EXERCISE 5

PURIFICATION AND CATALYTIC PROPERTIES OF YEAST INVERTASE (-FRUCTOFURANOSIDASE)
Introduction


Among the earliest known and most widely used studies of enzymes are those that hydrolyze sucrose.  Berthelot, 1860, working on the purification of a sucrose-hydrolyzing enzyme from yeast, named the enzyme ferment invertif because of the inversion (+ to-) in the optical rotation during the hydrolysis of sucrose.  Subsequently, the names invertase, sucrase, saccharase and -fructofuranosidase, have been used with reference to the enzymatic hydrolysis of sucrose.


Invertase activity has been demonstrated in yeast, molds, bacteria, plants and higher animals.  The basic reaction for yeast invertase is that of a -fructofuranosidase.  Many -fructofuranosides are hydrolyzed by the action of the enzyme, but the activity of the enzyme toward sucrose far exceeds that seen with other naturally occurring -fructofuranosides, like raffinose or stachyose.


The hydrolytic reaction is most conveniently assayed by observing the change in optical rotation (a kinetic assay) or in reducing capacity (a fixed-time assay) upon the incubation of the enzyme with sucrose.  This exercise uses the fixed-time assay procedure, which involves stopping the reaction with alkali, and subsequently measuring the quantity of reducing sugar by means of the 3,5-dinitrosalicylate method.

In the present exercise (see Fig. 5-1 below) dried yeast cells are disrupted by autolysis, and removal of the cell debris, the specific activity and total activity of the crude autolysate are determined.  The crude enzyme is then purified by removal of contaminating materials (proteins and other molecules) by precipitation as their picrate salts, followed by acetone fractionation of the remaining preparation.  The specific activity, total activity, and percent yield are calculated for each step in the fractionation.  Finally, certain aspects of the catalytic behavior of the purified enzyme are studied (Km, Vmax, pH optimum, temperature optimum, inhibition characteristics, etc.).


The objective of this exercise is to isolate and partially purify yeast invertase, to perform qualitative and quantitative analyses of each fraction collected, and to characterize the catalytic nature of the partially purified enzyme.
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    Dialyze 24 hrs

week #2 Collect enzyme from dialysis bag (FRACTION 3) and record volume


  Perform the following (Using dilutions of all 3 fractions):

1.  protein assay

2.  enzyme activity assays

3.  determine optimum enzyme concentration

week # 3 using the optimum concentration for fraction 3 do kinetic analysis including:

1.  Km determination

2.  enzyme inhibition assay

3.  pH optimum determination

4.  temperature optimum determination

week #4 SDS electrophoresis of all 3 enzyme fractions and a ladder.

Materials and Methods
Materials


The following materials will be required: For isolation of enzyme--bakers yeast, 0.1 M NaHCO3, picric acid solution, freezer cold reagent-grade acetone, 0.1% (w/v) Na2-EDTA buffer (pH 7.2), dialysis tubing, Beckman high-speed centrifuge, salted ice bath, centrifuge and test tubes. For substrate conversion assays--enzyme Fractions 1, 2 and 3, 5 mM glucose: 5 mM fructose as substrate, 5 mM Na-acetate buffer (4.7), boiling water bath, ice bath, Spectronic 20, Spectronic 20 cuvette, test tubes and racks. For protein assays--enzyme Fractions 1, 2 and 3, Bradford reagent (see Exercise 4), protein standard (100 µg/mL BSA), Spectronic 20, Spectronic 20 cuvette, test tubes and racks.  For Km assays--Enzyme Fraction 3, substrate-conversion reagents (see above), sucrose solutions (300 mM, 150 mM, 90 mM, 60 mM, 30 mM), test tubes and racks. For PMB inhibition assays--Enzyme Fraction 3, substrate-conversion reagents (see above), sucrose solutions (300 mM, 150 mM, 90 mM, 60 mM, 30 mM), 75 and 150 µM mercuric acetate, test tubes and racks. For temperature optimum assays--Enzyme Fraction 3, substrate-conversion reagents (see above), 6 water baths, test tubes and racks. For pH assays--Enzyme Fraction 3, substrate-conversion reagents (see above), 200 mM citrate:10 mM EDTA buffers (pH 2.5, 3.5, 4.5, 5.5, 6.5, and 7.5).

