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ABSTRACT


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 is “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 develop an increased risk 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. These same cells will simultaneously secrete periostin, 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. Research published in Dermatologic Surgery confirmed that silicone elastomer sheeting, a technology developed by a company called Rejuveness, is suitable for hypertrophic and keloid scar treatment and managemen
t
. The disadvantage of this technology is that it is most effective if applied daily after immediately after the wound has closed, thus primarily limiting it’s use to easily accessible scars. Additionally, for safety reasons, this therapy should not be applied for greater than three months. 

According to Circulation, “Low-energy laser irradiation seems to … promot[e] healing and muscle regeneration after injury”
 by improving respiration. Low-energy laser irradiation has been successful in reducing 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 in place of the degraded scar. 
The competing technology that inspired our particular mechanism is the periostin-soaked Gelfoam.  Researchers have found that the placement of this foam onto the infarct heart reduces scarring.  The distinctive drawback to this method is the need for invasive surgery to apply the gel foam, which our mechanism is designed to avoid.

As we look ahead to the preliminary six-month phase of our research, we plan to divide or 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 E. coli 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 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. Moreover, infarcted cells are quite similar to healthy cells in terms of their molecular composition, which makes it challenging to ensure that the engineered E. coli bind solely to infarcted tissue. We have addressed these issues by designing a bispecific monoclonal antibody that binds to light myosin chains in the extracellular matrix of infarcted myocardial cells. Light myosin chains are heavily concentrated in the ECM of scarred myocardial cells. Moreover, LMCs in such cells are not phosphorylated, as are their counterparts in healthy tissue.
  By binding to these LCMs, our  monoclonal antibody can target scar tissue efficiently and ensure that essential cardiac receptors remain unblocked. A similar binding mechanism has been synthesized in the past, ensuring its feasibility.
 
 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, as well as 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.
ADDITIONLAL REFERENCES:

http://parts.mit.edu/igem07/index.php/BerkiGEM2007Present4
http://www.molecular-cancer.com/content/6/1/80
http://en.wikipedia.org/wiki/Biological_Safety_Level#Levels_of_biohazard
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DEVICES DIAGRAM
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TESTING AND DEBUGGING

At the first checkpoint, we will use tissue staining of cardiac scar tissue to detect the binding of the monoclonal antibody to cardiac scar tissue. This will help to determine whether the given antibody binds specifically to nonphosphorylated light myosin chains.  A similar assay can detect the attachment of E. coli bacterium to cardiac and healthy scar tissue. 

 We then use a two-tier system of testing to judge the performance of the devices within the bacterium. A different color of fluorescent protein will be expressed by each device to indicate the current state of the system . The states we plan to test include: 

· Trigger Gate  “Off”/ “On”

· Scar digesting device “On”

· Scar digesting sensor device “On”

· Heart regeneration devices “On” 

If such testing demonstrates improper functioning of one or more devices, we will test the device(s) at the molecular level. Ligand blot and immunoprecipitation assays will monitor the protein cascades within each device. It is particularly important to test the proteins in the signal transduction pathway between the binding of E.coli and the activation of the trigger mechanism, as we are uncertain whether the proposed cascade has previously been synthesized. 


If all devices are functional, we plan to combine them into a single vector, which we will then subject to another round of flourescent protein testing to ensure that the devices function properly in relation to one another. 
PARTS LIST 
PART NAME
GENE NAME/CODE (IF APPLICABLE)

SCAR BINDING DEVICE


Anti-E.coli X Anti-LMC monoclonal antibody


TRIGGER GATE


RBS
B0034

nk022CI
C0050

TT
B0015

Promoter
R0082

Promoter
R0030

Promoter
I13453

Promoter
R0031

HK022CI
C0050

Lambda CI
C0051




REGULATORY DEVICE


Asp


RBS
B0034

Tar/envz
C0082

TT
B0015




SCAR DIGESTING DEVICE


RBS
B0034

Collagenase


Aspa
C0083




TISSUE REGENERATION DEVICE


RBS
B0034

Periostin





CHECKPOINT


EYEP
E0030

morange
E2050

mcherry
E2060

RFP
E1010

ECFP
E0022

GFP
I52028

SPOTLIGHTED PART: BBa_I728950 in the Parts Registry


Our spotlighted part is our Periostin-secretion device.  Periostin is a growth factor that is normally secreted by the cardiac cells after an injury to the heart in order to facilitate the proliferation of cardiomyocytes.  It is also highly expressed in the fetal heart, again to induce heart cells to enter the mitotic stage.  Recent experiments have shown that increased secretion of periostin near the site of infracted cardiac tissue actually helps diminish the scarred tissue and restore the function of the heart after an infarction.  With the secretion of periostin, there is seen a 100 fold increase in heart cells proliferating (“Can heart tissue be regenerated?”).  Thus, our E.coli vector will produce periostin at the site of the infarction after the scarred tissue has been digested.


