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6 . . . . Biomedical Informatics Research Network: BIRN
University of California, San Diego, Mark Ellisman

7 . . . . BioCurrents Research Center: BRC
Marine Biological Laboratory, Peter J.S. Smith

8 . . . . Boulder Laboratory for 3-D Electron Microscopy of
Cells: BL3DEMC
University of Colorado, Andreas Hoenger

9 . . . . Center for Integrated Biomedical Computing: CIBC
University of Utah, Chris Johnson

10 . . . Human Genetic Analysis Resource: HGAR 
Case Western Reserve University, Robert Elston

11 . . . Laboratory of Neuro Imaging Resource: LONIR
University of California, Los Angeles, Arthur Toga 

12 . . . Multiscale Modeling Tools for Structural Biology:
MMTSB
The Scripps Research Institute, Charles Brooks III

13 . . . National Biomedical Computation Resource: NBCR
University of California, San Diego, Peter Arzberger

14 . . . National Center for Image Guided Therapy:
NCIGT
Brigham and Women’s Hospital, Ferenc Jolesz

15 . . . National Center for Macromolecular Imaging:
NCMI
Baylor College of Medicine, Wah Chiu

16 . . . National Center for Microscopy and Imaging
Research: NCMIR
University of California, San Diego, Mark Ellisman

17 . . . National Resource for Automated Molecular
Microscopy: NRAMM
The Scripps Research Institute, Bridget Carragher

18 . . . National Resource for Biomedical Supercomputing:
NRBSC
Pittsburgh Supercomputing Center, Ralph Roskies

19 . . . National Resource for Cell Analysis and Modeling:
NRCAM
University of Connecticut Health Center, Leslie Loew

20 . . . Neuroimage Analysis Center: NAC 
Brigham and Women’s Hospital, Ron Kikinis

21 . . . Research Resource for Complex Physiologic Signals:
RRCPS
Beth Israel Deaconess Medical Center, Ary Goldberger

22 . . . Resource for Biocomputing, Visualization and
Informatics: RBVI
University of California, San Francisco, Tom Ferrin

23 . . . Resource for Macromolecular Modeling and
Bioinformatics: RMMB
University of Illinois at Urbana-Champaign, Klaus
Schulten

24 . . . Resource for the Visualization of Biological
Complexity: RVSC
Wadsworth Center, Joachim Frank
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In the last decade of the 20th century, computer
science and biology both emerged as fields capable of
remarkable and rapid change. Moreover, they
evolved as fields of inquiry in ways that draw
attention to their areas of intersection. The con-
tinuing advancements in technology and the pace of
scientific research present the means for computing
to help answer fundamental questions in the bio-
logical sciences and for biology to demonstrate that
new approaches to computing are possible.

Catalyzing Inquiry at the Interface of Computing and Biology
(2005) , National Academy of Sciences

The success of computational biology is shown by
the fact that computation has become integral and
critical to modern biomedical research.

2004 NIH Roadmap

The National Institutes of Health’s mission is to improve the
health of Americans by conducting and funding medical
research. To carry out that research, biomedical researchers—
supported by the Institutes, Centers and Offices of NIH
(www.nih.gov)—  require a broad array of critical technologies,
tools, materials, and resources. Investigators need models for
research on diseases and disabilities. Biomedical technology and
instrumentation are necessary to elucidate cellular and molecu-
lar structure. Researchers also need clinical settings where they
can conduct studies (to discern the cause of disease) and develop
novel clinical trials of new therapies. 

A recent Nature article* highlighted several NIH investments in
computing that have had major impacts on biomedical research:
the first computerized tomography scanner; the Protein Data
Bank; development of BLAST, the World Wide Web, and the
shotgun DNA sequencing approach; development of the
Biomedical Informatics Research Network (BIRN, included in
this brochure); and many more. Harnessing the power of com-
puting is fueling a revolution in biomedical research.
Cyberinfrastructure for biomedicine has brought with it new
technologies, community resources, and collaborative environ-
ments—all made possible by long-term NIH investment.

This brochure highlights nearly 20 projects supported by NIH’s
National Center for Research Resources (NCRR,
www.ncrr.nih.gov). They are working at the interface of com-
puting and biomedicine. Projects supported by NCRR act as a
“catalyst for discovery” by creating and providing critical
research technologies, shared resources, and infrastructure for
the community. These projects reflect the growing need to tran-
scend traditional boundaries in research. Biomedical discovery is
increasingly multidisciplinary, multi-institutional, often multi-
national, and ultimately crosses the line between research and
application in the clinical setting. Several NCRR-funded
resources are addressing issues that span diverse scales of biologi-
cal processes. This infrastructure developed and supported by
NCRR underpins biomedical research and enables advances that
improve the health of our nation’s citizens and, indeed, the
world’s.

NCRR’s portfolio of resources is detailed in the following pages.
It reflects a mix in strategies, technologies and time horizons
designed to move today’s biomedical technologies into tomor-
row’s clinics. Some highlights:

• Pooling data from multiple resources has yielded insight and
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non-human primate pre-clinical models of neu-
rodegenerative disease [BIRN]. It constitutes an
important basis for preclinical and clinical
research, including the development of therapies
that are specifically designed to recognize molec-
ular targets in a cell [BL3DEMC]. Annotating
physiologic signaling data in health, aging, and
disease is valuable to clinicians and modelers who
have created innovative methods and analysis for
Parkinson’s disease, epilepsy, drug toxicity and
sleep disorders [RRCPS]; 

• Developing algorithms and software for visuali-
zation and computing to improve efficiency of
computing or ease the use of the tools, with pro-
grams such as BioPSE—the open-source
Biomedical Problem Solving Environment
[CIBC]. An other example includes the develop-
ment and deployment of NAMD for molecular
modeling [RMMB].

• Modeling and simulations have shown how car-
diac resynchronization therapy using biventricu-
lar pacing in an enlarged, failing and asynchro-
nously contracting heart improves mechanical
function by improving the synchrony of the tim-
ing of contraction [NBCR]. The simulations have
also allowed researchers to develop statistical
models to analyze genetic sequences for deter-
mining genes in disease such as myocardial
infarction, Alzheimer’s disease and sleep apnea
[HGAR].

• 3D imaging technology has accelerated insight
into the structures of cytoskeletal filaments and
bundles, ion channels, membrane transporters,
chaperones, viruses, and large oligomeric pro-
teins, each related to biological processes.
Structural abnormalities have also provided
insight into diseases including cancer, viral infec-
tion, heart disease and neurodegenerative dis-
eases [NCMI]. 

• Prototype devices have been adopted in preclini-
cal trials for diagnostics and screening, including
miniaturized electrochemical sensors, with ongo-
ing emphasis on the development of non-inva-

sive, ultra-microsensor devices [BRC], for exam-
ple for use in skin damage or disease such as
melanoma.

• Open challenges have induced researchers to
address unsolved questions in clinical practice
and led to solutions now being commercialized
and applied in the clinical setting [PhysioNet].

• Researchers interact with clinicians and patients:
Located in hospitals and medical centers, several
NCRR resources are designing technologies for
the clinic, including image-guided therapy to
assist in neurosurgery, breast-focused ultrasound
therapy, and cardiac ablation [NCIGT]. They are
also working on translational projects involving
Alzheimer’s disease, brain injury, brain matura-
tion and neonatal development and schizotypal
disorder [NAC].

Indeed, the Neuroimage Analysis Center is proac-
tively pushing research into the clinic. Its physical
location at Brigham and Women’s Hospital in
Boston provides an easy avenue for translating
research advances into clinical diagnoses or treat-
ments. To reinforce that connection, each NAC
investigator is responsible for one core technology
area and one—or several—clinical applications.

