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BC368 Laboratory 
Experiment 2 
Heart Attack? 

Analysis of Isozymes in Blood Samples from ER Patients 
 
 
Case Background 

 You and your lab partner are third-year medical students 
in a coronary care unit.  The previous day, there were two 
admissions of patients with suspected myocardial infarction 
(heart attack).  Both patients were in their early fifties and 
had suffered intense chest pains.  Patient #1 (male) had 
taken ill at a local restaurant, while Patient #2 (female) had 
just returned home after a strenuous running workout.  Two 
blood samples were taken from each patient, at 
approximately 2 hours and 24 hours after the onset of the 
chest pains, for assay of blood serum lactate dehydrogenase 
(LDH).  Now you are faced with another acute admission 
(totally unrelated to the first two cases) and there is no 
available bed in the coronary unit!!!  
 Bearing in mind that an initial myocardial infarction may be 
followed shortly by another, is it possible from the serum LDH 
data (or from additional data) to decide whether either Patient 
#1 or Patient #2 could be moved safely to a general medical 
ward (or even released) to make room in your coronary care unit 
for the latest admission?  What are your deciding factors?  
 
 
Experimental Background 

 Cytosolic proteins are normally retained efficiently inside cells.  
Tissue damage may compromise membrane integrity sufficiently 
to allow release of these cytosolic proteins.  The insult does not 
necessarily have to be large enough to result in cell death.  
Release of tissue proteins into the extracellular environment may occur because of exposure to 
toxic chemicals, for example in cirrhosis of the liver due to alcohol abuse, or release could be 
because of some other tissue shock or damage. Assay for certain isozymes not normally found 
in the bloodstream can be a useful diagnostic tool, as you will explore in this project. 
  
 
Experimental Procedure 

Week 1. LDH Isozyme Analysis  
 What would you expect to have happened to blood LDH levels in heart attack patients?  
During this portion of the project, you will use native gel electrophoresis to separate the 
different isozymes of LDH that are present in the blood samples of the two patients. By using a 
specific “activity stain” following this kind of electrophoresis, only the LDH subunits will be 
displayed, and a very clear interpretation of the makeup of your particular LDH sample can be 
made. Hopefully it will prove helpful to compare the different LDH’s from the blood samples of 
your patients. 

Patient 1 suffered chest 
pains while dining out. 

Patient 2 suffered chest 
pains after a run. 
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Part I. Separation of LDH isozymes by charge 
 Differences in charge between proteins will result in differing electrophoretic mobilities, 
assuming that differences in size do not become important as well. One way to avoid this is to 
run such charge-separation gels in a matrix with huge pores, such that the size of the protein 
has no bearing on its mobility. Such is the case when proteins are run through an agarose gel.  

 The agarose gels are premade for you—they are actually part of a clinical diagnostic kit used 
for assessing differences in LDH isozymes. The agarose is prepared as a thin layer and fixed to a 
sheet of plastic for rigidity. Not only does this set-up allow for easy handling of the gel, but it 
allows the gel to be dried down completely onto the plastic at the completion of the run. Since 
the plastic is clear, densitometry can be performed on the gel if desired, to quantitate the 
amounts present in each band.  
 
Loading the Gel and Electrophoresis 

1. Remove gels from gel pouch and place on a clean, level surface.  Each pouch has two 
gels in it.  If only one gel is needed, carefully tape the pouch closed again to protect the 
remaining gel.  The gel is on a thin sheet of plastic, and is protected by a thicker plastic 
mold.  Remove the gel from the plastic mold and discard the mold.  Be careful not to 
touch the agarose.  There are two thicker areas of agarose on either end of the gel; 
leave these on the gel! Each bench should use a single gel. 

2. Dispense about 1 ml of REP Prep onto the left side of the electrophoresis chamber (next 
to the pin on the left side; the gel will sit on the REP Prep). 

3. Place the left notch of the gel (the left is the side with the lower numbers; numbers 
should face up) so that it fits the left pin of the chamber floor and gently roll the gel to 
the right side fitting the right notch to the right pin of the chamber floor.  This process 
should distribute the REP Prep evenly across the bottom of the gel backing.  There 
should be no bubbles beneath the gel. 

