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Welcome
to the Eighth Annual Symposium on
Biomedical Computation at Stanford (BCATS).
This student-run, one-day symposium provides an open,
interdisciplinary forum for Stanford students and post-docs
to share their latest work in computational biology and
medicine with others from Stanford and beyond. Since its
inception in 1999, BCATS has seen growth and change in
the field of biomedical computation. This year’s schedule
features diverse, cutting-edge research from the Stanford
community.
We thank our keynote speakers, student presenters,
judges, sponsors, volunteers and all 2007 attendees.
The BCATS 2007 organizing committee:
Annie P. Chiang, Biomedical Informatics
Yael Garten, Biomedical Informatics
Jennifer Hicks, Mechanical Engineering
Marc A. Schaub, Computer Science
Marina Sirota, Biomedical Informatics


Bio-X is a Stanford University program supporting interdisciplinary work
related to biology. The program is a joint project of the Schools of
Humanities and Sciences, Engineering, Earth Sciences, and Medicine.
Physics, chemistry, engineering, and computer science are combined in
approaching important basic and applied problems in biology and medicine.
Bio-X is designed to build community and communication.
The Bio-X Program which reaches across the university to over 350 faculty
and over 55 departments is facilitated by the James H. Clark Center, which
was completed in 2003 thanks to the enormous generosity of
Jim Clark and Atlantic Philanthropies.
The Clark Center comprises the equipment, resources and utilities required
to conduct breakthrough research at the cutting edge of engineering,
science and medicine.

For more information on Bio-X,
visit our website at:
http://biox.stanford.edu
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NIH Center for Biomedical Computation

Interested in how biocomputation
is changing Biology and Medicine?
Sign up for a free subscription at:
www.BiomedicalComputationReview.org

Problems with developing, distributing,
or finding biosimulation software?

Join the biosimulation supersite.
Register for a free account at: www.simtk.org

Looking for simulation software,
models, and other bio-resources?
Find your answers at: www.simbiome.org

Interested in collaborating on important
computational biological problems?
Visit us at: http://simbios.stanford.edu
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fields and in the industry. Our more than 900 scientists have consistently published important papers in prestigious
journals and have secured approximately 6,700 patents worldwide (with another 5,600 pending). Genentech’s
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pursue important scientific questions, but also to watch an idea move from the laboratory into development and
out into the clinic. We are proud of our long history of groundbreaking science leading to first-in-class therapies,
and we hope you’ll consider joining us as we continue the tradition.

Genentech is a proud sponsor of the 2007 Biomedical Computation at
Stanford (BCATS) Conference & Symposium.
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BCATS Keynote Speaker

Pavel A. Pevzner, PhD
University of California San Diego
Ronald R. Taylor Professor of Computer Science
Biography
Dr. Pevzner is the Ronald R. Taylor Professor of Computer Science and Director of the Center for Algorithmic
and Systems Biology at the University of California, San Diego. He received his PhD in 1988 from Moscow
Institute of Physics and Technology, Russia. Dr. Pevzner authored the graduate textbook Computational Molecular Biology: An Algorithmic Approach in 2000 and coauthored the undergraduate textbook Introduction to
Bioinformatics Algorithms in 2004 with Neil Jones. He was named a Howard Hughes Medical Institute Professor
in 2006.
Keynote Address

Shotgun Protein Sequencing of Snake Venoms
Advances in tandem mass-spectrometry steadily increase the rate of generation of tandem (MS/MS) spectra.
As a result, the existing approaches that compare spectra against databases are already facing a bottleneck,
particularly when interpreting spectra of modified peptides. We introduce a new idea that allows one to perform MS/MS search without ever comparing a spectrum against a database. Our approach utilizes spectral
pairs - pairs of spectra from overlapping peptides or from unmodified and modified versions of the same
peptide. While seemingly redundant, spectral pairs open up computational avenues that were never explored
before. Spectral networks (formed by spectral pairs) allow one to greatly reduce the number of noise peaks,
and to generate a small number of peptide reconstructions that are likely to contain the correct one. The
MS/MS database search is thus reduced to fast pattern matching (rather than time-consuming matching of
spectra against databases). In addition to speed, our approach provides a new paradigm for identifying posttranslational modifications and de novo shotgun protein sequencing. We illustrate the applications of spectral
networks to shotgun protein sequencing of snake venoms.
This is joint work with Nuno Bandeira at UCSD and Karl Clauser at the Broad Institute.

12
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Peter K. Sorger, PhD
Harvard Medical School
Professor of Systems Biology
Biography
Peter Sorger is a Professor of Systems Biology at Harvard Medical School and holds a joint appointment in
MIT’s Dept. of Biological Engineering. He received his A.B. from Harvard College, Ph.D. from Trinity College
Cambridge, U.K. and trained as a postdoctoral fellow with Harold Varmus and Andrew Murray at the University
of California, San Francisco. Sorger was co-founder of the MIT systems biology program CSBi, Merrimack Pharmaceuticals and Glencoe Software and serves on the scientific advisory and corporate boards of several other
technology companies. He is director of the Center for Cell Decision Processes, an NIGMS-funded Center of
Excellence in Systems Biology.
Prof. Sorger’s lab of graduate students, postdoctoral fellows and staff scientists is involved in both computational and experimental biology. The mechanisms that maintain genomic integrity are a major area of interest.
When healthy cells divide, chromosomes are partitioned among daughter cells with great fidelity. However,
in cancer cells, this fidelity is lost and cells exhibit genomic instability. It is thought that genomic instability
plays an important role in the accumulation of genetic mutations during the development of cancer. The
long term goal of the Sorger lab’s research is to identify the molecular lesions that cause genomic instability,
to determine their frequency in normal and cancerous cells and to develop improved means to kill selectively
diseased cells.
Keynote Address

Modeling a Snap Action Variable Relay Switch Controlling Cell Death
Caspases, the proteases that dismantle apoptotic cells, normally switch from off to on in an all-or-none process
that enforces an unambiguous choice between life and death. To understand the operation of this switch in
quantitative terms we have constructed a mass-action mathematical model of receptor-mediated cell death
triggered by TNF and TRAIL based on known reaction pathways and trained the model on data from single
cells perturbed by protein depletion, over-expression, or inhibition. We find that receptor-mediated cell death
is characterized by sudden and efficient cleavage of caspase substrates (over a 10-15 min period), but only
after a remarkably long delay (1 to 12 hr), whose duration and variance depend on ligand dose and identity.
Thus, caspase regulatory pathways simultaneously achieve snap-action activation, long and variable delay
and high efficiency; it is not sufficient that all processes be fast. We hypothesize that variable delay generates
a tunable dose-dependent behavior at a population level from a binary decision at a single-cell level.

13
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Gerard A. Ateshian, PhD
Columbia University
Professor of Mechanical Engineering and Biomedical Engineering
Biography
Gerard Ateshian is a Professor of Mechanical Engineering and Biomedical Engineering at Columbia University.
He received his PhD in Mechanical Engineering at Columbia University in 1991, and was appointed Assistant
Professor at Columbia in that year. He helped establish the Department of Biomedical Engineering and served
as the vice-chair of the Biomedical Engineering program from 1999 to 2002.
Dr. Ateshian received the Y.C. Fung Young Investigator Award from the American Society of Mechanical Engineering (ASME) in 1997, and the Great Teacher Award from the Society of Columbia Graduates in 2002. He
became a member of the American Institute of Medical and Biological Engineers in 2003 and a Fellow of ASME
in 2007. Serving as director of the Musculoskeletal Biomechanics Laboratory at Columbia, Dr. Ateshian is a
leading authority in the field of cartilage mechanics and biotribology, joint mechanics and imaging, soft tissue
mechanics and transport, cell mechanics, and tissue engineering.

Keynote Address
Computational Modeling of Biological Tissues Using Mixture Theory: Positing New Hypotheses and
Testing them Experimentally
The application of continuum mechanics to the analysis of biological tissues and cells continues to expand
today, incorporating modern concepts of mixture theory to understand the complex interactions of solid, solvent and solute constituents. The complexity of these mixture models naturally increases with the need to describe complex mechanics phenomena at the tissue and cellular levels, such as the frictional properties of porous-permeable articular cartilage, partial volume recovery of cells to osmotic loading, and residual stresses in
the arterial wall resulting from growth and remodeling. Analytical solutions to canonical problems, which are
essential for understanding these mechanisms, become more difficult to formulate when modeling multiple
mixture constituents and accounting for osmotic and electromechanical effects, due to their inherent nonlinear nature. Computational models which can address such coupled mechano-electrochemical phenomena
remain in their infancy. Their widespread dissemination will bring new and essential tools for biomedical
engineers in their effort to understand biological and physiological phenomena. These computational tools
may help formulate important new hypotheses to describe observed phenomena hitherto considered too
difficult to interpret. In this presentation examples will be provided where novel scientific hypotheses were
posited on the basis of theoretical and computational predictions from mixture models, and subsequently
validated experimentally.

14
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Douglas A. Lauffenburger, PhD
Massachusetts Institute of Technology
Uncas and Helen Whitaker Professor of Bioengineering
Director of the Biological Engineering Division
Biography
Douglas A. Lauffenburger is the Uncas & Helen Whitaker Professor of Bioengineering and Head of the Department of Biological Engineering at MIT, and also holds appointments in the Departments of Biology and
Chemical Engineering. He is a member of the Biotechnology Process Engineering Center, Center for Biomedical Engineering, Center for Cancer Research, and Center for Environmental Health Sciences, and serves on the
Steering Committee of the Computational & Systems Biology Initiative.
Prof. Lauffenburger has served as a consultant or scientific advisory board member for the Burroughs-Wellcome Fund, the Whitaker Foundation, and many biomedical companies. A few of his awards include the Pierre
Galletti Award, the W.H. Walker Award, and the Distinguished Lecture Award from BMES. He is a member of
the National Academy of Engineering and of the American Academy of Arts & Sciences, and has served as
President of the Biomedical Engineering Society.
Dr. Lauffenburger’s major research interests are in cell engineering: the fusion of engineering with molecular
cell biology. A central focus of his research program is in receptor-mediated cell communication and intracellular signal transduction, with emphasis on development of predictive computational models derived from
quantitative experimental studies, for cell cue/signal/response relationships important in pathophysiology
with application to drug discovery and development.
Keynote Address

Quantitative Multi-pathway Analysis of the EGF Receptor Signaling Network and its Governance of
Cell Behavior
Cell behavioral functions are controlled by biomolecular networks that translate stimulatory cues (e.g., ligand/receptor binding interactions) into intracellular signals, which in turn regulate transcriptional and posttranscriptional, metabolic, and cytoskeletal processes that effect proximal and ultimate cell responses. While
there is a growing body of work enhancing our understanding of how intracellular signals are generated by
cue-mediated receptor activation, an exceptionally difficult challenge at the present time is to understand
how these signals operate in integrated manner to govern cell phenotypic behavior. We are attempting to
address this question via a combination of quantitative, dynamic protein-centric experimental manipulations
and measurements with a spectrum of computational mining and modeling approaches. This talk will present an overview of our perspective and approach, along with a specific example vignette describing work
aimed at understanding how the Epidermal Growth Factor Receptor signaling network operation helps govern human epithelial cell behaviors.
15
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H. Jill Lin
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Predicting Cancer Genotype from
Imaging
Purpose:
Oncogene-addiction is a biological phenomenon whereby tumors following oncogene-inactivation exhibit dramatic regression. This phenomenon is widely appreciated clinically with the emergence of oncogene targeted therapies that expose a subset of human malignancies
with this phenotype. Hence, novel methods are needed for identifying
this sub-population of oncogene-addicted cancer patients and predicting response to treatment. In this study, we constructed prediction algorithms based on the positional and volumetric information extracted
from non-invasive serial microCT scans of tumors of different genotypes
in mouse models that resemble the oncogene-addicted tumors in human
cancers.

Phuoc T. Tran
Jarrett Rosenberg
Pavan K. Bendapudi
Dean Felsher
David S. Paik

Materials and Methods:
We used 17 oncogene-induced lung tumor nodules from two separate conditional transgenic mouse models,
an oncogene-addicted model and a non-oncogene addicted model. These tumors were tracked prospectively using non-invasive serial microCT technique. We quantified tumor progression from microCT images and
tumor volumes were computed using level set methods. Tumor regression half-lives were used to represent
the temporal changes in lung tumors after oncogene inactivation. In addition, we extracted tumor positional
information from imaging based on two categories: upper/lower lung and attachment/detachment to the
pleural surface. Using tumor positions and half-lives as predictors, logistic regression analysis was performed
to predict the oncogene-addicted tumors. In addition, support vector machine (SVM) and leave-one-out
techniques were used to predict the genotype of tumors based on three serial weekly microCT scans at the
initiation of oncogene inactivation.
Results:
We were able to express the differences between the tumor regression of oncogene-addicted and non-oncogene-addicted models mathematically. The differences between the half-lives of the two mouse models
are statistically significant (p<0.0034). Given the half-lives and the positional information of these tumors, we
were able to correctly classify the oncogene-adcicted tumors with 83% accuracy and with the area under ROC
curve being 0.96. Furthermore, using the volumes extracted from three serial weekly microCT imaging, we
were able to predict the genotypes of these tumors with 92% accuracy.
Conclusion:
Our data suggests that using tumor positional information and changes in tumor volume over time from serial
imaging, we were able to correctly classify oncogene-addicted versus non-oncogene-addicted tumors with
high accuracy. These findings imply that without the need for genotyping of tumor tissue biopsy samples, one
can predict genotype-dependent tumor behavior based on quantitative serial imaging.
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2

Improving Protein Structure Prediction
with Molecular Dynamics Simulations

Dariya S.
Glazer

Purpose:
As Structural Genomics projects rapidly release solved 3D structures of proteins with unknown function, the problem of structure based function prediction becomes of paramount importance. Current methods that identify
possible protein functions based on structure examine only the static structures of the molecules. However, these methods do not perform well when
faced with the structural artifacts that are caused by the environment in which
the structures are obtained, for example crystal packing conditions in X-ray
crystallography. In order to examine whether standard structure based function
prediction methods could benefit from examining conformational space of the molecules and evaluating many structures for each molecule, we coupled molecular dynamics simulations, which
generate structural diversity, with FEATURE[1], a machine learning Bayesian algorithm that identifies sites of
interest based on evaluating physico-chemical 3D environments, and examined FEATURE’s effectiveness in
finding Ca2+ binding sites.

Randal J. Radmer
Russ B. Altman

Materials and Methods:
We examined two complementary structures from the Protein Data Bank (PDB) of 5 different Ca2+ binding
molecules: Holo, solved with Ca2+ bound to the structure, 1B9A, 1K96, 1I40, 3DNI, 1K94, and Apo, without
Ca2+ present, 1B8C, 1K8U, 1MJW, 1DNK, 1F4Q. 1ns MD simulations of the 10 structures were created using
GROMACS[2]. Structures generated by the simulations were examined every 2.5ps by FEATURE for presence
of favorable Ca2+ binding conformations.
Results:
There are 11 Ca2+ binding sites in the 5 molecules that are well documented in literature. 10 sites are shared
by Holo and their respective Apo structures, and 1B9A and 1MJW structures have an extra site. Applying FEATURE to the 10 static structures in a standard way reveals 6 Ca2+ binding sites in the Holo structures and only 2
in the Apo structures. MD simulations successfully generate enough structural diversity over the course of 1ns
to yield structures with favorable Ca2+ binding conformations that are not evident in the starting structures.
When applied to the structure sets generated by the MD simulations FEATURE revealed 3 additional Ca2+
binding sites in the Holo structures and 6 additional ones in the Apo structures.
Conclusion:
Employing MD simulations improved effectiveness of FEATURE to predict Ca2+ binding sites 1.5 - 4 fold. Treating molecules as dynamic with structural diversity generating methods allows structure based function prediction methods to examine them in more states, thus increasing efficiency of putative predictions.
URL: http://helix-web.stanford.edu/people/glazer/figures/ProjectOverviewLandscape.gif
References:
Wei, L. and Altman, R.B., PSB: Pacific Symposium of Biocomputing. 1998: Maui, HI. p. 497.
Lindahl, E., Hess, B., and van der Spoel, D., J Mol Modeling, 2001. 7: p. 306.
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Samuel
Gross

CONTRAST: A Discriminative,
Phylogeny-free Approach to Multiple
Informant De Novo Gene Prediction

Purpose:
Despite extensive efforts to comprehensively annotate the location and
structure of protein-coding genes in the human genome, the human gene
catalog remains far from complete. The most recent release of the CCDS
database, which provides a consensus set of known human genes, contains
16,008 genes, only about 65-80% of the projected total. Annotations of other vertebrate genomes are far less complete. It has become clear that completing a vertebrate gene catalog using the standard method of randomly
sequencing mRNA libraries is not currently feasible. As a result, large-scale
projects aiming to identify novel protein-coding genes through experimental
validation of computational predictions are now underway. We present CONTRAST
(CONditionally TRAined Search for Transcripts), a gene predictor which will expedite such efforts by
providing significantly more accurate de novo predictions than were previously available.

