BCH 452

Pre-Lab C.2

1. The assays differ in substrate.  This week we are using pyruvate.  Last week we used ethanol.  Also, we are monitoring the reverse reaction.  This week, NADH will be used in the assay instead of NAD+.  We will measure activity by the decrease in absorption of NADH.  NADH will react with pyruvate and LDH to form lactic acid.  The progress curve will be the consumption of substrate over time.

2. The purpose of the assays was to provide a standard solution which had different components we could test.  We will use this assay to measure enzyme activity and calculate Vo while performing the chromatography experiment.  

3.  It is important to add ammonium sulfate slowly because different proteins have different solubility’s.  This makes it possible to partially purify the protein of interest and reduce its volume.  Ammonium Sulfate is commonly used because it readily available at low costs and high purity.

4. The latter label is better because it is more specific.  E. Blake is the name of the student who took the sample.  Another student might have the initials EB.  It also indicates the date that the sample was taken, which lab it was for, and what enzyme was isolated.  It could not be mistaken easily for somebody else’s work.

Week 2

1. The stationary phase occurs where the proteins are binding to the matrix of the column.  Mobile phase occurs when the proteins are traveling through the matrix.

2. Low NADH is used to elute the AMP binding contaminants while high NADH is used to elute LDH and the stronger AMP binding contaminants.

3. Absorbance of the fractions is measured in order to make sure that all of the proteins have been separated out of the column.  A280 can measure the absorbance of proteins including the aromatic amino acids, tryptophan, tyrosine, and phenylalanine.  This can help us determine the Molar concentration of protein in solution.

4. a.
1. When A280 is high and Vo is low, the LDH protein concentration is low.

2. When A280 is low and Vo is high, the LDH protein concentration is high.

3.  When A 280 is high and Vo is high, the LDH protein concentration is low.

b.  
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Abstract


The purpose of this lab was to purify and isolate the protein lactate dehydrogenase, or LDH.  A sample of cow meat was used as the starting material.  After grinding and homogenizing the sample with buffer, the solution was centrifuged to remove the insoluble contaminants.  Next, ammonium sulfate was used to precipitate some of the insoluble contaminants.  The precipitate was resuspended in buffer solution and underwent dialysis.  Small aliquots were taken out after each step for later testing and analysis.  The sample was added to an affinity chromatography column in order to separate out the different proteins.  Samples were collected in 2 ml fractions and the absorbance at A280 was measured.  After determining which samples contained the highest concentration of LDH, both activity assays and BCA assays were performed in order to determine the specific activity.  Specific activity measurements were used as to evaluate the purity of the products. This was compared with the purity of commercially available LDH.

Background Information


Lactate dehydrogenase (LDH) is an enzyme found in muscle tissues.  It is an isozyme, meaning it has separate and distinct forms that can perform the same function.  LDH has two different active subunits: M and H.  The M subunit, found in the skeletal muscle tissue, reduces pyruvate into lactic acid. This process occurs during the anaerobic respiration stage of glycolysis and is responsible for the pain or soreness associated with muscle cramps.  The H subunit, found in the heart, converts lactic acid into pyruvate.  This information is important to consider when constructing enzyme activity assays.  The purpose of this experiment was to isolate and purify the protein LDH from meat.  Then we assessed the purity of LDH by determining the specific activity of our product.


In order to isolate LDH, a small amount of beef was blended with buffer in a blender.  Since the meat came from skeletal muscle tissue, it should be noted that this experiment involves working with the M subunit form.


Purifying LDH requires two general steps.  The first step involved removing contaminants.  Though the resulting solution is a mixture of proteins, it allows for one to accumulate sufficient material in a manageable volume.  These contaminants were removed by centrifugation, ammonium sulfate precipitations, and dialysis.  Centrifugation was performed to remove all of the insoluble contaminants.  The insoluble contaminants formed a solid pellet while the supernatant fluid, containing LDH, was collected.  

Ammonium sulfate was used to remove some of the soluble contaminants.  Ammonium sulfate decreases the amount of water available to proteins.  Therefore, as more ammonium sulfate is added, the proteins become less soluble and precipitate or “salt out.”  Because proteins are specific, proteins will salt out at different rates when the ammonium sulfate is added.  A 40% ammonium sulfate solution was used in order to retain a relatively higher concentration of LDH while precipitating a majority of the contaminants.  

Finally, dialysis was performed on the solution in order to remove the ammonium sulfate which left a solution containing mixed proteins.  The ammonium sulfate solution was placed in a dialysis tube, and then submerged in a beaker containing a dialysate buffer solution.  The dialysis tube is porous which allows for molecules of low molecular weight to pass through while molecules with high molecular weights remain inside.

