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EXP NO :1                      SOLIDS RECOVERY BY CENTRIFUGATION
Aim:
               To separate solids from the given solution and to find maximum solid recovery.
Principle:
A centrifuge is a device that separates particles from suspensions or even macromolecules from solutions according to their size, shape and density by subjecting these dispersed systems to artificially induced gravitational fields. Centrifugation can only be used when the dispersed material is denser than the medium in which they are dispersed.

In a centrifugation process, these settling rates are amplified using an artificially induced gravitational field. Cells, sub cellular components, virus particles and precipitated forms of proteins and nucleic acids are easy to separate by centrifugation. When macromolecules such as proteins, nucleic acids and carbohydrates need to be separated, normal centrifuges cannot be used and special devices called ultracentrifuges which generate very strong artificial gravitational fields are used. The principle of separation by centrifugation is shown in the figure
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Calculating relative centrifugal force (RCF)
Relative centrifugal force is the measurement of the force applied to a sample within a centrifuge. This can be calculated from the speed (RPM) and the rotational radius (cm) using the following calculation.

g = RCF =0.00001118rN2
Where 

g = Relative centrifuge force 

r = rotational radius (centimetre, cm) 

N = rotating speed (revolutions per minute, rpm) 

 Reagents required: 
Sample starch (or) E. coli culture solution (10 g in 100 ml) 

 Procedure:
1. Take a sample of the solution and measure the solids content by evaporating to dryness in a hot air oven at 80 0 C.

2. Weigh each centrifuge tube and place a measured weight of homogeneous suspension into each tube    

3. Load the centrifuge and run at different rotational speeds starting from 1000 rpm to 5000 rpm.

4. Remove centrifuge tubes and decant the supernatant liquid. 

5. Measure the volume and dry solids content of supernatant as step 1.         

6. Measure the weight of each tube plus sediment to determine mass of settled solids. Take a sample of the sediment and measure solids content as step 1.  

7.  Find solids recovery at different speeds by using formula               

        % Solids recovery =

     ((Final protein content) / (Initial protein content)) x 100                                   

8. Draw graph of percentage solids recovery versus speed. Find optimum speed for        removal of solids from given suspension

Observations and calculations

Solids content (kg / m3) = (weight of dried sample) / volume of solution 

Observation table

	S.No
	Speed ( rpm)
	% solids recovery

	
	
	


Result 

The maximum solid recovery is------------------------   percentage.

This --------- percentage of solid recovery is found at -------------rpm.
EXP NO 2:                                          SONICATION
Aim:

To rupture E. coli cells for different time intervals and measure the protein released.

Principle:

The treatment of microbial cells in suspension with inaudible ultra sound (greater than 18000 Hz) results in their inactivation and disruption. Ultrasonication utilizes the rapid sinusoidal movement of a probe within the liquid.  It is characterize by high frequency (18 KHz -1 MHz), small displacements (less than 50μm); moderate velocities (a few ms-1), steep transverse velocity gradient (up to 4000 s-1) and very high acceleration (up to 80,000g).  Ultrasonication phenomena when acoustic power input is sufficiently high allow the multiple productions of micro bubbles, at nucleation sites in the fluid.  The bubbles grow during the rarefying phase of sound wave, and then are collapsed during the compression phase.  On collapse, a violent shock wave passes through the medium.  The whole process of gas bubble nucleation, growth and collapse due to action of intense sound wave is called cavitation.  The collapse of the bubble converts sonic energy to mechanical energy in the form of shock waves equivalent to several thus and atmosphere (300MPa) pressure.  This energy input imparts motions to parts of cells which disintegrate when their kinetic energy content exceeds the wall strength.  An additional factor which increases cell breakage is the micro streaming (very high velocity gradient causing shear stress) which occur near radically vibrating bubbles of gas caused by the ultrasound.

Much of the energy absorbed by all suspensions is converted to heat so effectively, cooling is necessary.  The rate of protein released by mechanical cell disruption, usually sound to be proportional to the amount of releasable protein.
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Where

 P = protein content remaining associated cells




t = time 




K= release constant dependent on the system.

Integrating from P = Pm (maximum possible protein release at time zero) to P = Pt at time ‘t’ gives                
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As protein (Pt) released from the cells is given by Pr =Pm-Pt , the following equation for cell breakage is obtained.   
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The constant (K) is independent of cell concentration up to high levels approximately proportional to the acoustic power above the threshold necessary for cavitations. As the time of sonication is increased, the amount of protein released also increased. However at higher time points, the amount decreases, as the heat generated may cause some of the labile proteins to denature.

Equipment for large scale continuous use of ultrasonics has been available but not yet found extensive use in enzyme production.  Reasons for this may be the conformational liability of some enzymes to sonication and the damage that they may realize through oxidation by free radicals, singlet oxygen and hydrogen peroxide that may be concurrently produced.  Use of radical scavengers (eg.N2O) has been shown to reduce this inactivation.  As with most cell breakage methods, very fine cell debris may be produced which can hinder further processing.

Procedure:

· 5 samples of E.coli were taken in separate eppendorfs.

· The samples were sonicated for 30, 60, 90, 120, & 150sec.  The samples were held on ice during sonication.  The power was set at 50W and frequency at 60MHz.

· The samples were spun down for 5minutes and 100μl of the supernatant was transferred to fresh eppendorfs.

· To the supernatant 900μl double distilled H2O was added (1:10 dilution) and 20μl of this was taken for protein estimation using Bradford’s reagent in a 96 well plate.  The final volume in each well was 200μl (180μl reagent + 20μl diluted supernatant).

· Standard graph was plotted using 5, 10, 15 and 20μl of 0.2mg/ml BSA.