4. Use a QuickGel Blotter C to gently blot the entire gel.  Use a minimum of pressure. It is 
vital to remove excess buffer to minimize diffusion of samples upon loading. 

5. Obtain a red acetate template and align the slits of each template with the marks on 
each side of the gel backing.  The center hole in the template should align with the 
indentation in the center of the gel. 

6. Add the blood samples to each slit.  2 µl of each sample should be quite sufficient to 
load onto the gel.  Two groups could share one gel (each group should have its own half 
of the gel).   

7. After all samples are loaded, let the samples sit for two minutes and then carefully blot 
the acetate template with a separate QuickGel Blotter A.  Make sure that you do not 
move the acetate template, which could cause poor resolution of the gel. 

8. Close the QuickGel lid, turn the power switch to on, and also turn on the power supply.  
Electrophorese the gel for 5 minutes at 500 Volts. 

 
Part I I . Activity staining 
 The blood samples that you ran on the gel have many other proteins besides LDH. To 
identify the LDH bands, we selectively stain them after electrophoresis.   The LDH isozyme 
reagent contains lactate, NAD+, nitro-blue tetrazolium (NBT) and phenazine methosulfate (PMS). 
Wherever there is LDH activity in the gel, the lactate is converted to pyruvate, and the NAD+ is 
reduced to NADH. The hydrogen atoms from NADH are then transferred by PMS to NBT, 
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reducing it to an insoluble, purple formazan dye. This is somewhat analogous to electron 
transport, by the way. Each LDH band will be stained purple.  
 

1. Following electrophoresis, turn off the power supply and the QuickGel Apparatus.  Open 
the lid, and use the QuickGel Gel block remover (this looks like a spatula) to remove the 
two thick pieces of agarose from both ends of the gel.   

2. Prepare the activity stain:  Reconstitute the QuickGel LD Reagent with 1 ml LD diluent.  
Mix well by inversion. 

3. Place the gel agarose side up on the bench. Remove the template. Pour one vial of 
reconstituted LD isozyme reagent along one edge of the gel near where you loaded the 
samples. Using the edge of a pipette, gently spread the reagent evenly across the 
surface of the gel; try not to push the reagent off the gel. You should observe purple 
bands within a few minutes. Development should be complete in 5-10 minutes (or even 
faster depending upon the sample). 

4. Once you can see all five purple bands, place the gel in another plastic container with 
destain solution in it.  Leave on the rotary shaker for 10 minutes.   

5. Replace the destain solution with deionized water and leave on the rotary shaker for 5 
minutes.   

6. Remove the gel and place it on a paper towel, agarose side up. Place a blotter (Blotter D) 
and a second absorptive layer (e.g., paper towels) on top of the gel. Finally, place a 
weight on top to provide pressure. After five minutes, remove the weight, towels, and 
blotters and dry the gel at 40°C for 5 minutes or so, until it is dry. You now have a 
permanent record of your gel. Each of the five LDH isozymes should have a different 
mobility. The pattern should be: (starting from the anode (+) end) LDH-1 (aka H4), LDH-
2, LDH-3, LDH-4, LDH-5 (aka M4). 

 
Analysis of LDH isozyme results  

 For your Week 2 pre-lab assignment, include the following information. What is the isozyme 
distribution in your samples?  Are there any differences between the two patients?  What can 
you conclude from the results? Because you are such a dedicated student, you have been 
reading the medical literature and realize that there are additional clinical tests for myocardial 
infarction that may be more specific than the LDH test.  In particular, you order that the blood 
samples undergo Western blot analysis for cardiac troponin I (cTnI). Write up a paragraph 
providing a rationale for this next stage of the experiment, including references. 
 
