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I. Specific Aims

I.1 INTRODUCTION:

This proposal requests support for the Interdisciplinary Center for the Study of Biocomplexity at the University of Notre Dame.

· The Research Goal of this Center is to understand in a quantitative and predictive way the complex patterns and organization that arise in living organisms at length scales from molecular to organismal.

· The Educational Goal of this Center is to prepare undergraduate, graduate and postdoctoral students for the challenges of twenty-first century biology, which require a merging of fundamental biological understanding and methods with physical, computational, and mathematical approaches.

The Specific Aims of the Center fall into four categories:

I.2 AIM 1: RESEARCH:
Our long-term goal is to develop comprehensive multiscale models of cell and tissue organization and their relation to development. We will address three scales of structure starting from the level of genetic control networks and including at the subcellular level, molecular machines and cytoskeletal and protein networks. At the cell level we will emphasize cell polarity and cell-cell interactions. At the supercellular level our studies include the aggregation of cells into tissues and tissues into organs.

I.2.i Projects:

We will approach this goal initially through three focused Projects, which combine quantitative experiments and computer simulation. The three Projects provide a unified and logical program for research in Biocomplexity at the Center, built on the mutually complementary strength of the researchers at Notre Dame with additional support from our collaborators at other institutions.

· Project 1 – Modeling Biological Networks at the molecular level, including gene regulation pathways, transport and mechanical interactions in the cytoskeleton and intra- and inter-cell signaling networks.

· Project 2 – Modeling the Structure and Function of the Cytoskeleton, including the mechanical properties of cells.

· Project 3 – Modeling Organogenesis and Tissue Development, including the mechanical properties of tissues.

I.2.ii Key Goals:

These Projects address a number of key aspects of the whole program: 

1. Understand how cellular decisions are made at the molecular level.

2. Elucidate the structure and properties of molecular and control networks.

3. Understand the development of cell polarity.

4. Explain how cells sense and respond to their external environment.

5. Determine the mechanisms that give rise to large-scale cell migration and the patterning of differentiation.

6. Understand how cell and extracellular matrix (ECM) properties interact with tissue geometry to give rise to specific function. 

I.2.iii Interrelations Between Projects:

The three Projects are highly interdependent. Development of tissues and organs (Project 3) depends on cell migration, secretion of ECM and cell differentiation. These in turn depend on subcellular processes that range from generation of cell polarity in the formation of an epithelial sheet to directed cell motility in chemotaxis. Cell polarity, migration, mitosis and differential growth all depend on the cytoskeleton (Project 2). The cytoskeleton, gene regulation pathways and cell-cell and cell-ECM interactions underlying development, though very different, are all complex networks of interacting components and so require understanding of general and specific properties of networks (Project 1). 

I.2.iv Unified Methodologies:

All research will combine three methodologies which apply to all three Projects: 

1. Quantitative experimentation, especially tracing of gene activity and protein distribution during development using quantitative PCR and immunolabeling, tracking of cell membrane fluctuations and cell migration during embryogenesis using fluorescence labeling and two-photon confocal microscopy, determination of three dimensional tissue structures using CT and Magnetic Resonance Imaging (MRI), and measurements of mechanical properties at all scales using intracellular magnetic tweezers, optical tweezers, force microbalance and rheometry.

2. Development of mathematical models, e.g. continuum reaction-diffusion models of diffusible morphogens, reaction-kinetic models of regulatory networks, and hybrid molecular dynamics/continuum models of cytoskeleton and ECM protein polymerization. Such modeling also requires more fundamental applied mathematical and statistical physics understanding of the emergent properties of complex networks, e.g. bifurcation analysis of coupled interacting regulatory modules.

3. Detailed computer simulation, e.g. finite element modeling of actin fibers or ECM, Potts model simulation of cell migration and multiscale simulation of interrelated developmental processes. Models must employ experimentally measurable parameters and make specific testable predictions of experimental phenomena, e.g. of gene knock out experiments, in vivo up or down regulation of gene expression, or in vitro reconstitution experiments. Simulation in turn will suggest experimental measurements and help interpret complex experiments.