· A graph of protein content vs. sonication time was plotted.
Table: 1 – Calibration Curve for BSA

	S. No.
	Concentration of BSA (μg/ml)
	Optical density
at 595 nm

	
	
	


Table: 2 – OD values of sonicated Samples
	Sample No.
	Time of Sonication  (sec)
	Optical density at 595 nm
	Concentration (μg/ml)

	
	
	
	


Model Graph:
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Result:

The maximum amount of protein released is ---------- 
EXP NO: 3            PROTEIN PURIFICATION BY SALT PRECIPITATION
                                          
Aim:
                    To find the percentage of protein recovery for precipitation of proteins from a solution by adding ammonium sulfate

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. This partial collection of the separated product is called fractionation. For example, the fraction of the precipitated protein collected between 20 and 21% of salt saturation is commonly referred to as the 20-21% fraction. 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, i.e. between 0 and 40ºC. However, it is simply far more convenient to work in a regular laboratory room as opposed to a cold room. Since the purpose of this experiment is to demonstrate the use of common purification techniques, unless noted otherwise when it is truly critical, the procedures will be carried out at room temperature without any significant loss of educational values. 

The recovery of protein can have very significant economical implications. Because a fixed fraction of the original protein stays soluble in the solution, the recovery of protein is often not near 100%. Of course, a yield of over 100% indicates that there may be problems associated with the assay method

 Reagents required
· Alpha amylase10g/lit

· 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 test tube. 

· While stirring, add the saturated ammonium sulfate solution drop-wise to the protein solution until precipitates start to form. In order to record accurately the amount of ammonium sulfate solution added, the salt solution should be dispensed from a graduated pipette or a burette. It is critical to avoid the spatial nonuniformity in the salt concentration during the addition of the salt solution. Localized concentration hot spots will prematurely initiate the precipitation of other proteins and inadvertently affect the purity of the protein crystals. Record the volume of the saturated ammonium sulfate solution needed to cause precipitation. Also note that protein precipitation is not instantaneous; it may require 15 to 20 minutes to equilibrate. 

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

·       Reconstitute the original alpha amylase solution by resuspending the precipitate in 4 ml of water. This can be done by first adding approximately 2 ml of water from a water bottle to the centrifuge tube, shaking the test tube to redissolve the precipitate, and transferring as much as possible the alpha amylase solution in the centrifuge tube into a test tube with a pipette while noting the volume. Rinse the centrifuge tube with another ml of water, pipetting this rinse in the test tube as well, again, while noting the volume transferred. Finally, add the residual water to bring the total volume in the test tube to 4 ml. 

· Find protein content by Lowry’s assay.

· Find out protein recovery by using formula

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

Result :
 
The percentage of protein recovered is --------------------.
EXP NO: 4 
         AQUEOUS TWO PHASE EXTRACTION OF  PROTEINS
Aim:
                 To find the percentage of protein recovery and isoelectric point for precipitation of proteins from a solution by varying pH

Principle:
                      The conventional techniques used for product recovery, for example precipitation and column chromatography, are not only expensive but also result in lower yields. Furthermore since solid–liquid separation by centrifugation or filtration results in some technical difficulties, for example filter fouling and viscous slurries, therefore, there is an ongoing need for new, fast, cost-effective, ecofriendly simple separation techniques. 

                    Thus, for separation of biomolecules, aqueous two phase systems (ATPS) offer an attractive alternative that meets the above-mentioned requirements as well as the criteria for industrially compatible procedures. Hence, it is increasingly gaining importance in biotechnological industries. The advantage of using this technique is that it substantially reduces the number of initial downstream steps and clarification, concentration, and partial purification can be integrated in one unit. Furthermore, scale-up processes based on aqueous two phase systems are simple, and a continuous steady state is possible.

                        An aqueous two-phase system is an aqueous, liquid–liquid, biphasic system which is obtained either by mixture of aqueous solution of two polymers, or a polymer and a salt. 
           Generally, the former is comprised of PEG and polymers like dextran, starch, polyvinyl alcohol, etc. In contrast, the latter is composed of PEG and phosphate or sulphate salts. This polymer-salt system results in higher selectivity in protein partitioning, leading to an enriched product with high yields in the first extraction step.

            Since these phase components are inert towards biological materials, these can therefore be employed for partitioning of biomolecules, and cell organelles and whole cells as well. The basis of partitioning depends upon surface properties of the particles and molecules, which include size, charge, and hydrophobicity. More-over, the most characteristic feature of the two-phase system is that the water content in it is as high as 85–99%, which when complemented with suitable buffers and salts results in providing a suitable medium for biological materials, as well as in an easy scale-up possibilities. In addition, the low surface tension between the two phases results in partitioning of proteins possible without any loss in their activity. The content of polyols present in most aqueous phase media helps to stabilize the enzymes by reducing the water content. Also the small droplets, which are generated in such a phase system gives short distances and large surface areas, facilitating mass transfer. The necessary separation of the two immiscible liquid phases, which is relatively slow under unit gravity, can be enhanced by centrifugation. Therefore, the mechanical separation step can be replaced by an extraction process which is thermodynamically controlled and enables the separation of cells and cell debris from soluble proteins by partitioning into opposite phases under suitable conditions.

                          Partitioning of the two phases is a complex phenomenon, taking into account the interaction between the partitioned substance and the component of each phase. A number of different chemical and physical interactions are involved, for example hydrogen bond, charge interaction, Vander Waal’s forces, hydrophobic interaction and steric effects. Moreover the distribution of molecules between the two phases depends upon the molecular weight and chemical properties of the polymers and the partitioned molecules of both the phases.

