
Bioengineering and Environmental Systems (BES) Division

Mission, Vision, and Strategic Directions (4/5/01)

MISSION:  BES will invest in the discovery, adaptation, and utilization of bioengineering and environmental engineering principles and technologies for the solution of high societal impact problems in the fields of biotechnology, biomedical engineering, and the environment.

This mission will be accomplished through research discoveries that contribute to the base of fundamental knowledge and through the development of the human capital that will be essential for continued success.

VISION (3-5 Years): BES program directors will continue to identify important emerging technologies and support creative research and education programs that will catalyze rapid progress and increase the supply of skilled professionals necessary to sustain growth.  Key technical areas which will receive increased BES funding during the period 2002-2006 include:

· Post-Genomic Engineering, including Quantitative Systems Biotechnology (QSB) and Metabolic Engineering

· New Technologies for the Environment, including Materials Use Science and Engineering (MUSE) 

· Nano Biosystems

· Tissue Engineering

· Biophotonics

The BES Division will focus on these key technology areas through its three program clusters: Biochemical Engineering/Biotechnology (BEB); Biomedical Engineering and Research to Aid Persons with Disabilities (BME/RAPD); and Environmental Engineering and Technology (EET).  Selected examples of how these program clusters will contribute to progress in the key technology areas are briefly described in the remainder of this document.  Projected spending levels for FY 2001 for major BES research topics are shown in the attached table.

STRATEGIC DIRECTIONS: 

· Post-Genomic Engineering - The use of mathematical models to organize, decipher, and extract useful biocomplexity information is undergoing very rapid growth.  Much of the impetus for this revolution has been catalyzed by the sequencing of the genomes of over 30 microbial, insect, and plant species, and much of the human and mouse genomes.  These codes, made up of billions of data points, contain many of the secrets of life, e.g., the genetic causes of disease, the genetic instructions for human and cellular phenotypes, etc.  A major field that is developing, phenomics, requires quantitative information on the multiple genes and pathways leading to various phenotypes, if we are to effectively utilize this key technology for high-impact health related problems and other applications.

Quantitative pathway (metabolic) engineering and bioprocess modeling, on spatial scales from molecules to cells to tissues to organisms to ecosystems, including their well coordinated interactive mechanisms and regulatory controls for the whole system at each scale, are also important components of this area.

In FY 2001, BES was the lead division for the first ENG solicitation on QSB (NSF 01-37), a sub-category of Post-Genomic Engineering.  This first QSB solicitation was confined to proposals on simple cells.  In the future, the scope of follow-on solicitations will be expanded to include more complex cells, such as mammalian cells, and eventually whole organisms, including humans.  The first QSB solicitation was built on the findings of a QSB workshop held at NSF on September 13-14, 2000.  A report on this workshop is available on the web at www.wtec.org/qsb/.

· New Technologies for the Environment, including Materials Use Science and Engineering (MUSE) - Chemicals, microbes, plants, insects, and humans interact in the environment.  All three BES program clusters contribute to this area by either studying the interactions or developing the tools and methodologies to do the studies.  The Environmental Engineering and Technology (EET) program cluster funds environmental impact studies which study these interrelationships.  EET also funds efforts to model these ecosystems and environmental remediation research and education (for example, EET is participating in a multiagency solicitation on phytoremediation).  The BEB program cluster supports projects in bioinformatics, metabolic engineering, and gene shuffling technologies, all critical to understanding how biocommunities function.  The Biomedical Engineering program supports studies related to the interaction of humans with disease-causing microbes, e.g. viruses, bacteria, etc.   An excellent example of such a project is the work of Chaiten Khosla at Stanford (BES award 9806774), who is using metabolic engineering and gene shuffling techniques to develop erythromycin analogs to combat drug-resistant microbial disease agents.

In FY 2000, BES was the lead division for a new ENG solicitation, “NSF 00-49: New Technologies for the Environment.”  The number of proposals submitted to the competition was large, 225, and 30 awards for a total of nearly $4 million were made by 5 ENG divisions (all ENG divisions except EEC).  As stated in the FY 2000 solicitation, “This solicitation is for Phase I feasibility studies; successfully completed Phase I studies will be eligible to compete for Phase II awards.  NSF expects to solicit Phase II proposals in FY 2002.”  Therefore, BES intends to spearhead the Phase II solicitation in FY 2002, and hopes that the competition can also be opened to new Phase I proposals.

BES and the rest of ENG have just spent approximately $400,000 to support a World Technology Evaluation Center, Inc. (WTEC) study on Environmentally Benign Manufacturing (EBM).  Now is the time for ENG divisions, including at least BES and DMII, to build on the excellent foundation of the WTEC study.  ENG has the opportunity to take a leadership role in putting together an effort, based on the WTEC findings, that will require recruiting a cross-NSF team of not only several ENG divisions, but also very active participation from other directorates, particularly SBE, but also advantageously GEO.  The challenge is to formulate and support a new thrust on Materials Use Science and Engineering (MUSE) which will build on both the WTEC EBM study and also NRC Environmental Grand Challenge #8, as delineated in the recent NRC Environmental Grand Challenges report commissioned by NSF.