Methods

I.  Isolation of Yeast Invertase

A. Extraction of cells


1.  Autolysis of yeast cells: suspend 50 g of dried yeast cells in 150 mL of 100 mM NaHCO3 in a 1L flask.  Plug the flask with a cotton plug, place flask in a water bath maintained at 40-45oC, and allow the yeast cells to autolyze for 24 hours (all of this is done by the instructor).


2.  Place a beaker in an ice bath


3.  Centrifuge autolysis mixture at 10,000 rpm for 15 minutes at 5oCelsius. This will sediment the cellular debris.


4.  Decant the clear, amber-colored supernatant into a graduate cylinder: record the volume = _______ml, then pour the solution (FRACTION 1) into the beaker maintained in the ice bath.


5. Remove 3 ml of FRACTION 1 (the original or crude enzyme extract) and place in a small screw-cap bottle.  Label this bottle FRACTION 1; add your group name and place in freezer for assays to be done later.

B. Purification of the crude extract


NOTE The following steps should be done quickly and the material kept cold!


1. Add 0.35 X volume of cold picric acid solution to the remaining crude extract in the beaker on ice = 0.35 (_______ml - 3ml) = _______ mL


2. Stir gently 1-2X to assure even distribution.


3. Place the mixture on ice for 1 hour to allow debris (protein and other molecules) to precipitate.


4. Centrifuge the mixture 10,000 rpm for 10 minutes.


5. Collect the supernatant in a graduated cylinder and record the volume =_______ml. This is FRACTION 2.


6. Remove 3 ml of FRACTION 2, place in screw-cap tube, label it FRACTION 2, add your group name and place in the freezer for assays to be done later.

C. Purification of the enzyme


1. Salt an ice bath


2. Chill the remainder of FRACTION II in the salted ice bath for 15 min.


3. Add 2X volume of cold reagent-grade acetone SLOWLY, while stirring the mixture gently over a 3 minute period.
2X volume = 2( _________ml - 3mL) = _________mL.


4. Continue stirring the mixture in the ice bath for 15 minutes more.


5. A gelatinous mass will form; decant and discard the supernatant.


6.  Transfer the remaining mass to a 50 mL polypropylene centrifuge tube, using a glass rod as an aid.


7.  Centrifuge at 10,000 RPM for 10 min in a cold centrifuge (-4 to 10C) to remove excess solvent from the precipitated mass.


8.  Decant and discard the supernatant.


9. Re-dissolve the pelleted material in a minimum (1-2 mL) of ice-cold 0.1% Na2EDTA solution (pH 7.2).


10. Transfer this to dialysis bags and Dialyze: Dialyze this solution under refrigeration against several changes of pre-cooled distilled H2O for 24-48 hours.  Dialysis is complete when the material in the dialysis bag appears colorless.


11. Remove the material from the bag (FRACTION 3), measure and record the volume = _________ml, place in a screw-cap bottle and place in freezer until it is time for additional assays.

Quantitative and Qualitative Analysis of Invertase

II.  Range-finding Dilutions

NOTE:  At this point, you do not know how much protein or enzyme activity that is present in your FRACTIONS 1, 2 or 3. Therefore you must initially carry out a series of dilutions which will then be assayed for both enzyme activity and protein concentration. This process is called “rangefinding” because you are determining the dilution range that is appropriate for the enzyme and protein assays.  It is quite possible that the dilution that is optimal for the protein assay may not be appropriate for the enzyme assay.

A. Prepare the following series of dilutions for each of the 3 enzyme fractions you have collected in the freezer as FRACTIONS 1, 2 and 3.  This will require 12 clearly labeled tubes, for example: FRACTION 1 -1/10th, FRACTION 1-1/100th ... etc. Remember, these dilutions will be used throughout the experiment, so they must be kept at a safe place. Please do not add any reagents to them, and you can only take solution out of them.
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Figure 1. Scheme for serial dilutions for enzyme fractions 

III. Protein Assays

A. Turn on the spec 20 and allow it to warm up.

B.  Prepare 4 protein standard tubes, labeled 0, 25, 50 and 100 g/mL. 


1.  Obtain 4 mL of 100 g/mL BSA stock from your instructor.


2.  Make the 50 and 25 g/mL dilutions of the stock.


3.  To four empty test tubes labeled as 0, 25, 50 and 100 25 g/mL were transferred 1 mL of water (to 0 test tube) and 1 mL of the 25, 50 and 100 g/mL samples prepared above, respectively. The 1 mL of water will be used as the blank to calibrate the spectronic 20.
C. Label 12 tubes for the 1/10th, 1/100th, 1/1000, and 1/10,000 dilutions of each FRACTION: 1, 2, and 3.  Place 1mL of each of these dilutions from your diluted samples (your range-finding dilution preparation (II)) of fraction 1, 2, 3 into these tubes, respectively. 
D. Add 5 mL of Bradford reagent to each of above 16 test tubes (four BSA standard solution as well as four dilutions of three fractions). Attention: Please do not add Bradford reagent to your original dilutions. 
E. Read the absorbance at 595 nm of each tube (both standards and fractions dilutions)