 Applications:

            Apart from the large-scale purification of extra cellular proteins, the aqueous two phase systems can be applied to the following as well: 

(i) Separation of membrane proteins, for example cholesterol oxidase and bacteriorhodopsin; 

(ii) For structural analysis of the biological membranes such as thylakoid membranes;

(iii) For the concentration and purification of viruses; and 

(iv) For bioremediation.

(v) It can also be used for retroviral vectors purification as an apt substitute for microfiltration, ultrafiltration and chromatography protocols. 

                    Besides partitioning and purification, two-phase systems have also been used for extractive bioconversions. The biocatalysts (enzymes or microorganisms) are partitioned to one of the phases and the product is extracted from the reaction compartment, and thus product inhibition can be avoided. This process has been used to enhance the production of lactic acid by Lactobacillus sp. by reducing the end-product inhibition. It has also been used in small-scale conversion of cellulose and starch to glucose, as well as for butanol, acetic acid and butyric acid formation by Clostridium acetobutylicum.

                 Thus, aqueous two-phase systems offer an effective extraction process for biomolecules. It is characterized by short process times, high yield, and high productivity. It has the option for continuous and automated operation. It is an economical technology with low investment energy and labor cost and has great potential for modification, but further studies are required to understand the mechanism involved in partitioning of biomolecules

 Reagents required:
· Protein solution, 5.0 g/l (albumin or gelatin or casein)  

· NaOH solution, 1N 

· Acetic Acid solution, 0.1N 

Procedure:
      Precipitation of Protein in Acidified Solution: 

1. Find out protein content by Bradford assay.  

2. Find out protein recovery by using formula

          % Protein recovery =   [Final protein content / Initial protein content]  x 100                                   

3. Report the amount of precipitate as a function of the pH 

Result:
· Isoelectric pH of casein was found to be ---------
· Percentage casein recovery at --------pH was found to be--------- 

EXP NO: 5             SEPARATION OF AMINO ACIDS BY ION EXCHANGE  

                               CHROMATOGRAPHY USING CATION EXCHANGER 
Aim: 
To separate amino acids from a mixture of amino acids using ion exchange chromatography
Principle:

  
Ion exchange chromatography can be used for separation of substances which posses  a net electrical charge .Anion exchangers reversibly bind negatively charged compounds through electrostatic forces whereas positively charged molecules interact with cation exchangers .Different compounds are held by ion exchangers with varying strengths depending upon charge .Amino acids are amphoteric substances and have a net charge of zero at isolectric PH .At  PH  below the isolectric point ,the amino acids are positively charged .At very low PH of 1.0 almost all amino acids (including acidic amino acids )exist as cation and hence these can be separated on a cation exchanger. 

Reagents required: 
1. Chromatographic column ( 2.5 X 25cm)

2. Colorimeter 

3. Dowex – 50 resin in 0.05 M citrate buffer pH 3.0

4. citrate buffer 0.05M, pH  3.0

5. citrate buffer 0.05M, pH   6.0

6. citrate buffer 0.05M, pH   9.0

7. Amino acids( aspartic acid, alanine ,lysine and histidine ; 2mg of each amino acids/ml 
     of  0.1 M HCl, pH  1.0

8.  4N HCl

9. Ninhydrin reagent. 

Procedure:
1. Preparation of ion exchanger :

Dowex 50 –is a cation exchanger .Before packing it into column, it must be fully saturated with H+ first and this H+ form cam be converted to Na+ form so that the resin can function as cation exchanger.

1. Suspend 10g of Dowex -50 into sufficient volume of 4N HCl for 15min to ensure that the resin is saturated with H+ ions.
2. Filter the suspension and wash it repeatedly with distilled or deionized water till the PH of the filtrate is neutral.

3. Transfer the resin into 2N NaOH for 15min to get Na+ form. Wash it till the PH of the filtrate is neutral. 

2. Equilibration of the resin:

1. Suspend the resin in citrate buffer (PH 3.0) and allow it to stand for 1hr.
2. Mount the column upright and pour the suspension with help of a glass rod while 
             tapping the column gently.

3.      Allow the suspension to settle down, open the outlet and pass two to three bed volumes of the citrate buffer (0.05M, PH 3.0) through the column. This will fully equilibrate the resin to PH 3.0.when only a thin layer of the buffer remains at the top of the resin; stop the flow by closing column outlet.

3.        Development of column:

All amino acids would be in cationic form at PH 1.0 and so would be bound to the cation exchanger .Gradient Elution using increasing PH and ionic strength facilitates sequential elution of the bound amino acids.

4.         Sample Loading

1. Open the outlet and let the buffer at the top drain into the column surface. Close the stop clock.

2. Load a sample of  pH value  1.0

3. Add a small amount of buffer to wash the traces of the sample from inside walls of the column and when the level just reaches the surface .close the stop clock.

Result:

 The amino acids are separated using ion exchange chromatography.

EXP NO: 6     DESALTING OF PROTEIN SAMPLE BY GEL FILTRATION
Aim:

To study the principles of gel filtration

Principle:

Separation is based on the fact that proteins are macromolecules whereas the salts are low molecular weight substances. When the sample is passed through a column packed with sephadex G-10 or G-25, Proteins remain totally excluded from the gel and move with void volume while salts enter into the gel particles and take longer time to get eluted. 

Reagents required:
1. Sephadex G-25 (coarse) 
2. Glass column (18x300 mm)
3. Bovine Serum Column

4. Sodium Phosphate

5. 0.1 M Tris HCl Buffer (pH 7.0)

 Procedure:

1. Suspend 5g of Sephadex G-25(coarse) in 0.1M Tris –HCl buffer (pH 7.0) and swell it by keeping it for 3-4 h at room temperature with intermittent stirring.

