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FACULTY AND RESEARCH INTERESTS

Joseph P. Albanesi, Professor

Ph.D., Duke University, 1980

Structure and assembly of neuronal cytoskeletal pro-
teins; kinetics of force-generating enzymes; molecular
basis of biomembrane fusion.

Richard J. Auchus, Assistant Professor
M.D., Ph.D., Washington University, St. Louis,
1988

Biochemistry, physiology and structure/function studies
of enzymes in steroid hormone biosynthesis and
metabolism.

Ilya B. Bezprovanny, Associate Professor
Ph.D., Institute of Cytology, Russian Academy of
Sciences, 1992

Structure-function and modulation of calcium channels.

Paul Blount, Assistant Professor

Ph.D., Washington University School of Medicine,
St. Louis, 1990

Molecular mechanisms of channels that gate in response
to membrane tension.

Yuh Min Chook, Assistant Professor

Ph.D., Harvard University, 1994

Structures and mechanisms of nuclear transport and the
nuclear pore complex.

David R. Corey, Professor
Ph.D., University of California, Berkeley, 1990
Engineering proteins and nucleic acids for novel function.

Johann Deisenhofer, Professor

Ph.D., Technical University of Munich and Max-
Planck Institute for Biochemistry, Germany, 1974
Crystallography of biological macromolecules; structure
and function of proteins.

Kevin H. Gardner, Assistant Professor
Ph.D., Yale University, 1995

NMR-based structural studies of proteins involved in
transcriptional regulation.

Harold R. “SKkip” Garner, Professor

Ph.D., University of Wisconsin, Madison, 1982
Automation and instrumentation for genomics research;
DNA sequence analysis; computational biology.

Marie-Alda Gilles-Gonzalez, Associate
Professor

Ph.D., Massachusetts Institute of Technology,
1988

Mechanisms of O,, CO and NO sensing and in novel
signal-transduction heme proteins.

Elizabeth J. Goldsmith, Professor
Ph.D., University of California, Los Angeles, 1972
Crystallographic studies of signal-transducing proteins.

Nick V. Grishin, Assistant Professor

Ph.D., University of Texas Southwestern Medical
Center, 1998

Computational biology; analysis of protein sequences
and structures.

Youxing Jiang, Assistant Professor

PH.D., Yale University, 1997

Structure and function of ion channels/transporters
using X-ray protein crystallography and electrophysi-
ological tools.

Rolf H. Joho, Associate Professor

Ph.D., University of Ziirich, Switzerland, 1977
Molecular and cellular neurobiology; structure/function
studies of ion channel proteins.

Ege T. Kavalali, Assistant Professor

Ph.D., Rutgers University, 1995

Synaptic functional architecture and dynamics of pre-
synaptic specializations.

Masahide Kikkawa, Assistant Professor
M.D., Ph.D., University of Tokyo, 1992, 1997
Cryo-electron microscopic structural studies of micro-
tubule-based motors.

Thomas J. Kodadek, Professor
Ph.D., Stanford University, 1985
Chemical biology and gene regulation.

Mischa Machias, Assistant Professor

Ph.D., Max-Planck Institute for Biochemistry,
Germany, 1996

Basic processes in living organisms at atomic level, using
X-ray crystallography, NMR spectroscopy and other
biophysical techniques.
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Craig R. Malloy, Professor

M.D., University of California, San Francisco,
1977

The analysis of metabolism in intact tissues by NMR
spectroscopy; development of new methods to under-
stand metabolic processes in functioning cells.

Ralph P. Mason, Professor

Ph.D., University of Cambridge, England, 1986
Development of novel techniques for prognostic radi-
ology with emphasis on tumor oxygenation, pH and
efficacy of gene therapy; nuclear magnetic resonance,
bioluminescence, PET and SPECT.

Zbyszek Otwinowski, Associate Professor
Ph.D., University of Chicago, 1989
Three-dimensional structures of biological molecules.

Alex Pertsemlidis. Assistant Professor
Ph.D., University of California, Berkeley, 1995
Computational biology and knowledge discovery in
databases.

