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IX. Training Core

Research in Biocomplexity requires a solid background in biology, physics, chemistry, computer science and applied mathematics. The Center will work to assure that undergraduate, graduate and postdoctoral students acquire this expertise whatever their home department. 

IX.1 Educational Goals:

1)
Create a Unified Interdisciplinary Syllabus Across Departments.

2)
Introduce New Courses in Biocomplexity.

3)
Support Co-supervision of Research.

4)
Support Long Term Travel for Training and Research.

5)
Maintain Relations with the South Bend Center for Medical Education.

6)
Develop Bioethics and Scientific Method Course for Graduate Students.

7)
Organize Graduate Research Seminars and Workshops in Biocomplexity.

8)
Organize Graduate and Undergraduate Summer Schools at Notre Dame.

9)
Maintain Active Web-supported Database of Courses and Biocomplexity Activities to help student recruitment.

IX.2 Graduate Program:

Because graduate students may wish to pursue Ph.D. studies in Biocomplexity from many different directions, prospective students may enroll in any participating department (Aerospace and Mechanical Engineering, Biological Sciences, Chemical Engineering, Chemistry and Biochemistry, Computer Science and Engineering, Electrical Engineering, Mathematics and Physics). Students would receive a Ph.D. from their home Department with a Diploma in Biocomplexity. We are currently proposing modifications to departmental requirements to permit the broad range of course work required, by creating a Biocomplexity specialization within each department. We will extend the model of Notre Dame’s successful Biophysics, Biochemistry and Molecular Biology (BBMB) Program, which created specialized tracks within the Departments of Chemistry and Biochemistry, Biological Sciences and Physics. BBMB students receive exemption from their department's normal required elective courses and substitute the appropriate paired department's core courses. We will develop a section of our web site specifically to address student information and recruitment issues and will include appropriate links to our non-resident members’ pages.

In most participating Departments the number of required core courses is modest, usually four or five, and many of these courses are already included on our requirements list (e.g. Molecular Biology is already required both of Biological Sciences and Chemistry and Biochemistry graduate students, while Mathematical Methods is required of all Physics and Engineering students). In these departments the new requirements (see table) will be in addition to the normal core courses, resulting in slightly over two years of course work. In the Departments of Mathematics and Physics, which have much more extensive requirements, we are proposing a reduction in the number of core courses from nine to four to allow for the new Biocomplexity requirements. Each student will complete coursework in Molecular and Cell Biology, Mathematical Methods, Dynamical Systems, Statistical Methods, Laboratory Techniques, Ethics and Computer Simulation (See Syllabus in Table IX-I). Students will then deepen their knowledge of a particular area by taking two courses in a single area, and one additional elective from a different area (See Syllabus in Table IX-II). We will present these course changes to the appropriate departmental curriculum committees in spring 2002. All department chairs in participating departments have indicated their concurrence with these proposals. 

TABLE IX-I CORE SYLLABUS:

	Biocomplexity Syllabus

	Core Discipline
	Course Number
	Title

	Molecular Biology
	BIOS/CHEM531
	Molecular Biology I

	Cell Biology
	BIOS539
	Advanced Cell Biology

	Mathematical Biology
	MATH611
	Dynamical Systems/Mathematical Biology+

	Computational Biology
	CSE598E
	Computational Biology+

	Mathematical Methods
	PHYS503, CHEG542 or AME552
	Mathematical Methods 

	Statistical Methods
	PHYS602, CHEG538, CHEM655, EE563, EE653 or SBMC652
	Statistical Physics, Statistical Mechanics and Thermodynamics, Reaction Dynamics, Stochastic Processes, Information Theory, Biostatistics*

	Numerical/Computational Methods
	AME521, CSE513 or MATH517
	Numerical Methods, Numerical Methods and Computation, Computational Mathematics

	Laboratory Methods
	PHYS510, SBCM503, PHYS625, CHEM626, EE598I, EE546, SBMC501, SBMC505, SBMC504, SBMC605, or CHEM624
	Physics Experimental Laboratory+, Neuroscience Laboratory*, MRI Laboratory+, NMR Spectroscopy, Advanced Instrumentation and Measurement, IC Fabrication Laboratory, Anatomy*, Histology*, Human Physiology*, Medical Genetics*, Advanced Biochemical Techniques Laboratory