Chuong B. Do
Marina Sirota
Serafim
Batzoglou

Materials and Methods:
CONTRAST predicts protein-coding genes from a multiple genomic alignment using a combination of discriminative machine learning techniques. A two-stage approach is used, in which output from local classifiers
is combined with a global model of gene structure. CONTRAST is trained using a novel procedure designed to
maximize expected coding region boundary detection accuracy. Because CONTRAST uses information from
multiple alignments in a direct manner, it is able to avoid the cumbersome evolutionary models found in previous de novo gene predictors.
Results:
CONTRAST represents a large increase in accuracy over the previous state-of-the-art method, N-SCAN. Whereas N-SCAN’s exact gene and exon sensitivities were 36% and 84%, respectively, CONTRAST achieves 59% exact
gene sensitivity and 93% exact exon sensitivity, along with comparable increases in specificity. N-SCAN’s
exon overlap is 91.2%, meaning 8.8% of the known exons in a human evaluation set did not overlap any of
its predicted exons. CONTRAST achieved an exon overlap sensitivity of 96.9%, identifying thousands of exons
completely missed by N-SCAN.
Conclusion:
The success of CONTRAST has important methodological and practical implications. CONTRAST is the first de
novo gene prediction method that successfully leverages multiple alignments to improve upon state-of-theart performance in a vertebrate. In particular, N-SCAN was not able to derive a significant benefit from making
use of multiple alignments (as opposed to two-genome alignments) despite being designed expressly for this
purpose. CONTRAST is able to generate significantly more accurate de novo predictions than previous systems, providing a valuable annotation resource and furthering the goal of obtaining a complete gene catalog
for the human and other genomes.
URL: http://contra.stanford.edu/contrast
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Contact Analysis for Biphasic Model of
Cartilage Indentation
Introduction:
Indentation testing is used to test cartilage material properties (1). Previous models of indentation testing have assumed frictionless (2), adhesive (3)
and frictional (4) contact between the indenter and cartilage surface. Contact
conditions have a marked effect in other cartilage models (5,6). We examined
the effects of frictionless, adhesive and frictional contact on computationallyderived indentation tests using the linear biphasic model of cartilage. We then
determined whether frictional contact, instead of frictionless or adhesive contact,
changes the calculated material properties for experimental data.

talk

4

Katy
Keenan

Lampros Kourtis
Gary Beaupre

Methods:
Adhesive and frictional contact were simulated using ABAQUS (SIMULIA, Providence, RI) with friction values,
μ= ∞; and μ =0.26, respectively. First, 27 computationally-derived creep curves were calculated for various
cartilage thicknesses (1.0-3.0mm), aggregate moduli (0.3-1.5MPa) and permeabilities (0.1-8.1E-15m4/Ns). Second, 13 experimental creep indentation tests were performed. The CIRS method (7) was used to calculate
material properties from experimental data.
Results:
The computationally-derived curves were different for the three contact conditions. In 23 of 27 simulations,
the frictionless model was less stiff than the frictional model. In all simulations, the adhesive model was stiffer than the frictional model. Experimentally, the aggregate moduli from the frictionless model were always
greater than or equal to those from the frictional model; the percent error ranged from 0.0% to +10.4%. The
percent error of the moduli from the adhesive model ranged from -4.8% to +4.2%. The errors for the permeability varied over a substantial range: -33.3% to +31.3% for the frictionless model and -27.78% to +22.22% for
the adhesive model.
Discussion:
For the exact same input parameters, computationally-derived curves from frictionless and adhesive contact
did not match those from frictional contact. When calculating the material properties for experimental data,
the frictionless and adhesive models did not produce the same material properties as the frictional model.
Originally, frictionless and adhesive contact in the biphasic creep indentation test model were necessary simplifications. With advances in contact algorithms, general purpose finite element solvers can perform frictional contact in elastic or poro-elastic models. Contact conditions have a substantial effect on indentation tests
and argue for the use of frictional contact when modeling cartilage indentation tests.
References:
1) Mow et al., 1989; 2) Setton et al., 1994; 3) Athanasiou et al., 1991;
4) Li & Herzog, 2006; 5) Spilker et al., 1990; 6) Zhang et al., 1997;
7) Keenan et al., 2007.
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The Molecular Phenotype of Aging

Purpose:
Sarah
Human aging correlates with a gradual decline in most physiological systems;
steadily atrophy and weaken (1), organ performance declines (2) and
Kummerfeld wemuscles
are at greater risk of disease. A first step to preventing age-related decline

Stuart Kim

is understanding the molecular mechanisms involved.
The molecular basis of age-related physiological decline is not well understood.
Recent human studies have used microarrays to identify changes in gene expression patterns between young and old individuals in kidney, muscle and brain (3-6). Others have identified factors that
seem to increase the rate of aging/occur with age, e.g. oxidative damage, telomere shortening, inflammation
and programmed cell death are all implicated in the aging process (7).
We aimed to quantitatively compare aging with these suspected decline-inducing external factors in order to
determine which (if any) show common expression profiles. Further, we aim to identify yet unknown conditions/diseases that show similarity to aging.
Materials and Methods:
We compared expression profiles of age-regulated expression to a range of whole-genome gene expression
studies (e.g. cancer, inflammation). A challenge in devising a methodology was ensuring meaningful comparisons across a diverse range of experiments. For each aging dataset we calculated the change in expression
with age for each gene. Next, for over 200 expression studies (downloaded from GEO, 8) we computed the
change between normal and treated samples (e.g. normal vs. cancer) for each gene. These values depict the
variation in expression associated with each condition independent of experiments/platform. By calculating
the correlation between these values for the aging sets and each of the 200 expression studies, we identified
conditions that closely resemble aging. We used permutation analysis to assess significance.
Results and Conclusion:
We identified 52 studies that closely resemble kidney aging and 85 for muscle. While there was overlap between the two groups (e.g. cancers, infection and obesity), many were unique to either kidney or muscle; this
is consistent with previous findings that tissues aging differently (3). Kidney showed strong similarly to inflammation and physical stress while muscle had a similar profile to cellular senescence. These results indicate that
some of the previously implicated age-inducing factors do closely resemble the expression profile of aging in
addition to other previously non-correlated conditions.
References:
1 Doherty, J Ap Phys, 2003
2 Hoang et al. Kidney Int, 2003
3 Rodwell et al. PLoS bio, 2004
4 Welle et al. Exp Gerontol, 2004
5 Zahn et al. PLoS bio, 2006
6 Lu et al. Nature, 2004
7 Johnson et al. Cell, 1999
8 Edgar et al. Nuc Acid Res, 2002
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Learning Signaling Pathway Structures
from Single Cell Measurements of
Network Subsets

talk
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Karen Sachs

Purpose and Background:
The aggregate of intuitive inferences from small scale experiments once
used to decipher the structure of signaling pathways is currently being replaced by more automated methods, capable of integrating information
from heterogeneous, large scale, often noisy datasets which may defy intuition. In earlier work, we demonstrated the de novo reconstruction of signaling pathway structure in human CD4+ T-cells, using multivariate, highthroughput single cell flow cytometric data. (Sachs et. al, Science, 2005 Apr
22) Our large (5,400 measurements) dataset was analyzed using a Bayesian
network structure inference algorithm, yielding a highly accurate map of influence relationships in the signaling pathway. The application of this approach
depends upon the ability to measure the full set of signaling molecules simultaneously, in order to enable the consideration of all possible dependency relationships in the global
model. Simultaneous measurements are crucial for finding correct edges, as well as excluding superfluous
ones. However, because of the limitations of the measurement technology, as our set of variables of interest
grows, it becomes increasingly hard (or impossible) to measure all the variables simultaneously. Therefore, in
order to build models containing more variables than the number we can measure simultaneously, we must
overcome this requirement. Here, we describe a method for scaling up the number of variables in the inferred
model, by measuring relevant subsets of the total variable set in multiple experiments.

Dana Pe’er
Shigeru Okumura
Dennis Mitchell
Garry Nolan

Methods:
In this approach, informative variable subsets are identified in a small set of preliminary experiments, using bounded (typically pairwise) metrics, and a dataset of informative subset measurements is subsequently
compiled. Bayesian network structure inference is performed by constraining the search space based on the
measured informative subsets, yielding a global model of pathway interactions. The approach is an iterative,
active learning approach: in each iteration, we perform a series of experiments, refine the resulting model,
and suggest the optimal set of experiments for the next iteration.
Results:
Application of this algorithm to data from the original model yields a very similar result, validating the approach. We are currently applying this algorithm to a new set of data measuring MAPK signaling pathway
members in primary B cells.
URL: http://web.mit.edu/~karens/www/bcats.html
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Large-Scale Reconstruction and
Phylogenetic Analysis of Metabolic
Growth Environments

Elhanan Purpose:
Analysis of the topology of metabolic networks can provide important insights
not only into the metabolic capacity of the species under study, but also into the
environments (or habitats) in which these species evolved. This work
Borenstein growth
presents the first large-scale reconstruction and analysis of metabolic environMartin Kupiec
Marc Feldman
Eytan Ruppin

ments and traces their evolutionary history.

Materials and Methods:
We constructed the metabolic networks of 478 species, integrating data from
a large-scale metabolic reaction database. We used a novel graph-theory based
algorithm to decompose each network into its core structural components and
to identify within each network a minimal set of seed compounds that must be
exogenously acquired and that can hence serve as a proxy for the habitat of each
species. We then applied an array of phylogenetic analyses to these seed sets and used
them to reconstruct a phylogenetic tree of life.

Results:
The composition of the seed sets obtained by our analysis is shown to be significantly correlated with several
properties characterizing the various species’ habitats (salinity, oxygen requirements, temperature range and
host-specificity), and to agree with numerous biological observations concerning major adaptation events
involving the utilization of certain compounds from the environment.
Phylogenetic analysis of the seed sets suggests that novel compounds tend to be integrated into metabolic
networks initially as externally acquired seed compounds, and only later lose their seed role as the synthesis
of these compounds from new seeds evolves. Such dynamics are likely to be the outcome of adaptation to
changing environments and support the retrograde model of network evolution.
Remarkably, we additionally find that a phylogenetic tree that was reconstructed based on seed content alone
(forming, on average, only 10% of the metabolites in the network), is as accurate as a tree based on the entire
set of occurring compounds and successfully partitions the various taxonomic groups.
Conclusion:
Our analysis sheds light on the dynamics by which organisms successfully evolve and adapt to a wide range
of environmental niches by utilizing novel compounds present in the environment. Furthermore, the concordance of a phylogenetic tree based on seed compounds with a gene-based tree suggests that genetic
changes generally occur at the same pace as eco-physiological changes. The successful ‘reverse-engineering’
reconstruction of environments from metabolic networks and the phylogenetic analysis of their evolution
presented here can serve to further study the evolutionary dynamics and forces that shape the interplay between living organisms and their habitats.
URL: http://www.stanford.edu/~ebo/EOE
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Are Constraints Necessary to Model
Biological Joints?
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Ajay Seth

Purpose :
Accurately describing the kinematics of biological systems is critical for understanding the morphology and function of biomechanisms. To capture
the geometrical relationships present in biological joints, like the human
knee, many degrees-of-freedom (DOFs) are used to describe the motion
and then constraints are applied to restrict motion to be consistent with experimental data. Unfortunately, adding DOFs and constraints proportionally increases the computational costs of generating simulations. Whether simulating the
molecular dynamics of thousands of interconnected atoms or controlling complex skeletal
models, minimal formulations of system dynamics are sought to bolster computing efficiency and increase
the practicality of simulation. The aim of this study was to develop a methodology to exploit specified joint
geometry to obtain a minimum set of motion coordinates and eliminate constraints.

Michael Sherman
Frank Anderson
Scott Delp

Materials and Methods:
Musculoskeletal models used to study human locomotion have modeled the knee as a planar 3 DOF joint that
allows for translations of the tibia due to the geometry of the femoral condyles during knee flexion [1]. In vivo,
bone contact and ligaments maintain the integrity of the joint which produces a coupled rotation and translation movement of the tibia. Translations are described as functions of the knee flexion angle determined by
cadaveric experiments [1] and enforced in the model as kinematic constraints. This knee model requires 3
DOF + 2 constraints = 5 system equations. Current recursive multibody dynamics solvers [2] (like SimbodyTM
[3]) systematically formulate the relative (6D) motion between parent and child bodies in terms of m (<=6)
motion coordinates or mobilities and apply this mapping to reduce the number of dynamical equations. A
mobilizer is essentially the 6D spatial motion mapping from m mobilities. We generalized the mapping to include any continuous function of the mobility and its states (coordinates and speeds). In customizing a knee
mobilizer, the translations of the tibia were embedded as spline functions of the knee-flexion angle.
Results:
We developed a custom mobilizer to model the knee as a 1 DOF joint with no constraints. Our custom 1 DOF
mobilizer generated identical knee kinematics and reproduced musculoskeletal simulations that were equivalent to the lower extremity models that employed kinematic constraints.
Conclusion:
We demonstrated a novel mobilizer formulation that eliminated constraints and reduced the number of system of equations used to model the knee from 5 to 1 without sacrificing the kinematic accuracy of the model.
These developments are very exciting for both improving the biofidelity of biomechanical models and reducing the often prohibitive cost of simulation.
References:
1. Yamaguchi, G.T., Zajac, F.E., 1989. J. Biomech, 22, 1-10.
2. Jain, A. et al., 1993, J. Comp Phys, 106, 258-268.
3. https://simtk.org/home/simbody
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Paula M.
Petrone
Christopher D.
Snow
Del Lucent
Vijay S. Pande

Gating Mechanisms in the Ribosome
Exit Tunnel
Purpose:
During translation, nascent proteins exit the ribosome via a long, central tunnel. While the exit tunnel is a critical ribosome component, few details are
known about its function, due to the great experimental challenges of this
system. Current characterization of the tunnel environment depicts the
tunnel as a passive gateway for proteins, though recent experiments(1)
indicate that the tunnel might act as a protein-selective regulator of translation. We perform thermodynamic sampling of unprecedented scale with
the purpose of studying the affinity of the tunnel for different amino acid
species. We report a dynamic valve at the end of the tunnel, mediated by
rRNA-protein interactions, as well as hot-spots and binding crevices for different amino acids.

Materials and Methods:
We calculated a potential of mean force (PMF) for tryptophan, alanine, isoleucine, lysine and aspartate in order
to probe the sensitivity of the tunnel environment to aromatic, small, hydrophobic and charged species. We
started from an all-atom model (~80000 atoms) of a fragment of the ribosome Haloarcula Marismortui (pdb
1S72) including the exit tunnel and surrounding areas (Fig.1). Amino acid probes were inserted in the ribosome model (Fig.2) and tethered to points on a grid (anchors) by a harmonic potential. Positional data was
analyzed using WHAM(2) algorithm, extended to 3 dimensions.
Results:
All free-energy profiles of amino acids in the tunnel are markedly different, indicating that the interior of the
tunnel is indeed sensitive to the variation in chemical species (Fig.3). However, all profiles have a surprising
feature in common: a free-energy barrier lies at the tunnel’s exit.
What is the structural cause of this obstruction? In our trajectories, we identify a flexible RNA segment (gate)
and nearby positively charged residues from ribosomal protein L39 (latch). The gate obstructs the tunnel by
approaching the latch. (http://www.stanford.edu/~ppetrone/Ribosome/Ribotour.mov).
Conclusions:
Bridging cutting-edge computation and experiment, our work contributes to a new perspective on the regulatory functions of the ribosome tunnel as a protein-sensitive channel.
Figures and Movies:
http://www.stanford.edu/~ppetrone/Ribosome/BCATSweb.pdf
References:
1. H. Nakatogawa, K. Ito, Chembiochem 5, 48 (Jan 3, 2004).
2. A. Ferrenberg, Swendsen, Robert, Physical Review Letters 63, 1195 (1989).
3. J. Dresios, I. L. Derkatch, S. W. Liebman, D. Synetos, Biochemistry 39, 7236 (Jun 20, 2000).
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Automatic Generation of One Million
Structured Digital Abstracts
Purpose:
The Structured Digital Abstract Consortium is a group of researchers and publishers engaged in producing machine-readable summaries of the biomedical literature. These summaries, or Structured Digital Abstracts (SDAs), are to
a machine what a text abstract is to a human: a concise description of the
factual content of the article.

talk
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Balaji S.
Srinivasan

Rion Snow
Kim Branson
Materials and Methods:
Vijay S. Pande
Biomedical classification systems like the Gene Ontology (GO) have proven invaluable for converting disordered collections of free text into machine-readAndrew Ng
able knowledge representations. However, the scalability of these ontologies
is currently limited because they are populated manually from the literature at
Russ Altman
great expense. Here, we present an algorithm which removes this limitation by
Serafim
automatically extracting ontological relationships from a massive corpus of more
than 1 million full text biomedical articles. We define the set of ontological relationships
Batzoglou
asserted in each article to be its “Structured Digital Abstract” or SDA.
In more detail, our algorithm uses a small training set of biological objects with known relationships such as
‘is_a’ or ‘regulates_a’ to find the lexico-syntactic patterns which specify these relationships in plain text. These
learned patterns are then used to find many more examples of objects which satisfy these relationships. Importantly, our method (1) requires no manual specification of regular expressions, (2) is able to move beyond
simple co-occurrences to learn directional relationships (e.g. “X localized_to Y”), and (3) returns a probabilistic
estimate for the truth of each ontological relationship.
Results:
We demonstrate that our algorithm is capable of extracting dozens of different kinds of ontological relationships from free text, ranging from gene localizations to chemical modifications to anatomical structures. Moreover, we show that the algorithm recapitulates large ontologies such as GO with better than 80% sensitivity at
95% specificity, and that it expands the set of known ontological relationships by an order of magnitude.
Conclusion:
By reducing each paper to the ontological relationships asserted therein, we have shown that it is possible to
automatically convert unstructured free text into tables of machine-readable facts, or Structured Digital Abstracts. Moreover, by creating SDAs for more than 1 million articles representing roughly 7% of PubMed, we
have shown that it is computationally feasible to generate SDAs for every biomedical article ever published.
We anticipate that the implications of machine-readable content summary for intelligent search, indexing,
and modeling will be significant.
URL: http://sdabstract.org
References:
R. Snow, et al. Semantic taxonomy induction from heterogeneous evidence. Proc. of COLING/ACL 2006.
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Integrated Genomic Analysis of DNA
Copy Number and Gene Expression
Patterns in Colorectal Cancer
spotlight

Keyan Salari
Robert Tibshirani
Jonathan R. Pollack

Purpose:
DNA copy number alterations (CNAs) frequently underlie gene expression changes in cancer cells by increasing or decreasing gene dosage.
However, only a subset of genes with altered dosage exhibit concordant
changes in gene expression. As such genes are more likely to be “driver”
cancer genes, we developed a tool to identify this subset of genes.