2. Decant the excess of buffer along with suspended fine particles to obtain slurry of reasonable thickness.

3. Fix the column upright on a burette stand with the help of clamps.

4. Keep the outlet of the column closed, place a plug of glass wool at the base of the column and pour a small volume of the buffer or water into the column.

5. Pour the slurry gradually into it along the inner surface of its wall and if necessary, with gentle tapping to expel any air bubbles.

6. Allow the chromatographic media to settle down evenly and then open the outlet to drain excess liquid from the column.

7. Place a filter paper disc or a nylon on the surface of the packed bed to prevent disturbance of the upper layer while loading the sample or feeding the eluent  into the column.

8. Prepare  a mixture of 10mg of Bovine serum albumin and 40 mg of sodium phosphate in 2 ml Tris-HCl buffer(pH -7.0)

9. Apply it to chromatography column by any of the two methods
(i) The mobile phase at the top of the packing is drained out till the bed surface gets exposed. Close the outlet and gently apply the sample uniformly over the bed surface with pipette and the loaded sample is then allowed to just enter into the column by opening the outlet. A small amount of mobile phase (or buffer) is added to wash the traces of the sample into the column.

(ii) In the second method, Sucrose or Glycerol, upto the concentration of 1% is added in the sample to increase its density .This sample is applied just above the surface of bed directly through the layer of the buffer in the column bed. Since the sample higher density, it automatically settles on the surface of the gel .Then open the outlet to facilitate entry of the sample into the column. When using this procedure, it is advisable to ensure that addition of glycerol or sucrose does not interfere with the separation and subsequent analysis of the separated compounds.

10. Add sufficient amount of buffer on top of the column and connect it to the buffer reservoir.

11. Collect Fraction (2ml each) either manually or using automatic fraction collector .Determine the protein content either by monitoring absorbance at 280nm or by Lowry’s Method and Phosphate ions  in each of the fractions.

12. Plot a graph of concentration of protein and phosphate vs fraction number or elution volume.

Result: 
The principles of gel filtration were studied.
EXP NO: 7             CONCENTRATION OF DILUTE PROTEIN SOLUTIONS   

                                                      USING SEPHADEX G-25. 
Aim:

To concentrate the given dilute protein solution using gel filtration
Principle:

When the dry beads of sepahdexG-25 are added to a dilute protein solution, they start swelling and in the process absorb water. The proteins being macromolecules are excluded from the swollen gel and hence remain in the solution. Due to absorption of water, volume of the solution decreases without affecting amount of the high molecular weight solutes such as proteins in it resulting in concentration of the solution.

Reagents required:
1. Bovine Serum Albumin

2. Sodium chloride (1 mM)

3. Sephadex G-25

Procedure:

1.   Dissolve 20mg bovine serum albumin in 100ml of 1mM NaCl. Retain 1 ml of this solution for protein estimation either by spectrometric and colorimetric.
2.    Add 5g of dry sephadex G-25 (coarse) to the remaining protein solution.
3.    Let it stand at room temperature for 30 min to swell and then centrifuge it at 3000 X g for 10 min.Carefully decant  the supernatant into the measuring cylinder and note its volume .Again retain 1ml of protein estimation.

4.    Subject the supernatant  to the same treatment as described in steps 2 and 3 twice or thrice every time recording the volume of the supernatant  and keeping 1ml of aside protein estimation .Decrease the amount of added sephadex G-25 progressively ( say from 5g in first step to 1 g in the final step )at each step.

5.    Determine the concentration of protein in 0.5 ml of the supernatant obtained at each step and express the concentration of proteins in terms of amount pf protein /ml of the solution.

Result:
The given dilute protein solution was concentrated.
EXP NO: 8          DETERMINATION OF MOLECULAR WEIGHT OF A GIVEN 
                                                  PROTEIN BY GEL FILTRATION.
Aim:

 To determine the molecular weight of the given protein using gel filtration

Principle:

During gel filtration, solutes are separated primarily on the basis of their molecular size. Due to molecular sieving effect the large molecules are eluted from the column first followed by compounds of smaller molecular mass. A plot between Kd or elution volume VS Log10 Molecular weight gives straight line. Molecular weight of a given protein can be established from its elution volume through gel filtration column which has previously been calibrated with standard marker proteins of known molecular weight.

  Reagents required:
1. Glass Column (2.5 X 70cm)

2. Sephadex G-100

3. HEPES –NaOH Buffer ( 20mM,Ph 8.0)

4. Magnesium chloride
5. DL-dithiothreitol(DTT)
6. Glycerol

7. Standard protein markers

A. ß –amylase (200 kDa)

B. Alcohol dehyrogenase (150 kDa )

C. Bovine serum albumin (66 kDa )

D. Carbonic anhydrase (29 kDa)

E. Cyrochrome c(12.4 kDa)

F. Blue dextran
Procedure:

1. Suspend 15g of Sephadex G-100 in 20Mm HEPES –NaOH (pH -8.0) buffer containing 5 mM MgCl2 and 5mM DTT for 5h in boiling water bath.

2. Allow it to cool and pack it into the glass column taking all suggested       precautions for avoiding entrapment of any air bubbles in the gel bed.

3. Equilibrate the column by passing buffer equivalent to 2 -3 volumes of the bed volume.

4. Find the void volume (V0) of the column by determining elution volume of blue dextran solution (2mg/ml) through the column. Again pass 2 bed volumes of the starting buffer.

5. Apply the mixture of the standard marker proteins of known molecular weight and elute the column with the buffer.

6. Collect fractions of 2ml each and determine the protein content in each of these fractions either by Lowry’s Method or by reading absorbance at 280nm.