Our plasmid contains an altered periostin gene sequence and a recombinant DNA construct invented by Raymond Wong of Mississauga, CA and Margaret Sutherland of Cambridge, GB.  The original gene sequence was taken from Human Chromosome #13.  Then, in order to avoid any splicing in the middle of our gene from the restriction enzymes used to cut the entire gene sequence to place in into the plasmid, we went through and changed a few nucleotides, keeping all the same amino acids coded, but removing any restriction sites within the gene.  The changes are as follows: 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.  We BioBricked the periostin gene as its own separate part.  The periostin gene is attached to a promoter taken from the BioBricks library, and is activated by the binding of the vector of scarred cardiac tissue.  Because E.coli doesn’t naturally secrete proteins outside the periplasm, especially heterologous proteins, we must also attach to our gene sequence the fusion polypeptide.  This DNA construct includes the DNA for the signal peptide OmpA and a control region composed of “the tac promoter, the lac promoter,” and the following ribosome site: 5'AGGAGGAAAAAATT3'.  The OmpA facilitates the secretion of our protein into the periplasm, and the control region allows it to exit the periplasm into the medium, which in our case would be the area around the heart ("Excretion of heterologous proteins from E. Coli").

DNA sequence of actual gene that’s transcripted (introns included length: 2511 nt)