As also noted in the 2004 NIH Roadmap, “because
computation is integral to biomedical research, its
deficiencies have become significant limiters on the
rate of progress of biomedical research.” The collec-
tion of NCRR-supported resources reflected in this
brochure spans biomedical computation, visualiza-
tion, imaging and informatics. These resources are
taking steps to integrate computing into biomedical
research, thus increasing the rate of progress in bio-
medical research, and in moving today’s biotechnol-
ogy into tomorrow’s clinics.

For the complete list of P41 resources from NCRR
as well as for more information about the resources
represented in this brochure, please visit
www.ncrr.nih.gov. 

* Nature 440 23 March 2006
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Pioneering the Use of Grid Infrastructure for Medical Research
The Biomedical Informatics Research Network (BIRN) is a geographically distributed
community which fosters collaboration across research disciplines to advance the diag-
nosis and treatment of disease. Central to the BIRN project is its scalable cyberinfra-
structure—a cohesive implementation of an intuitive portal environment, applications
and key information technologies—designed to support interdisciplinary investigations
among teams of biomedical researchers. 

Created in 2001, BIRN developed and continues to advance the hardware, software,
and protocols necessary to share and mine data for basic and clinical research. BIRN’s
collaborative environment allows researchers to cooperate on multi-institutional inves-
tigations across multiple animal models (mouse, human, and non-human primate).
Pooling diverse expertise, applications, and instrumentation is essential in allowing
these interdisciplinary teams to tackle disease studies of greater scope and complexity
than were independently possible. 

BIRN’s unique cyberinfrastructure is developed by the BIRN Coordinating Center in
response to the needs of four scientific testbeds. The Function BIRN is utilizing the net-
work’s distributed data storage tools for a large-scale study, involving 13 universities,
investigating regional human brain dysfunctions related to schizophrenia. The ten insti-
tutions in Morphometry BIRN investigate structural differences in the human brain
through the use of advanced algorithms, running on large-scale computational resources,
to distinguish diagnostic categories in unipolar depression, Alzheimer’s disease, and mild
cognitive impairment. The Mouse BIRN and its seven institutions have developed atlas-
based tools that build on the BIRN data integration environment to study animal models
of disease at different anatomical scales to test hypotheses associated with human neuro-
logical disorders such as multiple sclerosis, Alzheimer’s, and Parkinson’s diseases. Finally,
the Non-human Primate BIRN seeks to link genomic, imaging, and behavioral data in
non-human primate pre-clinical models of neurodegenerative disease. 

While these initial efforts benefit the neurosciences, BIRN’s technologies are equally
applicable to other disciplines. As additional research and clinical-care testbeds emerge,
BIRN’s extensible cyberinfrastructure will continue to respond to the application needs
of new domains. 

PRINCIPAL INVESTIGATORS AND CONTACTS
BIRN Coordinating Center: Mark H. Ellisman, Ph.D. (mark@ncmir.ucsd.edu)., UC San Diego
9500 Gilman Drive, La Jolla, CA 92093-0715
858-534-2251; (fax) 858-534-7497

Function BIRN: Steven Potkin, M.D. (sgpotkin@uci.edu), UC Irvine
949-824-8040; (fax) 949-824-7873

Morphometry BIRN: Bruce Rosen, M.D., Ph.D. (bruce@nmr.mgh.harvard.edu), Harvard
Medical School
617-726-5122; (fax) 617-726-7422

Mouse BIRN: Arthur W. Toga, Ph.D. (toga@loni.ucla.edu), UC Los Angeles
310-206-2101; (fax) 310-206-6676 

www.nbirn.net
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Designing Electrochemical Sensors and Methods to Understand
Cell Function
The activities of the BioCurrents Research Center (BRC), an integrated technol-
ogy resource, focus on molecular physiology as it relates to cell function and
disease. The center’s particular interest is on how the dynamics of cell responses
are reflected in the chemical profiles of microdomains surrounding single living
cells. In order to make measurements of small signal changes in the cellular
boundary layers with high spatial and temporal fidelity, the BRC has specialized
in the development of extremely sensitive signal acquisition and processing
methods, along with miniaturized electrochemical sensor designs. The tech-
nique is non-invasive and termed self-referencing.

Since its establishment in 1996, the BRC has directed its technological research
and development to the design and application of ultra-microelectrodes (tip
diameters of less than 10μm) tailored for the detection of specific chemicals.
These have been successfully applied to the boundary layer profiles of many dif-
ferent cell types, with thematic strengths in diabetes research, metabolism,
reproductive health and development.

To understand a cell as a dynamic and integrated whole, it is necessary to exam-
ine responses from different domains as near to real time and as synchronously
as possible. To this end, while continuing to diversify its electrochemical sensor
technologies, the BRC is developing imaging capabilities to work in parallel
with electrochemistry and conventional electrophysiological techniques, with a
current focus on metabolic diseases. These experimental platforms include con-
focal and low-light, luminescent microscopy.

The technologies developed, or under development, are in high demand within
the biomedical community. Over 80% of the center’s visitors are funded by
approximately 25 NIH divisions and institutes. As part of its training and dis-
semination program, BRC hosts occasional workshops at major national and
international meetings, trains a significant number of new investigators each
year and hosts graduate students undertaking portions of their thesis disserta-
tions using technologies developed by the center. The center also disseminates
knowledge by advising on, and installing, electrochemical systems for off-cam-
pus research endeavors (including medical and industrial uses). Two BRC
devices have been adopted in preclinical trials and an emphasis continues to be
placed on developing non-invasive, ultra-microsensor applications for diagnos-
tic and screening applications.

PRINCIPAL INVESTIGATOR AND CONTACTS
PI: Peter J.S. Smith, Ph.D. (psmith@mbl.edu), Director and Senior Scientist, Marine
Biological Laboratory
7 MBL Street, Woods Hole, MA 02543
508-289-7241; (fax) 508-540-6902

Program Administrator: Tiffany Van Mooy (tvanmooy@mbl.edu)
508-289-7283

www.biocurrents .org
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Studying 3D Structures of Cells and Tissues
The Boulder Laboratory (BL3DEMC) is devoted to the development of new
technologies for specimen preparation and image analysis to study the three-
dimensional structure of cells and tissues. The facility employs and advances
techniques for rapid freezing and freeze substitution of samples, immunola-
beling, serial sectioning and high-resolution cryo-electron tomography. The
primary imaging tools of this facility are two FEI Tecnai intermediate volt-
age electron microscopes operating at 200 and 300 kV. The 300 kV Tecnai
F30 is equipped with a GATAN image filter combined with a lens-coupled
Ultracam CCD camera—one of only two in operation worldwide. 

Research at the Boulder facility aims at a comprehensive understanding of
how cells function at a molecular and atomic level, and how cellular compo-
nents interact with each other. Scientists combine the resource’s own data
with physiology and cell-biology data as well as atomic-resolution structural
studies of proteins. These combined data sets constitute an important basis
for preclinical and clinical research, including the development of therapies
that are specifically designed to recognize molecular targets in a cell. This
may substantially increase the efficiency of a drug and reduce side effects.
The process can also dramatically reduce the cost and time to develop a new
drug.

BL3DEMC targets several areas: plastic-embedded samples to investigate
large cellular structures and dynamic processes such as Golgi function, cen-
triole duplication and nuclear fusion during karyogamy in yeast; preparation
of ice-embedded and vitrified specimens of macromolecular assemblies or
cells and tissues, aiming at highest molecular detail in structures such as
cytoskeletal components (e.g. microtubules, actin, and intermediate fila-
ments) and many other organelles; and software development dealing with
improvements in 3D image analysis and automated data recording on the
microscope. Going forward, the laboratory is developing algorithms for vol-
ume averaging of identical particles picked from tomograms, and new meth-
ods to improve data collection and 3D analysis of vitrified specimens. The
resource will also work on methods for the localization and detection of
molecular structures in vitrified specimens, and training and dissemination
of its newly-developed procedures to outside users.