· Nano Biosystems - Many nano-scaled systems and phenomena are based on biological systems.  BES has played a key role in award process and oversight of the new Science and Technology Center (STC) on Nanobiotechnology at Cornell University.  In FY 2000, BES played a major role in a new ENG multi-divisional initiative on “Exploratory Research on Biosystems at Nanoscale”.  There were 98 respondents to this initiative.  Of these, 24 awards were made collaboratively among four divisions of ENG with a total investment of $3.3M.  An exciting range of topics is covered by the awarded proposals, including self-assembly/self-organization nanobiosystems; nanobioelectronics; nanomotor driven protein synthesis; nanoscale molecular imprints; hybrid nanobiomaterials;  nanogels for drug delivery; computational based nanorobotics; and basic studies of surface chemistries in nanobiosystems.  Nanoscience and Engineering  (NSE) has now become one of the major priorities of NSF (as well as other Federal Government funding agencies).  Biosystems at the nanoscale is one of the principal themes of this initiative.  BES is overseeing  the FY 2001 Nanoscale Exploratory Research (NER) component of the NSF NSE initiative and will focus on the Biosystems at Nanoscale aspects of all submissions.  Chips and sensors, combined with microfluidics, are intimately integrated with the nanobiotechnology area, since many of these systems wind up on chips for medical, environmental, and other sensing applications.

· Tissue Engineering - BES is credited with early and continuing support of this field over the last 15 years.  In the past, we have hesitated to highlight tissue engineering (TE) as an emphasis area for fear of overlapping with what are now larger NIH and NIST ATP programs on TE, but as we work with these agencies it is becoming clear that there is a vital role for BES in the early discovery stages.  TE for ENG includes gene and drug delivery.  A common thread throughout TE areas is the unique biocompatible (and often biologically based) polymers that act as the matrix for cells to develop into three-dimensional tissues or shield drugs and genes until they are delivered to the proper organs or specific target cells without causing side-effects on healthy cells.  The search for these key materials, and understanding how and why they function as they do, are key BES goals that do not receive great attention at NIH or NIST ATP.  A renewed research thrust in tissue culture engineering will be a very important  contributing factor in the speedy development of practical ex vivo cell culture techniques and stem cell culture technology for therapeutic applications.  A WTEC study funded by NSF and other federal agencies is doing a worldwide evaluation of  TE.  The team has recently completed its study and will report on its findings in the fall.  Associated with the WTEC study is the lead role BES played in the establishment of the Interagency Working Group on TE, known as the MATES (Multi-Agency Tissue Engineering Science) Working Group, and the government web site (http://tissueengineering.gov) on TE.   A potentially important area of TE is the newly emerging field of Functional Tissue Engineering which focuses on the design of engineered tissues that are biomechanically as well as biochemically functional.  BES and EEC cofunded a workshop on this subject, which took place in September 2000. Among our GPRA outcomes in the tissue engineering area are major contributions from long-term BES awardees, and the recent designation of TE as one of the NSF "nifty fifty" technologies. In conjuction with the GPRA outcomes is a recent contract awarded to ABT Associates to study how TE emerged as an important new technology and the role NSF played in fostering that emergence.  

· Biophotonics - The objective of the biophotonics focus is to exploit the power of photonics to advance bioengineering.  Developing noninvasive, molecularly specific sensing, imaging, and monitoring systems with high optical sensitivity and resolution would be an enormous accomplishment, with powerful applications to both biology and medicine. Low cost diagnostics will require novel integration of photonics, molecular biology and material science. Complex biosensors capable of detecting and discriminating among large classes of biomolecules are important not only to biology and medicine but also to environmental sensing. These advances will require multidisciplinary integration of optical technologies with molecular biology in novel engineered systems.  BES led a new initiative on biophotonics in FY 2000 in partnership with DARPA and NIH’s National Center for Research Resources (NCRR) and the National Cancer Institute (NCI).  This is a new area of focus for the BME/RAPD program and one in which timely and agile investments will allow NSF to lead the field into strong new developments.  As a result of the first biophotonics solicitation, sixty applications were received, of which 13 were funded for a total of $5.5M.  Eight of these were multi-PI awards.  The topical areas that were funded include Photonic Probe Contrast Agents, Raman Sensing and Imaging, Fused Imaging, and novel materials for optical sensing and diagnosis.  Biophotonics is now a core aspect of BME.  The initiative is being repeated in FY 2001 and is planned to continue in partnership with DARPA and NIH, perhaps as well as additional agencies.

SUPPORTING PHILOSOPY:  The BES division is highly committed to development of new faculty.  This year, BES made CAREER awards totalling nearly $13 million, a very significant portion of the entire BES budget.  BES’s commitment to diversity is reflected in two PECASE award winners this year, Garrick Louis, an African American faculty member at the University of Virginia, and Anne Robinson, a woman faculty member at the University of Delaware.   The Division was highly active in the POWRE program in the past and intends to carry this high level of participation into the new ADVANCE program.

BES supports education not only through research grants, but also by contributing approximately $400,000 annually to the ERC in Bioengineering Educational Technologies (lead institution: Vanderbilt University), $200,000 annually to EEC’s Combined Research and Curriculum Development (CRCD) program, and by funding numerous REU and RET supplements.  BES’s Division Director is highly active in the Integrative Graduate Education and Research Traineeships (IGERT) program at the level of helping to run panels and getting proposals reviewed and awarded, and is also a member of the IGERT Coordinating Committee.

Division program officers are highly involved in other NSF-wide programs, including the Nanotechnology and Biocomplexity competitions.  BES program officers also run a number of SBIR/STTR panels, since a good number of SBIR/STTR proposals fall in BES areas.  BES participates in the GOALI program and encourages Small Grants for Exploratory Research (SGER).

BES: Projected FY 2001 Funding by Major Research Topics

(Million Dollars)

· Post-Genomic Engineering, including                             $4.0


                     Quantitative Systems Biotechnology (QSB) and
                

                      Metabolic Engineering

· New Technologies for the Environment, including
$7.0

Materials Use Science and Engineering (MUSE)

and Environmental Remediation

· Nano Biosystems
$4.0

· Tissue Engineering
$6.0

· Biophotonics
$3.5

· Bioprocessing
$3.0

· Research to Aid Persons with Disabilities
$1.5

     _________


$29.  /Total BES Budget of $39.2 M










1
1

