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Expt. 1
Preparation of Acetate buffer system and validation of Hendersen-Hesselbalch Equation
Aim: To prepare Acetic acid-Sodium acetate buffer system and validate the Hendersen-Hasselbalch equation.

Introduction:  A buffer is an aqueous solution consisting of a mixture of a weak acid and its conjugate base or a weak base and its conjugate acid that permits solutions to resist large changes in pH upon addition of small amount of H+ or OH- ions. These find their applications in Enzymology, molecular biology and down streaming.

pH is a measure of the hydrogen ions concentration, while pKa is the negative base logarithm of the acid dissociation constant of a solution. The lower the pKa the stronger is the acid.

pKa derivation- Hendersen – Hesselbalch equation mainly is used to estimate the amount of protons released.
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HA 

H+ + A-
pKa = [H+]  [A-]

    [HA]

Rearranging the equation by bringing H+ other side




[H+]  =   Ka [HA]




     [A-]
Apply Log and integrate on both sides 




Log [H+]  =   Log Ka [HA]




     
        [A-]
Multiply with –ve on both sides

As such 

-Log [H+]  = pH




-Log Ka = pKa



-Log [H+] =  -Log Ka [HA]




        [A-]



-Log [H+] =  -Log Ka – Log [HA]






[A-]



pH = pKa – Log [HA]





    [A-]




pH = pKa + Log [A-]





   [HA]



At equilibrium pH = pKa

Reagents used : 
1. 0.1M Acetic acid

2. 0.02M KOH

3. 0.1M Sodium acetate

Procedure: 10ml of Acetic acid is taken in a conical flask and its pH is determined. This is continuously titrated against KOH using phenolphthalein indicator. The color change at the end point is noted.
Another 10ml of acetic acid is taken in another conical flask and is titrated with half the volume of KOH consumed in the previous titration. 

Determine pH and pKa values of the solution respectively so that pH and pKa values obtained should be the same. 

Calculation:

Result: 

Inference: 
Expt 2. Determination of Absorption spectrum of BSA using UV – Visible Spectrophotometer and validation of Beer-Lamberts Law
Aim: To determine the absorption spectrum of BSA using UV-Visible spectrophometer and to validate Beer-Lamberts Law.

Introduction: 
Beer- Lamberts Law: It states that the absorbance varies linearly with both the cell path length and the analyte concentration. These two relationships can be combined to yield a general equation called Beer’s Law






A = Є l c

Where 

A = Absorbance




Є = Molar absorption



l = Path length




c = Analyte concentration

The molar absorptivity varies with the wave length of light used in the measurement. Absorption spectrum is represented in the form of Є versus λ or A versus λ. 
Proteins Absorption: Proteins have aromatic aminoacids like the phenyl Alanine, Tyrosine and Tryptophan which contribute to the maximum absorption of light at 280nm. BSA has these aminoacids and thereby it also exhibits absorption. If concentration of BSA is varied, the intensity of light absorbed at the particular wave length of 280nm varies. This is verified in the present experiment.
Materials required:
1. 0.1% BSA solution

2. Spectrophotometer

Procedure: 

Various concentration of BSA ranging from 50 to 500 micrograms/ml were prepared in a series of test tubes. The spectrophotometer was set at 280nm and then OD values for each of the solutions were taken. These were plotted on a graph with OD on Y axis concentration on X axis.
Table:

Result:

Interpretation:

Expt 3a. Separation of Aminoacids and Selection of solvents by Thin Layer Chromatography
Aim: To separate Aliphatic and aromatic aminoacids and selection of better solvent system by thin layer chromatography.
Principle: Different aminoacids travel different distances on the thin layer of silica gel G depending upon the differences in their adsorption properties on the gel. Rf values are calculated and the best solvent for each of the aminaocids may be indicated.

Reagents: 

1. Silica gel G coated plates: Gel is prepared by dispersing 50gm of gel in 100ml water
2. Solvent 1 – (Butanol acetic acid and water in 4:1:1)

3. Solvent 2 – ( Phenol and Water in 4:1)

4. Ninhydrin for development

5. Amino acid solutions – Aliphatic- Glycine, Valine , Isoleucine

Aromatic  - Phenyl alanine, Tyrosine and Tryptophan

Procedure : 0.2mm thick gel is coated on to the glass plates of silica and activated at 110oC. Amino acid samples are spotted separately on different plates and subjected to ascending chromatography. After ascending till 3/4th of the plates, the plates are developed suing 1% Ninhydrin and Rf values are calculated, then results are interpreted. 
Figures and calculations:

Result:

Interpretation: 

Expt: 3b Titration of Aliphatic and Aromatic aminoacids
Aim: To perform titration and plot titration curves for aliphatic and aromatic aminoacids.
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Principle: Amino acids are charged molecules. They have both positive and negative charge. At pI value, they exist as zwitter ions and are amphoteric molecules that can be titrated with both acid and alkali. 

