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Center Overview
The Systems Biology Center New York (SBCNY), funded by the National Institute of General Medical
Sciences, has

researchers and educators from Mount Sinai School of Medicine, Courant Institute of

Mathematical Sciences - NYU, Stony Brook University, The City University of New York (CUNY) and IBM T.J.
Watson Research Center. We want to understand how the effects of molecular interactions are propagated
across scales of organization from cells to tissues and organs affecting physiology and pathophysiology. We
posit that the dynamic organization of motifs (regulatory loops) within multi-scale networks provides the basis
for propagation of effects across scales from molecules to cells to tissues. We study drug action at a genomic
scale to understand and predict adverse events. Drugs have their effects by reorganizing network topology
across these scales. We study selected processes in the heart and brain to test these hypotheses. The goals
of the Systems Biology Center New York are to develop and disseminate approaches that provide a
mechanistic understanding of how molecular interactions within regulatory networks in cells lead to the
physiological function of tissues and organs, and how therapeutic agents affect cellular regulatory networks to
alter pathophysiological states i.e. "the therapeutic implications of the design logic of scalability in mammalian
systems".

Summer Program Description
The Systems Biology Center New York Summer Undergraduate Research Program offers research fellowships
to students from the undergraduate colleges of The City University of New York (CUNY) entering their junior or
senior years to conduct Systems Biology research in the laboratories of members of the Center. We have high
interest in students who have plans to pursue PhD or MD/PhD degree programs after completion of their
undergraduate studies. The program aims to attract students who major in computer science, engineering,
mathematics and the biological sciences and express interest in learning computational techniques and how to
quantitatively model biological processes. The Center provides the students with a stipend during the full-time
10 week training period. All students conduct individual research projects under a mentor and present a poster
summarizing the project at the end of the fellowship.
For information about the SBCNY 2010 Summer Fellows, please visit: http://sbcny.org/2010_program.htm
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Analysis of Regulatory Motifs Dynamics in Cellular Signaling Kinetic Models
Anam Ahmed1, 2, Simon Hardy1, 3
1

2
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Systems Biology Center New York (SBCNY), Queens College, The City University of New York, Department of Pharmacology and System
Therapeutics, Mount Sinai School of Medicine, New York, NY

The cell uses complex networks of interacting components in order to process information in response to extracellular and intracellular
environmental changes. These networks are made up of genes and proteins interacting in regulatory motifs. Regulatory motifs can be
defined as simple patterns of activation and inhibition, such as positive and negative feedback loops. The dynamics of regulatory motifs
are commonly modeled and analyzed with differential equations, but the topology of the interactions may not be explicit from the calculations. To create a more intuitive representation of how cellular components interact, we use Petri nets to build dynamic graphs to
represent the dynamics of regulatory motifs. We create the interaction network representation of an ODE model, divide it into its topological signaling components and animate it with concentration and flux values in order to construct a dynamic network representation
of numerical simulation data. We demonstrate the utility of this method using two established models of cellular regulatory systems: a
2+
model of the cell cycle (1) and a model of Ca /calmodulin-dependent protein kinase (2). Results with the first model show that the ar-

rangement of cyclin-dependent kinases in feed-forward loops (FFLs) allows for these loops to activate different proteins at different
phases of the cell cycle depending on the effect of the regulatory steps of the FFL (+ or -). In the second system, we explore the interaction of multiple signaling pathways to form networks that have properties that individual pathways do not. A dynamic representation
of the CaMKII network shows that bistability and sustained CAMKII activity is due to the interaction of the CAMKII pathway with the
cAMP pathway and with a positive PKC-MAPK feedback loop within a nested feedforward motif.
1. A Csika'sz-Nagyi, O Kapuy, A Toth, C PaI, LJ Jensen, F Uhlamann, JJ Tyson, B Novak, Cell cycle regulation by feed-forward loops
coupling transcription and phosphorylation, Molecular Systems Biology, 5: 1-6 (2009)
2. US Bhalla, R Iyengar, Emergent Properties of Networks of Biological Signaling Pathways, Science, 283: 381-386 (1999).

