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I - Introduction

In the Fal of 1998 the Chair gppointed a committee to advise the Department on Biological
Physics. The charge to the committee is to be found in Appendix A. We adso note that the
1997 report of Faculty Recruiting Strategy (FRS) concluded that there was "a rather broad
consensus within the Department to add a pogtion in Biologica Physics'.

The committee consdered in particular, the following:

i) The raionde for an gppointment in Biologica Physcs in a department of Physics and
Adronomy

i) The environment a the University of Rochester in support of activity in Biologica Physics
iii) The funding opportunitiesin Biologicd Physics
iv) Theimpact of apogtion in Biologica Physics upon the Department

To address these questions the committee invited severd distinguished researchersin the fidd of
Biologica Physics to vist campus as colloquium speskers, and to consult with the committee
(see Appendix B for aligt of these visitors). The committee further carried out an extensive st
of meetings with faculty a the Universty in other departments, both in the College and in the
Medica Center, whose research activities have a strong overlap with Biological Physics (see
Appendix C for aligt of faculty consulted).

Asaresult of these meetings the committee concludes that:

Biological Physics is an exciting and rapidly growing sub-field of physics that is
actively being pursued by a large fraction of the top physics departments in the
country.

that:

A very favorable environment currently exists at the University for a successful
appointment by the Department in the field of Biological Physics.

and therefore recommends that;

The field of Biological Physics be given high priority for the next available faculty
recruitment.

The remainder of this report is organized as follows: In section I we outline some of the recent
scientific developments in the field of Biologica Physcs tha have made it a clear growth area
for top physics departments worldwide. In section [11 we summarize ongoing research activities



a the Universty that serve as naturd intellectua support, and potentiad research collaboration,
for an appointment in Biologica Physics. In section 1V we discuss the prospects for externa
funding. In section V we present our recommendetions for a recruitment in Biologica Physics.

IT - Recent Developments in Biological Physics

The last decade has seen an explosion of growth in the application of the methods and ideas of
physcs to sysems of biologicd interet. Many leading universties -- Princeton, Cornell,
Chicago, Stanford, Rockefeller, Catech, Berkedley -- are aggressvely seeking to establish
major cross-disciplinary initiatives in this direction [1]. Physics Nobe Laureate, and UR
Trustee, Steven Chu (B.S. physcgmath '70) has been one of the leaders of this effort at
Stanford.

A brief list (obtained by persond contects, scanning ads in Physics Today, online sources) of
other physics departments that have recently recruited, or are presently recruiting, in the area of
biologicd physics include: Ohio State, U. Minnesota, U 1llinois-UC, U. Pennsylvania, Purdue,
Syracuse, Northeastern, U. Texas a Austin, U. Arizona, Dartmouth, Michigan State U, Rice,
Vanderbuilt, Dartmouth, U. Guelph, U. Missouri-Columbia, U. British Columbia. In preparing
its report in 1997, the FRS contacted the chairs of 14 representative physics departments and
reported, "Almogt al of the departments contacted are interested in Starting or expanding
programs in Biophyscs" After atending this year's Meeting of the Physics Chars of
Midwestern Universities, Bodek reported asmilar wide spread interest in establishing programs
in Biological Physics among the represented departments.

Not only has physics shown an increased interest in biology, but there has correspondingly been
an increesng redization in the biomedicd community, and a the federa funding agencies
[2,3/4], of the expanded role that physicists can play in biologica/medica research. To quote
from former director of NIH Harold Varmus address to the Centennid meeting of the
American Physica Society in March 1999, ... the NIH can wage an effective war on disease
only if we ... harness the energies of many disciplines, not just biology and medicine. These
dlied disciplines range from mathematics, engineering, and computer sciences to sociology,
anthropology, and behaviord sciences. But the weight of historical evidence and the prospects
for the future place physics and chemisiry most prominently among them.... | would argue that
we need to show our gppreciaion of physcs-based technology by investing NIH funds more
aggressvely inits development.” [3]

This recent growth of physicsinto biology is due primarily to two complementary devel opments:

(i) Biological mechanisms are increasingly being studied at the molecular level;, one
seeks to identify the molecular structures responsible for key reactions, and then to relate their
properties to the behavior of the larger biologicad structure. Traditiondly, thisis an areathat has
been advanced by the procedures and technology arising in experimental physics, such as x-ray
crystallography and magnetic resonance spectroscopy.