[image: image6.emf]The have the tendency to loose or gain protons based on the pH of the medium. If they are titrated with acids, the amino groups and any other side chain that can take up protons get saturated with protons and there by the pH of the aminoacid solution exhibits variations. Same is the case with addition of alkali. A plot 
Is draw as show in the figure for alanine

Materials:

1. 0.1 M HCl

2. 0.1 M NaOH

3. Amino acid solution, 0.1M

4. pH meter

Procedure: 10ml of amino acid solution is pipette into a conical flask. A standardized pH meter is taken and pH of the amino acid solution is determined. Add HCl from the burette in small amounts into the solution and determine pH intermittently. Same process is repeated even for alkali addition. 


The changes in the pH are plotted in a graph as shown in the figure above.

Graph:

Result:

Interpretations: 
Expt 4. Determination of Growth curve for Bacillus cereus in Nutrient Broth
Aim: To determine the growth curve of Bacillus cereus in nutrient broth. 

[image: image7.jpg]


Principle: Bacillus cereus is one of the bacterial culture that divides rapidly under favorable conditions. The growth rate of any culture is determined by using growth curve which consists of four phases.
1. Lag phase- Commonly known as 

preparatory phase in which the 
organism takes some time to adopt to the 

new conditions. It synthesis proteins 

required for its multiplication in this phase.

2. Log phase: Also called as exponential phase
In which the organism increases exponentially

with time.

3. Stationary phase: Also called as plateau phase. The growth rate remains constant in this phase, i.e, the number of viable cells produced is equal to the number of cell which are nonviable. This may be due to the limitation with respect to nutrients. 

4. Decline phase: Also called as death phase. There an exponential decrease in cell count which is due to exhaustion of nutrients. 

Materials: 

Inoculum- Bacillus cereus

Nutrient broth

Nutrient agar plates for cell counting

Method of cell counting is by pour plate method. 

Procedure: Sterile nutrient broth was inoculated with fresh culture of Bacillus cereus. Samples were withdrawn at 0h and at every 6 or 12 h according to convenience. Cell count was determined by serial dilution of the sample followed by pour plate method. Cell count was determined at regular time intervals and graph is plotted with cell count on Y axis versus time on X axis which is the growth curve.
Table:

Graph:

Interpretation: 

Result: 
Expt 5. Screening of two substrates for Bacillus cereus for amylase production by submerged cultivation

Aim: Screening of two substrates as carbon source for Bacillus cereus for enhancing amylase production.

Principle: Bacillus cereus is a amylase producing culture that can utilize starch as the carbon source. Starch is a homopolysaccharide which is hydrolyzed by amylolytic enzymes into lower dextrins and maltose. The maltose thus released acts as carbon source for the micro organism. Inorder to act as a carbon source, the starches obtained from various sources based on their composition, can influence the organism’s capacity to produce amylases.
Materials and Methods: 

1. Bacillus cereus at its stationary phase in growth medium from previous experiment.

2. Two carbon sources- Barley starch and wheat starch

3. Growth media- I and II having carbon sources at 1%, yeast extract at 0.5% ad ammonium sulphate as nitrogen source at 0.5%. 

4. DNA method to estimate reducing sugar
5. Qualitative assay- Iodometric method

6. Amylase activity estimation using 1% starch solution.

Procedure: The autoclaved media were inoculated with the organism from growth medium (5%). The inoculated production media were kept at 370C incubated in an incubated orbital shaker at 150rpm. Samples were withdrawn every 12 hours and analyzed for amylase activity. A qualitative assay was carried out every 12h and few drops of Iodine were added. Color change indicates starch hydrolysis.
Observation:

Interpretations:

Result: The best carbon source is ______________________

Expt 6. Optimization of Amylase production medium for Bacillus cereus using Barley starch as substrate by Response surface Methodology

Aim: Optimization of nutritional parameters for amylase production by RSM.

Principle: Amylase is an enzyme of high commercial significance. It is a hydrolyzing starch to get dextrin and maltose and is of dietary significance. They are used in brewing beer and alcohol preparation and in clothing and dish washing detergents. It hydrolyses starch by breaking alpha 1,4-glycosidic linkages.

Bacillus cereus is a rod shaped, soil dwelling endemic bacteria that can be used for amylase production. Being a facultative anaerobe, reports exist on its usage for amylase production by solid state fermentation and few by submerged fermentation. It is an amylase positive organism hence used for the production of amylase by using barley grain powder as substrate for the organism. Barley has nearly 77% fermentable sugars and starch content in the grains is nearly 70%. 

Optimization of nutrition parameters using barley starch as one of the key parameter is the aim of the study. Among the various nutritional parameters, starch, yeast extract and ammonium sulphate were reported to may play major role in the production of alcohol. The physical parameters to be maintained include pH between 6 to 7, rpm-200 and incubation temperature of 37oC. 

