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CH 311  Fall 2003

Bioanalytical Spectroscopy Laboratory

Glyceraldehyde 3-Phosphate Dehydrogenase

GAPDH

Introduction/Overview


Analytical biochemistry differs from analytical chemistry primarily in the complexity of the samples.  For example, Ecoli one of the simplest bacteria contains about 3000 genes. This means that a homogenate of Ecoli cells would contain about 3000 different proteins, 3000 different mRNA that code for these proteins, and all of the substrates or products that react with these proteins.  Analytical biochemical samples are very complex with ten thousand to a hundred thousand components.  Purifying and separating the components of a biological mixture is inherently difficult because the various components are chemically similar and extend over a large dynamic range of concentrations.  For example, concentrations range from the millimolar (10-3) level for common serum proteins like albumin down to femtomolar (10-15) levels for specialized proteins like the tumor necrosis factor.  Without complete separation the detection of a specific protein in this large sea of interfering compounds is difficult. To cope with this complexity analytical biochemists have had to develop specific methods to correct for interferences, specific separations methods based on molecular size and charge, specific assays based on biological activity, and finally high throughput screening methods that can analyze for multiple components simultaneously.  Valid measurements and tests can be made on biological mixtures but the precision is usually less.  One also must be alert to possible hidden variables and their consequences. In the following experiment we will use kinetic assays to quantify the specific amount of GAPDH enzyme, as well as, the total protein found in a homogenate of Ecoli (your sample control), pure GAPDH (your positive control), and a homogenate that you choose and prepare.

GAPDH is a key glycolysis enzyme that reversibly catalyzes the oxidation and phosphorylation of an aldehyde (glyceraldehyde-3-phosphate: G3P) to an acyl phosphate (1,3-Bisphosphoglycerate: 1,3-BPG) as shown in the following reaction:

      (G3P) 
+ NAD+ + P  
→
   (1,3-BPG) 
+ NADH + H+
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GAPDH, an oxidoreductase, is found in high concentrations in bacterial, animal, and plant cells. The enzyme activates G3P by oxidation (hydrogen is removed) using Niocotinamide adenine dinucleotide (NAD+) then adds inorganic phosphate (P) to make 1,3-BPG.  The new ester bond attaching the phosphate to an acyl carbon is a high-energy bond that facilitates the transfer of P to ADP to make ATP in the following step of glycolysis.  The formation of a high-energy bond is thermodynamically unfavorable resulting in an equilibrium constant that favors G3P.  Raising the pH will shift the equilibrium towards products.  With phosphate as a substrate the reaction is very slow at all pHs below 8.5 .  Arsenate instead of phosphate can be used as a substrate. Acyl Arsenates rapidly hydrolyze in water to force the reaction to completion irrespective of the pH.  The ability to easily follow this reaction by following the absorption of NADH at 340 nm has facilitated the elucidation of many of its enzymatic properties.  The enzyme has been found to be a tetramer of approximately 36,000 g/mole subunits, the three substrates (G3P, NAD+ and P) bind in random order, the kinetics follows a rapid equilibrium random bi bi mechanism, the reaction is inhibited by ATP, and the reaction is first order in the total amount of enzyme. Worthington Biochemistry has summarized the literature concerning the isolation, purification, and kinetics of this enzyme at their web site:
                                         http://www.worthington-biochem.com/manual/G/GAPD.html.

The overall aim of this laboratory exercise is to learn standard biochemical techniques for determining total protein content using spectrophotometry and specific protein content using a kinetic assay.

The specific objectives of this experiment are to:

1. compare two spectrophotometric methods of total protein determination in terms of their limits of detection, sensitivity, and scatter.

2. design a kinetic assay to determine the specific activity and mass percentage of GAPDH

3. use specific activity to monitor the purification of GAPDH.

When designing your assay protocols pay special attention to the positive and negative controls.  The negative control or blank becomes more important for complex biological samples because it is more likely that some other component in the biological mixture might be causing the analytical response.  For example, if we were assaying an enzyme requiring two substrates, you might leave out one of the substrates or you might kill the enzyme by boiling it before adding it to the mixture. This sort of negative control confirms that a specific enzyme is responsible for the response.  The positive control is also very important because biological compounds easily denature and lose activity.  For example, D-Glyceraldehyde-3-Phosphate (G3P), one of the substrates for GAPDH, slowly hydrolyzes in water and becomes inactive.  It is important to test whether adding a known amount of reagent or product gives the appropriate response. The positive control or standard confirms that the response is quantifiable.  Because of the possibility of hidden interferences in a complex biological mixture it is often a good idea to use multiple techniques to confirm your experimental results.  You will be doing two different independent methods to determine protein content to confirm the validity of your protein measurements.  General design considerations like these can be found in the following assigned reading. Read these articles and take notes in your laboratory notebook.

Assigned Reading:

1. Chapter 8.1-12 Introduction to Spectrometry
2. Chapter 18 Kinetic Methods
3. Pierce Protein assay kit manual

4. Marangos,PJ;et.al.; The Journal of Biological Chemistry 249 (1974) 951-958

5. Furfine, CS; Velick, SF The Journal of Biological Chemistry 240 (1965) 844-855

6. Remember to do a PubMed search to find an isolation procedure or check the binder.
Spectrophotometric assays of total protein and kinetics are the two basic techniques needed to assess the success of a protein purification procedure.  These assays are trustworthy but pipetting and reagent denaturation can lead to erroneous results. You will not know if experimental data needs to be repeated unless you analyze the data for rates and concentration as you collect the data.  Don't postpone your data analysis! Analysis of your data must be done as you go and placed in your laboratory folder.  Poor data should be repeated.  As you progress through this lab monitor the specific activity of your enzymes as a positive control to see that they are not denaturing.  Because of interferences this experiment is a two significant figure experiment.  Volumes need be measured accurately only to two significant figures.  Also in order to complete this laboratory in three weeks laboratory partners will at times have to work separately as a team on different aspects of the project.  The following is a tentative schedule:

Typical Schedule

Week 1 Day 1
Make the kinetic and isolation buffers; separate and freeze the standard homogenate and pure GAPDH into aliquots; then begin isolation of GAPDH from you sample of choice. Remember to acquire your sample and design the purification protocol before your come to the laboratory. Also remember  to save aliquots of sample at each purification step.