Material and Methods:
Twenty-nine colorectal cancer cell lines were profiled by array-based comparative
genomic hybridization (array-CGH) to measure DNA copy number changes, and by gene expression microarrays. We developed a tool, DR-Integrator (DNA/RNA-Integrator), to perform integrative analyses on data
derived from aCGH and gene expression microarray experiments performed on the same samples. DR-Integrator has been implemented in R, with a graphical user interface available for MS Excel.
DR-Correlation: To identify genes with correlated DNA copy number and gene expression, we implemented
three statistics: (1) a Pearson’s correlation; (2) a Spearman’s rank correlation; (3) a t-test between the gene expression values of the samples with the smallest and largest DNA copy numbers.
DR-SAM: To identify genes with both differentially altered copy number and gene expression between two
sample groupings, we implemented a set of statistics derived from the sum of two modified t-tests, comparing between groups both the DNA copy numbers and the gene expression values.
False discovery rates (FDR) were estimated using random permutations of data.
Results:
Overall 6% of genes (961 of 15274) had DNA copy number changes that significantly correlated with gene expression changes (Pearson’s r > 0.51; FDR < 0.05). Several regions harboring known cancer genes were found
to have correlated DNA copy number and gene expression values (e.g., the tumor suppressor gene SMAD4
on 18q21.1). DR-SAM analysis revealed a number of genes with significantly-differentially altered DNA copy
number and gene expression when comparing cell lines exhibiting chromosomal instability vs. microsatellite
instability (MSI). Gene ontology enrichment analysis showed metallothionein protein family members to be
highly enriched in cell lines exhibiting MSI (FDR=0), consistent with a previous report of this protein family
comprising a MSI gene signature [1].
Conclusions:
Array-CGH profiling often generates a long list of genomic regions purported to have CNAs, which include
numerous “passenger” genes that are either co-amplified or co-deleted with a “driver” oncogene or tumor
suppressor gene. We developed DR-Integrator, a tool that identifies CNAs underlying changes in gene expression, thereby more readily suggesting candidate “driver” cancer genes.
References:
[1] Giacomini et al., Cancer Res. 2005
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An Improved Algorithm for poster
Femoropopliteal Artery Centerline
Restoration Using Calcifications and
spotlight
Prior Knowledge of Shapes
Purpose:
Accurate vessel centerlines are essential for comprehensive visualization in
contrast enhanced CT Angiography. Time consuming manual tracking is
needed when automated methods fail to track centerlines through severely diseased and occluded vessels. A previously described algorithm, partial
vector space projection (PVSP) [1], uses vessel shape information from a database to bridge occlusions, but suffers increasing inaccuracy above occlusion lengths of 120mm. We introduce a new algorithm, intermediate point
detection (IPD), which uses calcified plaque to find one most useful point
within the occlusion to improve the estimate from PVSP.

12

Tejas
Rakshe

Dominik
Fleischmann
Justus Roos
Jarrett Rosenberg
Sandy Napel

Materials and Methods:
Candidates for calcified plaque were automatically identified on axial CT slices in a restricted region around
the estimate obtained from PVSP. A modified Canny edge detector identified the edge of the calcified plaque
and a convex polygon fit was used to find the edge of the calcification bordering the wall of the vessel on a
2X interpolated image. The Hough transform for circles estimated the center of the vessel on the slice. Various
scores were defined to characterize this center, a weighted sum of which defined a net score representing the
potential benefit of using this center for improving the centerline.
Results:
All experiments were performed with the femoropopliteal (FP) centerline. 44 occlusions of lengths up to
398mm, from 30 patients with peripheral arterial occlusive disease were tracked manually by 4 radiologists
twice each. The mean was used as gold standard. For the PVSP we used centerlines from these 30 patients,
along with centerlines from 30 normal subjects. For each occlusion, PVSP operated using the 59 remaining
subjects in the database. Occlusions longer than 80mm (N=20) were processed with the IPD algorithm, provided calcification was found (N=14). For each of these occlusions, the coefficients of weighted sum were
found using 13 remaining training samples. The error, defined as maximum point-wise distance from gold
standard, was less than 3mm (smallest radius of FP artery [2]) in 42 of 44 occlusions. The IPD algorithm improved or did not change the error in 11 of 14 occlusions. In these cases the mean improvement was 35%.
Conclusion:
The new algorithm used vessel calcifications, common in occluded arterial segments, to improve significantly
the estimate of centerlines. The results were clinically useful and close to human reader precision in most
cases. Our technique holds great promise for automating the display and subsequent assessment of occluded
peripheral arteries.
URL: http://www.stanford.edu/~rakshe/BCATS2007.html
References:
1) Rakshe et al., Medical Image Analysis, 11, 2007, 157-168.
2) Sandgren et al., J Vasc Surg, 29, 1999, 503-520.
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Knowledge-Based Coarse-Grained
Modeling of RNA Structure

Magdalena A.
Jonikas

Purpose:
Functional RNA molecules such as ribozymes, transfer RNAs and riboswitches have complex three-dimensional structures that enable them
to play catalytic or structural roles in the cell. Knowing the structure of
these molecules is critical to understanding their functions. However,
predicting RNA structure from primary sequence remains a significant
challenge. We have developed the Nucleic Acid Simulation Tool (NAST),
a software package that builds coarse-grained models of RNA structures
in a fully automated fashion.

Randall J. Radmer
Alain Laederach
Russ B. Altman Methods:

NAST has a built in molecular dynamics engine with an energy function informed by
the statistics of known RNA structures. We also incorporate any available secondary structure
and tertiary contact information for the target molecule into the energy function. We generate a diverse set
of candidate models by adding nucleotides sequentially into the system with an element of randomness, and
letting the energy of the structure stabilize before adding the subsequent nucleotide. Using this approach,
we generate several thousand candidate structures and filter them based on agreement with hydroxyl radical
footprinting data.
Results:
We have used NAST to model tRNA with an RMSd of 8.0 Å to the solved crystal structure. We have also modeled the P4-P6 independently folding subunit of the Tetrahymena thermophila group I intron with an RMSd
of 9.7 Å. We have also used NAST to model the missing helices in the solved crystal structure of the complete
T. thermophila group I intron.
Conclusion:
Because of its low computational requirements, flexibility in incorporating experimental data, and ability to
model both small and large molecules, NAST is a useful tool for modeling RNA structures. It requires no RNA
modeling expertise from the user, needs only limited information about the secondary and tertiary structure,
and can run on either a single computer or a large cluster of computers. Its primary advantages are (1) the use
of empirical RNA geometric distributions to create plausible RNA structures, (2) relatively fast modeling using
single point per base models, and (3) the ability to incorporate experimental data as filters on the resulting
models.
URL: https://simtk.org/home/nast
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Quantification of In Vivo Mitral Valve poster
Material Properties Using an
Inverse Finite Element Analysis
spotlight
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Gaurav
Krishnamurthy

Purpose:
Mitral valve (MV) disease affects ~3 million adults each year in the
United States. Surgical valve repair is preferred but valve replacement
can be required. Replacement involves implantation of a mechanical
or tissue valve, which is associated with anticoagulation/thromboembolic complications and less than ideal durability, respectively. To
overcome these limitations, a currently important research goal is to
create bioengineered tissue valves. A key component of this thrust is to
understand more completely the structure and function of native valves.
Toward this end, we carried out a surgical experiment and used an inverse
finite element analysis to define, for the first time, the material properties of
MV leaflets, in vivo.

Daniel B.Ennis
Akinobu Itoh
Wolfgang Bothe
D. Craig Miller
Neil B. Ingels

Materials and Methods:
16 miniature radiopaque markers were sewn onto the MV annulus, 16 to the anterior MV leaflet, and one on
each papillary muscle tip in 6 adult male sheep. 4-D coordinates were obtained from simultaneous biplane
videofluoroscopic images of the markers (60 Hz) over three complete cardiac cycles. A finite element model
of the anterior MV leaflet was developed with commercial FEA software using marker coordinates at the end
of isovolumic relaxation (IVR, when pressure difference across the valve is approximately zero), as the stressfree reference state. Leaflet displacements were simulated during IVR using measured left ventricular and
atrial pressures. A response function was computed as the RMS difference between simulated and measured
displacements. The elastic moduli in both the commisure-commisure (Ec) and radial (Er) directions and the
rigidity modulus (Grc) were optimized using the Method of Feasible Directions. The material property values
at the response function global minimum were interpreted to be the in vivo material properties of the MV
anterior leaflet during IVR.
Results:
Group mean±SD of the material properties of the anterior leaflet from 6 animals for 3 heart beats each (i.e.,
18 cardiac cycles) were: Ec= 46±25 N/mm2; Er= 11±3 N/mm2; Grc= 134±27 N/mm2. A paired t-test showed
confirmed significant material anisotropy (Ec vs Er, P<0.05). One-way ANOVA demonstrated no inter-group
variability for Er.
Conclusion:
These results are the first measurement of the in vivo material properties of the MV leaflet. These values are
larger than previously reported in vitro studies (Ec=6 N/mm2, Er=2 N/mm2)[1] of the anterior MV leaflet, which
could have important implications, not only to our understanding of mitral valve physiology in the beating
heart, but for providing additional information to aid the development of more durable tissue-engineered
bioprosthetic valves.
References:
[1] Kunzelman et al., J. Heart Valve Dis. 1993;2:326-340
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Automated Methods for Mapping
Cancer Cell Signaling Networks Using
Flow Cytometry
spotlight
Purpose:
The past 30 years of cancer research has greatly improved our understanding
of the individual genetic perturbations responsible for cancer. Despite this
progress, an integrated understanding of the effect of these individual perturbations on cell physiology has remained elusive. To obtain an accurate, holistic understanding of the combined effects of multiple genetic perturbations
on cell physiology, systems-level data and automatic methods for systems-level
analysis are needed. Here we develop automated, principled methods to visualize
and analyze systems-level flow cytometry cancer data, and apply our methods to previously
published clinical follicular data.

Jonathan R.
Karr
Markus W.
Covert

Materials and Methods:
We developed a web-based application, Network Analyzer, which 1) performs Bayesian structural inference on
and 2) animates network diagrams with systems-level flow cytometry data. First, Network Analyzer assumes
a Gaussian error model to discretize each dimension of the data. Next, Network Analyzer queries the user
for prior information about the signaling network of interest. This is used to generate constraints on Bayesian structural inference. Bayesian structural inference is performed by a Metropolis algorithm. Next Network
Analyzer uses the prior information submitted by the user to generate a network diagram of the signaling
network. Finally Network Analyzer animates the diagram.
We applied Network Analyzer to follicular lymphoma flow cytometry data of CD20, p38, Btk, Lck, Cbl, Erk, Syk,
Bcl-2, and Igl from six patients observed at six time points. The data included observations of tumor B cells as
well as tumor-infiltrating non-tumor B cells and T cells.
Results:
Preliminary results show that we are able to make qualitatively similar inferences to those acheieved by manual inspection previously reported by Irish et al. (2006). Moreover, the inference is performed in much less time
with far less user input.
Conclusion:
Network Analyzer provides a novel framework which enables users to automatically perform systems-level
analysis and visualization of clinical systems-level data. Furthermore Network Analyzer provides a platform
upon which to compare signaling networks across multiple patients to enable users to build consensus models of dysfunctional signaling networks. In the future, with additional data on the response to therapy and
clinical outcomes of various patients, we plan to extend Network Analyzer to cluster patients on their signaling network to predict likely clinical courses and responses to treatments.
URL: http://covertlab.stanford.edu/networkanalyzer
References:
[1] Irish, J. et al. Altered B-cell receptor signaling kinetics distinguish human follicular lymphoma B cells from
tumor-infiltrating nonmalignant B cells. Blood 108, 3135-42 (2006).
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Identifying Protein Complexes in
Saccharomyces cerevisiae
Motivation:
The identification of protein complexes on a genome-wide scale is an open problem that has recently been illuminated by two high-throughput Tandem Affinity
Purification / Mass Spectrometry (TAP/MS) studies on Saccharomyces cerevisiae [1, 2]. While preliminary analytical methods have successfully found biologically relevant clusters in the noisy and incomplete TAP/MS data [3,4], no clearly
superior complex identification method exists. High-quality, comprehensive
complex predictions are a necessary foundation for the understanding of cellular pathways through computational models. Thus, we propose a method that
incorporates multiple sources of evidence to significantly increase the accuracy
and coverage of complex predictions.

poster

16

spotlight

Boyko
Kakaradov
Haidong Wang
Sean Collins
Nevan Krogan
Daphne Koller

Materials and Methods:
Our approach consists of two stages. In the first stage, features for each pair of proteins are derived
from a heterogeneous set of assays including TAP-MS score, GO annotation, cellular localization, and expression correlation. We then use Boosting with logloss to learn a model that predicts the affinities between two
proteins based on the features for the protein pair. The affinity is defined as the likelihood of two proteins
being in the same complex. In the second stage, we compute the affinity scores for all pairs of proteins. We
construct a graph with proteins as its nodes and the inverse of the affinity scores as the distance between the
nodes. We apply hierarchical clustering on the resulting graph to get a set of clusters.
Results:
We compiled a reference complex set of 340 well-known complexes by combining multiple sources: smallscale experiments from SGD and MIPS, and hand-curated lists from collaborating biologists [1, 3]. A recently
published method [4] predicts 400 complexes 66 of which match the reference set perfectly. The following
ablative analysis describes the relative gains produced by different aspects of our approach. Our baseline - hierarchical clustering over the original TAP/MS scores only, predicts 486 complexes of which 77 are perfect. The
use of data integration resulted in 350 predictions including 92 perfect matches.
Conclusion:
Our results show that complementing the TAP/MS score with various indirect evidences improves the complex predictions significantly by mitigating noise and complementing coverage.
References:
[1] Krogan, N.J. et al. “Global landscape of protein complexes in the yeast Saccharomyces cerevisiae” Nature
2006
[2] Gavin, A. C. et al. “Proteome survey reveals modularity of the yeast cell machinery” Nature 2006
[3] Collins, S. et al. “Toward a Comprehensive Atlas of the Physical Interactome of Saccharomyces cerevisiae”
Mol Cell Proteomics 2007 6: 439-450
[4] Pu, S. et al. “Identifying functional modules in the physical interactome of Saccharomyces cerevisiae” Proteomics 2007, 7, 944-960
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In Vivo Abdominal Aortic
3D Deformations Due to
Musculoskeletal Motion
spotlight

Gilwoo
Choi

Purpose:
In vivo, abdominal aortic aneurysm stent grafts are reported to fracture
at a rate of 2-3% [1]. Aortic motions induced by cardiac, respiratory, and
musculoskeletal motions have been hypothesized to cause these fractures. The purpose of this study was to quantify in vivo deformation of
abdominal aorta due to musculoskeletal motion.

Ga Young Suh
Materials and methods:
The abdominal aortas of ten healthy, young subjects (36±9 years)
Christopher P. Cheng were
imaged using contrast enhanced magnetic resonance angiography. Each subject was imaged in four different positions: supine, supine
Lewis K. Shin
with maximum hip rotation to the left (supine-twist), fetal position, and
Charles A. Taylor fetal position with maximum hip rotation to the left (fetal-twist). Each pa-

tient data set was analyzed using custom software [2] to quantify geometric
changes in the abdominal aorta. Bifurcation points were used as landmarks to compute strain, twist rate and change in curvature.
Results:
Significant shortening (-2.5+/-2.3%, p<0.05) was observed in the segment from the celiac trunk to the aortic
bifurcation (12.1+/-0.9cm) with change from supine to fetal position. Twisting of the hip did not induce statistically significant shortening. The radius of curvature at the level of the renal arteries was decreased (p<0.01)
from 41+/-15cm (supine) to 20+/-11cm (fetal). Significant aortic axial twist (0.9+/-0.6°/cm, p<0.01) was observed in all combinations of body positions.
Conclusion:
Musculoskeletal motion induced significant shortening, twisting and change in curvature of the abdominal
aorta. These in vivo loading conditions may improve preclinical testing for predicting device fatigue life as
well as aid in the design of future endovascular aortic devices.
References:
1. Zarins, C.K., Arko, F.R., Crabtree, T. Bloch, D.A., Ouriel, K. Allen, R.C., White, R.A., “Explant analysis of AneuRx
stent grafts: Relationship between structural findings and clinical outcome,” Journal of Vascular Surgery, 40:111, 2004
2. Wilson, N.W., Wang, K., Dutton, R.W., and Taylor, C.A., “A Software Framework for Creating Patient Specific
Geometric Models from Medical Imaging Data for Simulation Based Medical Planning of Vascular Surgery,”
Proceedings of Medical Image Computing and Computer-Assisted Intervention, 449-456, 2001.
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Rapid Generation of 3D Muscle-Driven
Simulations of Human Walking
Purpose:
To treat walking disorders and prevent injuries, it is important to understand the neuromuscular mechanisms involved in human walking. The
central nervous system sends signals to muscles, which contract to produce forces, causing the skeleton to move [1]. The cause-effect relationships between neural signals and skeletal motion during walking are not
well understood. Muscle-driven simulations are powerful tools for studying these cause-effect relationships. Until recently, a detailed 3D muscledriven simulation of half a gait cycle of walking took months of CPU time
to generate [2, 3, 4]. The objective of our study was to generate and evaluate simulations of multiple subjects walking at multiple speeds.
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Chand T.
John

Frank C. Anderson
Eran Guendelman
Jill S. Higginson
Scott L. Delp

Materials and Methods:
Motion and external forces were measured for 2 healthy adult male subjects walking at 3 speeds on a split-belt treadmill. A 3D, 10-segment, 21-degree-of-freedom, 92-muscle
model was scaled to match the size and mass of each subject. For each walking trial, an inverse kinematics
problem was solved to compute the degrees of freedom in the model that best reproduced the subject’s
motion. The degrees of freedom and mass properties of the model were adjusted to reduce inconsistencies
between the forces, mass properties, and motion that often exist in motion capture data [2]. We computed
muscle activations that drove the model to reproduce this motion. For each speed and subject, a 1.5-gaitcycle simulation was generated. In addition, for one trial, a 10-gait-cycle simulation was generated. To our
knowledge, this is the longest walking simulation ever generated with a detailed 3D musculoskeletal model.
These simulations were generated in OpenSim, a freely downloadable, open-source software framework [3].
Results:
Each 1.5-gait-cycle simulation was generated in less than 2 hours on a PC with a 2.8 GHz processor. The 10gait-cycle simulation was generated in under 17 hours. The motion, joint moments, and muscle activations
were generally consistent with measured data and data reported in the literature.
Conclusion:
Detailed 3D muscle-driven simulations of multiple human subjects walking at multiple speeds were generated with relatively low computational cost. In future work, these simulations will be analyzed to investigate
how muscle behavior changes with walking speed. The results will be posted online so that anyone can download the simulations and OpenSim to reproduce and analyze these simulations.
URL: https://simtk.org/docman/view.php/55/783/10gc.avi
References:
[1] Zajac, CRC Crit Rev Biomed Eng, 1989.
[2] Thelen and Anderson, J Biomech, 2006.
[3] Delp et al., IEEE Trans Biomed Eng, in press.
[4] Anderson and Pandy, J Biomech Eng, 2001.
37

october • 27 • 2007

BCATS 2007
Poster Abstracts

39

poster

19

biomedical • computation • at • stanford

A Tandem Aptamer Riboswitch from
Vibrio cholerae Requires Specific
Divalent Ions for Glycine Binding

Purpose:
Riboswitches are usually found in the 5’ untranslated regions of messenger
RNA. They consist of an aptamer domain which binds to ligands, and an expression platform that transmits information about the ligand bound state
to modulate gene expression [1]. Since the sugar-phosphate backbone of
RNA is highly negatively charged, the folding and ligand-binding interactions of riboswitches are strongly dependent on the presence of cations. Although majority of counterions do not bind specifically and instead interact
with RNA as a diffuse ion cloud, many riboswitches require specific ions for ligandbinding to the aptamer domain. A main aim of this research is to quantitate the thermodynamics of substrate - induced conformational changes in the riboswitches and their dependence on counterion concentrations and valencies.