Optimization of parameters by traditional method is a time consuming process and it misses alternative effects between components. Systematic process also includes many investments and accurate values cannot be obtained as one parameter at a time can be studied. These draw backs are overcome by using response surface methodology which includes usage of several experimental designs like Plackett-Burman design, Box-Behnken design, Central composite design. Takaguchi design. Usage of neural networks is also being done for optimization proposes.

Box-Behnken experimental design

Usage of good designs of response surface methodology allows us to estimate and interpret the interactions between various variables at a time during an optimization process.  Box-Behnken design is two level factorial design suitable for exploration of such quadratic responses and constructs a second order polynomial model having very few runs. The number of experiments required according to this design is N= k2 + k + cp, where k is the factorial number and cp is the replicate number of the centre point. Table.1 lists the three variables studied where, X1 is substrate concentration, X2 is concentration of yeast extract and X3 is the Ammonium sulphate concentration. The manipulation responses of the input variables were evaluated as a function of the amylase produced at the end of 60 hours, which is encoded by Y. A three variable Box-Behnken design of response surface methodology (RSM) is used with the three variables as listed in table 1. A total of 15 experimental runs were carried out as per the design mentioned in table 2(non coded variables) and table 3 (coded variables) and second degree polynomials (equation 1) were calculated with the statistical package to estimate the response of the dependent variables.

Y= b0 + b1X1 + b2X2 + b3X3 + b11X12 + b22X22 + b33X32 + b12X1X2 + b23X2X3 + b13X2X3   – Eqn-1.


In the equation Y is predicted response, X1, X2 and X3 are independent variables, b0 is offset term, b1, b2, b3 are linear effects, b11, b22, b13 are interaction terms. Three dimensional surface (3D) plots were drawn to illustrate the main and interactive effects of the independent variables on ethanol production. The optimum values of the selected variables were obtained from the software and also from the response surface plots.

Materials and Methods:

Microorganism: The culture used is Bacillus cereus strain _____.

Maintenance of the organism: the organism is cultured on to nutrient agar slats and is stored at 4oC for further use.

Seed culture: A seed culture was prepared by inoculating a loop of fresh culture from the slants into nutrient broth. This is left for incubation at 37oC for 48hrs with rpm of 150. The colony forming units per ml of broth were found by pour plate method which are _______cfu/ml

Production medium: Keeping the physical parameters constant the chemical parameters were varied as given in the table 2. The flasks were incubated for 60h and analyzed for the amylase activity.

Amylase activity: This is determined by the routine starch hydrolysis method. 10 ml of 1% starch solution was taken and preincubated at 37oC. To this 1ml of centrifuged fermented broth was added and incubated for 30minutes. Reducing sugars formed were estimated by DNS method. 

Amylase activity units: Activity is expressed as mg of maltose produced per ml of broth per hr at 37oC.

Table 1. Selected parameter and ranges

	Variables
	Low level (-1)
	Centre point (0)
	High level (+1)

	Barley starch con(g/L)
	5
	10
	15

	Yeast Extract (g/L)
	2.5
	5
	7.5

	Ammonium Sulphate (g/L)
	2.5
	5
	7.5


 Table 2. Basic design of Box-Behnken for 3 variables

	 S.No
	A
	B
	C

	 1
	-1.00000
	-1.00000
	0.00000

	2
	1.00000
	-1.00000
	0.00000

	3
	-1.00000
	1.00000
	0.00000

	4
	1.00000
	1.00000
	0.00000

	5
	-1.00000
	0.00000
	-1.00000

	6
	1.00000
	0.00000
	-1.00000

	7
	-1.00000
	0.00000
	1.00000

	8
	1.00000
	0.00000
	1.00000

	9
	0.00000
	-1.00000
	-1.00000

	10
	0.00000
	1.00000
	-1.00000

	11
	0.00000
	-1.00000
	1.00000

	12
	0.00000
	1.00000
	1.00000

	13
	0.00000
	0.00000
	0.00000

	14
	0.00000
	0.00000
	0.00000

	15
	0.00000
	0.00000
	0.00000


Table 3. Box-Behnken design with coded variables

	
	Barley starch con(g/L)
	Yeast Extract (g/L)
	Ammonium Sulphate (g/L)

	1
	5.00000
	2.500000
	5.000000

	2
	15.00000
	2.500000
	5.000000

	3
	5.00000
	7.500000
	5.000000

	4
	15.00000
	7.500000
	5.000000

	5
	5.00000
	5.000000
	2.500000

	6
	15.00000
	5.000000
	2.500000

	7
	5.00000
	5.000000
	7.500000

	8
	15.00000
	5.000000
	7.500000

	9
	10.00000
	2.500000
	2.500000

	10
	10.00000
	7.500000
	2.500000

	11
	10.00000
	2.500000
	7.500000

	12
	10.00000
	7.500000
	7.500000

	13
	10.00000
	5.000000
	5.000000

	14
	10.00000
	5.000000
	5.000000

	15
	10.00000
	5.000000
	5.000000


Expt: 7 Partial purification of Proteins by Salt precipitation

Aim: To find the percentage of Ammonium sulphate to be added for amylase recovery from the fermentation broth.