I.3 AIM 2: COMMUNICATION AND OUTREACH:
Our goal is to become a true “Center” for the study of Biocomplexity at the national and international level, providing opportunities to study and disseminate both experiment and theory at all levels. One of our main goals is to improve communication between biological, mathematical and physical scientists. Our outreach program will have five main thrusts:

I.3.i Activities:

1. Technical Workshops for all Center members and collaborators.

2. Seminars, summer school and outreach.

3. Extensive visits by students and faculty to the Center and collaborating Institutions.

4. Research opportunities for undergraduates and high-school students.

5. Web pages and electronic databases for resource sharing.

I.3.i.a Workshops:

We will hold a series of brief intensive workshops, open to the scientific community at large, focused on biological problems that demand multiscale and multidisciplinary solutions (the first official Center workshop, on the cytoskeleton, will be held November 2001). Our goal is to establish promising directions for modeling and experiments and to investigate potential new areas of research. We will also use the workshops to develop new inter and intra institutional collaborations. These workshops also contain tutorials directed to students and to researchers in disciplines outside the workshop focus. As the center grows, we will seek outside support for larger conferences as well. We will also disseminate our workshop and seminar material on the web. The Center for Continuing Education at the University Notre Dame will provide space and logistical support for these meetings. The proceedings of these workshops will be made available on the web and may also be published.

I.3.i.b Seminars, Summer School and Outreach:

Graduate students will participate by presenting their research in a mini-conference and a seminar series. We will begin to develop a Biocomplexity summer school aimed at advanced graduate students. To reach out to a broader audience we will introduce a series of nontechnical seminars aimed at the entire university community and interested members of the general public on key issues in Biocomplexity, to be delivered by senior center members and invited speakers. Philip Maini of Oxford University will deliver the inaugural lecture in November 2001. The bioethics material may be of special interest to the general community. 

I.3.i.c Extended Visits:

We will host visiting faculty and students for both short and long term visits, providing them with the opportunity to conduct their experiments and analyses in the interdisciplinary environment of the Center and send our members out to conduct research elsewhere. 

I.3.i.d Research Opportunities for Undergraduates:

We will also expand Notre Dame’s substantial programs to provide summer research opportunities for high school students, college students from universities without strong research programs, and high school teachers to encourage future interest in Biocomplexity, following the model of the successful, NSF funded, QuarkNet program for high school students and teachers in the Department of Physics. We will also encourage postdocs, members and long-term visiting faculty to make contact with and speak at local high schools.

I.3.i.e Web Pages and Electronic Databases:

The software and databases we develop as part of our Bioinformatics Core (Section I.4 and VIII.) will extend our results to a broad audience of researchers worldwide.

I.4 AIM 3. SOFTWARE AND RESOURCES:

Our goal is to develop techniques and tools of broad utility to bioscientists and to distribute these freely to the community at large.

I.4.i Projects:

Our initial target software corresponds to our research Projects:

1. Software for the analysis of complex networks.

2. Software to model cytoskeletal activity, including mitosis and cell motility using a combined continuum/molecular dynamics approach.

3. Software to model of organogenesis at the cell level based on Potts model and reaction diffusion techniques.

4. Database management tools.

5. Hybrid finite element software to predict tissue properties from component properties.

6. Improved software for cell tracking using confocal microscopy and for image reconstruction from MRI and CT data.

I.4.ii Methodology:

Software will employ standardized input and output schemes to allow it to interact with programs simulating other levels or systems from our own and other institutions. Similarly, we will present all quantitative data from our experimental program in standardized web-based databases. Planned databases include measured cell and tissue properties and indices of network connections in genetic, metabolic and proteomic networks. Our collaboration with the Beckman Institute’s Bioimaging Laboratory at the California Institute of Technology should lead to image analysis and processing software for medical and research applications. We will also interact closely with the Nanotechnology Center at the University of Notre Dame, which will assist with the design and manufacture of devices for cell level and subcellular stimulation and measurement. In turn, the experiments and simulations developed by the Center will assist directly in current biotechnology and nanotechnology applications. Longer term, we are interested in developing packages for modeling differentiation pathways using reaction-kinetics and the response of bone and the circulatory system to stress.