PRINCIPAL INVESTIGATOR AND CONTACTS
PI: Andreas Hoenger, Ph.D. (Andreas.Hoenger@Colorado.edu ), Department of
Molecular, Cellular, and Developmental Biology, University of Colorado
Boulder, CO 80309
303-735-0844; (fax) 303-735-0770 

Co-Director: David N. Mastronarde, Ph.D. (mast@bio3D.Colorado.edu )
303 492 4350; (fax) 303-735-0770

Secretary: Linda Batlin (Linda.Batlin@Colorado.edu)
303-492-8593; (fax) 303-735-0770

bio3d.colorado.edu
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Advancing Biomedicine Through Computing
The Center for Integrative Biomedical Computing (CIBC) develops high-quality,
high-performance software tools and computational techniques for use by the bio-
medical research community. These techniques span the technical domains of
image and geometry processing, mathematical modeling and simulation, scientific
visualization, as well as problem-solving environments and software toolkits.
Much of our research and development is motivated by the needs of our scientific
collaborators, whose biomedical research areas include: mouse phenotyping, neu-
rophysiology, radiation oncology, epilepsy detection, deep brain stimulation, neu-
rodegeneration, pediatric defibrillation, and cardiac electrophysiology. CIBC pro-
vides high-performance software tools to these collaborators and to the greater
biomedical community through open-source releases of the center’s Biomedical
Problem Solving Environment (BioPSE) and associated PowerApps.

CIBC conducts research and development within four technical cores:

• Image and Geometry Processing. Processing, analyzing, and displaying images and
image-based models; new strategies for non-parametric shape quantification
and building applications for interactive segmentation of imaging data and
interactive triangular, tetrahedral, and hexahedral mesh generation.

• Mathematical Modeling and Simulation. Techniques that span a wide range of spa-
tial scales, especially at the cellular and tissue level; simulation tools that
extend beyond passive volume conductors to include many types of electrical
activity, transport across membranes and through tissues, and optical interac-
tions.

• Scientific Visualization. World-class scientific visualization; time-dependent
image data, flow fields from bioelectric fields and other ion-transport behav-
iors, diffusion-weighted MR image sets, and data error/uncertainty; combining
such data types into intuitive, quantitative, interactive displays.

• BioPSE. Features include interactive visual programming, high-performance
parallel algorithms, flexible integration of external libraries and applications,
custom graphical interfaces to meet the needs of different users, portability
across computing platforms, and rigorous software engineering. 

CIBC’s BioPSE software is available in the form of a flexible data flow architecture,
dedicated applications, and modular toolkits that can add functionality to other
software systems.

PRINCIPAL INVESTIGATOR AND CONTACTS
PI:  Chris R. Johnson, Ph.D. (crj@sci.utah.edu), University of Utah
50 S. Central Campus Drive, Room 3490; Salt Lake City, UT 84112
801-581-7705; (fax) 801-585-6513

Steve Corbató, Ph.D. (corbato@sci.utah.edu)
801-587-9825; (fax) 801-585-6513

www.sci.utah.edu/cibc



Statistical Analysis for Genetic Epidemiology
The Human Genetic Analysis Resource (HGAR) helps
researchers find genes involved in the etiology of dis-
eases. Valid and powerful statistical techniques are
developed to analyze genetic data and these are imple-
mented on multiple platforms in efficient, user-friendly
computer programs that form an integrated software
package called Statistical Analysis for Genetic
Epidemiology (S.A.G.E.). Short courses on genetic analy-
sis are conducted worldwide that focus primarily on the
S.A.G.E. software package and on the theory underlying
its programs. HGAR entertains requests for collabora-
tion from researchers who are collecting genetic data for
the study of disease and wish to have their data analyzed
by appropriate statistical methods. Advances in molecu-
lar technology are providing an increasing number of
genetic markers at ever-decreasing cost. Currently, sin-
gle nucleotide polymorphisms (SNPs), which are plenti-
ful throughout the genome, are becoming the markers of
choice; with bead and chip technology, it is now feasible
to type hundreds of thousands of such markers for a few
hundred dollars per person. This makes it possible, with
appropriate samples and methods of statistical analysis,
to find and investigate the action of genes (together with
environmental factors) in a manner that will help in the
diagnosis and treatment of many diseases. In the recent
past, HGAR has helped find genes involved in such
complex diseases as atherosclerosis, myocardial infarc-
tion, aneurisms, Alzheimer’s disease, end-stage renal dis-
ease, ocular diseases, nicotine addiction, reading disabili-
ties, tuberculosis, sleep apnea, psychiatric disorders and
cancers.

PRINCIPAL INVESTIGATOR AND CONTACTS
PI: Robert C. Elston, Ph.D. (rce@darwin.case.edu),
Department of Epidemiology and Biostatistics, Case Western
Reserve University
10900 Euclid Avenue, Cleveland, Ohio 44106-7281
216-368-5630; (fax) 216-368-4880

Courtney Gray-McGuire, Ph.D.
(mcguire@darwin.case.edu)
216-368-5630; (fax) 216-368-4880

Kevin Cartier (kcartier@darwin.case.edu)
216-368-4662; (fax) 216-368-4880

darwin.case.edu
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Refining a Multidimensional
Environment for Models of the
Brain
The Laboratory of Neuro Imaging
Resource (LONIR) is a collaborative
resource for developing, managing and
disseminating tools for neuroimaging
and brain mapping research. The pri-
mary goal of our resource is the contin-
ued development and refinement of a
multidimensional modeling environ-
ment. To this end we have developed
an environment that allows users access
to a wide array of computational
resources, a state-of-the-art visualization
facility, the LONI Image Database, the
LONI software archive, LONI
Pipeline and the LONI research
protocols. This vast collection
of resources provides a diverse
array of tools to create, ana-
lyze, visualize, and interact
with models of the brain.

Our mathematical models are based on
partial differential equations, numerical compu-
tation schemes, and multiresolution methods
(www.loni.ucla.edu/NCRR/Research). We use mor-
phological approaches and hybrid generative/discrimi-
native models for statistical learning to design new automat-
ed image parsing algorithms. The computational implemen-
tations of LONIR techniques are object oriented, distributed
and scalable. Our software tools are tested and validated on
multiscale, multimodal and multidimensional data.

The LONI Resource is open and collaborative on a regional,
national and international level. Our open facility encour-
ages collaborative research with clear principles of gover-
nance. We encourage access to both the equipment and the
expertise of the faculty by interested neuroscientists. Our
collaborations span a broad range of projects on brain early
development, adult maturation and aging in both health and
disease. We welcome new research collaborative applica-
tions, fellowship applications and inquiries from trainees
(www.loni.ucla.edu/NCRR/Collaboration). The LONIR
computational infrastructure includes a 1,000-node hybrid
cluster Grid, a data center with 4 petabytes of online 

storage, 1,000-base GigE Ethernet network con-
nectivity, a 120-degree, curved-screen digital

immersive visualization environment (DIVE), a col-
laborative web information sharing environment and a

variety of educational programs.

PRINCIPAL INVESTIGATOR AND CONTACTS
Arthur W. Toga, Ph.D. (toga@loni.ucla.edu), UCLA School of
Medicine 
635 Charles E. Young Dr. South, Suite 225; Los Angeles, CA
90095-7334
310-206-2101; (fax) 310-206-5518

Co-PI: Richard Leahy, Ph.D.

Co-PI: David Shattuck, Ph.D.

Co-PI: Paul M. Thompson, Ph.D.