Principle:

                The solubility of protein depends on, among other things, the salt concentration in the solution. At low concentrations, the presence of salt stabilizes the various charged groups on a protein molecule, thus attracting protein into the solution and enhancing the solubility of protein. This is commonly known as salting-in. However, as the salt concentration is increased, a point of maximum protein solubility is usually reached. Further increase in the salt concentration implies that there is less and less water available to solubilize protein. Finally, protein starts to precipitate when there are not sufficient water molecules to interact with protein molecules. This phenomenon of protein precipitation in the presence of excess salt is known as salting-out. 

Many types of salts have been employed to effect protein separation and purification through salting-out. Of these salts, ammonium sulfate has been the most widely used salt because it has high solubility and is relatively inexpensive. Because enzymes are proteins, enzyme purification can be carried out by following the same set of procedures as those for protein, except that some attention must be paid to the consideration of permanent loss of activity due to denaturation under adverse conditions.   

            There are two major salting-out procedures. In the first procedure, either a saturated salt solution or powdered salt crystals are slowly added to the protein mixture to bring up the salt concentration of the mixture. For example, the salt concentration reaches 25% saturation when 1 ml of the saturated salt solution is added to 3 ml of the salt-free protein solution; 50% for 3 ml added; 75% for 9 ml added; and so on. The precipitated protein is collected and categorized according to the concentration of the salt solution at which it is formed. These partial collections of the separated product are called fractionations. The protein fractions collected during the earlier stages of salt addition are less soluble in the salt solution than the fractions collected later. 

Whereas the first method just described uses increasing salt concentrations, the following alternative method uses decreasing salt concentrations. In this alternative method, as much protein as possible is first precipitated with a concentrated salt solution. Then a series of cold (near 0ºC) ammonium sulfate solutions of decreasing concentrations are employed to extract selectively the protein components that are the most soluble at higher ammonium sulfate concentrations. The extracted protein is recrystallized and thus recovered by gradually warming the cold solution to room temperature. This method has the added advantages that the extraction media may be buffered or stabilizing agents be added to retain the maximum enzyme activity. The efficiency of recovery typically ranges from 30 to 90%, depending on the protein. The recrystallization of protein upon transferring the extract to room temperature may occur immediately or may sometimes take many hours. Nevertheless, very rarely does recrystallization fail to occur. The presence of fine crystals in a solution can be visually detected from the turbidity. 

To assure the maximum yield and to avoid unnecessary denaturation of the enzymes, most of the protein purification work is usually carried out at low temperatures, However, it is simply far more convenient to work in a regular laboratory room as opposed to a cold room. 

Materials and Methods:
1. Alpha amylase containing fermentation broth from previously optimized medium
2. Saturated (NH4)2SO4 solution (Add 750 g of ammonium sulfate to 1000 ml of water in a beaker or flask. Simply stir the solution at room temperature with a magnetic stirrer for 15 minutes or until saturation. Gently decant the clear supernatant solution after the undissolved solids settle on the bottom of the flask.

Procedure:

Isolation of Alpha amylase: 

· Pipette 4 ml of the alpha amylase solution into a series of test tubes. 

· While stirring, add the saturated ammonium sulfate solution drop-wise to the protein solution from a graduated pipette or a burette. Add 0.5 ml, 1.0 ml, 1.5 ml, 2.0 ml, 2.5ml, 3.0ml, 3.5 ml and 4.0 ml carefully in the test tubes leaving a control. 

· Protein precipitation is not instantaneous; it may require 15 to 20 minutes to equilibrate. Hence mix the contents of the tube and allow them to stand until visible precipitation is initiated. 

· Centrifuge the mixture at 10,000 g for 15 minutes. Collect the precipitate by carefully discarding as much supernatant as possible. 

·       The protein content and amylase content in the sample is to be estimated.

· The precipitate is suspended in 4ml of distilled water. 2ml of distilled water is initially added to the centrifuge tubes and the contents are transferred into a test tube. Again 1ml of water is added to rinse of adhered sample into the same test tube and this is repeated again, noting that the volume of solution remains 4ml. 

· Protein content is assayed by Lowry’s method: The protein content in the initial fermentation broth was estimated along with the recovered precipitates.

· Protein recovery by using formula

% Protein recovery =       ((Final protein content) / (Initial protein content)) x 100

· Amylase activity was estimated using 1% starch solution prepared in 0.5M starch buffer at pH 5, as the substrate and the reducing sugars formed were estimated by DNS method. 

