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1.0. INTRODUCTION 

“Pollution is noting but, the resources we are not harvesting we allow them to disperse because we’ve been ignorant of their value”.


Water is essential for the survival of any living being in this globe. If improperly handled, it can be a deadly source of epidemics.  All major spheres of human activities such as urban and industrial development can lead to adverse effect on water resources. The major sources of water pollution are municipal waste, industrial and agricultural wastes ( Barraud et al., 2005).


Water pollution by industrial effluents has become a great concern in recent years. The effluent has the capability to pollute the water quality of receiving water bodies (Brombach et al., 2005). Industrial wastewater contains many kinds of heavy metals, organic compounds, nitrates, nitrites, sulphate, oil and grease, chlorides and other compounds. The contaminants are found to be toxic and hazardous, not only to human beings but also to the surroundings (Patil and Hande, 2004).


Heavy metals are most hazardous pollutants because of their non-degradable nature and property to affect all kinds of ecological system ( Buccolieri et al., 2005). The property of metals is that, they are immutable, they can neither be created nor destroyed, nor can one metal be transformed into another. This means that once metal is metabolized in the environment, its total amount there remains the same regardless of form, until it is immobilized again. In the long run heavy metals may give worst problems (Miranda et al., 2005).


According to earlier estimates, about 65-70% of the heavy metal wastewater generated in India does not get any treatment. Due to the lack of any treatment and the improper disposal of waste material on land and natural streams, there exists a potential hazard to physical, chemical and biological properties of soil (Andersen et al., 2004). High inputs of toxicants to soil may result in the saturation of available sorption and complexation sites ( Liapkalo  and Gal Chenko, 2005).

           The disposal of industrial effluents through open drainage system has heavy impart on soil quality. The leaching of liquid waste through soil changes the fertility of the soil and makes it unsafe for agricultural use (Kara et al., 2004).


The effluent from industries are either stored in landfills or channelized into agricultural lands or river. An undesirable concentration of chemicals finds their way into food chain either by percolating into the ground water or by the uptake of autotrophs. Pollution of the aquatic ecosystem due to heavy metals has created deep concern among scientists over the past few decades (Hussein et al., 2004). 


Electroplating industry is one of the major contributors of heavy metal pollution in surface water (Siddigui et al., 1999). Wastewater from electroplating industries are characterized with the presence of strong toxic components as simple and complex cyanides of heavy metals, salts of  hexavalent chromium, organic additions, mineral acids and bases ( Stefanova, 2000).


In recent year the extend of nickel pollution has been recognized and various chemical and biological remediation techniques were investigated for the removal of nickel ( Mclaren and Clucas, 2001).


Global input of nickel into the human environment is approximately 150,000 metric tonnes per year from natural sources and 180,000 metric tonnes per year from anthropogenic sources, including emissions from fossil fuel consumption and the industrial production, use and disposal of nickel compounds and alloys (Hostynek and Maibach, 2002).


Human exposure to highly nickel–polluted environments, such as those associated with nickel refining, electroplating, and welding, has the potential to produce a variety of pathologic effects. Among them are skin allergies, lung fibrosis, and cancer of the respiratory   track diseases (Kasprzal et al., 2003). 


The genotoxic and mutagenic activity of Ni(II), particularly at high doses, delivered into the cells by phagocytosis of sparingly soluble nickel containing dust particles. Ni(II) genotoxicity may be aggravated through the generation of DNA damaging reaction oxygen species (ROS) and the inhibition of DNA repair by this metal (Bal et al., 2003).


Broad spectrum on epigenetic effects of nickel includes alternation in gene expression resulting from DNA hyper methylamine and histone hypoacetylation, as well as activation or silencing of certain genes and transcription factors, especially those involved in cellular response to hypoxia (Akhtar et al., 2004). Major toxic effects of nickel includes chromosomal damage, alteration of enzyme activity, inhibition of protein and RNA synthesis and decease in ATP pool (Sri Rajyalaxmi et al.,  2004).


The removal and recovery of heavy metals from wastewater is important in the protection of the environment and human health. A number of technologies such as chemical precipitation, evaporation, electroplating, adsorption and ion exchange processes have been used to remove metals from wastewater. But the selection of an effluent treatment method is largely based on the concentration of heavy metal and the cost of treatment (Vijayaraghavan et al., 2005).


The use of microorganisms as biosorbents for removal of heavy metals is an attractive alternative to the existing methods for toxicity reduction and recovery of metal ions from industrial effluents because of their good performance and low cost (Deng et al., 2005). 


In the present study, bioaccumulation of Nickel electroplating effluent using bacteria was analysed. The study was formulated with the following objectives. 

· Characterization of the selected nickel electroplating effluent.

· Isolation and identification of metal tolerant bacteria from the effluent discharged soil.

· To assess the growth pattern of bacterial culture.

· Uptake and bioaccumulation studies of nickel electroplating effluent at different pH, temperature and time intervals using bacterial isolate.

· Effect of nickel on the metabolic activity of the bacterial isolate.

· To isolate the plasmid DNA from the bacterial isolate.

The following chapter outlines a review of the literature relevant to the present study. 

                 2.0. REVIEW OF LITERATURE


The review of literature pertaining to the study “Bioaccumulation of Nickel from Nickel electroplating industrial effluent using Micrococcus luteus” is presented under the following headings. 


2.1. Scenario of industrial pollution 


2.2. Heavy metal pollution


2.3. Nickel pollution and its hazards


2.4. Nickel electroplating industry


2.5. Bioremediation of heavy metals


2.6. Uptake of heavy metal by Bacteria
2.1. SCENARIO OF INDUSTRIAL POLLUTION
            Due to rapid industrial development during the last two decades in India, the disposal of industrial effluents has become a serious problem. The electroplating industry is one of the oldest industries in India, which has now taken a predominant place in the country’s economy. Such remarkable expansion incidentally leads to extensive pollution of ground water and solid due to the release of sludge and effluent (Brombach et al., 2005).


Industrial pollutants are known to contaminate the abiotic components of the      ecosystem and also pose a threat to the sustenance of plant and animal kingdoms on the earth ( Parvatham et al., 2001).

            Uncontrolled discharge of industrial effluents causes pollution of water by certain heavy metal ions. Consumption of such contaminated water leads to severe health problems. The metal ions may enter the food chain and gets biomagnified through bioaccumulation, thereby increasing the magnitude of problem. In view of their high toxicity, environment mobility, non–biodegradability and stability, their removal becomes an absolute necessity (Vasudevan et al., 2001).


The incidence of water pollution with loaded metal pollutants has reached such an alarming levels that environmentalist finds it difficult to enforce control measures. All these heavy metals are seriously interfere with bioenvironmental processes, thereby posing a menace to the life on this planet (Gupta, 2000).

2.2. HEAVY METAL POLLUTION


Environmental issues are increasing concern and research is now being directed towards applying technology to ameliorate the effects of environmental pollution. During the last few decades, extensive attention has been paid to the hazards arising from contamination of the environment by heavy metals ( Kotrba et al., 1999).


The heavy metal containing wastewater is generated from metalworking, electroplating industries and other industries (Babita and Shukla, 1999). Heavy metal pollution in the aquatic system has become a serious threat today. The water pollution cause poisoning of aquatic life resulting in the reduction of the quantity and quality of fish and other aquatic life ( Khurshid et al., 1998).


Water is necessity for survival of human beings. The ingestion of heavy metal polluted water cause various types of acute and chronic disorder such as severe damage to lungs and kidney, gastrointestinal distress (nausea, vomiting, 
iarrhea) pulmonary fibrosis, renal edema and skin dermatitis (Akhtar et al., 2004).


Soil is another source for survival of human beings. Disturbance of this system by toxic heavy metals may have profound influence on the decomposition of organic matter and there by affecting soil fertility (Devi et al., 1995).

2.3. NICKEL POLLUTION AND ITS HAZARDS

2.3.1. Source and occurrence of Nickel pollution 


Natural sources of atmospheric nickel include dusts from volcanic emissions and the weathering of rocks and soils (Ragsdale, 1998).  Mostly, naturally occurring nickel is almost always present in the divalent ( Ni2+ ) state. Almost all the divalent nickel in the environment arises from human activities, such as nickel refining, electroplating and welding has the potential to produce a variety of pathogenic effects ( Salniko et al., 2003).

2.3.2. Effect of Nickel on Human beings


Human exposure to nickel occurs primarily via inhalation and ingestion among nickel metallurgy workers (Hostynek, 2002). Exposure to nickel compounds can produces a variety of adverse effects on human health. Nickel allergy in the form of contact dermatitis is the most common diseases (Grimsrud et al., 2003).
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 (Zienolddiny, et al., 2000)

The uptake and major cellular interactions of Ni (II) derived from water-insoluble

( eg. Ni3S2 and NiO dust particles) and soluble ( eg. NiSO4 , NiCl2 , Ni(II) acetate) nickel compounds:


1. The insoluble particles enter the all via phagocytosis and Ni (II) is released from the phagocytes vesicles into the cytoplasm and nucleus.  


2. The soluble Ni2+ is transported into the cell via the Ca2+ channels, the divalent cation   transporter system DMT – 1 (A proton – coupled divalent cation transport) and by diffusion. 


3. The cytoplasmic Ni (II) forms a variety of complexes with different ligands, such as amino acids, peptides, proteins and glutathione, some of which are redox active and catalyze ROS production. The major effect is hypoxic stress due to Ni (II) interference with iron transport and iron-dependent hydroxylases. 


4. The nuclear Ni(II) and Ni(II) generated ROS interact with DNA and histones, causing promutagenic DNA damage (aggravated through inhibition of Ni(II) of DNA repair enzymes), and epigenetic alterations (stemming from Ni(II) – induced DNA hypermethylation, histone hypermethylation and structural  damage and transcription factors activation) ( Zienolddiny, et al., 2000).


The accumulation of nickel in the body through chronic exposure can lead to lung fibrosis, cardiovascular and kidney diseases. The most serious concern related to nickel carcinogenic activity is chromosomal damage (Matlock et al., 2002), alteration of enzyme activity (Tenorio et al., 2001), inhibition of protein and RNA synthesis (Koene et al., 2001) and decrease in ATP pool (Tsezos, 2001).

2.3.3. Effects of Nickel on Aquatic System


The presence of heavy metals in aquatic environment is known to cause severe damage to aquatic life, besides the fact that these metal ions kill microorganisms during biological treatment of wastewater with a consequent delay of the process of water purity (Hussein et al., 2004). Most of the heavy metal ions are soluble in water and forms aqueous solutions and consequently cannot be separated by ordinary physical means of separation (Akhtar et al., 2004).

2.3.4. Effects if Nickel on Soil System

The effluent containing heavy metals generally remains untreated and released into the soil. These facts have lead to environmental pollution and constitute a serious threat to ground water (Maria et al., 2004).