Week 1 Day 2
Both partners make needed dilutions. Then one partner does the UV/Vis protein assay on the micro-titer plate while the other partner confirms Groves equation on the Cary  spectrometer.

Week 2 Day 1
One partner runs the BCA assay while the other partner analyzes the UV/Vis data.  and corrects problems with your UV/Vis protein assays, if their were none then move on to your kinetic assays (week 2 day 2). 
Week 2 Day 2
Run your kinetic assays on the microtiter reader to determine the specific activity of the pure and crude homogenates of GAPDH.

Week 3 Day 1
Collect your results into tables and figures.
Week 3 Day 2 
Repeat problem experimental data points if necessary.

Day One Laboratory 

Discussion:  
Overview of the Experiment
General Topics
- methods for fractionating cells

- methods for measuring protein content

Each group will be given a standard preparation containing the crude soluble fraction from a batch of bacteria and pure enzyme from Sigma. The first week, you will isolate your own protein homogenate and determine its total protein content. You should remember to acquire a source for your preparation from the super market and do a PubMed literature search to find a specific isolation procedure. White meats like chicken, pork, and tuna are high in GAPDH.  Sample preparation usually consists of one or more of the following steps:

· differential centrifugation to separate subcellular compartments

· cell disintegration by freezing or blending

· clarifying the extract by centrifugation

· selective precipitation of the proteins using ammonium sulfate, temperature, or pH

· chromatographic separation to purify the protein.

The following are examples of sample preparations for bacteria, which was done for you, and sample rabbit muscle preparation protocol. Note the isolation buffer changes depending on the acidity of your tissue and the isoelectric point (pI) of your protein (pH where it is neutral).  See if you can find the amino acid sequence of your protein and estimate its pI using predictProtein
http://www.embl-heidelberg.de/predictprotein/


Preparation of the E. coli  lysate (done for you)
· harvest the culture at 10,000 x g for 10 min 

· resuspend the pellet in 5 mL of GAPDH assay buffer (50 mM Na2HPO4, 5 mM EDTA, 40 mM triethanolamine [pH 8.6], and 0.5 mM phenylmethyl-sulfonylfluoride)

· freeze the resuspended bacteria in liquid nitrogen and thaw by transferring directly to a 37°C water bath – 3 times

· sonicate the thawed preparation on ice at 200 watts for 15 s (3 times), 30 s (1 time) using the Branson probe sonicator (set at 200 Watts) 

· ice the preparation for 1 minute to cool. 

· observe the preparation by darkfield microscopy to access the extent of cell lysis

· Ultracentrifuge for 1 hr at 110,000 x g to separate membrane fraction from soluble fraction

Preparation of GAPDH from Rabbit
· Cut and weigh 150 grams of frozen muscle and place it in a chilled blender

· Add one mL of 0.03 M KOH, 0.001 M EDTA, and 0.003 M mercaptoethanol per gram of tissue

· Blend for 1 minute at high speed then stir for 15 minutes

· Centrifuge at 9000 x g for 10 minutes and save the supernatant

· The pH of the liquid extract  should be cautiously adjusted, if necessary, to 7.3-7.5 with 1 M NH3 or 1 M acetic acid. This will be your crude extract. (aliquot 1)

· Add to the ice cold crude extract 1 mL ammonium sulfate solution (200 g/L) for each mL of extract, stir on ice for 15 minutes or let stand overnight

· Centrifuge at 9000 x g for 15 minutes and recover the supernatant (aliquot 2) and
 precipitate (aliquot 3)

· Optional step: Adjust the pH of the supernatant to 8.4-8.6. Add gradually to the filtrate 1.0 grams of solid ammonium sulfate for each 10 mL of filtrate.  Allow the sample to precipitate over night. Collect the precipitate and dissolve it in an minimal amount of GAPDH buffer .This will be your purified extract. (aliquot 4). Save the supernatant (aliquot 5).

Remember to record total volumes and save four 1 mL aliquots at each step of the purification to use for measurements of specific activity. Always homogenize by vortexing before pipetting from the sample.

Preparation of GAPDH Buffers

While you are centrifuging prepare your assay buffers. Amounts of buffer reagents are given next while additional reagents prepared for you can be found in the appendix. The total concentrations of each reagent in the buffer and the pH should be recorded.

GAPDH Assay buffer - 2X pH 8.6
100 mL in a autoclave bottle

100mM Na2HPO4 (FW 142g/m)(0.10m/L)(0.1L)
1.42 g 

[buffer]
or adjust grams to 2.68g if you use heptahydrate
5mM EDTA (FW 372.2g/m)(0.005m/L)(0.1L)
 0.19g 

[removes Ca2+]
--------------------------------------------------------------------------------------------------------------

This buffer is the source of inorganic phosphate. 2X means that the buffer will be diluted by a factor of 2 in the kinetic assays


The buffers are stable if kept on ice or in the refrigerator.  Be sure to check the pH of your buffer before doing each kinetic assay.  The NAD and enzymes are stable when kept in the freezer.  G-3-P is very unstable, keep it on ice or in the freezer(-80 oC).  Thaw all frozen reagents slowly on ice and look for unwanted precipitation.  Because the enzyme denatures with time you are going to want fresh samples to work with on each day of the laboratory. Thaw your 1 mL of standard Ecoli lysate refreeze into four 0.25 mL samples.  Do the same with your sample homogenate and with the 0.1 IU/µL pure GAPDH.

