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Alfred P. Sloan and U.S. Department of Energy Postdoctoral Fellow. Computational Systems Biology
and Bioinformatics, Harvard Medical School, Boston. Advisor: Professor George M. Church

Development of mathematical methods for deciphering regulatory principles underlying Saccharomyces
cerevisiae transcriptional networks; development of mathematical framework for deciphering operating

principles in E. coli metabolic networks and examining their robustness; development of computational

methods, data standards, and distributed software for analyzing proteomic mass spectrometry data.

Doctoral Student. Theoretical Chemistry and Biophysics, University of California, Davis. Advisor:
Professor William H. Fink

Study of principles underlying physical interactions between small molecules and RNA aptamer; study
of the detailed mechanism of biological antifreezes in inhibiting the freezing of water; study of
dynamical properties of water freezing process; development of efficient parallel algorithm for
molecular simulation of large material and biological systems.

Pre-doctoral Fellow. Computational Science, Lawrence Livermore National Laboratory. Advisor:
Professor Michael E. Colvin

Development of the linear-scaling and massively parallel algorithm for molecular dynamics simulation;
study of principles underlying anti-cancer nitrogen mustard drug-DNA crosslink.

o Nguyen, D.H. and P. D’haeseleer. 2005. Deciphering Principles of Transcription Regulation in Eukaryotic Genomes.
Provisionally accepted for publication in Nature/EMBO Molecular Systems Biology.

o Ahmad Q.R, D.H. Nguyen, M.A. Wingerd, G.M. Church, and M.A. Steffen. 2005. Molecular Weight Assessment of
Proteins in Total Proteome Profiles Using 1D-PAGE and LC/MS/MS. Proteome Science. 3:6.

o Nguyen, D.H., K.C. Leptos, L.J. Andrews, and G.M. Church. 2005. Optimal and Extensible XML-Based File Format
for Proteomic Mass Spectrometry Data. In revision.
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Winter Flounder Antifreeze Protein Revealing the Existence of the Thermally Accessible Binding State.
Biopolymers. 75:109-117.

e Nguyen, D.H., T. Dieckmann, M. E. Colvin, and W.H. Fink. 2004. Dynamics Studies of a Malachite Green — RNA
Complex Revealing the Origin of the Red-shift and Energetic Contributions of Stacking Interactions. Journal of the
Physical Chemistry B. 108:1279-1286.
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and G. M. Church. 2003. From Annotated Genomes to Metabolic Flux Models and Kinetic Parameter Fitting.
OMICS. 7:301-316.
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Distribution of Malachite Green. Journal of the American Chemical Society. 124:15081-15084.
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and Biomathematics. ISTB-97: 100-107.
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e Nguyen, D.H. and G.M. Church. FLUXOR: An Open-Source Software Environment for Flux Balance Analysis.
o Nguyen, D.H., M.E. Colvin, and W.H. Fink. The Complete Folding Landscape of a RNA Aptamer upon Packing
Malachite Green Molecule in Aqueous Solution in 1 Microsecond.
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= “Workshop on Proteomics: Sequence, Structure, Function,” Institute for Pure and Applied Mathematics,
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Invited Seminars

2005 Decipherable Principles of Transcription Regulation are Decipherable with Minimal Knowledge. The
Bauer Center for Genomics Research, Harvard University, Cambridge, Massachusetts

Deciphering Principles of Transcription Regulation in Eukaryotic Genomes. Center for Computational
Biology, University of California, Merced, California

2004 Malachite Green — RNA Aptamer Complex: the Origin of Red-Shift, the Binding Affinity, and the Free
Energy Landscape. American Chemical Society 227th National Meeting, Anaheim, California.

2003 Biological Antifreezes: A Hypothesis for the Mechanism of Function. Symposium on Stress Proteins:
From Antifreeze to Heat Shock, Bodega Marine Laboratory, California
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2003-2004  Research Advisor, Department of Genetics, Harvard Medical School
Supervised a master student in developing an XML-based file format for proteomic mass
spectrometry data standards.