Adelene
Sim
Jan Lipfert

Materials and Methods:
We have recently investigated the tandem aptamer of a glycine-dependent riboswitch from Vibrio cholerae
by SAXS and hydroxyl radical footprinting [2]. The observed conformations of this RNA can be accounted for
by a minimal three state model, featuring an unfolded state (U) under low salt conditions, a partially folded
conformation (M) in millimolar concentrations of Mg2+ in the absence of glycine and a glycine-bound state
(B) in the presence of millimolar concentrations of both glycine and magnesium. Here, we probe the specific
ion requirements of the two conformational transitions.
Results and Conclusion:
The results suggest that the partially folded M state is populated by molar concentrations of monovalent salts
and by millimolar concentrations of any of the tested divalent salts. However, only selected divalent ions are
competent to support the M->B glycine-binding transition. Our findings suggest that the U->M transition is
dominated by relatively unspecific electrostatic screening, while the glycine-binding necessitates specific ion
site-binding.
Poisson-Boltzmann, a mean field theory, can be used to model the electrostatic potential surrounding the
negatively charged RNA. Using low resolution SAXS reconstructions based on the placement of a set of scattering ‘beads’, we show that the Poisson-Boltzmann calculations are able to model how the U->M transition
depends on monovalent ion concentration. This provides further evidence of the electrostatic dependence of
this transition and also verifies that the low resolution structures obtained from SAXS are sufficient to capture
variation in relative energies between the different conformations with changes in salt conditions.
References:
[1] Schwalbe, H., Buck, J., Fertig, B., Noeske, J., & Wohnert, J. (2007) Angew Chem Int Ed Engl 46(8), 1212-1219.
[2] Lipfert, J., Das, R., Chu, V. B., Kudaravalli, M., Boyd, N., Herschlag, D., & Doniach, S. (2007) J. Mol. Biol. 365,
1393-1406.
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Regulatory Motif Discovery: Creation
of Score Matrices for Analysis via
the Method of Zhang et al.
Purpose:
Gene transcription is regulated by the binding of transcriptional proteins to certain short sequences called motifs in gene promoters.
Correlation between gene expression and the presence of certain
promoter elements is an effective means of identifying regulatory
motifs.
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Arwen
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Nancy Ruonan Zhang
Philip Thomas Labo
Materials and Methods:
Zhang et al. (2007) propose a method to combine multivariate expresJohn Boik
sion data with promoter sequence data in this type of analysis, representing

motifs as short nondegenerate words. We improve upon Zhang’s method by replacing the words with position specific score matrices (PSSMs), which capture variation by indicating
the frequency of occurrence of each DNA letter at each position in an alignment of all the instances of the
motif. Furthermore, we have developed a method to create PSSMs by hierarchically clustering a set of words
that are correlated with the expression data.
Results:
The results of tests on yeast cell-cycle data show that this method is effective in finding regulatory motifs. The
program found motifs that were strongly similar to the known regulatory elements MCB, SCB, SWI5, and SFF.
Conclusion:
We have created position specific score matrices to represent regulatory motifs by clustering sets of words
that are correlated with gene expression data. Using the motif analysis method of Zhang et al., we select the
most significant of these motifs. We have shown that this approach is effective for motif discovery based on
tests using yeast cell-cycle data.
References:
Bussemaker, H. J., Li, H. and Siggia, E. D., (2001), Regulatory element detection using correlation with expression. Nature Genetics 27, 167-171.
Chan, H. P., Zhang. N. R., Chen, L. H. Y., (2007), Importance Sampling of Word Patterns in DNA and Protein Sequences.
Harbison, C.T., Gordon, D. B., et al, Transcriptional regulatory code of a eukaryotic genome, Nature
Lee, T. I. Rinaldi, N. J., Robert, R., et al, (2002), Transcriptional Regulatory Networks in Saccharomyces cerevisiae.
Science 298, 799.
Spellman, Sherlock, et al., (1998), Genes of the Yeast Saccharomyces cerervisiae by Microarray Hybridization.
Molecular Biology of the Cell Vol. 9, Issue 12, 3273-3297
Zhang, N.R., Wildermuth, M.C., Speed, T.P., (2007), Transcription Factor Binding Site Prediction with Multivariate Gene Expression Data, Submitted.
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poster Image-based Models of Blood Flow in the
Human Upper Extremity Arteries to Aid
in the Detection of Vascular Trauma

21

Aaron S.
Wang

David H. Liang
Charles A. Taylor

Purpose:
Trauma patients need medical attention quickly to stop major bleeding. While
clinicians in the ER can assess the patient’s hemodynamic status with diagnostic ultrasound (US) in the hospital setting, a portable US device based on an
algorithm to detect major bleeding would be useful for medics in the field.
In this study we demonstrate a physics-based model to characterize normal
blood flow in the upper extremities and evaluate its ability to detect vascular
abnormalities by looking for flows that deviate from the model.

Material and Methods:
The physics-based flow model chosen was the “power-law” that has been established
for blood flow in other organs of the body (e.g. eyes, lungs, heart). The law states that blood flow (Q)
is proportional to the vessel’s diameter (d) taken to a power k, Q proportional to dk, where k is defined by the
bifurcation pattern: dparentk = dchild1k + dchild2k. [1]
To adapt the law for the upper extremities, we performed diagnostic US on 28 arms of healthy volunteers to
determine brachial, ulnar, and radial artery diameters and flows, under rest and exercise (exerting 2.7 watts
with a 30lb grip) conditions. The best-fit k value was then determined for the brachial bifurcation and used in
the “power-law” to predict flows in children vessels given the parent flow.
Three-dimensional pulsatile blood flow simulations of the brachial bifurcation with different size punctures
in the distal radial artery were used to determine the degree of bleeding needed for the flow model to detect
abnormality. The vascular tree was modeled from arm CT images, and diameters and flows were prescribed
from US data collected in this study.
Results:
Arm k values were not statistically significantly different between rest and exercise conditions, so the data sets
were lumped together and the best fit k was determined to be 2.75. The correlation between predicted blood
flow and measured was R2=0.73. 95% of measured flows were within ±1.1 cm3/s range from predicted flows.
Initial simulations of bleeds showed that a puncture that’s only a small fraction of the vessel size was needed
to cause flows to deviate outside the predicted flow range.
Conclusion:
Normal arm blood flow, regardless of physiologic state, can be well characterized and predicted with a k=2.75
“power-law”. Initial simulations show that this model can be used to detect a small bleed and could complement other methods in a comprehensive automatic bleed detection algorithm.
References:
[1] Zamir, M, and Brown, N. Arterial branching in various parts of the cardiovascular system. Am J Anat.
1982;163:295-307.
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Extraction of RNA Structures and Building
of an All-Atom Knowledge-Based
Potential
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Julie
Bernauer

Purpose:
Predicting RNA Tertiary structures is a notoriously difficult problem. The difficulty arises from sufficient conformation sampling as well as an accurate force
field. In this study, we aim to develop an all-atom knowledge based RNA potential, which can discriminate RNA decoy sets from their native structures and
guide our sampling for RNA Tertiary structure prediction. Knowledge based
techniques have shown to be effective for proteins structure prediction [1] and
structure refinement [2]. They are however very dependent on the learning set, i.e.
the ensemble of structures that are used to derive them. Automatic extraction of this
type of dataset from structure databases is not possible considering the heterogeneity of the data.
In this study, we propose a semi-automatic scheme to extract a non-redundant dataset of RNA structures. We
also show that the derived knowledge-based potential build from this dataset is very stable and can be used
for RNA structure minimization and molecular dynamics.

Xuhui Huang
Michael Levitt

Materials and Methods:
There already exists structural databases available [3-4]. However they do not meet the requirements for a
knowledge-based potential derivation because none is updated, non-redundant, large and accurate enough.
To overcome this problem, we extracted our own dataset from the Protein Data Bank. Since we aim to develop
a potential at atomic resolution, we only extracted high resolution crystallographic structures. As structural
comparison is difficult to perform for RNAs, the obtained files were then automatically clustered according to
their sequence information to extract redundancy. At last, we chose a representative from each cluster manually and built its biological unit.
Results:
We obtained a reduced dataset of approximately 100 structures containing only RNA. We derived the potential both from the full dataset and the three most populated bins and implemented it in the molecular
modeling packages Encad and Gromacs [5]. We showed that this potential is stable for molecular dynamics
simulations.
Conclusion:
We were able to semi-automatically extract a non-redundant RNA structure dataset suitable for structural
modeling purposes. With this dataset we derived a stable knowledge-based potential which has proven to be
stable in molecular dynamics simulations. In the future, we will use this dataset for our structural studies and
hope to be able to refine and predict RNA structures. We also hope to be able to extract motifs and relevant
structural information to better understand RNA function.
References:
1. Samudrala, R. and J. Moult, J Mol Biol, 1998. 275(5): p. 895-916.
2. Summa, C.M. and M. Levitt, Proc Natl Acad Sci U S A, 2007. 104(9): p. 3177-82.
3. Berman, H.M., et al., Acta Crystallogr D Biol Crystallogr, 2002. 58(Pt 6 No 1): p. 889-98.
4. Murray, L.J., et al., Proc Natl Acad Sci U S A, 2003. 100(24): p. 13904-9.
5. Van Der Spoel, D., et al., J Comput Chem, 2005. 26(16): p. 1701-18.
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Hemodynamic Response Latency
Correction for Improved fMRI
Functional Connectivity

Catie
Chang

Purpose:
Correlation and causality metrics are applied directly to fMRI time-series in
order to infer neural synchrony and directions of information flow across the
brain. However, the measured signal reflects both the underlying neural activity and the vascular response, which is governed by the local physiology.
Hemodynamic latency differences across regions that are driven by vascular
responses, rather than neural activity, could therefore interfere with the detection of neural synchrony and inferences about causality. Despite their potential importance, all studies to date have ignored these confounds. We compute and correct for
vascular response latency across the brain using a breath-holding (BH) task, and examine the impact of the
correction on detecting inter-regional synchrony in a task-free condition.

Gary H. Glover

Materials and Methods:
Subjects are scanned while performing (1) a BH task, (2) a sensory-motor (SM) task, and (3) resting state (no
task). BH modulates cerebral blood flow to the entire brain without changing neural activity or metabolism,
and is therefore a simple and robust method for assessing regional vascular reactivity[1,2]. Hemodynamic
response function (HRF) latency differences are computed for each voxel in both the BH and SM tasks using
cross-correlation and nonlinear parameter fitting. As validation, voxel-wise HRF latencies obtained in the BH
and SM tasks are compared. To correct for HRF latency differences in the resting state scan, the time-series of
each voxel in the resting state scan is shifted by the latency computed in the BH task. We compare maps of the
default-mode network[3] before and after latency correction.
Results:
Cross-correlation yields latency measurements that are replicable across scanning sessions and across variants of the BH task. Relative latency differences of up to 1.5s were obtained. The relative voxel-wise latency
differences in the BH task were strongly correlated with those in the SM task, suggesting that the BH task can
be reliably used to correct latency differences in many brain regions. After correcting the resting state data,
6% of voxels exhibited a significant (p<.05) change in correlation with the default-mode network.
Conclusion:
A BH task may serve as an efficient and effective way to correct for non-neural HRF latency differences across
the brain, which is a necessary step toward understanding the behavior of large-scale brain networks.
References:
[1] Bandettini, P.A. and E.C. Wong. NMR Biomed, 1997. 10(4-5): p. 197-203.
[2] Thomason, M.E., et al. Neuroimage, 2005. 25(3): p. 824-37
[3] Raichle, M.E., et al. Proc Natl Acad Sci U S A, 2001. 98(2): p. 676-82.
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poster
Endothelial Progenitor Cells from
Human Embryonic Stem Cells: Isolation
and Transplantation for Myocardial
Infarction Zongjin Li
Background:
Human embryonic stem (hES) cells are distinguished by their capacity for selfrenewal and pluripotency. Here we characterize the differentiation of hES cellderived endothelial cells (hESC-ECs), use molecular imaging techniques to examine their survival in vivo, and determine the therapeutic efficacy of hESC-ECs
for restoration of cardiac function following ischemic injury.

24

Joseph C. Wu
Mei Huang
Xiaoyan Xie
Feng Cao

Methods and Results:
To induce hES cell endothelial differentiation, undifferentiated hES cells were cultured
in ultra-low attachment plates for the formation of suspended embryoid bodies (EBs). Single
cell suspension from day 12 of differentiated EBs were obtained by treatment with Liberase Blendzyme IV
and CD31 positive cells were isolated by FACScan. After isolation, these hESC-ECs express endothelial cell
markers similar to HUVEC, form vascular-like channels, and incorporate DiI-labeled acetylated low-density
lipoprotein (DiI-Ac-LDL). For in vivo imaging, ES cells were transduced with a lentiviral vector carrying a novel
double-fusion reporter gene that consists of firefly luciferase (Fluc), enhanced green fluorescence protein
(eGFP) and induced into endothelial cells (hESC-EC). Matrigel plug assay showed vasculogenesis of hESC-EC
in vivo. Afterwards, 5x105 hESC-ECs or PBS (as control) was injected into the hearts of mice undergoing LAD
ligation. Bioluminescence imaging showed longitudinal survival of transplanted hESC-ECs for up to 8 weeks.
Echocardiogram demonstrated significant functional improvement in the ESC-EC group compared to control
(P=0.04). Finally, postmortem analysis confirmed transplanted cells integrated with host vasculatures by eGFP
staining.
Conclusion:
This is the first study to track the fate and function of transplanted hESC-ECs in the heart. With further validation, these hESC-ECs could become a valuable source of cell therapy for induction of angiogenesis in the treatment of myocardial ischemia.
URL: http://mips.stanford.edu/research/lab?lab%5fid=2883
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Skeletonization of 3D ContinuousScale Images without PreBinarization

Purpose:
When working with 3D medical images, it is often useful to extract a 1D
or 2D “skeleton” of the imaged subject. Generally, this involves a segmentation and binarization step to separate the image into foreground and
background voxels, followed by an iterative thinning procedure to extract
medial curves and/or surfaces of the foreground regions. The quality of the
resulting skeleton depends almost entirely on the quality of the binary image
created.

Leonidas Guibas

Unfortunately, good automatic image binarization can be very difficult for many types of medical images, including those with low resolution, low contrast, high noise, and spatial biases. Even with human intervention,
this task can be tricky and labor-intensive, as simple thresholding is generally not enough.
Our skeletonization routine eliminates the need for a binarization step by operating on the grayscale 3D image directly, selecting skeletal points that lie along the center of high-intensity tubular and/or plate-like structures. It is sensitive to features at a variety of scales and intensities, and can accomodate user-defined contrast
thresholds to reduce the effects of noise on the output.
Materials and Methods:
We utilize an iterative, parallelizable thinning algorithm. On each pass, we examine the 3x3x3 neighborhood
around each voxel, identifying a set of “least-extremal paths” linking pairs of neighbors. With a few tests on
each of these paths, we can compute the how far the voxel value can be lowered without changing the connectivity of adjacent high-intensity regions. This conditional erosion is continued until only high-intensity
curves and surfaces remain.
We have developed a way to compute the least-extremal paths on very simplified graphs, which reduces the
required computation by nearly a factor of ten from earlier, more naive approaches.
By casting our algorithm as a reformulation of simple/destructible point techniques, we can guarantee that
our thinning routine preserves the “cross-section topology” of the original continuous-scale volume.
Results:
We apply our algorithm to low-resolution electron density maps derived from cryo-electron microscopy. Even
at resolutions of 8-10Ang, the output skeleton corresponds well to the backbone and sidechains of the studied proteins. We demonstrate the robustness of the resulting skeleton to changes in input resolution and
noise.
Conclusion:
Our algorithm improves on earlier skeletonization routines by eliminating the need for a complicated and/or
fragile initial binarization step. In addition, operating directly on the continuous-scale image allows us to perform more flexible noise-filtering routines.
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Understanding the Fundamental
Mechanics of a Cell

poster

26

Soenke
Carstens

Purpose:
Mechanical loads strongly effect the shape of biological cells. Cell shape in turn
is closely correlated to cell biology and biochemistry. A typical example would
be that extremely flat cells with a stretched cytoskeleton are more likely to divide
whereas rounded cells are more likely to die. Understanding how forces are transmitted within the cell is thus crucial to address the following questions: How do cells
move? How do cells interact with surfaces? How do cells flatten when they attach?
How does cell structure effect cell biochemistry? Our goal is to improve the understanding
of the principal mechanisms in cellular biomechanics through systematic computational simulations of the
cytoskeleton.