I.5 AIM 4: TRAINING:

Our goal is to educate scientists to combine a deep knowledge of biology with the mathematical, computational and physical sophistication needed to address the increasingly complex problems of post Human-Genome-Project biology, particularly the patterns and other forms of organization which arise from the interactions of many autonomous agents. 

I.5.i Goals:

The features of this program include:

· 1)
Interdisciplinary training available through multiple departments.

· 2)
Combined training in experimental, theoretical and computational methods.

· 3)
Active participation in research.

· 4)
Cosupervision of students by members of multiple departments and institutions.

· 5)
Long-term residences in remote laboratories for specialized training and research.

· 6)
New interdisciplinary courses.

Students will receive training to appreciate the various interacting scales that compose biological organisms. They will also learn fundamentals of both mathematical and computational modeling and quantitative experimental techniques. Our goal is to produce researchers who, regardless of their home department, are equally comfortable with the languages of developmental and cell biology, molecular biology, computer science, mathematics and physics. We will meet these educational objectives by revising both the graduate and undergraduate curricula to include a broader range of existing departmental courses and by developing new explicitly interdisciplinary courses. Some of our Center members are already developing a textbook, The Physical Mechanisms of Early Development. We will provide research opportunities in Biocomplexity at both graduate and undergraduate levels and support the short and long-term visits of our students to other major institutions and programs, and the short and long-term visits by members at other institutions to Notre Dame. Similar programs will be created at the postdoctoral and faculty levels. Competitive research salary awards will be an important element of our educational mission and will include a budget to support research expenses and travel to allow students maximum independence. The Center’s workshops will also be important to training. Tables IX.I and IX.II provide a course syllabus for the program.

II. ORGANIZATION CORE

II.1 The Notre Dame Center for the Study of Biocomplexity:

To encourage the interdisciplinary collaboration and cooperation necessary to address Biocomplexity, we have created at Notre Dame, the Interdisciplinary Center for the Study of Biocomplexity. This Center emphasizes multiscale modeling and quantitative experiments. At Notre Dame the focus is not on genetics and biochemistry per se but on the physical manifestations which give rise to the complex structures of life. Unlike institutes that tend to focus on one level or system, the Center's approach is intrinsically multiscale, looking at the determinants and mechanisms of development from molecular to organismal levels.  The Center will provide researchers from different fields with an exciting opportunity to unite their efforts and expertise to work on joint projects in Biocomplexity.  In the past few years, individual departments at Notre Dame have separately hired a substantial number of faculty in fields related to Biocomplexity (see biographical sketches). Because of these hires, Notre Dame is well placed for a first rank effort in Biocomplexity. These faculty conduct research spanning the whole range of scales (from molecular to organismal) relevant to development. The Center is now in a position to encourage additional coordinated hires between departments in areas that will further this effort. Departments and Colleges are making a very serious effort to hire additional faculty in Biocomplexity (see attached letters of support – Appendix I). Most importantly, their research programs are complementary, covering all necessary disciplines (both computational, biological and engineering related) with minimal overlap.

II.2 WHY NOTRE DAME?
1. Strong Existing Interdisciplinary Biocomplexity Research.

2. Institutional Commitment to Expanding Biocomplexity Research and Training.

3. Strong Tradition of Successful Centers on Campus. 

4. Vibrant Graduate Programs in All Relevant Departments.

5. Highly Leveraged Investment.

6. Strong Relations with Industry.

7. Strong Collaborations with Outside Research Centers.

II.2.i Established Interdisciplinary Research:

Notre Dame is home to one of the NSF funded Biocomplexity initiatives, on chick limb development, a project which brings together faculty from three departments at Notre Dame with researchers at three outside institutions. This successful collaboration is the model for the new Biocomplexity Center. Besides these collaborations, we have also established collaborations with a variety of other Biocomplexity Research Centers including the Beckman Institute at California Institute of Technology and the Wellcome Institute at the University of Dundee, Dundee, Scotland. The strong connection with outside institutions is particularly practical because of Notre Dame’s vicinity to the University of Chicago and Northwestern Medical Schools in Chicago and the University of Michigan Medical School in Ann Arbor. Dr. Barabasi already has a successful collaboration with Northwestern and several members of Dr. Glazier’s laboratory have trained in MRI techniques at the University of Chicago. Notre Dame is also a participant and Dr. Goodson a key organizer of the Chicago Cytoskeleton workshop held monthly at Northwestern.