Heavy metal ions are strongly bound to the soil and many investigations have shown that the solubility of Cd, Cu, Ni, Pb and Zn in the soil increases as pH decreases. Even though the acidification of the subsoil and the subsequent mobilization of metals are slow, this process can eventually lead to ground water pollution                            (Andersen et al., 2004).

2.4. NICKEL ELECTROPLATING INDUSTRY 


Electroplating process involves a series of pretreatment steps which includes buffing, derusting by acid or alkali. All these process are carried out in a plating bath. The plated article is transferred from the plating bath to rinse bath for regular rinsing. This rinse is discarded creating pollution problem (Kumar et al., 1993). The steps involved are depicted as follows: 

Flow chart of electroplating process 
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2.5. BIOREMEDIATION OF HEAVY METALS

In recent years, the quest for clean environment has stimulated interest in finding alternative methods of waste disposal, pollutant removal and decontamination of toxic residues (Gunasekaran , 1999).


Different procedures for the removal of toxic metals from contaminated environments have been developed. Most of them are based on ion-exchange technologies and chemical precipitation of cations in an inert form   (Essa et al., 2002).


These methods are expensive and require additional products for desorption of metals and for cleaning up of the inorganic matrix and lead to formation of concentrated secondary wastes  (Mestres et al., 2002).


The biological means of pollutant removal from soil and water through biodegradation and bioremediation has been receiving new attention. Remediation technologies using microorganisms are feasible alternatives to the physical cleaning of soils or the concentration of metals in polluted waters by physical or chemical means        ( Valls and DeCorenzo, 2002).

2.6. UPTAKE OF HEAVY METAL BY BACTERIA

Bacteria immobilize metal ions by both active and passive processes. Bacterial biomass can passively bind large amount of metals a phenomenon commonly referred to as biosorption, thus providing a cost effective solution for industrial wastewater management (Mittal et al., 2002).


In biosorption, strong binding of metal ions to bacterial cells and to polymeric substances secreted by the cells is a passive process seen with both living and dead cells    ( Rajalaxmi et al.,  2004).


Essa. et al. (2002) reported that the removal of heavy metal from solutions can be used by the off-gas produced from aerobic cultures of Klebsiella  pneumoniae M426.


Hussein et al. (2004) reported the biosorption of Cr (VI), Cu (II), Cd (II) and Ni (II) using nonliving biomass of different Pseudomonas species. 

Deng e al. (2005) reported that genetically engineered Escherichia coli SE5000 strain was simultaneously expressing nickel transport system and a metallothionein was constructed to accumulate Ni2+ from aqueous solution.

Malekzadeh et al. (2000) reported that Pseudomonas MGF– 48, a gram – negative, motile yellow-pigmented bacterium was found to accumulated heavy metal, especially uranium.


Hernandez et al.(1998) found that Enterobacter cloacae and Escherichia 

hermannii strain was isolated from an oil refinery contaminated soil, which is capable of accumulating both nickel and vanadium. 

Jeyanthi et al. (2001) observed that Bacillus ranked top in the uptake of zinc at neutral pH with 1:3 dilution in zinc electroplating effluent, followed by E.coli and Streptococcus. 

Alexander. (1995) reported that Thiobacillus thiooxidants brings about bioleaching of zinc, cobalt and nickel from sulphide rocks. 

Seeley et al. (1991) reported that the granulated preparation of Bacillus will remove Cd, Cr, Cu, Hg, Ni, Pb, U, Zn and Pseudomonas aeruginosa has an efficiency to remove 98 – 99 % of plutonium.

Chitra et al. (1996) noted that Desulphovibrio and Desuphotomaculam precipitate metal as metal sulphides (ZnS, CuS, CdS, FeS) and Citrobacter immobilized in polyacrylamide removes cadmium. 

The experimental design of the study was described in the following chapter

3.0. EXPERIMENTAL PROCEDURE


In the present study, nickel tolerant bacteria was isolated from the effluent discharged soil samples, characterized and analyzed for their efficiency in the bioaccumulation of nickel under various experimental conditions are discussed as follows. 

PHASE I

3.1. COLLECTION AND CHARACTERIZATION OF NICKEL ELECTROPLATING INDUSTRIAL EFFLUENT
3.1.1 Collection of electroplating effluent and soil sample

Five liters of the untreated effluent samples were collected from Nickel electroplating industry located at Siddhapudur in Coimbatore city. The effluents were collected in clean plastic cans and stored at 4oC until analysis was done. The soil was also collected from the effluent discharged area at the depth of about 20 cm, where the effluent has been discharged over years. The effluent was collected twice in an interval of 15 days. The samples were analyzed for their physicochemical characteristics after collection. 

3.1.2 Characterization of nickel electroplating effluent

The effluent samples collected were analysed for various physicochemical characteristics. The parameters studied, their methods of analysis, and the appendices in which the methods were described and the reference are given in Table -1. 

TABLE – I

PHYSICOCHEMICAL CHARACTERISTICS OF THE NICKEL ELECTROPLATING EFFLUENT AND THEIR METHOD OF ANALYSIS

	CHARACTERISTICS
	METHOD OF ANALYSIS
	REFERENCE
	APPENDIX NO.

	Physical 

Colour 
	Visual 
	-
	-

	Odour 
	Visual 
	-
	-

	Turbidity 

Temperature

 pH 
	Visual 

Thermometer   

pH Meter
	-

-

 -
	-

-

1

	Electrical conductivity 

Total suspended solids
	Conductivity bridge

Filtration method
	-

APHA (1998)
	2

3

	Total dissolved solids
	Evaporation method
	APHA (1998)
	4

	Chemical 

Chemical oxygen demand
	Titrimetric method
	APHA (1998)
	5

	Total hardness

Anions 

Chloride
	Titrimetric method

Titrimetric method
	APHA (1998)

MANIVASAKAM, (1995)
	6

7

	Sulphate
	Turbidimetric method
	APHA ( 1998)
	8

	Cations

Calcium 
	Titrimetric method
	APHA ( 1998)
	9

	Magnesium 

Sodium and Potassium 
	 Calculation method

Flame photometric method
	APHA ( 1998)

NATARAJAN et al., (1998)
	10

11

	Divalent Nickel
	Spectrophotometric method
	APHA (1995)
	12


PHASE II

3.2. CHARACTERIZATION AND GROWTH PATTERN OF BACTERIAL ISOLATE
3.2.1. Isolation and Identification of Bacteria 


Soil from the effluent discharged area was collected, dried and crushed by using a porcelain mortar and pestle and stored in cloth bag for subsequent analysis. Soil from unpolluted area served as control. From this, one gram of the sample was weighed and    serial dilution technique was adopted to isolate bacterial isolate from the collected soil. The different dilutions were plated on nutrient agar medium using spread plate technique (Jenson, 1968). The plates were incubated at 37oC for 24 hours and the well grown colonies were picked and further purified by streaking, subsequent subculturing was done and the isolate was maintained in nutrient agar slant at 4oC (Seeley et al., 1989). The bacteria isolated from the effluent spilled soil were metal tolerant and from the unpolluted soil was coined to be nonmetal tolerant.  The isolated bacterial, colonies were identified based on Gram staining, motility and others biochemical characteristics (Bergey’s Manual of determinative bacteriology, 1984). The methods of identification and their appendices were given in Table – 2.  

3.2.1. Assessment of the growth pattern of Bacterial isolate

The exponentially growing bacterial culture was inoculated in nutrient broth at 2% v / v and kept under shaking condition (200 rpm) at 37oC for 24 hours. The growth curve of the bacteria was determined spectrophotometrically at 475nm at different incubation periods namely 0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 hours (Bhattacharya, 1986). The procedure was given in Appendix – 27.

TABLE -2
BIOCHEMICAL CHARACTERISTICS OF BACTERIAL ISOLATE

	BIOCHEMICAL  CHARACTERS
	APPENDIX NUMBER

	Gram staining
	13

	Motility Test
	14

	Indole Production Test
	15

	Methyl Red Test
	16

	Voges Proskauer Test
	17

	Citrate utilization Test
	18

	Catalase Test
	19

	Oxidase Test
	20

	Urea Hydrolysis Test
	21

	Nitrate Reduction Test
	22

	Hydrogen Sulphide production Test
	23

	Fermentation of Carbohydrate
	24

	Starch Hydrolysis Test 
	25

	Gelatin Hydrolysis Test
	26


PHASE III

3.3 BIOACCUMULATION OF NICKEL USING BACTERIAL ISOLATE

The effluent was diluted with minimal salt medium (MSM) at different ratio namely 1:1, 1:2, 1:3 (Effluent: MSM) and raw effluent. 

3.3.1. Effect of pH on Nickel uptake using bacterial isolates


To optimize the pH for the biosorption study, about 100ml of the diluted and undiluted samples were taken at different pH (5.0, 6.0, 7.0, 8.0 and 9.0). The flask was inoculated with 2% v/v of biosorbent (metal tolerant and nonmetal tolerant bacteria). The flasks were then incubated at 37oC for 24 hours at different time intervals namely 24, 48 and 72 hrs. The samples were centrifuged at 5000rpm for 10 minutes and the supernatants were analysed for the percentage removal of nickel from the samples.

3.3.2. Effect of temperature on Nickel uptake by Bacterial isolate


100ml of the diluted and undiluted samples were taken and sterilized. About 2% v/v of biosorbent was inoculated at varying temperature (25oC, 30oC, 35oC, 40oC, and 45oC) at pH 7.0. The samples were centrifuged at 5000rpm for 10 minutes and the supernatants were analysed for the percentage removal of nickel from the samples. 

3.3.3. Effect of bacteria on Nickel uptake at different time intervals

100ml of the diluted and undiluted samples were taken and sterilized. Each flask was inoculated with 2 % v/v exponentially growing biosorbent. The flasks were incubated at 37o C in an orbital shaker at 200 rpm at various time intervals namely 24, 48 and 72 hours at pH 7.0. The samples were centrifuged at 5000 rpm for 10 minutes and the supernatants were analyzed for the percentage removal of nickel from the sample. 

3.3.4. Effect of Nickel on the metabolic activity of Bacteria

The harvested bacterial biomass was washed with distilled water for several times and dried in an oven at 60oC till constant weight to estimate the amount of biomass. The biomass was analysed for various biochemical parameters namely DNA, RNA, protein and total carbohydrates. 


The details of the methods of analysis of these parameters, the reference and appendices are presented in Table – 3

TABLE – 3

BIOCHEMICAL PARAMETER ANALYSED IN THE BIOMASS OF BACTERIA

	BIOCHEMICAL PARAMETERS
	METHODS OF ANALYSIS
	REFERENCE
	APPENDIX NO.

