
The formation of heart scars after heart attacks causes inefficient blood pumping and higher occurrences of arrhythmias. Our project offers a two-part, genetically engineered bacterial system in which existing scar tissue can be “digested” and the growth of healthy heart tissue is promoted. We believe that this project has great potential to help an aging population.  As people age they have an increased chance of acquiring scarred heart tissue, whether as a result of heart surgery or heart attacks. If implemented, this project and its implications for other organs are invaluable.


Our system would involve significant pre-testing (please see safety and security description below) followed by an injection of our bacteria into blood vessels in the arm. We are hoping to use the arm as an injection site versus directly applying the bacteria to the heart in light of the recent move in cardiovascular surgeries towards minimally invasive therapeutics. If the distance between site of injection and the heart proves to be too great for effective results, we would be willing to entertain the option of injection in an area immediately surrounding the heart. Once injected, we would model the chassis (described below), which allows for easy travel of E. Coli through the bloodstream. 
When the E. coli cells reach the heart, they will bind to the scar tissue and begin secreting a digesting protein, collagenase
, to degrade existing scar tissue. This same cell will simultaneously be secreting perisotin, a growth factor which promotes the growth of new healthy heart tissue. As part of the cell cycle we designed, E. Coli would not be able to reproduce in the blood stream and would die naturally, at which point the bacteria would be carried out of the body just as other waste in the blood.
 Subsequent injections could be administered as necessary until all scar tissue is degraded and new heart tissue formed.


Alternative technologies include scar healing silicone sheets
 and post-surgery laser treatment. Scar healing silicone sheets are a technology developed by a company called Rejuveness. Research published in Dermatologic Surgery confirmed the functionality of silicone elastomer sheeting for hypertrophic and keloid scar treatment and managemen
t
. This technology can be applied to a many types of scars throughout the body and but it must overlap the scarring by a quarter of an inch. Approved by the FDA, this technology must be implemented two weeks after open-heart surgery or after a given lesion becomes dry; the disadvantage of this technology is that it is most effective if applied daily after immediately after the wound has closed, thus limiting it’s use to primarily to easily accessible scars. Additionally, for safety reasons, this therapy should not be applied for greater than three months.

 “Low-energy laser irradiation seems to lessen the severity of a heart attack by increasing mitochondrial respiration and ATP, the major source for cellular energy production. The increase of both biological processes improves the cellular response to wounds, promoting healing and muscle regeneration after injury.”
 According to Circulation, research shows such low-energy laser irradiation has been successful in showing reduced scar tissue formation after myocardial infarction in both rats and dogs.
 While a seemingly viable option, in reality this technology is cost-prohibitive to most potential recipients. Additionally, it still leaves room for heart scar formation unlike our system, which promotes development of freshly engineered heart tissue all throughout the heart.


As we look ahead to the preliminary phase of our research, the six-month plan should begin by equally dividing our six-person team into two groups of three, one specifically focusing on the collagenase mechanism and the other on the periostin mechanism. The collagenase group should begin by cloning the collagenase gene and testing for successful expression in the bacterial cells. The success of this step can be verified by using a western blot to specifically test for the expression of the collagenase protein. The periostin group should meanwhile follow a similar procedure to clone and test expression of periostin. When this is accomplished, the trigger mechanisms for each input should be properly synthesized and these can be tested by using GFP or other fluorescent proteins under the control of the trigger mechanisms. Once the trigger gates are functional, the team should focus on integration of genes for the antibody receptor proteins.
 While we are not certain how much research we can accomplish in this time frame, the goal is to produce a successfully engineered plasmid ready for insertion into an E. coli bacterium. For further detail, the subsequent steps (after the six month period), and debugging information please refer to the technical diagrams.