Ellen Kuhl

Materials and Methods:
The structural interplay between microtubules, actin microfilaments and intermediate filaments is modeled
through a basic principle in architecture known as the tensegrity concept [1]. This acronym, which actually
stands for tension and integrity refers to a particular arrangement of compressive trusses, the microtubules,
tied together by tensile ropes, the actin and intermediate filaments. Tensegrity structures tend to stabilize
themselves through their own weight balanced by an appropriate amount of prestress. The finite element
method is used as a computational framework to simulate tensegrity based cell structures. Microtubules are
simulated as geometrically nonlinear one dimensional truss elements whereas actin and intermediate filaments are simulated as cable elements that can only bear tensile loading. To account for the physiological in
vivo environment, an initial prestress is assigned to the tensile members.
Results:
Consisting of a tensile membrane supported by compressive inner subunits, the tensegrity model qualitatively captures the essential features of cytoskeletal mechanics. An intriguing outcome of the simulations is that
the characteristic tensile stiffening of biological structures is incorporated naturally through the progressive
alignment of structural members with the axis of loading. Unexpectedly, however, the simulations showed
that the incorporation of a sufficiently large amount of prestress is cruicial to ensure structural integrity of the
tensegrity structure as such.
Conclusion:
Preliminary results demonstrate that the proposed tensegrity approach is ideally suited for conceptual investigations in cell biomechanics. The tensegrity cell model is remarkably simple, yet it captures the mechanically
relevant effects that characterize cell structure, integrity and motility. The ultimate goal is to systematically
analyze and predict the structural mechanics of the cell in silico to provide guidelines for engineering cell
shape and function.
References:
[1] Ingber, D. `Tensegrity I. Cell structure and hierachical systems biology’. Journal of Cell Science, Vol 116,
1157-1173, 2003.
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Purpose:
Computer models of the lower limb that characterize the geometry and forcegenerating properties of muscles are widely used. Models of the lower limb have
been created primarily from descriptions of muscle architecture published by
Wickiewicz et al. (1983). Models that incorporate these data predict that the
ankle plantarflexors generate force over a more narrow range of ankle angles
than human subjects do (Delp et al., 1990). This creates a problem in simulations of activities like walking because the models cannot reproduce human
movement. Ward et al. (2007) measured lower extremity muscle architecture in
20 subjects and this data set shows variations from the older measurements. Our
goal was to examine how these changes affect the force generating capacities of
the muscles in the models.

Samuel R. Ward
Richard L. Lieber
Scott L. Delp

Materials and Methods:
We created two computational models of the ankle joint and plantarflexors. The first was based on data reported by Wickiewicz et al. and the second on the data reported by Ward et al. The two models had identical
bone geometry, muscle paths, and joint kinematics. As a result, differences in force generation arose solely
from differences in muscle architecture.
Results:
Average optimal fiber length of soleus was significantly longer in the data from Ward et al. This produced a
substantial change its force-generating characteristics. Soleus was able to exert a greater fraction of its maximum force in the plantarflexed position. Medial and lateral gastrocnemius had similar fiber lengths in the two
data sets; thus their ranges of operating lengths were similar in the two models. The result of these changes
was that the entire muscle group was able to produce a joint moment closer to physiological behavior.
Conclusion:
These changes represent a significant improvement for modeling because the plantarflexors are predicted to
exert force over a broader, more experimentally-consistent range of ankle angles than previous models. This
result is particularly important for creating simulations of actions such as walking and jumping in which the
plantarflexors generate large moments about the ankle.
References:
Delp, et al., (1990) IEEE Trans. Biomed. Eng., 37, 557-567.
Wickiewicz et al. (1983), Clin. Orthop. Rel. Res., 179, 275-283.
Ward et al. (2007), Am. Soc. of Biomech. Conference, Poster 7-12.
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Applying Enhanced Sampling
Methods in a Distributed Computing
Environment
Purpose:
We implemented the Serial Replica Exchange Method (SREM) and Simulated
Tempering (ST) enhanced sampling algorithms in the Folding@home distributed computing environment in order to calculate converged, temperature
dependent statistics on protein folding. As a proof of concept we have studied
the 21 residue Fs peptide. Simulations were started from both near-native and
fully unfolded states in order to demonstrate convergence.
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Gregory R.
Bowman
Xuhui Huang
V. S. Pande

Materials and Methods:
The Folding@home distributed computing environment allows thousands of short simulations
to be run in parallel using extra CPU cycles on users home PCs. We implemented the SREM and ST methods
in this environment. These algorithms allow the system to perform a random walk in temperature space such
that it can overcome large free energy barriers at low temperatures by accepting configurations from high
temperatures where the free energy landscape is smoother.
Results:
Both SREM and ST have yielded converged energy distributions, free energies, and temperature dependent
thermodynamic properties. The melting temperature of the Fs peptide was calculated to be about 310K,
which is in reasonable agreement with the experimental value of 334K. Non-uniform sampling was also found
to speedup convergence.
Conclusion:
Both SREM and ST are powerful methods for the study of biomolecules via Folding@home. Further speedups
may be achieved by using adaptive methods rather than uniform sampling.
References:
1. Huang, X., Bowman, G. R., Park, S., and Pande, V. S. 2007. Applying Enhanced Sampling Methods in a distributed computing environment. In preparation.
2. Hagen, M. et al. 2007. Serial Replica exchange. Phys. Chem. B. 111:1416-1423.
3. Lyubartsev, A. P. et al. 1992. New approach to monte-carlo calculation of the free-energy - method of expanded ensembles. J. Chem. Phys. 96:1776-1789.
4. Sorin, E. et al. 2005. Exploring the helix-coil transition via all-atom equilibrium ensemble simulations. Biophys. J. 88:2472-2493.
5. Williams, S et al. 1996. Fast Events in Protein Folding: Helix Melting and Formation in a Small Peptide. Biochem. 35:691-697
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A Semantic-Wed Based Method for
Abstraction of Drug Resistance
Patterns

Genaro
Hernandez Jr
Martin J. O’Connor
Amar K. Das
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Drug resistance remains a critical barrier to successful treatment of HIV in
the developed world. Consequently, longitudinal viral-load and genotypic data are being collected on patients switching drug treatments. To
automate the interpretation of these data we have developed a general knowledge-based temporal abstraction method for HIV drug resistance, using Semantic Web technologies. We present the suitability
and expressivity of our method to support a widely used data-analytic
framework in HIV drug resistance.
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Localizing a Guidewire in Three poster
Dimensions during Endovascular
Interventions Using Single-view
Fluoroscopy and a Stereo Roadmap:
Gennadiy
Method and Feasibility Study
Purpose:
Modern angiographic equipment is capable of producing 3D and/or stereo
imagery of a volumetric region. However, intravascular interventions are still
guided using monoscopic fluoroscopy. Our goal is to localize a fluoroscopically-visualized guidewire in 3D so that it can be properly displayed in the context
of a pre-computed stereo roadmap or a 3D reconstruction of the vasculature.

30

Chuyeshov
Markus Kukuk
Sandy Napel

Materials and Methods:
We first acquire stereo pairs of blood vessel roadmaps using offset frames from a rotational run during an
injection of contrast material. We then fluoroscopically image the introduction of the guidewire from an appropriate angle, and overlay the resulting sequence on the roadmap acquired at the same angle. For each
short horizontal line crossing the guidewire in the fluoroscopic image, a profile through the corresponding
roadmap is weighted, shifted and subtracted from a corresponding weighted profile in the 2nd roadmap image of the stereo pair, and we plot the corresponding point of the guidewire in it at the shift that minimizes
the difference. To test this concept, we skeletonized a stereo pair of porcine vascular images, thereby simulating 6 central paths through the major vessels, and used the paths on one as simulated guidewires (see Fig. 1,
left). We used these paths and their corresponding roadmap image to estimate the path locations in the 2nd
roadmap image using the described method (see Fig. 1, right). We compared these estimates to the skeletonized 2nd roadmap image by computing the fraction of overlapping points.
Results:
The fraction of overlapping points for the 6 paths were 86/98 (88%), 88/90 (98%), 83/197 (93%), 58/65 (89%),
149/152 (98%) and 54/61 (88%), respectively. Estimated paths were relatively smooth, and non-overlapping
points were randomly distributed and within a few pixels of their correct locations.
Conclusion:
It is feasible to find the location of a guidewire in the 2nd image of a stereo roadmap, given its location in the
first. Crossing and nearly crossing vessels may create local errors, but these may be detected as discontinuities and corrected by choosing a local minimum in the shifted profile subtraction, or by interpolation. With
projections determined from two views, visualization of the guidewire in stereo, or within a 3D reconstructed
volume, becomes possible (Fig. 2).
URL: http://www.stanford.edu/~gennadiy/bcats2007/
Figures:
1. Central paths used as simulated guidewires (in red) on the “left-eye” roadmap image and and estimated
path locations in the “right-eye” roadmap image (in blue).
2. Red-Blue stereo image can be viewed using suitable colored glasses and shows all paths in their proper
position in 3D space.
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Combining Efficient Conformational
Sampling with a Deformable Elastic
Network Facilitates Structure
Gunnar F. Refinement at Low Resolution

Schroeder

Structural studies of large proteins and protein assemblies are a major challenge
in molecular biology. Experiments often yield only low-resolution or sparse
data, which are not sufficient to fully determine atomistic structures. We have,
therefore, developed a general geometry-based algorithm that efficiently samples conformational space under constraints imposed by low resolution electron density maps obtained from electron microscopy, X-ray crystallography, or
SAXS experiments. A deformable elastic network (DEN) is used to restrain the
sampling to prior knowledge of an approximate or homologous structure. The
DEN restraints dramatically reduce over-fitting, especially at low resolution. Crossvalidation is used to optimally weight the structural information and experimental
data. Our algorithm is robust even for noisy density maps and it has a large radius of convergence. The DEN restraints can also be used to enhance reciprocal space simulated annealing refinement.

Axel T. Brunger
Michael Levitt

52

october • 27 • 2007

Exploring Converged Free Energy
Landscapes of Protein BBA5
Folding
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Xuhui
Huang

Purpose:
Sampling conformation space of complex bimolecules, such as proteins,
is an extremely difficult problem in structural biology. Computer simulation, such as Molecular Dynamics (MD) and Monte Carlo (MC), are
often trapped in local energy minima when applied to study protein
folding. Tempering methods such as simulated tempering (ST) and parallel tempering (or replica exchange method (REM)) were developed to
overcome this kinetic trapping problem by occasionally exchanging configurations to low temperatures from high temperatures where free energy
landscapes are more smooth. However, even with the tempering methods, it is
still a difficult task to obtain converged folding free energy landscapes even for small peptides
(20 - 30 residues) with all-atom simulations in explicit solvent. In this study, we implemented a serial version
of REM (SREM) in the heterogeneous Folding@home distributed computing environment and show that we
can compute converged folding free energy landscapes for proteins. Our extensive sampling also enables us
to compare the performance of different versions of AMBER force field.

Gregory R. Bowman
Vijay S. Pande

Materials and Methods:
We have implemented a serial version of REM (SREM) in the heterogeneous Folding@home distributed computing environment in order to calculate folding free energy landscapes of the 23-residue BBA5 protein. We
run approximately five thousand 100ns simulations, which is two orders of magnitude more than other typical
REM studies.
Results and Conclusion:
We obtained converged folding free energy landscapes for simulations started from near-native and fully
unfolded states for protein BBA5. To our knowledge, this is the first time one has computed a converged
free energy landscape for a protein system like BBA5 at atomic resolution in explicit solvent. Our extensive
sampling shows that the AMBER03 force field gives better agreement with experimental results than previous
versions of the force field. It gives a global free energy minimum with both secondary structural elements well
preserved but with a variable loop connecting them.
References:
1. Rhee Y.M. et al. 2004. PNAS, 101,6456-6461
2. Hagen, M. et al. 2007. Serial Replica exchange. Phys. Chem. B. 111:1416-1423.
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Relaxation of Purifying Selection is
Responsible for Faster Evolution of
Lineage-Specific Genes

James J. Cai

Protein-coding genes that are distributed across wide range of species have
been shown to evolve more slowly than the genes restricted to a few closely
related species. We confirm and refine this observation for genes that are
present in human and chimpanzee genomes but vary in their presence or
absence in other eukaryotes. We first argue that the negative relationship between the breadth of the phylogenetic distribution and the rate of protein evolution is not due to our inability to detect fast-evolving proteins in distant lineages.
We then use the SNP data to demonstrate that the narrowly distributed genes are subject to weaker purifying selection. Narrowly distributed genes tend to have a higher ratio of nonsynonymous and synonymous
SNPs, indicating that the proportion of strongly deleterious mutations is lower in these genes. In addition, the
Bayesian Poisson Random Field analysis indicates that narrowly distributed genes have a lower proportion of
weakly deleterious mutations as well. At the same time McDonald-Kreitman tests failed to detect any difference in the rate of adaptation for narrowly or widely distributed genes. We discuss conceptual models that
connect the rate of protein gain and loss in a lineage with the rate of its sequence evolution.

Dmitri A. Petrov
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Stapes Biomechanics: Optimal Drive Axis
Purpose:
In both forward and reverse sound transmission, the stapes is the interface
between incus vibrations and fluid pressures in the cochlea. The goal of this
study is to develop a biomechanical model of the stapes. Understanding the
biomechanics of the middle ear may be helpful for developing prostheses and
understanding its surgical reconstruction.
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Jong Dae
Baek
Minyong Shin
Charles R. Steele
Sunil Puria

Materials and Methods:
We have reconstructed the stapes and the annular ligament by introducing the
high-resolution micro-CT imaging modality which is one of the most recent advances for obtaining anatomical information. The scan resolution was 2048×2048 pixels, which resulted in an image resolution ranging from 10 to 19 µm (both in-plane and out-ofplane) corresponding to bore diameters ranging from 20.5 to 39 mm. The x-ray intensity was set to 50kV with
a current of 145µA and integration time of typically 300ms. The scan time ranged from approximately 6 to11
hours depending on the specimen size and number of slices. Each temporal bone was dissected to fit into as
small a bore size as possible while keeping all structures of interest intact. The temporal bone was wrapped in
cellophane before placement into the scanner. Three-dimensional reconstructions were performed in cadaveric temporal bones of 5 species: chinchilla, human and guinea pig (low-and mid-frequency hearing animals),
and cat, gerbil (high-frequency hearing animals). The vivaCT software and RainDrop geomagic were used for
the reconstruction. From the standard discretizations of 3-D volumes with high resolution images (500-1500
slices), the bony stapes, including its head, crura, and footplate were segmented as one object while the annular ligament soft-tissue was segmented as a ‘ring-like’ object. Based on this anatomical information, stapes
geometry, the center of mass, principle axes, footplate area, ligament thickness and curvature were calculated
and compared between species.
Results and Conclusion:
High-resolution micro-CT allows us to obtain the morphometry data with adequate resolution for anatomically based 3-D computational models of the stapes. The mass, center of mass, principal axes, and anatomical
axis were calculated. Comparisons between the principal axes and the anatomical axis will help understand
the optimal drive axis of the stapes across species.
Work supported by grant No. R01 DC05960 from the NIDCD of NIH.
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Automated Detection of Peak Blood
Velocity using a Novel Transducer
Array and Intelligent Software:
Feasibility Study
Jessica
Purpose:

35

Faruque

Stroke is increasingly a major contributor to morbidity, mortality and health
care costs in the developed world. A major source of stroke is atherosclerotic
disease in the carotid artery. The detection of those individuals with asymptomatic carotid stenosis who would benefit from an intervention requires
an imaging study. Of the several imaging options available, only Ultrasound
is potentially applicable to asymptomatic individuals. Ultrasound measurement of peak blood velocity (PBV) correlates with stenosis, but requires accurate determination of the angle the flow makes with the ultrasound beam
(Doppler angle), and is subject to intra- and inter-operator variability. We seek
an operator-independent method, and propose using a stack of parallel crosssectional color Doppler images produced by a capacitive micromachined ultrasonic transducer array, coupled to intelligent software that determines Doppler angle and
computes PBV. This approach could reduce operator dependence and make accurate and reproducible
determinations more widely available, for example as a screening tool in a routine medical examination.

Omer Oralkan
Pierre Khuri-Yakub
Larry Randall
Sandy Napel

Materials and Methods:
While the transducer is under development, we simulated its output by acquiring movie sequences of 5 parallel cross-sectional color Doppler images in a straight wall-less vessel phantom using a Siemens Antares ultrasound machine with a VFX9-4 transducer. We repeated our experiments using several Doppler angles set
manually by fixing the transducer orientation relative to the axis of the vessel, while maintaining a constantperiod pulsatile flow using a peristaltic pump. Using the maximum flow image from each of the 5 movie
sequences, we automatically segmented the vessel and determined peak velocity in each sequence. We then
determined and corrected for Doppler angle using the vessel trajectory computed from the segmented crosssections. For comparison, we also determined the PBV conventionally using a longitudinally-acquired image
sequence and pulsed Doppler (pD). We have started similar experiments in human arteries.
Results:
The known and determined Doppler angles were 25, 30, 40, 45, 60, and 24, 29, 38, 43, 57 degrees, respectively.
The PBVs at each of these angles were 11.0, 11.4, 10.6, 11.6, and 14.2 cm/s, respectively. PBV computed using
the conventional approach was about 11 cm/s.
Conclusion and Future Work:
Our preliminary data show that determination of PBV from parallel cross-sectional images acquired at an
angle of 45 degrees or less is feasible, although accuracy and reproducibility have not yet been determined.
Future work includes transducer development, more phantom experiments using a physiological flow pump,
and evaluation on human subjects.
URL: http://www.stanford.edu/~jesscaf/bcats2007/figures.htm
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Optimization Approaches to a Single
Uncluttered View of the Abdominal
Aortic Vessel Tree
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Joong Ho
Won

Purpose:
We aim to develop a method to visualize the abdominal aorta and its branches, obtained by CT or MR angiography, in a single 2D image. In the diagnoses
of vascular abnormalities, it is often desirable to inspect all clinically relevant
branches at once. However, the complex tree-like geometry of the vascular structure causes misleading false intersections of vessels when conventionally projected
onto a 2D display plane. Our method modifies the projection process to provide an uncluttered
view of branches while introducing minimal geometric distortion.