IV.  Enzyme Activity Assays
A.  Enzyme tubes:


1. Label 12 tubes for the 1/10th, 1/100th, 1/1000, and 1/10,000 dilutions of each FRACTION: 1, 2, and 3. (each fraction for 4 test tubes) Place 1 mL of each of corresponding dilutions from your diluted samples (your range-finding dilution preparation (II)) of fraction 1, 2, 3 into these tubes.


2.  Add 0.5 mL of 50 mM Na-acetate buffer and 0.5 mL H2O to each of above 12 sample tubes (so that each tube has 2.0 mL total volume).

B.  Standards tubes:


1.  Label 4 test tubes as 0, 2, 4, and 6 mM glucose and fructose


2.  Add



a.  to the tube labeled 0 mM:  no 5 mM glucose: 5 mM fructose solution



b.  to the tube labeled 2 mM: 0.4 mL of 5 mM glucose: 5 mM fructose solution



c.  to the tube labeled 4 mM:  0.8 mL of 5 mM glucose: 5 mM fructose solution



d.  to the tube labeled 6 mM: 1.2 mL of 5 mM glucose: 5 mM fructose solution.


3.  In the same order that you added the 5 mM glucose: 5 mM fructose solutions, add 2.0, 1.6, 1.2, and 0.8 mL of H2O, respectively, so that the total volume in each tube is 2.0 mL.

C.  Enzyme Activity Assay

To a hot plate, boil 250 mL of water before you start the following experiment.

1.  Equilibrate all the tubes (standards and enzymes) to room temperature for 2 minutes.

2.  Take two small beakers, one for 20 mL of 300 mM sucrose solution, one for about 40 mL of 3,5-dinitrosalicylate solution.

3. To all the tubes add 1.0 mL of 300 mM sucrose with 15 seconds interval, i.e., add 1.0 mL of sucrose solution to 0, after exact 15 second, add 1.0 mL of sucrose solution to 2 mM glucose/fructose standard solution, and so on so forth. Until all the 16 test tubes were added 1.0 mL of sucrose. Attention, every time when you add sucrose solution, you should shake the test tube to allow the solution mix well.
4.  At exactly 5 minutes after you added the sucrose to the first tube, stop the reactions by adding 2.0 mL of 3,5-dinitrosalicylate to each tube again 15 seconds apart, i.e., after you add the last sucrose solution to one of the 16 tubes, you should have the 3,5-dinitrosalicyclate ready as you will add it after 1 minute.

5.  Place all the tubes in a boiling water bath (600 mL beaker containing H2O and a few boiling chips) for 5 minutes.

6.  Remove tubes using a test tube holder and place in a test tube rack.

7.  After the tubes are cool, add 10 mL of distilled H2O
8.  Use the 0 mM glucose/fructose tube to calibrate the Spectronic 20, and read the absorbance of rest 15 tubes at 540 nm (use 5 mL of each sample in the Spectronic 20).

D.  Determination of the Optimum Enzyme Concentration: 



First, plot your standard curve.  On the x-axis, plot the amounts of glucose and fructose as 0, 2, 4 and 6 mM each.  On the y-axis, plot the measured absorbance values.  Read the absorbance of each enzyme sample then use the standard curve to estimate the number of mM of product (glucose and fructose) that was produced during the assay.  Since the incubation period was 5 minutes, divide the number of mM of product formed by 5, to get the enzyme activity expressed as mM/minute.



From the results of these assays, determine which dilution of the sample will be the one to use in the upcoming assays.  The correct dilution is the one that yields velocities (mM of substrate converted/minute of sample used) directly proportional to the enzyme concentration when assayed with 1 mL of 300 mM sucrose.