In recent years, new physca techniques have been developed that dlow for the direct
observation and manipulation of individud macromolecules and complexes of large molecules.
The ability to study individuad molecules (in contrast to previous methods that only messure
averages of datisticd ensembles) is particularly important for biomolecular gpplications where
heterogeneous environments are common and where molecules may be found in different
configurations or folded states. Single molecule techniques further dlow for the direct study of
time dependent processes without the need to synchronize the behavior of a large ensemble.
Stochadtic fluctuations, which may play an important role in the function of particular
biomolecules, can dso be directly sudied. Findly, the manipulation of single molecules offers
the promise of congructing artificia molecular machines.

Examples of such single molecule techniques include: laser induced fluorescence spectroscopy,
in which fluorescent probes (often a smdl dye molecule) are covaently bonded to specific Stes
of larger biomolecules. Analysis of location, polarization, time dependence and spectra content
of the emitted photons provides sructura and dynamica information about the molecule's
diffuson, conformationa State, and biologicd activity; laser traps (also known as optica
tweezers) in which tightly focused laser beams are used to trgp tiny didectric plagtic beads
which have been linked to biomolecules of interest. By manipulating the laser beams to pull or
push on the beads, one can make precison measurements of the mechanica properties of the
biomolecules. Opticd tweezers have been gpplied to studies of enzyme-DNA interactions,
molecular motors, and protein folding; scanning probe techniques, in which one probes the
nanometer scae interactions between a surface of interest, and a sharp tip that is scanned
across it.  Scanning tunneling microscopy (STM) has been used to make direct red space
images of biomolecular conformations, as well as to manipulate molecules to create
supramolecular assemblies.  Atomic force microscopy (AFM) has been used to measure
mechanica properties of biomolecular forces to pico-newton sengtivity. Examples of current
work in the area of single molecule techniques can be found in recent specid issues of Science
[5] and of Chemical Physics [6].

Leading groups in this area include Chu [7], Block [8] and Moerner [9] (Stanford), Quake
(Cdltech) [10], Benamon (Ecole Normd) [11], Weiss (LBL) [12], Libchaber (Rockefeller)
[13].

Also in the redim of new physica techniques in the sarvice of Biologicd Physicsis the use of
atificidly fabricated micro- and nano-scade environments for studying biologicd systems.
Groupsin this areainclude Craighead (Cornell) [14] and Austin (Princeton) [15].

(ii) There is an increasing appreciation of the fundamental role that statistical concepts
and complex networked interactions play in biological systems, and in the problem of
andyzing large and complex data sets to infer these underlying interactions. Statisticd and
condensed matter physics has experienced an increasing migration into biologica aress related
to such issues.

Problems in this category include understanding the neurd networks by which the brain and
nervous sysems of higher organisms process and sore information; the functioning of



membranes and protein-membrane interactions, understanding the protein and enzyme networks
that control cdl functioning; protein folding and the relaion between structure and biologica
function ("proteomics"); the relation between gene sequence and function (“"genomics').

The latter topic, often referred to as "bioinformatics', has been greatly stimulated by new DNA
microarray technologies which dlow the smultaneous "measurement of the extent to which
different genes are read to form RNA (and subsequently protein) in different tissues and under
different environmenta conditions’ [3]. Such microarray experiments have resulted in a glut of
data, the quantitative understanding of which poses new theoretica chalengesfor biologists.

The generic and conceptud Satigtica issues arisng in understanding such biologica networks,
such as optimization, partitioning, pattern recognition and data clustering, share many common
themes with idess concerning complex and critical behavior in datigtical physics The growing
interest within the datidticd and condensed mater physics community in such topics is
witnessed by the fact that two of the premier national conference centers of physics have
recently hosted workshops in this area: "Genetic and Biochemica Networks' Jan. 23-29, 2000
a the Agpen Center for Physics, and "Statistical Physics and Biologicd Information” Jan. 16 -
June 15, 2001 [16], and "Dynamics of Neural Networks' July 23 - Dec. 22, 2001 [17], both at
the Indtitute for Theoretica Physics, UCSB.

Leading experimental groups in this area include Lebler (Princeton) [18], Libchaber
(Rockefdler) [13], Kas (Texas-Audtin) [19], Kleinfdd (UCSD) [20]; in theory they include
Shakhnovich (Harvard) [21], Onuchic (UCSD) [22], Hwa (UCSD) [23], Siggia (Rockefeller)
[24], Maritan (SISSA).

III - Related Research at the University of Rochester

To explore the locdl activity a the University that could act in support of apostion in Biological
Physics, the committee conducted over the past year an extensive series of mestings with faculty
from other departments, both on the River Campus and at the Medical Center. The committee
was greatly impressed with both the breadth of this activity, and with the generd enthusiaam that
was displayed a the prospect of an gppointment in Biological Physics in the Department of
Physics and Adronomy. Below we summarize some of this exiging activity, as well as the
impressions we gathered from our meetings.