	Bioethics
	CHEM4XX/5XX
	Ethical Issues in Science


TABLE IX-II ELECTIVES SYLLABUS:

	Electives

	Biochemistry and Biology
	CHEM6XX, CHEM521, BIOS/CHEM532, CHEM624, CHEM535, BIOS530, BIOS540, SBCM605
	Biophysical Chemistry, Biochemistry, Molecular Biology II, Advanced Biochemistry, Medicinal Chemistry, Immunobiology, Topics in Cell Biology, Medical Genetics* 

	Computer Modeling
	CHEG598F, CHEG698D, CHEM650/651
	Simulation and Optimization, Molecular Theory and Modeling, Computational Chemistry I and II

	Bioengineering
	CHEG498/598M, CHEG598N, CHEG698E, AME598, CHEG6XX
	Macromolecular Bioengineering+, Biomedical Engineering Transport Phenomena+, Transport Phenomena, Orthopedic Biomechanics+, Biomaterials Design+

	Mathematical Methods
	AME562, CHEG552, MATH663/664, CHEG672
	Mathematical Methods II, Mathematical Methods II, Topics in Applied Mathematics, Nonlinear Dynamics and Pattern Formation 

	Physics

	PHYS505, PHYS613, PHYS507, EE587
	Mechanics, Solid State Physics, Quantum Mechanics I, Quantum Mechanics for Electrical Engineering

	Continuum Mechanics
	AME544, AME554, AME558, AME563, AME598C, AME559, CHEG598D
	Analytical Design Mechanical Elements, Analytical Dynamics, Elasticity, Finite Elements in Engineering, Solids Modeling, Mechanics of Solids, Structure of Solids

	Fluid Dynamics
	AME601, AME698C, AME604, AME558
	Viscous Flow Theory, Topics in Low Reynolds Number Flow, Hydrodynamic Stability, Fluid Dynamics

	Image Processing
	EE571, EE581
	Statistical Signal Processing, Digital Image Processing

	Control Theory
	EE555, EE655, AME654, EE598G, EE650
	Multivariate Control Systems, Digital Control Systems, Nonlinear Control Theory, 

Stability of Linear Systems, Advanced Linear Systems

	· Notes: * Enrollment in these courses will be on a space available basis.

· +New or reworked courses developed for the Biocomplexity Center.


We will strongly encourage (and support financially) students to take advantage of existing opportunities for training: especially laboratory courses like those offered by the Marine Biological Laboratory at Woods Hole and Cold Spring Harbor, and theoretical and computational courses like those of the Santa Fe Institute and the University of Illinois, Urbana-Champaign. Students from Notre Dame have an excellent track record of gaining admission to these highly competitive courses. Finally, we will, whenever possible, arrange for students to spend at least one semester training in the laboratory of a non-resident member. Again, we have already established a successful track record of such placements.

As the program develops we hope to follow the lead of Notre Dame’s Center for Applied Mathematics and have an annual conference where all supported graduate and undergraduate students present their research. We also hope to gradually develop a summer school in mathematical biology for graduate students and postdocs.

To assist graduate students in finding appropriate co-supervisors, we will organize a series of interdisciplinary and interdepartmental seminars with speakers to include all resident active members of the Center.

We will encourage departments to allow their graduate students to conduct their Ph.D. research with any Center member regardless of home department, provided that they also maintain a co-supervisor in their home department and to allow any Center member to serve on the Ph.D. committee of any student. Initially students in the Center will be drawn from the existing pool of departmental students and will receive their Ph.D.'s from their home department. As the Center grows we will work to establish Notre Dame's first genuinely independent interdisciplinary Ph.D. program. We will then create an admissions committee to solicit and evaluate graduate student applications for a Biocomplexity Ph.D. to be jointly awarded by two or more participating departments.

IX.3 Undergraduate Program:

At the undergraduate level, all participating departments have an existing track with biological emphasis. We propose to expand this syllabus by adding a computational requirement where it is not already present and also a biological laboratory requirement. We will also encourage departments to accept Biocomplexity course offerings as electives fulfilling their departmental requirements. However, our primary aim is to encourage undergraduate research experience through support for term time and summer research.