Sandy Napel

Materials and Methods:
The abdominal aortic vasculature is modeled as a rooted tree, where each sample point and line segment on
the branch vessel centerline is mapped to a vertex and an edge of the tree. Then the problem is formulated
as an optimization problem that finds a geometric embedding of the tree most similar to the conventional
projection of the vasculature, while not introducing intersection among edges. As the first phase, the topology is simplified so that a node represents a whole branch centerline. A node is realized as a wedge-shaped
“hull”, which encloses the corresponding centerline. Those hulls are drawn in a parent-child order, ensuring no
overlap among each other using a radial sweep line algorithm. The resulting geometry, enclosed by the hulls,
is free of edge crossing in terms of the embedding of the original topologies. The second phase performs a local optimization towards the target embedding (conventional projection). A reduced gradient method, based
on Bertault’s edge-crossing-preserving graph drawing algorithm, is used to preserve the no-edge-crossing
property. This step is regularized in favor of even spacing of centerlines, in order to secure the widths of the
vessel. Finally the centerlines are modulated by the local widths to convey lumen patency information.
Results:
To test our algorithm, we obtained abdominal aortic trees, and derived their centerlines and widths, from a
multidetector CT scan of 10 patients. We chose an anterior-posterior view for projection so as to introduce
several false intersections in the renal artery region. For all 10 trees, the algorithm resolved all false intersections while conserving overall shape.
Conclusions :
Our algorithm is capable of eliminating misleading false intersections in the conventional projection of a treelike vascular structure by applying optimization methods. The algorithm conserves overall shape and can be
combined with visualization of clinical information such as lumen patency in a single image for a large portion
of the human vasculature.
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Jia-Ren Lin

A Novel Method Based on ProteomeWide Pentapeptide Frequency to
Predict Protein- Binding Surfaces

The need of methods to predict functional motifs and docking sites from
protein sequences is increased in the post-genome era. Since proteins face a
complex interaction network in cells, the way to maintain their “individuality”
is important for their functions. Like barcode systems, the primary sequences
of proteins should represent their unique identity. Also, the power of evolution will force proteins to maintain the unique motif for specific interactions.
Therefore, we propose that protein-protein interface (or domain) should have more
unique sequence (lower frequency among the proteome). Here, we present a statistical
method which calculates pentapeptide frequency (PPF) against proteomic data. We demonstrated that PPF
biased in domain-contained sequences. PPF also nicely matches surface residues for several proteins. Moreover, we have shown that PPF properties are correlated with the function of different protein domains. Our
data suggest that PPF method will be a powerful tool to predict protein-protein or protein-DNA binding motif
from the primary sequences.

Karlene Cimprich
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Network Analysis of Molecular
Interactions between Hematopoietic
Stem Cells and Multipotent
Progenitor Cells
Jun Seita

38

In blood system, only hematopoietic stem cells (HSCs) have both selfrenewal and multi-differentiation potentials, and give rise to all types of
functional blood cells throughout life. Thus, regulation of HSCs fate is critical to maintain homeostasis of blood system. Although both intrinsic and
extrinsic molecules are involved in regulation of HSC fate, HSCs in the steady
state are largely in quiescent (G0) phase of the cell cycle, and it is presumed
that extrinsic molecular interactions play key roles to trigger fate decision. In bone
marrow, HSCs are believed to be in proximity to both non-hematopoietic stromal cells, as
well as more committed hematopoietic cells. Recently a subset of stromal osteoblasts has been proposed to
play an important role maintaining quiescence of HSCs. However, homeostatic feedback mechanisms resulting from downstream hematopoietic demand are also likely to significantly influence HSC biology, although
the pathways utilized by such mechanisms are essentially unexplored. We hypothesized that the fate of HSC
may be regulated by molecular interactions between HSCs and their immediate downstream multi-potent
progenitor cells (MPPs).

Derrick J. Rossi
Irving L. Weissman

In order to illuminate molecular interactions between HSCs and MPPs, we took a network analysis approach.
Highly purified HSCs (CD34- Flk2- c-Kit+ Sca-1+ Lin-) and MPPs (CD34+ Flk2- c-Kit+ Sca-1+ Lin-) were obtained
by multi-color fluorescence activated cell sorting, and subjected to microarray (Affymetrix GeneChip Mouse
Genome 430 2.0) analyses. GeneChip dataset of each population were normalized and analyzed individually
to comprehensive lists of highly expressed genes, and from which genes encoding cell-surface or secretion
proteins were identified.
Candidate molecules that interact with these cell-surface molecules and secretion molecules were then
screened for by searching protein-protein interaction databases, then candidate cytokine networks, cell-cell
adhesion networks, and cell-ECM networks for direct interaction between HSC to HSC, HSC to MPP, MPP to
MPP were assembled.
The proposed cytokine networks between HSCs and MPP were tested by protein expression analysis and in
vitro functional analysis. Intercellular expression of predicted cytokines (Ang1, IL-27, and PDGFD) and cellsurface expression of receptors (Tie-2, IL-27Ra, gp130, and PDGFRb) in HSCs and MPP were confirmed and
revealed functional cross-talk between HSCs and MPPs utilizing Ang1-Tie2 signaling. These results establish
that network analysis based on GeneChip datasets of highly purified populations can be used to efficiently
predict molecular networks among these populations.
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Constraining the Shape of Velocity
Profiles at Outlet Boundaries for
Three-dimensional Finite Element
Simulations of Blood Flow
Hyun Jin
Purpose:

39

Kim

In 3D simulations of blood flow, velocity and pressure fields in the computational domain are highly affected by boundary conditions. We have
previously described outflow boundary conditions for 3D finite element
analysis of blood flow that consist of coupling the 3D model with 1D
or 0D analytic models [1]. These pressure/flow boundary conditions are
weakly-enforced. While this weaklycoupling approach greatly increased
the range of blood flow problems that could be solved, models with reverse
flow or complex geometries near the outlet boundary often diverge. Fundamentally, weakly-enforced pressure-flow relationships provide insufficient control over conditions at the outflow/inflow boundaries. In this work, we use an augmented Lagrangian method to constrain
the shape of the velocity profile at outlet boundaries resulting in more consistent coupling between 3D and
1D or 0D models and stable solutions for problems that previously diverged.

C. Alberto Figueroa
Kenneth E. Jansen
Charles A. Taylor

Materials and Methods:
We used an augmented Lagrangian method to weakly-enforce the shape of the velocity profile at the outlet
boundaries [2]. Lagrange multipliers are linearized and solved with velocities and pressures using iterative
solvers. The backward Euler method is used to advance Lagrange multipliers in time.
Results:
We tested this method with a cylindrical model and a patient-specific model of the abdominal aorta. The
comparison of pressure and velocity fields obtained with the constrained and unconstrained methods shows
virtually identical results, except in the immediate vicinity of the constrained outlets. This new method was
also successfully applied to problems which diverged without constraints due to back flow from the outlet
boundaries.
Conclusion:
We have shown that constraining the shape of velocity profiles at the interface between 3D computational
and 1D or 0D analytic models results in solutions that only differ from unconstrained solutions in the immediate vicinity of the outlets. Further, this new method greatly expands the range of problems that can be solved
using 3D finite element models of blood flow.
References:
[1] I.E. Vignon-Clementel, C.A. Figueroa, K.E. Jansen and C.A. Taylor, “Outflow boundary conditions for threedimensional finite element modeling of blood flow and pressure in arteries”, CMAME, 195:3776-3796, 2006.
[2] R. Glowinski and P. Le Tallec, “Augmented Lagrangian and operator-splitting methods in nonlinear mechanics”, SIAM Studies in Applied Mathematics, No. 9, Philadelphia, 1989.
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A Versatile Dynamic Protein
Biotemplate for Conductive
Nanostructures
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Larry
Wang

Biotemplated nanostructures of a variety of inorganic materials have been
achieved using DNA and viral particles. However, these systems are generally limited to nanostructure assembly in one dimension. Clathrin, a threelegged, pin-wheel shaped protein found readily in animal brain and liver
tissue, can self-assemble in vitro into a variety of nanostructures, such as
two-dimensional hexagonal sheets, three-dimensional tetrahedron, or
three-dimensional geodesic spheres. This self-assembly capability makes
clathrin an ideal candidate for biotemplating applications in micro-batteries
and solar cells. The objective of this research is to achieve control of clathrin selfassembly by tuning the assembly environment. We approach our goal using both
theoretical and experimental methods, which are complementing approaches that induce the
advancement of each other. The theoretical work models the clathrin molecule using an elastic frame model
for clathrin triskelion structure and employs Brownian dynamics simulation to study the dynamic assembly
process. The choice of Brownian simulation derives from the need to observe the behavior of clathrin molecules in long periods of time in the assembly process. Preliminary data on the implementation of this model
will be presented. Experimentally, clathrin was harvested from several different natural sources, such as bovine
brain, rat brain, and rat liver, and purified using ultracentrifugation and size-exclusion chromatography. The
proteins were characterized and verified using sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) and western blots. Transmission electron microscope (TEM) images of the purified clathrin assemblies were taken for each of the different sources. Our results confirm the validity of our purification protocol
and have identified bovine brain as the ideal source of the material. Current efforts aim to produce a phase
diagram of clathrin self-assembly that enables precise control of the clathrin biotemplate system and direct
comparison with simulation results. The ultimate goal of this research is to exercise control over the clathrin
nano-architecture and to engineer metal binding peptide sequences for the nucleation and metallization of
these nanostructures, which can be useful in Li-ion batteries and solar cell devices.

Andy Spakowitz
Sarah Heilshorn

URL: http://www.stanford.edu/group/heilshorn/research.htm
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Importance of Preswing Rectus
Femoris Activity in Stiff-Knee Gait:
Simulation-Based Analysis

Melanie D.
Fox

Purpose:
Stiff-knee gait, a common gait abnormality of persons with cerebral palsy, is
characterized by reduced and delayed peak knee flexion during the swing
phase of gait. This abnormality may lead to tripping or energy-inefficient
compensatory movements. The reduction in knee flexion has commonly
been attributed to over-activity of the rectus femoris (RF) during swing
phase [1]. However, abnormal muscle activity during the stance phase, such
as excessive force in vasti or RF, may decrease knee flexion velocity at toe-off
and limit knee flexion in swing [2]. Additionally, many patients with stiff-knee
gait exhibit abnormally large knee extension moments before toe-off, but not
during swing [2]. Rectus femoris transfer surgery, a common treatment for stiff-knee
gait, is generally indicated when a patient exhibits abnormal RF excitation during swing. The
purpose of this study was to evaluate the relative importance of preswing RF activity, as compared to early
swing activity, to peak knee flexion in patients with stiff-knee gait.

Jeffrey A. Reinbolt
Allison S. Arnold
Sylvia Õunpuu
Scott L. Delp

Materials and Methods:
This study included ten cerebral palsy patients who exhibited stiff-knee gait and underwent RF transfer. We
generated subject-specific simulations [3,4] of each patient using a musculoskeletal model with 21 degreesof-freedom and 92 muscles. The subject-specific dynamic simulations were used to conduct two simulation
experiments. First, the influence of RF was evaluated in each patient by creating simulations in which RF excitation was eliminated during preswing and separately during early swing. Second, the potential of RF to affect
knee motion during each phase for each subject was quantified by incrementally perturbing the RF muscle
force in the simulation during preswing and separately during early swing.
Results:
Preswing influence of RF was greater than early swing influence in eight out of ten subjects. The average
amount of peak knee flexion improvement attained by eliminating RF excitations during preswing (7.5±3.1°)
was significantly greater (paired t-test, p = 0.035) than for early swing (4.7±3.6°). The potential of RF to limit
mean knee flexion acceleration during preswing (3.3±2.8°/s2/N) was not significantly greater (paired t-test, p
= 0.105) than during early swing (2.3±1.8°/s2/N).
Conclusion:
Our results suggest that preswing rectus femoris activity is at least as important as early swing activity, and for
many stiff-knee subjects preswing activity may be more important than early swing in limiting knee flexion.
References:
1. Perry J. (1987) Dev Med Child Neurol, 29, 153-158.
2. Goldberg, S. et al. (2006) J Biomech, 39, 689-698.
3. Thelen, D. G. et al. (2003) J Biomech, 36, 321-328.
4. Thelen, D. G., Anderson, F.C. (2006) J Biomech, 39, 1107-1115.
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Posterior Cruciate Ligament Removal poster
Contributes To Abnormal Knee Motion
In Posterior Stabilized Total Knee
Arthroplasty Melinda J.

42

Introduction:
Posterior stabilized (PS) total knee prostheses are designed to produce femoral rollback to increase range of knee flexion. However, abnormal anterior
translation of the femur on the tibia has been observed in early flexion following PS total knee arthroplasty [1,2]. This motion may increase wear or
decrease the moment arms of the knee extensors. The underlying biomechanical causes remain unknown. One potential cause of anterior femoral
translation in early flexion is removal of the posterior cruciate ligament (PCL).
The purpose of this study was to isolate the effects of PCL removal on postoperative
knee motion. We posed two questions: Does removing the PCL introduce abnormal anterior
translation of the femur during total knee arthroplasty? Does implanting the prosthesis change the kinematics from the cruciate deficient case?

Cromie

Robert A. Siston
Nicholas J. Giori
Scott L. Delp

Methods:
We measured passive knee kinematics in 10 male subjects undergoing total knee arthroplasty.
We used a surgical navigation system to record the passive kinematics of the knee during surgery [2]. Reflective trackers were affixed directly to the femur and tibia. A stylus was used to digitize anatomic landmarks to
establish the anatomic reference frames. We measured the anterior-posterior translation of the knee throughout the range of flexion. The surgeon moved the knee through its range of motion three times. We calculated
the flexion angle and anterior position of the femur relative to the tibia throughout the range of motion. We
fit a fifth order polynomial to the resulting curves of anterior femur position vs. flexion angle (Fig. 1). We then
measured the anterior translation, the forward distance traveled by the femur on the tibia (Fig 2, arrow). In this
way, the anterior translation was recorded at four surgical stages: (1) Intact, before removing the ligaments,
(2) No ACL, after removing the anterior cruciate ligament (ACL), (3) No ACL & No PCL, after removing the PCL,
and (4) TKA, after implanting the prosthesis. Surgical stages were compared with paired student’s t-tests with
Bonferroni correction for multiple comparisons.
Results:
Removing the ACL did not change the anterior motion of the femur (Fig 3). Removing the PCL doubled the
anterior translation relative to the intact stage. Implanting the prosthesis increased the anterior translation of
the femur relative to the cruciate deficient stage. Anterior translation after prosthesis implantation was three
times that of the intact knee.
Conclusion:
The abnormal anterior translation was caused largely by removing the PCL. Normal motion was not restored
by the PS prosthesis.
URL: http://www.stanford.edu/~melindaj/figures_bcats.pdf
References:
1 Andriacchi et al.(2003) Clin Orthop Relat Res, 410, 44-53
2 Siston et al. (2006) J Orthop Res, 24, 1607-1614
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The Conformational States and
Folding Pathway of the TPP
Riboswitch

Riboswitches are RNA molecules located in the 5’ untranslated region of
some mRNA. Upon the binding of small molecule metabolites, they undergo a conformational change and subsequently turn on or turn off
gene expression. We report studies on a thiamine pyrophosphate (TPP)
binding riboswitch from Arabidopsis Thaliana, which has previously
been crystallized in the TPP bound state [1]. Preliminary small-angle
X-ray scattering (SAXS) measurements indicate that the riboswitch has
three different conformational states, an unfolded state, an intermediate
state which is populated in the presence of Mg2+ ions, and a bound state,
which is induced by the presence of both Mg2+ and TPP. Here, we complement our
SAXS study of these conformational changes with hydroxy radical footprinting. More specifically,
we analyze our data in light of the crystal structure to probe the conformation of the intermediate state of the
riboswitch. This will allow us to build a thermodynamic model of the folding pathway of the riboswitch, and
may in turn facilitate the understanding of the mechanism by which this riboswitch performs its regulatory
functions.

Jan Lipfert
Daniel Herschlag
Sebastian Doniach

References:
1. Thore, S., Leibundgut, M., and Ban, N. 2006. Structure of the Thiamine Pyrophosphate Riboswitch with Its
Regulatory Ligand. Science 312: 1208-1211
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Peng Qiu

Purpose:
In this paper, we propose a robust method based on the modified p-spectrum
to detect heart beats in ECG signals, which is also referred as QRS detection in
the literature. QRS detection is an old problem that has been studied for several
decades. In the literature, there are many methods based on various forms of
transformations and thresholding, which either require predetermined thresholds,
or determine the thresholds adaptively. The predetermined thresholds and adaptation
rules are usually patient dependent. Another class of existing methods are based on machine learning, which
require carefully labeled training data, which is also patient dependent. In this study, the motivation is to develop a robust QRS detection method that is not patient dependent.

K. J. Ray Liu

Materials and Methods:
We propose a modified p-spectrum for QRS detection. The modified p-spectrum examines the beginning
portion of the ECG signal, and detect the first two heart beats based on the singularity embeded in the ECG
siginal. The proposed method does not have patient dependence specifications, and the only assumption is
the similarity between the waveforms of consecutive heart beats. Moreover, the proposed method can operate in realtime.
Results:
We evaluate the modified p-spectrum method using the MIT-BIH database [2], which contains 48 ECG data of
half hour recording. The first channel of the ECG data is examined. The detection performance is evaluated by
the sensitivity and positive predictivity. The average performance over all 48 datasets is Se = 94.32% and +P
= 97.66%.
Conclusion:
The best QRS detection performances reported so far is about 99% [1], which are based on either thresholding
or machine learning. However, the existing methods either require predetermined or fine-tuned thresholds,
or require carefully labeled training data. When such data-dependent specification is not accurate enough,
the performance will degrade significantly. Therefore, the achievable detection accuracy comes at the cost of
dependence of patient and scenario. On the other hand, the proposed modified p-spectrum is much more
robust, in the sense that there is no need to determine any parameters for different datasets. Moreover, the
average detection accuracy is about 96%, which is close to the best thresholding or training based detection
performance reported in the literature.
References:
[1] B-U. Kohler, C. Hennig, and R. Orglmeister, “The Principles of Software QRS Detection”, IEEE Engineering in
Med. and Biol., Jan.-Feb. 4257, 2002.
[2] R. Mark, and G. Moody, “MIT-BIH Arrhythmia data base directory”, Cambridge: Massachusetts Institute of
Technology, 1988.
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Protein Docking Using Feature-Based
Surface Recognition
Purpose:
Protein-protein complexes are key to understanding many important biological processes but are difficult to study experimentally. Thus, docking
algorithms have been developed to provide an in silico approach to the
problem of how biological molecules fit together to form complexes.
In this work, we use simple local shape signatures combined with a probabilistic fingerprint framework for detecting shape complementarity. We
show that, though initially developed for matching macro-scale 3D shapes,
this methodology can also be useful for protein docking.