Co-PI: Roger P. Woods, M.D.

www.loni.ucla.edu/NCRR
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Designing Software, Methods and Databases for Multiscale Modeling
Addressing problems in molecular and cellular biology increas-
ingly requires that researchers integrate and manipulate infor-
mation and data from models of both low-resolution and at
atomic detail to analyze and rationalize experiments fully. The
Center for Multiscale Modeling Tools for Structural Biology
(MMTSB) focuses on development of new and integrated
approaches to multiscale modeling, with an emphasis on mod-
eling large-scale assemblies of nucleic acids and proteins with
nucleic acids. Center researchers are also: developing methods
that combine lattice-based, dynamic Monte Carlo and all-atom
molecular dynamics; studying physical processes involved in—
and developing models for—the interactions associated with
virus assembly; and establishing new tools for the combined
treatment of crystallographic and low-resolution structural
models from cryo-electron microscopy (cryo-EM). These
research threads are tied together through the development
and distribution of computer codes to make such multiscale
simulations and modeling readily accessible to the scientific
community at large.

This resource develops new methods, software and databases
for multiscale modeling. Such methods include novel
approaches to the refinement of atomic-level
structural models based on low-resolution data
from cryo-EM, the VIrus Particle Explorer
database (VIPERdb) and VIPER Tool Set.
The MMTSB Tool Set is available for
manipulating and modeling multiscale
and atomic-level structures. 

Recent research empha-
sizes the elucidation
of structural
models from 

cryo-EM data, including models for myosin II, myosin IV, the
ribosome-translocon assembly, new virus particles and novel
anthrax complexes. MMTSB modeling tools and methods allow
scientists to explore the processes of viral maturation,
DNA/RNA packaging, and aspects of viral capsid assembly.
New implicit solvation models have been established and inte-
grated into the software packages Amber and CHARMM for
atomic-level simulations of polypeptide and nucleic acid fold-
ing and dynamics, including peptide insertion, folding and
assembly in membranes. Multiscale simulation methods using
novel paradigms have been harnessed to predict protein struc-
tures of CASP6 and CASP7, integrating both lattice-based rep-
resentations of polypeptides and atomic-level models, while
utilizing a distributed volunteer supercomputer to perform
folding calculations.

PRINCIPAL INVESTIGATOR AND CONTACT
Charles L. Brooks, III, Ph.D. (brooks@scripps.edu), Department of
Molecular Biology, TPC6, The Scripps Research Institute
10550 North Torrey Pines Rd., La Jolla, CA 92037

858-784-8035; (fax) 858-784-8688

mmtsb.scripps.edu
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End-to-End Cyberinfrastructure for Multiscale Modeling in
Biomedical Research
NBCR’s mission is to conduct, catalyze, and enable multiscale biomedical
research by harnessing advanced computation and data cyberinfrastructure
through multidisciplinary and multi-institutional integrative research and
development activities.

A major focus is the integration of computational, data and visualization
resources in a transparent, advanced grid environment, which enables better
access to distributed data, computational resources, instruments and people,
through tools to wrap (Opal) and link applications (ATOMIC) as grid services,
and manage accounts (GAMA). NBCR is developing and deploying advanced
computational tools for modeling and simulation (Continuity), data analysis
(FEtk), query and integration (OntoQuest), 3D image processing (TxBR), inter-
active visualization (PMV) and visual programming environments (VISION).
The resource delivers and supports advanced cyberinfrastructure for biomedical
researchers through software tools and partnerships with TeraGrid, OptIPuter,
Pacific Rim Applications and Grid Middleware Assembly and other groups.
Through its annual Summer Institute training program, NBCR also gives
researchers an interdisciplinary, working knowledge of both multiscale model-
ing and cyberinfrastructure approaches.

NBCR is developing state-of-the-art multiscale modeling software enabled by
transparent cyberinfrastructure for biomedical scientists investigating a wide
range of medically important problems. For example, NBCR‘s AutoDock Tools
suite and electrostatics and diffusion modeling software have been used to
locate novel binding sites in HIV-1 Integrase, which is now being used to iden-
tify antiviral agents for integrase inhibitors in Phase III drug trials. Simulations
using the resource’s cardiac systems biology modeling tool, Continuity, have
aided in developing a cardiac resynchronization therapy using biventricular
pacing in an enlarged failing and asynchronously contracting heart, which
improves mechanical function by improving the synchrony of the timing of
contraction. 

The team involves researchers at the Center for Research on Biological Systems,
San Diego Supercomputer Center, California Institute for Telecommunications
and Information Technology, all at the University of California, San Diego; the
Scripps Research Institute; and Washington University in St. Louis. 

PRINCIPAL INVESTIGATOR AND CONTACTS
PI: Peter Arzberger, Ph.D. (parzberg@ucsd.edu), University of California, San Diego
9500 Gilman Drive, La Jolla, CA 92093-0505
858-822-1079; (fax) 858-822-4767

Executive Director: Wilfred Li, Ph.D. (wilfred@sdsc.edu), 858-822-0974

Teri Simas (simast@sdsc.edu), 858-534-5034

nbcr.net



Imaging for More Effective Patient Care
The National Center for Image Guided Therapy (NCIGT)
serves as a national resource for all aspects of research into
medical procedures enhanced by imaging, with the common
goal of providing more effective patient care. NCIGT provides
research programs, training, and service-oriented resources for
scientists and clinicians in the field. These resources include
image-processing and display tools, dynamic and adaptive
Magnetic Resonance Imaging (MRI) methods, new and novel
therapy techniques, and image-guided robotics. Advances in
cardiovascular interventions and targeted drug delivery are
also a focus of the center.

The physical location of NCIGT in a hospital setting within
the Longwood Medical Area is key to the clinical impact of
the center, providing access to patients via dedicated or direct
network access to the clinical MRI and CT scanners, clinical
databases, and open-MRI surgical suite of Brigham and
Women’s Hospital.

Proximity to patients promotes postdoctoral training and pro-
fessional interplay between basic and clinical scien-
tists—interplay that is crucial to the
creation of new biotechnolo-
gy for the clinic. 

The clinical procedures for which technology is being devel-
oped as part of this center include neurosurgery, breast biopsy,
breast focused ultrasound therapy (FUS), neurovascular inter-
ventions, cardiac ablation, liver ablation, kidney ablation, ver-
tebroplasty, prostate biopsy, prostate brachytherapy and
prostate FUS.

PRINCIPAL INVESTIGATOR AND CONTACTS
PI: Ferenc A. Jolesz, M.D. (jolesz@bwh.harvard.edu), Brigham and
Women’s Hospital, Department of Radiology
75 Francis Street, Boston, MA 02115
617-732-5961; (fax) 617-582-6033

Executive Director: Tina Kapur, Ph.D. (tkapur@bwh.harvard.edu)
617-732-5893; (fax) 617-582-6033

www.ncigt.org
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Determining 3D Structures of Macromolecular Assemblies
Technology and research development efforts in the National Center for
Macromolecular Imaging (NCMI) are focused on extending the resolution, speed, and
flexibility of electron cryomicroscopy for three-dimensional structure determination of
macromolecular assemblies. The resource tackles structural problems that are too com-
plex or too difficult for X-ray crystallography and nuclear magnetic resonance spec-
troscopy. 

NCMI is uniquely equipped with four high-resolution electron cryomicroscopes
(JEM2100, JEM2010F, JEM3000SFF and JEM3200) operated at liquid nitrogen or at
liquid helium temperatures. All of these instruments are equipped with Gatan 4kx4k
CCD cameras. We have a variety of computational resources with an aggregate peak
computing power of roughly one teraflop. The onsite database has approximately 20
terabytes of online storage for data archival. We have an OC-12 link to the Texas
Gigapop, with an OC-3 connection to Abilene.

Center researchers have demonstrated the feasibility of visualizing secondary structure
elements such as alpha helices and beta sheets of protein components in large assem-
blies. In the best cases, we approach a resolution sufficient for tracing a polypeptide
backbone. Generally we focus on macromolecular assemblies ranging from 150 kDa to
30 MDa and can produce structures from very small quantities of purified specimens.
Current collaborative projects include cytoskeletal filaments and bundles, ion channels,
membrane transporters, chaperones, viruses, and large oligomeric proteins. Each of
these specimens is related to different biological processes. Their abnormality will result
in different diseases including cancer, viral infection, heart diseases and neurodegener-
ate diseases.