A - River Campus
Chemistry Department

In many respects dnemistry provides a naturd bridge between physics and biology. Physica
chemids have scentific and andyticd training dmilar to that of physcds yet they ae
accustomed to dedling with the more complex molecular problems such as are encountered in
biology. At the UR, severd faculty have direct research interests in topics relating to Biologica
Physcs. Turner studies RNA folding and prediction of RNA secondary structures, with



goplications to questions involving bioinformatics (he is a co-Pl on the Universty's MD/PhD
training grant, and has other close collaborations with the Medica Center). Krugh and Bren
conduct NMR studies of DNA and RNA sructure, and metallo-protein folding, respectively.
Miller's group is involved with the design of smdl molecules cgpable of specific binding to
selected protein, RNA, and DNA sequences. Krauss is a new experimentaist studying the
optical properties of nanometer scae materids (nanocrysas, nanotubes), including their
potentia for use as markers for imaging in biologica sygsems. Mukamel iswel known theorist
working on ultrafast dynamics and relaxation processes in large molecules and biologica
complexes. Ddlago is a young theorigt carying out smulaions of dynamics in complex
gystems, such as chemicd reactions in solution and conformational changes in biomolecules.
Krauss and Delago both have their PhD's in physics.  Turner, Krugh, Bren and Miller are
members of the Medical Center's cluster on Biophysics and Structurd Biology (see below). In
our meeting, Turner, Krugh and Bren spoke positively of their interactions with the Medica
Center and fdt that the climate at Rochester was conducive to interdisciplinary interactions.
Mukame expressed his view that a program in sngle molecule methods would be a naturd
choice for aBiologica Physics position at the UR.

Institute of Optics

The inditute of Optics has made two recent gppointments in areass relevant to Biologica
Physcs. Novotny is building a laboratory to do near-field microscopy of nanoscae materids,
incduding biomolecules.  Berger (PhD in physics) is building a laboratory to use Raman
gpectroscopy as amethod for andyzing the content of tissue, blood samples, and living subjects.
Novotny was very enthusiastic about potentia collaboration should a postion in Biologica
Physics be in the area of sngle molecule methods. Both Berger and Novotny are examples of
the sort of smdl scae sngle-investigator type programs that a postion in Biologicd Physicsis
likely to be; both seem to have gotten off to very promising sarts at the University, receiving
federd funding and easily finding contacts for potentia interdisciplinary collaborations. The new
director of the Inditute of Optics, Wayne Knox, is reportedly interested in expanding the
number of gppointmentsin biomedica optics within the Indtitute.

Center for Visual Sciences

Committee members met with David Williams, Director of the Center for Visud Science and
Prof. of Brain and Cognitive Sciences, and Allyn Chair  Medicd Optics. The center is a
broad interdisciplinary effort involving the departments of Brain and Cognitive Sciences and
Computer Science on the River Campus, and the departments of Neurobiology and Anatomy,
Neurology and Ophthamology in the Medica Center. Roughly hdf of its 26 members are in
River Campus departments, and half are at the Medical Center. The center serves as a good
example of effective collaboration across Elmwood avenue. The center has umbrella training
and core grants from NIH which help to support seven support staff members. Research at the
center ranges from development of the visud sysem to the interaction between visud
perception and memory. Williams own area of research involves optica techniques to sudy the
dructure of the eye and the opticd and neurd limits of human vison. Williams was enthusiagtic
about interactions with the Department of Physics and Astronomy, and mentioned as possible



aess of overlgp the genera fidd of neuroscience, the physics of NMR goplications in
biologica tissue, and adaptive optics.

Other Departments

The committee also met with Biology chair Angerer. While generaly postive, Angerer did not
mention any specific areas of interaction that seemed promisng to him. However Orr and
Hudsenbeck's work in evolutionary biology has potentid overlap with the area of
bioinformatics In Computer Science, Ogihara's work on biologicd computing smilarly has
overlgp with bioinformatics. The Brain and Cognitive Science department, and the newly
created Biomedical Engineering depatment both have strong overlgp with the fidd of
neuroscience (see more below). Biomedica engineering dso has McGrath, who studies cell
mechanics and matility, and Waugh, who studies mechanica properties of cell membranes and
other subcellular components.