Integration and Dimensionality Reduction of CMAP and ChEA
Fred Clark Jr.1, 3, Lawrence Sirovich1, 2, Avi Ma’ayan1, 2
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Systems Biology Center New York (SBCNY), Department of Pharmacology and Systems Therapeutics, Mount Sinai School of Medicine, New York, NY
3
USA; Electrical Engineering Department, Fairleigh Dickinson University, Teaneck, NJ USA

For this project we attempt to integrate and analyze two datasets: CMAP and ChEA. The Connectivity MAP (CMAP) project uses microarrays to profile the genome-wide expression changes effects of drugs on human cancer cell lines. The effect of ~6000 drug perturbations using ~1300 different drugs on gene expression is recorded in the CMAP database. Correspondingly, the ChIP Enrichment
Analysis (ChEA) project is a collection of ChIP experiments profiling transcription factors and their putatively identified gene targets. In
this project we utilize singular value decomposition (SVD) to assess the dimensionality of each dataset and examine how these two
dataset correlate. Reconciling these resources using dimensionality reduction analysis will allow us to discover specific molecular regulatory mechanisms responsible for drug induced changes in gene expression in human cells as well as design drug combinations that
could be used to control specific transcription factor activity.

Combining Comparative Genomics and Quantitative PCR to Create a Rapid, Low Cost Method to
Identify Clinical Pathogens
Dmitriy Gorenshteyn1, 2, Syed Hasan2, Gabriel Deards2, Fredrik A.Spangler2, and Noel L.Goddard2
1

2

Systems Biology Center of New York (SBCNY), Mount Sinai School of Medicine; Department of Physics and Astronomy, Hunter College, City
University of New York

Microbiological diagnostics such as selective culturing have long been the standard for biochemical identification of clinical species, but
are limited by the potentially lengthy time to secure a diagnosis. Several molecular technologies have improved the speed of diagnosis,
but have seen limited clinical use due to their specialized instrumentation, requirement for trained personnel, and cost. We propose a
novel molecular approach, combining the power of comparative genomics with quantitative PCR, which eliminates the need for costly
secondary probes, antibodies, or downstream sequencing used in current molecular approaches. A comparative genomics search revealed gene targets that were unique to genus, species, or serovar. A combination of these targets is the “fingerprint” for an organism.
We designed primers to query these targets and demonstrate their selectivity on a set of 20 bacterial genomes. The primers successfully discriminated between 2 closely related (>99%) serovars of S.enterica.

Temporal Integration of Dopamine and Glutamate Inputs into the Striatum
Syeda Hussaini1, 2, Susana Neves2, 3
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College of Staten Island, Systems Biology Center New York, Department of Pharmacology Systems and Therapeutics Mount Sinai School of
Medicine, New York, NY