V. Kinetic and Inhibitor Studies  

A.  Preparing Sucrose Stock Solutions and Enzyme Stock Solution:

1. Obtain a 300 mM concentrated stock solution of sucrose from your instructor.

2. Calculate and dilute the 300 mM sucrose stock to prepare 5 mL samples of the following sucrose solutions: 300 mM, 150 mM, 90 mM, 60 mM and 30 mM stocks. Use the dilution equation (C1V1=C2V2) to find out the amount of sucrose need for each concentration.

3. Consult with your instructor to find out the optimal dilution times for your fraction 3, on the basis of your activity assay from the previous week. You need prepare 60 mL of enzyme stock solution for all the experiments. In general, a 200 to 400 dilution is probably good for your experiment. 

B.  Setting up the Control tubes (requires 6 test tubes):


1.  Label the tubes as 0, 10, 20, 30, 50, and 100 mM of sucrose 


2.  Add 0.5 mL of 50 mM acetate buffer (pH 4.7) to each of the six tubes


3.  Add 0.5 mL of H2O to each of the six tubes


4.  Add 1 mL of H2O to tube 1 only – the tube becomes your blank

5.  Add 1 mL of the sucrose stock solutions in the following order:



tube 2 - 1 mL 30 mM



tube 3 - 1 mL 60 mM



tube 4 - 1 mL 90 mM



tube 5 - 1 mL 150 mM



tube 6 - 1 mL 300 mM


NOTE: (the 1mL of stock mixed with an additional 2 mL assay medium gives a final enzyme incubation volume of 3 mL for each tube and a final sucrose concentration of 0, 10 mM, 20 mM, 30 mM, 50 mM and 100 mM, respectively).

C.  Setting up the Inhibitor tubes Containing lower concentration inhibitor (5 test tubes)


1.  Label the tubes as 10, 20, 30, 50, and 100 mM of sucrose and low inhibitor 


2.  Add 0.2 mL of low inhibitor to each tube


3.  Add 0.3 mL H2O to each tube


4.  Add 0.5 mL of 50 mM actetate buffer


5.  add 1 mL of the sucrose stock solutions in the following order:



tube 1 - 1 mL 30 mM



tube 2 - 1 mL 60 mM



tube 3 - 1 mL 90 mM



tube 4 - 1 mL 150 mM



tube 5 - 1 mL 300 mM

D.  Setting up the Inhibitor tubes containing higher concentration inhibitor (5 test tubes)


1. Label the tubes as 10, 20, 30, 50, and 100 mM of sucrose and high inhibitor

2.  Add 0.2 mL of high inhibitor to each tube


3.  Add 0.3 mL H2O to each tube


4.  Add 0.5 mL of 50 mM actetate buffer


5.  add 1 mL of the sucrose stock solutions in the following order:



tube 1 - 1 mL 30 mM



tube 2 - 1 mL 60 mM



tube 3 - 1 mL 90 mM



tube 4 - 1 mL 150 mM



tube 5 - 1 mL 300 mM

E.  The enzyme assay


1.  Select the dilution of FRACTION 3 giving the optimum results in your range finding test and prepare a fresh sample.


2.  Start the enzyme reactions by adding 1.0 mL of the FRACTION 3 dilution to each of the sixteen tubes at 15 second intervals.


3.  5 Minutes after adding enzyme to the first tube, stop the reactions by adding 2.0 mL of 3,5-dinitrosalicylate reagent at 15 second intervals.


4.  Place all the tubes in a boiling water bath (600 mL beaker containing H2O and a few boiling chips) for 5 minutes.


5.  Remove tubes using a test tube holder and place in a test tube rack.


6.  After the tubes are cool, add 10 mL of distilled H2O

7.  Read the absorbance at 540 nm of 5 mL of each sample in the Spectronic 20 using the tube labeled as water to calibrate the Spectronic 20. (do not discard this solution, as you may need to calibrate the machine again later on)

VI.  Temperature Optimum Studies

A.  The Instructors will prepare 6 water baths at the following temperatures: 2o (ice bath), 23o  (room temperature), 35o, 50o, 65o and 80o (all heated water baths). Attention: you should write down the actual temperature.
B.  Preparing the test tubes


1.  Label 6 tubes as sucrose and place 2 mL of 300 mM sucrose in each tube.


2.  Label another 6 tubes to reflect the temperatures listed above (2o (ice bath), 23o  (room temperature), 35o, 50o, 65o and 80o (all heated water baths))


3.  To each of the tubes with a temperature label add:



a.  0.5 mL H2O



b.  0.5 mL acetate buffer (pH 4.7)



c.  1.0 mL of the appropriate dilution of FRACTION 3

C.  Temperature Optimum Assay


1.  At timed intervals (perhaps a minute or two apart), place 1 temperature sample tube and 1 sucrose tube in each of the different water (or ice) baths.