B - Medical Center

The presence of our expanding Medica Center has the potentid to be a truly mgor advantage
that Rochester has over many other Universities, when it comes to trying to recruit in Biologica
Physcs. Itisnot just the presence of fird rate research activities that is a draw, but specificaly
it isther close proximity to campus. A recent candidate for a postion in bioinformatics & the
Medica Center particularly stressed what a great asset it was if aresearcher could conveniently
wak from his academic base on campus, where he teaches and holds office hours, to the
medica center which may serve as a base for some of his research activities. He pointed to his
present Stuation at Washington University, where parking issues done (the Wash U Medicd
Center is about 2 miles from campus) set up substantial obstacles to smooth collaborations
between the Medical Center and academic departments.

Our committee held severa meetings with faculty in the Medicad Center, including members of
the new research centers housed in the Aab Ingtitute of Biomedicd Sciences [25]. We have
been impressed with the many current and emerging opportunities for collaborations with
physicigts, and with the enthusiasm with which our inquires were gregted. Three areas in the
medicad center were identified as being particularly promising.

Structural Biology and Biophysics

The fidd of gructurd biology uses physica tools to determine the gructure of biologica
macromolecules (proteins, RNA, DNA) and macromolecular complexes. X-ray
crystalography and NMR spectroscopy are the principa tools used in this research. Optica
methods are often used to probe fluctuations in macromolecular structure.  Rochester has an
active and farly large effort in this area that includes faculty from the Department of
Biochemigtry and Biophysics in the Medica Center and from the Department of Chemistry
(Bren, Krugh, Miller, Turner). These faculty are formaly linked through the Medica School’s
"GEBS' (Graduate Educetion in the Biologica Sciences) clugter in Biophysics and Structurd



Biology [26]. This particular cluster is responsible for the PhD degree program in Biophysics.
Our committee met with Bill Bernhard, director of the cluser and a Biochemisry and
Biophysics faculty member. Bernhard enthusiadticaly stated thet hiring a physicist working on
biologica problems at the molecular level would be a sgnificant asset to the biophysics cluder,
and dated that he would be happy to promote interactions, including possible membership for
such a person in the cluster.  He thought that recruiting one person in this area made sense
because of the many possble collaborators and the exigting infrastructure.  He mentioned
techniques such as optica tweezers, atomic force microscopy, and spectroscopy of protein
dynamics, that he thought would be promising. He cautioned, however, agains someone whose
primary concern was too specifically on instrumentation. He expressed his view that NIH was
very supportive of interdisciplinary research, and recognized the importance of bringing in
physics.

Neuroscience

Neuroscience research a Rochester is strong, broad and highly collaborative [27]. 1t is
represented in both the Medical Center (Department of Neurobiology and Anatomy, Center for
Aging and Developmental Biology) and on the River Campus (Department of Brain and
Cognitive Sciences, Center for Visud Sciences). Based on this drength, an initiative in
"Perceptua and Neural Systems' is one of three main programs within the new Department of
Biomedicd Enginesring. Nationdly and internationdly, problems in the neurosciences have
emerged as an important area of fundamental and gpplied biologica physcs. The committee
met with Howard Federoff, who directs the Aab Ingtitutes Center for Aging and Devel opmental
Biology, and with Gary Paige, Chair of Neurobiology and Anatomy. Both were very interested
in the possbility of collaboration with Physics. Federoff mentioned exigting collaborations his
group has with Miller and Rothberg in Chemidiry, and with Ogihara in Computer Science,

Paige was particularly enthusiastic. He pointed out to us that a recent search in his department
had produced three gpplicants with deep training in physics, and it was his perception that a
joint gppointment and perhaps even some shared research space was not out of the question for
a new appointment in Biologicd Physics. Both Federoff and Paige offered to help review
candidates if we have a search that proceeds in this direction

Bioinformatics and Computational Biology

This is the least developed and the most poorly defined of the three areas, but it deserves
mention because of its potentid significance for Biologica Physcs. While there currently is no
forma bioinformatics group in the Medica Center, it has been recognized that the formation of
such a group is vita to the mission of the new research centers. A search committee has been
formed that includes Dr. Richard Insdl, director of the Aab Ingtitutes Center on Human Genetics
and Molecular Pediatric Disease and Deborah Cory-Sechta, Associate Dean for Research in
the Medical School. Recruitment of 5-6 faculty in this areais anticipated, and severa gpplicants
have visted campus earlier this year. Of these, two of three had ether a current or previous
direct background in gatistical physics. The medica Center appears to be interested in the
participation of River Campus departments in this process, and Tete has been invited with
other River Campus representatives to meet with visting candidates.