Julie Bernauer
Leonidas Guibas

Materials and Methods:
First, we transform the protein structure into a shape by computing and triangulating its molecular surface
both at residue and atomic level. Then we perform a shape matching algorithm using a probabilistic fingerprint framework, as proposed in [1-2]. The procedure uses the following:
- the computation of simple local shape signatures at uniformly sampled points of the surfaces,
- the modification of signatures and the inversion of the local frame for one of the input proteins, to
account for complementarity,
- the pairing of points with similar signatures and the clustering of point pairs in a transform space to
accumulate evidence for a match.
Once we have the possible matches, we evaluate them relatively to the native conformation of the protein
complex. Key to our approach is the fact that we use the local signature matches, without having to go through
an exhaustive enumeration and evaluation of all possible conformations.
Results:
Local shape signature model may be used to describe protein surface in simple manner. We are indeed able
to compute possible conformations for the protein complex in a very efficient way.
On some complex examples, the solution set, obtained after a few iterations, contains reasonable solutions.
Indeed, the epitopes, i.e. the parts of the protein interacting, can be found and the interface described could
be used as input to molecular modeling studies.
Conclusion:
This fast matching algorithm can be used for protein docking. In the future, we plan to combine this matching technique both with biological information and flexibility treatment so as to improve the quality of the
matches proposed. The efficiency of our method would permit the large-scale evaluation of putative protein
complexes, allowing high-throughput biological studies.
References
[1] N.J. Mitra, L.J. Guibas, and M. Pauly. Partial and approximate symmetry detection for 3d geometry. ACM
SIGGRAPH 2006, 2006
[2] N.J. Mitra, L.J. Guibas, J. Giesen and M. Pauly, Probabilistic Fingerprints for Shapes, Symposium on Geometry Processing, 2006
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Implementation of a Viscoelastic
Constitutive Model for Modeling
Blood Flow and Pressure
Purpose:
Viscoelasticity of the blood vessel wall is known to have dissipative (damping) and dispersive effects on blood flow and
pressure waves. In this study we implemented a viscoelastic
constitutive model in the one-dimensional, nonlinear equations of blood flow and assess the importance of viscoelasticity on dissipation of low and high frequency modes of the flow
and pressure waves.
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Materials and Methods:
The nonlinear one-dimensional (1-D) equations of blood flow consisting of conservation
of mass, balance of momentum and a constitutive relationship that describes the wall properties were used
to model blood flow and pressure. A 1-D space-time finite element method was implemented (Vignon and
Taylor (2004) and Wan et al (2002)) to solve them with an elastic constitutive relationship (Olufsen, 1999). For
the current study, a viscoelastic arterial wall model based on Holenstein et al (1980) was implemented in the
same finite element formulation. This implementation was verified with the analytic solution to the linearized
1-D blood flow equations. Several simulations with different inflow conditions (sinusoidal, physiologic) were
run using both the elastic and viscoelastic wall models.
Results:
Results show that dissipation due to the viscoelastic model tends to increase as the frequency of the wave
is increased. For example, in the case of an idealized carotid artery model (12.6 cm long) with a resistance
boundary condition at the outlet (equal to the characteristic impedance of the vessel with no damping present) and a 1 Hz inlet flow waveform, the decay of pressure amplitude down the length of the vessel was about
5% for the viscoelastic model. For a 50 Hz inlet flow waveform the viscoelastic model resulted in a 48% decay
of wave amplitude whereas the elastic model resulted in a decay of 2.6%. Similar trends were observed in
the results from a carotid artery model that was run with an impedance outlet boundary condition and an
inlet flow boundary condition consisting of high frequency components superimposed on a physiologic flow
waveform.
Conclusion:
A viscoelastic arterial wall model for modeling blood flow and pressure in 1-D has been implemented in a
space-time finite element method and verified. Results show that it is important to consider using a viscoelastic wall model in simulations when high frequencies (~>10 Hz) are present in the system. High frequencies can
be generated in areas downstream of stenoses and coarctations in arteries.
References:
Vignon and Taylor (2004), Wave Motion, 39, 361-374.
Wan et al (2002), Comput Meth Biomech Biomed Eng, 5, 195-206.
Olufsen (1999), Am J Phys, 276, 257-268.
Holenstein et al (1980), J Biomech Eng, 102, 318-325.
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Characterization of Rat Pulmonary
Vascular Morphology

Hedi
Razavi

Purpose:
Congenital heart defects affect nearly 1 out of 100 births [1]. Pulmonary stenosis, a narrowing of the pulmonary outflow tract, constitutes 10 percent
of congenital heart disease cases in adults [2]. Since it is generally difficult
to know a priori which stenoses are hemodynamically significant, computational simulations of blood flow provide a means to predict outcomes of
potential interventions [3]. In such modeling approaches, the governing
equations of blood flow in the larger arteries are greatly affected by the
imposed outflow boundary conditions. The vascular network downstream,
beyond the limits of current imaging resolution, is thus represented by the
appropriate outflow boundary conditions. To determine the effects of a pulmonary stenosis on vascular morphology, we developed methods for casting, imaging
and analyzing the microvasculature in small animals.

Shahrzad Zarafshar
Chengpei Xu
Jeffrey A. Feinstein
Charles A. Taylor

Materials and Methods:
The methodology developed was applied to the rat pulmonary vasculature. The adult rat lungs were injected
with a silicone polymer under constant flow rates. The filling pressures were recorded throughout the casting
procedure and excess volume was allowed to flow back. The lungs were then imaged using microCT at 49 and
12.5-micron resolutions. The image data were sampled and a tree structure of the vasculature was created.
Morphologic data was then obtained from the tree and classified using the diameter-defined Strahler system
[4].
Results:
Our casting procedure enabled the preferential filling of the arterial system at physiologic pressures without
vessel distension. With high-resolution microCT, pre-capillary arterioles were resolved and included in the
characterization of vascular morphology. Analysis of normal adult rat lungs showed a linear increase in vessel
lengths and diameters with increasing orders of vessels.
Conclusions:
Our casting, imaging and analysis methods enabled accurate characterization of vascular beds at the level of
pre-capillary arterioles. The same techniques can be applied to study the changes in vascular morphology at
different age groups, across species and in disease cases such as pulmonary stenosis. These changes can be
reflected as changes in boundary conditions in computational models of blood flow.
References:
1. Moodie DS. Adult congenital heart disease. Curr Opin Cardiol 1994; 9:137-42
2. Brickner ME, Hillis LD, Lange RA. Congenital heart disease in adults, The New England Journal of Medicine,
1/27/2000
3. Taylor CA, Hughes TJR, Zarins CK. Finite element modeling of blood flow in arteries, Comput. Methods Appl.
Mech. Engrg. 158:1998
4. Jiang ZL, Kassab GS, Fung YC. Diameter-defined Strahler system and connectivity matrix of the pulmonary
arterial tree. J. Appl. Physiol. 76(2):1994
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Modeling Bone Growth in HighPerformance Tennis Players
Purpose:
It is well known that exercise-induced loads cause bone hypertrophy in the
dominant arm of tennis players; this phenomenon has been documented by
numerous studies of players who began play at pre-pubescent ages[1]. However, the details that describe the processes of growth and remodeling that
accompany this observation are unknown [2]. In addition, it is also unclear
as to which are the dominant variables that shape bone growth - muscular
loading, impact forces during play or biological factors. We hypothesize that
we can model this bone hypertrophy using a finite element growth model
and that simulation gives further insight into the interplay between load and
biological response.
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Methods:
The humerus was chosen as the bone to analyze in our study because it is the least complex
of the arm bones. We investigated various loading activities and found tennis players to be excellent subjects
because they show asymmetrical bone growth, and bone size in the non-dominant arm can be used as a
control. We hypothesize that peak loading conditions occur during the high-speed serve. Based on video observation of tennis serves, we determined a posture for peak humerus stress. From this, approximate muscle
forces were calculated. These forces were applied as external loads in a finite element growth model we developed in class[3].
Results:
Due to the primarily torsional loading during serve, we observe pronounced inhomogeneous torsional growth.
In areas where the stress is largest, there is a significant about of bone density increase, whereas in areas of low
stress we observe bone resorption. The simulations were extremely sensitive to both the loads and the choice
of appropriate boundary conditions. While we were successful in approximating bone loads using SIMM, the
boundary conditions remain an open issue.
Conclusion:
The encouraging results of our study could be of equal benefit to high performance athletes and patients with
degenerative bone diseases. Based on patient-specific studies, optimized training strategies can be developed to promote bone growth.
URL: http://biomechanics.stanford.edu/Mechanics_of_growth
References:
[1] Jones, HH, Priest, JD, Hayes, WC, Tichenor, CA, and Nagel, DA. Humeral hypertrophy in response to exercise.
J Bone Joint Surg Am. 1977;59:204-208.
[2] Pearson, OM and Lieberman DE. The aging of Wolff’s “Law”: Ontology and responses to mechanical loading in cortical bone. Yearbook Phys Anth. 2004;47:63-99.
[3] Jacobs, CR, Levenston ME, Beaupre, GS, Simo, JC, and Carter, DR. Numerical instabilities in bone remodeling simulations: The advantages of a node-based finite element approach. J Biomech. 1995;28:449-459.
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Tuning Patient-specific Abdominal
Aortic Hemodynamic Simulations
with Windkessel Outlet Boundary
Conditions to Match Measured Flow
Ryan L.
and Pressure

49

Spilker

Purpose:
Before they can be used to predict outcomes of cardiovascular disease treatments, hemodynamic simulations must first accurately represent a patient’s
preoperative condition. State-of-the-art blood flow simulation techniques
incorporate anatomic models constructed from medical image data, deformation of vascular walls, inflow boundary conditions (BCs) measured noninvasively,
and appropriate outlet BCs to represent downstream vascular beds. Adding to these
techniques, we have developed a systematic approach to adjustment of the parameters in threeelement windkessel outlet BCs such that hemodynamic simulations achieve measured flow and pressure
characteristics.

Charles A. Taylor

Materials and Methods:
We used a stabilized finite element method to solve the equations governing blood flow in a patient-specific
abdominal aortic model. The flow waveforms at the inlet of this model and distal to the renal arteries were
measured with cine phase-contrast magnetic resonance imaging. The tuning of the BCs was formulated as a
nonlinear system of equations and solved with a quasi-Newton method. After a finite difference computation
of the initial Jacobian of the system, Broyden’s method was used to update the Jacobian. A reduced-order
model, consisting of the input flow and impedance spectra of the BCs in parallel, was used to determine the
initial values of the parameters in the BCs and to guide the finite difference computation of the initial Jacobian.
Results:
By adjusting the parameters in the three-element windkessel outlet BCs, the desired maximum, minimum,
and median of the pressure waveform, the amplitude and diastolic value of the measured infrarenal flow
waveform, and the flow distribution among the branch vessels. Automation of the algorithm within the SimVascular software package saved the user from repeated interactions with the simulation software.
Conclusions:
We have developed a method for adjusting the outlet BCs in hemodynamic simulations such that flow and
pressure characteristics of these simulations match those found in measurements. Given a simulation that
closely approximates the measured hemodynamic state of a patient, a prediction of the results of a surgical or
medical treatment can be made. Its accuracy relies on the accuracy of the model and predictions of how the
treatment will change the patient-specific anatomic domain and the BCs.
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Implication Networks from Large
Gene-expression Datasets
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Purpose:
We present a new algorithm for building Boolean implication networks
from very large amounts of gene expression data. The resulting networks include not only symmetric relationships between genes, such as
co-expression, but also asymmetric relations that represent if-then rules.
The approach is conceptually simple and fast enough that it can build a
complete gene network using 3 billion gene pairs with more than 9,500
expression values per gene-pair in less than 3 hours on an ordinary office
computer. The algorithm was applied to publicly available data from thousands
of microarrays for humans, mice, and fruit flies (for a total of 365 million Affymetrix
probeset expression levels). The resulting network consists of hundreds of millions of relationships
between genes, and contains biologically meaningful information about gender differences, tissue differences, development, differentiation and co-expression. We also examine relationships that are conserved between humans, mice, and fruit flies.

David L. Dill
Andrew J. Gentles
Rob Tibshirani
Sylvia K. Plevritis

Materials and Methods:
The algorithm classifies the expression level of each gene on each array as “low” or “high” relative to a threshold, and discovers significant symmetric and asymmetric Boolean implications. The implications are detected
by checking whether one of the four quadrants in the scatter plot between A and B is significantly sparsely
populated with points compared with the other quadrants. Genes A and B are called equivalent, if A high =>
B high and B high => A high. They are called opposite, if A high => B low and B low => A high. Implications in
one direction only are called asymmetric. There are two symmetric (equivalent and opposite) and four asymmetric (low => low, low => high, high => low, high => high) Boolean relationships.
Results and Conclusion:
Boolean implication networks were constructed from 4,787 publicly available Affymetrix U133 Plus 2.0 human, 2,154 Affymetrix mouse 430 2.0, and 450 Affymetrix Drosophila genome 1 arrays from Gene Expression
Omnibus (Edgar et al. 2002). There are 208 million, 336 million and 17 million Boolean relationships in human,
mouse and fruit fly respectively. Additionally, 4 million Boolean relationships are conserved in human and
mouse and 41,260 Boolean relationships are conserved in human, mouse and fruit fly. Approximately, 99%
of the Boolean relationships are found to be asymmetric. Boolean relationships represent currently known
biological phenomena including gender differences, development, differentiation, tissue difference and coexpression.
URL: http://gourd.stanford.edu/~sahoo/recomb07/
Acknowledgements:
The authors thank NIH for supporting this work (5U56CA112973-02).
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Modeling and Simulation of TEASensitive Potassium Conductances
in Primary Vestibular Afferents

Samantha
Irene
Cunningham

Purpose:
The following project utilized a computational approach to analyze,
mathematically describe, and model the tetraethylammonium-sensitive
component of potassium conductances in primary vestibular afferents.

Materials and Methods:
The activation dynamics of tetraethylammonium-sensitive potassium currents (ITEA), the most abundant type of potassium conductance in these neurons,
were modeled using the computer program NEURON according to channel descriptions reported in Chabbert et al. (2000). Steady-state components of the potassium conductance were fitted with a
Boltzmann equation while dynamic states were modeled using various exponential equation forms describing the relationship between voltage and the time constants of the current. The complexity of the double
exponential representation of ITEA required the use of NEURON’s high-level language program NMODL. An
NMODL-customized model of spiral ganglion neuron conductances was acquired from descriptions reported
in Hossain et al. (2005) and was used to investigate whether or not the ITEA conductance described by Chabbert could be reproduced using NMODL spiral ganglion potassium channels.
Results and Conclusion:
Comparison of the data extracted from a single exponential equation, 2nd through 4th order exponentials,
and a double exponential equation yielded the conclusion that the dynamic constituent of the TEA-sensitive
potassium conductance is composed of both a slow and fast component; a double exponential equation fit
to Chabbert’s ITEA data was consistent with the family of dynamic curves presented in his paper and thus accurately accounted for both aspects of the conductance’s time course. Simulations utilizing the NMODL spiral
ganglion potassium channels revealed that a complete re-creation of ITEA was limited both by the inability
of the potassium channel model to account for the voltage-dependency of the time constant as well as its inability to account for both slow and fast components of the conductance’s dynamics.
References:
Chabbert C, Chambard JM, Sans A, and Desmadryl G. Three Types of DepolarizationActivated Potassium Currents in Acutely Isolated Mouse Vestibular Neurons. J Physiol: 1017-1026, 2000.
Hodgkin AL and Huxley AF. A quantitative description of membrane current and its application to conduction
and excitation in nerve. J Physiol 117: 500-544, 1952.
Hossain WA, Antic SD, Yang Y, Rasband MN, and Morest DK. Where is the spike generator of the cochlear nerve?
Voltage-gated sodium channels in the mouse cochlea. J Neurosci 25: 6857-68, 2005.
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Optimal Experimental Design for
Estimating the Parameters of AktPH Domain Translocation
Purpose:
Quantitative modeling of biochemical processes in living systems is
hindered by large measurement errors which result in poor parameter
estimates. We used a numerical method for optimal experimental design in chemical engineering to minimize the predicted uncertainty of
parameter estimates obtained from a biological experiment.
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Materials and Methods:
The regulatory subunit p85 of phosphoinositide-3 kinase (PI3K) was genetically fused to FKBP and the cyan fluorescent protein (CFP). Upon addition
of the rapamycin analog iRap, the p85 construct translocates to an artificial membrane
anchor comprised of FRB and the N-terminus of Lyn. Translocation results in the production of phosphoinositide-3,4,5-phosphate (PIP3) in the inner leaflet of the lipid bilayer. Reversible binding of the pleckstrin homology (PH) domain to the PIP3-enriched plasma membrane was investigated using the Akt-PH domain fused to
yellow fluorescent protein (YFP). Measurements were done by live cell confocal fluorescent imaging of triply
transfected NIH 3T3 fibroblasts. Production of PIP3 was induced with 5 uM iRap, and after 11¼ min, PI3K activity was inhibited by 25 uM LY294002.
Results:
11 parameters of a 4 state ordinary differential equations (ODE) model of this system were poorly determined
by that data. The numerical software package VPLAN was then used to optimize the experimental design,
based on the previous experiment. The optimal experiment which involves multiple changes of drug concentration, was predicted to reduce the parameter variances more than 9-fold over the initial setup. First timecourse data obtained recently from this optimal experiment suggests that the system was driven within the
predictive range of the model.
Conclusion:
So far, we could show that the optimal experiment is feasible with the same setup as for the initial experiment.
Moreover, the controls found by numerical optimization drive the system within the predictive range of the
model. By repeating the optimal experiment in order to assess measurement error, we are investigating if the
optimal experiment saves time and cost manifold over the initial experiment as predicted, and thus, if optimal
experimental design for parameter estimation is generally applicable in the field of systems biology.
References:
Suh B-C, Inoue T, Meyer T, Hille B: Rapid Chemically Induced Changes of PtdIns(4,5)P2 Gate KCNQ Ion Channels
(2006) Science 314: 1454-1457
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Flexibility and Conformational
Dynamics of Macromolecules
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Significant advances have been made on the problem of predicting the conformational dynamics of proteins. Comparatively less is known about RNA folding and conformational change. We describe our approaches to predicting
the conformational dynamics of protein and RNA. For proteins, the first step
of the method consists of predicting the location of the hinge between domains, and the second of applying euler rotations to one of the domains
about the hinge point. In a third step a short-time dynamical trajectory of
the protein is computed using Molecular Dynamics to equilibrate the protein and correct unnatural atomic positions. By repeating the second and
third steps iteratively an ensemble of physically plausible alternate conformations can be generated. We have used this method to correctly predict
large scale ligand binding motions of proteins; in the future it may also be
useful for predicting the association of protein with RNA. We also describe our
ongoing work to predict RNA structure and conformational dynamics.

