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explanation of the cell-to-cell variation in the mRNA and protein levels for
various recently investigated systems in a unified manner. Our analysis of
mRNA counting statistics in Escherichia coli shows that the transcription of
an active gene is a strongly non-Poisson process whose rate coefficient is a
dynamic stochastic variable with either oscillatory or monotonically decaying
time correlation function (TCF). The shape of the TCF of the rate coefficient
has an important consequence for the cellular control over the transcriptional
noise. This work demonstrates a promising, new approach in quantitative
biology, attempting to make complex dynamics of chemical reactions in
living cells and its biological consequence accessible to a rigorous mathemat-
ical description.

3290-Pos Board B498
Stochastic Analysis of Coagulation and Fragmentation of Self-Assembly by
Solving Discrete Chemical Master Equation (dCME) with Acme
Farid Manuchehrfar1, Wei Tian1, Tom Chou2, Jie Liang1.
1Bioengineering, UIC, Chicago, IL, USA, 2Biomathematics & Mathematics,
UCLA, Los Angeles, CA, USA.
Coagulation and fragmentation (CF) is a process in which particles aggregate
into clusters and clusters break down into smaller clusters or particles. This
ubiquitous process plays important roles in life-threatening diseases such as
Alzheimer’s disease and brain shrinkage. This process often happens in
confined space with limited number of particles, and thus the behavior of the
system is highly stochastic. A fundamental approach to study CF and its sto-
chasticity is through solving the corresponding Discrete Chemical Master
Equation (dCME), which provides exact descriptions of the time-evolving
and the steady states of the system of biochemical reaction networks. However,
current models of CF have limitations. For instance, stochastic simulation algo-
rithm has difficult in sampling rare events and its convergence is difficult to
determine. The error in the reconstructed steady-state probability distribution
is also often unknown. Recent theoretical models consider the process as one
dimensional and do not account for attachment, detachment, synthesis and
degradation together. Here we study CF by solving the dCME exactly using
the newly developed ACME method [1][2], and investigate systematically
how synthesis, degradation, attachment and detachment of molecular particles
affect the behavior of a CF system. In addition, we examine the effects of
dimensionality of clusters. We demonstrate how these factors may have pro-
found impacts on system behavior. Systematic analysis of the CF process as
described in this study can help in further understanding their roles in biological
problems such as amyloid-beta aggregation in neurodegenerative disease and
actin cable formation.
[1] Youfang Cao, Anna Terebus, and Jie Liang, SIAMMultiscale Modeling and
Simulation, 2016. 14(2):923-963. [2] Youfang Cao, Anna Terebus, and Jie
Liang, Bulletin of Mathematical Biology, 2016. 78(4):617-661.
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The functional interpretation of genetic variation in disease-associated genes
is far outpaced by data generation. Existing algorithms for prediction of
variant consequences do not adequately distinguish pathogenic variants
from benign rare variants. This lack of statistical and bioinformatics analyses,
accompanied by an ever-increasing number of identified variants in biomed-
ical research and clinical applications, has become a major challenge. Estab-
lished methods to predict the functional effect of genetic variation use the
degree of amino acid conservation across species in linear protein sequence
alignment. More recent methods include the spatial distribution pattern of
known patient and control variants. Here, we propose to combine the linear
conservation and spatial constrained based scores to devise a novel score
that incorporates 3-dimensional structural properties of amino acid residues,
such as the solvent-accessible surface area, degree of flexibility, secondary
structure propensity and binding tendency, to quantify the effect of amino
acid substitutions. For this study, we develop a framework for large-scale
mapping of established linear sequence-based paralog and ortholog conserva-
tion scores onto the tertiary structures of human proteins. This framework can
be utilized to map the spatial distribution of mutations on solved protein struc-
tures as well as homology models. As a proof of concept, using a homology
model of the human Nav1.2 voltage-gated sodium channel structure, we
observe spatial clustering in distinct domains of mutations, associated with
Autism Spectrum Disorder (>20 variants) and Epilepsy (>100 variants),
that exert opposing effects on channel function. We are currently character-
izing all variants (>300k individuals) found in ClinVar, the largest disease
variant database, as well as variants identified in >140k individuals from gen-
eral population. The variant mapping framework and our score, informed with
structural information, will be useful in identifying structural motifs of pro-
teins associated with disease risk.
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Bacterial batch cultures in rich media are punctuated by differing substrate
utilization patterns with corresponding changes in pH associated with the
excreted metabolites. Salmonella typhimurium is an intracellular pathogen
that is capable of replicating in highly acidic conditions such as macrophages.
However, the biological mechanism which allows S.typhimurium to replicate
in such hostile environments is still unclear. S.typhimurium grown in anaer-
obic conditions in LB displays an intriguing pH profile and a diauxic growth
pattern, where the maximum growth rate corresponds to acidification of the
surrounding medium, followed by a period of alkalization and a secondary
growth burst corresponding to another cycle of acidification. We performed
a high-throughput growth screen of a library of S.typhimurium non-essential
gene deletions in anaerobic conditions and identified genes that are involved
in the different phases of growth of S. typhimurium. We found that S.typhimu-
rium follows distinct substrate utilization patterns in each phase of growth and
that mutants that are unable to perform alkalization of the growth medium
lack the observed secondary growth burst. We discovered that deletions of
two genes epmA and epmB, that help alleviate translational pausing at poly-
proline stretches, are unable to perform alkalization of the growth medium
and hence have lower secondary growth rates. We postulate that S.typhimu-
rium’s growth advantage in low pH environments is conferred by global trans-
lational reprogramming allowing for easy switching between different
metabolic states.
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Tyrosine kinase inhibitors (TKIs) are a class of cancer therapeutics that have
been linked with serious cardiotoxicity including left ventricular dysfunction,
heart failure, and QT prolongation.To elucidate mechanistic details and
develop therapeutic strategies to either mitigate or reverse these cardiotoxic-
ities, we have performed computational analysis using in-vitro data based quan-
titative systems pharmacology (QSP) modeling. Specifically, we have
integrated mRNAseq data with mathematical models descriptive of hypertro-
phy and excitation-contraction (EC) coupling, both of which have been impli-
cated in TKI-induced cardiotoxicity. The mRNAseq data used in this analysis is
an open-access data from the Drug Toxicity Signature Generation (DToxS)
Center at Mount Sinai. Using the approach described above, we have evaluated
the hypertrophic risk of 27 FDA approved TKIs under different physiological
conditions which includes stimuli such as isoproterenol and endothelin-1. The
simulations predict that, as a class, the TKIs induce an increase in cellular hy-
pertrophic risk compared with 17 non-cardiotoxic control drugs. Interestingly,
this augmented hypertrophic risk was especially pronounced in simulations that
calculated effects of physiological stimuli such as endothelin-1 and epineph-
rine, suggesting a ‘‘two hit’’ hypothesis in which cancer therapeutics make car-
diac myocytes more susceptible to environmental cues. Finally, a secondary
analysis on simulation results identified nodes that are part of classical cardiac
survival pathway, such as ERK1/2 and JNK, and their downstream effectors
such as GATA4 and CREB, as potential convergent mechanisms for drug-
induced toxicities. Overall, this analysis integrating genome-scale expression
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