IV - Funding Prospects

The progpects for obtaining externd funding in support of a program in Biologicd Physics
appear a present to be excdlent.  Shown in Appendix D is a chart of federd research funding
for different disciplines from 1970 to 2000, compiled by American Association for the Advance
of Science. It shows that while funding for physca sciences or engineering remains dmost
congtant (~$5 billion) throughout the three decades, funding for life sciences during the same
period has tripled, from ~ $5 billion to $17 billion in congtant FY 2001 dollars. In Appendix E
we ligt recent federd funding obtained by some of the prominent groups discussed in section 1.
NSF funding for these groups appears quite high, and one is impressed by the broad scope of
the NSF programs through which funding has been obtained.

As indicated in the quotation from Harold Varmus at the beginning of section I, and as
supported by the conversations we had with faculty at the Medica Center, NIH isaso amgor,
and presumably increasing source of funding for physics based Biological Physics research. Six
of the nine experimentdids lisged in Appendix E have NIH funding. An example of NIH
movement to fund in this area is a recent new initiative on "Single Molecule Detection And
Manipulation” [28].

Mot of the invedtigators listed in Appendix E are senior. Some however, such as Quake and
Kas, ae more junior. Asfurther evidence of the ability of young investigetorsin this field to get
funding, we list in Appendix F the NS funding obtained by both the recent biologicaly oriented
gopointments in the Indtitute of Optics. Berger has been a the UR only about 8 months.
Novotny has been & the UR about a year and a half. Both succeeded in getting NSF funding
on ther firg tries.

In addition to funding sources targeting specificaly Biologica Physics, the molecular scdle of the
systems of interest make such research programs natural competitors for funding under new
nanoscience initiatives that have been launched by both NSF and DOE.

Findly, the fidd of Biologicd Physcs is dso supported by private foundations such as the
Whitaker Foundation [29] and the Keck Foundation [30] which offer grants to young
invedtigators. Kas from Texas-Audtin, for example, has grants from both the Witaker and Keck
Foundations.

V - Recommendations

Inits 1997 report, the Faculty Recruiting Strategy Committee listed a set of "golden rules’ that it
fet should guide recruitments into the department. These rules included: (1) "Respond to
scientific urgency™; (2) "Make timdly investmentsin new fidds'; (3) "Preserve funding sability of
our groups’; (4) "Maintain critical mass and replace key personnd”; (5) "Preserve both the
quality and supply of superior graduate students'.



We believe that dl the above rules unequivocally argue that an gppointment in Biologicd Physcs
should be made as soon as possible.

Biologicd/biomedicd research is dearly afidd in scientific ascendance. Along with the growth
in scientific interest there has been, and will continue, a corresponding growth in the availability
of externd research funding. One needs only to look a the expanson of research a our
Medical Center and the creation of the new Biomedical Engineering Department here at the UR
to see the redlity of this. Asoutlined in section 11, the tools and ideas of physics now place our
fidd on the threshold of being able to make important new contributions in the
biological/biomedical area. That Biological Physics is an exciting and rapidly growing fidd has
atracted the atention and the investment of virtudly al the top physcs depatments in the
country. We believe that an gppointment in Biologica Physics thus satisfies golden rules (1), (2)
and (3).

The Depatment of Physcs and Astronomy at the UR has had for many years an active
program in Biologica Physics, through the presence of Bob Knox (a recent winner of the APS
prize in Biological Physcs) and the joint gppointment of Tom Fogter. Both have had successful
and visble gngle invedigaior programs.  Knox, though 4ill an active presence in the
department, officidly retired in 1997 and has since worked only with undergraduate students.
Although the department is now considering making additiond joint gppointments in the area of
biologica/medicd physics, the committee feds that for the department maintain a distinguished
program in Biologicd Physics, afull time faculty gopointment isimperative. We bdlieve that an
gopointment in Biological Physics thus satisfies golden rules (4) and (5). Appendix G ligts the
magor subfieds of fird-year graduate students in 1997-98 from AIP 1998 Graduate Student
Report: First Year Students. By the end of their first year of graduate study, 4% of domestic
students and 2% of foreign students have chosen biophysics as their research specidty.

In section 111 we outlined the environment of existing research a the UR into which a new
faculty in Biologicd Physics would arrive. We bdlieve this environment, spread across the
College and the Medica Center, is broad based, is highly conducive to establishing
interdisciplinary interactions, and will be atractive to potentid candidates (see more below).
The presence of Fogter, who has gppointments in the Medica Schoal,

Optics, and Physics, will facilitate such interactions. In section 1V we presented evidence of a
bright funding outlook for support of new single investigator programs in Biologicd Physics.
We therefore bdieve that dl the ingredients exist to establish a new, successful, program in
Biologicd Physcsherea the UR.