Julian A. Peterson, Professor

Ph.D., University of Michigan, 1967
Structure/function studies of cytochrome P450; electron
transfer; protein-protein interaction; oxygen activation.

Margaret A. Phillips, Professor

Ph.D., University of California, San Francisco,
1988

Polyamine biosynthetic enzymes from the parasites
Trypanosoma brucei and T. cruzi; structure/function
studies on enzyme specificity and mechanism; com-
parison to host proteins.

Rama Ranganathan, Associate Professor
Ph.D., M.D., University of California, San Diego,
1992, 1994

Structural basis for signal processing in Drosophila
photoreceptors.

José Rizo-Rey, Associate Professor

Ph.D., University of Barcelona, Spain, 1988
Structural analysis by nuclear magnetic resonance of
proteins involved in calcium-triggered synaptic vesicle
€X0Cytosis.

Michael Rosen, Associate Professor

Ph.D., Harvard University, 1993

Structural, biochemical and cell biological mechanisms
of signal transduction that control the actin cyto-
skeleton.

Elliott M. Ross, Professor

Ph.D., Cornell University, 1975

Mechanisms of G-protein signaling; amplification,
selectivity, response timing; structure/function of
GTPase-activating proteins and associated receptors.

Stephen R. Sprang, Professor

Ph.D., University of Wisconsin, Madison, 1978
Crystallographic studies of G-protein and other signal-
transduction complexes.

Philip J. Thomas, Associate Professor
Ph.D., University of South Dakota, 1988
Structure, function and folding of membrane proteins.

Diana Tomchick, Assistant Professor

Ph.D., University of Wisconsin, Madison, 1990
Basic processes in living organisms at atomic level using
X-ray crystallography, NMR spectroscopy and other
biophysical techniques.

Hongtao Yu, Assistant Professor

Ph.D., Harvard University, 1995

Molecular mechanisms of cell-cycle progression and
mitotic checkpoints; structure determination of cell-
cycle regulatory proteins.

Hong Zhang, Assistant Professor

Ph.D., University of Illinois at Urbana-Champaign,
1994

Protein crystallography; structural genomics.

OBJECTIVES

Molecular biophysics is concerned with
interpretation of biological phenomena in
terms of mathematical, physical and chemical
principles with sufficient rigor to allow develop-
ment of quantitative predictive models. The
mission of the Molecular Biophysics Graduate
Program is to provide students with conceptual
tools and research experiences that will prepare
them to apply the principles and techniques of
the physical sciences to biomedical research
problems. The research interests of the faculty are
diverse, providing students opportunities to
immerse themselves in a variety of biophysical
research problems. Areas of research interest
include structural analysis of macromolecules,
particularly proteins, by X-ray crystallography,
solution NMR and fluorescence spectroscopy.
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Biological phenomena of interest include
visual signal transduction; chemo-mechanical,
voltage and allosteric gating of ion channels; fold-
ing and function of membrane proteins; calcium
regulation of synaptic vesicle exocytosis and
transport mechanisms; signaling by G proteins
and their receptors and by protein kinase cascades;
mechanisms of axonal transport and the assembly
of the cytoskeleton; energy generation at the
membrane; and the biophysical basis of cell-cycle
progression. In addition, faculty members are
developing instrumentation and methods for
high-throughput genomics and expression anal-
ysis, algorithms and methods in bioinformatics
and protein-fold taxonomy, and NMR methods to
examine metabolic processes in functioning cells.

SPECIAL REQUIREMENTS FOR ADMISSION

In general, conditions for admission to the
program are good academic standing within
the Division of Basic Science of the graduate
school and an interest in pursuing a research and
training program in molecular biophysics. Stu-
dents with strong backgrounds in the physical
sciences and mathematics will be well-prepared to
join the program. A course in mathematical
methods is provided during the summer for stu-
dents to supplement their background in this
subject.