Enzyme activity was represented as- mg. of reducing sugar produced/ ml of extract.

Observation: 

Table for Lowry method:

Table showing protein concentration, amylase activity with respect to percentage of amylase activity.

	S.No
	Ammonium sulphate

(%)
	Protein concentration

(mg/ml)
	Amylase activity

(mg of maltose released/ml of Extract)

	
	
	
	


Result :

Expt: 8 Desalting of Protein sample by Dialysis
Aim:
To study the principles of dialysis in protein purification.
Principle:[image: image8.jpg]


 Separation is based on the fact that proteins are macromolecules whereas the salts are low molecular weight substances. During protein purification, after precipitating the protein fraction having an enzyme (amylase), the salt – protein complex is solubilized in suitable buffer. Removing salt from the protein fraction can be done by using dialysis membranes with desired cut off capacity. As salts are low molecular weight compounds they can pass through the membrane leaving protein fraction in the dialysis bag.

Reagents required:

1. Dialysis membrane 

2. Cold Acetate buffer 0.01M pH 5.0 ( 1.0 liter)

3. Protein – Ammonium sulphate precipitate

4. 2% BaSO​4​ solution- 10ml

Procedure:

Dialysis bag of suitable dimensions is taken and is tagged at one end. It is immersed in few ml of acetate buffer kept aside.

Fermentation broth containing amylase is taken and is subjected to ammonium sulphate precipitation. The precipitate is collected by centrifugation and kept in refrigerator until further use.

The precipitate is solubilized in 5ml of cold acetate buffer and poured into dialysis bag. The bag is tagged at the other end and the apparatus is set up as shown in the figure.

Buffer present in the beaker is frequently replaced as salts attain equilibrium across the membrane will prevent diffusion of ions to the outside of membrane. 

The process is monitored by adding few drops of Barium Chloride solution to few ml of buffer present in the beaker. Dialysis is continued until no visible precipitation of Barium sulphate is observed. This indicates that the process of dialysis has been completed.

Towards the end of the experiment, the dialysis bag is carefully removed from the set up and one end is opened. The contents are carefully transferred into a test tube and used for the determination of protein content by Lowry method and estimation of amylase activity.

The obtained values may be compared with crude ammonium sulphate precipitate.

Observation: 

Result: 
Interpretation: 

Expt 9: Enzyme purification by Ion-Exchange Chromatography
Aim: To purify amylase by Ion –Exchange chromatography.

Principle: This chromatography allows separation of biomolecules based on their charge. Among the biomolecules proteins, aminoacids and nucleic acids are the charged ones and their net charge depends on the pH of buffer in which they are prepared. These molecules they get exchanged with the counter ions present on the surface of resins bound by electrostatic interactions. Two types of resins are used in this chromatographic technique. Cationic resins, which binds positively charged molecules and anion exchange resin which attracts negatively charged molecules. Amberlite IR120 is a strong acidic cationic exchanger. 

Diastase or Alpha amylase from barley is a starch hydrolyzing enzyme which shows best activity at 50 to 55oC.  The pI value of diastase isoforms is in the range 5.6 to 6.3. Hence when the protein is placed in a buffer of pH 5.0 it attains a positive charge and can be separated using a cationic exchange resin.

Bound protein can be done by either varying pH or by changing salt strength of the solution buffer. A gradient of linearly increasing salt concentration can be applied to elute the sample contents from the column an alternative is step gradient which requires less complicated apparatus and can be effective to elute different fractions which may be analyzed for the protein. 

Figure: Representation of Ion exchange principle:

Materials and methods: 

1) Amberlite IR120 (5gm)

2) Amylase  solution from the previous experiment which is dialysed and concentrated.
3) Equilibrating buffer: 0.05M Sodium acetate buffer pH 5.0 (1.0L)

4) Elution buffer: 0.05M Sodium acetate buffer having 0.1M NaCl (200ml)- This is mixed with equilibrating buffer in separate test tubes to get a NaCl concentration range from 0.01 to 0.1 M.

5) Test tubes and pipettes.

6) Protocols for: 

a) Protein estimation by Lowry method to determine protein content in the sample.

b) Determination of amylase activity by starch hydrolysis method.

Procedure:  Amberlite ion exchange resin is placed in distilled water having few drops of HCl and incubated over night. Then it is washed and incubated with acetate buffer and the column is thoroughly equilibrated so that the resin gets saturated with counter ions. 

· Column packing is done in a 6cm column and the packed column is washed with 25ml of buffer.

· Leaving a thin film of buffer above the surface of resin material, 1ml of amylase source is added. This is incubated for 30minutes with occasional mixing such that the enzyme binds to resin.

· Unbound protein is washed with 25ml of the same acetate buffer.

· Elution is carried out by successive addition of 5ml elution buffer which has increasing concentration of sodium ions.

