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I am interested in understanding the structure, hierarchy, and

dynamics of biological systems and engineering novel genetic tools.
Modeling plays a significant role in deciphering and redesigning
genetic networks. Our original design of a density-dependent gene
expression circuit for metabolic engineering applications was
model-based. Here, we further analyze the dynamic properties of
the original model construct to guide the experimental
implementation of the genetic circuit. First, the analysis identifies
the most sensitive parameters of the network. Then, we focus on
these parameters and determine the ranges that satisfy the
metabolic engineering targets. As synthetic biology moves toward
more complex modular designs, mathematical modeling and
analysis will become an indispensable tool to minimize the design
effort. (Read Anesiadis’ article; DOI: 10.1021/sb300129j)
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I am interested in the expanding role of RNA-based regulation

of important cellular processes across biology. One of these
riboregulatory elements is the riboswitch, an RNA element
broadly distributed in bacteria controlling a diverse set of
biosynthetic and transport genes. In this article, we demonstrate
that the two domains that compose a riboswitch, the receptor
and regulatory domains, are independent modules and that the
regulatory domain can accommodate different biological receptor
or synthetic aptamers. These chimeric riboswitches function
in vitro and in E. coli with an acceptable range of genetic control.
The engineering principles that we established to construct these
chimeric riboswitches are easily understandable, allow for
construction of genetically encodable RNA biosensors to virtually
any molecule for which an aptamer can be raised through SELEX,
and can be easily tuned to optimize expression levels of a target
gene. Most importantly, the natural mechanism of riboswitch
regulatory domains enables a simple “plug-and-play” approach
with no further maturation of the chimeric riboswitch to improve
interdomain communication. We envision that artificial ribo-
switches will be used in diverse applications including directed
protein evolution, metabolic engineering, and construction of
complex regulatory networks for gene expression. (Read Ceres’
article; DOI: 10.1021/sb4000096)
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I am interested in cell-to-cell communication between

mammalian cells. Cell-to-cell communication among engineered
cells has largely depended on components of quorum sensing
systems. However, the intrinsic properties of this system, such as
limited choices for signaling molecules, restricted communica-
tion to a localized area, and confinement of communication in
population-wide rather than between individuals may hinder
further utilization for a number of applications. Instead, I am
interested in a unique one-to-one communication between
individual mammalian cells connected via tunneling nanotube
(TNT)-like structures. Through this conduit, cellular components
such as ions, nucleotides, proteins, vesicles, or even organelles are
transported and are capable of acting as signals. This new mode
of communication will be a critical addition to the existing
toolbox for creating gene networks that encode artificial
developmental programs in mammalian cells and that coordinate
the action of cell-level morphogenetic processes in space and time.
Moreover, this system can be implemented to develop cancer
therapeutic agents with enhanced dissemination rates within
the tumormicroenvironment. (ReadHuh’s article; DOI: 10.1021/
sb300107h)
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My current research is on the topic of how to program bacterial

populations with the goal of achieving self-organization and
predictable pattern formation through synthetic programs. Since
early in graduate school, I have been interested in understanding
life processes from the perspective of the computation and control
paradigms developed during the past 100 years. Biological systems
are remarkably efficient in their use of energy and resources. If we
were able to understand how they achieve this, we could design
highly efficient electric, mechanical or even biological devices,
and I strongly believe that true understanding of anything comes
only when we are able to engineer it. (Read Jayanthi’s article;
DOI: 10.1021/sb300098w)
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For my Ph.D. project I am working on in vitro genetic

networks. To be able to assemble those networks in a way that
they will produce the desired behavior, you need to know, at
least roughly, the mRNA synthesis rates of all genes involved.
Together with Ling Xu, a very talented summer student, who
worked in our lab in 2010, we designed our first set of binary
probes tomeasuremRNA concentrations during in vitro transcrip-
tion and translation reactions. In continuation of her project,
we further optimized the target sequence and quantitatively
characterized mRNA dynamics in the PURE system. Now,
I routinely use this method whenever I want to test a new
promoter design or the effect of a transcription factor. (Read
Niederholtmeyer’s article; DOI: 10.1021/sb300104f)
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Nonscientific interests: Swimming, badminton, table tennis,
and chess.
My doctoral research involved cloning of a novel alkaline

phosphatase toward studying its biochemistry and standardizing
its application in bioprecipitation of heavy metals from alkaline
solutions. In my present postdoctoral research I have been
working on constructing a biomolecular circuit in order to
study the effects of retroactivity in a two-component signal
transduction system. In the paper described, it is fascinating
to observe how retroactivity can dramatically affect the dynamics
of a system without much effect on the steady state. It was a
great learning experience for me toward actually visualizing the
differences in dynamics at single-cell level. This study surely
is a step forward toward realizing its value in construction of
biomolecular circuits in future giving a better modeling and
predictive instinct. I envisionmyself applying synthetic biology in
the fields of extreme biology, astrobiology, and biofuel process
development in future. (Read Nilgiriwala’s article; DOI:
10.1021/sb300098w)
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I am generally interested in exploration and engineering of

biomolecules. In this paper, we focused on the key metabolite
S-adenosylmethionine (SAM) and developed a SAM-responsive
synthetic gene circuit based on the SAM-responsive transcription
factor MetJ from Escherichia coli, and applied it for monitoring
intracellular SAM levels in Saccharomyces cerevisiae. Furthermore,
we also demonstrated the utility of this circuit for SAM over-
producer screening. These practical applications point out the
utility of this circuit for various research purposes. In addition,
synthetic gene circuit-mediated monitoring is not a peculiar
strategy to SAM but applicable for diverse metabolites.
Currently, my research focused on expanding this strategy for
diverse metabolites and exploring available transcription factors.
I anticipate that the ongoing explosion of genomic sequence data
will provide rich sources for this strategy (Read Umeyama’s
article; DOI: 10.1021/sb300115n)
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My research interests are in control theory and dynamical

systems theory with applications in the analysis and design of
biomolecular networks and in transportation systems. (Read Del
Vecchio’s article; DOI: 10.1021/sb300098w)
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