7. Determine the elution volume of the standard proteins and prepare a graph of 
log10 molecular weight vs Ve or

Kd =   Ve – V0 /Vi.
Ve = Total Elution Volume



V0 = Void Volume (Volume in the system outside the porous beads)



    
Vi = Internal Volume (Volume of solvent inside the beads)




Kd = partition (distribution) co-efficient  

Again pass 2 volumes of the starting buffer.
8.       Label the sample containing proteins whose molecular weight has to be determined. Elute it and collect the fractions of 2 ml each. Test each fraction for the presence of protein and determine its Ve

9.     Determine the molecular weight of the given protein from the calibration curve.
Result: 
The molecular weight of the given protein was determine using gel filtration
EXP NO: 9 



ULTRAFILTRATION

Aim:

 
To calculate

(i) The membrane resistance Rm

(ii) The cake and  fouling resistance,Rc+Rg

(iii) The percentage loss of protein

Principle:

UF membranes can retain macromolecular solutes. Solute retention is mainly determined by solute size. However, other factors such as solute-solute and solute-membrane interactions can affect solute retention.

Ultrafiltration is used for:

1. Concentration of solutes

2. Purification of solvents

3. Fractionation of solutes

4. Clarification

UF is attractive because of the high throughput of product, low process cost and ease of scale-up. UF is now widely used for processing therapeutic drugs, enzymes, hormones, vaccines, blood products and antibodies. The major areas of application are listed below:

1. Purification of proteins and nucleic acids

2. Concentration of macromolecules

3. Desalting, i.e. removal or salts and other low molecular weight compounds from solution of macromolecules 
4. Virus removal from therapeutic products 
Ultrafiltration separates solutes in the molecular weight range of 5 kDa to 500 kDa. UF membranes have pores ranging from 1 to 20 nm in diameter. Most UF membranes are anisotropic, with a thin “skin layer”, typically around 10 urn thick fused on top of a microporous backing layer. The skin layer confers selectivity to the membrane while the microporous backing layer provides mechanical support. The ability of an ultrafiltration membrane to retain macromolecules is traditionally specified in terms of its molecular cut-off (MWCO). A MWCO value of 10 kDa means that the membrane can retain from a feed solution 90% of the molecules having molecular weight of 10 kDa. This is a highly subjective definition since it does not specify any other conditions such as feed concentration, transmembrane pressure and so on. However, the MWCO provides a good starting point for selecting a membrane for a given application.

Ultra filtration is described in term of flux , J 

J   =     ΔV 

         -------------

   

          ΔT x A 

 Flux is proportional to the pressure drop, ΔP and inversely proportional to the membrane thickness, Tm i.e
 J    =         K ΔP


------------


        Tm 

Where  = Constant 

Resistance of the membrane        

          Rm =  Tm 

                  ---------- 

                    µ K 
Where 
J    =       ΔP 
          ----------------

              Rm µ

In cross flow filtration, small cakes form on the membrane. Hence the flux is not only affected by membrane resistance but also by cake and fowling resistance

J =                     ΔP

                 -------------------

               (Rm+Rc+Rg) µ

Where 
Rm = membrane resistance m-1
Rc= cake resistance m-1
Rg = fouling resistance m-1
Procedure:
1. The clean water flux of the membrane was checked by setting different pressure , ΔP. ΔP versus flux was plotted and this will give the membrane resistance .

2. 1000 ml of 0.1 % BSA was taken and the initial sample for protein estimation was taken

3. The initial time was noted down.

4. at different ΔPand at various time intervals, the volumes filtrate collected was noted down 

5. The sample from the permeate and retentate were taken for protein estimation 

6. The protein estimation was done by Lowry’s method.
7. The percentage of protein loss was calculated.
Calculation of membrane resistance, Rm: Clear water flux before cake formation:
	S.No
	Inlet pressure

Pa
	Outlet pressure

Pa
	Volume of filtrate m3
	Time

sec
	Pressure drop

Pa
	Flux

m/s

	
	
	
	
	
	
	


Calculation of combined resistance: Water flux after cake formation:
	S.No
	Inlet pressure

Pa
	Outlet pressure

Pa
	Volume of filtrate m3
	Time

sec
	Pressure drop

Pa
	Flux

m/s

	
	
	
	
	
	
	


Calculation of percentage loss of protein:
	S.No
	Sample
	Optical density
660 nm
	Concentration

µg/ml

	
	
	
	


% loss of protein = (Amount of protein in permeate x volume of permeate)
                                 ----------------------------------------------------------------------- X 100
                               (Amount of protein in initial sample x volume of sample)

Result:
 The ultra filtration was performed 
(i) The membrane resistance , Rm -----------------------
(ii) The Combined resistance Rc+Rg --------------------------
(iii) The Percentage loss of protein ------------------------------
EXP NO: 10 


    MICROFILTRATION
Aim:
 
To calculate

(i) The membrane resistance Rm

(ii) The cake and fouling resistance,Rc+Rg

(iii) The percentage loss of protein

Principle:
Microfiltration separates micron-sized particles from fluids. The membrane modules used for microfiltration are similar in design to those used for ultrafiltration. Microfiltration membranes are micro porous and retain particles by a purely sieving mechanism. Typical permeate flux values are higher than in ultrafiltration processes even though microfiltration is operated at much lower TMP. A microfiltration process can be operated either in a dead-end (normal flow) mode or cross-flow mode.
The various applications of microfiltration in biotechnology include:

1. Cell harvesting from bioreactors

2. Virus removal for pharmaceutical products

3. Clarification of fruit juice and beverages

4. Water purification

5. Air filtration

6. Sterilization of products
Normal flow (or dead end filtration) is used for air filtration, virus removal and sterilization processes. For most other applications, crossflow microfiltration is preferred. Concentration polarization and membrane fouling are also observed in microfiltration. Particles have much lower diffusivity than macromolecules and consequently the extent of back diffusion of particles into the feed is negligible. Hence there is a strong tendency for cake formation.
Micro filtration described in term of flux, J 

J =        ΔV 

      -----------------

          ΔT x A 

 Flux is proportional to the pressure drop, ΔP and inversely proportional to the membrane thickness, Tm 
i.e   J =  k ΔP

          -----------

             Tm

Where K= constant 
Resistance of the membrane
Rm = Tm 

        ----------

          µK 
Where  



J = ΔP / Rm µ

In cross flow filtration small cakes form on the membrane. Hence the flux is not only affected by membrane resistance but also by cake and flowing resistance

J =                     ΔP

                 -------------------

               (Rm+Rc+Rg) µ

Procedure:
1. The clean water flux of the membrane was checked by setting different pressure, ΔP. ΔP versus flux was plotted and this will give the membrane resistance.
2. 2000 ml of E.Coli culture  was prepared

3. The initial sample was taken for biomass estimation by centrifugation.

4. The initial time was noted down ,at different ΔPand at various time intervals, the volumes filtrate collected was noted down 

5. The sample from the permeate was taken for biomass estimation 

6. The biomass concentration was found by centrifugation method

Calculation of membrane resistance, Rm: Clear water flux before cake formation:
	S.No
	Inlet pressure

Pa
	Outlet pressure

Pa
	Volume of filtrate m3
	Time

sec
	Pressure drop

Pa
	Flux

m/s

	
	
	
	
	
	
	


Calculation of combined resistance: Water flux after cake formation:
	S.No
	Inlet pressure

Pa
	Outlet pressure

Pa
	Volume of filtrate m3
	Time

sec
	Pressure drop

Pa
	Flux

m/s

	
	
	
	
	
	
	


Calculation of percentage loss of protein 

	S.No
	Volume of the Sample 
	Amount of biomass

	
	
	


% loss of protein = (Amount of protein in permeate x volume of permeate)

                              --------------------------------------------------------------------           X 100
                                (Amount of protein in initial sample x volume of sample)

 Result:

 The micro filtration was performed and the 

(i) The membrane resistance , Rm ----------
(ii) Combined cake and fouling resistance Rc+Rg------------
(iii) Concentration of biomass in initial sample--------------
(iv) Concentration of biomass in permeate-----------------
EXP NO: 11 

CELL DISTRUPTION BY CHEMICAL METHOD

Aim:
To disrupt the cells chemically and to estimate the amount of protein present in the given sample.
Principle:
Bioseparations usually begins with the separation of biomass from the broth, most proteins produced are not secreted in to the broth but are precipitated between the cells releasing this trapped materials usually involves rupturing the cell wall. The chemical methods of cell rupture are dominated by osmotic shock, detergent solubiluization and lipid dissolution.


Solvents like benzene, toluene, chlorobenzene and xylene are also effective in disrupting cell wall. This solvent is absorbed in to the cell wall lipids, swells the cell and ruptures it. The cell contents are released in to the surrounding broth and hence can be separated.

Reagents required:
Working standard,
 Reagents A, B, C, D (Folin’s reagent), 
 E.coli culture,
 Benzene, 
 Toluene
Procedure:
1. Working standard solution was added in the concentration of 0.2, 0.4, 0.6, 0.8,1 ml in   

             various test tubes.

2. Simultaneously 20µl, 40µl of E.coli culture was taken in two test tubes as samples.

3. To the sample test tube 1 ml of benzene/ toluene was added mixed vigorously for 3   

            min to provide cell disruption.

4. Then 5 ml of reagent C was added to all the test tube including blank.

5. 0.5ml of reagent D was added to each test tube.

6. The tubes were mixed thoroughly and placed in dark for 30 minutes.

7. After 30 minutes, values were noted down from the solutions at 600nm.
8. A standard graph was plotted for the values obtained for working standard.

9. O.D values for samples were intrapolated on to the standard curve to find concentration of protein in sample.

Result:
The amount of protein present in the given sample after disrupting the cells chemically was calculated to be

1. __________ in 1ml of sample 1

2. __________ in 1ml of sample 2 

EXP NO: 12                         CELL DISRUPTION IN BEAD MILL
Aim:
To study the cell disruption by mechanical methods and to find disruption constant of baker’s yeast in bead mill
 Principle:
With a bead mill it is possible to break open all types of microorganism in a continuous process. If no data is available for the microorganism to be broken open, it is useful to with the following conditions:

· Glass beads (lead-free) 0.5 nm dia.

· Volume to which the disruption vessel should be filled with glass beads: 85%

· Rotation velocity of the grinding discs: 10 m/ s

· Flow rate for yeast: 10 ×  volume of grinding vessel / h

· Flow rate for bacteria: 5 x volume of the grinding vessel/ h

· Cell concentration: unimportant 

If the results of one run are unsatisfactory (i.e. <60% of the cells are broken) the first three variables can be optimized. For this purpose one determines the ‘disruption constant’ (k) in batch cultures. During the experiment the release of the desired product is measured with respect to time. If the breakage vessel has no openings to allow samples to be taken, the experiment can be performed using an externally fitted beaker. An increase in the value of k means that the correct choice for the value of a particular variable has been made for the organism in question. In batch culture, data are also obtained which allow the flow rate to be optimized. If the time required for total breakage is 3 min, the time for continuous flow should be approximately 10 min because there is no ‘plug flow’ in a bead mill. The working values obtained for a specific microorganism are valid only for the grinder and container used; i.e., another model or even volume requires recalibration. 