Some questions you are trying to answer.

1. Is pure GAPDH a good primary standard?

2. Was there a significant loss of enzyme during the purification?

3. Did your purification scheme denature your protein?

4. How much did you purify the enzyme?

5. What is the estimated pI of your protein?

Day Two  Laboratory

UV Assay Procedure 
Protein concentration can be estimated from the absorption of UV light by aromatic amino acids at 280 nm.  This is a quick way of getting a rough estimate of protein content.  The amount of light absorbed depends on the number of tryptophane, tyrosine and phenylalanine amino acids in the protein.  Since the number of these aromatic amino acids varies from protein to protein, the sensitivity of this assay varies somewhat from protein to protein.  Nucleic acids also absorb weakly at 280 nm and very strongly at 260 nm they are one of the most common interferences for this assay. The ratio of absorbances A260/A280 can be used to determine the type of interference.  Assuming our protein does not absorb appreciably at 260 nm (you might want to run a spectrum of your pure GAPDH and homogenate to confirm this assumption) we can use the absorbance at 260 nm to correct for the amount of light absorbed by the nucleic acids.  The following Beer's Law formula for a mixture of protein and nucleic acids developed by Groves7 will be used to determine the protein concentration c of your samples.

c(mg/mL) = 1.55 A280 - 0.76 A260
There will be two parts to this experiment.  The first part to confirm the above equation in a Cary spectrophotometer and the second part to use Groves equation with a microtiter plate to estimate your protein concentrations.

First Part

To confirm groves equation you will use pure GAPDH (0.1 IU/µL) and a serial dilution to generate a calibration curve.  You should design your own protocol for generating the calibration cure.  Ideally you would like to keep the absorbance between .3 to .8 absorbance units (OD).  The linear dynamic range on the Carys is good to about 2.0 OD but other spectrometers like a diode array spectrometer or microtiter reader with lots of stray light are only linear below 1 OD.  You should develop your own dilution protocol for a four point standard curve, five  including zero. You only have a small amount of pure enzyme, so design your protocol to reduce the amount of enzyme you use. Remember to vortex all your protein solutions before you pipette in order to minimize homogeneity problems. You also should measure absorbances at 340 to correct for any turbidity problems. Do your dilutions in 1.5 mL ependorf vials, so you can mix the solutions well.  To start dilute the pure sample about 1:2 with diluted GAPDH** buffer(use 1/10 diluted buffer to minimize buffer absorbance), remember to conserve your enzyme, and scan the absorbance from 340 nm to 250 nm using the GAPDH** buffer as a blank.  Use this initial run to decide the proper dilution factor for your calibration.  You may also use the manufactures specific activity to figure out  your initial dilution for pure GAPDH.  After you have run your calibration curve you should also scan a Ecoli lysate and one of your protein aliquots from 340-250 nm to check for interferences.  Initial dilutions for the lysates should be done by trial and error or more precisely use the results from your BCA assay to determine the dilution factor.

Some questions you are trying to answer.

1. How do the spectrums of crude Lysate and pure GAPDH differ?

2. What do the A260/A280 ratios for the homogenates tell you about nature of the interferants.

3. Is Beer's law obeyed by your samples?

4. From your Beer's law plot of pure GAPDH determine the detection limit and the estimate the linear dynamic range of the assay using a maximum absorbance of 1.2 .

5. How does the detection limit of this technique compare to the BCA assay?

6. How does the sensitivity of this technique compare to the BCA assay

7. Is the precision of the standard curves significantly different.

8. Are there systematic differences in the results from the two assays?

9. Is Groves equation consistent with your GAPDH standard curve?

There are several procedural details: Turbidity, sample size, instrument balance, and slits, which you should pay special attention to in order to get accurate results.  Turbidity and bubbles will scatter light and give erroneous absorbance readings.  You may have to centrifuge your ependorf samples to remove turbidity.  One check for turbidity is to measure absorption at a wavelength (for example 340 nm) where light should not be absorbed.  Subtraction of this absorbance should approximately correct for the turbidity. Since the absorbance measures concentration and concentration depends on temperature, you should make sure that your samples are at room temperature before taking your runs. Sample size, in order to save enzyme you should use the micro cuvette and micro cuvette holder in the Cary.  These are normal 1cm path length cells but have a very narrow width of 2 mm.  With a micro cuvette you will be able to work with total volumes of only 150 µL. Pay special attention to align the micro cuvette holder in the Cary, so that the light beam is not blocked.  To balance the reduction of light caused by the small 2mm aperture in the sample cell you should add a #2 or #3 neutral density filter to the reference beam in the CARY 14 or use an iris beam attenuator in the CARY 17 reference beam.  Choose the attenuator that gets you closest to 0 absorbance.  You should use a full size cuvette of buffer in the reference beam if you are using an attenuator.  Put 200 µL of buffer in the sample beam and run and assign it as the base line.  Because the buffer absorbs strongly at wavelengths below 260 nm care must be taken to get a good baseline.  You may control this by varying the photomultiplier voltage, signal averaging, and scan rate. Scan the spectrum slow enough (1 nm steps with maximum signal averaging works well) so that the slit program (fixed bandwidth works the best) can keep up with the scan.  Record the beginning and ending slit widths as well as photo multiplier voltage and other instrument parameters such as sample averaging number that would affect the precision of your results.  If you are going to use different cuvettes in the sample beam, it is a good idea to check to see that they give the same baseline.  Also by placing the same cuvette in and out of the sample beam you can get a feeling for systematic errors associated with cuvette placement.  Remember to check your baseline occasionally to see that it has not drifted before completing your measurements.

Make a Beer’s law plot Absorbance vs µg of pure GAPDH to determine the detection limit and sensitivity of this assay compared to the BCA assay. Remember to compare Beer’s law plots you need to use the same units for the x-axis.  This comparison is best done by overlaying the plots.