· Fractions collected are analyzed for protein content and amylase activity.

Determination of protein content in the fraction is done by using 1ml of eluted sample.
Amylase activity is determined by mixing 1ml of preincubated starch solution with 1ml of eluted fraction from the above result at 50oC. 0.5ml from the reaction mixture is used to determine reducing sugar concentration by DNS method. 

Result: 
Expt 10: Adsorption of  Methylene Blue on to activated carbon and Evaluation of Langmuir and Fruendlich Isotherms
Aim: The aim of the experiment is to study adsorption phenomenon for methylene blue by activated carbon and determine adsorption isotherms.

Principle:  Methylene blue is a heterocyclic aromatic chemical compound which has wide range of applications in various fields like Medicine- For its neuroprotective effect; as a redox indicator during the study of soil microbiology; in water testing; an antimicrobial agent and in the treatment of cancer. Though the dye has several applications, its presence beyond certain concentration has toxic effect on human beings. This dye is chiefly used in textiles and these industrial effluents have methylene blue at elevated concentration. It has severe effect on cardiovascular system causing hypertension. It can affect central nervous system causing dizziness and headache. It can also affect urinary bladder and also cause anemia.

Adsorption process is one of the effective methods used for the removal of dyes. Activated carbon is the most widely used adsorbents because it has effective adsorption efficiency for organic compounds. Langmuir in 1916 is the first person to put forth adsorption model. He has assumed that a surface consists of a given number of equivalent sites where a species can physically or chemically stick. The Langmuir adsorption is the most common model used to quantify the amount of adsorbate on an adsorbent. According to him the amount of solute adsorbed upto a monolayer formation when quantitated is




ni = ni0 ki c i




        1 + ki c i
Where 
ni0 = monolayer capacity approached at highest concentration


Ki = Equilibrium constant


ni = quantity adsorbed per unit mass of adsorbate

ci = concentration left unadsorbed

The Freundlich equation or Freundlich adsorption isotherm is an adsorption isotherm which is a curve relating the concentration a solute on the surface of an adsorbent to the concentration of the solute in the liquid with which it is in contact.




ni = ki cimi




mi is positive

Materials and Methods: 
1. Methylene blue solution (25ppm)

2. Activated charcoal

3. Detection of methylene blue – by Spectrophotometric method by absorption at 630nm
Procedure: 

The following set of experiments were conducted
1) Effect of contact time on adsorption: To 500ml of 25mg/L of methylene blue, synthetic effluent 100mg of activated carbon is added. Samples were collected every 5minutes from 0h until the dye concentration decreases to minimum. 
2) Effect of methylene blue concentration on adsorption:

Six set of flasks were taken and the concentration of methylene blue was varied between 10ppm to 60ppm. Constant adsorbate dosage of 100mg/L was maintained. Samples were collected every 15min and left over methylene blue was estimated.

3) Effect of adsorbate on adsorption of methylene blue:
Six flasks 500ml are taken all having methylene blue at 25mg/L. the adsorbate concentration was varied between 25mg/L to 150mg/L. Samples were analysed every 15 min by observing absorbance at 630nm for left over methylene blue. 

Observation: 

Table: Effect of contact time on adsorption

	S.No
	OD
	Intitial concentration of MB(mg/L)
	Final concentration of MB(mg/L)
	Percentage of MB adsorbed(%)

	
	
	
	
	


Graph is plotted with time versus % of MB adsorbed
Table: Effect of methylene blue concentration on adsorption
	S.No
	OD
	Intitial concentration of MB(mg/L)
	Final concentration of MB(mg/L)
	Concentration of MB adsorbed (mg/L)
	mg of MB adsorbed/mg of charcoal

	
	
	
	
	
	


Graph is plotted with concentration of MB adsorbed versus % of MB added

Table : Effect of adsorbate( activated carbon) on adsorption of methylene blue
	S.No
	OD
	Intitial concentration of MB(mg/L)
	Final concentration of MB(mg/L)
	Concentration of MB adsorbed (mg/L)

	
	
	
	
	


Graph for concentration of MB adsorbed versus activated carbon concentration

Table for isotherms and calculations

	Parameter
	Range
	MB

Adsorbed
(mg/L)
	MB unadsorbed
CE (mg/L)
	QE= mg of MB adsorbed

/mg of charcoal
	1/CE
	1/qE
	Log CE
	Log qE

	
	
	
	
	
	
	
	
	


Graphs are plotted for 1/CE versus 1/qE and log CE versus Log qE 
Discussion for tables and graphs:

Interpretation:

Conclusion: 
Expt 11. Extraction of Ethanol obtained by submerged fermentation using distillation principle
Aim: To obtain ethanol from fermentation medium by distillation process.

Principle:  All beverage alcohol and much of that used in industry is formed through fermentation of a variety of products including grain such as corn, potato mashes, fruit juices, and beet and cane sugar molasses.