Cell breakage follows first order kinetics i.e. rate at which product is produced is at any time proportional to the amount of product is produced is at any time proportional to the amount of product available.

 dP / dt = - k P

Where k is the disruption constant and P is the product concentration at time t; which can be solved to give

ln (Pm / [Pm – P]) = k N = k t

Pm is disruption amount of product released and N is the number of times the suspension has passed through the mill and is calculated as follows:

N = (Flow volume / initial volume) t 

Reagents Required 

· Buffer: 100mM potassium phosphate buffer, pH 7.5.

· Lowry protein analysis reagents
· Culture solution (yeast or bacteria)
Procedures

1. 1.6 kg of yeast is suspended in 100 mM potassium phosphate buffer, pH = 7.5 and brought to a final volume of 4: 1 (40% w/v). The pH of the suspension is determined and, if necessary, readjusted to 7.5 by the addition of 100 mM potassium hydroxide. 

2. Place 850 ml dry glass beads into the mill vessel (volume; 1:1) and then fill with the cell suspension.

3. Remaining yeast suspension is stirred continuously on ice and connected to the input and output valves of the mill vessel. 

4. The mill vessel should be run at a speed of 2000 rpm and a flow volume of 10 liter per hour. 

5. Throughout the experiment the grinding vessel should be cooled. 

6. Samples are taken at time 0,1,2,5,7.5,10,15,20,30,45,60 min. throughout the experiment the temperature, pH and conductivity of the yeast suspension are monitored.       

7. At the end of the experiment the remaining cell suspension is forced out of the mill vessel by running water through it and subsequently emptying it. The glass beads are dried at 100˚C.

8. After the maximum amount of protein released and the amounts released at time t have been determined, ln (Pm / [Pm – P]) versus t graph is plotted. The slope of straight line is the breakage constant k.

9. In another graph the values for temperature, pH and conductivity are plotted against time.

Observations and calculations

	S.No
	Time min
	pH
	Conductivity
	Protein conc
	Pm- P
	P/( Pm-P)
	Ln [ P / ( Pm –P)]
	K = {Ln [ P / ( Pm –P)]} / t

	
	0
	
	
	
	
	
	
	

	1
	1
	
	
	
	
	
	
	

	2
	2
	
	
	
	
	
	
	

	3
	5
	
	
	
	
	
	
	

	4
	7
	
	
	
	
	
	
	

	5
	10
	
	
	
	
	
	
	

	6
	15
	
	
	
	
	
	
	

	7
	20
	
	
	
	
	
	
	

	8
	30
	
	
	
	
	
	
	

	9
	45
	
	
	
	
	
	
	

	10
	60
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From above table maximum protein concentration is taken as Pm.                      


                                       Time
Result :
The breakage constant for given material in bead mill is k =         time – 1 

EXP NO: 13 


SDS LYSYS OF E.Coli CELLS

Aim:
 To find percentage protein recovery from E.Coli cells by SDS lysis 

Principle:

Detergents disrupt the structure of cell membranes by solubilizing their phospholipids. These chemicals are mainly used to rupture mammalian cells. For disrupting bacterial cells, detergents have to be used in conjunction with lysozyme. With fungal cells (i.e. yeast and mould) the cell walls have to be similarly weakened before detergents can act. Detergents are classified into three categories: cationic, anionic and non-ionic. Non-ionic detergents are preferred in bioprocessing since they cause the least amount of damage to sensitive biological molecules such as proteins and DNA. Commonly used non-ionic detergents include the Triton-X series and the Tween series. However, it must be noted that a large number of proteins denature or precipitate in presence of detergents. Also, the detergent needs to be subsequently removed from the product and this usually involves an additional purification/polishing step in the process. Hence the use of detergents is avoided where possible
Reagents Required:
1. Suspension of E.Coli cells in 0.5 M glycerol,      

2. 1mM sodium phosphate at 4° C, made up to  an OD (660 nm) of between 10-15      

3.  Lysis buffer: 2% SDS (v\v) in 0.25M NaOH with 0.2M Na2 EDTA, stored at 4°c

4. Lowry reagents

Procedure:
Estimation of total intracellular protein

1. Make suspension of 100 milligram of E.Coli cells. Add 0.5 ml of 4 M NaOH to it.

2. Incubate cells at 100 0 C for 5 min ( Treat standard protein solution in same way)

3. Cool and assay protein by Lowry method

SDS lysis of cells  
1. Add 1ml of lysis buffer to 4.0 ml cell suspension.

2. Mix by inversion once and store on ice.

3. Lysis should occur in about 5 min. The lysate will be very viscous due to the release of DNA, which should remain intact since minimum agitation has been used.

4. Report the amount of precipitate as a function of the pH. 

Precipitation of Protein from Individual Protein Solution

1. Precipitate proteins( &  enzymes ) by using one of precipitation method from cell lysate 

2. Find out protein content in precipitate by using Folin Lowry / Bradford method

3. Find % protein recovery

% Protein recovery =  [Final protein content / Initial protein content] x 100            

Result:
The percentage of protein recovery after SDS lysis of E.Coli cells is found to be 
EXP NO: 14 

LYOPHILIZATION (FREEZE DRYING OF CULTURE)
Aim:
                    To study the principles and applications of lyophilization.
Principle:

Lyophilization can be defined as a stabilizing process, in which a substance is first frozen then the quantity of solvent is reduced, first by sublimation and then by desorption to values that can no longer support biological or chemical activity.


Lyophilization is typically used to preserve biological product. It eliminates the need for refrigerated storage and reduces the product weight to lower shipping costs, and produces a dry substance that reconstitutes readily. This method is used for drying food, blood plasma and pharmaceuticals without destroying their physical structure. 