The Center brings together researchers from different departments to work on unified projects from Biocomplexity. These projects will motivate and coordinate new interdisciplinary hiring and joint appointments.

II.2.ii Institutional Commitment:

The University collectively and the individual departments are all strongly committed to developing a Biocomplexity program and supporting Biocomplexity research at Notre Dame (See letters of support in Appendix I). The University acted rapidly to set up the Biocomplexity Center and both the University and all participating departments have pledged substantial financial contributions towards the Center’s infrastructure costs and the costs of its workshops. The eight departments currently participating in the Center have made a total of six Biocomplexity related hires in the past two years and all have made commitments for additional faculty hiring in Biocomplexity, most in the next year. We anticipate at least ten junior and senior level Biocomplexity related hires in the next three years. The Research Office has agreed to provide a one for one cost share on major equipment covered by this application.

II.2.iii Tradition of Successful Centers:

Notre Dame is home to a number of successful interdisciplinary initiatives including the Keck Transgene Center, the Walther Cancer Center, and the Nanotechnology Center. All of these include faculty from multiple departments and colleges, though none has the breadth of involvement of the new Biocomplexity Center. The University is currently discussing a major new building to house these interdisciplinary centers. Success in funding at this stage would assure Biocomplexity a substantial share in the new facility.

II.2.ii.a Cooperation with the Nanoscience Center:

The Micro/Nanoelectronics Laboratory is a leading nanoscience research Center. We are currently in discussions concerning the design and fabrication of microactuators and microsensors for stimulating and measuring cell response on the micron scale. We also anticipate contributions to their evolving program in the form of biomimetic designs. The laboratory provides the capability for integrated circuit and MEMS processing at sub micron geometries.  Complete optical lithography, photomask design and fabrication, thin film metal deposition, chemical vapor deposition, and wire bonding capabilities are available to create diverse devices and systems including silicon IC, microfluidic, microwave, optical, and quantum technologies. Undergraduate instruction involves the design and fabrication of circuits with more than 10,000 transistors. Electron beam lithography and sophisticated scanning probe microscopy allow the fabrication and characterization of a wide range of devices on the nanometer scale.

II.2.ii.b Cooperation with the Keck Transgene Center:

The Keck Transgene Center develops and uses mouse gene targeting technology to investigate the pathophysiological roles of genes involved in the blood coagulation, anticoagulation, and fibrinolytic pathways in hemostasis, with associated relevance to embryonic development; cancer; infection and inflammatory diseases. In August, 1998 the Transgene Center received a $1.75 million grant from the W. M. Keck Foundation for the in vivo study of hemostasis, which allowed the Transgene Center to expand its facilities and enhance its research infrastructure by hiring personnel and purchasing equipment for histological and physiological analysis of genetically altered animals.  These facilities will be available to the Biocomplexity Center.  

In the three years since its formation, the Keck Transgene Center has made major contributions to the field of hemostasis by developing mouse strains deficient for critical genes involved in the initiation and regulation of coagulation. In particular, animals have been generated and characterized with total defects in genes that produce proteins such as factor VII, the major initiator of clotting; factor X, a downstream protein central to production of thrombin, protein C, a key anticoagulation protein, its membrane receptor EPCR, and fibrinogen, the clot precursor. These animals, as well as others in the CTR with total deficiencies in genes that produce proteins of the clot dissolving system, serve as models for studying disease states including cancer, arteriosclerosis, and the production of fibrotic lesions in the lung. 

The Keck Transgene Center supports much interdisciplinary research, in particularly collaborating with the optical laser group in the School of Engineering at Notre Dame to develop laser-induced vascular injury models. The impact of genetic technologies such as gene targeting and gene transfer on other areas of biology has created a significant cooperation with other biological scientists, in particular, members of the Walther Cancer Center. The technology, equipment, and expertise of the Keck Transgene Center are significant resources for experimental aspects of the Biocomplexity Center, while the computational resources and expertise of the Biocomplexity Center should be a resource for eventual modeling of hemostasis.