To compare your results to Grove’s equation lets look at Beer’s law applied to a two component mixture.  To derive an equation like Grove’s from your data we will make two assumptions: first, the ratio of molar absorptivities of pure DNA (280/260) is about 8/15 and second, the GAPDH does not absorb appreciably at 260.  Using Beer’s law to calculated concentration of DNA at 260 nm assuming no protein absorbance gives:

[DNA] = Absdna260/dna260

and combing with the total absorbance of the mixture at 280 nm gives:

Abs280 = AbsGAPDH  + AbsDNA  =  [GAPDH] + dna280 [DNA] =  [GAPDH] + (dna280/dna260) Abs260


So we could form a corrected absorbance due only to the GAPDH
 [GAPDH] = Abs280 – (8/15) Abs260

or

[GAPDH] = (1/)Abs280 – (8/15) (1/) Abs260


Use your results for  (slope of the Beer’s law plot of pure GAPDH) to generate your own equation that gives cGAPDH in mg/mL based on the absorbance at 260 and 280 nm.  Propagate the errors in  to (1/). Does (1/) agree with Groves equation value of 1.55 mg/mL?


Second Part

Now that we have confirmed Grove’s equation we can use it to determine the concentration of protein in pure GAPDH, and crude lysate in µg/µl.  For example, if the crude lysate absorbances are:
 A280 =0 .700, A260 =1.000, A340 = 0.100 and the DF = 1:100 we would have:


c =  1.55 (.700 - .100) - 0.76(1.000 - .100) =  0.246 mg/mL =  0.246 µg/µL in the cuvette

cGAPDH = (100) (0.246 µg/µL) = 24.6 µg/µL

Average at least three runs in the range .3-1.0 absorbance for cGAPDH to get an average concentration and standard deviation of the average.  The microtiter reader will do the above calculations and give you the average and standard deviation.

The absorbances will be measured on the microtiter reader using UV transparent plate.  Take readings at 260,280, and 340 in each well.  The 405 reading is used for a turbidity correction.  Be sure to check the path length correction to correct for different volumes in each cell.  You may use ch311_GAPDH_UV.prt as a protocol template.  The following protocol worked in the past but may need adjustment of the dilution factors (1 to 100) to accommodate your homogenate concentrations to keep measured absorbances between .3-.8.  For your error analysis run each assay in triplicate and calculate the standard deviation of the average.

Assay of Homogenates (assay all points in triplicate)
  Dilute the lysate in pure water
	Homogenates
	GAPDH** Assay Buffer
	DF

	40 µL (diluted)
	160 µL
	40/200

	20 µL (diluted)
	180 µL
	20/200

	5 µL (diluted)
	195 µL
	5/200


Assay of pure enzyme (assay all points in triplicate)
	.1 units/µL GAPDH*
	GAPDH** Assay Buffer
	DF

	Straight (no dil) 20 µL
	180 µL
	20/200

	Straight (no dil) 5 µL
	195 µL
	5/200


** 1/2 dilution of 2x GAPDH buffer with pure water.

Day Three Laboratory

Protein Assay using the BCA Reagent (Pierce)

Biological samples are very complex containing thousands of proteins and nucleic acids that can interfere with a specific assay of amount.  Some method to reduce the background absorbance from interfering compounds and make the assay more specific to the analyate of interest is needed.  This assay uses bicinchoninic acid (BCA) to specifically detect only Cu+ formed by peptide bond reduction of Cu2+ under alkaline conditions.  It is based on the Lowry method (employed by thousands of researchers since the 1950's) but is simpler to use, less time-sensitive, and is affected by fewer inhibitory substances. We will use the BCA assay in a microtiter plate that greatly speeds up data collection and subsequent calculations. Read the Pierce manual to find out about known interferences of this assay.

Reagents, Standards, and Samples for the BCA Protein Assay (Microtiter Plate Format) 
  1.
BCA Protein Assay Reagent

Reagent A:
alkaline reagent, sodium carbonate, sodium bicarbonate, BCA detection reagent, and sodium tartrate in 0.2 N NaOH


Reagent B:
4% copper sulfate solution (w/v)

  2.
Protein Standard

Bovine Serum Albumin (BSA) solution at 2 mg/mL

  3.
Bacterial Crude Lysate

perform dilutions using the GAPDH buffer 

  4.
Homogenates

perform dilutions using the GAPDH buffer

BCA Assay Procedure


Prepare the Working Reagent - mix 50 parts of Reagent A with 1 part of Reagent B.  How much should you prepare?  Each assay requires 200 µL of working reagent and it is best to prepare some extra. So, for example, if you need to do 96 assays (including blanks), then you will need a minimum of 19.2 mL of Working Reagent  (0.2 mL per assay x 96 assays) - therefore prepare 21 mL.  


The assay calls for 10 µL of each standard, blank, or unknown sample into the appropriate microtiter well. The total volume must be the same in each cell.  The buffer was included in each assay because it can inhibit color formation.  Plan your plate a head of time.  Be careful to pipette in the correct reagents in an order that minimizes cross contamination between the wells.  You may want to modify the dilutions based on what you found from the UV protein analysis.  Dilutions should be done with pure water.