Experimentally, researchers are involved in evaluation of new instruments for single-
particle imaging, development of automation techniques for high-throughput data col-
lection, and improvements to cryo-preparation techniques. Computationally, we are
developing algorithms and improving computational efficiency for the 3D reconstruc-
tion of single particles towards atomic resolution. This software is embodied in EMAN
and SAVR, which offer complete solutions for low symmetry and icosahedral single
particles. In addition, we have produced SAIL, a set of specialized modules for produc-
ing professional-quality scientific animations. 

PRINCIPAL INVESTIGATOR AND CONTACTS
PI: Wah Chiu, Ph.D. (wah@bcm.edu), Verna and Marrs McLean Department of Biochemistry and
Molecular Biology, Baylor College of Medicine
One Baylor Plaza, Houston, TX 77030
713-798-6985; (fax) 713-798-8682

CO-PI: Michael F. Schmid, Ph.D. (mschmid@bcm.edu)

CO-PI: Steven J. Ludtke, Ph.D. (sludtke@bcm.edu)

Administrative Assistant: Lenora Trujillo (lenorat@bcm.edu)
713-798-2191; 713-798-8682 (fax)

ncmi.bcm.edu
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3D and 4D Imaging and Analysis Technologies to Shed Light on
Biological Structure and Function
The National Center for Microscopy and Imaging Research (NCMIR) leads the develop-
ment of technologies for high-throughput, multi-scale imaging and analysis of biological
systems at the mesoscale (spanning nanometers to hundreds of microns). In this dimen-
sional range, macromolecules, organelles, and multi-component structures such as synaps-
es are difficult to study because they fall in the resolution gap between X-ray 
crystallography at one end and medical imaging at the other. 

A key emphasis of the center is to advance understanding of the mechanisms underlying
diseases of the nervous system. NCMIR is also advancing studies into the cellular and
molecular underpinnings of biological systems relevant to cancer, diabetes, and heart dis-
ease, to name a few.

With an acute emphasis on interdisciplinary science, NCMIR brings together local,
national, and international researchers from academia, industry, and government.
Biologists, chemists, physicists, computer scientists, and engineers collaborate at NCMIR
to advance biomedical research. 

NCMIR’s development efforts focus on advanced probes and new labeling chemistries for
correlated light and electron microscopy. The center also improves, automates, and pro-
vides enhanced access to advanced imaging technologies, including intermediate-high-volt-
age transmission electron microscopy (IVEM), electron tomography, energy-filtered trans-
mission electron microscopy (EFTEM) and spectroscopy, ultrawide-field laser-scanning
multi-photon/confocal light microscopy, and real-time (3D, 4D) multi-photon microscopy.
Collaborators also gain access to innovations in software systems for instrument automation
and control, direct digital electron detector development, databases and informatics, and
web-based environments based on advanced cyberinfrastructure that facilitate long-dis-
tance collaboration. The center also continuously improves telescience technologies for
collaborative remote access to instruments, seamless access to distributed computation and
data grids, advanced visualization, and integrated access to federated databases. 

NCMIR’s recent research spans a diverse range of technologies. It is redefining the limits
of electron tomography by focusing efforts on relatively large-specimen tomographies, and
developing a unique procedure using quantum dots to localize defined proteins in cellular
and subcellular detail from a single preparation. Scientists are building more realistic com-
putational models for exploring structure-function relationships in investigations of neu-
ronal communication, and also developing procedures for ultra-large field light
microscopy to study brain structures as they are situated in their tissue context. Also
under development: the world’s largest CCD-based detector for EM and a revolutionary
new ‘camera on a chip’ technology for boosting the resolution of transmission electron
microscopy to its full potential.

PRINCIPAL INVESTIGATOR AND CONTACT
Mark H. Ellisman, Ph.D. (mellisman@ucsd.edu), UC San Diego
9500 Gilman Drive, La Jolla, CA 92093-0715
858-534-2251; (fax) 858-534-7497

ncmir.ucsd.edu
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Over the past decade, cryo-electron microscopy (cryoEM) has
emerged as a powerful approach to the structural determina-
tion of large macromolecular complexes. The National
Resource for Automated Molecular Microscopy (NRAMM)
was established in 2004 with the mission of developing, testing
and applying technology aimed at automating the processes
involved in solving macromolecular structures using cryoEM.
The goal of automation is to: facilitate the process of molecular
microscopy; expand the scope of accessible problems; and push
experimental frontiers by making possible investigations that
would otherwise be deemed too difficult or high risk because
of the considerable effort involved in using manual methods.
An additional goal of automation is to enable much higher
data throughputs driven by the need to improve resolution for
single-particle reconstructions through increasing the numbers
of particles contributing to the average 3D map. 

New technologies developed at NRAMM include: a new spec-
imen grid substrate; a robotic electron-microscopy grid han-
dling system; and Leginon—an automated system for control-

ling the microscope and acquiring images. The technological
developments have been driven by, and in turn enabled, a
number of collaborative and service research projects, includ-
ing reconstructions of a minimal COPII cage, an intact infec-
tious P22 virion, and self-assembling DNA nanoparticles. The
automated infrastructure has also made the sometimes esoteric
practices of cryoEM more accessible to a wider research com-
munity, including groups whose primary interests are in chem-
istry, X-ray crystallography, materials science and the pharma-
ceutical industry.

PRINCIPAL INVESTIGATOR AND CONTACTS
Bridget Carragher, Ph.D. (bcarr@scripps.edu), The Scripps Research
Institute
10550 North Torrey Pines Rd, La Jolla, CA 92037
858-784-9070; (fax) 858-784-9090

Co-Director: Clint Potter (cpotter@scripps.edu), 858-784-9070

nramm.scripps.edu

Streamlining Cryo-Electron Microscopy for Structural Biology



Biomedical Insights Through Advanced High-
Performance Computing
The National Resource for Biomedical Supercomputing (NRBSC) pur-
sues leading-edge research in the life sciences using high-performance
computing. As part of the Pittsburgh Supercomputing Center (PSC), the
resource also fosters nationwide exchange among experts in computa-
tional science and biomedicine. Through PSC, NRBSC extends computa-
tional resources to the national biomedical community and promotes
outreach through educational workshops, online resources and publica-
tions. It continues almost 20 years of research and training, dating back
to 1987, when PSC developed the first extramural biomedical supercom-
puting program funded by the National Institutes of Health.

NRBSC has three current research focus areas: computational micro-
physiology, volumetric visualization and analysis, as well as computation-
al structural biology. Our long-term vision includes integration of these
areas to enable multiscale modeling of molecules, cells and tissues, with a
substantial future impact on human health care.

Microphysiology research is centered on spatially realistic, 3D cellular
models using specialized Monte Carlo algorithms to simulate the move-
ments and reactions of molecules within and between cells. Software
development includes MCell, DReAMM, and PSC_DX, spanning model
design, editing, simulation, and visualization, as well as online learning
resources.

Volumetric visualization targets datasets that are up to terabytes in scale
through development of PSC_VB software. This client-server system
allows multiple users to share, view and analyze 3D and 4D datasets,
such as time series of mouse cardiac function obtained from micro-CT
imaging, and whole C. elegans structure at electron-microscopic 
resolution.

Structural biology research is focused on the development of polarizable
force fields and tools for evaluating and improving both protein-fold
assessment methods and quantum mechanical simulation methods. These
tools, including newly-developed online resources, are used for investiga-
tions into ion-channel gating and permeation, template-based fold pre-
diction and enzymatic catalysis. 