ATGATTCCCTTTTTACCCATGTTTTCTCTACTATTGCTGCTTATTGTTAACCCTATAAACGCCAACAATC

ATTATGACAAGATCTTGGCTCATAGTCGTATCAGGGGTCGGGACCAAGGCCCAAATGTCTGTGCCCTTCA

ACAGATTTTGGGCACCAAAAAGAAATACTTCAGCACTTGTAAGAACTGGTATAAAAAGTCCATCTGTGGA

CAGAAAACGACTGTGTTATATGAATGTTGCCCTGGTTATATGAGAATGGAAGGAATGAAAGGCTGCCCAG

CAGTTTTGCCCATTGACCATGTTTATGGCACTCTGGGCATCGTGGGAGCCACCACAACGCAGCGCTATTC

TGACGCCTCAAAACTGAGGGAGGAGATCGAGGGAAAGGGATCCTTCACTTACTTTGCACCGAGTAATGAG

GCTTGGGACAACTTGGATTCTGATATCCGTAGAGGTTTGGAGAGCAACGTGAATGTTGAATTACTGAATG

CTTTACATAGTCACATGATTAATAAGAGAATGTTGACCAAGGACTTAAAAAATGGCATGATTATTCCTTC

AATGTATAACAATTTGGGGCTTTTCATTAACCATTATCCTAATGGGGTTGTCACTGTTAATTGTGCTCGA

ATCATCCATGGGAACCAGATTGCAACAAATGGTGTTGTCCATGTCATTGACCGTGTGCTTACACAAATTG

GTACCTCAATTCAAGACTTCATTGAAGCAGAAGATGACCTTTCATCTTTTAGAGCAGCTGCCATCACATC

GGACATATTGGAGGCCCTTGGAAGAGACGGTCACTTCACACTCTTTGCTCCCACCAATGAGGCTTTTGAG

AAACTTCCACGAGGTGTCCTAGAAAGGATCATGGGAGACAAAGTGGCTTCCGAAGCTCTTATGAAGTACC

ACATCTTAAATACTCTCCAGTGTTCTGAGTCTATTATGGGAGGAGCAGTCTTTGAGACGCTGGAAGGAAA

TACAATTGAGATAGGATGTGACGGTGACAGTATAACAGTAAATGGAATCAAAATGGTGAACAAAAAGGAT

ATTGTGACAAATAATGGTGTGATCCATTTGATTGATCAGGTCCTAATTCCTGATTCTGCCAAACAAGTTA

TTGAGCTGGCTGGAAAACAGCAAACCACCTTCACGGATCTTGTGGCCCAATTAGGCTTGGCATCTGCTCT

GAGGCCAGATGGAGAATACACTTTGCTGGCACCTGTGAATAATGCATTTTCTGATGATACTCTCAGCATG

GATCAGCGCCTCCTTAAATTAATTCTGCAGAATCACATATTGAAAGTAAAAGTTGGCCTTAATGAGCTTT

ACAACGGGCAAATACTGGAAACCATCGGAGGCAAACAGCTCAGAGTCTTCGTATATCGTACAGCTGTCTG

CATTGAAAATTCATGCATGGAGAAAGGGAGTAAGCAAGGGAGAAACGGTGCGATTCACATATTCCGCGAG

ATCATCAAGCCAGCAGAGAAATCCCTCCATGAAAAGTTAAAACAAGATAAGCGCTTTAGCACCTTCCTCA

GCCTACTTGAAGCTGCAGACTTGAAAGAGCTCCTGACACAACCTGGAGACTGGACATTATTTGTGCCAAC

CAATGATGCTTTTAAGGGAATGACTAGTGAAGAAAAAGAAATTCTGATACGGGACAAAAATGCTCTTCAA

AACATCATTCTTTATCACCTGACACCAGGAGTTTTCATTGGAAAAGGATTTGAACCTGGTGTTACTAACA

TTTTAAAGACCACACAAGGAAGCAAAATCTTTCTGAAAGAAGTAAATGATACACTTCTGGTGAATGAATT

GAAATCAAAAGAATCTGACATCATGACAACAAATGGTGTAATTCATGTTGTAGATAAACTCCTCTATCCA

GCAGACACACCTGTTGGAAATGATCAACTGCTGGAAATACTTAATAAATTAATCAAATACATCCAAATTA

AGTTTGTTCGTGGTAGCACCTTCAAAGAAATCCCCGTGACTGTCTATACAACTAAAATTATAACCAAAGT

TGTGGAACCAAAAATTAAAGTGATTGAAGGCAGTCTTCAGCCTATTATCAAAACTGAAGGACCCACACTA

ACAAAAGTCAAAATTGAAGGTGAACCTGAATTCAGACTGATTAAAGAAGGTGAAACAATAACTGAAGTGA

TCCATGGAGAGCCAATTATTAAAAAATACACCAAAATCATTGATGGAGTGCCTGTGGAAATAACTGAAAA

AGAGACACGAGAAGAACGAATCATTACAGGTCCTGAAATAAAATACACTAGGATTTCTACTGGAGGTGGA

GAAACAGAAGAAACTCTGAAGAAATTGTTACAAGAAGAGGTCACCAAGGTCACCAAATTCATTGAAGGTG

GTGATGGTCATTTATTTGAAGATGAAGAAATTAAAAGACTGCTTCAGGGAGACACACCCGTGAGGAAGTT

GCAAGCCAACAAAAAAGTTCAAGGATCTAGAAGACGATTAAGGGAAGGTCGTTCTCAGTGA

Amino Acid list

MIPFLPMFSLLLLLIVNPINANNHYDKILAHSRIRGRDQGPNVCALQQILGTKKKYFSTCKNWYKKSICG

QKTTVLYECCPGYMRMEGMKGCPAVLPIDHVYGTLGIVGATTTQRYSDASKLREEIEGKGSFTYFAPSNE

AWDNLDSDIRRGLESNVNVELLNALHSHMINKRMLTKDLKNGMIIPSMYNNLGLFINHYPNGVVTVNCAR

IIHGNQIATNGVVHVIDRVLTQIGTSIQDFIEAEDDLSSFRAAAITSDILEALGRDGHFTLFAPTNEAFE

KLPRGVLERIMGDKVASEALMKYHILNTLQCSESIMGGAVFETLEGNTIEIGCDGDSITVNGIKMVNKKD

IVTNNGVIHLIDQVLIPDSAKQVIELAGKQQTTFTDLVAQLGLASALRPDGEYTLLAPVNNAFSDDTLSM

DQRLLKLILQNHILKVKVGLNELYNGQILETIGGKQLRVFVYRTAVCIENSCMEKGSKQGRNGAIHIFRE

IIKPAEKSLHEKLKQDKRFSTFLSLLEAADLKELLTQPGDWTLFVPTNDAFKGMTSEEKEILIRDKNALQ

NIILYHLTPGVFIGKGFEPGVTNILKTTQGSKIFLKEVNDTLLVNELKSKESDIMTTNGVIHVVDKLLYP

ADTPVGNDQLLEILNKLIKYIQIKFVRGSTFKEIPVTVYTTKIITKVVEPKIKVIEGSLQPIIKTEGPTL

TKVKIEGEPEFRLIKEGETITEVIHGEPIIKKYTKIIDGVPVEITEKETREERIITGPEIKYTRISTGGG

ETEETLKKLLQEEVTKVTKFIEGGDGHLFEDEEIKRLLQGDTPVRKLQANKKVQGSRRRLREGRSQ

Promoter sequence

Part-only sequence for BBa_R0040(54 bp)

Tccctatcagtgatagagattgacatccctatcagtgatagagatactgagcac

Ribosome Binding Site

Part-only sequence for BBa_B0030(15 bp)

Attaaagaggagaaa

Terminator Sequence

Part-only sequence for BBa_B0015(129 bp):

ccaggcatcaaataaaacgaaaggctcagtcgaaagactgggcctttcgttttatctgttgtttgtcggtgaacgctctctactagagtcacactggctc

accttcgggtgggcctttctgcgtttata

*came from parts.mit.edu*
SPOTLIGHTED PART: BBa_I728951 in the Parts Registry (Collagenase)
For our biobricked collagenase, we chose the gene for the Human Matrix Metallopeptidase 1 (interstitial collagenase). Proteins in the metalloproteinase family are involved in breaking down the extracellular matrix in physiological processes. This gene encodes for an active interstitial collagenase that breaks down interstitial type I, II, and III collagen. The collagenase secretion will be regulated to prevent over-secretion and damage to adjacent cells. Nucleotide 710 was changed from a C to a T in order to get rid of a PstI site and an ATG codon was added to the beginning of the sequence because this sequence is the active, cleaved form of Mmp1 and it doesn't have a start codon in it.
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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?