II.2.ii.c Cooperation with the Walther Cancer Institute:

The Walther Cancer Research Center, operated jointly by the Walther Cancer Institute and the University of Notre Dame, supports basic research on cancer and provides training for future leaders in this discipline. Research at Notre Dame concentrates on prostate and breast cancer with secondary emphasis on bladder, ovarian and endometrial cancer. The current collaboration between Notre Dame and the Walther Cancer Institute began in 1994. In 1996 the Walther Cancer Institute made a five-year commitment of $1.2 million, followed in 1998 by an additional $900,000. These funds made possible a number of key hires in cancer research, at all levels from chaired professors to postdoctoral research associates. These hires, together with the expanded operation of the W. M. Keck Center for Transgene Research, and first-rate core facilities, support a major thrust in basic cancer research. 

Research in the Walther Cancer Center is organized into three focus groups: cell biology and cell signaling, gene targeting, and drug design/discovery. The cell biology and cell signaling group emphasizes cytoskeletal dynamics, membrane trafficking, molecular motors, and small G proteins in relation to the apoptotic response of tumors to hormone and chemotherapy, using cell culture, autochthonous tumor models, orthotopic xenografts and transgenic models of cancer. These efforts and techniques will support the Biocomplexity Center’s Cytoskeleton Project (project 2).  The gene targeting group focuses on initiation, progression, and metastasis of tumors as studied in animals with targeted alterations in genes encoding thrombotic, antithrombotic, and fibrinolytic proteins. These projects may overlap with the Biocomplexity Center’s Project 1 on Biological Networks.  The design, discovery, and targeted delivery of new compounds for the study and treatment of cancer are another goal of the Center. The techniques of computational, synthetic, and combinatorial chemistry will be used to interface chemical applications with biological studies. Design and synthesis will provide new compounds of particular interest as probes of biological mechanisms, tumor growth inhibitors, and delivery systems, and may have applications to our developmental biology experiments.  

II.2.iv Vibrant Graduate Programs:

The Center will coordinate teaching efforts in Biocomplexity (see the proposed syllabus in section IX. Tables IX-I and IX-II) and will bring on campus a pool of students focused on Biocomplexity. Currently the individual departments receive many more applications from high quality students who would like to work on interdisciplinary problems than they can support from their existing stock of department-tied research and teaching assistanceships. The interdisciplinary student salaries provided in this proposal would allow us greatly to increase the number of high quality interdisciplinary students we could recruit.

II.2.v Leverage:

The primary long-term impact of the Center on Biomedical Science will be important and novel research on basic problems of Biocomplexity and the future contributions of the students trained in this unique interdisciplinary environment. This grant will have immediate and decisive impact at Notre Dame, increasing the amount of interdisciplinary research, providing new foci for the education of graduate and post-doctoral students, and enhancing the undergraduate curriculum. The role of NIH support would definitely be greater at Notre Dame than at larger Universities. It will impact on community at large through workshops, training opportunities, software tools, and collaborations. 

This grant will greatly assist our efforts to establish a real interdisciplinary Biocomplexity Ph.D. program which would include well focused research and educational components. Many components of such a program already exist at Notre Dame. Strengthening the Center will help bring these components into a unified research and educational program.

Notre Dame has recently hired a number of young faculty members with research interests that cut across disciplines of cell biology, biochemistry, physiology and dynamical modeling.  Their participation in the Biocomplexity Center will amplify their collaborative interactions and increase the likelihood of their obtaining independent support for their investigator-initiated projects.

II.2.vi Collaborations with Industry:

Collaborative research with industry supported by the Center, serves several purposes. The Center provides industry with: 

1. Access to the resources of the Center.

2. A talented pool of students with the proper background for possible internships and future recruitment.

3. An opportunity to participate in workshops and conferences on cutting edge research. 

4. Short term and long term visits by industrial researchers to participate in specific scientific programs and lectures.  

5. An opportunity to quickly establish collaborations with interdisciplinary groups of academic researchers.

The Center coordinates enrollment of students in internship programs with industrial companies in biological research. Internship may result in students conducting research for their Ph.D. theses under guidance from an industry co-supervisor.