PRINCIPAL INVESTIGATOR AND CONTACTS
PI: Ralph Z. Roskies, Ph.D. (roskies@psc.edu), Pittsburgh Supercomputing Center
300 South Craig Street; Pittsburgh, PA 15213 
412-268-4960; (fax) 412-268-5832

Joel R. Stiles, M.D., Ph.D. (Stiles@psc.edu)
412-268-4960; (fax) 412-268-8200

www.nrbsc.org
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The Virtual Cell Project
The National Resource for Cell Analysis and Modeling
(NRCAM) contains state-of-the-art facilities for studying liv-
ing cells, and has developed a new technology, the Virtual Cell,
for analyzing and synthesizing this knowledge. The resource is
housed within, and is the principal venture of, the Richard D.
Berlin Center for Cell Analysis and Modeling
(www.ccam.uchc.edu) at the University of Connecticut Health
Center, a National Technology Center for Networks and
Pathways (www.ntcnp.org). 

The Virtual Cell is the product of interdisciplinary research in
biology that applies the diverse strengths and experiences of
individuals from engineering, the physical sciences, the biologi-
cal sciences, and mathematics. The software framework reflects
this diversity by providing a separation of layers (core tech-
nologies and abstractions) representing biological models, phys-
ical mechanisms, geometry, mathematical models and numeri-
cal methods. This separation manages software complexity,
allowing independent development and verification. Most
importantly, it clarifies the impact of modeling decisions,
assumptions, and approximations. The result is a physically
consistent, mathematically rigorous, spatial modeling and sim-
ulation framework for cell biology. Biological models are
described in biological terms such as biochemical reactions, dif-
fusion, membrane transport, receptor binding, channel flux,
electrophysiology, and experimental protocols. The Virtual

Cell has a rich, interactive
user interface which connects
to remote services providing
scalable access to a modeling
database and a large, dedicated
cluster for shared computation and
storage.

To date, more than 1,000 independent users worldwide have
created and run simulations with the Virtual Cell. In addition
to the continuous development of new modeling capabilities,
future work at NRCAM will emphasize data and tool interop-
erability, model analysis, high-performance and grid computing
as well as the development of a variety of specialized stand-
alone and plug-in tools.

PRINCIPAL INVESTIGATOR AND CONTACTS
PI: Leslie M. Loew, Ph.D. (les@volt.uchc.edu)

Ann E. Cowan, Ph.D. (acowan@nso2.uchc.edu), University of
Connecticut Health Center
263 Farmington Avenue; Farmington, CT 06030-1507
860-679-1452; (fax) 860-679-1039

vcell.org
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Improving Visualization and Utility of Medical
Imaging Data
The Neuroimage Analysis Center (NAC) is located in the Surgical
Planning Laboratory of the Department of Radiology of Brigham
and Women's Hospital in Boston, Massachusetts. The center pro-
vides infrastructure and intellectual support to foster scientific
development, training, and dissemination of new techniques in
computerized image processing. These technologies are used to
analyze and evaluate both normal and pathologic processes in the
brain. New technologies have the potential to produce graphical
information (as illustrated) far beyond the present capability of
radiologic imaging modalities (CT, MRI, X-ray). Innovative meth-
ods for extracting meaning from medical imaging data will
improve understanding of brain function, refine image-guided
neurosurgical intervention, and enhance the detection, diagnosis,
and treatment of psychiatric and neurologic disorders. The center
is headed by a core group of academics from diverse disciplines in
clinical and basic neuroscience. All share a common goal: to
improve the visualization and utility of post-processed medical
imaging data. NAC also draws on the talent and expertise of other
institutions with which it has demonstrated long-standing, pro-
ductive collaborations. 

Core technical research projects include: developing algorithms for
segmentation and registration for the precise visualization of med-
ical image data; analyzing diffusion tensor images; detecting
changes in time-series data, for example, developing and aging
brains or intervention-related changes; and functional MRI. An
extensive state-of-the-art hardware and software infrastructure has
been established to support this work, permitting high perform-
ance computing. The results of the center’s efforts are published in
scientific journals, presented at professional meetings, and shared
widely on the center’s web site. Hands-on training in the use of
products and techniques is provided to visiting scientists and
trainees. NAC products are shared freely with collaborators and
outside software developers in order to enhance the development
of products, as well as to speed the dissemination of core discover-
ies and innovations to the clinical and basic scientific community. 

PRINCIPAL INVESTIGATOR AND CONTACT
PI: Ron Kikinis, M.D. (kikinis@bwh.harvard.edu), Brigham and
Women's Hospital
75 Francis Street, Boston, MA 02115
617-732-7389; (fax) 617-582-6033

Co-PI: Ferenc A. Jolesz, M.D. (jolesz@bwh.harvard.edu)

splweb.bwh.harvard.edu/pages/
projects/grants/nac
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Data and Software to Study Complex Biomedical and
Physiologic Signals
The Research Resource for Complex Physiologic Signals
(PhysioNet) was established in 1999 to stimulate the study of com-
plex physiologic signals. The resource offers free access to large col-
lections of physiologic data through PhysioBank, and related open-
source software via the PhysioToolkit. PhysioBank currently con-
tains over 100 gigabytes of electrocardiogram (ECG), cardiovascu-
lar, respiratory, neurologic and other physiologic signals illustrating
health, aging, and disease. Organized in more than 40 collections,
PhysioBank includes meticulously annotated data for development
and evaluation of patient monitoring software as well as unique
collections of multiparameter data, very long time series, and
unusual physiologic signals. These collections are of interest not
only to clinical researchers, but to mathematicians, engineers and
physicists who would otherwise not have access to such data to
develop innovative methods for time-series analysis. PhysioToolkit
includes over 100 open-source software components that imple-
ment classic and novel algorithms. PhysioNet also provides exten-
sive collections of related tutorials and reference materials. 

PhysioNet sponsors an annual open challenge (physionet.org/chal-
lenge), inviting researchers to participate in a competitive/collabo-
rative effort to address an important unsolved question in clinical
practice or basic physiology. These challenges have included diag-
nosis of sleep apnea based solely on the ECG, predicting the onset
and termination of paroxysmal atrial fibrillation, and, most recent-
ly, automated estimation of the QT interval. These unique chal-
lenges have been highly successful in attracting dozens of
researchers from around the world to study significant problems
and to develop solutions now being commercialized and applied in
clinical practice.

The resource also supports a wide range of other research projects
relating to major public-health priorities, including risk assess-
ment, diagnosis and therapy of frailty and falls in the elderly,
Parkinson’s disease, epilepsy, drug toxicity, sleep disorders, depres-
sion, congestive heart failure, and sudden cardiac death.

PRINCIPAL INVESTIGATOR AND CONTACT
PI: Ary L. Goldberger, M.D. (agoldber@bidmc.harvard.edu), Beth Israel
Deaconess Medical Center
330 Brookline Avenue, Boston, MA 02459 USA
617-667-4267

George B. Moody (george@mit.edu), 617-253-7424

physionet.org
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Software Tools for Genomics, Proteomics and
Structural Biology
The Resource for Biocomputing, Visualization, and Informatics
(RBVI) develops, applies, and distributes sophisticated computa-
tion and visualization software tools to other researchers to help
them understand, analyze, and illustrate the important principles
of molecular recognition and interactions. The research tools
developed by RBVI directly address the challenges associated
with applying computing and information technology to bio-
medicine—building out from today's fundamental knowledge in
structural biology and computational biology, to provide insight
into cellular function and tools for translational medicine.
Examples include the Structure-Function Linkage Database
(SFLD), a database that links evolutionarily related protein
sequences and structures from mechanistically diverse superfami-
lies of enzymes to their detailed chemical reactions, and UCSF
Chimera, a highly extensible interactive molecular visualization
program.