The second step of protein purification involved affinity column chromatography in order to separate the proteins into fractions.  Affinity chromatography contains a matrix which is very specific for proteins in moving and stationary phases.  It involves collecting very small fractions of effluent solution as it is eluted from the column.  Then an assay can be performed on each fraction in order to measure the activity of each sample.  A fraction collector was used to measure the exact volume of each fraction and then measured the absorbance of each fraction at 280 nm.  

The resin used in our column was Sepharose-4B containing AMP.  AMP mimics the binding site of NADH, which initially allowed for some contaminants to be eluted.  Next, the column was flushed with a lowly concentrated NADH solution in order to elute the contaminants that had lower affinity for AMP than LDH.  Left over in the column was a solution containing LDH bound to the AMP resin.  Finally, a highly concentrated solution of NADH was added to elute the AMP resin which resulted in collecting a relatively pure LDH complex.

In order to assess the purity of the protein, a BCA assay was performed to determine the concentration of isolated LDH.  The BCA assay measures the number of moles of peptide bonds in solution.  The reaction involves a redox coupling in which Cu2+ interacts with the peptide bonds to become reduced and form a complex with BCA.  The absorbance of this complex can be measured at 562 nm.  Several serial dilutions of the protein sample was used to perform the BCA assays.  By comparing the data obtained with the standard BSA curve of Bovine Serum Albumin protein, the concentration of the LDH sample could be calculated. Bovine Serum Albumin was used as a standard protein in this case  This information, in turn, was used to calculate the specific activity of the sample which was the main indicator of purity.

Results

Table 1

Week 1 Commercial LDH Activity Assay A540 Absorbance
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Graph 1

Week 1 Progress curve of commercial LDH at different concentrations.
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Table 2



Week 2 Column chromatography absorbance of eluted fractions.

	Fraction Numbers
	0 sec
	15 sec
	30 sec
	45 sec
	60 sec
	75sec
	90 sec
	105 sec
	120 sec
	Vo

	1
	1.100
	0.720
	0.718
	0.717
	0.716
	0.715
	0.714
	0.713
	0.712
	0.003233

	4
	0.679
	0.679
	0.679
	0.679
	0.679
	0.679
	0.679
	0.679
	0.679
	0.000000

	7
	0.675
	0.674
	0.675
	0.673
	0.673
	0.673
	0.673
	0.673
	0.673
	0.000017

	10
	0.697
	0.696
	0.696
	0.696
	0.696
	0.696
	0.696
	0.696
	0.696
	0.000008

	13
	0.669
	0.669
	0.669
	0.669
	0.669
	0.669
	0.669
	0.669
	0.669
	0.000000

	16
	0.685
	0.665
	0.646
	0.629
	0.612
	0.596
	0.578
	0.559
	0.544
	0.001175

	19
	0.647
	0.622
	0.593
	0.568
	0.540
	0.513
	0.489
	0.465
	0.440
	0.001725

	22
	0.633
	0.600
	0.570
	0.537
	0.509
	0.478
	0.446
	0.415
	0.388
	0.002042

	25
	0.544
	0.504
	0.470
	0.432
	0.367
	0.331
	0.296
	0.262
	0.230
	0.002617

	28
	0.374
	0.333
	0.296
	0.261
	0.222
	0.185
	0.155
	0.125
	0.103
	0.002258

	31
	0.507
	0.455
	0.414
	0.367
	0.330
	0.288
	0.254
	0.221
	0.190
	0.002642

	34
	0.580
	0.554
	0.520
	0.486
	0.457
	0.429
	0.396
	0.364
	0.333
	0.002058

	37
	0.605
	0.577
	0.554
	0.531
	0.504
	0.478
	0.455
	0.432
	0.406
	0.001658

	38
	0.422
	0.350
	0.277
	0.201
	0.146
	0.100
	0.065
	0.048
	0.043
	0.003158

	40
	0.394
	0.173
	0.105
	0.044
	0.039
	0.039
	0.039
	0.039
	0.039
	0.002958

	41
	0.521
	0.453
	0.395
	0.315
	0.277
	0.220
	0.174
	0.130
	0.100
	0.003508

	42
	0.539
	0.510
	0.473
	0.446
	0.418
	0.386
	0.356
	0.326
	0.304
	0.001958

	43
	0.640
	0.627
	0.619
	0.607
	0.595
	0.584
	0.576
	0.564
	0.553
	0.000725

	44
	0.570
	0.567
	0.563
	0.560
	0.557
	0.553
	0.549
	0.546
	0.542
	0.000233

	45
	0.541
	0.449
	0.449
	0.448
	0.448
	0.448
	0.448
	0.448
	0.448
	0.000775



Graph 2
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Column chromatography absorbance of eluted fractions.  Fractions 20-25 were believed to contain LDH.