 
Weeks 2 & 3. Western Blot Analysis of Cardiac Troponin I 

 Immunological techniques have become valuable tools in the study of a variety of cellular 
processes.  In particular, immunoblotting (Western blotting; see adjacent cartoon) is used 
frequently to identify a variety of proteins within cells.  
The technique takes advantage of the fact that 
antibodies (protein molecules that bind specifically to 
a certain molecule) can be obtained and used to bind 
to a target protein (the specific cellular molecule of 
interest). Following this initial binding, the first 
antibody then serves as an antigen for a second 
antibody.  The second antibody has an enzyme 
conjugated (covalently attached) to it, which will allow 
us to visualize specifically the location of our original 
target (the specific cellular molecule of interest). 
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 Antibodies can be made to a wide variety of proteins, and many of the more common 
antibodies can be purchased from biological and chemical supply companies.  The second 
antibody with the enzyme conjugated to it is generally even easier to obtain from commercial 
suppliers.  The methods that we will discuss and use during this experiment are generally 
applicable to all cellular components to which antibodies can be generated.  Once the techniques 
are learned, they can be used on a variety of systems with only minor modifications. 
 
Part I I I . Preparation and loading of gels for immunoblotting – Week 2 
1.  Obtain the blood samples from the two patients.  Remove 30 µL aliquots from each blood 

sample into a fresh tube and add 10 µL of LDS-sample buffer.  Heat to 70°C for 10 minutes.   
2. Prepare one 4-12% NuPAGE polyacrylamide gel in the Novex X-Cell apparatus. The principles 

are the same as last semester except that you are using pre-cast gels. Briefly, remove the 
tape and the comb. Two gels are run in each chamber (or a dummy gel can be used instead 
of a second gel). Both gels must have the short plate facing inward to be in contact with the 
buffer. Flip the lever back to hold each gel in place. Fill inner chamber with running buffer 
(MOPS), check for leaks, and then fill the outer chamber with running buffer. You are now 
ready to load the gel. 

3. You will load samples so the two halves of your gel are mirror images.  Half of your gel will 
be stained with Coomassie Blue for total protein, and the other half of your gel will be 
immunoblotted.  Use a micropipettor to carefully load the wells with 18 µl of each sample.  
Reserve lane 5 and lane 6 for 7 µl of protein standards. 

4.  Run the gel for about 1 hour at 200V, until the blue tracking dye reaches the bottom of the 
gel. 

5.  Following the run, turn off the power, unplug the power supply, and carefully disassemble 
the electrophoresis apparatus. These gradient gels have no stacking gel, so cut the gel off 
just below the wells.  Also cut off the ridge at the very bottom of the gel. 

6. Cut the gel in half between lanes 5 and 6.   
7.  Carefully place half the gel into a plastic dish containing transfer buffer, and continue on to 

Part IV.  Place the other half of the gel into a plastic dish containing Coomassie Blue.  
Microwave the dish (uncovered) for 20 seconds.  Wait several seconds then microwave 
again for 20 seconds.  Pour the Coomassie Blue out and place the gel in Destain solution.  
Leave the gel in destain until the staining contrast is sufficient (approximately overnight) 
and then return to scan the gel. 

 
 
Part IV. Transfer of proteins to nitrocellulose – Week 2 

We will be electroblotting half of our gel, and once the proteins are transferred to 
nitrocellulose, they will be subjected to immunological detection.  The nitrocellulose will be 
incubated in an anti-cTnI antibody and then in a second antibody that binds with the first.  The 
second antibody has the enzyme alkaline phosphatase (AP) conjugated to it. The nitrocellulose 
is then placed into a solution of substrates upon which the alkaline phosphatase enzyme can 
act.  The substrates are chosen such that the reaction catalyzed by the enzyme results in a 
colored product.  The colored product is restricted to those areas of the nitrocellulose that 
contain the enzyme (and, therefore, the cTnI from your patients’ blood samples). 
1.   Allow the gel to equilibrate in the transfer buffer for 30 minutes.   
2.  While the gel is equilibrating, measure the length and width of the gel in mm and, with a 

razor blade, carefully cut a piece of nitrocellulose membrane to those dimensions.  (Note: 
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the nitrocellulose is white and shiny; do not use the blue interleaves or filter paper by 
mistake.) Wear gloves when handling the nitrocellulose to avoid contaminating the 
membrane.  The nitrocellulose is extremely fragile (as well as expensive at ~$20 per piece) 
so use care. 

3. Carefully slide the nitrocellulose into a plastic dish of transfer buffer.  It is necessary for the 
nitrocellulose to become saturated with buffer for efficient transfer of proteins.  Allow the 
membrane to soak for about 30 minutes.  