Signaling pathways integrate multiple extracellular signals over time to modulate cellular output. Computational models allow us to
recapitulate the dynamics of binding and enzymatic reactions that give rise to signaling pathways, and to predict a cell response. The
striatum, a region implicated in several pathologies such as Parkinson’s disease, drug addiction and schizophrenia, integrates inputs
from the cortex and the ventral tegmental area. These inputs are glutamate (Glu) and dopamine (DA), key neurotransmitters involved
in producing reward-dependent learning. Glu binds to its receptor mGluR, a Gq- coupled receptor on the membrane and stimulates the
exchange of GDP for GTP producing active Gq-GTP. The active Gq stimulates phospholipase C (PLC), which converts PIP2, a lipid, to
diacylglycerol (DAG) and IP3. IP3 binds to the IP3 receptor on the ER membrane in a cooperative manner and allows Ca++ ions stored
in the ER to flux into the cytoplasm. DAG is eventually degraded to phosphatidylcholine (PC) while IP3 is degraded to inositol. DA
binds to D1 receptor a Gs-coupled receptor. DA levels at the synapse are enhanced by exposure to drugs of abuse such as cocaine
and amphetamines, since these compounds block the clearance of DA from the synapse. D1R activation leads to stimulation of adenylyl cyclase (AC) which catalyses the synthesis of cyclic adenosine monophosphate (cAMP). cAMP stimulates protein kinase A (PKA),
and ultimately activates the cAMP element binding protein (CREB) in the nucleus, which is responsible for the cell’s change in gene
expression. Cytoplasmic increases in Ca++ modulate the activity of adenylyl cyclase. AC5 activity is inhibited by increases in Ca++,
while AC8 activity is enhanced. We have developed a computational model of ordinary differential equations that recapitulates experimental published data. In our model we have included IP3 generation and cytoplasmic Ca++ increases by Glu. We have also incorporated DA- D1R dependent cAMP synthesis. We have examined the temporal integration of Glu and DA inputs at the level of DAG,
IP3, cAMP and cyctoplasmic Ca++. This approach allows us to quantitatively predict the temporal summation capacity of striatal neurons to closely spaced inputs.

Modeling the Effects of Mesenchymal Stem Cells on Cardiomyocyte Electrophysiology
Bijay Kharel, Kevin D. Costa
System Biology Center New York, Department of Pharmacology and System Therapeutics, Mount Sinai School of Medicine, New York, NY

Mesenchymal stem cells (MSC) are considered promising as cell therapies for cardiac repair and regeneration to treat heart diseases
such as myocardial infarction. Supporting this idea, our laboratory has demonstrated that 3-D engineered cardiac tissues (ECT),
created from neonatal rat cardiomyocytes (NRCM) in collagen, exhibit enhanced contractile force and improved electrophysiology (i.e.,
reduced activation threshold voltage for pacing) when co-cultured with adult rat MSC. On the other hand, Chang et al. (Circulation,
2006) found that NRCM-MSC co-culture, using standard 2-D in vitro conditions, showed increased proarrhythmic potential due to
reduced conduction velocity compared to NRCM-only cultures, raising concerns about the benefits of MSC therapies. To help resolve
such apparent inconsistencies, we sought to develop a mathematical model of the electrical interaction of MSC with cardiomyocytes.
MSC are similar to cardiac fibroblasts in that they both express the gap junction protein connexin-43, and form electrical connections
with NRCM. Therefore, our approach was to adapt the model of MacCannell et al. (Biophys J, 2007), which was designed to study the
electrical interaction between cardiac myocytes and fibroblasts. That model study showed that fibroblasts, with time- and voltage-gated
+
K currents and a resting membrane potential of -40 mV, could cause adverse changes to the action potential of a coupled

cardiomyocyte, including reduction of plateau height, and shortening of the action potential duration. However, depolarization of
cardiomyocyte resting membrane potential was minimal, even with a 10-fold increase in the relative size of fibroblasts coupled to each
myocyte. To examine this cell size effect, we therefore used digital microscopy and image processing to measure the size of several
relevant non-cardiomyocyte cell types, namely adult rat MSC, neonatal rat cardiac fibroblasts (NRCM), and adult rat cardiac fibroblasts
(ARCF). Our data revealed that MSC diameter (20.6 ± 5.6 µm, n = 155) was significantly larger (p < 0.01) than ARCF (17.3 ± 3.4 µm, n
= 197) and NRCF (14.1 ± 1.8 µm, n = 66). However, the difference was less than the increase modeled by MacCannell. Therefore,
+
coupling of MSC with cardiomyocytes may slightly raise the resting membrane potential without causing inactivation of Na channels,

resulting in a smaller applied stimulus required to reach the threshold potential and induce contraction, consistent with our data in
engineered cardiac tissues. Such model studies help to enhance our understanding of how mesenchymal stem cells interact with host
myocardium, hopefully leading to new and improved cell therapies for heart diseases such as myocardial infarction.

