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Background:

Heart disease is the leading cause of death in the United States2.  It is most often triggered by a narrowing or blockage in the arteries which decreases the blood supply to the heart muscle1. A common procedure used to treat this condition is bypass surgery, which implants arteries and veins from other areas of the body in a way that allows blood to flow around the blockage1. These arteries used in bypass, however, are also vulnerable to future blockage and there are only a limited number of sites grafts can be taken from in the body. As a result, researchers have turned to tissue engineering to try to make artificial arteries for use in bypass procedures. Two important proteins in the extracellular matrix (ECM) responsible for the integrity of the arteries are collagen and elastin. Changes in the concentrations of these two ECM proteins during the aging process are a cause of artery stiffening, which makes an individual more prone to heart disease3. Elastin has been increasingly brought to the attention of researchers due to the properties of resilience it exhibits. This is demonstrated in a research study where diseased mice that lack elastin die from arterial disease4. Given the properties of collagen and elastin I am proposing to expand the gel electrophoresis of muscle protein experiment (Experiment 1) to study proteins in cardiac arteries. My lab group (T3) was able to employ electrophoresis and image analysis techniques to successfully analyze myosin light chain concentrations in cardiac and skeletal muscle, so I am confidant these techniques will also be successful for my study of arteries.  By investigating the protein concentrations in healthy arteries I hope to discover elastin and collagen’s roles in arterial health and how these roles should be incorporated in a successful arterial substitute.

Hypothesis/Objective and Aim(s):


This experiment’s objective is to compare the concentrations of extracellular matrix proteins in the arteries, specifically collagen and elastin. Changes in concentration of these two extracellular matrix proteins lead to arterial stiffening,3 which compromises the ability of the artery to deliver blood to the body.  In this experiment I hypothesize that cardiac arteries will have a higher concentration of elastin than collagen. My hypothesis is based on elastin having more properties of resilience than collagen and previous experiments (4) demonstrating its affect on arterial health. This experiment will lead to increased knowledge on important proteins in the arteries and hopefully this knowledge can be incorporated in making more successful artery implants for bypass surgeries. 
Equipment:

Major Equipment:
· BioRad Mini Protean II & III Cell Electrophoresis System – This is needed to run the gels loaded by the students. 
· Power Supply (BioRad PowerPac Basic & 300) – Since all proteins are negatively charged, the added voltage causes the proteins to move to the opposite (positive) side of the gel. 
Lab Equipment:

· Heating Block (shared between all groups) – The heat helps denature the proteins. 
· Scalpel and Scissors – The scalpel and scissors are used to cut the aorta to be used in the samples. 
· Plastic Container- The gel is placed in a plastic container during staining and destaining. 
· Pipettes with regular and gel-loading tips – Used to measure quantities of chemicals used in the experiment. The gel loading tips are longer and thinner and make gel-loading easier. 
Supplies:

· 4-15% ReadyGel Polyacrylamide gel- The gel is used to separate proteins based on molecular weight – smaller molecules can move through the gel easier and travel further than larger molecules. 
· Undiluted SDS buffer – SDS helps denature the proteins by breaking noncovalent bonds and coats the protein with negative charges. Every protein will have the same charge to mass ratio, so that the proteins are only separated based on molecular weight. 
· Loading buffer – The glycerol in the loading buffer adds weight to the sample so it can be more easily loaded. The bromophenol blue in the loading buffer dyes the sample so you can view its movement in the gel and know when the gel is done. 
· 1.5 mL microfuge tubes with DTT – DTT helps denature the proteins.
· 1.5 mL microfuge tubes – These tubes are used to make the test samples.
· SDS-PAGE Molecular weight standard – The standard has bands with known molecular weights and is used to determine the molecular weights of the bands of the samples. 
· Coomassie Blue stain – Stain binds to the proteins and is applied so students can see the bands on their gel.
· Destain solution - Destain removes any dye that is not bound to a protein so that the bands are more visible. 
Newly Purchased Equipment:

· Pig heart – The pig heart is a good surrogate for a human heart. The aorta will be removed and used to make the samples. The aorta is close to the heart and a strong artery since it is subjected to a lot of force. A successful bypass graft should have properties like the aorta to be successful long-term. 
Proposed Methods & Analysis: 

Experimental Procedure:

[A conservative estimated time to complete the step is in brackets]

· Prepare the Buffer Solution by adding 10 mL of 10% SDS buffer and 900 mL of distilled water to a volumetric flask. [10 min]
· Every two groups will be provided with one pig heart. Cut a piece of the aorta (see Appendix: Figure 1) and put it in the microfuge tube with DTT. [10 min]
· Follow steps 5-7 in the sample preparation section of the lab manual for experiment 1.  [5 min]
· Place the closed microfuge tube on the heating block (at 95˚C) for 10 minutes. [10 min]
· While the sample is on the heat block, set up the gel and electrophoresis device as described in section B of the lab manual. [15 min]
· Load the samples as outlined in the lab manual. Lane one is a practice lane: load it with 10µL of sample. Load sample lanes 2-4 and 6-10 with 10 µL of sample. Load lane 5 with 10 µL of the standard. One member of the group should load all of the samples. [15 min]
· Run the gel at 110 V as described in the lab manual. [1-1.5 hours]
· Stain and destain the gel as outlined in the lab manual in sections E and F. [2 hours, 10 min]
· Drain most of the solution and take a digital photo of the stained gel as described in the lab manual. [15 min] 
Total experimental time: approximately 5 hours 
Data Analysis:

· Determine the concentration of the 9 bands on the standard using the information on the blackboard site. The concentration of each protein can be calculated using the following stoichiometric calculation: 
(400 µg protein / 200 µL)(1 amu / 1.661 x 10-24 g) ( 1 protein molecule / X molecular weight [on blackboard]) ( 1 mol protein / 6.022 x 1023 molecules) = Y M protein
· Load the Matlab image analysis file (gelanalysisv2.m) from Blackboard and change the code to include filename of your saved image. Select regions of interest around each band on the standard and record the cumulative positive pixel value. Divide this by the concentration of the protein calculated above. Average for all 9 bands. 
· Using the molecular weight values of the standard, find the elastin and collagen bands on gel picture. Elastin has a molecular weight of 72, 000 Da6 and collagen has a molecular weight of 45, 000 Da6. Collagen should be around band five of the standard and Elastin should be between between bands three and four. If the elastin band in not obvious, you can plot the distance traveled (in pixels) versus the molecular weight of the standard bands. Fit a third order equation to this graph and use it to calculate and estimate of the molecular weight of the sample bands until you find the elastin band at approximately 72,000 Da. 
· Using the image software, select areas of interest around the collagen and elastin bands in each of the 8 test lanes and record the cumulative positive pixel value.

· Using the ratio calculated earlier with the standard, convert these pixel values to concentration. 

· Conduct a paired t-test (n=8) comparing the concentration of collagen and elastin in the pig aorta. Analyze the one-tail p-value to determine if there is significance. 
Potential Pitfalls & Alternative Methods/Analysis:


In this experiment and any gel electrophoresis experiment there are a lot of potential experimental errors that could arise and produce a gel that is impossible to perform the analysis required to test the hypothesis. In the gel analyzed by group T3 in experiment one, the proteins appeared to not be properly digested (as seen in the lack of a myosin band in the samples). This experiment has a longer heat block period, which will hopefully improve the protein digestion. Also, the size of the aorta sample put in the microfuge needs to be large enough to produce a high quantity of proteins. The better the digestion the clearer the results on the gel will be. 

A large potential pitfall in this experiment is the potential for a lack of band for either collagen or elastin. In my past performance of experiment one, we had to adjust our previous hypothesis since the heavy chain myosin bands were not clear on the gel. The groups who perform this experiment should be flexible and ready to change their hypothesis if elastin or collagen does not show up on the gel. The objective of this study is to find proteins that have a role in the performance of an artery. Other proteins found on the gel may also have implications for research in tissue engineering a bypass grafts. 


There is also potential of choosing a band for analysis that has a molecular weight similar to collagen and elastin that is in fact another protein. Fortunately, the molecular weight of collagen is on the standard so this band should be identifiable with minimal error. Identifying the elastin band, however, requires estimation using the plot of the standard bands’ molecular weights and their distance traveled in pixels. If the fit of the third order polynomial to the graph is better (smaller confidence intervals), there will be less error in calculating the sample band’s molecular weight. Ideally, only one protein band will have the molecular weight of elastin as recorded in the literature within its calculated error. Unfortunately, our time and lab constraints prevent completion of amino acid analysis, which would by a way of confirming if the band analyzed was the protein of interest. 

There is also error in picking points when calculating the distances traveled by the bands in pixels. Fortunately, this error is small. In Group T3’s results for experiment 3 we quantified this error by measuring a picture of one centimeter on a ruler by picking points for three trials. The standard deviation was .012 cm or 1.04 pixels.  


The groups performing this experiment will also have to pay close attention to their selection of regions of interest using the image software. The accuracy of the cumulative positive pixel value recorded is dependent on selection of regions of interest. Groups should minimize error by selecting an area with the smallest amount of background possible (but still some background to create the proper threshold). Selecting bands becomes even more difficult if the bands are blurry or faint. This experiment has tried to minimize this by increasing heat block time to get better protein digestion and selection a sample size (10 µL). 10 µL worked well in for group T3 in experiment two. It had a high enough protein concentration so the bands were not too faint, but so high of a concentration that the bands became blurry. Error in this technique can by quantified by measuring each band’s pixel value with the software three times, and then taking the average and standard deviation. Multiple trials will help lower the random error in selecting regions of interest. This error could be lowered further by having one person select all of the regions of interest during data analysis. 
Budget:
In order to successfully complete this experiment, pig hearts will need to be purchased to make the test samples. All other chemicals and equipment are already available for use in the laboratory. I have budgeted for ten hearts (one heart for every two groups). Since only a small part of the aorta is needed to make the sample this should be more than enough for the experiment. Ten pig hearts can be purchased for $53.95 including shipping from Ward’s Natural Science (www.wardsci.com). 

Appendix:
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Figure 1: Pig heart specimen with the location of the aorta labeled 5. 
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