	DNA isolation 
	Precipitation method
	Sambrook et al., (1989)
	28

	DNA estimation
	Colorimetric method
	Giles and Mayer, 

(1965)
	29



	RNA isolation
	Precipitation method
	Powlowski et al., (1994)
	30

	RNA estimation
	Colorimetric method
	Lin and Schjeide, 

( 1969)
	31

	Isolation and Estimation of Protein
	Colorimetric method
	Loury et al.,(1951)
	32

	Isolation and Estimation of Carbohydrate
	Colorimetric method 
	Hodge and Hofreiter 

(1962)
	33


PHASE – IV

3.4. Isolation of plasmid DNA from the Bacterial isolate

Plasmid DNA was isolated by the method of Madavan (1998). Appendix –34 gives the details of the method.


The results obtained at various stages of the study are presented and discussed in the next chapter. 

4.0. RESULTS AND DISCUSSION


The results of the study entitled “Bioaccumulation of nickel from nickel electroplating industrial effluent using Micrococcus luteus” are presented and discussed as follows:

PHASE I

4.1. PHYSICOCHEMICAL CHARACTERIZATION OF NICKEL ELECTROPLATING EFFLUENT

The wastewater generated from nickel electroplating industry located at Siddhapudhur in Coimbatore was analysed for various physicochemical parameters. 


The various physicochemical parameters analysed in the effluent was presented in Table – 4. 

TABLE – 4 

PHYSICOCHEMICAL CHARACTERIZATION OF NICKEL ELECTROPLATING EFFLUENT

	PARAMETER
	EFFLUENT SAMPLE ( mg / l)
	BIS LIMIT IS : 2490 – 1981  #

	Physical

Colour
	Green
	NM

	Odour
	Unpleasant odour
	Odour less

	Turbidity
	Turbid
	NM

	Temperature (oC)
	32oC
	NM

	pH
	4.9
	5.5 to 9.0

	Electrical conductivity
	350
	NM

	Total suspended solid ( TSS)
	600
	100

	Total dissolved solid ( TDS)
	200
	2100

	Chemical

Chemical oxygen demand (COD)
	1502
	250

	Total hardness
	2728
	NM

	Anions

Chloride
	2749.12
	1000

	Sulphate
	44.49
	1000

	Cations

Calcium
	21000
	NM

	
	
	

	Magnesium
	18272
	NM

	Sodium  

Potassium
	4100

 13
	NM

NM

	Divalent Nickel
	0.9
	0.3


Values are mean of triplicates

# - Tolerance limits for industrial effluents discharged into in land surface waters       prescribed by the Bureau of Indian standards. 

NM – Not mentioned

All the values are expressed in mg/l except electrical conductivity and pH
The physicochemical analysis of electroplating effluent showed that the effluent was green in colour, turbid, with unpleasant odour. Treatment methods at present employed could remove only 40% of colour. But the wastewater can be used for agricultural purpose only after 90 % removal of colour (Mathavakumar and Kalaiarasan, 2001).

Turbidity was caused by suspended particles and finely divided organic and inorganic ions. In the present investigation, the turbidity of the effluent samples might be due to the discharge of various ions, which are used extensively in plating processing.


It was evident from the table-4 that the pH of the electroplating effluent was 4.9 which was below the tolerance limit (5.5 – 9.0) as prescribed by Bureau of Indian Standards. This might be due to the addition of acids in the effluent.


The electrical conductivity was 350 mS in the electroplating effluent.  This might be due to the higher concentration of dissolved ions in the wastewater.

The level of TSS in the electroplating effluent was 600 mg/l, which was greater than the tolerance limit prescribed by Bureau of Indian Standards (100 mg/l). As a result of changes on the surface of small particles in the effluent, large solid particulate matter remains suspended in the effluent which increases the TSS (Kulkarni et al., 2002).

The effluent sample recorded the TDS level of 200mg/l. This value was found to be within the tolerance limit prescribed by the Bureau of Indian Standards (2100 mg /l). 

The COD determination is a measure of the oxygen equivalent of that portion of the organic mater in a sample that is susceptible to oxidation by a strong chemical oxidant. It is an important, rapidly measured parameter for industrial wastewater studies and for control of wastewater treatment processes (Rathi and Puranik 2002). The COD levels of effluent sample was 1502 mg/l, which was higher when compared to the tolerance limit (250 mg /1) as prescribed by the Bureau of Indian Standards.

The total hardness was found to be 2728 mg/l in the electroplating industry effluent. This might suggest the increased amount of calcium and magnesium ions in the effluent. 


The level of chloride in the selected electroplating industry effluent was found to be much higher (2749. 12 mg/l) than the tolerance limit (1000 mg/l). Generally, chloride at low concentration is not harmful. However, fruit trees were reported to be affected due to chloride toxicity (Sujatha and Gupta, 1996). Nickel effluent had excessive chlorine content and when it was discharged into a river, it adversely affects the quality of water 

( Dadhich et al., 2002).

The level of sulphate in the effluent (44.49mg/l) was found to be much below than the tolerance limit (1000mg / l).

The levels of calcium and magnesium in the effluent were found to be 21,000 mg/l and 18, 272 mg/l respectively. The effluent sample from electroplating industry had higher values for sodium and potassium (4100 mg/l and 13 mg/l respectively).

The level of nickel on the effluent was found to be higher (0.9 mg/l) than the BIS limit (0.3 mg/l). Industrial water constitutes the major source of various kinds of metal pollution in natural water. The important toxic metals like Ni, Pb, Cd, Cr and Zn find there way to the water bodies through wastewater from different industries (Ajmal et al., 1998).

PHASE II
4.2. ISOLATION AND CHARACTERIZATION OF BACTERIA

The morphological, cultural and biochemical characteristics of selected bacterial isolates was depicted in Table – 5.

TABLE – 5

CULTURAL AND BIOCHEMICAL CHARACTERISTICS OF BACTERIAL ISOLATE

	PARAMETER
	CHARACTERISTICS

	Shape 
	Cocci

	Gram stain
	Positive 

	Agar slant , Cultural character
	Soft, Smooth, Yellow growth

	Motility 
	-

	Indole test
	-

	Methyl red test
	-

	Voges Proskaur test
	-

	Citrate test
	+

	Catalase test
	-

	Oxidase test
	-

	Urea Hydrolysis test
	+

	Nitrate reduction test
	+

	H2S production test
	-

	Carbohydrate Fermentation test

Glucose

Lactose

Mannitol

Sucrose
	A- G –

A- G –

A+ G +

A- G –

	Starch Hydrolysis test
	-

	Gelatin test
	+


+  = positive


A+G+ = Acid and Gas production

- = Negative


A- G- = No Acid and Gas production

From the Table – 5, based on the morphology, cultural and biochemical characteristics, the isolate was identified as Micrococcus luteus. The bacterial isolate was found to be a Gram positive, non-motile cocci with yellow colonies on nutrient agar medium. The biochemical characterization of isolate showed negative results for Indole, Methyl Red, Voges Proskeur, Catalase, Oxidase, H2S production and Starch hydrolysis. However, citrate, urea hydrolysis, citrate and gelatin tests were positive for       micrococcus luteus.

Plate 1

4.2.2 Assessment of growth pattern of Micrococcus luteus

The growth pattern of the selected bacterial isolate was assessed in order to find out the duration of exponential growth phase of the Micrococcus luteus. The data are depicted in Table – 6. The growth of the Micrococcus luteus was high at logarithmic phase and the duration was found to be 8 – 12 hours at pH 7.0, which was shown in Fig.1.

Fig 1. Growth pattern of Micrococcus luteus at pH 7.0
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PHASE III
4.3 UPTAKE AND BIOACCUMULATION STUDIES OF NICKEL USING MICROCOCCUS LUTEUS

There is a great interest in using microbiological system for extraction of metal ions from the wastewater and it is accepted that much more impetus must be exervised over treatment of environmental wastes. It has been shown that bioremediation by bacterial culture was economically and environmentally superior to chemical treatment and will be one of the solutions for pollution abatement ( Shakibaie et al., 1999).

Table – 29

4.3.1. Effect of pH on nickel uptake using Micrococcus luteus


The bioremediation capacities of living bacterial biomass of heavy metal ions were found to be strongly dependent on pH of the solution.

The uptake of Ni (II) by Micrococcus luteus was observed to be effective at pH 7.0 in 1:3 dilutions. The results obtained were presented in Fig. 2 - 7. Gadd (1990) suggested that low external pH generally decreased the rate and extent of metal biosorption.


The different pH binding profiles for heavy metal ions could be due to the nature of the chemical interactions of each metal with microbial cells and are related to the isoelectric point of the cell. At pH values above the isoelectric point, there is a net negative charge on the cells and the ionic state of ligands such as carboxyl, phosphate and amino groups will be such as to promote reaction with the metal cations.

As the pH was low, however, the overall surface charges on the cells become positive, which will inhibit the approach of positively charged metal cations (Sag and Kutsal, 1996).

Fig 2.  EFFECT OF PH ON NICKEL UPTAKE USING METAL TOLERANT Micrococcus luteus (24 HRS)
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Fig 3.  EFFECT OF PH ON NICKEL UPTAKE USING NON METAL TOLERANT Micrococcus luteus (24 HRS)
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Fig 4.  EFFECT OF PH ON NICKEL UPTAKE USING METAL TOLERANT Micrococcus luteus (48 HRS)
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Fig 5.  EFFECT OF PH ON NICKEL UPTAKE USING NON METAL TOLERANT Micrococcus luteus (48 HRS)
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Fig 6.  EFFECT OF PH ON NICKEL UPTAKE USING METAL TOLERANT 

Micrococcus luteus (72 HRS)
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Fig 7. EFFECT OF PH ON NICKEL UPTAKE USING NON METAL TOLERANT  Micrococcus luteus (72 HRS)
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4.3.2. Effect of temperature on nickel uptake by Micrococcus luteus

The rate and extent of accumulation of heavy metals was found to be dependent on environmental parameters, such as pH, temperature and interference by certain anions and cations (Gupta et al., 2000).

Thus the uptake experiments were conducted to evaluate the potential of the Micrococcus luteus in the removal of Ni (II) from nickel electroplating effluent and to assess their growth at varying temperatures (25oC , 30oC, 35oC, 40oC and 45oC), at pH 7.0. The results obtained were presented in Fig. 8 and 9.

From Fig. 8 it was observed that the percentage removal was higher at 1:3 dilution (98%) at 35oC and 80-85% of nickel was to removed in 1:1 and 1:2 dilution, where as the undiluted effluent showed only 34% removal of nickel.

Fig 9. depicts the results of non metal tolerant Micrococcus luteus on the effect of temperature.Wang (2001) observed in his study that the optimal pH and temperature for the biological reduction of nickel was coincident with the optimal growth condition of the cells.