Protein Standard Curve (assay all points in triplicate)

	BSA
	dH2O
	GAPDH Assay Buffer
	BCA Working Reagent
	BSA Content

	0 µL
	10 µL
	10 µL
	200 µL
	0 µg (assay blank)

	2 µL
	8 µL
	10 µL
	200 µL
	4 µg

	4 µL
	6 µL
	10 µL
	200 µL
	8 µg

	6 µL
	4 µL
	10 µL
	200 µL
	12 µg

	8 µL
	2 µL
	10 µL
	200 µL
	16 µg

	10 µL
	0 µL
	10 µL
	200 µL
	20 µg


Assay of Homogenates (assay all points in triplicate)
  Dilute the lysate in GAPDH buffer
	Homogenates
	GAPDH Assay Buffer
	dH2O
	BCA Working Reagent

	Straight (no dil) 10 µL
	0 µL
	10 µL
	200 µL

	Straight (no dil) 2 µL
	8 µL
	10 µL
	200 µL

	1:10 dilution        5 µL
	5 µL
	10 µL
	200 µL

	1:10 dilution        2 µL
	8 µL
	10 µL
	200 µL


Assay of pure enzyme (assay all points in triplicate)
	.1 units/µL GAPDH*
	dH2O
	GAPDH Assay Buffer
	BCA Working Reagent

	Straight (no dil) 10 µL
	10 µL
	0 µL
	200 µL

	Straight (no dil) 5 µL
	10 µL
	5 µL
	200 µL


* Note this is 10 times the concentration of the kinetic assay!

Microtiter Plate Protocol
1.
Prepare working assay reagents

2.
Set up your plate template on the microtiter reader and print it out so you know where each reagent is going to be placed on the plate.

3. 
Pipet in order H2O, GAPDH assay buffer, protein, into all appropriate wells. To minimize contamination it is good idea to work from lower protein concentration to higher.  Discard the tip each time you change reagents.  Care must be taken to avoid contaminating wells by moving sample from one cell to the other on a dirty pipette tip.

4.
After all the other reagents have been added, add 200 µL of BCA working reagent to start the reaction.  You may use the same tip as long as you do not contaminate the tip.  Again, to minimize contamination it is good idea to work from lower protein concentration to higher. Adding BCA starts the kinetic reaction everything after this point must be timed.

5.
Cover the microtiter plate and incubate at 37°C for 30 minutes in the Napco incubator found in the biochemistry prep room.

6.
Read the absorbance at a single wavelength of 562 nm (A562) with a microtiter plate reader. Reading the plate takes less than a minute. 

7.
Calculate the protein content of your bacterial lysate and pure enzyme from the print out of the microtiter reader based on the BSA standard curve.

Error Analysis



The microtiter reader will give a complete statistical analysis of your data including the calibration curve if you include dilution factors in the microtiter method.  If you do not put dilution factors into the microtiter method you can do the same calculations in Excel.  For example, dividing the µg protein in a cell by µL of protein added will give the protein concentration in µg/µL in each cell.  If the added protein was diluted by a factor of 1:10 you should multiply the standard error and concentration by 10 to get the standard error and concentration of protein before dilution.


(Dilution factor) (xav µg/ y µL)  = c µg/µL

(Dilution factor) (xav µg/ y µL)  = c µg/µL

To combine data that has different dilution factors, simply multiply by the dilution factors to get the concentrations all on the same scale, then take the standard deviation of the resulting concentrations.


(DF1) (xav µg/ y µL)  = c µg/µL


(DF2) (xav µg/ y µL)  = c µg/µL


(DF3) (xav µg/ y µL)  = c µg/µL  the standard deviation of the average of these three to get c µg/µL

Sample Calculations

For example if 5 µL of a 1:10 diluted protein solution had 7.0 µg ±  0.50 µg  of protein then the concentration would be:

10*(7.0 µg / 5 µL) ± 10*(0.50 µg / 5 µL) = 14 µg/µL ± 1.0 µg/µL  or 14.0(10) µg/µL

for a 1 standard deviation of the average confidence limit. Note this assumes no error in the 5 µL or in the dilution factor 10 but is a reasonable estimate of the error.

If the assay is in the linear dynamic range, all protein assays should give the same protein concentration.  Usually the results for absorbances between .3 and .8 are the most reliable.  Use a Q-test and your statistical intuitions to determine the reliable results.   Average the reliable results as above or use a weighted average based on the replicate standard deviations. Note: if you want to average x1 ± s1, x2 ± s2 and x3 ± s3
then xav = (x1 + x2 + x3)/3  and propagation rules give sav =  EQ \f(\r(s12 + s22 + s32),3)
How does the standard error of the fit, the limit of detection, and sensitivity compare to the UV assay?  Is the BCA assay sensitive to the same interferences as the UV assay?  Overlay the UV and BCA standard curves to give a graphical analysis of the sensitivity.  Using an absorbance of 1.2 use your calibration curve to determine the dynamic range.  How does the dynamic range compare to the literature range?

Day Four Laboratory

Discussion:  
General Topics  - methods for measuring enzyme activity



Assay of GAPDH

The Assay: This assay will measure the substrate level phosphorylation of glycerol-3-phosphate to 

1,3-bisphosphoglycerate in the presence of Pi and NAD+. After running the assay with pure enzyme, you and your partner will test several dilutions of the crude bacterial fraction that you assayed for protein content yesterday. Start by assaying 50 µL at a 1:10 dilution.  Adjust the amount of sample assayed and determine the dilution that gives the best data (an increase in absorbance of about 0.1 absorbance units per  minute).  Repeat the assay.  Based on the protein assay conducted in the previous lab, record the amount of bacterial protein used per assay.  If your spectrophotometer is temperature regulated you should set the temperature to 25 oC.  GAPDH, NAD and especially G-3-P are very unstable.  If your rates are very slow, determine which reagent has decomposed by spiking your cuvette alternately with 10 µL of each reagent and seeing which picks the rate up.  The concentration of NAD can be checked by using published molar absorbtivity ( NADH 260 nm 17800; 340 nm 0 and NAD 260 nm 14400; 340 nm 6220).  Concentrations should be adjusted so your rates are about 0.1 IU.  You may want to measure your pure proteins specific activity each day to make sure it is not denaturing.