In the lab, this process enables the drying of aqueous preparations by judicious equilibrium between pressure and temperature while maintaining the integrity of living cells such as bacteria, complex delicate structures such as enzymes, proteins or unstable chemical molecules. New biotechnology products will continue to increase the demand for freeze drying equipment when lyophilization becomes an alternative to cryopreservation.

Procedure:

There are 3 steps to the lyophilisation process.

1. Freezing

2. Primary drying

3. Secondary drying

Freezing: The products or samples are cooled to a temperature below its eutectic point in a temperature controlled shelf within the freeze dryer. After complete freezing the pressure in the dryer is lowered to a defined pressure to initiate primary drying.

Primary drying (Sublimation): During this stage, water vapor is progressively removed from the frozen mass by sublimation where the shelf temperature is maintained at a constant low temp. During the primary drying, heat is transferred from the shelf and the chamber walls to the drying front mainly by conduction and radiation. Ice sublimes leaving behind, the porous matrix of the initial structure. The water vapors formed pass through the dried cake to the surface and then through the dried chamber to the condenser. A higher drying temp results in a higher saturated vapor pressure, and hence a higher driving force for the flow of water vapor. 

Accordingly, this shortens the cycle of lyophilisation. The upper limit to the drying temp during the primary drying stage is to ensure that the product temp is maintained below the system collapse temp.

Secondary drying (desorption): This stage is initiated by an increase in the shelf temp and reducing the chamber pressure so that water absorbed to the semi dried mass can be removed until the residual water content decreases to the desired level. Secondary dying involves the removal of water that did not separate as ice during freezing. It is difficult to transfer energy into a porous matrix placed under a vacuum since it behaves like a perfect insulator. Therefore the secondary drying stage takes just as long as a primary stage, even though much lesser water is removed.

Result: 
The principle and operation of lyophilisation was studied.
EXP NO: 15 
      IMMOBILIZED METAL AFFINITY CHROMATOGRAPHY

Aim: 


To perform purification of proteins using Immobilized Metal Affinity 
                                                         Chromatography
Principle
Immobilized metal affinity chromatography is a form of affinity chromatography in which immobilized metal ions like -Transition metals (Cu,Ni, Co, Zn) is used to bind proteins selectively by reaction with imidaozol group of hisitdine residues present upstream of the cloned gene producing the target protein. The immobilization of the protein involves the formation of stable co-ordinate bond that must be suufiently stable to allow protein binding and retention during elution of non binding contaminating material .The subsequent release of the protein is either by lowering the pH of by destabilizing the metal protein complex. Technique is mainly used to purify recombinant proteins provided with a His-tag.

Resins for IMAC


Application of IMAC for purification of ‘His-tagged’ proteins

1.
Provide a protein with a ‘tag’ of 6 histidine residues by mutagenesis of the gene (add codons for 6 consecutive His residues to the gene).

 … ATC GCG TAG …       

 … Ile Ala Stop 

 … ATC GCG CAC CAT CAC CAT CAC CAT TAG …

 … Ile Ala His His His His His His Stop


The His-tag should not interfere with folding or activity of the protein (C-terminal is often the best choice)

2.
Produce the protein

3.
Purify the protein in 1 step with IMAC on a nickel column

4.
Elute the bound protein with imidazol (specific elution) or with aspecific elution (pH)



Purification of target protein using IMAC:

1.  A packed column with prepacked sintered glass filter and flow rate adjustable stopper was taken.

2. It was thoroughly washed with tap water and then with single strength distilled water.

3. 15 ml of chelating sepharose fast flow was packed in the column.

4. Care was taken that no air bubbles were formed in the column.

5. The sepharose matrix was washed thoroughly with 75ml of double distilled water.

6. the  matrix was then saturated with 0.1M nickel chloride 

7. The excess nickel chloride was washed off using double distilled water.

8. The matrix must then equilibrated with 75 ml of equilibrated buffer (5Mm imidozole ,0.5M Nacl, 20mM Tris Hcl pH 7.9)

9. 7.5ml of the induced culture supernatant was loaded on to the matrix and allowed to completely enter the matrix.

10. 5ml of wash buffer ( 5mM Imidazole , 0.5M Nacl, 20mM Tris Hcl,pH7.7)was added and the flow was stopped for 20  min to allow binding of the proteins in the matrix.

11. The flow rate was adjusted to 50microlitre wash busffer and then with 50 ml wash buffer and then with50 ml of wash buffer 2 (100Mm Imidazole ,O.5 Nacl ,20mM Tris Hcl pH 7 -9)

12. The protein was finally eluted with 200Mm,250Mm,400Mm,500Mm conc of imidozole.

13. the eluted fraction were run on 12% SDS PAGE along with unused, induced and wash fractions.

14. Those fractions which gave a single ,pure band corresponding  to the size of the target protein were taken for dialysis and conc.

Dialysis and concentration of purified protein:

1. 10 cm long dialysis bag with cut size of 12Kda was boiled in distilled water for 5 min to remove sodium azide

2. 10 ml of the purified protein was added to the bag and five layers and strerile cellulose tissue paper was wrapped around it.

3. The protein was then dialysed  against 1000ml double distilled water.

4. The tissue paper was changed every 6 8 hours and the water was changed every 12 hrs till the protein was concentrated to 2ml.

Storage of proteins:

          0.05% of sodium azide was added to purified proteins stored at -80 °C
Result:
The given protein was purified by IMAC.
Absorbance at 595nm
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Graph 2: Effect of sonication time on Protein release





Graph 1. Calibration Plot for BSA
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