Dilution of the sample before adding to the column:

?a (A280/ml) x 21 = ?b (A280/ml)

In order to make 30 ml of 2 (A280/ml) we used the equation:

30 ml x (2 A280/ml)/(?b A280/ml) = ?c ml of original solution needed

30 ml- ?c = ?d ml of buffer added

Table 3 Week 2 Absorbance 340 nm at Time (seconds)
	
	
	
	
	

	Fraction Tube #
	15
	30
	45
	60
	75
	90
	105
	120
	135
	Δ Absorbance (340nm)
	Vo raw
	Vo 

	38
	0.422
	0.350
	0.277
	0.201
	0.146
	0.100
	0.065
	0.048
	0.043
	0.379
	0.003158
	5.09E-07

	41
	0.521
	0.453
	0.395
	0.315
	0.277
	0.220
	0.174
	0.130
	0.100
	0.421
	0.003508
	5.66E-07

	37
	0.605
	0.577
	0.554
	0.531
	0.504
	0.478
	0.455
	0.432
	0.406
	0.199
	0.001658
	2.67E-07

	40
	0.394
	0.173
	0.105
	0.044
	0.039
	0.039
	0.039
	0.039
	0.039
	0.355
	0.002958
	4.77E-07

	42
	0.539
	0.510
	0.473
	0.446
	0.418
	0.386
	0.356
	0.326
	0.304
	0.235
	0.001958
	3.16E-07

	43
	0.640
	0.627
	0.619
	0.607
	0.595
	0.584
	0.576
	0.564
	0.553
	0.087
	0.000725
	1.17E-07

	44
	0.570
	0.567
	0.563
	0.560
	0.557
	0.553
	0.545
	0.546
	0.542
	0.028
	0.000233
	3.76E-08


Graph 3
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Tube 41 had the fastest rate of activity.

Graph 4
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Tube 38 and 41

 Activity assay of the collected fractions from the affinity chromatography.

Graph 4
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 y= .003x - .052               eq. 1
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 above is our data

Table 4

	Sample
	Dilution factor
	Avg A562
	Diluted [LDH] g/ml
	Actual [LDH] mg/ml

	1
	.00125
	.0655
	20.1
	16

	2
	.0025
	.0355
	11.45
	4.58

	4
	.025
	.4245
	124.2
	4.97


(above is not our data)

A562= .00345[dilute protein] - .004

.0655 = .00345x -.004   x= 20.1

Diluted [LDH] x Dilution Factor = Actual [LDH]

20.1 x 800 = 16080 g/ml or 16 mg/ml

Table 5

	Time (sec)
	Step 1
	Step 2a
	Step 2b
	Step 4

	10
	0.438
	0.461
	0.455
	0.459

	20
	0.398
	0.429
	0.429
	0.415

	30
	0.359
	0.403
	0.403
	0.375

	40
	0.321
	0.371
	0.376
	0.337

	50
	0.276
	0.35
	0.351
	0.299

	60
	0.247
	0.325
	0.325
	0.264

	70
	0.213
	0.299
	0.299
	0.231

	80
	0.18
	0.273
	0.271
	0.2

	90
	0.15
	0.251
	0.252
	0.17

	100
	0.123
	0.228
	0.224
	0.144

	110
	0.099
	0.205
	0.206
	0.122

	120
	0.081
	0.183
	0.184
	0.103

	Vo
	6.21E-07
	4.68E-07
	4.27E-07
	6.29E-07


Also not our data

Vo= -(A340/t) / molar extinction coefficient    equation 2

Vo= -((.376 - .429) / 20 sec) / 6200 = 4.27 e -7
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Progress curve for the activity of our samples.
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BSA Concentration and Absorbance for 2 Trials Averaged
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A562 for different BCA concentrations. Each concentration was tested twice. The first collected values for BCA concentrations of 250 and 125, with A562s of 0.91 and 0.81 respectively were outliers and excluded from calculating a standard curve.