Notre Dame has a strong tradition of research participation by undergraduates, with long established REU programs funded by the National Science Foundation in the Departments of Physics and Chemistry and Biochemistry, by the University in the Department of Mathematics and by the Howard Hughes Foundation in the Department of Biological Sciences. These programs attract more than 30 undergraduate students each year, two thirds from outside institutions, with emphasis on students from undergraduate teaching colleges. The Department of Physics also hosts some fifteen high school students and as many teachers under other NSF funded initiatives. Biocomplexity offers many opportunities for scientifically important research by undergraduates. The Center will seek funding for approximately five undergraduate students each summer and additional support for term time research by Notre Dame undergraduates. To encourage undergraduate participation the Center will award a small prize annually for the best interdisciplinary research conducted by an undergraduate in the program.

IX.4 Relation to the South Bend Center for Medical Education:

While Notre Dame does not have its own medical school, graduate students at Notre Dame can pursue a medical degree through the unique public/private cooperative program, the South Bend Center for Medical Education (SBMC) administered jointly by Notre Dame and Indiana University/Purdue University Indianapolis’ Medical School. In this program, students apply jointly to IUPUI Medical School and Notre Dame and conduct two years of course work at Notre Dame before moving to Indianapolis to complete their medical training. Students may also enroll in a joint M.D./Ph.D. program by applying to both IUPUI Medical School and an appropriate graduate department at Notre Dame. We anticipate that some of these joint M.D./Ph.D. students may wish to enroll through the Center’s Biocomplexity specialization. The Center’s course offerings may be of interest to other SBMC students as well. The relationship between the center and the SBMC may help both organizations recruit high quality students into their programs.

SBCM offers many courses relevant to Biocomplexity, especially laboratory courses in histology, neurophysiology and other medical and biological techniques, which are not available from other Notre Dame Departments. SBMC has generously agreed to make these courses available to graduate students at the Center on a space available basis (up to a limit of one fourth of the places per class). Similarly, all Center course offerings will be available to SBMC students.

IX.5 Postdoctoral Program:

At the postdoctoral level we will require that all experimental postdocs also have a theoretical or computational supervisor and vice versa. The Center workshops and seminars will provide a forum for postdocs to learn new methods. We will encourage postdocs to audit or enroll for credit in graduate course offerings outside their area of training. We will also encourage postdocs to undertake appropriate training in the research laboratories of our non-local members.

IX.6 Course Offerings:

Biocomplexity course offerings will include existing courses in participating Departments. The Center will also develop and teach new courses at both the graduate and undergraduate levels in biological simulation, mathematical biology, biophysics and bioengineering. We will encourage the participating departments to cross list these courses and recognize them towards completion of departmental requirements. We have already begun to introduce these courses. Dr. Alber is currently teaching Mathematics 611, on Mathematical Biology, to twelve graduate students from five departments. Last year, Dr. Veretennikov offered a course on Magnetic Resonance Imaging laboratory techniques, Physics 625, to students from a range of departments. He is currently developing an undergraduate version of this course.  Dr. Goodson has introduced a seminar course on the cytoskeleton, Chemistry and Biology 680 (cross listed) which brings in major outside experts to speak to graduate students and includes journal club presentations by students. Enrollment is twelve students from two departments. Dr. Glazier has been expanding the Physics 442/510 undergraduate and graduate laboratory courses to include biophysical experimental techniques including NMR spectroscopy and laser tweezers. Dr. Niebur has introduced AME598, Biomechanics. Dr. G. L. Thomas is developing an undergraduate Biocomplexity Course for non-majors (Physics 238) to expand awareness of the importance of the physical sciences in biology. Dr. Izaguirre is teaching a new graduate level course in Biological computer modeling (CSE598E). The new Science Teaching Center, to begin construction in 2002, will offer greatly increased instructional laboratory space and will allow for a dedicated laboratory to teach interdisciplinary biological laboratory techniques. These courses will appeal both to specialized concentrators in Biocomplexity and to students in traditional biological, computational and mathematical concentrations. We also anticipate strong participation among premedical undergraduates. 

Notre Dame encourages advanced undergraduate students to take 500 level graduate courses and often explicitly cross-lists recommended courses with a 400/500 level designation. Almost all such courses count towards departmental in-subject elective requirements. Thus the introduction of additional 500 level graduate courses directly increases the pool of courses available to senior undergraduates.

