg gagcaatcct ggtggcgagt ggcgaacggg tgagtaatac atcggaacgt 
      121 gccctgtcgt gggggataac tagtcgaaag attagctaat accgcatacg acctgagggt 
      181 gaaagcgggg gaccgtaagg cctcgcgcga taggagcggc cgatgtctga ttagctagtt 
      241 ggtggggtaa aggcccacca aggcgacgat cagtagctgg tctgagagga cgatcagcca 
      301 cactgggact gagacacggc ccagactcct acgggaggca gcagtgggga attttggaca 
      361 atgggggcaa ccctgatcca gcaatgccgc gtgtgtgaag aaggccttcg ggttgtaaag 
      421 cacttttgtc cggaaagaaa tcccttgccc taatacggcg gggggatgac ggtaccggaa 
      481 gaataagcac cggctaacta cgtgccagca gccgcggtaa tacgtagggt gcgagcgtta 
      541 atcggaatta ctgggcgtaa agcgtgcgca ggcggttttg taagacaggc gtgaaatccc 
      601 cgagctcaac ttgggaatgg cgcttgtgac tgcaaggcta gagtatgtca gaggggggta 
      661 gaattccacg tgtagcagtg a 
// 
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16S rDNA sequences of red mud isolate RMCL-105 
 
LOCUS       EU665677                 712 bp    DNA     linear   ENV 18-MAY-2008 
DEFINITION  Uncultured bacterium clone RMCL-105 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   EU665677 
VERSION     EU665677.1  GI:187960774 
KEYWORDS    ENV. 
SOURCE      uncultured bacterium 
  ORGANISM  uncultured bacterium 
            Bacteria; environmental samples. 
REFERENCE   1  (bases 1 to 712) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Bacterial diversity and metabolic activity of heterotrophic aerobic 
            bacteria of aluminum processing industry waste bauxite residue (red 
            mud) impoundment of extremely alkaline nature 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 712) 
  AUTHORS   Krishna,P., Babu,A.G. and Reddy,M.S. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (21-APR-2008) Department of Biotechnology and 
            Environmental Sciences, Thapar University, Bhadson Road, Patiala, 
            Punjab 147004, India 
FEATURES             Location/Qualifiers 
     source          1..712 
                     /organism="uncultured bacterium" 
                     /mol_type="genomic DNA" 
                     /isolation_source="extremely alkaline bauxite residue (red 
                     mud) waste generated during the alumina extraction" 
                     /db_xref="taxon:77133" 
                     /clone="RMCL-105" 
                     /environmental_sample 
     rRNA            <1..>712 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 agagtttgat cctggctcag attgaacgct ggcggcatgc cttacacatg caagtcgaac 
       61 ggcagcacgg gagcaatcct ggtggcgagt ggcgaacggg tgagtaatac atcggaacgt 
      121 gccctgtcgt gggggataac tagtcgaaag attagctaat accgcatacg acctgagggt 
      181 gaaagcgggg gaccgtaagg cctcgcgcga taggagcggc cgatgtctga ttagctagtt 
      241 ggtggggtaa aggcccacca aggcgacgat cagtagctgg tctgagagga cgatcagcca 
      301 cactgggact gagacacggc ccagactcct acgggaggca gcagtgggga attttggaca 
      361 atgggggcaa ccctgatcca gcaatgccgc gtgtgtgaag aaggccttcg ggttgtaaag 
      421 cacttttgtc cggaaagaaa tcccttgccc taatacggcg gggggatgac ggtaccggaa 
      481 gaataagcac cggctaacta cgtgccagca gccgcggtaa tacgtagggt gcgagcgtta 
      541 atcggaatta ctgggcgtaa agcgtgcgca ggcggttttg taagacaggc gtgaaatccc 
      601 cgagctcaac ttgggaatgg cgcttgtgac tgcaaggcta gagtatgtca gaggggggta 
      661 gaattccacg tgtagcagtg aaatgcgtag agatgtggag gaataccgat gg 
// 
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