2001 Teaching Assistant, Department of Computer Science, University of California-Davis
Taught computer architecture and computer algorithm courses.

1996-1999  Teaching Assistant, Department of Chemistry, University of California-Davis
2001 Taught general chemistry, organic chemistry, physical chemistry, biophysical chemistry, and
graduate level in theoretical and computational chemistry courses.

Professional Activities and Affiliations

o Elected member of the Board of Directors, Vietnamese Association for Computing, Engineering, Technology, and
Science (2005)

Referee, OMICS A Journal of Integrative Biology (2004)

Member of Organizing Committee, West Coast Theoretical Chemistry Conference, Davis (6/2001)

Member, Society for Industrial and Applied Mathematics (2001)

Member, Biophysical Society (2001)

Member, Sigma Xi-The Scientific Research Society (1996)

Member, American Chemical Society (1996)
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Research Statement
L 22

Transcription is the first step in the universal pipeline of the biological information flow from genome, where all
genetic programs are stored, to proteome, through which these programs are executed. Accordingly, the regulation of
transcription is critical for the development, complexity, and homeostasis of all living organisms'*; its dysfunction can
have far-reaching biological consequences such as developmental defects and cancer. Although transcrlptlon can be
regulated at different levels® (e.g. , chromosome structure level®), at the most fundamental level, which is based on the
model proposed by Jacob and \/Ionod, the production of transcripts of a given gene is governed by complex
combinatorial interplays of cis-regulatory elements (or motifs) present in the gene’s promoter region and associated
regulatory proteins (transcription factors (TFs)) present in the cell. Therefore, because TFs are gene products themselves,
transcription of a gene is fundamentally regulated by the motif set present in its promoter, and the set of functions
describing the dependency of motif strength, i.e., the quantitative level of motif’s influence on gene expression, on its
sequence/geometric context constitutes the set of principles of transcription regulation.

In spite of major efforts aimed at identifying motifs in different species using a varlety of approaches and
analyzing their precise influence on gene expression,'’ little is known about the principles in which a gene’s motifs
translate into an expression level. In other words, quantitative effects of motifs on gene expression as a function of their
promoter context remain poorly understood. One of the obstacles to the study of such principles has been the absence of
a rigorous definition of how to quantify the level of motifs’ contribution to gene expression, and subsequently, necessary
mathematical framework for deriving them.

With the support of the Alfred P. Sloan and U.S. DOE postdoctoral fellowship to help my career transition from
theoretical chemistry and computer science to theoretical/computational molecular systems biology and bioinformatics,
one of my major research focuses has been aiming at the study of principles underlying motif’s quantitative behaviors as a
function of promoter context. [ developed the first deterministic mathematical method, Motif Expression
Decomposition'® (MED), which prov1des a framework for deriving principles of transcription regulation at the single
gene level of resolution. The main feature of the MED method is that, unlike other metrics used to measure the effect of
motif on gene expression,*'® MED provides a metric for quantifying both the level of each motif’s influence on the
expression of each gene with which it is associated, and the level of global activities of each TF under a set environmental
conditions from genome-wide expression data. In addition, it operates on all genes in a genome without requiring any a
priori knowledge of gene cluster/module membership or manual tuning of parameters. Applying MED to yeast
Saccharomyces cerevisiae transcriptional networks, I have shown'® that motif strength can have a complex dependence
on the motif’s geometry—one of the attributes of promoter context—such as distance from the translation start site (Fig.
1). My work has led to the identification of four classes of regulatory principles, all of which were validated by
expression data (Fig. 1); these include length-dependent and orientation-dependent effects of motifs with respect to gene
expression profiles. In addition, my work has discovered a novel mechanism demonstrating that nature has used motif
geometry as the means for amplifying gene expression levels in lieu of motif-motif functional interactions.