IX.7 Training in Ethics:

Training in research ethics and bioethics will be an important part of education at the Notre Dame Biocomplexity Center.  Scientists have to confront ethical issues of both a practical and philosophical nature on a daily basis, and students will be better prepared to handle these quandaries if they are introduced to them before experiencing them in real life. Because Notre Dame is well known for its commitment to the study of ethical issues, this training will be a strong aspect of Biocomplexity Center education.

The core of our required ethics training for graduate students and post-docs will be “Scientific Ethics,” a one-credit course which will be based on existing courses, as described below. We will seek the guidance of our bioethics advisor and members of the Department of Philosophy in determining the structure and content of this and other courses. The primary topics of the course will be Research Ethics and Biological Ethics. Instead of teaching ethics, this course will seek to strengthen students’ ability to consider all aspects of an issue before making a decision. The core of both classes will be a series of discussions about ethical quandaries related to those the students are likely to experience either on their own or in the public arena. Although Center post-docs will not receive credit, they will be required to participate in the Scientific Ethics courses, adding their perspectives and experiences to the courses and furthering their own education.

The Research Ethics module of the course will be modeled on the non-credit “Research Ethics” workshop developed by Dr. Goodson in collaboration with Dr. T. Serianni of the Chemistry and Biochemistry Department. This workshop was based largely on the workbook (Moral Reasoning in Scientific Research: Cases for Teaching and Assessment) prepared by the Poynter Center at Indiana University. This workbook was supplemented by material and “cases” from a variety of sources including the National Science Foundation “Research Ethics” publication and the National Institutes of Health Ethics web site.

The Bioethics module will have a similar structure and will be based on the “Ethics” module taught by Dr. Glazier as part of his graduate and undergraduate laboratory course (PHYS442/510). In this module students research and present an ethical problem of their choosing as a seminar to the class for comment and discussion. Recent seminar papers have treated animal rights, genetic screening, germ line therapy, patenting of new drug discoveries, the ethics of peer review, sexual harassment and placebo-based trials. 

Notre Dame is known for its commitment to the study of ethical issues at the undergraduate level and all undergraduate students complete an extensive ethical syllabus including two courses in ethics and two in religious philosophy. Undergraduate participants in the Biocomplexity Center will also be encouraged to take one of the many additional courses organized in conjunction with the Notre Dame Center for Ethics and Culture, including CAPP 457 (Computers, Ethics, and Public Policy), CAPP 471 (Computer Ethics), SCPP 300 (Clinical Medical Ethics), Phil 2050 (Ethics and Values), and PHI478 (Biomedical Ethics).

IX.8 Faculty Development:

Initially the Center's teaching faculty will consist of faculty in individual departments, visiting faculty of the Center and advanced postdoctoral fellows of the Center. To encourage faculty support for this effort we will request departments to provide teaching credit for teaching within the Center. Postdoctoral fellows of the Center will be encouraged to teach specialized courses on Biocomplexity. Undergraduate versions of these courses should appeal to premedical students and students interested in the growing range of employment and further education in the biosciences which requires not only a solid grounding in biology, but also knowledge of software design, physics and applied mathematics (e.g. Bioinformatics).

We hope that the creation of the Center will encourage granting of concurrent appointments by departments. As the Center develops, we will encourage the creation of genuine joint appointments shared by multiple departments. Such shared appointments, which reduce the cost of the appointment to individual departments, will simplify the hiring of genuinely interdisciplinary researchers, whose area of expertise lies between the boundaries of existing departments. We will also seek funding for soft money faculty associated directly with the Center (without a home department).

IX.9 Minority Outreach:

Notre Dame has made significant efforts to enhance minority recruitment at undergraduate, graduate and faculty levels. We have had particularly significant minority participation in our various research experience for undergraduate and high school student programs (e.g. the African-American Buko Abele and the Puerto Rican Medardo Rosario, who spent summers in Dr. Glazier’s laboratory). The University of Notre Dame has signed letters of cooperation with five historically black and Hispanic-serving colleges in the South and South Atlantic region. Special efforts are made by Notre Dame and these colleges to bridge the gap between undergraduate and graduate/professional education for minority students. In physics, where female recruitment is a special priority, we have one of the highest percentages of female enrollment of any major Ph.D. program. We are coordinating our outreach efforts with Associate Dean J. Poorman in the Graduate School, who has responsibility for University minority outreach (see the letter in Appendix I).