The SFLD aids our understanding of the roles of specific proteins
in human health and disease, in interpreting the comparative
genomics of model organisms, and in identifying targets for drug
design in organisms that have developed antibiotic resistance. It
is a highly curated database, comprising over 5,000 individual
enzymes and 150 different overall chemical reactions.

UCSF Chimera can be used to visualize and interactively manip-
ulate almost any size of biomolecular structure, from small mole-
cules such as new-candidate drug compounds, to very large
macromolecular assemblies such as viruses, ribosomes, and molec-
ular motors. In addition, because Chimera is easily extensible, it
allows others outside of RBVI to create their own novel algo-
rithms and analysis tools very quickly. More than 50,000 copies
of Chimera have been distributed through the RBVI web site,
and more than 300 scientific papers have been published citing
the use of Chimera in analyzing research data and creating
images for illustrating important research results.

PRINCIPAL INVESTIGATOR AND CONTACT 
PI: Thomas E. Ferrin, Ph.D. (tef@cgl.ucsf.edu), UC San Francisco
600 16th Street, San Francisco, CA 94143-2240
415-476-2299; (fax) 415-502-1755 

Co-PI: Patricia C. Babbitt, Ph.D. (babbitt@cgl.ucsf.edu)

Co-PI: Conrad C. Huang, Ph.D. (conrad@cgl.ucsd.edu)

www.rbvi.ucsf.edu
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Bringing Computing to Life
The Resource for 
Macromolecular Modeling 
and Bioinformatics is part of the 
Theoretical and Computational 
Biophysics Group (TCBG) of the University of 
Illinois at Urbana-Champaign’s Beckman Institute. The
Resource develops and distributes widely-used computational
tools for molecular systems biology, notably the programs
NAMD and VMD for molecular modeling, simulation, visu-
alization, and structure-sequence analysis. The Resource
engages in collaborations with experimental groups on a host
of biological research topics, including studies on biotechno-
logical devices, membrane proteins, mechanical proteins, and
multicomponent systems such as viruses, ribosomes, and
whole-cellular organelles.

The Resource is primarily engaged in the application of com-
putational techniques to biology. Through key collaborations
with experimental groups, the Resource employs the computer
for the development of, among other applications, new-genera-
tion biotechnological devices for clinical and other uses.
Examples include an extremely low-cost DNA sequencer using
in-chip nanopores and a nanotube biosensor for chemotherapy
research. The Resource also assists in protein design for assays
of cell receptors as well as for photosynthetic hydrogen fuel
production. In all these applications, the Resource furnishes
dynamic, atomic-resolution images of the nanodevices or pro-
tein systems and simulates key molecular processes that guide
engineers and scientists in their development work. In many
collaborations, the Resource provides insight on problems that,
due to size and time scale, require the most advanced comput-
ing systems available today. The Resource’s molecular dynamics
program, NAMD, runs on a large fraction of leading computer
resources worldwide in simulating large-scale systems for
many biomedical applications. 

The Resource's award-winning software—the product of a
close collaboration between computational biologists and 

computer scientists—
has over 70,000 registered users
worldwide, approximately 20% of whom are NIH-
funded. The software assists laboratory researchers in analyz-
ing protein (and other biopolymer) structures and sequences
to guide their work. It also aids laboratory and computational
researchers in carrying out complete modeling projects, from
model building to numerical simulation to data analysis.
Technological software development and support focus on
both novice and expert. For non-experts, the Resource organ-
izes regular hands-on workshops across the U.S. and around
the world. The Resource also operates a popular web site that
posts all software and training materials.

PRINCIPAL INVESTIGATOR AND CONTACT 
Klaus Schulten, Ph.D. (kschulte@ks.uiuc.edu), Beckman Institute,
University of Illinois at Urbana-Champaign
405 N. Mathews Ave, Urbana, IL 61801
217-244-1604; (fax) 217/244-6078

www.ks.uiuc.edu 
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Imaging of Native Cells and Molecules
Cryo-electron microscopy is opening a new window on the
organization of the cell and the operation of the molecular
machinery inside. The Resource for Visualization of Biological
Complexity (RVBC) is developing experimental and computa-
tional tools needed to image biological systems from the scale of
the organelle to that of the individual macromolecule. RVBC
pioneered 3D cellular imaging by electron tomography and is
now extending this capability to a wider range of native,
frozen-hydrated cells and tissues. Resource researchers are
investigating approaches at the molecular level to resolve the
time course of binding events and conformational changes in
the cell’s molecular machines, such as ribosomes and ion 
channels. 

In both cellular and molecular research, scientists are exploring
solutions that rely heavily on nanotechnology, including
focused-ion-beam milling of frozen tissue, and nanofabrication
of lab-on-a-chip devices. In conjunction with these experimen-
tal programs, RVBC is seeking computational solutions to a
range of complementary problems, including the detection and
alignment of macromolecules within tomograms, and the much
broader problem of dealing with molecular heterogeneity in
high-resolution cryo-electron microscopy.

The approaches to cellular and molecular imaging under devel-
opment at the RVBC are applied in-house to a wide range of
biological and biomedical research problems. These include:
collaborative studies of mitochondrial membrane remodeling
and changes in topology associated with disease-causing muta-
tions; cellular organization of pathogenic bacteria and parasites;
as well as intracellular transport and assembly of human viruses. 

Technological advances are rapidly disseminated to the wider
research community, in part through regular involvement of
RVBC staff in international talks, symposia and workshops. The
resource also makes new algorithms available by incorporating
them in the SPIDER open-source image processing package.

PRINCIPAL INVESTIGATOR AND CONTACTS
PI: Joachim Frank, Ph.D. (joachim@wadsworth.org), Wadsworth
Center, New York State Department of Health
P.O. Box 509, Albany, NY 12201-0509
518-474-7002; (fax) 518-486-2191

Co-PI: Carmen Mannella (carmen@wadsworth.org), 518-474-2462

Terence Wagenknecht (terry@wadsworth.org), 518-474-2450

www.wadsworth.org/rvbc
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cover . . LONIR: Integration of structural and functional MRI (frontal lobe),
MRS (frontal white matter), DTI (parietal, occipital and temporal
lobules) and fMRI statistics (parietal lobe) into a common anatomical
atlas space. Image provided courtesy of Laboratory of Neuro Imaging
Resource (LONIR), directed by Arthur Toga.

3 . . . . . NCMIR: Quadruple fluorescence microscopy of immunohistochemi-
cally stained mouse retina reveals the distribution of Glial Fibrillary
Acidic Protein (GFAP) of astrocytes (green), the f-actin of blood ves-
sels (blue), the DNA/RNA of nerve cell nuclei and cytoplasm
(orange), and the axonal neurofilaments (68kDa; red) that link the
retina’s neurons to the optic nerve.

The specimen illustrated here shows the microvascular architecture of
the mouse retina. Note an artery (blue)—with its distinctive branch-
ing pattern—traveling across the upper portion of the image while a
corresponding retinal vein (blue) directly below returns the blood flow
from the capillaries diagonally from right to left.

The micrograph also portrays a network of astrocytes (green) associat-
ed with branches of retinal arterioles and veins. GFAP staining
reveals only the core “skeletal” structure of the astrocytes, whose
processes are known to have elaborate and intimate associations that
modulate neural function and blood flow. A related micrograph can be
found on page 16. Image courtesy of Tom Deerinck, Frank Hughes
and Mark Ellisman, NCMIR.