PAGE gel
1. Initial Extract
2. Ammonium sulfate fractionate
3. Post-dialysis
4. Post-affinity Chromatography


Table 6



Protein Purification Table Week 3


	 
	Net Volume (ml)
	Vo units per ml
	Vo units Total (mols/sec)
	Protein content (% of total)
	Protein concentration (mg/ml)
	Net amount of protein (mg)
	Specific Activity (Vo/mg protein)

	Step
	A
	B
	C
	D
	E
	F
	G

	1. Cleared
	30.5
	-0.00018
	-0.005592
	1
	2780.0
	84790
	-6.59472E-08

	2. (NH4)2SO4 Supernatant
	31.5
	-0.00698
	-0.219975
	0.438377167
	1180.0
	37170
	-5.91808E-06

	3. Diluted Dialyzed sample/solution placed on column
	1
	0.00005
	0.00005
	0.006651728
	564.0
	564
	8.86525E-08

	4. Pooled peak tubes from column
	2
	0.00351
	0.007016
	0.001028423
	43.6
	87.2
	8.04587E-05



Column A was measured each week.  

Column B was determined using equation 2 for the specific activity assay. 

Column C is the product of column A and B.  

Column D is equal to the proportion of that value over the first value times 100.  

Column E was determined during the BCA experiment.  

Column F is the product of column A and E.  

Column G is equal to the rate/amount of protein.

Discussion

The duration of this lab lasted four weeks.    First, an activity assay of commercial LDH was performed at the beginning of the experiment to generate a progress curve.  This information was used to help us determine the rate of the reaction with different concentrations of the enzyme present.  The decrease in absorbance indicates that more product is being formed.  Therefore, a more dramatic decrease in absorbance between two points would indicate a very high activity.

The initial week required performing centrifugation, ammonium sulfate precipitation, and dialysis on the initial sample.  Aliquots were taken at different steps of the experiment in order to view the progress of each purification step.  Step 1 was collected from the supernatant fluid after the initial centrifugation.  This sample should have contained a mixture of soluble proteins and given us the lowest specific activity.  Step 2a was collected from the supernatant fluid after centrifuging the ammonium sulfate mixed solution.  The solution still had a mixture of proteins, but a greater specific activity since some of the contaminant proteins were removed.  Step 2b was obtained after resuspending the precipitate in a buffer solution.  

Before adding our dialyzate solution to the chromatography column, the sample was diluted to 2 (A280/ml) so that the frit would not become clogged.  Our initial absorbance of the sample was .718, and that sample had already been diluted 21 fold.  

A total of 36 fractions were collected during the chromatography portion of our experiment.  Their absorbances were measured at 280 nanometers.  The first peak represents the contaminants that were eluted by the AMP ligand.   The fractions that we believed to contain pure the purest LDH complexes were fractions 20-25 found in the middle of the second peak.  The small, third peak is negligible.

An assay was performed on our 6 samples to determine which sample had the greatest concentration of protein present.  These points plot the difference in absorbance for each sample over a 30 second time period.  Tube # 2 had the greatest change, meaning that it had the highest concentration of protein.  Therefore, we took an aliquot  from tube #2 as sample 4.

Finally, we took the three samples of our LDH solution from the different steps in our experiment and performed the BCA assay in order to determine the protein concentration.  A duplicate of each sample’s absorbance was measured for consistency.  However, each step had a different dilution factor.  The step one sample was an 800 fold dilution.  Step 2 had a 400 fold dilution factor.  Step 4 only had a 40 fold dilution factor.  We took an average of the duplicate A562 values to give us a more accurate prediction of the protein concentration.  Then we could use equation 1 to solve for the [LDH].

A standard curve of Bovine Serum Albumin protein was constructed to use as a comparison for the BCA assay.  Two curves of BSA were produced, so we averaged the two equations to give us a more accurate prediction of LDH.  By using linear regression, we were able to plug our LDH absorbance’s into the equation and find the concentration of each step.

After performing the BCA assay, we performed an activity assay on the same three samples in order to calculate the Vo at 340 nanometers.  By knowing the Vo and protein concentration, we were able to calculate the specific activity.  

Each sample underwent a different dilution factor in order which was taken into account when calculating the true Vo.  We calculated Vo by using equation 2.  Specific activity is a measure of the activity of protein (Vo) divided by the mass of the protein.  Low specific activity is indicative of a more highly purified protein.  By examining this chart, step 1 and step 4 had the highest activity whereas steps 2a and 2b had the lowest activity.  However, the Vo values showed that each sequential step led to a higher specific activity, meaning a more pure product.  The overall change in specific activity throughout the experiment was only by one order of magnitude. Therefore, we did produce a more pure product.  In the future, one may wish to go an extra step and perform gel electrophoresis so that they may determine the molecular weight of the product and compare it to the standard of LDH. 
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