In the new era of systems biology, the availability of genomes of many species along with the massive amount of
corresponding expression data has created exciting, but enormous challenges for understanding how genomes encode and
execute transcriptional programs. These challenges can largely be met by efforts targeted at identifying regulatory motifs,
understanding how they quantitatively affect the production of gene’s transcripts given their promoter context, and
examining their combinatorial interplays with TFs, so that the dynamics underlying the transcriptional genetic circuit can
be studied more accurately. To this end, my laboratory will address these challenges using the MED method to study two
fundamental questions: (1) how evolution has designed and selected regulatory principles across species, from
prokaryotes such as E. coli to eukaryotes such as yeast S. cerevisiae and S. pombe, by cataloging transcriptional
reoulatory principles in each species and comparmcr them, and (2) how TFs mterpret a genome’s transcriptional programs
via interactions with regulatory motifs,'”>' and how such interpretation is affected by protein post-translational
modifications. Spec1ﬁcally, in the first objective, my laboratory will derive regulatory functions like those shown in Fig.
1 for all motifs present in the yeast S. cerevisiage genome as recently determined experimentally by chromatin
immunoprecipitation™, along with regulatory functions involving other attributes of promoter context such as exact motif
sequence and motif-motif co-occurrence. I foresee that this kind of dataset can potentially be useful to the synthetic
biology community, for whom one major goal is to construct biological systems with desired properties using a priori
knowledge of constituent parts.” My laboratory will also study the evolution of regulatory principles across kingdoms
and phyla using bacterial genomes such as E. coli and other yeast genomes such as S. pombe as model organisms. In
addition, my laboratory will pursue the elucidation of genetic, biochemical, and biophysical mechanisms by which motif
context controls transcription, for instance, by examining protein domains of TFs or structures of promoters — e.g., the
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level of stress-induced duplex destabilization® — that might be responsible for determining the geometry at which a motif
has maximal effect. In the second objective, since the quantitative level of influence (or activity) of each TF on gene
expression under a set of environmental conditions can also be derived from MED, my laboratory will study how the
relationship between such levels of influence of TF and its concentration is affected by protein post-translational
modifications, such as phosphorylations or co-factors, etc.; and how such relationship affects gene expression. Finally,
on the theoretical side, my laboratory will pursue the improvement of the MED method to (a) allow the explicit treatment
of motif-motif functional interactions, an important biological feature of eukaryotic genomes, (b) make it even more
flexible vis-a-vis the incorporation of experimental data, and (c) develop user-friendly software for the community at
large.
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Figure 1: Illustration of four principles of transcription regulation derived from the MED method. Shown are short-range, mid-range, long
range, and orieniation dependent regulatory modes represented by the PAC/RRPE, MCB, and RAP1 motifs, respectively. Top panels are functions that
describe the dependency of motif strength — the quantitative level of motif’s influence on gene expression level — on the distance measured in the
number of base pairs from the translation start site denoted as ATG. Bottom panels are the corresponding degree of gene co-expression as measured by
the average pairwise expression correlation derived from experimental data, which agree well with MED’s prediction. These figures are discussed in
great detail in reference 18.

In summary, one of the grand challenges of 21% century biology is to quantitatively understand cellular
physiology in terms of its underlying genetic regulatory networks, and to employ such knowledge to engineer new
biological systems with desired novel properties. To achieve this, it is necessary to understand the operating principles
determining the dynamics of transcriptional regulatory networks. This is the path that my laboratory will undertake.
Using MED as a starting point, and given my interdisciplinary training in mathematics, physics, chemistry, computer
science, and recently molecular biology/genetics, my laboratory is in a unique position to tackle such grand challenge of
biology, which is to understand not only how genomes encode properties of organisms, but also how genetic information
becomes dynamic and is translated in a regulated and coherent way using quantitative knowledge of the transcriptional
process learned from this proposed research.
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