X. Outreach Core

X.1 Introduction:

X.2 AIMS:

Our goal is to become a true “Center” for the study of Biocomplexity at both the national and international levels, providing opportunities to study and disseminate both experiment and theory. One of our main goals is to improve communication between biological, mathematical and physical scientists. 

X.3 ACTIVITIES:

Our outreach program will have five main thrusts:

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 site: http://www.nd.edu/~biophys/

X.3.i Activity 1 – Workshops:

The Center will organize at least two annual intensive workshops on current problems in Biocomplexity with substantial participation both by internal and outside speakers. The Center for Continuing Education 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.

The Department of Physics hosted the first Biocomplexity workshop on simulation of cell adhesion and the modeling of chick limb development this past February, and will hold, together with the Department of Mathematics, a second workshop on the cytoskeleton and cell motility this November, 2001.

Our goal for these workshops 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. The number of participants of each workshop initially will be around 50-75. 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. 

Members of the Center have extensive experience organizing international conferences. For example, members of the Applied Mathematics Group in the Department of Mathematics organized a 1996 International Conference on Current and Future Directions in Applied Mathematics. M. Alber is a member of a Program Committee of the 17th International Symposium on Mathematical Theory of Networks and Systems, University of Notre Dame, August 12-16, 2002, where he is also co-organizer of a special mini-symposium on applications to biology. He also organized two invited mini-symposia on Applications of Nonlinear Dynamical Systems to Biology at the Fifth SIAM Conference on Control and its Applications held jointly with the 2001 SIAM Annual Meeting, San Diego, July 11-14, 2001.

The Center will collaborate with other Bio-Centers in organizing large conferences. Besides our efforts to bring in long term student and faculty visitors and to send our members out to conduct research elsewhere, we have already begun a series of brief intensive workshops on biological problems which demand multiscale and multidisciplinary solutions. These workshops will be open to all center members and to others by invitation or competitive application. The 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. They are already attracting significant international participation. As the center grows, we will seek outside support for larger conferences as well. To reach out to a broader audience we will introduce a series of non technical 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. 

We will also disseminate our workshop and seminar material on the web. The bioethics material may be of especial interest to the general community. One element which combines education and outreach is our expansion of 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.

X.3.ii. Activity 2 – Seminars, Summer School and Outreach:

Graduate students will participate by presenting their research in a mini-conference and a seminar series supported by the Center. 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. The bioethics material may be of especial interest to the general community. 

X.3.iii. Activity 3 – 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. 

X.3.iv. Activity 4 – 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.

X.3.v. Activity 5 – Web site- See Bioinformatics core.

X.4 MINORITY RECRUITMENT:

The strategy for the Center is to help participating departments recruit highly qualified students that reflect the diversity of the U.S. population as a whole. The University of Notre Dame (UND) is committed to recruiting into its graduate programs students from traditionally underrepresented groups, including African Americans, Asian Americans, Hispanic Americans, and Native Americans, as well as women in science and engineering where they are historically underrepresented. The Graduate School at UND has an office dedicated to minority student recruitment, directed by Dr. Janice M. Poorman, Associate Dean for Graduate Recruitment and Admissions. In close coordination with that office, our Center will feature a targeted effort to help participating departments with recruiting members of underrepresented groups specifically into the Biocomplexity program (see Appendix I for a letter of support from Dr. Poorman).

We will adopt Dr. Poorman’s successful multifaceted approach to recruiting minority students (Poorman, 1996), which has seen minority graduate applications, admissions, and enrollments at UND increase steadily over the past 9 years. This strategy as applied to the Center for the Study of Biocomplexity will consist of: 

1.  Advertisement at historically Black and Hispanic-serving institutions and within minority professional publications 

2.  Use of search services with direct faculty follow-up contact to prospective students 

3.  Attendance at graduate fairs and forums with large minority populations 

4.  Affiliation with consortia and professional societies working to enhance minority representation in higher education 

5.  Fully-funded campus visits for promising minority prospects. 

Expanding on this strategy, we will use the following general approach to recruitment with a special emphasis on underrepresented minorities.