The transport of metal ions into bacterial cell was inhibited by low temperature, metabolic inhibitors and absence of an energy source as reported by Gadd (1990).

Standberg et al. (1981) detected an increase in the rate of uranium uptake by Saccharomyces cerevisiae with an increase in temperature between 20oC – 50oC.

Fig. 8 EFFECT OF TEMPERATURE ON NI UPTAKE

USING MATAL TOLERANT Micrococcus luteus
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Fig. 9. EFFECT OF TEMPERATURE ON NI UPTAKE

USING NON MATAL TOLERANT Micrococcus luteus
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4.3.3. Effect of Micrococcus luteus on nickel uptake at different time intervals



The uptake of nickel by Micrococcus luteus at different time intervals was depicted  in fig. 10 and 11. The rate of biosorption of nickel increased with increase in time intervals, the uptake of nickel was found to be effective in all dilution at 72 hours. The maximum sorption was found to be more than 90% in all the dilutions. Based on the dilution rate the growth of the bacteria isolate decreased as shown by decreased in its optical density (William et al., 1952). Plate – 3 depicts the growth of Micrococcus luteus on Nickel electroplating effluent at different dilutions.

Plate – 3 

Fig. 10 EFFECT OF METAL TOLERANT Micrococcus luteus 

ON NICKEL AT DIFFERENT TIME INTERVALS
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Fig. 11 EFFECT OF NON METAL TOLERANT Micrococcus luteus ON NICKEL AT DIFFERENT TIME INTERVALS
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4.3.4. EFFECT OF NICKEL ON METABOLIC ACTIVITY OF Micrococcus luteus

A variety of heavy metals from aqueous solutions as well as radioactive materials and other toxic pollutants from wastewater and industrial effluents, and the use of bacteria in the removal and recovery of heavy metals have been investigated by several workers (Gadd and Griffiths, 1980, Osman and Elwy, 1989, Gadd and White, 1993, Arica et al., 2001).

4.3.4.1. Effect of nucleic acid content of the Micrococcus luteus at different               

               Dilutions of the effluent


The DNA and RNA concentration (mg/100ml) of Micrococcus luteus was given in Table 7. Based on the dilution rate the amount of cellular DNA and RNA recorded a significant, increase in metal tolerant and nonmetal tolerant Micrococcus luteus.


The DNA and RNA in the biomass of Micrococcus luteus was given in Table – 7. However, the DNA and RNA content was found to be decreased in the undiluted effluent. The decrease may be due to the higher toxicity if nickel (II).

TABLE: 7

NUCLEIC ACID CONTENT IN THE BIOMASS (MG/100ML DRY WT) OF Micrococcus luteus AT DIFFERENT DILUTION OF THE EFFLUENT

	DILUTIONS

OF EFFLUENT
	CONCENTRATION OF NICKEL (mg/100ml)
	DNACONTENT

        (mg/100ml)

Control       Sample
	   RNACONTENT

      (mg/100ml)

Control      Sample         

	1:1

1:2

1:3

Undiluted 
	0.045

0.03

0.02

0.09
	   0.053           0.117

   0.058           0.123

   0.075           0.140                

   0.016           0.058
	   0.051        0.118

   0.060        0.126

   0.070        0.141

   0.022        0.058



Values are means of three triplicates


Incubation period - 24 hours 


Incubation temperature- 35oC

           pH – 7.0

4.3.4.2. Effect of Total protein content of the Micrococcus luteus at different          

              Dilution of the effluent


The protein contents of the selected bacterial isolate at different concentration of nickel was given in Table - 8. It was observed that the protein content of the Micrococcus luteus was significantly increased with decreased concentration of Ni(II). Metwally and Abou – Zeid (1996) suggested that protein production was directly affected by the type and concentration of the metal. 

The inhibitory effect of metal on protein content at higher concentration might be due to phosphate deficiency as a result of its precipitation, membrane damage, change in permeability and selective inhibition of enzyme synthesis ( Zinchevskaya and Rukhadze, 1968, Cole 1977). Khovrychev et al. (1980) suggested that protein synthesis is most sensitive to toxic compound among other metabolic processes and its inhibition leads to the death of cells. In the present study, protein contents in the cell walls were found to be significantly increased in the bacteria, when compared to their controls. Venkateshwerlu and Stotzky (1986) showed that Cunninghamella blakesleeana contained more protein than the control, which might be one of the reasons for the high accumulation of copper, which would have complex with the NH2 groups of the protein. 

TABLE- 8

EFFECT OF TOTAL PROTEIN CONTENT IN THE BIOMASS (MG/100ML DRY WT) OF Micrococcus luteus AT DIFFERENT DILUTION OF THE EFFLUENT

	DILUTION OF EFFLUENT
	CONCENTRATION OF NICKEL (mg/100ml)
	PROTEINCONTENT(mg/100ml)

Control        Sample

	1:1

1:2

1:3

Undiluted
	0.045

0.03

0.02

0.09
	    0. 725         1.285

    0.903          1.795

    0.931          1.920

    0.527           0.792



Values are means of three triplicates


Incubation period - 24 hours 


Incubation temperature- 35oC

           pH – 7.0

4.3.4.3. Effect of Total carbohydrate content of the Micrococcus luteus at different Dilution of the effluent


The carbohydrate content in Micrococcus luteus at different dilution was given in Table–9. It was observed that the total carbohydrate content in the Mcrococcus luteus was significantly increased when compared to the control. 

This might be due to the accumulation of carbohydrate in the cell wall which seemed to be a mechanism for the detoxification of metals by bacteria. Ismail et al.(1991) noted that application of nickel or zinc to Chlorella sp. accelerated the total carbohydrate accumulation at all concentrations. In contrast, in the present study the carbohydrate content of Micrococcus luteus was found to be decreased significantly with increasing concentration of Ni (II).

TABLE: 9

EFFECT OF TOTAL CARBOHYDRATE CONTENT IN THE BIOMASS (MG/100ML DRY WT) OF Micrococcus luteus AT DIFFERENT DILUTION OF THE EFFLUENT

	DILUTION OF     EFFLUET
	AMOUNT OF NICKEL (mg/100ml)
	 CARBOHYDRATE CONTENT (mg/100ml)

  Control              Sample

	1:1

1:2

1:3

Undiluted
	0.045

0.03

0.02

0.09
	      21.76                38.56

      27.09                53.85

      27.96                57.45

      15.83                23.76



Values are means of three triplicates


Incubation period - 24 hours 


Incubation temperature- 35oC

           pH – 7.0

PHASE: IV


4.4. PLASMID DNA ISOLATION FROM THE ISOLATED BACTERIA

In this present study, the isolation of plasmid DNA was carried out with the help of agarose gel eletrophoresis. The isolated bacterium was found to have plasmid DNA.

The compounds essential for the growth of a bacterial cell are encoded in the chromosomal genes and the presence of plasmid gives the host cell a survival or growth advantage under some conditions. 

Gene coding for some enzyme is essential for the biodegradation of a number of organic compounds, which are plasmid borne and the organism have been constructed to degrade the difficult waste (Bedard 1992). Mostly the gram negative bacteria have the decomposition of xenobiotics which is often connected with the existence of one or more plasmid in the bacterial cells ( Sayler, 1990).


The summary and conclusion of the study was described in the following chapter.

Plate – 4

SUMMARY AND CONLCUSION


Industrial activities of man have given a new dimension to environmental problems. A large number of electroplating industries have been developed in Coimbatore area. These industries produce a large amount of wastewater containing heavy metals, which are released during the rising process. These discharges constitute the largest proportion of total wastes. These are of highly polluting nature and disposal of these without any treatment affect the environment. Environmental issues are now gaining importance and it is the responsibility of the polluting industry to ensure that the situation does not go out of hand. The problem associated with electroplating industries are complex in nature and the discharge of water into appropriate place, has not yet attained a solution of its own. Therefore, the study was attempted to degrade the heavy metal present in nickel electroplating effluent using bacterial isolates. 


The nickel electroplating effluent sample was collected from Siddhapudur in coimbatore. The effluent was characterized for its various physicochemical parameters.  The soil sample collected from the effluent discharge site and unpolluted soil was analysed for Bacterial population.  The isolated Bacterium was checked for its effects of PH, temperature and also for the uptake of Ni (II) at different time intervals (24, 48 and 72).  The Bacteria was assed for its Nucleic acid, Protein, carbohydrate contents.  The isolate was subjected to agarose gel electrophoresis for the presence of plasmid.


The conclusions arising out of the results and the discussions of the study are summarized below:

· The Bacterial species, Micrococcus lutues was isolated from the nickel electroplating effluent, discharged and unpolluted soil.

· The physicochemical parameter of the nickel electroplating effluent shows that the water is highly coloured, with unpleasant odour and turbidity. The pH of the electroplating effluent was acidic and had high contents of total suspended solids.  The amount of TDS and sulphates were found to be within the BIS limit. The COD of nickel electroplating effluent were higher than the tolerance limit which is an indication of the presence of both biodegradable and non biodegradable pollutants. Chloride and sulphate were found to be higher above the limits prescribed by the Bureau of Indian standards. The cationic levels namely calcium, magnesium, sodium and potassium were found to be higher then that of raw water used in cleaning process. The divalent nickel concentration higher when compare to limits prescribed by the Bureau of Indian standards.

· Bioaccumulation of Ni (II) nwas found to be effective at PH 7.0 at 35o C and the uptake was found to be higher at 72 hrs.  The total Nucleic acid content, total carbohydrate and proteins were found to be increased with increase in the dilution rate.

· Plasmid DNA was isolated from the nickel electroplating effluent (This may also have the capacity to degrade the heavy metals).

· Therefore, it can be suggested that these effluent after degradation could be used for crop cultivation or irrigation purposes. Thus, the nickel electroplating effluent should be given pretreatment to minimize the rate of pollution. 
TABLE - 6

GROWTH PATTERN OF Micrococcus luteus AT DIFFERENT pH

	PH
	Time in hours



	
	1


	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	5


	0.01
	0.02
	0.05
	0.12
	0.26
	0.30
	0.44
	0.47
	0.58
	0.59
	0.63
	0.69
	0.74
	0.64
	0.66
	0.68
	0.68
	0.67
	0.66
	0.55
	0.43
	0.30
	0.25
	0.18

	6


	0.01
	0.02
	0.14
	0.19
	0.28
	0.41
	0.54
	0.55
	0.60
	0.68
	0.75
	0.81
	0.90
	1.00
	1.01
	1.02
	1.02
	1.02
	0.99
	0.83
	0.75
	0.73
	0.68
	0.53

	7


	0.02
	0.04
	0.16
	0.20
	0.29
	0.43
	0.46
	0.63
	0.65
	0.71
	0.82
	0.95
	1.00
	1.01
	1.02
	1.07
	1.07
	1.06
	1.06
	0.99
	0.91
	0.89
	0.65
	0.41

	8


	0.01
	0.02
	0.08
	0.17


	0.18
	0.23
	0.31
	0.32
	0.38
	0.49
	0.58
	0.71
	0.87
	0.95
	0.95
	0.95
	0.95
	1.01
	0.91
	0.72
	0.70
	0.68
	0.50
	0.35

	9


	0.01
	0.02
	0.05
	0.08
	0.19
	0.26
	0.30
	0.34
	0.49
	0.58
	0.65
	0.78
	0.84
	0.89
	0.92
	0.94
	0.95
	0.95
	0.95
	0.94
	0.87
	0.86
	0.73
	0.62


APPENDIX – 1

DETERMINATION OF pH

PH 


It was measured using a pH meter to assess the acidity / alkalinity of the electroplating waster water. 