Finaly, we address the question of whether the establishment of such a successful program in
Biologicd Physics would have a sgnificant positive impact upon the department.  One might
argue that snce Biological Physics is to be relegated to a single FTE in our department, that
even a successful program could not make a dramatic impact on the nationa vishility and
ranking of the department. In this respect, we believe that an agppointment in Biologica Physics
represents an investment in the long range future of the department. Not to make such an
gppointment will leave the department without a presence in one of the ngor new emerging
aress of physcs. A successful gppointment in this area, on the other hand, may lead to growth
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and recognition a the nationd level. The time for such an gppointment is now, when the fidd is
dill relatively young and growing, rather than later when one will be forced to "catch up” with
more established groups dsawhere. The committee believes that the following three specific
aress represent the likely best targets for recruitment in Biologicd Physics:

1. Sngle molecule techniques. An gppointment in this area gppears to be a naturd choice for
Rochester, building upon the department’s and the University's reputation and strength in optics.
An agppointment in this area may dso dlow for branching out into opticd investigations of
nanogtructures more generdly, another hot and growing fidd. For an appointment to be
successtul in this area of Biologica Physics, however, we bdieve it isimportant to find someone
who demongrates a good understanding of the biologica questions worth pursuing with such
methods, rather than someone whose interests are focused on the technique itself.

2. Neurostience  We bdieve that the strong multidisciplinary activity in this area a the
University makes it an attractive one.  The topics and speskers at the forth coming ITP
workshop "Dynamics of Neura Networks' [17] represent good examples of the sort of ways
physcs can contribute to this fidd. The presence of physics in this fidd is perhaps less
advanced then it is for Sngle molecule techniques, but this may aso be an opportunity for usto
oet into the fidd early.

3. Bioinformatics.  The mapping of the human genome makes this subject clearly one of the
magor scientific initiatives of the future. A successful gppointment in this area could therefore
bring the department into this high impact area This was the area pecifically recommended by
Albert Libchaber when he visted UR to advise the committee two years ago. Proceeding in
this direction however would be premature until it becomes clear what concrete steps the
Medica Center takesto establish agroup in thisarea

Although the above seem at present to be the best targets, we believe that a recruitment should
be broadly advertised for any field of Biological Physics, specifying the above three fidds only
as potentid aress of interes. The god of atracting an individud of the highest quaity should
outweigh programmatic concerns. It should however be recognized that a recruitment in
Biologicd Physics can eadly extend over more than one year, due to the highly competitive
nature of the current market.

The committee therefore recommends that the field of Biological Physics be given high
priority for the next available faculty recruitment.
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Appendix A
Charge of the Committee

Overdl Charge:

Should the department plan to have a program in Experimenta Biological Physics with only one
sngle Phydscs faculty agppointment and with one or more joint appointments in other
departments.

[tems for condderation:

1. In the short term, coordinate Biologica Physics colloquia(*) with the am of educating the
department about the sub fidds of Biologica Physics tha may be appropriate for our

department.

2. Is it required that a Biologicd Physcs program in our depatment be connected with
programs and facilities in other departments, and what should be the nature of that connection?

3. Compile a lig of faculty and investigators a the UR and local area inditutions are doing
Biologicd Physcsreated work.

4. What are the funding sources for such a position?

5. What kind of facilities, sartup funds etc. are needed?

6. Can asingle investigator in the department of Physics and Astronomy make amgjor impact in
the fidd? Can a sngle appointment in Biologica Physics have an impact on our future nationd
rating? On our future graduate recruiting?

7. Can a smdl department such as ours plan on a program which relies only on more joint
gopointments (e.g. the new Chair in medica imaging in Optics) Smilar to the present plasma
physics program in ME and the Laser Lab.?

Verbd interim report to the faculty to be made in September 99. Find report to faculty
(written) May 99.

(*) Fogter agreed that current budget for seminars in Biologica Physics be used instead to help
bring colloguium speskersin thisfidd.
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Charge as revised by the committee
Ovedl Charge:

Should the department actively pursue an gppointment in the fidd of Biologica Physics as one
of the next highest recruitment priorities?

For Consideration:
(1) What istherationa for such an gppointment in the Physics & Astronomy Department?

(2) What interactions with other segments of the Universty Community are necessary for such
an gppointment to be successful?

(i) What resourcesfacilities at the University are available/necessary?
(i) What are the possibilities for collaboration with other researchers a the University? at
nearby inditutions?

(3) Can the Department have a successful program, that makes an impact in the field, given the
limited opportunities for growth of any new subfield asimplied by our Department's fixed sze?