We will advertise training opportunities with the Center using the UND web site, the Center’s web site, web sites of participating departments, society newsletters and list-servers, brochure mailings to academic institutions, inserts in the Peterson’s Guide, and personal contacts. In the first year, we will design a brochure that highlights the goals, activities, and major elements of the Center. We will focus special attention on contacting students from underrepresented minorities, in concert with Dr. Poorman’s program which distributes over 6000 diversity brochures annually and has partnership agreements with 4 minority Institutions (2 Black, 2 Hispanic), including the cooperative McNair program. To these 4 institutions we will send a Center representative to make a presentation about the Center to undergraduate students.

UND maintains active membership in 10 different consortia and professional groups that promote graduate education for students from underrepresented groups. These contacts will be used to promote graduate studies in Biocomplexity at UND. For example, the national office of GEM (National Consortium for Graduate Degrees for Minorities in Science and Engineering) is located at Notre Dame. GEM will provide us with an annual list of minority candidates for graduate school, from which we will contact appropriate individuals and together with different departments at UND, actively recruit them into the Biocomplexity program.

We will encourage minority applicants to participate in Summer schools organized by the Center. The Graduate School at UND has specific resources to support for minority student visits. The Center will be actively involved in developing presentations on Biocomplexity for these visits. The Center will be use REU Summer Internships to bring on campus minority students with the aim of recruiting them into the graduate Biocomplexity program.

X.4 COLLABORATIONS WITH INDUSTRY:

Departments participating in the Center as well as individual members have well-established collaborations with industry. We describe these next.

X.4.i Micro Data Base Systems, Inc. (mdbs):

A key objective of the Center’s bioinformatics efforts is to design and maintain a database server of our research results and methods that can be accessed through the web using a thin-client in a browser. The databases contemplated in this proposal include the following: (i) protein and metabolic networks, compatible with existing databases of protein secondary structure and protein-protein interactions; (ii) cellular and tissue properties, developed on top of the XML-based CellML language; (iii) kinetic constants. Because the databases will not only store data, but be key components in the communication across software modules representing the different levels of modeling (subcellular, cellular, supercellular), the database server has to be highly flexible, reliable, and have high performance.

Dr. Izaguirre is collaborating with Micro Data Base Systems, Inc. (mdbs), who has developed the TITANIUM (http://www.mdbs.com/textonly/titanium.html) database server. TITANIUM supports Mac, PC, and UNIX platforms, and has great modeling capabilities, supporting relational, navigational, and object-oriented models. The company is based in Indiana, which facilitates our interaction. They have committed to giving us use of up to $200,000.00 in software licenses (see attached letter of collaboration).

X.4.ii IBM T. J. Watson Research Center:

Dr. Izaguirre (Department of Computer Science and Engineering) is collaborating on Clustering and Classification in Biocomplexity with Dr. Ricardo Vilalta ( Research Staff Member, IBM T. J. Watson Research Center) The Biocomplexity project attempts to model spatial and temporal structures at several levels:

1. At the sub-cellular level, networks of protein interactions that typically contain several modules or classes. One is interested in clustering and classifying new proteins and their interactions as they appear into one known pathways and modules.

2. At the cellular level, there are types of cells that are distinguished by shape and other properties, and it would be helpful to determine which are the characteristic features that distinguish one class of cell from another.

3. At the super-cellular level, different aggregates of cell occur which play important roles in important biological and physical processes. Examples of these include lumens, epithelial sheets, tubes, branched networks, tissue, and organs. It is important to be able to classify whether a cell belongs to the interface or interior of one of these aggregates.

Classification, along with the clustering techniques described elsewhere in this proposal, will be a useful tool for the analysis of data and the interface among different modules. Thus, for example, data from a cellular automata simulation will be classified to pass information to a continuum level model, and the analysis of experimental imaging and simulation will allow the user to observe the formation of patterns such as pre-cartilage cell condensations.