Center members have collaborations underway or in discussion with IBM and Lockheed Martin Corporation on hierarchical classification and clustering, Myriad Genetics on software for proteome analysis and NMR spectroscopy, Kraft Foods on MRI visualization of colloid coagulation and smart packaging development, Zimmer, Inc. on orthopedic implants Eli-Lilly, Caliper Technologies and Bayer Diagnostics to develop high-throughput drug screening and Johnson & Johnson on blood rheology. 

II.3 ORGANIZATIONAL STRUCTURE:
II.3.i Introduction:

The goal of the Center organization is to fully support the Center’s three research Projects but to be flexible enough to expand to include new, well focused projects which further the overall Center goals:

· 1)
Create focused Research Efforts on Center Projects.

· 2)
Promote Collaboration within and between Departments, Schools and Institutions.

· 3)
Integrate On- and Off-site Research.
II.3.ii Research Projects:

The choice of research Projects supported by the Center balances the need for high quality, focused research, with the need to respond to a rapidly developing field. The Center will remain tightly focused on the projects outlined in this proposal, but any Center member can propose in writing new subprojects and reallocation of personnel in existing projects in writing. The Executive Committee will review these proposals competitively as described below (section II.3.iii.d).  

II.3.iii Management and Leadership Structure:
II.3.iii.a Responsibility:

The Center reports to the Vice President for Research. 

II.3.iii.b The Directors:

The Vice President for Research appoints a Director and two Associate Directors, to renewable four-year terms.  The Director is responsible for all administrative matters related to the Center including the management of internal and external budgets, the submission of an annual report to the Vice President for Research and any required reports to funding agencies. The Director is responsible for ensuring the compliance of the Center with University and NIH guidelines. The Director will also hold an annual meeting to seek members’ input on scientific and administrative issues. The Director will appoint a Director of Scientific Computing who has primary responsibility for implementation of the Center’s computing goals and for its web site. The initial Director is Dr. Glazier. The initial Associate Directors are Dr. Alber and Dr. Goodson. The acting Director of Scientific Computing is Dr. Izaguirre.

II.3.iii.c Research Projects:

For each Center Project, the Director will appoint one or more Project Coordinators who will be responsible for coordinating the collaborative research. The Project Coordinators need not be resident at Notre Dame. Wherever possible, the Director will seek to obtain for non-resident Project Coordinators adjoint faculty status in the appropriate department at Notre Dame.

II.3.iii.d The Executive Committee:

The Executive Committee will consist of the Director as chair, the Associate Directors, the Director of Scientific Computing, the Bioethicist (see below, section II.3.iii.e) and one representative from each of the three projects. The Director appoints these representatives for renewable three-year terms in consultation with the members in each research Project. These representatives have primary responsibility for communicating Center priorities and policies to the group members and for transmitting group member concerns to the Center leadership. 

The Executive Committee will meet frequently to vote on graduate and undergraduate salaries and distribution of discretionary research support. The Committee will advise the Director on collaborative research strategies, priorities of research and relations with other Centers, Departments, non-resident researchers and other cooperating organizations. The Committee will suggest speakers, short- and long-term visitors and conference topics and will assist in preparing the annual progress report on the activities of the Center for submission to the University and NIH. The Committee will meet with university officers regularly to discuss issues of hiring, space allocation and needs, and demands on staff and faculty time. 

II.3.iii.e Bioethics:

The Director will appoint a Bioethicist to the Executive Committee, to raise questions about bioethical issues when necessary. The Bioethicist will oversee the provision of bioethics training to students through a new bioethics course (see section IX.7) and through workshops and will serve as a contact to members of the greater community about bioethical issues. 

II.3.iii.f The External Advisory Committee:

Because the Center covers a great breadth of topics, expert scientific and organizational guidance is essential. The External Advisory Committee will consist of up to eight recognized leaders in the various scientific fields represented in the Center, with special emphasis on leaders in the field of Biocomplexity.  One member of this committee will be a Bioethicist.

The initial members of this Committee include Prof. Scott Fraser, Director, Bioimaging Center, California Institute of Technology, a leader in the study of organismal development and the development of Bioimaging techniques. Prof. Malcolm Steinberg of the Department of Molecular Biology, Princeton University, the developer of the Differential Adhesion theory for cell-cell interactions, Prof. Paul Janmey of the University of Pennsylvania, a leading expert on cell and tissue viscoelasticity and the cytoskeleton and Prof. Philip Maini of Oxford University, the head of the Center for Mathematical Biology. We are currently pursuing several possibilities for the bioethics position and for molecular biology and genetics advisors.