To Do

TASK 1
Obtain linear data for GAPDH activity from 10 to 70 sec for the pure enzyme (triplicate)

TASK 2
Obtain linear data for GAPDH activity from 10 to 70 sec for both homogenates (triplicate)

TASK 3
Obtain non-linear data for GAPDH activity from 10 to 300 sec for both homogenates.
Cary Procedure 1 mL cuvettes

Procedure for running the assay with pure enzyme (total volumes will always be 1 mL)

1.
Prepare 500 µL of a 1:10 dilution of you 0.1 IU/µL stock GAPDH solution using distilled water.
Prepare 6 mL of  1.6 mM G-3-P using GAPDH assay buffer 


2. In a disposable 2 mL cuvette add:


0.500 mL of 2X GAPDH assay buffer (containing 1.6 mM G-3-P) 


0.48 mL of sterile, dH2O. 


10 µL of enzyme (0.1 units) 
Mix the contents with the cuvette in the spectrophotometer by drawing up and redelivering approx.  0.6 mL.  Do this quickly and smoothly to avoid splashing the contents into the instrument or creating bubbles
Now, measure baseline levels of activity at 340 nm for approx. 1-2 min to detect any NADH formation resulting from the presence of NAD+ in the system (there should be no baseline activity for the pure enzyme).


-
Start the reaction with the addition of NAD+ at a final concentration of 1 mM (The stock NAD solution is 100mM, so what volume to you need to add to the assay).  Mix as described above.

-
measure NADH formation every 2 sec for a maximum of 1 min.

Procedure for assay of the homogenates


3.
Use the following protocol to assay the crude lysate

In a disposable 2 mL cuvette add:

500 µL of 2X GAPDH assay buffer (containing 1.6 mM G-3-P) 

 x µL of crude lysate where x is between 5 to 100 µL

(490 - x)  µL of sterile, dH2O. 

- 
measure baseline levels of activity at 340 nm for 3 min to detect any NADH formation  and remove residual NAD+ in the preparation. 

-
(10 µL) start the reaction with the addition of NAD+ at a final concentration of 1 mM.

-
measure NADH formation every 2 sec for a maximum of 1 min.

-- adjust the volume of crude sample to obtain data as described in the initial paragraph above

Procedure for non-linear assay of the homogenates to check for kinetic interferences
4.
Use the following protocol to assay the crude lysate

In a disposable 2 mL cuvette add:

500 µL of 2X GAPDH assay buffer (containing 1.6 mM G-3-P) 

 y µL of crude lysate where y is five times x in procedure 2.

(490 - y)  µL of sterile, dH2O. 

- 
measure baseline levels of activity at 340 nm for 3 min to detect any NADH formation  and remove residual NAD+ in the preparation. 

-
(10 µL) start the reaction with the addition of NAD+ at a final concentration of 1 mM.

-
measure NADH formation every 2 sec for a maximum of 3 min.

--increase y if the data is linear.

Microtiter Procedure or microcuvette on the Cary

It is faster an easier to run these assays on the Microtiter reader where 8 reactions can be run simultaneously.  The assay can be done on a microtiter plate with a total assay volume of 200 μL in each well.  Each well assayed will contain 100 μL 2x GAPDH assay buffer, 20 μL of 16 mM G-3-P, 20 μL of 10 mM NAD+, 20 μL of diluted enzyme (you may vary this amount to get linear results), and enough distilled water to make 200 μL.  All dilutions should be make with pure water to keep the phosphate concentration constant.  To start the reaction  NAD+ is loaded last and put in the microtiter reader to measure absorbance at 340 nm.  A running time should be kept from the point that the NAD+ is added.  The amount of enzyme and water can be adjusted to obtain linear data.  Why is a turbidity correction not needed?  Once you have your protocol established you can speed the results up by using the 8 channel pipette with three tips to start 3 replicate reactions at once (you may want to combine buffer and NAD+ to make a larger volume to pipette. Place the reagent in three ependorf tubes).  The path length for 200 μL is 0.535 cm. on the microtiter reader.  Fairly large dilution factors are needed for this assay because the assay is very sensitive.  Adjust dilution factors to get linear kinetics.  Run one non-linear assay on aliquot 1 for extended time to check for kinetic interferences.  Graphically overlay the linear and non-linear progress curve to discuss interferences.  To calculate the initial slopes use the mean slope from the first four points (about 40 seconds) on the microtiter plate.

Some questions you are trying to answer.

1. What percentage of the initial rate of formation of NADH is associated with the breakdown of NADH? 

2. Are side reactions significant in your homogenates? 

3. Is the kinetic assay more or less sensitive than the BCA assay?

Day Five Laboratory

Discussion:  
General Topics  - methods for analyzing enzyme activity



Assay of GAPDH specific activity


The actual molar concentration of the enzyme [Eo] is not known in most preparations.  In these cases the amount of enzyme is represented by its activity expressed in terms of enzyme unit of rate or a IU. One IU is defined as the amount of enzyme that produces a µmole of product per minute under defined conditions.  The concentration of the enzyme is usually expressed as IU/mL.  The specific activity (SA)  is the number of IU per mg of protein.  As the protein is purified, the specific activity increases to maximum when the enzyme is pure.  The IU is not an absolute measure of amount but one that is proportional to the amount of the enzyme.  The number of IUs will change depending on the conditions of the kinetic reaction such as temperature, concentration, and the presence of inhibitors.

 Since we have measured the velocity of the pure enzyme and the crude lysate under the same conditions (same substrate concentrations and temperature) we can use the ratio of velocities to determine the amount of GAPDH in the crude lysate.  Using Michaelis and Menton  steady state kinetics


v = Vmax [S]/(Km + [S])  where Vmax = k [Eo]

So the rate of the reaction v and the maximum rate Vmax are both directly proportional to the amount of total enzyme.  Single substrate Michaelis-Menton kinetics is a little bit of an oversimplification Velick points out that the actual rate equation is:

v =  EQ \f(Vmax [N] [G] [P],(KN+[N]) (KG+[G]) (KP+[P]))
where N is NAD+ , G is G3P, and P is phosphate. Never the less, under fixed concentrations of N, G, and P the rate is still directly proportional to the amount of total enzyme, so

 EQ \f(vcrude,vpure)  =  EQ \f([Ecrude],[Epure])     and     [Ecrude] =  EQ \f(vcrude,vpure)  [Epure] 

For both the crude and pure enzyme determine the specific activity, the concentration of GAPDH in IU/ml and the concentration of GAPDH in mg/ml.  What percentage of the proteins in the crude lysate is active GAPDH?   The specific activity is a measure of the purity of a protein preparation.  Check the bottle of pure chicken GAPDH from Sigma.   How did your results for SA compare to the manufacturer?  Do you expect the value of SA to be the same as the manufactures?  Use this SA to find the percentage of active enzyme in your pure GAPDH.