(4) Can the Department hope to attract an outstanding person in this fiedld? What type of
startup funds/resources are needed?

(5) What are the prospects for research funding for such a position?

(6) What would be the overdl impact of such an gppointment upon the Department? Would it
boost our vighility? Would it foster larger interdisciplinary activities? Would it help graduate
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Appendix B
Invited Colloquium Speakers in Biological Physics

April 22,1998

Robert Austin, Department of Physics, Princeton University
Adventures in Flatland
(http://PUPGG.PRINCETON.EDU:80/%7Erha/)

April 28,1999

Albert J. Libchaber, Rockefeler University

DNA Mode d'Emploi

(http:/Avww.rockefeller.edu/l abheads/libchaber/libchaber.html)

April 12, 2000
Prof. Wait W. Webb, Dept. of Applied Physics, Cornell University

Biophysics with Multiphoton Microscopy and Correlation Spectroscopy Fluorescence
(http://Mmww.aep.cornd | .edu/FFR/Faculty/Webb.html)

April 18, 2001
Prof. Sol Michael Gruner, Dept. of Physics, Cornell University

The Bicontinuous Mesophase Materials: Lessons From Biology

(http://bigbro.biophys.corndl.edw/)

Note: The vigt of Augtin preceded the officid congtution of our committee.
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Appendix C
UR Faculty from Other Departments Interviewed by the Committee

Douglas H. Turner, Professor of Chemistry
Thomas R. Krugh, Professor of Chemistry

KaraL. Bren, Assstant Professor of Chemistry
Shaul Mukame, Professor of Chemistry

Christoph Dellago, Assistant Professor of Chemistry
Todd D. Krauss, Assstant Professor of Chemistry
Robert C. Angerer, Professor and Chair of Biology
Andrew Berger, Assstant Professor of Optics
Lukas Novotny, Assistant Professor of Optics

David Williams, Professor of Brain and Cognitive Sciences, Allyn Chair of Medicd Ogptics,
and Director of the Center for Visua Sciences.

Mitsunori Ogihara, Associate Professor and Chair of Computer Science

William A. Bernhard, Professor of Biochemigtry & Biophysics and Director
of Biophysicsand Structurd Biology

Howard J. Federoff, Professor of Neurology, Molecular Medicineand Gene  Thergpy; Chief,
Molecular Medicine and Gene Therapy; Director, Center for Aging  and Developmentd

Biology
Gary D. Paige, Professor of Neurology, Ophthamology, Neurobiology and ~ Anatomy,

Surgery (Otolaryngology) and Brain & Cognitive Sciences, Unit Chief, Sensory Motor
Neurology Unit; Chair, Department of Neurobiology and Anatomy
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Appendix D
Trends in Federal Research by Discipline
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Appendix E
Sources of Funding of Established Groups in Biological Physics

Bdow is listed the agency, grant title, grant amount, and agency program for recent bioligicaly
related research grants of the listed individuas (note: NIH website did not provide funding levels
of grants).

Seven Chu, Stanford
NSF - Polymer Dynamics and Biophysics with Single Molecules
$1,300,000 (1248 Physics-Other)

Steven Block, Stanford
NIH - Transcription Studied at the Molecular Leve
(Nationd Ingtitute of General Medical Sciences)

W.E. Moerner, Stanford
NSF - Single-Molecule Optical Probes of Protein Biophysics
$300,000 (1164 Molecular Biophysics)

Stephen Quake, CalTech
NSF - XYZ on aChip: Integrated Microfluidic Anadysis System

$510,000 (1406 Therma Transport & Therm Proc)

NSF - A Microfabricated Cell Sorter for Molecular Evolution
$109,060 (1402 Biochemica & Biomass Eng)

NSF - CAREER: Polymer Physicswith DNA

$407,398 (9134 EDucation & Interdiscip Resear)

NIH - FLuorescent Photobleaching Method For Sequencing Dna
(Nationa Center For Human Genome Research)

Shimon Weiss LBL
NIH - Development Of Q-Dots As Biologica Probes
(Nationa Center For Research Resources)

San Lebler, Princeton

NSF - Physical Agpects of Sdf-Correcting Assembly and Force Generation in Cytoskeleton
Proteins (Libchaber is co-Pl)

$1,273,073 (9134 Education & Interdiscip Resear)

NIH - Robustness And Individudity In Bacterid Chemotaxis

(Nationd Ingtitute Of General Medica Sciences)

Robert Audtin, Princeton
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NSF - XYZ on a Chip: Engineering of Innovative Molecular Sieves on a Chip by Nanoprint
Lithography

$459,931 (1519 Integrative Systems)