2.  After 2 minutes of pre-incubation, transfer 1 mL solution from the sucrose tube into the sample tube.


3.  Incubate each sample for five minutes, and then stop the reactions by adding 2.0 mL of 3,5-dinitrosalicylate.


4.  Place all the tubes in a boiling water bath (600 mL beaker containing H2O and a few boiling chips) for 5 minutes.


5.  Remove tubes using a test tube holder and place in a test tube rack.


6.  After the tubes are cool, add 10 mL of distilled H2O

7.  Read the absorbance at 540 nm of 5 mL of each sample in the Spectronic 20.

VII.  pH Optimum Study

A.  Preparing the test tubes (6 test tubes)


1.  Label 6 test tubes to reflect the following pH values: 2.5, 3.5, 4.5, 5.5, 6.5, and 7.5.


2.  To each tube add:



a.  0.5 mL H2O



b.  1.0 mL of the appropriate dilution of FRACTION 3



c.  and 0.5 mL of citrate buffer at the pH marked on each tube

B.  pH Optimum Assay


1.  To start the assay; at 15 seconds timed intervals add 1 mL of 300 mM sucrose to each tube.


2.  5 Minutes after adding sucrose to the first tube, stop the reactions by adding 2.0 mL of 3,5-dinitrosalicylate reagent at 15 second intervals.


3.  Place all the tubes in a boiling water bath (600 mL beaker containing H2O and a few boiling chips) for 5 minutes.


4.  Remove tubes using a test tube holder and place in a test tube rack.


5.  After the tubes are cool, add 10 mL of distilled H2O

6.  Read the absorbance at 540 nm of 5 mL of each sample in the Spectronic 20.

VII.  Collecting Data
You may use the following tables to record your absorbance values.  Then after plotting the standards determine the corresponding concentrations.  Perform any calculations needed (i.e. to determine velocity) and record here.

Table 1.  Protein Assays

	Test Tube Content
	Absorbance at 595nm
	

	0 g/ml BSA
	
	

	25 g/ml BSA
	
	

	50 g/ml BSA
	
	

	100 g/ml BSA
	
	Protein Concentration

	Fraction I - 1/10th dilution
	
	

	1/100th dilution
	
	

	1/1000th dilution
	
	

	1/10,000 dilution
	
	

	Fraction II- 1/10th dilution
	
	

	1/100th dilution
	
	

	1/1000th dilution
	
	

	1/10,000 dilution
	
	

	Fraction 3 -1/10th dilution
	
	

	1/100th dilution
	
	

	1/1000th dilution
	
	

	1/10,000 dilution
	
	


Table 2.  Enzyme Activity Assays

	Test Tube Content
	Absorbance at 540nm
	
	

	0 mM glucose and fructose
	
	
	

	2 mM glucose and fructose
	
	
	

	4 mM glucose and fructose
	
	
	

	6 mM glucose and fructose
	
	concentration
	velocity

	Fraction I - 1/10th dilution
	
	
	

	1/100th dilution
	
	
	

	1/1000th dilution
	
	
	

	1/10,000th dilution
	
	
	

	Fraction II- 1/10th dilution
	
	
	

	1/100th dilution
	
	
	

	1/1000th dilution
	
	
	

	1/10,000th dilution
	
	
	

	Fraction III - 1/10th dilution
	
	
	

	1/100th dilution
	
	
	

	1/1000th dilution
	
	
	

	1/10,000th dilution
	
	
	


After plotting mM of glucose/fructose on the x-axis and their corresponding absorbance at 540 nm on the y-axis a linear regression is established.  From this standard curve the concentration of glucose/fructose (product) in the dilutions of each fraction is determined.  Next, the velocity is calculated by dividing this amount by 5 minutes. 