Sample Calculations:

Estimates of the rate and maximum change

We are using 0.1 IU of enzyme that should give a rate of about 0.1 µmole NADH/min.  Since we have 1 mL of a 1 mM NAD+ solution there is a total of 1 µmole of NAD+ in the cuvette.  In one minute we should  use up 0.1  µmole or 10% of the NAD+.  The NAD+ concentration is essentially constant and therefore we should see a constant linear rate.  By increasing the enzyme by factor of 5 the rate will be 0.5 µmole NADH/min and all of the NAD+ will be used up in 2 minutes.  The rate should change non-linearly.  Any change in concentration after 2 minutes should be associated with other enzymes that react with NADH and convert it to an uncolored form.  This would be an important control to run.

0.1 IU of enzyme  should give a rate of about 0.1 µmole NADH/min.  Since we have 1 mL of total solution the change in concentration would be 0.1 mM NADH/min.  The molar absorbtivity of NADH is 6.22 x 103 M.cm-1. So we should have a change of 0.622 absorbance units per minute in our 1 cm cuvettes.  There is also a total of 1 mM NAD+, so if the reaction went to completion we can make 1 mM of NADH or a total  absorbance change of 6.22.  The reaction is not irreversible but goes to an equilibrium that favors reactants, so the observable change is considerably less than 6.22. 

Calculating the rate

In order to convert from A340  to moles/L of NADH per minute use the molar absorbtivity coefficient of NADH (6.22 x 103 M.cm-1), the path length of the cuvette l , and the volume in the cuvette. 



From the Beer-Lambert law:
A = cl    where l is the path length in cm, c is the 


concentration of NAD, and  is 6.22 x 103)

at a ∆A340 of 0.100/min  -      0.100 = (6.22 x 103 M.cm-1) (c) (1 cm) 



c = 0.100/6.22 x 103 = 1.608 x10-5 M


v = 1.608 x10-5 M/min = 16.08 µmole/L/min = 16.08 IU/L



v = 0.01608 IU/mL in cuvette

 

V = (0.01608 IU/mL in cuvette) 1 mL cuvette = 0.01608 IU
Calculating the Specific Activity

For example, in our 1 mL cuvette assay,  if 10 µL of a 1:2 dilution of lysate (14.0 µg/µL)  gave a rate of .051 IU  while 10 µL of a 1:10 dilution of pure enzyme (1.2 µg/µL)  gave a rate of 0.010 IU 

Then 

[lysate] = (2)  EQ \f(.051 IU,10 µL ) = 10.2 x10-3 IU/µL = 10.2 IU/mL of protein

[pure] = (10)  EQ \f(0.010 IU,10 µL)  = 0.010 IU/µL = 10 IU/mL of protein

SAlysate =  EQ \f(10.2 IU/mL,14.0 mg/mL)  = 0.728 IU/mg

SApure =  EQ \f(10 IU/mL, 1.2 mg/mL)  = 8.3 IU/mg

[GAPDH in lysate] =  EQ \f(10.2 IU/mL, 10.0 IU/mL) • 1.2 mg/mL = 1.22 mg/mL

%GAPDH =  EQ \f(1.22 mg/mL,14.0 mg/mL) 100% = 8.7 %

or

%GAPDH =  EQ \f(0.728 IU/mg,8.33 IU/mg) 100% = 8.7 %

Report Writeup

A summary of the questions that were asked:


I. Compare two spectrophotometric methods of total protein determination in terms of their limits of detection, sensitivity, and scatter.

1. How do the spectrums of crude Lysate and pure GAPDH differ?

2. What do the A260/A280 ratios for the homogenates tell you about nature of the interferance.

3. Is the BCA assay sensitive to the same interferences as the UV assay?

4. Is Beer's law obeyed by your samples?

5. Determine the detection limit and the estimate the linear dynamic range of the assay using a maximum absorbance of 1.2 .

6. How does the detection limit of this technique compare to the BCA assay?

7. How does the dynamic range compare to the literature range?

8. How does the sensitivity of this technique compare to the BCA assay

9. Is the precision of the standard curves significantly different.

10. Are there systematic differences in the results from the two assays?

11. Is Groves equation consistent with your GAPDH standard curve?

12. How has turbidity affected your measurements?

II. Design a kinetic assay to determine the specific activity and mass percentage of GAPDH

1. Was the recorded concentration of NAD+ correct?

2. What percentage of the initial rate of formation of NADH is associated with the breakdown of NADH?

3. Are side reactions significant in your homogenates?

4. Is the kinetic assay more or less sensitive than the BCA assay?

III. Purify and characterize the GAPDH from a biological source using specific activity to monitor the purification.

1. Is pure GAPDH a good primary standard?

2. Was there a significant loss of enzyme during the purification?

3. Did your purification scheme denature your protein?

4. How much did you purify the enzyme?

5. What is the estimated pI of your protein?

Summarize the results of your experiment in the following two tables.