4.  Cut a piece of filter paper to the size of the gel and place it in the dish with the 
nitrocellulose. 

5.  After the gel is equilibrated, prepare the transfer apparatus as instructed. We are using an 
extremely effective yet inexpensive model from Idea Scientific called the Genie 
Electrophoretic Blotter.  Essentially, the gel is close to the cathode (separated by some pads 
and filter paper), and the nitrocellulose is placed on top of the gel close to the anode 
(separated by some pads and filter paper). 

6.   After the transfer unit is assembled, attach the power cords to the gel unit and the power 
supply, turn the power on, and turn the current up to 400 mA.  Transfer for 60 minutes. 

7.   After 60 minutes, turn off the power supply, detach the power cords from the power supply 
and the transfer unit, and disassemble the transfer unit as instructed. 

8.   Carefully remove your nitrocellulose membrane from the surface of the gel and allow to dry 
on filter paper in a closed box until next week.  You will notice that the pre-stained protein 
standards have been transferred to the nitrocellulose.  We can use these pre-stained 
standards to estimate the molecular weights of any proteins that might be detected on the 
nitrocellulose membrane. 

 
 
Part V.  Treatment of nitrocellulose with antibodies and developing – Week 3 
1. Place the nitrocellulose in a plastic dish containing blocking solution, and place on the rotary 

shaker.  Block for 45 minutes.  
2. After 45 minutes carefully pour off the blocking solution and wash the membrane in TTBS 

for 10 minutes on the rotary shaker.   
3. Carefully remove the nitrocellulose from the TTBS and place it in a small plastic bag, and 

then add 2 mL of anti-cTnI antibody.  Try to minimize the amount of air in the bag to ensure 
good contact.  Place the bag on the rotary shaker for 60 minutes.   

4. After 60 minutes remove the nitrocellulose into a plastic dish and barely cover it with in 
TTBS. Incubate for 5 minutes on the rotary shaker.  Repeat this wash with fresh TTBS for an 
additional 5 minutes on the rotary shaker. 

5. Carefully pour off the TTBS. Place the nitrocellulose in a small bag as before and add the 2nd 
antibody solution (goat anti-mouse or goat anti-rabbit IgG conjugated with AP; which 2nd 
antibody depends on the source of the first antibody).  Incubate for 45 minutes on the 
rotary shaker. 

6. After 45 minutes carefully pour off the 2nd antibody solution, transfer the nitrocellulose to 
a plastic dish, and cover it with TTBS. Incubate for 5 minutes on the rotary shaker.  Repeat 
this wash with fresh TTBS for an additional 5 minutes on the rotary shaker. 

7. Carefully pour off the TTBS and wash the membrane in TBS for 5 minutes on the rotary 
shaker to remove the Tween 20 from the nitrocellulose. 

8. When the last wash is completed, carefully pour off the TBS, add the AP substrate solution 
to the dish, and incubate on the rotary shaker.  Color development should be complete 
within 15 minutes, but will probably start immediately depending upon the concentration of 
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protein in the nitrocellulose.  The AP substrate solution must be made up immediately 
before use.  It is extremely unstable and, once made, cannot be stored successfully.  For 
simplicity, we will make this up for you during your final wash following the simple 
procedures outlined in the Bio-Rad Assay Kit. 

9. When color development is complete, pour off the AP substrate solution and rinse in 
deionized water.  Run deionized water over the blot for about 2 minutes.  

10. When the rinse is complete, carefully remove the nitrocellulose membrane and dry it on filter 
paper in a closed box.  Protect the membrane from light to minimize fading.  

 
 

Analysis of immunoblot  

 Compare the immunoblots for the two patients.  Are there changes in either patient over 
time?  Do the relative amounts of cardiac TnI in the patients’ blood differ?  How do your results 
compare to other information available to clinicians? 
 
 
ASSIGNMENT 
 The head of the coronary care unit has asked you to write up the case of these two patients 
for the Journal of the American Medical Association. Be sure to consider all the points in the 
“Analysis” sections above. Please see the lab syllabus for additional details of this assignment 
and for a link to the JAMA Instructions for Authors page. 
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