X.4.iii Kraft Foods:

Dr. Glazier’s MRI group (Department of Physics) in collaboration with Kraft Foods has studied the mechanism of pattern formation during the colloid coagulation in a small capillary under heating. When almost all liquid is evaporated, the colloidal particles form solid helix attached to the capillary wall. The MRI has visualized the three-dimensional water distribution. We have shown that the helix is formed due to nonuniform adhesion of colloidal slug to the capillary wall, caused by nonuniform water evaporation from the asymmetric liquid meniscus between the capillary wall and the slug. 

X.4.iv Zimmer, Inc. and Lockheed Martin:

Medical imaging techniques non-invasively provide useful biological and medical information about objects such as bones and organs. Understanding and thus making good use of such image information will significantly improve or even revolutionize the current medical practice (e.g., in diagnosis and treatment). Dr. Danny Chen's (Department of Computer Science and Engineering) research on biomedical imaging is part of an on-going orthopedic project joint by Notre Dame, Purdue University, Indiana University, and Zimmer, Inc. (a world leading orthopedic company) for developing new minimally invasive orthopedic implants. Our task in this orthopedic project is to use CT or MRI scans of the patients' tissues (e.g., bones) to analyze the tissues and automatically generate finite element models that accurately capture the geometry, topology, strength, thermal, and other mechanical properties of the tissues.  The finite element models can be used to predict the affects of the orthopedic surgery on the patients' tissues and to help design a proper procedure such that the minimum penetration on each patient and minimum damage to the healthy tissues can be achieved.

Dr. Danny Chen's research on data clustering is collaborated with and partially supported by the Lockheed Martin Corporation. The goal of this on-going project is to develop new algorithms and efficient software for data mining and data cleansing problems.

X.4.v Kraft Foods, Bayer Diagnostics, Caliper Technologies, and Johnson & Johnson:

Dr. Chang's research group (Department of Chemical Engineering) enjoys the participation of several industrial partners. Kraft Foods is sponsoring and participating in the development of a smart packaging material that can deliver anti-fungal agents automatically. They have bound the anti-fungal agents on to sub-micron gold colloids and have deposited these colloids into the pores of a micron-thin nano-porous material. These colloids can then be delivered by the application of an electric field. They are using the same colloids in a microfluidics project with Eli-Lilly to develop the next generation of high-throughput drug screening. With the recent genomic and proteomic advances, the pharmaceutical industry can now make millions of candidate drugs for a certain disease and the bottle neck in screening these candidates is the parallel manipulation and detection of how they interact with certain proteins or biological cells. It would be desirable to do so with minute samples and parallel process them at high speeds. We also have a similar collaboration with Bayer Diagnostics to develop diagnostic chips for urine and blood analyses. There we exploit the surface charge properties of red blood cells to develop clever impedance spectroscopic techniques to quantify clotting propensity. 

There is also a collaboration with Caliper Technologies, a start-up company for microfluidic chips, to produce low-dispersion channels and high-density stain libraries. The latter promises to replace the wet wells for storage purposes during high throughput drug screening. We have studied how micro protein drops evaporate on hydrophobic and hydrophilic surfaces and found a plethora of crystal patterns-rings, fractals, tori etc. We have found the optimum patterned surface to generate a large matrix of small and symmetric stains for high throughput screening. A new collaboration with Johnson & Johnson will begin soon to study blood rheology for optimum design of diabetic diagnostic kits. 

X.4.vi Myriad Corporation:

The Center is currently in discussions with Myriad Proteomics on possible software and mathematical development to assist in their analysis of the complete human proteome.

We are currently investigating possible collaborations with Myriad Genetics Corporation to assist with their NMR studies of target drug-receptor binding. Our goal is to obtain high-resolution NMR spectra of free protein and the protein binding to the molecule of interest using the Department of Chemistry NMR Facility.  This project will benefit the new drug design.

X.4.vii 21st Century Program by the State of Indiana:

The Center is coordinating a grant application for the State of Indiana 21st Century Program, which supports joint research by industry and academia. The collaboration with Micro Data Base Systems, Inc. is an excellent candidate for a collaboration regarding bioinformatics tools.

E.   Human Subjects:  

None.
F.   Vertebrate Animals:  

No vertebrate animals will be used in this research (all research will be done on tissue culture cells, chicken embryos), or single-celled organisms.  

H.  Consortium/Contractual Agreements


None

I.  Consultants


None

J.  Product Development Plan

None.
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