The conversion of sugars to ethanol by microscopic yeasts in the absence of oxygencan be represented by the equation: 
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C6H12O6     ----------- >     2CH3CH2OH   +    2CO2
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Materials: 
1) Ethanol production medium

2) Distillation apparatus

3) Anthrone method for estimation of total sugars

4) Dichromate method for estimation of ethanol

Ethanol production medium (Saccharomyces cerevisiae)

 Sucrose -20g/l

Yeast -10g/l

KH2PO4-2.0g/l

MgSO4-2g/l

(NH4)2SO4-1.0g/l

pH-6.5,rpm-6000,temp-30oC
Estimation of ethanol by dichromate oxidation method (Titrometry)

Reagents: 
1) 0.05 N K2Cr2O7 in 5N H2SO4 



2) 10% KI solution 



3) 0.5 N Na2S2O3 solution



4) 0.5% starch solution

Procedure- 5ml of the fermented broth is centrifuged and 2.5ml of it is distilled into 10ml of dichromate solution in a stoppered 50ml flask. This is kept for boiling for 10min ensuring no volatilization of ethanol vapors. Ethanol reacts with dichromate resulting in a bluish green color. The left out dichromate has to be estimated.


To the solution 1ml of KI solution is added and allowed to stand for the iodine vapors to get released. The flask and lid are washed with 10ml of distilled water to collect the condensed vapors. Iodine vapors released are estimated by using hypo solution.


Volume of hypo consumed for blank (pure dichromate) and for the test are noted down as B and T respectively.

Calculation:  Ethanol concentration (w/v%) = B-T x 0.5 x 46







    B     2.5

Ethanol yield is expressed as grams of ethanol produced per grams of carbohydrates consumed 

Procedure:   
Fermentation medium is first centrifuged at 5000rpm for 10 min to remove the biomass. 5ml of the fermented broth is centrifuged and 2.5ml of it is distilled into 10ml of dichromate solution in a stoppered 50ml flask. This is kept for boiling for 10min ensuring no volatilization of ethanol vapors. Ethanol reacts with dichromate resulting in a bluish green color. The left out dichromate has to be estimated.


To the solution 1ml of KI solution is added and allowed to stand for the iodine vapors to get released. The flask and lid are washed with 10ml of distilled water to collect the condensed vapors. Iodine vapors released are estimated by using hypo solution.

Result: The concentration of alcohol obtained is __________________.

Alcohol Yield is ________________.

Expt 12. Protein purification by Affinity chromatography
Aim: To purify proteins by Affinity chromatography, which involves purification of Horse Radish Peroxidase (HRP) using Con-A Agarose column.
Principle: Affinity chromatography is a method of selectively and reversibly binding proteins to a solid support matrix based on the fact that biological affinities exist between molecules, eg: Antigen with Antibody. One of the component the ligand is immobilized on to a solid matrix which is then used to selectively purify the target protein. Including a competing ligand in mobile phase or changing pH the target protein can be eluted. 


The performance of Affinity chromatography is determined by comparing the specific activity of proteins before and after purification. Specific activity of proteins (enzyme) is defined as its activity per mg of protein. Inorder to determine specific activity, enzyme activity and protein concentration are estimated. 

Enzyme activity of HRP will be determined using Hydrogen peroxide as substrate and ABTS (2, 2’ – azino-bis (3 ethyl benzthiazoline)-6- sulphonic acid) as a chromogen. HRP acts on H2O2 to release nascent oxygen that oxidizes ABTS to give coloured product. The intensity of the colored product is measured spectrophotometrically at 750nm, or by using colorimeter using suitable filters.

Enzyme HRP activity is expressed in ABT units, which is defined as the amount  of HRP that oxidizes 1 mole of ABTS in 1 minute to ABTS oxide.

Protein estimation by Lowry method: here the peptide bonds of protein react with copper under alkaline condition producing Cu+ , which reacts with Folin reagent to give a blue colored complex. This upon reduction of phosphomolybdate to heteropolymer molybdenum, the intensity of the color increases, which is dependent on the concentration of Tyrosine and Tryptophan content in the proteins.


From the specific activity of HRP before and after purification through the column, yield and fold of purification will be determined.

Materials Required:

Equipment: Colorimeter or Spectrophotometer

Glassware: Measuring cylinder, test tubes

Reagent: Distilled water

Others: Glass cuvette, Micro pipette tips

Materials: 
ABTS



Concavalin A – Agarose



Hydrogen peroxide



Crude sample



Sodium acetate buffer

BSA

Solutions I, II and III- Cu solution, Alkaline tartarate; Folin’s reagent
Procedure: 
· An aliquot of sample is resuspended in 1ml of sodium acetate buffer. 
· 0.5ml of ConA-Agarose is added to the column and allowed to settle.