APPENDIX – 2

DETERMINATION OF ELECTRICAL CONDUCTIVITY

Electrical Conductivity


It was measured using conductivity bridge and expressed in milliSiemens  ( mS)

APPENDIX - 3

DETERMINATION OF TOAL SUSPENDED SOLIDS 

Filtration Method (APHA, 1998)

Principle


A well-mixed sample is filtered through a weighed standard glass-fibre filter and the residue retained on the filter is dried to a constant weight at 103oC – 105oC. The increase in weight of the filter represents the total suspended solids. If the suspended material clogs the filter and prolongs filtration, it may be necessary to increase the diameter of the filter or decrease the sample volume.

Procedure


Filtered 250ml of the effluent through a tared filter paper by applying suction. Washed the filter paper with distilled water to remove the soluble salts. Dried the filter paper for at least one hour in an oven at 103o C – 105oC. The increase in weight was the total suspended solids. Expressed the results as mg total suspended solids per litre of the sample.

APPENDIX – 4

DETERMINATION OF TOAL DISSOLVED SOLIDS

Filtration Method (APHA, 1998)

Principle


A well-mixed sample is filtered through a standard glass fiber filter and the filtrate is evaporated to dryness in a weighed dish and dried to constant weight at 180o C. The increase in dish weight represents the total dissolved solids. 

Procedure


Filtered 250ml of the effluent through a glass microfiber filter paper. Evaporated the filtrate in a tarred porcelain dish which was preheated at 105oC and then at 550o C for one hour in a muffle furnace and cooled and brought to constant weight. Kept the dish at 180oC for about 1 hour, cooled and weighted. The increase in weight denoted the total dissolved solids content. Expressed the results as mg total dissolved solids per litre of the sample. 

APPENDIX -5

ESTIMATION OF CHEMICAL OXYGEN DEMAND

Titrimetric Method (APHA, 1998)

Principle


Chemical oxygen demand (COD) is defined as the amount of a specified oxidant that reacts with the sample under controlled conditions. The quantity of oxidant consumed is expressed in terms of its oxygen equivalence. Because of its unique chemical properties, the dichromate ion (Cr2 O72 ) the specified  oxidant is reduced to the chromic ion ( Cr3+ )


COD often is used as a measurement of pollutants in wastewater and natural waters. Most types of organic matter are oxidised by boiling mixture of chromic and sulfuric acids. A sample is refluxed in strongly acid solution with a known excess of potassium dichromate. After digestion, the remaining unreduced potassium dichromate is titrated with ferrous ammonium sulfate to determine the amount of potassium dichromate consumed and the oxidizable matter is calculated in terms of oxygen equivalent. 

Reagents

1. Mercuric sulphate crystals.

2. Sulphuric acid –silver sulphate reagent: Dissolved 10.1 g of silver sulphate in 1 litre of concentrated sulphuric acid. Allowed the solution to stand for two days for complete dissolution. 

3. Potassium dichromate solution 0.125N: Dissolved 0.129 g in distilled water and made up to 1 litre. 1.0ml of 0.125N potassium dichromate ( 1.0 mg of oxygen.

4. Ferroin indicator solution: Dissolved 95 mg of ferrous sulphate in 500ml of distilled water. Added 1.485g of 1,10 phenanthroline monohydrate and mixed thoroughly. 

5. Ferrous ammonium sulphate solution 0.125N: 40g of ferrous ammonium sulphate was dissolved in distilled water. Added 20ml of concentrated sulphuric acid. Made up to one litre with water. Standardized it with 0.125 N potassium dichromate. 

Procedure


A refluxing flask of 250ml capacity was used with a ground glass 24/40 neck fitted with a 300mm double surface condenser to which a glass cap was fitted. Placed 50ml of the sample in the flask. Added mercuric sulphate of suitable quantity such that the ratio of chloride content of the sample to mercuric  sulphate was 1: 10 ( For this, chloride content of the sample was estimated as given in Appendix 6). Then added 5 ml of sulphuric acid – silver sulphate reagent and dissolved the mercuric sulphate. Cooled in cold water while mixing. Pipetted 25ml of 0.125N  potassium dichromate into the flask and mixed well. Added 70 ml of sulphuric acid silver sulphate reagent very carefully and mixed. Added a few porcelain bits and attached the condenser. Started water circulation and refluxed for two hours. Removed the flame, allowed the flask to cool. Transferred the contents of the flask and diluted to about 350ml with distilled water. Added 2 to 3 drops of ferroin indicator and titrated against  0.125N ferrous ammonium sulphate solution. The end point was the sharp colour change from blue-green to reddish brown. A blank was conducted using 50ml of distilled water instead of the sample.

Calculation


                         (Blank titre value – Sample titre value) ( 0.125 ( 1000 ( 8

COD in mg / 1 = 

                                                                Volume of sample taken 

APPENDIX – 6

ESTIMATION OF TOTAL HARDNESS

EDTA-Titrimetric Method (APHA, 1998)

Principle


Ethylene diamine tetra acetic acid and its sodium salts (EDTA) form a chelated soluble complex when added to a solution of certain metal cations. If a small amount of dye such as Eriochrome Black – T or calmagite is added to an aqueous solution containing calcium and magnesium ions at a pH of 10.0 ( 0.1, the solution becomes wine red. If EDTA is added as a titrant, the calcium and magnesium will be complexed, and when all the magnesium and calcium has been complexed, the solution turns from wine red to blue, marking the end point of the titration. 

Reagents

1. Calcium standard solution: 1.0 g of pure Calcium carbonate was dissolved in 1 litre of water using 20.5 ml of HCl and warming.            1 ml = 1 mg CaCO3.

2. Standard EDTA titrant (0.02 N ) : 3.723 g Disodium ethylene diamine tetra acetate dihydrate was dissolved in 1 litre of water. It was standardized against standard calcium solution. 1.0ml of 0.02N EDTA ( 1.0 mg of CaCO3.

3. Eriochrome Black – T indicator: 0.5 g of the dye was mixed with 100g of Sodium chloride to obtain a dry powder mixture. 

Procedure


Placed a suitable volume of the sample in a conical flask and diluted to 50ml. Added 1.0ml of buffer solution per 50ml volume. The pH of the titre should be 10.0 ( 0.1. Added a pinch of the indicator. Titrated with standard EDTA, until a reddish tinge appeared and added the last few drops within 3-5 seconds. The end point was the appearance of blue colour. 

Calculation


If EDTA titrant is exactly 0.02 N,

        




              ml EDTA titant ( 1 ( 1000


mg /  Total Hardness =

                                                        ml sample taken for estimation (as CaCO3 )

APPENDIX – 7

ESTIMATION OF CHLORIDE

Silver Nitrate Titrimatric Method (Manivasagam, 1995)

Principle


Silver nitrate reacts with chloride ions to form silver chloride. The completion of reaction is indicated by the red colour produced by the reaction of Silver nitrate with potassium chromate solution which is added as an indicator.

Reagents


Chloride free double distilled water was used for all reagents.

1. Standard Silver nitrate titrant, 0.0282N : 4.791 g of Silver nitrate was dissolved in 1 litre of distilled water. Standardized it against: 0.02N Sodium chloride solution. 1.0 ml of exactly 0.02N AgNO3 = 1.0 mg chloride.

2. Standard Sodium chloride titrant, 0.0282N : 1.648g of  Sodium chloride was dissolved in 1 litre of distilled water. 1.0 ml ( mg chloride. 

3. Potassium chromate indicator solution: Dissolved 25g in 100ml of distilled water. Added Silver nitrate solution dropwise until a slight red precipitate was formed. Allowed to stand for 12 hours. Filtered and made upto 500ml with distilled water. 

4. Aluminium hydroxide  suspension : Dissolved 100g Aluminimum ammonium sulphate in 1000ml distilled water. Warmed to 60oC and added with stirring 55ml conc. ammonia solution. Allowed the precipitate to settle for about an hour. Washed by decantation with distilled water to make the precipitate free from chloride. Checked it by treating a portion of the decantate every time with Silver nitrate solution. After the precipitate was free from chloride, diluted it to 1000 ml with distilled water. 

Procedure


Added 3.0ml of Aluminium hydroxide to a measured volume of the sample in a beaker. Stirred well and allowed to settle. Filtered, washed the precipitate with chloride free distilled water and combined the filtrate and washings. Pipetted out 100ml of the sample into a porcelain dish. Adjusted the pH to be in the range of 7-9.5. Added 1 ml of Potassium chromate indicator solution. Titrated it against standard Silver nitrate solution with constant stirring until a slight precipitable reddish colouration persisted. Conducted a blank by placing 100 ml chloride – free distilled water instead of sample. 

Calculations 


If the Silver nitrate solution is exactly 0.0282 N,




          (ml AgNO3 for sample – ml AgNO3 for blank ) ( 1000

Chloride ( mg per litre ) = 






      ml sample taken for estimation

If the Silver nitrate solution is not exactly 0.0282N,

                                                      ( ml AgNO3 for sample – ml AgNO3 for blank )






    ( Normality of AgNO3 ( 35.45 ( 1000


Chloride ( mg per litre ) =







 ml  sample taken for estimation

APPENDIX – 8

ESTIMATION OF SULPHATE

Turbidimetric Method (1998)

Principle


Sulphate ions are precipitated as barium sulphate crystals of uniform size in acid medium.  Light absorbed by the precipitate in measured suing a spectrophotometer or an absorptiometer.

Reagents

1. Conditioning reagent:  dissolve 75g sodium choloride in 300ml distilled water add 30ml Conc. Hcl and 100ml 95% ethyl alcohol (or isopropyl alcohol).  Add 50ml glycerol and mix well.

2. Barium chloride:  Crystals 20 to 30 mesh.

3. Standard Sulphate solution:  Dissolve 147.0mg anhydrous sodium sulphate in distilled water and make up to 1000ml 




1.0 ml = 100 (g SO42
Procedure

Standards

1. Measure into 250ml concial flask 5.0, 10.0, 15.0, 20.0, 25.0, 30.0, 35.0, and 40.0 ml of standard sulphate solution and dilute to 100ml.