In terms of health and safety issues relevant to our project, it is necessary to control the immune response to foreign bacteria in the bloodstream. Fortunately, the iGEM 2007 team from UC Berkeley has developed a chassis that enables E. coli to navigate through the bloodstream with minimal harmful side effects. A full description of this chassis can be found on the iGEM Web site, cited in our references.  The genotype of the chassis organism is: 

MC828U delta(araA-leu)7697 araD139 delta(codB-lac)=deltalac74 galK16   galE15 mcrA0 relA1 rpsL150 spoT1 mcrB9999 hsdR2 O16(deltawbbL) K1(deltaneuS) deltamsbB deltafim deltatonB deltaflhCD  upp::(Ptet-wbbL-neuS) 
Binding of the E. coli bacterium to receptors in the heart can potentially block the binding of other necessary ligands. It is important to address this potential problem through additional research. Perhaps the E. coli can bind to non-receptor proteins of the cardiac cell’s extracellular matrix (such as fibrin). Or, if it does indeed bind to receptor proteins, it can bind to a region not associated with the protein’s active site. Another concern is whether copious secretion of periostin trigger the proliferation of cardiac tumors. Abnormal expression of periostin is linked to angiogenesis and metastatsis in epithelial tumors. Periostin expression has been linked to melanoma, breast cancer, and colon cancer.  We expect that by limiting the expression of periostin (both spatially and temporally), we can minimize this issue.  We will limit the expression by having only the cells that are bound to scar tissue secrete the periostin.  
Additionally, we are aware that collagen is a key component of the extracellular matrices of many cells. Something to consider is whether the use of collagenase to digest scar tissue creates a potential risk of destroying other necessary tissues.  As with the periostin, we hope that limiting the expression of collagenase only to bacterial cells that have bound to the scar tissue will minimize this problem. 
The initial stages of the project are relatively hazard-free and can be developed in BL1 labs. However, as the project progresses and it becomes necessary to digest elements of human cardiac cells, the biological safety level must be increased to 2. 

While making the BioBrick for periostin, we used the specified prefix and suffix on the BioBricks website and attached them to our genetic sequence for periosti
n. When converting our gene sequence into the appropriate format for a BioBrick, we used a program called Sequencher to tell us which restriction sites were present in our sequence. While we did want to keep the cut sites at the ends of the prefix and suffix, we wanted to make sure that none of these cut sites would correspond to cut sites within our sequence. We went through to the particular locations of any such cut sites and looked up different codons corresponding to the same amino acid in the genetic sequence, thereby “cut-proofing” our gene without altering any of its properties. Specifically, we made four changes: 1.EcoRI sites:  changed 2148-2150 from GAA to GAG; 2. PstI sites: changed 1305-1307 from CTG to CTA, 1572-1574 from GCT to GCA; 3. SpeI sites: changed 1653-1655 from ACT to ACC; 4. XbaI sites: changed 2496-2498 from TCT to TCC. Also, indicate that you did the same thing for the collagenase gene.
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�You are not “modeling the chassis” after injection.  You are using an Escherichia coli cell that has been engineered to minimize an immune response.  Also, the first time that you introduce an organism into a paper, you need to write out the full genus and species.  It should always be italicized and the species is not capitalized.


�Which collagenase are you using?  Derek should know the answer to this.


�I don’t think this is what we intended to do.  Per our discussion with Professor Grodzinsky, I think we should have the cells only bind to scar tissue and then release and stop secreting collagenase and periostin when the scar tissue is digested.  The cells will then be eliminated by the body’s normal blood filtration system.  


�When you cite a paper, you should indicate the author names, the title, the journal, year, volume and pages, not the website that links to that.  (see http://www.lib.monash.edu.au/vl/wmnstuds/wmn21.htm or https://web.mit.edu/21.guide/www/cbe-gen.htm for more information)


�This is the first time that you mention the antibody binding mechanism.  I think you need to return to paragraph two and explain how you’re going get the cells to bind specifically to the scar tissue.  You can’t bring this up in the second to last paragraph with no prior explanation – it’s way too confusing.  


�Reference?





