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INTRODUCTION								        	 
Biocontainment is a central issue in the development of industry standards and internationally accepted methods for synthetic biology pertaining to solving problems associated with the current generation of genetically modified organisms. Orthogonal systems can contribute to this end by helping to make synthetic biology safer for agricultural applications 1,2,3. Transfer ribonucleic acid (tRNA) genes and their tRNA products will be invaluable in achieving this for several reasons. One reason is that tRNA genes are inherently susceptible to horizontal gene transfer 4. Additionally, the central role of tRNA in translation, its involvement in cell stress responses, and codon recognition properties makes understanding tRNA modification patterns an inherently valuable regulatory target when designing biocontainment systems for synthetic microbes that form endosymbiotic relationships within plants 5. 
The natural evolution of organelles resulted in the loss of tRNA genes and codon reassignment events 6. The evolutionary outcomes involving the translation machinery of endosymbionts has similarities to whole genome recoding methods currently under investigation as biocontainment tools for containing synthetic endosymbionts 7. When paired with the directed evolution of tRNA modifications, it may soon become possible to more effectively design biocontainment systems for the introduction of synthetic organelles capable of enhancing crop yields. This might be achieved by directing the evolution of tRNA genes and tRNA modifications that confer phenotypes for heat resistance and drought tolerance in agriculturally important crops such as wheat, maize, and rice 8.
A biocontainment strategy based on orthogonality serves as the starting point for the research proposed in the experimental section of this paper. The redundancy of the genetic code is one of the properties inherent to life that has been taken advantage of in developing orthogonal biological systems. A great variety of current research in orthogonal biology involves systems with recoded genomes.  The inherent genetic isolation of a recoded genome allows a means of preventing the transfer of genetic information between engineered organisms and natural biological systems in situations where the engineered organisms are to be released into the environment or incorporated into plants that can cross pollinate with adjacent grasses 9.
Introduction of orthogonal translation components that can isolate the organism is possible to achieve with recoded genomes when all occurrences of a specific codon within the genome has been reassigned to a synonymous codon. A foreign tRNA and an associated aminoacyl tRNA synthase can then be introduced into such a recoded organism to encode a synthetic amino acid for which the organism is an auxotroph. Nucleotide modifications on tRNA, as well as changes that occur to tRNA nucleotides during cellular stress events, can help develop new tRNA based tools that act as regulatory targets in a recoded organism 10. 
This proposal will address a basic question about the molecular biology of tRNA nucleotide modifications: Does the removal of a specific codon from the entirety of a bacterial genome result in correlated changes to tRNA modifications for a foreign tRNA. The experiment described below intends to answer this question about tRNA modifications by characterizing tRNA modification patterns using Liquid Chromatography-Mass Spectrometry 11.


EXPERIMENT
This experiment will investigate a recoded strain of E. Coli that is currently being assembled at the Department of Genetics, Harvard Medical School, Boston, MA. When complete it will be known as “rE.coli-57”. The parent strain of this recoded E. coli will serve as the control organism. It is known as E. coli MDS42 12. 
The possible target tRNAs are those associated with the codons that have been replaced in rE.coli-57: AGG and AGA (Arg), AGC and AGU (Ser), UUG and UUA (Leu) 12. For the purposes of this proposal, the tRNA for the UUA codon of Leucine has been selected for investigation.
A foreign UUA Leucine tRNA gene from Arabidopsis thaliana will be introduced into the E. coli genomes. The E. coli cultures will be grown in identical conditions. The Arabidopsis tRNA will be isolated from the E. coli cultures by a pull-down assay using Dynabeads (Invitrogen) to isolate the specific tRNAs to be characterized. LC-MS methods of Chan et al will be used to characterize the tRNA modifications. The observed results will then be compared between rE.coli-57, E. coli MDS42, and available that data for tRNA modifications in Arabidopsis 13.
Discussion
[bookmark: _GoBack]The expected results from the experiment are that the foreign tRNA from Arabidopsis will have different nucleotide modifications in the recoded E. coli compared to the control organism. The lack of specific tRNA modification enzymes in the E. coli genome from the native Arabidopsis would account for this result. Follow up experiments might involve testing additional tRNAs beyond the UUA Leucine tRNA. Additional studies could as well insert tRNA modification proteins from Arabidopsis to see if the tRNA modifications that occur in Arabidopsis can be achieved in E. coli by inserting Arabidopsis tRNA modification genes. 
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