2. Add 5.0 ml conditioning reagent and mix well using magnetic stirrer.  The speed of stirring should be the same for both standards and samples.

3. While stirring add about 0.5 g barium chloride crystals and continue to stir exactly one minute.

4. Immediately after one minute, pour some of the solution into the absorption cell and measured the optical density at a wavelength of 420 nm.

5. Carry out a blank determination on the reagent used.

6. Prepare a calibration graph relating net optical density to (g of So4 using a semi logarithmic graph paper

Samples

1. Measure in to a 250 ml conical flask a suitable quantity of the sample containing not more than 4 mg sulphate and dilute to 100ml and proceed from step No.2 to 4 as for standards

2. From the calibration graph, read the mg of sulphate equivalent to the optical density.

Calculation






                   mg SO4  X  1000



mg/l sulphate as So42 =






        ml sample taken for estimation

APPENDIX - 9

ESTIMATION OF CALCIUM

EDTA Titrimetric Method (APHA, 1998)

Principle


The pH of the sample is made sufficiently high (12 – 13) to precipitate magnesium as hydroxide, and calcium only is allowed to react with EDTA in the presence of a selective indicator.

Reagents

1. Sodium hydroxide, 1N: 40 g of Sodium hydroxide was dissolved in 1 litre of distilled water.

2. Murexide indicator: 200 mg of the dye was ground with 100 g of Sodium chloride. 

3. Standard EDTA titrant, 0.02 N: As in Appendix 6. 

Procedure


Pipetted out 50 ml of the sample. Added 2.0 ml of Sodium hydroxide to it to produce a pH of 12-13 and mixed well. Added  0.1 – 0.2 g of the indicator, titrated immediately with EDTA. The end point is from pink to purple.

Calculation 


If the EDTA titrant is exactly 0.02 N,

                                                                ml EDTA titrant ( 1 ( 1000


mg / 1 Calcium ( as CaCO3 ) = 

 




         ml sample taken for titration 

APPENDIX – 10

ESTIMATION OF MAGNESIUM

By Calculation Method (APHA, 1998)

Calculation


mg/ 1 Magnesium (as CaCO3) = mg / L Total hardness as (CaCO3) – mg/1 Calcium  (as CaCO3). 

APPENDIX –11

ESTIMATION OF SODIUM AND POTASSIUM

Flame Photometric Method (Natarajan et al., 1988)

Principle


In flame photometry, the solution under test is passed under carefully controlled conditions as a very fine spray in the air supply to a burner. In the flame, the solution evaporates and the salt dissociates to give neutral atoms. A very small proportion of these move into a higher energy state.  When these excited atoms fall back to the ground state, the light emitted of characteristic wavelength is measured. Sodium and potassium are estimated at 590 nm and 770 nm respectively. 

Reagents

1. Sodium stock solution: 2.524g of Sodium chloride was dissolved in deionised distilled water and made upto one litre. 1.0ml = 1.0 mg sodium. 

2. Potassium stock solution: 1.907g of Potassium chloride was dissolved in deionised distilled water and made up to one litre. 1.0 ml = 1.0 Potassium.

Procedure

Estimation of Sodium and Potassium


Standardized the flame photometer before feeding the sample. Set the reading to zero using deionised water. Using the stock solutions of sodium and potassium, adjusted the reading to 100 at their specific wavelengths.  Then fed the sample in the flame photometer and noted the readings to get the amounts of sodium and potassium directly. 

APPENDIX – 12

ESTIMATION OF NICKEL 

Dimethyl Glyoxime Colorimetric Method (APHA, 1995)

Principle


Nickel reacts with dimethyl glyoxime in the presence of an alkaline oxidising agent to form a characteristic red colour complex which can either be measured visually or photometrically.

Interferences


Iron, manganese and copper interfere. If they are present in concentration thrice that of nickel, their interference is suppressed by the addition of sodium citrate. If they are present in excess concentrations, nickel dimethyl glyoxime complex alone is separated by extraction with chloroform and proceeded further. 

Reagents

1) Nickel stock solution: Dissolve 447.9 mg Nickel sulfate,( NiSO4 . 6H2O ) in distilled water and make upto 1000 ml. in a volumetric water(1.00 ml = 10(g Ni).

2) Nickel working solution: Pipette 10.0 ml Nickel stock solution into a 100 ml volumetric flask and make upto the mark with distilled water (1.00 ml = 10 (g Ni).

3) Hydrochloric acid, 0.5N (app): Dilute 43 conc. HCl to 1000 ml with distilled water

4) Sodium citrate solution: Dissolve 125g. Sodium citrate, Na3C6H5O7 2H2O in 500 ml distilled water.

5) Iodine solution, 0.05 N ( app) : Dissolve 20g Potassium iodide, Kl in 50 ml. distilled water. Dissolve 6.4 g. Iodine in this Iodide solution, and dilute to 1000 ml.

6) Dimethyl glyoxime solution, 0.5 % : Dissolve 1g Dimethyl glyoxime in       100 ml concentrate Ammonia solution. Add 100 ml distilled water, filter if necessary.

7) Additional reagents for the removal of interferences:

(i) Dilute ammonia solution: Dilute 10 ml. concentrate ammonia solution to 500ml with distilled water. 

(ii) Chloroform

Procedure


1) Place appropriate volumes of nickel working solution covering the range up to 100 (g in to a series of 50ml volumetric flasks ( or 50ml. Nessler tubes). Include a 50 ml volumetric flask ( or 50 ml nessler tube) as the blank.


2) Place a suitable aliquot of the neutralised ( acid digested sample containing not more than 100 (g nickel in a 50ml. volumetric flask ( or 50ml. Nessler tube).


3) To the blank, standards and sample add 20 ml 0.5 N. HCl.


4) Then add the following reagents in order with mixing after each addition:


     (i) 10 ml. sodium citrate solution


     (ii) 2 ml. iodine solution,    and


     (iii) 4 ml. dimethyl glyoxime solution


5) Make upto 50 ml. with distilled water and allow to stand for 20 minutes. 


6) Compare the colour visually or photometrically using a spectrophotometer at 470 nm or filter photometer with a suitable blue filter taking water as the reference. Prepare a calibration curve and fined out the microgram nickel equivalent to the observed optical density. 


Express the result as mg nickel per litre of the sample. 

BIOCHEMICAL TESTS FOR THE IDENTIFICATION OF BACTERIA

(Bergey’s Manual of Determinative Bacteriology, 1984)

APPENDIX-13

GRAM STAINING

Principle


In 1884, Christian Gram developed this method, to identify Gram positive and Gram Negative Bacteria. A smear is prepared on the slide, stained with crystal violet and then treated with Iodine which acts as a mordant. The Crystal Violet – Iodine complex (CV-I) imparts purple colour to the cells. In Gram-positive cells, this complex binds to the Mg-RNA component of the cell wall, forming complex, which is difficult to remove. The intensely stained cells are then washed with ethanol. This serves as a lipid solvent and a dehydrating agent for protein. The Gram-positive bacteria contains low lipid content, hence the low amount of lipid is easily dissolved by alcohol. This makes minute pores in the cell wall that are closed by dehydration effect of alcohol. In Gram-negative cells, large pores are formed that do not close appropriately; hence dehydration of cell wall protein does not occur completely. This facilitates the release of the unbound crystal violet complex leaving the cell colorless or unstained. If the smear is counter stained with safranine, the Gram-negative cells are easily seen due to absorption of safranine and imparting the cells pink colour, while Gram-positive cells retain the blue colour of the primary stain. 

Procedure


Prepared heat fixed bacterial smears of all the bacterial cultures. Covered each smear with crystal violet for 30 seconds, and washed the slides with distilled water for a few seconds. Then covered each smear with iodine solution for 30 seconds, and washed off the iodine solution with 95% ethyl alcohol. Added ethyl alcohol drop by drop, until no more colour flows from the smear (the gram-positive bacteria are nor affected while all gram-negative bacteria are completely decolourised). Washed the slides with distilled water and drained. Applied safranin to the smears for 30 seconds (counter staining) and washed with distilled water and blot dried with absorbent paper. Air dried the slides and examined microscopically using oil immersion objective. 

APPENDIX-14

MOTILITY TEST

Principle 


This technique is meant for microscopic observation of living bacteria. Due to their small size and close refractive index to that of water, they cannot be observed readily under unstained condition. Motility of the bacteria due to flagella can be seen using this technique. 

Procedure


A drop of unknown bacteria was placed on the centre of the cover slip with the four corners covered by Vaseline. Place the depression slide on the cavity slide in such a way that the drop does not move or contact the sidewall of the well. Examine the preparation under low power and high power objective. 

APPENDIX-15

INDOLE PRODUCTION TEST

Principle


Tryptophan present in peptones of the culture media is acted upon by the enzyme tryptophanase and converted into indole, pyruvic acid and ammonia. Indole reacts with kovac’s reagent ( Para dimethyl  aminobenzaldehyde ) to produce a cherry red colour product. 


                    Tryptophananse


Tryptophan                                 Indole + pyruvic acid + NH3





             HCl


Indole + Kovac’s reagent                              Rosindole dye          + H2O 

                                                        Butanol     (Cherry red compound)

Procedure 


Peptone broth was taken in a test tube, sterilized, cooled, inoculated with the bacterial culture and incubated at 37oC for 24 hours. After incubation period, kovac’s reagent was added. Cherry red ring formation indicates indole positive. absence of red ring indicates negative result. 

APPENDIX –16

METHYL RED TEST

Principle


Organisms belonging to enterobacteriaceae ferment glucose via pyruvate and produces mixed acids such as acetic acid, lactic acid, succinic acid, formic acid, ethanol, CO2 and H2. Because of the abundant acid production, the final pH of the broth drops to less than 4.5 which can be detected by pH indicators. 

Procedure


MR-VP broth was inoculated with the bacterial culture and incubated at 37oC for 24 hrs. Methyl red solution was added after incubation period. Change in colour of the broth from yellow to red indicates a positive result. Absence of red colour indicates negative result. 

APPENDIX - 17

VOGES PROSKAUER TEST

Principle


One group of bacteria belonging to enterobacteriaceae ferment glucose to produce butylene glycol, and acetone which are more neutral in nature. The end products are detected by VP reagent. 

Procedure


MR-VP broth was sterilized, inoculated with bacterial cultural and incubated at 37oC for 24 hrs. 40% KOH solution (VP reagent 1) and Barrit’s alpha napthol solution (VP reagent 2) was added after incubation period. Gently shakes the tube for 30 seconds with the caps off to expose the media to oxygen. Change in the colour of broth from yellow to pink indicates the positive result. No colour change indicates the negative result. 