NSF - NANOSCALE: Nanoscale Magneticsin Biology

$100,000 (1467 Materials Processing & Manufct)

NSF - Microlithographic Manipulation of Macromolecules

$425,000 (1164 Molecular Biophysics)

NSF - Mechanicd Rigidity of DNA and its Relaion to DNA-Protein Interactions

$298,300 (1144 Biomolec Struct & Funct)

Josef Kas, Texas-Audin

NSF - Microscopic Origin of the Viscodadticity of the Cytoskdetd Rim and the Impact on
Shape and Mechanical Resistance of Cdls

$270,000 (1132 Céelular Organization)

NIH - Control Of Cdll Eladticity By The Actin Cortex

(Nat Ingt Of Arthritis And Musculoskeletd And Skin Diseases)

David Kleinfdd, UCSD

NSF - Imaging Study of Single Neuron Computation in Leech

$300,000 (1162 Computational Neuroscience)

NSF - IGERT Full Proposal: Computational Neurobiology Graduate Program
$2,700,000 (1335 IGERT Full Proposals)

NSF - Third Harmonic Microscopy: Dynamic, High-Resolution, Three-Dimensond Imaging
Without Blesching

$344,773 (1108 Insrumentat & Instrument Devp)

NSF - Role of Propogating Oscillations in Reptilian Visua Cortical Processng
$165,000 (1162 Computational Neuroscience)

NSF - Modern Biophysica Principles and Insgrumentation

$259,749 (9134 Education & Interdiscip Resear)

NSF - Two-Photon Laser Scanning Microscope for Developmenta/Cell Biologists
$231,544 (1108 Instrumentat & Instrument Devp )

NIH - Optica Imager For Electricad Dynamics In Cortex

(National Center For Research Resources)

NIH - Deep Multi-Photon Imaging Of Brain Structure & Function

(National Inst Of Neurological Disorders And Stroke)

NIH - Motor Modulation Of Sensory Input In Rat Vibrissa Cortex

(Nationd Indtitute Of Mental Hedlth)

Eugene Shakhnovich, Harvard

NSF - Thermo-mechanica Processes in Chemically Disordered Gels and Networks: Toward
Molecular Design of Responsve Materids

$288,000 (1765 Materids Theory)

Jose Onuchic, UCSD
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NSF - Computationa Laboratory For The Development Of New Approaches To Complex
Biologicd Phenomena

$100,000 (1108 Instrumentat & Instrument Devp )

NSF - Biocomplexity: From Gene Expresson To Morphology And ulticdlular Organization In
Dictyogelium

$2,999,982 (1154 Biochemistry Of Gene Expressio)

NSF - Understanding Protein Folding: Quantitative Connections Between Energy Landscape
Theory And Experiments

$750,000 (1164 Molecular Biophysics)

NSF - Understanding Protein Folding: From Lattice Modds Towards Redl Proteins

$543,000 (1164 Molecular Biophysics)

NSF - Theoretical Methods For Dissecting Electron Tunndling Interactions In Proteins
$285,000 (1164 Molecular Biophysics)

NSF - Electron Tunnding Pathways In Modified And Native Proteins

$253,000 (1164 Molecular Biophysics)

Terence Hwa, UCSD
NSF - Statigtical Mechanics of Sequence Matching
$225,000 (1765 Materids Theory)

Eric Sgaia, Rockerfdler

NSF - Theoretica Condensed Matter Physics
$411,000 (1765 Materids Theory)
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Appendix F
Sources of Funding of Recent Biologically Related Faculty at the Institute of Optics

Andrew Berger
NSF - Biophotonics: Frequency-moduated Raman Spectroscopy of Biologicd Specimens
$222,295 (5345 Biomedica Engineering)

L ucas Novotny

NSF - Deveopment of a Near-Fidd Optica Instrument for the Study of Semiconductor
Nanostructures and Student Training

$300,000 (1189 Mgjor Research Instrumentation)

NSF - Biophotonics: Near-field Raman Microscopy of Biological Membranes

$269,239 (5345 Biomedica Engineering)
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Appendix G
Major Subfields of First-Year Graduate Students

Table 7. Major subfields of first-year students enrolled in a physics or astronomy
program who have plans to receive a PhD, 1997-98.

US Citizens  Foreign Citizens

Undecided 22 24
Agtronomy / Agtrophysics 18 8
Particles and Fields 13 13
Condensed Matter 12 25
Atomic and Molecular 6 3
Nuclear 4 5
Opticd Photonics 4 4
Biophysics 4 2
Materias Science 3 3

Source: AIP Statistics Division, 1998 Graduate Student Report.
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