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A. Personal Statement 
 
Originally trained as a chemist with a strong background in the field of DNA nanotechnology, I conducted my 
postdoctoral research in synthetic biology with an objective to genetically express short single-stranded nucleic 
acids resulting in the assembly of DNA nanostructures within living cells.  This platform offers a route by which 
these structures could be made at bulk scale using biotechnology. Beyond this novel production route, the 
ability to genetically encode programmable DNA nanostructures in cells will enable many in vivo applications, 
including sensing, imaging, and metabolic optimization. My current research includes the integration of well-
defined biological systems from one organism to another using synthetic biology tools for the discovery of 
novel “living molecules”. These molecules may have many useful pharmaceutical and industrial applications. 
Moreover, the expression of these molecules in vivo under an evolutionary platform will lead to the discovery of 
new classes of biomaterials and organisms holding unique capabilities. Beyond my research achievements, I 
have considerable experience and enjoy mentoring at the graduate and postdoctoral level and I have 
published more than 30 papers in peer-reviewed journals. I have the expertise, leadership, training, expertise 
and motivation necessary to successfully carry out the proposed research project.  
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2016 Senior Lecturer, Tel Aviv University 
2013 Integrated DNA Technology (IDT) Postdoctoral Award 
2012 EMBO Long Term Postdoctoral Fellowship 
2012      The prize for excellent students in nanoscience and nanotechnology, 

The Harvey M. Krueger center for nanoscience and nanotechnology, 
The Hebrew university of Jerusalem 

2011 Scholarship to attend International Workshop on Bio-Design 
Automation (IWBDA), San Diego, USA 

2008 Converging Technologies Fellowship (Israel Science Foundation) for 
PhD studies 

 
 



 

B. Contributions to Science 
 

1. Since the early 1980s, it has been recognized that the information storage capacity of DNA is ideal for 
programming the self-assembly of nanostructures. Different nucleotide sequences yield complementary 
bases that direct short ssDNAs to hybridize with high specificity into a set of branched junctions. These 
are the architectural motifs that form the basis of self-assembly for larger 2D and 3D nanostructures. 
These structures are not just static: dynamic nanomachines have been developed, such as DNA 
walkers, tweezers, and cranes. Moreover, DNA-based computing circuits have been realized. During 
my early research, I was involved in the development of a modular library of catalytic nucleic acids 
(DNAzyme) used as modular platforms for the activation of logic circuits mimicking electronic digital 
circuits [1-3]. The advantage of such systems is the ability to perform the entire algorithm in an enzyme-
free environment and, thus, having the potential to be incorporated into cells. In addition, I have been 
involved in the development of new methods for activating DNA nanomachines (tweezers, walker, and 
catenane rings), such as pH, small molecules (adenosine monophosphate) using DNA aptamers, and 
metal ions (Hg2+) [4-8]. I further demonstrated a potential in vitro application for such nanomachines; 
specifically, by decorating the nanostructure with gold nanoparticles I could dynamically control the 
specific spatial orientation of the gold nanoparticles, which led to alternative plasmonic properties [9]. 
Finally, I have been involved in the development of biosensors for small molecules, proteins and ions 
[10-15]. The advantage of these biosensors is the fact that they are composed of DNA only without the 
need of enzymatic amplification. Thus, allowing their accessibility at low cost and with the capacity to 
be stable at long-term. 
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2. DNA nanotechnology has been implemented in vitro but still has limited impact in vivo. For example, in 

vivo applications to date have been restricted to extracellular drug delivery devices that are not readily 
interfaced with the molecular components in living cells. A platform for genetically encoded, 
programmable, artificial nucleic acid nanosystems within cells would transform the fields of nucleic acid 
nanotechnology/computing, basic biology, and biomedical engineering. By resolving the challenge to 
encode and express artificial short ssDNA in living bacteria, we recently demonstrated the ability to 
assemble DNA nanostructures in E. coli [17]. We resolved the challenge of expressing specific single-
stranded DNAs (ssDNAs) needed for programmable DNA nanotechnology in living cells. This was done 
using a well-known biological system from a eukaryotic retrovirus (HIV reverse transcription, HIVRT) 
and artificially incorporated into a host organism (E. coli) using synthetic biology tools. The HIVRT 
enzymatically converted RNA to dsDNA, but was not found active in the prokaryotes. To synthetically 
activate these in prokaryotes, two main innovations have been developed. First, each ssDNA is 
encoded by a gene that is transcribed into non-coding RNA containing a 3’-hairpin (HTBS). This hairpin 
includes the eukaryote t-RNALYS sequence known as the HIV binding site, and also serves as the 
transcriptional terminator. Second, the expression of the HIVRT had been found insufficient to produce 
ssDNA; thus, by only co-expressing the murine leukemia reverse transcriptase, the ssDNA production 
is amplified. To summarize, the HTBS recruits HIV reverse transcriptase, which nucleates DNA 
synthesis and is aided in elongation by murine leukemia reverse transcriptase. By incorporating this 
synthetic pathway into a genetic circuit, we demonstrated the in vivo production of ssDNA for in vitro 
applications, such as forming 1D and 2D wires and sheets. This offers a route by which these materials 
could be made in bulk via biotechnology. In addition, the ability to express and assemble DNA 
nanostructures within living cells was demonstrated. This was shown by building a 4 ssDNA “crossover 
motif” in vivo that can act as a scaffold for proteins. 
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