Regulatory Signatures of Cancer Cell Lines Inferred from Expression Data
Jayanth (Jay) Krishnan1, 2, Avi Ma’ayan2
1

2

Mahopac High School, Mahopac, NY 10541, System Biology Center New York (SBCNY), Department of Pharmacology and System Therapeutics,
Mount Sinai School of Medicine, New York 10029

While gene expression data is widely available describing mRNA levels in different cancer cells lines, the molecular regulatory
mechanisms responsible for these changes are still poorly understood. Here we developed a rationale approach to infer regulatory
mechanisms governing changes in gene expression by integrating datasets of protein/DNA interactions, protein-protein interactions and
kinase-substrate interactions collected from prior biological knowledge. We first utilize data obtained from genome-wide ChIP-on-chip
and ChIP-Seq experiments to connect mRNA expression levels of the NCI-60 cancer cell lines to the transcription factors most likely
regulating them. These identified transcription factors are then “connected”, using known protein-protein interactions, to form cancer
specific sub-networks. Within these sub-networks we assess the enrichment for protein kinase substrates to infer the protein kinases
likely regulating these complexes. Finally, using quantitative comparison of the up and down regulated genes for each cancer cell line,
and genes affected by FDA approved drugs applied to cancer cells, we predict the mechanisms of action of these drugs. Following this
path, from changes in gene expression to transcription factors to protein kinases we can provide a more thorough understanding of the
regulatory mechanisms behind the observed mRNA levels in the NCI-60 cancer cell lines and other cancer cells. This approach
proposes mechanisms of action for drugs. Wet lab experimental validation of this approach is still necessary, it can be done using
single drugs or combinations of them.

Parameter Sensitivity Analysis of Ca2+ Spark Using Stochastic Simulation and Regression
Guangyang Li1, Eric A. Sobie2
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2

City College of New York, Systems Biology Center New York (SBCNY), Department of Pharmacology and Systems Therapeutics, Mount Sinai School
of Medicine, New York, NY

A cardiac Ca2+ spark is the local release of Ca2+ from the sarcoplasmic reticulum (SR) through a cluster of ryanodine receptors (RyRs).
The release is the elementary Ca

2+

signaling event of excitation-contraction coupling in cardiac myocytes.

To study the parameter dependence of Ca2+ sparks, we used a combination of simulating stochastic model of Ca2+ sparks and the partial least squares (PLS) regression method to analyze the parameter sensitivity of 19 parameters which might influence the spark dura2+
tion, area of total [Ca ] release, peak of spark, and the spark probability. We generated a stochastic simulation of 2000 trials as the
2+

population of Ca

sparks used for PLS regression.

The results of parameter sensitivity analysis showed that the volume of junction SR has the largest effect on the area of Ca2+ sparks,
2+

and RyR closing rate is the only parameter which contributes the duration of Ca

sparks significantly. Most significantly, Ca2+ concen-

tration in the network SR significantly contributes on the area, peak, and probability of Ca2+ sparks, while Ca2+ diffusion rate through
2+
RyRs has a large effect on both peak and probability of Ca spark. The PLS regression analysis also suggested that generating a si-

mulation of 200 trials is sufficient to find parameter sensitivity.