From your total volumes, kinetic concentrations (IU/mL), and protein concentrations (mg/mL) generate a purification table for your homogenates

                                                   Table 1: Protein Purification

	
	Protein
	
	
	Enzyme
	
	
	
	

	
	Vol
	Conc
	Total
	Conc
	Total
	SA
	Yield
	Purif

	Step
	mL
	mg/mL
	mg
	IU/mL
	IU
	IU/mg
	%
	fold

	Crude cell-free extracta
	40
	14
	560
	10.2
	408
	0.729
	“100”
	“1.0”

	Ammonium sulfate ppt 1
	10
	6.0
	60
	30.0
	300
	5.0
	74
	6.9

	Ammonium sulfate super 1
	70
	7.14
	500
	1.43
	100
	0.20
	24
	0.27

	
	
	
	
	
	
	
	
	


a. Chicken extract pH 7.4

The Ammonium sulfate precipitation caused a 6.9 fold increase in the specific activity but also resulted in losing 26% of the total GAPDH.  Because the Total IU’s in the precipitate and supernatant add approximately to what we started with, there was very little denaturation of the enzyme during the precipitation step.

Generate a table of concentrations with error bounds to summarize your results. For example

                                                Table 2: Protein Concentrations

	
	Kinetic
	UV
	BCA
	BCA
	BCA

	
	Conc
	Conc
	Conc
	SAb
	Enzyme

	Sample
	IU/mL
	mg/mL
	mg/mL
	IU/mg
	%

	Crude cell-free extract
	10.2(12)a
	e
	14.0(10)
	0.73(10)
	8.7(34)

	Ammonium sulfate ppt 1
	
	
	
	
	

	Ammonium sulfate super 1
	
	
	
	
	

	Ecoli
	
	
	
	
	

	Pure Enzyme
	10.45(81)
	1.06(24)
	1.64(13)
	8.3(11)
	10(13)d

	Manufactures Pure Enzymec
	100
	1.23
	1.23
	81
	97


a. Errors are represented as one standard deviation in the average.

b. Propagation of division:  f = x/y     f = f  EQ \r(\b(\f(sx,x))\s(2, ) + \b(\f(sy,y)) \s(2, ))     SA = 0.728  EQ \r(\b(\f(1.2,10.2))\s(2, ) + \b(\f(1.0,14.0))\s(2, )) = 0.100

c. Chicken GAPDH from Sigma 97% pure (this varies from sample to sample)

d. Based on Manufactures specific activity of 81 (this varies from sample to sample)

e. Some times for samples with lots of DNA Groves equation over corrects and gives a negative concentration.
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Appendix: GAPDH Assay Recipes

E. coli K12

4-1L flasks, 500 mL LB broth (autoclaved each separately, then combined due to our autoclave size). Inoculated with .5mL K12 which had been plated on LB agar, and a colony grown overnight in LB broth.

Shook at approx. 200rpm overnight in the incubator in Biology at 37 C

In the morning (OD .6) added 25 mL sterile 20% glucose (final conc. 1%) and let shake an additional 2 hours. It only got to .85 OD, but the growth curve seemed to be slowing down (the incubator wasn't shaking uniformly due to room problems - since fixed). Spun 250-300 mL aliquots down in refrigerated Sorval - 10,000xg for 12 min.(time to come up to speed). Poured off supernatant, resuspended in 3, 10mL portions of GAPDH buffer. We worked up 2 portions

Freeze (in liquid nitrogen), thaw   2x

Sonicate: 3x 15 sec, 2x 30 sec.

Freeze (in liquid nitrogen again), thaw in conical, 50 mL tubes  2x

Check under microscope for membrane disruption

Ultracentrifuge for 1 hr 110,000 to separate membrane fraction from soluble fraction

*Best slopes seem to be with a 1:10 dilution

GAPDH Assay buffer - 2X pH 8.6




100 mL in a autoclave bottle

 80mM triethanolamine, (FW 149.2)(0.08m/L)(0.1L)          

1.06 mL
[basic emulsifying agent]


(d=1.12g/mL) 





 
1.18 g
100mM Na2HPO4 (FW 142g/m)(0.10m/L)(0.1L)


1.42 g 
[buffer]


adjust grams to 2.68g if you use heptahydrate

5mM EDTA (FW 372.2g/m)(0.010m/L)(0.1L)



 0.38g 

[removes Ca2+]

0.10mM PMSF (1:300 dil of 15 mM stock) in frig


0 .66 mL/100 mL  [Protease inhibitor]

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

PMSF is only added when needed for isolation.  The half life of PMSF is only about 1 hr. in solutions with pH above 8;  we will leave this out of our kinetic assay buffer.

Use 1 M HCl or NaOH to titrate to the desired pH 8.6 at the end.   Keep your buffer refrigerated or on ice at all times.   Before starting you kinetics assays it is a good idea to check the pH.

GAPDH enzyme chicken muscle;        in -20C freezer (Sigma, 500U, G9263) 500 IU: SA = 40-100 IU/mg


resuspend in 500 µL GAPDH buffer = stock (1U/1 µL)


Need .1U/µL for assays; 1:10 dil to make .5 mL student stock  .1 IU/µL 

G-3-P  - comes as 50-52 mg/mL (Sigma ,100mg,G5251 - app. 75 mg in -70C freezer)


calculate so final concentration is 27.2mg/mL (app 1:2) = stock 160mM


Need final conc. 0.8 mM; 1.36 mg/10mL for 1x buffer


(170g/m)(.0008m/L (0.01 L) = .00136g= 1.36mg/10mL


In 2x buffer, we need 1.6 mM; 100 µLstock/10ml   (20assays)


Student stock = 16mM when they vary G3P conc. (from app. .2mM to 4mM)

G-3-P in 2x buffer best used same day; try known assay to use 2nd day

NAD  (Sigma, 1g, N3014  )


FW 663.4; .00663g = 1 mM/10uL ; 1mL assay


.663mg/assay


Stock = 100 mM; 10 µL/ assay


Student stock of 20mM when students vary NAD conc. (from app. .1mM to 5mM)


_1092489060.unknown

_1092489061.unknown