The Advisory Committee will visit the Center every two years and prepare a report on its status with recommendations for improvements and changes in its scientific direction. The Director will prepare a written response to this report and make it available to all members. In addition, the Center will invite the members of the Advisory Committee to participate in all Center workshops and conferences. We will also encourage Advisory Committee members to come to Notre Dame as short term or long-term visitors. 

II.3.iii.g Vacancies and Other Considerations:

In the event of vacancies for any of these positions we will select the replacement, as usual, to fill out the unexpired term. Appointment will require permission of the member’s Department Chair. We will limit the administrative responsibilities of any untenured Committee members so as not to interfere with the member’s professional progress.

II.3.iii.h Membership:

Researchers at the University of Notre Dame and at other academic, research and industrial institutions in the USA and abroad may apply for membership in the Center. Each prospective member must closely associate with a Center Project and must provide a detailed statement of research interests and relevance. The Executive Committee and Director will review requests for membership. We expect all members of the Center to participate in Center workshops (subject to funding availability, the Center will bear the travel costs for this attendance) and to make their home research facilities available for research and training to Notre Dame participants and students. We will also encourage non-resident members to visit and send students to work closely with resident Center members. This exchange of students and faculty is essential to the proper functioning of the Center. These exchanges have already begun, with Dr. Alber spending a sabbatical doing Biocomplexity research at UCLA and Stanford and with two of Dr. Glazier’s graduate students doing extended training at the University of Dundee and New York Medical College. Initial short term visitors include Drs. Steinberg, Maini and Panfilov (University of Utrecht, Utrecht, the Netherlands).

Members must submit annually in NIH format an updated statement of research interests, a list of research accomplishments, publications, seminar and conference presentations and a full list of visitors, students and other members of their laboratory in NIH format. 

The Executive Committee may ask inactive members to withdraw from the Center.

II.3.iii.i Research Facilities:

The Center will include shared research facilities to further its research Projects. The University is unusually generous in its support for shared infrastructure, typically contributing a substantial cost share (in the form of hard money salaries for staff or as funds for equipment purchase). Initial time on these facilities and experimental support for pilot projects will be free of charge both for Center members and non-members. After the pilot project is successful, time and support on these instruments will also be available to Center members and to any interested Notre Dame users on a cost basis. Users may pay their user costs from their own research funding or may apply to the Center for funding. Initial shared facilities include: 

1. A dedicated computer cluster for scientific computing, including an SGI workstation equipped for virtual reality simulations and immersion visualization, an application server and a web server.

2. A two-photon, multispectral scanning confocal microscope.

3. The currently operational 7Tesla MRI facility.

4. The currently operational high resolution CT scanner facility.

In addition, members agree to make major instrumentation available in their own laboratories available for use by other Center members.

II.3.iii.j Support Staff:

To maximize the use of the Research Facilities, the Center will provide two full-time programmers and a system administrator to run the Center’s computational resources, develop software and assist with individual researchers’ software development. The system administrator will also be responsible for day to day maintenance and design of the Center web site, developing tools to support multi-institution collaborations including creating a Center intranet and distribution of Center data and documents.

The Center will also provide one technician to train users, assist with experiment design and execution on the confocal microscope and one technician with similar duties for the CT and MRI facilities.

The Director will also hire a full time administrative assistant to assist with the day-to-day operations of the Center, budget and compliance issues, workshop organization and competitive research support.

II.3.iii.k Administration of Research and Salary Support:

This grant will primarily support salaries for undergraduate and graduate students, postdocs and visiting faculty. Our goal is to ensure that all support recipients conduct research furthering the Center's Projects. Members may apply to the Executive Committee for support for individuals or may apply for support for an open position to be filled by advertisement and interviews. In either case, the Center will strongly favor applications with joint participation by at least two members in two different departments or institutions. In addition, applicants and research groups may request funding to cover the recipient’s research expenses and equipment needs. 