· The affinity gel is equilibrated with 5ml of sodium acetate buffer. This is drained out till the thin film is left on the gel.

· 0.9ml crude sample is added slowly and allowed to stand for 15min.

· Unbound sample is washed with 1ml of acetate buffer.
· Bound HRP is eluted by adding 1mml of elution buffer. The column is now washed again with 5nl of wash buffer and stored until further use.

Enzyme activity: 

A solution of H2O2 is prepared by adding 2 microliters of it to 10ml ABTS.
Initial OD is taken at 725nm

To 2990 µl of substrate, 10 µl of eluate is added, mixed for 20sec and OD was taken.

Estimation of enzyme activity in crude sample- Done by diluting crude sample in 1: 20 ratio (10 µl sample + 190 µl Distilled water).

To 2990 µl of substrate, 10 µl of above diluted sample is mixed and OD is taken.

Enzyme activity in crude and eluted sample is estimated.

Protein concentration determination by Lowry method:
Check table

	S.No
	Vol. of Std BSA(µl)
	Vol of water (µl)
	OD at 660nm
	Concentration of proteins (mg/ml)

	1
	0
	100
	
	0

	2
	10
	90
	
	10

	3
	20
	80
	
	20

	4
	40
	60
	
	40

	5
	80
	20
	
	80

	6
	Eluate-25
	75
	
	

	7
	Crude sample 15

(1:10 diluted)
	85
	
	

	8
	Crude sample 25

(1:20 diluted)
	75
	
	


Calculations: 

Sample concentration = (X x df)/V  mg/ml
Where 
X = Value of protein from graph in µg


V = volume of sample in µl

df = dilution factor ( 1 for eluate, 20 for crude sample)

Estimation of specific activity of HRP


Specific activity = Enzyme activity / protein concentration

Estimation of yield and recovery of HRP

Recovery = (Total activity in eluate/ total activity in crude )
 x 100

Estimation of HRP activity

Extinction coefficient of ABTS at a concentration of 1 µ mole/ µl = 19.0

Activity of enzyme in the reaction mixture = 3 x (dA – 725)
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There for enzyme activity in the sample = 
X x rv x df






      Sv

Where

X is concentration of protein



Rv = reaction volume in ml



Df = dilution factor



Sv  sample volume taken for assay

Total enzyme activity in crude sample = activity / ml x volume loaded onto the column

 Total enzyme activity in eluate = activity / ml x eluted volume from the column

COMPARISON TABLE

	
	Crude sample
	Eluate

	
	C1
	C2
	

	Enzyme activity (U/ml)
	
	
	

	Protein concentration (mg/ml)
	
	
	

	Specific activity (U/mg)
	
	
	


Conclusion: 
Expt: 13  Effect of pH on the production of antibiotic (Streptomycin) using Streptomyces griseus
Aim: To produce streptomycin using Streptomyces griseus and to study the effect of pH on its production.
Principle:  Antibiotics are the most important class of pharmaceuticals produced by Microbial biotechnological processes. They are the products of secondary metabolism Streptomycin comes under narrow spectrum antibiotics, i.e., they are effective against selected species of bacteria. A great majority of antibiotics are produced by Streptomyces sps. The mode of action of streptomycin is that it inhibits the bacterial cell wall formation, i.e., peptidoglycan synthesis and causes cell death. They are effective against wide range of gram positive and also against gram negative bacteria. Antibiotics are used various field for their antimicrobial activity as well as antitumor activity.
Materials and methods:

1. Streptomycin production medium: Baron’s medium is used





Glucose – 15g/L





NH4NO3 – 4g/L

MgSO4.7H2O- 0.25g/L

NaCl – 5g/L

Sodium citrate – 1 g/L

KH2PO4 – 0.1 g/L

CaCO3 – 3g/L

2. Glass ware
3. Standard antibiotic

4. Antibiotic assay by Cup method

Procedure:  Sterile Baron medium was prepared in 3 separate flasks and the pH was adjusted to 7.0, 8.0,  and 9.0 respectively.

This was then inoculated with fresh culture of the Streptomyces sps and kept for incubation at 27oC in a incubated orbital shaker at 150 rpm for a duration of 7 days.

At the end of fermentation, samples fermentation broth was centrifuged, analysed for streptomycin using a standard.

Calculation: 

Area of zone of inhibition = Π/ 4  (D2  -  d2)



Where D = Diameter of the zone of inhibition




D = Diameter of the well/cup

Observation:

Interpretation:

Conclusion: 
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Distillation is a process that uses differences in boiling points to separate compounds. In the case ethanol, knowledge that the boiling point of pure water is 100oC, while that of ethanol is 78.3oC allows the separation of the ethanol from the water by adjusting the distillation temperature to a point higher than that for ethanol, but lower than that for water. 


The collected distillate can be estimated for product concentration and yield.
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