6 . . . . . BIRN: 3D Slicer visualizations facilitate the composite analysis of
the Function BIRN Phase I Calibration Data. First phase of
Functional Imaging Research of Schizophrenia testbed study compared
and calibrated functional MR imaging activation maps to character-
ize reliability of functional MR imaging across a group of traveling
subjects to different study sites with different magnet strengths, equip-
ment vendors, and local imaging protocols. Images above show multi-
subject average of brain anatomy in gray from three viewpoints. Color
overlay shows brain areas activated during task involving finger tap-
ping while viewing a flashing checkerboard and listening to a
sequence of tones. Yellow and orange regions show areas reliably acti-
vated by this task, including motor, visual, and auditory cortices.
Phase I study investigated factors—including subject, brain hemi-
sphere, study site, field strength, and examination visit—influencing
reproducibility of functional magnetic resonance imaging measure-
ments in this repeated sensory-motor task. Images courtesy of Steve
Pieper, Harvard University/Brigham & Women's Hospital. 

7 . . . . . BRC: Cells are spectacularly complex and dynamic structures whose
internal complexity is revealed by advanced imaging approaches.
However, complexity does not stop at the plasma membrane but con-
tinues in the structures and chemical profiles of the intercellular
space. The BRC develops methods to measure and map these dynamic
chemical microdomains.

8 . . . . . BL3DEMC: Tomographic model of nuclear fusion during kariogamy
in yeast cells (A) with nuclear envelope in green, microtubules in yel-
low, vesicles in red. The outer cell wall encloses the granular cyto-
plasm. Cryo-electron micrograph (B) of microtubules complexed with
kinesin motor domains. Cross-sections of microtubules (C) as they
appear in vitrified sections, and (D) vitrified sections of yeast cells. A
by Boulder Lab’s Erin White with Princeton’s Mark Rose; D by
Mark Ladinsky and Jason Pierson.

9 . . . . . CIBC: Finite element mesh and volume visualizations created with
CIBC's BioImage and BioPSE software applications. CIBC software
is freely available for download from www.sci.utah.edu/cibc/soft-
ware/. Datasets courtesy of Charles Keller (CCRI, UTHSCSA),
Bridget Wilson (UNM Cancer Center), and Daniel Valentino
(CCB, UCLA).    

10 . . . . The double-helix structure of DNA, the code book for life,
comprises in humans over 3 billion base pairs. A small part of
one strand of the helix, with just a few bases, is depicted here.
Indirect investigation of this code, through observation of
inheritance patterns in families and/or disease associations
with well-defined genetic markers, can be used to locate the
gene regions whose products may interact with environmen-
tal factors to cause a specific disease. The eventual isolation of
these genes is a first step in understanding the disease etiolo-
gy and developing a cure for it.

11 . . . . LONI: Complexity and variation in normal human brain anatomy
and function. The Visual Systems image illustrates pathways of opti-
cal stimuli from the retina to the primary visual cortex.

12 . . . . MMTSB: Exploring the dynamics of protein synthesis on the ribo-
some using multiscale elastic network normal mode analysis reveals
key functional motions associated with translocation.

13 . . . . NBCR: Computed electrical activation times (early to late activated
regions going from yellow (35 ms) to blue (105 ms)) visualized on a
finite element anatomical model of the left and right ventricles of a
canine heart. While there are still differences between the hearts from
humans and canines, vast amount of experimental data exist for the
design of canine models and validation of simulation results to develop
optimized pacing strategies for people with heart failure.

14 . . . . NCIGT: Non-rigid registration of preoperative imaging (T1, fMRI,
DTI) with intraoperative imaging.
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15 . . . . NCMI: Cut-away view of a 3D density map of epsilon15 phage recon-
structed from electron micrographs. Different colors annotate different
proteins of this infectious virion. The viral genome is clearly resolved as
it enters and exits through a special vertex. Ref. Jiang, W., Chang, J.,
Jakana, J. Weigele, P., King, J. and Chiu, W. (2006), Structure of
epsilon15 bacteriophage reveals genome organization and DNA pack-
aging/injection apparatus. Nature, 439: 612-6.

16 . . . . NCMIR: Confocal microscopy and suite of immunohistochemical
stains reveal spatial relationship of astrocytes in the rat retina. Colored
fluorescent markers were used to localize three particular proteins.
Platelet/Endothelial Cell Adhesion Molecule (PECAM) (blue) is a
glycoprotein expressed on the surface of many white blood cells and
platelets. Glial Fibrillary Acidic Protein (GFAP), in yellow, is found
exclusively in astrocytic cells. Actin (magenta) is an intracellular con-
tractile protein common to blood vessels. Astrocytes serve as sensors of
neural activity that enables regulation of blood flow to local areas. This
research furthers understanding of the relationship of the yellow astro-
cytic processes to the magenta actin-rich smooth muscle, whose contrac-
tion in the vessel wall controls blood flow in this arterial system.
Investigation of the domains occupied by this type of glial cell is impor-
tant in elucidating its probable influence on regional blood flow in the
brain. Image courtesy of Tom Deerinck, Frank Hughes, and Mark
Ellisman, NCMIR.

17 . . . . NRAMM: Bacteriophage P22 DNA Packaging and Infection
Machinery: Visualization of the 1.7nm cryoEM reconstruction of the
intact Bacteriophage P22. The portal complex (red) is hypothesized to
change conformation when the virus is full of DNA, which signals the
packaging motors to stop. Such a sensor may serve as a drug target in
human viruses. Visualization by Gabriel Lander, NRAMM and
TSRI.

18 . . . . NRBSC: Predicted structure of an Arabidopsis thaliana protein used
as a target for the Critical Assessment of Techniques for Structure
Prediction competition (CASP, Round 6). The model was submitted by
the NRBSC Structural Bioinformatics group and ranked 5th out of
125 submissions worldwide.

19 . . . . NRCAM: VCell simulation of membrane reactions coupled to lateral
diffusion, showing a localized decrease in PIP2 concentration in the
membrane of a neuronal dendritic spine after receptor stimulation

20 . . . . NAC: White matter fiber tracts of the brain. Image generated using a
novel fiber analysis and clustering method for populations developed by
NAC investigators. The input for this method is a collection of paths
from tractography in a population of brains. The output reveals label-
ing of white matter fiber tract correspondences and clusters across the
population. This fiber clustering method has been used in preliminary
work on region-of-interest studies in schizophrenia applications, and
NAC is currently using this method to study fronto-temporal discon-
nectivity in schizotypal personality disorder. Image generated by D.
Banks; data provided by M. Shenton; analysis provided by C.F. Westin
and I. O'Donnell.

21 . . . . RRCPS: The sleep spectrogram, a graphical depiction of coupling
between breathing and heart rate variability based solely on an electro-
cardiogram (ECG) signal, reveals hidden information about the differ-
ences between stable and unstable sleep. This spectrogram, from a
healthy subject, shows a normal pattern of transitions between stable
(high frequency range) and unstable (low frequency range) sleep
throughout the night. The time-frequency dynamics is presented here by
a mesh plot with a contour plot below it.

22 . . . . RBVI: Myosin thick filament density map (Woodhead et al., Nature
436:1195-1199, 2005) fit using a smooth muscle myosin crystal
structure (PDB 1i84) containing two heavy chains, two essential light
chains, and two regulatory light chains. Copies of the myosin subunit
are automatically reoriented to maintain helical symmetry during fit-
ting so that steric clashes are apparent. The image was created using
the MultiScale extension to UCSF Chimera.

23 . . . . RMMB: Cross-section of the bacterial ribosome.

24 . . . . RVSC: 3D membrane surfaces obtained by electron tomography of rat
liver mitochondria. Increasing levels are shown of fusion and inter-
connectivity (left to right). Background: slice from an electron tomo-
gram of a section of frozen-hydrated rat liver.

25 . . . . NBCR: Computed ejection strains (ranging from -0.145 [blue] to
0.015 [red]) visualized on a finite element anatomical model of the left
and right ventricles of a canine heart. This heart, which is failing and
dilated, is artificially paced at the free wall of the left ventricle. Such
simulations, which include electrophysiological and mechanical behav-
iors, provide insight for optimized pacer development to save people
with heart failure.
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