Salary and support will include: 

1. Twelve month graduate student salaries renewable for up to three years. 

2. Graduate student salaries for summer research only. 

3. Resident Postdoctoral salaries for one year, renewable for up to three years. 

4. Support for travel costs and tuition fees for resident students and members to work in remote laboratories. 

5. Support for students and members in remote laboratories to work at Notre Dame.

6. Support for undergraduate student research during term time and summer terms. 

7. Salaries and expenses for visiting faculty at Notre Dame for one or more semesters. We will encourage long-term visitors to spend part of their term at remote member locations.

8. Support for short-term visitors. 

9. Limited research support to enhance members’ Center-related research, especially pilot projects and high-risk small-scale undertakings.

Nonresident members may apply for student and postdoctoral salaries. The Center will request a waiver of normal overhead for these appointments. Supported non-residents, except for undergraduates, must attend Center workshops and, whenever possible, conduct at least one month of research resident at Notre Dame. We invite senior visitors to offer short duration and for-credit courses as part of their residency. Support recipients should present seminars on their research to an appropriate forum. All support recipients must file a research report at the end of their term.

III. Background and Significance

INTRODUCTION:

Biocomplexity is the study of the unique complex structures and behaviors that arise from the interaction of biological entities (molecules, cells, or organisms). While physical and chemical processes give rise to a great variety of spatial and temporal structures, the complexity of even the simplest biological phenomena is infinitely richer.

Until recently, scientific approaches to organismal biology have centered on genes, their protein products, and discrete signaling pathways and gene regulatory circuits. These approaches have been immensely fruitful and have set the stage for a new era in biological research that takes advantage of recent advances in molecular and computer science based technologies for gathering and analyzing complex data sets to conduct experimental and computational analysis of many-component, multilevel systems.

In addition, experimental and theoretical work in condensed matter physics, developments in applied mathematics and novel computational techniques, together with the past half century’s explosion of molecular biology research, prepare us to reframe problems in subcellular, cellular and developmental biology. For example, novel mathematical and computational approaches to the formal analysis of abstract networks, which are the natural representations of biological entities such as metabolic and gene regulatory networks, provide key insights into biochemical pathways, global and modular structures and scaling properties. New experimental techniques such as microarray analysis allow simultaneous tracking of expression levels of hundreds to thousands of genes, providing data that require appropriate network theoretical models in order to be understood and incorporated in a biological framework.

Structural networks, e.g. the cytoskeleton that determines a cell’s shape and influences its functional capacity, are also appropriate entities for complexity modeling, Thousands of cytoskeletal fibers in any cell simultaneously assemble and disassemble and interact with other proteins to generate force. Computational methods are ideally suited to characterize the average and local dynamics that determine cells’ motility, behavior and intracellular traffic.

Finally, multicellular aggregates, such as embryonic and mature tissues, often share the properties of “excitable media” and “soft matter,” familiar to modern condensed matter physics and dynamical systems theory. Changes in tissue shape and form during development and repair—skeletal formation, gastrulation, segmentation, are well suited to analysis by physical and mathematical concepts, particularly in conjunction with modern knowledge of cells’ adhesive forces and the molecular composition and rheology of cytoplasm and extracellular matrix.

To begin to address Biocomplexity, we must combine biological methods with approaches from physics, mathematics, and computer science, and begin considering biological systems as networks. The sheer volume of information provided by modern biological techniques, from gene microarrays to confocal microscopes, both allows and demands detailed explanatory descriptions. Early modeling had limited success because of incomplete understanding of biological function at the molecular and cellular level. With the explosion of biological data and the consequent need to integrate biological information into a coherent whole, the time has come for the integration of experimental and theoretical biology. To achieve a full understanding of Biocomplexity, we must couple the results of biological experiments with comprehensive quantitative modeling, and test these models by further experiments. 

Biological processes fall into a hierarchy of scales: molecular interactions, molecular machines and networks, cells, tissues, organs and individuals. However, understanding a complex process like development requires simultaneous investigation at several levels. An organism consists of distinct, cooperating organs. Development of these organs depends on tissue organization, which depends on communication and cooperation of individual cells, which depend on specific activation and localization of proteins at a subcellular level.  Even a complete knowledge of behaviors at any single scale (were it possible) would not explain the properties of the whole. We must understand the cooperative actions of all these levels, which together allow complex organisms to exist. 
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