APPENDIX - 18

CITRATE UTILISATION TEST

Principle

Certain organisms can utilize citrate as sole carbon source and grow. During the growth acetate and other alkaline carbonates are produced. This reaction is shown by the change in colour of the indicator [ Bromothymol blue]. 

                                Citrase                                                       enzymes

Citric acid                    Oxaloacetic acid + Acetic acid                  Pyruvic 

  acid + CO2

                           CO2  +  2Na+  + H2O                        Na2 CO3

             ( produced during                                 ( alkaline pH)

            
   citric acid metabolism)                       ( blue colour)

Bromothymol blue is green when acidic (pH 6.9 and below) and blue when alkaline (pH 7.6 and higher).

Procedure



The organism was streaked onto Simmon’s citrate agar slants. The tubes were incubated at 37oC for 24-48 hours. Following incubation period the citrate tubes turns from green to deep Prussian blue colour which indicates positive result. No colour change indicates negative result. 

APPENDIX - 19

CATLASE TEST

Principle


Some organisms possesses the enzyme catalase that splits hydrogen peroxide into oxygen and water.




catalase







2H2O2                         2H2O + O2

presence of catalase is indicated by bubbles of free oxygen gas. 

Procedure 


To 1ml of bacterial culture 0.5 ml of 3% Hydrogen Peroxide was added. Immediate liberation of air bubbles indicates that the organism is catalase positive and no liberation of air bubbles indicates that the organism is catalase negative. 

APPENDIX -20

OXIDASE TEST
Principle


The enzyme oxidase that forms the part of electron transport system is possessed by some bacterial. Cytochrome oxidase catalyses the oxidation of a reduced cytochrome by molecular oxygen, resulting in the formation of water or hydrogen peroxide.

Procedure


A piece of filter paper was taken in a clean petri dish and 2 or 3 drops of freshly prepared oxidase reagent was added. A loopful of bacteria culture was placed onto the filter paper. The presence of purple colour within 10 to 15 seconds indicates that the suspected organism was oxidase positive.

APPENDIX - 21

UREA HYDROLYSIS TEST
Principle


Urea is a waste nitrogenous material excreted out by animals. Some bacteria degrade the nitrogen and carbon bond in urea to form carbon dioxide and ammonia in the presence of a hydrolytic enzyme urease. The carbon dioxide and ammonia reacts to form ammonium carbonate, an alkaline end product, which increase the pH of the medium. This can be detected by incorporating a pH indicator in the medium, which changes the colour during alkaline conditions. 



H2N                             Urease



            C = O + H2O                   2NH3 + CO2
                        H2N

Procedure


Sterile Chrristensen’s Urea Agar tubes were prepared and the tubes were inoculated with the bacterial culture and incubated at 37oC for 24-48 hours. Following incubation period, urease positive tubes are deep pink in colour. No colour change indicates negative result. 

APPENDIX -22

NITRATE REDUCTION TEST

Principle


Certain bacteria use nitrates in the place of oxygen as an external terminal electron acceptor. Nitrate can easily be reduced to nitrate by nitrate reductase. In case of aerobic bacteria, oxygen is first used to prevent nitrite reduction and then utilize nitrate. The nitrite may further give rise to nitrogen, ammonia and nitrogen oxide. 

NO3- + 2e + 2H+                  NO2- + H2O

Procedure


Nitrate broth was sterilized, inoculated and incubated at the 37oC for 18-24 hours. After incubation, 0.5 ml of alpha napthalamine reagent and 0.5ml of sulfanilic acid was added. Red colouration indicates the positive results and absence of red colour indicates the negative result. 

APPENDIX - 23

HYDROGEN SULPHIDE PRODUCTION TEST

Principle


Hydrogen sulphide is produced by certain bacteria through reduction of organic sulfur containing amino acids (e.g. Cysteine, methionine, and cystine) or through reduction of inorganic sulfur compounds (e.g. thiosulfates, sulfates, or sulphites). The hydrogen sulphide production can be detected by incorporating a heavy metal salt containing ferric ions or lead ions as a hydrogen producing indicator in a nutrient culture medium containing cysteine and sodium thiosulphate as sulphur substrate. Hydrogen sulphite, a colourless gas when produced reacts with the metal salts (ferrous sulphate) forms visible insoluble black ferrous sulphide precipitation. The production of hydrogen sulphide from sodium thiosulphate also takes place.

Procedure

1. SIM agar medium were prepared and sterilized by autoclaving. By means of stab inoculation, inoculate the bacterial culture into the SIM agar medium and incubated at 37oC for 48 hours. After incubation, the tubes were examined. 

APPENDIX - 24

FERMENTATION OF CARBOHYDRATES

Principle


Microbes use carbohydrates as energy source depending on their enzyme components. Major products of carbohydrate catabolism are lactic, formic or acetic acid with the production of H2 or CO2 as gas. Fermentative degradation is carried out in a fermentation broth containing pH indicator under durham’s tube for gas collection. 

Procedure


The bacterial culture was inoculated into different sugar broth tubes containing durham’s tube. The sugars used were glucose, lactose, sucrose, maltose and mannitol. The tubes were incubated at 37oC for 24 – 48 hours. Following incubation period the tubes showing acid and gas formation was recorded. Acid production is indicated by the change in colour of the medium from red to yellow and the gas gets accumulated in durham’s tube.                                                              

APPENDIX – 25

STARCH HYDROLYSIS TEST

Principle


Starch is an insoluble polymer of glucose, which acts as a source of carbon and nitrogen for microorganism, which has an ability to degrade them. Starch degrading microorganism transports the degraded form across the cytoplasmic membrane of the cell. Some bacteria possess the ability to produce amylase that breaks starch into maltose. The amylase is an extra cellular enzyme, which is released from the cells of microorganism. 

Procedure


Sterile starch agar plates were prepared and the bacterial culture was streaked onto the plates. The plates were incubated at 37oC for 48 hours. The surfaces of the plates were flooded with iodine solution. A clear zone surrounding the organism indicates the positive result. Dark blue colouration of the medium with no clear zone formation indicates the negative result.

APPENDIX - 26
GELATIN HYDROLYSIS TEST

Principle


Gelatin is an incomplete protein present as liquid above 25oC and solidified when cooled below 25oC. Large protein molecules are hydrolyzed by exoenzymes an the smaller products of hydrolysis are transported into all the cell. Hydrolysis (liquefaction) of gelatin is brought about by microbes producing a proteolytic exoenzymes known as geletinase, which acts on gelatin in the medium. It can be detected by observing liquefaction ( i.e. even very low temperature at 4oC will not restore the gelatin characteristics  ) or testing with a protein precipitating material i.e. flooding the gelatin agar medium with mercuric chloride solution and  observing the plates of clearing around the line of growth. Liquefaction of gelatin being the commonest proteolytic property is used as an index to determine the proteolytic activity of an organism.

Procedure


Gelatin agar medium was prepared, melted, cooled to 45–50oC and poured into sterile petridishes and allowed to solidify. Single streak inoculation was made using bacterial culture in the petridish and incubated the plates at 37oC for 4–7 days. Flood the incubated plates with mercuric chloride solution and allow the plates to stand for 5 -10 minute.

APPENDIX – 27

ASSESSMENT OF GROWTH PATTERN OF BACTERIA 

Turbidity Method (Bhattacharya, 1986)

Principle


Microorganisms do not settle out of suspension and they scatter light, creating turbidity. Turbidity is the effect of light scattering by colloid suspensions. Many growing microorganisms act like colloids. This character of microorganisms is used to measure microbial growth. 


As cultures grow, the number of cells increase which is accompanied by a corresponding increase in turbidity. The amount of light scattered is directly proportional to the number of cells in a culture. Turbidity can be measured using spectrophotometer, which measures the amount of light that passes through a liquid medium. 

Procedure


Made 5.0 ml suspension of bacteria in sterile distilled water and transferred it to a flask containing 200 ml of sterile nutrient broth. Mixed well and allowed to incubate at 37oC. Noted the time of inoculation. Determined the initial optical density ( ie at To ) at 475nm wavelength. Aseptically transferred after1 hours incubation, 5.0ml of the culture to a cuvette and determined the optical density of the sample at 475nm. Repeated this process at each one-hour interval for a period of 24 hours. Plotted a graph showing optical density against time in hour. From the curve obtained, the growth pattern was assessed. 

APPENDIX – 28

ISOLATION OF GENOMIC DNA

Precipitation method ( Sambrook et al., 1989)

Principles


Bacterial cells are lysed and the genomic DNA is extracted using phenol. The extracted DNA is precipitated using ice cold ethanol.

Reagents 

Nutrient broth, 0.5 M EDTA, 20% SDS, Phenol, Chloroform: Isoamyl, alcohol (24: 1), 5M KCl, Ice cold ethanol.

Procedure


A loop full of bacterial culture was inoculated into 50ml of nutrient broth and mixed well. The culture was incubated at 37oC in a shaker for 1 hour at room temperature. The bacterial cells were pelleted by spinning it in a centrifuge for 5 min at 3000-4000 rpm. 5 ml of saline EDTA was added to 8.5 parts of the pellet suspension, followed by the addition 0.1 ml of 20% SDS. This was incubated in a shaker at room temperature for 10 min. It was mixed well and 0.2 ml of 5M KCl was added and vortexed gently. Equal volume of buffer – saturated phenol was added and gently mixed. Equal volume of chloroform: isoamylalcohol was added in the ratio 24:1 and the aqueous layer was collected after centrifugation. 2.5 times volume of ice – cold ethanol was added to precipitate DNA. The DNA was collected by centrifugation or by spooling on a rod and dissolved in minimum, volume of TE buffer. The concentration of the DNA in the isolate was then estimated by Diphenylamine method. 

APPENDIX – 29

ESTIMATION OF DNA

Colorimetric Method (Giles and Mayer, 1965)

Principle


Under extreme acid conditions, DNA is initially depurinated quantitatively followed by the dehydration of sugar to hydroxy levuliniyl aldehyde. This aldehyde condenses in acidic medium with diphenylamine to produce a deep blue coloured condensation product with absorption maximum at 595 nm.

Reagents

DNA standard:


50mg of DNA was dissolved in 100 ml of distilled water (warmed slightly if necessary)

DNA working standard:


20ml from DNA standard was taken and made up to 100 ml and the concentration of DNA was 100(g per ml.

Diphenylamine Reagent ( DPA):

5 g of fresh or recrystallised diphenylamine, 500 ml of glacial acetic acid and 13.75 ml of concentrated sulphuric acid were mixed together ( stable for 6 months at 2o C, warmed to room temperature, swirled to remix before use).

Procedure

1. 0-1 ml of working standard DNA containing 20-100 (g of DNA and 0.4 or 0.6 ml of the isolated DNA sample were pipetted out into clean test tubes.