Table 3.  The results of the purification of -fructofuranosidase from Yeast

	STAGE
	Protein (value from Bradford )
	dilution amount for protein
	Total volume (mL)
	Initial Velocity=

[P]/5min

(mM/min)
	dilution amount for velocity
	Total Protein (mg)
	Total Activity
	Specific Activity m/min/mg of protein
	Purification
	Yield %

	Fraction 1
	
	
	
	
	
	
	
	
	
	

	Fraction 2
	
	
	
	
	
	
	
	
	
	

	Fraction 3
	
	
	
	
	
	
	
	
	
	


Total protein (mg) = ((Protein) × (protein dilution times) ÷ 1000 g/mg))×(Total Volume)

Total Activity = ((velocity) × (velocity dilution times)) × (Total Volume)

Note: total activity is the measured amount of catalytic capacity it can be thought of as the total VELOCITY of each entire fraction

A measure of enzymatic activity per milligram of protein can be employed to indicate the degree of purity of the enzyme in the various fractions obtained during the purification.  This quantity, the specific activity, can be obtained from a measure of enzymatic activity (v) and a protein determination.

Specific Activity = mM/min/mg protein = Total Activity / Total Protein

Purification = (specific activity in fraction “n”) / (specific activity in fraction 1)

% yield = ((total activity in fraction “n”) / (total activity in fraction 1))*100%

Table 4.  Kinetic and Inhibitor Assays

	Test Tube Content

(amount of sucrose is the substrate (s) concentration)
	Absorbance at 540nm
	concentration of glucose/fructose
	velocity
	1/v
	1/s

	0 mM sucrose
	
	
	
	
	

	10 mM sucrose
	
	
	
	
	

	20 mM sucrose
	
	
	
	
	

	30 mM sucrose
	
	
	
	
	

	50 mM sucrose
	
	
	
	
	

	100 mM sucrose
	
	
	
	
	

	10 mM sucrose & low inhibitor
	
	
	
	
	

	20 mM sucrose & low inhibitor
	
	
	
	
	

	30 mM sucrose & low inhibitor
	
	
	
	
	

	50 mM sucrose & low inhibitor
	
	
	
	
	

	100 mM sucrose & low inhibitor
	
	
	
	
	

	10 mM sucrose & high inhibitor
	
	
	
	
	

	20 mM sucrose & high inhibitor
	
	
	
	
	

	30 mM sucrose & high inhibitor
	
	
	
	
	

	50 mM sucrose & high inhibitor
	
	
	
	
	

	100 mM sucrose & high inhibitor
	
	
	
	
	


Table 5.  Temperature Optimum Assay

	Temperature of enzyme assay
	Absorbance 540nm
	Concentration
	Velocity

	2o (ice bath)
	
	
	

	23o  (room temperature)
	
	
	

	35o
	
	
	

	50o
	
	
	

	65o
	
	
	

	80o
	
	
	


Table 6.  pH Optimum Assay

	pH of the buffer
	Absorbance at 540 nm
	Concentration
	Velocity

	2.5
	
	
	

	3.5
	
	
	

	4.5
	
	
	

	5.5
	
	
	

	6.5
	
	
	

	7.5
	
	
	


VIII.  Report of Results

1. Plot the standard relationship between the protein concentration and absorbance where protein concentration on the x-axis. This will help you to find out the concentration of proteins in each dilution of fraction 1, 2 and 3. This will be your figure 1. From the standard relationship between absorbance and protein concentration, calculate your enzyme concentration in each dilution of each fraction, and list in your table 1.

2. Plot the standard relationship between the glucose + fructose concentration and absorbance as your figure 2, where you can find all the fructose and glucose concentration after the digest of enzyme on sucrose, and list all these concentration in your table 2, from where the velocity and activity can be calculated.

3. List all these data from table 1 and table 2 into your table 3, to calculate your purification, yield, etc. 

4. From the standard relationship between absorbance and the concentration of fructose + glucose, to find out the concentration of fructose and glucose digested by your enzyme from fraction 3 in different dilution in the presence of high inhibitor concentration or low inhibitor concentration or without inhibitor present. From these data, using the Lineweaver-Burk plot to find the type of inhibitor, and to find the Ki constant.

5. Plot the absorbance against the pH of buffer to locate the optimal pH of the reaction. Again, from your figure 2, to find the activity at different pH buffer, to plot these activity against pH to locate the optimal pH on these reaction.

6. Plot the absorbance against the temperature to locate the optimal temperature of the reaction. Again, from your figure 2, to find the activity at different temperature, to plot these activity against temperature to locate the optimal temperature on these reaction.

7. To measure the distance of all the proteins travel on the SDS-PAGE, and also find the distance of the standard proteins travel in the same gel. Use the distances of standard proteins to set up the standard relation between molecular weight and distance, and from this relationship, estimate the molecular weight of your enzymes.

8. Discuss all your results and rationalize your results, and explain the wacky data that are not from your expected ones.

discard!
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discard!
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