URL: http://molmovdb.org
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Characterization of Coherent
Structures in the Cardiovascular
System
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Purpose:
Hemodynamic flow structures found in large vessels have implications to
vascular diseases, vascular remodeling, and the distribution of nutrients.
Understanding how these flow structures accompany biologic response
is challenging, in part, because the fluid mechanics are often complicated.
Medical imaging allows qualitative assessments of flow in vivo. However, obtaining quantitative information or parametric analysis inevitably requires computational models. Recent advances in numerical modeling of blood flow have been
able to produce realistic flow models by incorporating patient-specific geometry and boundary
conditions [1]. These computations often reveal complicated flow patterns that are difficult to interpret. The
purpose of this study is to develop and apply tools to better understand such flow patterns.

Charles A. Taylor

Methods:
The spatial distribution of the Finite-Time Lyapunov Exponent (FTLE) field can be used to detect dominant
features in the flow [2]. In particular, Lagrangian Coherent Structures (LCS) are defined as co-dimension one
structures that locally maximize the FTLE field transverse to the structure [3]. Knowledge of LCS often provides the skeletal structure of how fluid is transported, which allows a perspective not possible from traditional techniques.
Results:
We apply this method to study flow in a carotid bifurcation, a model of a total cavopulmonary connection
(TCPC), and two models of abdominal aortic aneurysms (AAA’s, one idealized and one patient-specific). Flow
separation near the carotid bifurcation is believed to be a primary cause of atherosclerosis, leading to stroke.
Computation of LCS in the carotid bifurcation shows precisely how flow separates in this region. Next, flow
through a TCPC is studied to understand how this surgical procedure distributes blood returning to the lungs
to be oxygenated. We show that a repelling LCS partitions blood transported between the left and right pulmonary branchs. Finally, we demonstrate how LCS computed in models of AAA’s show the extent of flow
stagnation and recirculation in the aneurysms, two factors thought to be important in evaluating the risk of
aneurysm progression.
Conclusion:
We show that LCS can be used to characterize complicated flow patterns in the cardiovascular system. Such
computations allow better quantification of flow separation, distribution, recirculation, and stagnation-clinically relevant flow characteristics that have been correlated to progression of diseases.
References:
[1]N. Wilson, F. Arko, C.A. Taylor, Computer Aided Surgery, 10(4), 257-77, 2005.
[2]S.C. Shadden, F. Lekien, Marsden J.E., Physica D 212(3-4), 271-304, 2005.
[3]F. Lekien, S.C. Shadden, J.E. Marsden, J Math Physics, 48, 065404:1-19, 2007.
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ConTrack: Identifying the Most Likely
White Matter Pathways Between
Two Brain Regions
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Brian A. Wandell

Introduction:
Magnetic resonance diffusion tensor imaging (DTI) coupled with fiber
tractography (DFT) is the only non-invasive method for measuring
white matter pathways in the living human brain. We wish to measure
the properties of known pathways, for the purpose of quantifying
development changes or comparing special populations. Yet there
are many known fiber tracts that conventional DFT fails to detect. We
describe a probabilistic DFT algorithm (ConTrack) that identifies the
most likely pathways between any two regions, even in cases where
these two regions are separated by a crossing major “highway” of fibers.

Materials and Methods:
The algorithm comprises three parts: a sampler to generate a large set of potential
pathways, a scoring algorithm that measures the likelihood of a pathway while satisfying symmetry and independence constraints, and an inferential step to identify the most likely pathways connecting two regions.
We demonstrated our method on DTI obtained from four healthy subjects (ages 8-11). Where possible, we
compared the resulting pathway set obtained from ConTrack to a set of pathways produced by the widely
used Streamlines Tracing Technique (STT) algorithm. When STT was unable to produce results we also demonstrate that the most current popular probabilistic DFT algorithms (FSL and Camino) also fail to estimate the
anatomy.
Results.:
We first established that, in these data sets, ConTrack estimates known pathways at positions that are consistent with those found using STT, e.g. pathways connecting homologous left and right dorsal occipital cortex.
Next, we used ConTrack to find high scoring pathways that are known to exist, but are missed by current DFT
algorithms (STT, FSL and Camino). These include the left and right optic radiations (see supplemental figure
project webpage). Finally, we showed that ConTrack identifies pathways connecting left and right human motion selective cortex (MT+), which have not yet been reported, but are supported by functional results as well
as dissection results in primates. These pathways are not identified with conventional DFT because they pass
through a large fasciculus of crossing fibers.
Conclusion:
In a series of experiments, we verify that in conditions where STT performs well, ConTrack identifies the same
pathways. In certain conditions where modern DFT algorithms (STT, FSL and Camino) fail to find pathways
that are known to exist, ConTrack identifies high scoring pathways. ConTrack is well-suited to applications in
which conventional DFT algorithms fail to identify known pathways, yet one would like to identify the most
likely location of these pathways and study their properties.
URL: http://graphics.stanford.edu/~sherbond/misc_share/figure.pdf
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Quantification of In Vivo Wall Motion
of the Descending Thoracic Aorta
Using 4D-CT
Purpose:
Relatively little is known about the wall dynamics of the human thoracic aorta, in particular the longitudinal motion. Previous studies
have reported circumferential strain using an Eulerian frame, but no
studies heretofore have quantified longitudinal strain, nor have any
implemented a Lagrangian frame. It is vital to understand the dynamics of this region because it affects stents and other medical implants. The aim of this study is to characterize the longitudinal strain,
and to compare the diameter and circumferential strain of the proximal
and distal descending thoracic aorta (DTA) over the cardiac cycle.
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Materials and Methods:
The DTA of seven patients (6M, 1F, 46±5 yrs) with no aortic pathology were studied using 4D cardiac gated-CT.
Each data set contained ten 3D volumes of the vasculature, each volume representing 1/10th of the cardiac
cycle. Because it has been shown that strain and pressure peak nearly simultaneously in the cardiac cycle, all
measurements were made at peak-systole and diastole [1]. Using SimVascular [2], a center-line path of the
DTA was created, and the location and centroid of the ostia of the two most proximal and distal intercostal
arteries were marked. The ostia serve as the Lagrangian reference frame, versus the previously used [3] Eulerian frame. The centroids were then projected to the center-line. We defined the length of the DTA as the
arc length between the most proximal and distal projected centroids. We computed the length of the DTA at
diastole zd and peak-systole zs, and the effective diameter of each cross-section just below the ostia at diastole
cd and peak-systole cs. We calculated the longitudinal and circumferential strain by (zs - zd)/zd and (cs - cd)/cd.
Results:
The length of the DTA at systole was 12.0±1.3cm, larger than the length at diastole 11.8±1.3cm (p < 0.0001),
with a longitudinal strain of 1.9±0.7%. The effective proximal and distal diameters at systole were 23.4±1.3
and 21.8±1.1mm (p < 0.005), and the effective proximal and distal diameters at diastole were 21.8±1.2 and
20.1±1.0mm (p < 0.0001). The proximal and distal circumferential strains were 7.4±3.5 and 8.7±2.2% but not
statistically different.
Conclusions:
Reported for the first time is the in vivo longitudinal strain of the human DTA (≈ 2%), which is 1/4th of the
circumferential strain (≈ 8%). Also, the proximal diameter of the DTA is larger than the distal diameter over
the cardiac cycle. These results may prove useful in clinical and engineering applications. Future work lies in
extending this study to patients with disease of the DTA.
URL: http://www.tinamorrison.com/cvbrl
References:
1. Draney et al, Magn Reson Med, 52:286-295 (2004)
2. Wilson et al, Lec Notes Com Sci, 2208:449-456 (2001)
3. Draney et al, 2005 Proc Ann Mtg Soc Vasc Surg (2005)
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Digital Cleansing of Contrast-opacified
Fecal Residue for CT Colonography
(Virtual Colonoscopy)

Ushah Kommi
Reddi

Purpose:
CT colonoscopy combines rapid CT imaging of the abdomen and pelvis
with computer graphics for visualization. It requires the patient drink
fluids that result in cathartic purging of colonic contents to facilitate algorithms for colon segmentation, 3D visualization and computer-aided
detection (CAD) of polyps. Current research aims to simplify the preparation by having the patient intake contrast agents to opacify (tag) fecal residue and water for subsequent deletion. This allows for greater
patient compliance, which is critical for the success of screening studies,
and increases the specificity of polyps because of the improved differentiation between polyps and fecal residue due to tagging. The goal of our research
is develop a segmentation technique that digitally removes the ‘tagged materials’ thus
ensuring a cleansed lumen for visualization and CAD of polyps.

Christopher Beaulieu
Rong Shi
Padma Sundaram
Sandy Napel

Materials and Methods:
To segment out the tagged materials without affecting the mucosal layer of the colon lumen, three categories of partial volume voxels (PVVs) need to be addressed - voxels at the ‘air-tagged fluid’ boundary, voxels at
the ‘tagged fluid-colonic wall’ boundary, and voxels at the intersection of air, tagged fluid and colonic wall.
In most colon preparations, the ‘air-tagged fluid’ boundary is horizontal and is typically 2 voxels thick. Based
on this heuristic, vertical rays are passed in each axial slice to identify and remove the PVVs at the ‘air-tagged
fluid’ boundaries. Neglecting the PVVs at the ‘tagged fluid-colonic wall’ boundary would result in a damaged
mucosal layer that is not smooth. We devised a Partial Volume Correction Curve to modify PVVs at ‘tagged
fluid-colonic wall’ boundary so as to reconstruct a smooth mucosal layer while simultaneously removing the
tagged voxels. The remaining PVVs at the ‘air-tagged fluid-colonic wall’ intersection form artifacts that resemble a ‘bathtub ring’. Since this has a very minor effect on visualization and CAD of polyps (of size > 5mm), our
present algorithm does not deal with these PVVs explicitly. We applied our method to 26 cases and analyzed
the effects on visualization and CAD.
Results:
Adequate visualization was obtained in all 26 cases. However, CAD results were inconsistent due to artifacts
resulting from the interaction of fixed thresholds with the heterogeneous distribution of the tagged material.
Conclusions:
Since there is great inter-patient disparity in the intensities and distribution of tagged voxels, using heuristics
to devise the parameters for the algorithm led to mixed results. In the future, we intend to infer tagged-voxel
thresholds and PVVs profiles from the CT volume itself so that the segmentation is fine-tuned to each specific
volume.
URL: http://k.ukiran.googlepages.com/home
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Simulation of a Novel Surgical
Procedure for Treating Carotid
Stenosis
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Purpose:
As a minimally invasive procedure, carotid stenting is a popular alternative to carotid endarterectomy for treating carotid
stenosis. However, stenting has a serious risk of dislodging
plaque that may travel to the brain and result in a stroke. A
newly proposed surgical method generates backflow through
the carotid arteries during a stenting procedure by inserting
a custom catheter with a low pressure outlet and occluding
the vessel with a balloon. In theory, backflow would prevent
loose plaque from traveling to cerebral arteries, reducing the risk
of stroke while allowing the implementation of a minimally invasive
procedure. Our current work uses finite element analysis to simulate blood
flow in an average patient with carotid disease, and applies information about the pre-operative
hemodynamics of the vessels to a model of the surgical procedure.

C. Alberto Figueroa
Andrea Les
Jacqueline P. Ho
Charles A. Taylor

Materials and Methods:
Finite element analyses of flow were run on the discretized mesh of a 3-D geometric model of carotid arteries
and neighboring vessels built with our custom software SimVascular. Stenosed regions in the model were
created based on average patient data. Boundary conditions using RCR lumped parameters were calculated
from values obtained from literature and DUPLEX ultrasound. Following a pulsatile simulation of the pre-operative state of the vasculature, a model of the flow domain of the vessels and catheter was built to simulate
the surgical procedure. A preliminary steady simulation was run on the surgical model.
Results:
The preliminary simulation exhibited backflow in only the internal carotid artery. Lack of backflow in the external carotid suggests some risk of an embolism may still be present in the treatment. Lower pressure at the
catheter outlet or other adjustments may be necessary to optimize the procedure.
Conclusion:
Preliminary results seem to indicate generating backflow in a surgical setting is possible. However, further
investigations of the physiological accuracy of the model and the assumptions behind boundary conditions
imposed on it must be made before proceeding with further analyses.
References:
Hendrikse et al. Distribution of Cerebral Blood Flow in the Circle of Willis. Radiology 2005; 235:184-189.
Perktold K, Resch M, Peter RO. Three-dimensional numerical analysis of pulsatile flow and wall shear stress in
the carotid artery bifurcation. Journal of Biomechanics 1991; 24:409-420.
Zarins, C.K, 1996; Carotid Endarterectomy: The Gold Standard. Journal of Endovascular Surgery 1996; 3:1015.
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Experimental and Computational
Reconstruction of the Unfolded State
Ensemble in Nucleic Acid Folding

Vincent B.
Chu

Yu Bai
Jan Lipfert
Vijay S. Pande
Daniel Herschlag
Sebastian Doniach
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Characterization of the unfolded state of RNAs has been difficult. Experimental approaches -- even at the single molecule level -- cannot resolve
its constituent microstates while theoretical models are of unknown accuracy without experimental validation. In this study we examine the
unfolded ensemble of a model system, composed of two DNA duplexes
tethered by a polyethylene glycol chain, that is an analog for the base
paired regions in an unfolded nucleic acid. The synthesis of theory
and small angle x-ray scattering experiments provides a quantitative
description of the structural and energetic changes in the unfolded
state as ionic conditions are modulated. We find that addition of ions
electrostatically relaxes the system, increasing its conformational entropy and stability. Our tests of PB indicate that it is an adequate description of the underlying energies for monovalent ions; however, large
deviations are observed for divalent ions.
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Push-pull in the Organ of Corti: 3D
Model Using Micro Computed
Tomography (µCT)
Purpose:
The cochlea of the inner ear presents many challenges for measurement
and computation, and not without controversy. This work compares
experimental results and calculations with a three-dimensional hydrodynamic cochlear model that consists of a long fluid-filled box with a
partition, a portion of which is the elastic basilar membrane (BM). The
model for the gerbil includes the three-dimensional viscous fluid and the
pectinate zone of the elastic orthotropic BM with dimensional and material
property variation along its length.
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Materials and Methods:
For sinusoidal input pressures, a fluid-elastic traveling wave is generated-this is well established. For low amplitude of sound intensity, there is significant feedback of energy causing an enhancement of the traveling
wave. Located on the elastic region is the organ of Corti, which contains the sensory hair cells in a crystal like
arrangement of the cytoarchitecture. A possible explanation for the form comes from an analysis of the effect of the electromotile (piezoelectric) expansion and contraction of the outer hair cells. We hypothesize that
this causes a positive spatial “feed-forward” of force on the basilar membrane (the “push”) and also a negative
“feed-backward” of force (the “pull”).
Results and Conclusion:
These forces work together to provide approximately two orders of increase in the magnitude of the wave
for the short wavelengths, but cancel for the long wavelengths. Thus the significant enhancement occurs in a
narrow band of spatial wavelengths without the need for special filtering or tuning. The inputs to the cochlear
model include the morphometry of the fluid space and the BM width. These are obtained by micro computed
tomography (µCT) scanning, segmentation, and 3-D reconstruction of three gerbil cadaver temporal bones.
The scala tympani (ST) and scala vestibuli (SV) fluid spaces area are calculated and the result shows good
agreement with measurements reported from the magnetic resonance microscopy (MRM) methods (Thorne
et al., 1999). In addition, the “BM width” is calculated and measurements are approximately 20% wider than
those by Naidu et al., (2006), likely due to their inclusion of the cartilaginous portion. An advantage of the 3-D
reconstruction is the ability to choose different reference frames for the morphometry such as bent modiolus
axis. The calculations for the anatomically based hydro-dynamic cochlear model with the push-pull included
give results consistent with measurements.
Work supported by grant no. R01-DC007910 from the NIDCD of NIH.
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Visualization and Simulation of Proton
Signal Change in Cerebral Vasculature
for BOLD Contrast fMRI

Purpose:
Hemodynamics, or changes in blood flow and blood oxygenation level, have
been known to indicate neural activity owing to stimuli-induced metabolism
of oxygen. Functional MRI (fMRI) is a method for mapping brain activity based
on Blood Oxygenation Level Dependent (BOLD) signal contrast. Despite its increasing usage, much of the relationship between BOLD contrast signals, hemodynamics, and neural activity has not been clearly established, such that developing a more accurate and versatile model would create a cost-effective framework to
aid both research and clinical applications of the technology.

Jongho Lee
Taeksoo Kim
John M. Pauly

Methods:
Graphic visualization and Monte-Carlo simulation of image acquisition were accomplished and analyzed
through simple programs in C++ with the aid of OpenGL and computational tools such as MATLAB. Relevant
factors for MR signal acquisition including cerebral vein properties, proton configurations, and echo sequence
were based on data from previous literature [1,2,3,4] as well as current work done in MRSRL.*
Results:
The simulation results were verified with previous research. Successful visualization of vein and proton generations as well as the field present promise in developing a platform for a cost-effective simulation tool.
Conclusion:
While optimizing the code is a priority, current work is done on applying the simulation to the balanced
steady-state free precession (bSSFP) technique, where multiple RF excitations and T1 relaxation must be considered on 3D proton vectors. In the meanwhile, clinical significance is apparent; for instance, functional
abnormalities may be localized in an Alzheimer’s patient, or changes in metabolism may be detected in malignant tumors. Continuous and deeper considerations of biological as well as physical phenomena in the
simulations will be crucial for the improvement of the technology and its medical significance.
References:
[1] Ogawa S, Menon RS, Tank DW, Kim SG, Merkle H, Ellerman JM, Ugurbil K. Functional brain mapping by
blood oxygenation level-dependent contrast magnetic resonance imaging. Biophysical Journal 1993;64:803812.
[2] Menon RS. Postacquisition Suppression of Large-Vessel BOLD Signals in High-Resolution fMRI. Magnetic
Resonance in Medicine 2002;47:1-9.
[3] Lee J, Shahram M, Schwartzman A, Pauly JM. Complex Data Analysis in High-Resolution SSFP fMRI. Magnetic Resonance in Medicine 2007;57:905-917.
[4] Boxerman JL, Hamberg LM, Rosen BR, Weisskoff RM. MR Contrast due to Intravascular Magnetic Susceptibility Perturbations. MRM 1995;34:555-566.
*Magnetic Resonance Systems Research Laboratory, Stanford University, CA
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