2. The volumes in all tubes were made up to 1.5 ml with distilled water.

3. 3 ml of DPA reagent was added to each tube and was mixed well. Then the tubes were kept in a boiling water bath for 10 minutes and were then cooled.

4. The blue colour developed was read at 595nm against blank. A standard graph was constructed and the concentration of DNA in the given sample was calculated. 

APPENDIX – 30

ISOLATION OF RNA

Precipitation method ( Powlowski et al., 1994)

Caution


All glasswares should be RNase free. Treat all glasswares with a solution of 0.1% DEPC and autoclave. Use DEPC treated autoclaved water for preparation of all the solution. Wear gloves during RNA extraction. Protect the solutions from contact with naked fingers, sweat and saliva etc. 

Materials

Solution A:


Dissolve 23.6 g of GTC ( 4M ) in 25 ml of DEPC- treated water, shake well to co plete dissolution. Then add the other slats 25nm Sodium citrate ( pH 7.0) 367.62mg, 0.1 % (-mercaptoethanol 347 (l, 0.5 % Sarkosyl 0.5 g and make up to 50ml. Store the solution in dark bottle at 4oC.

Solution B :

Water – saturated phenol


Melt phenol crystal and saturate with equal volume of DEPC treated distilled water for three times. Make an overlay of DEPC treated water and store the water-saturated phenol at 4oC. Equal volume of water-saturated phenol should be added separately to the homogenate after homogenizing the tissue using GTC and mixed well.

Chloroform

Isopropanol

Ethanol ( 70 % )

Diethyl pyrocarbonate ( DEPC) treated water 

SDS ( 0.5 %)

Procedure

Weighted 100mg of the sample was taken, add 2 ml of solution A and solution B ; homogenize the tissue in a pre-cooled glass homogenizer. ( Homogenizer should be kept on ice during the process , the cells can be lysed just by mixing with solution A and B ). Add 0.1 ml of chloroform / ml of the homogenized material, mix well and keep it on ice for 15 minutes. Centrifuge at 5000rpm for 20 minutes at 4oC. Take the supernatant and add equal volume of isopropanol. Keep it at -20oC overnight or 1-4 hour at -70oC. Centrifuge the solution at 5000 rpm for 10 minutes at 4oC. Wash the pellet with 70% ethanol at 4oC. Dry the pellet and dissolve it either in 0.5% SDS or in DEPC – treated autoclaved water. Store the RNA at – 20oC or – 70oC. ( for long time storage, RNA should be kept in 100% ethanol and stored at -70oC ). Estimate the quantity of RNA spectrophotometrically. 

APPENDIX – 31

ESTIMATION OF RNA

Colorimetric Method (Lin and Schjeide, 1969)

Principle


Acid hydrolysis of RNA releases ribose which in the presence of strong acid undergoes dehydration to yield furfural. Orcinol in the presence of ferric chloride as a catalyst reacts with furfural producing a green-coloured compound with absorbance maxima at 665nm.

Materials Required

1. RNA Stock Standard

The concentration of the RNA stock in 100(g / ml which is dissolved in 0.1 N NaOH.

2. Working Standard 


Working standard is diluted to contain 50(g / ml of RNA stock solution with 0.1N NaOH.

3. Oricinol Reagent


Dissolved 100mg of ferric chloride ( Fecl3 . 6 H2O) in 100ml of concentration. HCl and then added 3.5 ml of 6% solution of orcinol prepared in alcohol.

Procedure


Pipetted out 0 – 2.5ml of working standard RNA into clean test tubes. Took the sample in duplicates and made up the volume in all the tubes to 3ml with distilled water. Added 3ml of Orcinol reagent and mixed well. Heated all tubes in a boiling water bath for 2 min. Cooled and read absorbance at 660 nm against the blank. A standard curve was drawn by plotting the concentration of the standard along X-axis and O.D along Y-axis. From absorbance of the sample, determine the amount of DNA in it.

APPENDIX – 32

ESTIMATION OF PROTEIN

Colorimetric Method (Lowry et al., 1951)

Principle



The blue colour developed by the reduction of the phosphomolybdic- phosphotungstic components in the Folin – ciocalteau reagent by the amino acid tyrosine and tryptophan present in the protein plus the colour development by the biuret reaction of the protein with the alkaline cupric tartarate are measured in the Lowry’s method.

Reagents

1. 2 % Sodium carbonate  in 0.1 N sodium hydroxide ( Reagent A )

2. 5 % Copper sulphate  in 1% Potassium sodium tartarate ( Reagent B )

3. Alkaline cooper solution: Mixed 50 ml of Reagent A and 1.0 ml of Reagent B prior to  use (Reagent C )

4. Folin-ciocalteau reagent ( Reagent D ) – Refluxed gently for 10 hours, a mixture consisting of 100g Sodium tungstate, 25g Sodium molybdate, 700 ml water, 50 ml of  85% Phosphoric acid and 100 ml of concentrated hydrochloric acid in  1.5 litre flask. Boiled the mixture for 15 minutes without condenser to remove excess bromine. Cooled, diluted to 1 litre and filtered. 

5. Protein solution (stock standard): Weighted accurately 50 mg of Bovine serum 

albumin and dissolved in distilled water and made upto 50 ml in a standard flask. 

6. Working standard: 10 ml of the stock solution was diluted to 50 ml with distilled water in a standard flask. 1.0 ml = 200 (g protein. 

Procedure

Extraction of protein from sample


Extraction is usually carried out with buffers used for the enzyme assays. Weighed 500 mg of the sample and ground well with a pestle and mortar in 5 – 10 ml of the buffer. Centrifuged and used the supernatant for protein estimation. 

Estimation of Protein


Pipetted out 0.2, 0.4, 0.6, 0.8 and 1.0 ml of the working standard into a series of test tubes. Pipetted out 0.1ml and 0.2 ml of sample extract in two other test tubes. Made up the volume to 1.0 ml in all the test tubes. A tube with 1.0 ml of water served as the blank. Added 5.0 ml of Reagent C to each tube including the blank. Mixed well and allowed to stand for 10 minutes. Then added 0.5 ml of Reagent D, mixed well and incubated at room temperature in the dark for 30 minutes. Blue colour was developed. The readings were taken at 660 nm. A standard graph was drawn and calculated the amount of protein in the sample. 
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ESTIMATION OF TOTAL CARBOHYDRATES

Colorimetric Method (Hodge and Hofreiter, 1962)

Principle


Carbohydrates are first hydrolysed into simple sugars using dilute hydrochloric acid. In hot acidic medium, glucose is dehydrated to hydroxymethyl furfural. This compound forms with anthrone a green coloured product with an absorption maximum at 630 nm. 

Reagents

1. 2.5 N hydrochloric acid

2. Anthrone reagent: Dissolved 200 mg anthrone in 100 ml of ice cold 95% sulphuric acid.  Prepared freshly before use. 


3. Stock standard glucose: Dissolved 100 mg of glucose in 100 ml water.

4. Working standard glucose: 10 ml of stock was diluted to 100 ml with distilled water.

Procedure

Extraction of carbohydrate from sample: 


 Weighted 100 mg of the sample into a boiling tube. Hydrolysed by keeping it in a boiling water bath for three hours with 5.0 ml of 2.5 N hydrochloric acid and cooled to room temperature. Neutralised it with solid sodium carbonate until the effervescence was ceased. Made up the volume to 100 ml and centrifuged. Collected the supernatant and took 0.5 and 1.0 ml aliquots for analysis. 

Estimation of carbohydrate: 


Prepared the standards by taking 0, 0.2, 0.4, 0.6, 0.8 and 1.0 ml of the working standard. ‘0’ was served as blank. Made up the volume to 1.0 ml in all the tubes including the sample tubes by adding distilled water. Then added 4.0 ml anthrone reagent. Heated for eight minutes in a boiling water bath. Cooled rapidly and read the green to dark green colour at 630 nm. A standard graph was drawn by plotting concentration of the standard on the X axis versus absorbance on the Y axis. From the graph, calculated the amount of carbohydrates present in the sample tube. 

Calculation


Amount of  carbohydrates present in 100 mg of the sample

                                       mg of glucose



=                                             (  100



         Volume of test sample
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ISOLATION OF PLASMID DNA

(Madavan, 1998)

Principle


‘The bacterial cells are grown to stationary phase, harvested and gently used by weakening the cells walls with lysozyme and EDTA treatment followed by the use of either heat / alkali / detergent (SDS). As a result the cells release their DNA in high molecular weight form which is removed by high speed centrifugation leaving the plasmid DNA in the cleared lysate. This fraction is deproteinized and the precipitated by ethanol. Purified plasmid was run through agarose gel elecrophoresis. 

Requirements 

LB Broth, 10.3 % sucrose, IM Tris – HCl (pH 8.0), 0.5M EDTA (pH 8.0),     IM Glucose, 5N NaOH, 10% SDS, 3M Potassium / Sodium acetate (pH 5.8), Tirs EDTA buffer, equilibrated phenol, Phenol: Chloroform (1: 1), 70 % & 100 % ethanol, Agarose, TE Buffer.

Solution I: TEG Solution


Glucose – 50 mM, 
Tris HCl – 25mM (pH 8), 
EDTA – 10nM (pH 8)

Solution II:


NaOH – 0.2N,  SDS – 1 %

Solution III:


3M Potassium acetate (pH 5. 8 )

Procedure


The bacterial colony was inoculated into LB broth and incubated at 37oC for overnight. From the fresh overnight culture, 1.5ml was taken is an eppendrof tubes and centrifuged  at 12000 rpm for 30 seconds at 4oC and the supernatant was removed. The pellet obtained was resuspended in 100(l of ice cold solution – I (TEG) and vortexed thoroughly. To this 200(l freshly prepared solution – II was added, mixed by inverting the tube and incubated on ice. Added 150 (l of ice cold solution – III, mixed by votexing for 10 seconds and incubated on ice for 3 to 5 minutes. The contents were centrifuged at 12000rpm for 5 minutes at 4oC and the supernatant was collected in a fresh tube, the volume was measured. An equal volume of phenol: chloroform (1:1) was added, mixed well and centrifuged at 12000rpm at 4oC for 2 minutes, and the supernatant was collected in a fresh tube. To this 0.1 volume of 3M sodium accetate was added, mixed well and incubated on ice after adding double the volume of 100% of ice cold alcohol for 2 minutes and then spun at 12000rpm for 5 minutes at 4oC. The supernatant was discarded and the pellet was washed with 70% alcohol at 4oC, the supernatant was discarded and allowed to dry. The pellet was resuspended in 20(l of the TE buffer and loaded on 1 % agarose gel. The leads were connected and electrophoresed at 100 V for 15 minutes. The gel was viewed under UV for presence of plasmid. 
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