Integrating Genome-wide Chip-Chip & Chip-Seq Studies Profiling Histone Modifications
Victor Nnah2, Avi Ma'ayan1
1

Systems Biology Center New York, Department of Pharmacology & Systems Therapeutics, Mount Sinai School of Medicine, One Gustave L. Levy
2
Place, New York NY; Department of Biology, Lehman College, City University of New York, New York, NY

Histones are a family of eukaryotic nuclear proteins that organize DNA strands into nucleosomes by forming molecular complexes
around which the DNA winds. Nucleosomes, the basic unit of packing, comprise of an octamer of histone molecules, which consists of
an H3–H4 tetramer and two H2A–H2B dimers. The development of massively parallel fast short reads of DNA sequences is a promising
technique to profile histone modifications at a genome-wide scale. The goal of this project is to integrate histone post translational
modifications data from disparate studies to obtain a global picture of histone modifications in mammalian cells. We collected data from
ChIP-seq experiments to view globally the epigenetic landscape of the cell. We obtained data from 20 different ChIP-seq experiments
profiling histone modifications in embryonic stem cells. Seven of these experiments were profiling single methylations, while 13 were
profiling tri-methylations. We first extracted the genes that contained the height peaks in their proximity, and then compared the lists of
genes extracted from each experiment to themselves as well as to libraries of gene lists from prior biological knowledge.

Data Integration and Analysis of SILAC Phosphoproteomics Applied to Mammalian Cells
Pedro Pagan1, 3, Marylens Hernandez1, 2, Avi Ma’ayan1, 2
1

2

Systems Biology Center New York (SBCNY), Department of Pharmacology and Systems Therapeutics, Mount Sinai School of Medicine, New York,
3
NY, USA; Hunter College, City University of New York, New York, NY

Quantitative data generated by stable isotope labeling by amino acids in cell culture (SILAC) phospho-proteomics experiments provide
detailed information on the overall phosphorylation state change under two different conditions. Integration of such data can be used to
unveil kinase cascade pathways as well as unravel the regulatory axis of the kinome regulatory network. By computing the overlap of
newly discovered sets of phosphorylation sites (phospho-sites) with sets from prior SILAC experiments, the prior studies can be ranked
based on similarity to the new studies. Such comparison can assist in generating new hypotheses about the phospho-sites involvement
in particular cellular responses. For this project we compiled an initial database with data from thirteen previously published SILAC
phospho-proteomics experiments applied to mammalian cells. We examine the overlap between the experiments and assess the dimensionality of the data. The database is delivered as a web-based software application that enables users to compare their lists of
proteins and phospho-sites with those from prior SILAC phospho-proteomics experiments. The application returns p-values of the overlap between the user-provided list and the data from individual SILAC experiments.

Regulatory Network Created from Loss of Function and Gain of Function Studies of Mouse Embryonic
Stem Cells
Zhong Zhuang1, 3, Huilei Xu1, 2, Avi Ma’ayan1, 2
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2

Systems Biology Center New York (SBCNY), Department of Pharmacology and Systems Therapeutics, Mount Sinai School of Medicine, New York,
3
NY, USA; Computer Science Department, Columbia University, New York, NY USA

The advent of genome-wide mRNA microarrays and RNA-seq experiments for studying the regulatory networks controlling mouse
embryonic stem cells (mESCs) ushered a wealth of experimental data. The task of reusing, organizing, integrating and interpreting this
data as a whole becomes critical to understanding the underlying complex regulatory mechanisms that govern stem cell self-renewal
and early differentiation. Specifically, the integration and analysis of mRNA expression in loss of function (LOF) or gain of function
(GOF) experiments applied to mESCs where a single gene was either knocked out or added can be used to reconstruct regulatory
networks among these genes and their protein products. In addition, a library of molecular signatures, of up and down genes for
different LOF or GOF can be cross referenced with information about transcription factors and their putative target genes from chip-chip
and chip-seq studies. Here we describe a new database called LOGOFEA containing 27 experiments, 72 perturbations, and 127257
interactions, describing LOF and GOF experiments applied to mESCs. Such database is utilized as a web-based system that can be
used to perform enrichment analysis to relate new expression data to prior studies. In addition, by combining the content of the
database with chip-chip and chip-seq studies we obtained a signed and directed mESC gene regulatory network. Such data integration
effort can be a useful resource for the stem cell research community.