Students ordinarily apply for formal admission
to the program after completion of the first-year
curriculum but are encouraged to participate in
the program informally at any time after admis-
sion into the Division of Basic Science. It is not
necessary that a student within the program
choose a dissertation research mentor who is a
member of the faculty of the program, provided
that the student has sound reasons for this choice.

CURRICULUM

Biophysics is a field defined by its application
of physical principles and techniques to inves-
tigation of key biological problems. Optimal train-
ing for a career in molecular biophysics includes
exposure to the theoretical basis for physical
propetties and interactions of biological mole-
cules, the technical approaches that are available
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to investigate biological systems, and the results
of studies in which biophysics has contributed to
an understanding of the biological characteristics
of system behavior. The Molecular Biophysics
Graduate Program includes course work in each of
these three areas.

m CORE COURSE

The first-year Core Course, required of all students
in the Division of Basic Science, offers training in
the broad issues faced by contemporary biological
science. This course provides 15 hours of course
credit toward the minimum of 24 hours required
for graduation. In the second year, physical ap-
proaches to contemporary biology are considered
in a series of advanced courses.

B ADVANCED COURSES

All students in the Molecular Biophysics Graduate
Program are required to take the two-part, one-
semester course in Molecular Biophysics, which
describes essential theoretical background for the
field (3 hours), together with the course in Mathe-
matical Methods (1.5 hours), which is offered in
the summer. The remaining 4.5 hours of the 24-
hour minimum requirement are fulfilled by 3
additional hours chosen from the advanced
courses in the following list, in addition to 1.5
hours of elective courses offered in this or other
programs.

Cytoskeleton and Cell Signaling

Enzymology

Magnetic Resonance Spectroscopy

Protein Structure and Folding

Structure and Function of lon Channels

Topics in Computational Biology

X-ray Crystallography

Students who have had exceptional college train-
ing in biophysics may participate in these courses
during their first year on campus. Although the
third and subsequent years will be devoted largely
to research on a dissertation topic, students may
take additional graduate courses.

m BIOPHYSICS JOURNAL CLUB AND
DISCUSSION GROUP

The Biophysics Journal Club offers students an
opportunity to keep abreast of recent research
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results in the literature, to sharpen critical acu-
men and to develop public-speaking skills. Every
student in the graduate program is expected to
attend the journal club and to participate actively.
In addition, each student is required to present at
least one journal article per year.

Students also are strongly encouraged to attend
monthly meetings of the Biophysics Discussion
Group and presentations of interest to biophysi-
cists occurring in the numerous seminar series
offered by UT Southwestern and its various basic
science departments. The Biophysics Discussion
Group and the annual Molecular Biophysics
Retreat provide forums for presentation of the
students’ own research, as well as acquainting
them with recent research results from other labo-
ratories on campus and from invited speakers.

QUALIFYING EXAMINATION

Admission to candidacy for the Ph.D. requires
that students prepare and defend a written
research proposal, modeled on an NIH-R01 grant
proposal. A student may choose a topic that is
related to his or her own prospective dissertation
research or may select an unrelated biophysical
topic. The student is expected to write a hypoth-
esis-driven proposal. Students who choose to
defend an invention or new method must devise
suitable controls to demonstrate feasibility. Pro-
posals based on anticipated dissertation research
are expected to address fundamental issues; these
may, in some cases, extend beyond those encom-
passed by the dissertation itself. Both the written
proposal and the oral defense will be judged for
clarity and originality of thought and for the
degree of mastery of experimental design and
analysis of data expected for a student at the end
of the second year of graduate school. During the
oral examination, the student also is expected to
respond to questions of general knowledge in
molecular biophysics.

The ad hoc examination committee is com-
posed of four faculty members, at least two of
whom belong to the Molecular Biophysics
Graduate Program. The student’s mentor is not
eligible to serve on the committee. Committee
members and the committee chair will be chosen

by the chair of the Molecular Biophysics Student
Evaluation Committee in consultation with the
student’s mentor. These choices will be based
primarily upon expertise in the field of study to
be examined.

DISSERTATION COMMITTEE

Following successful completion of the quali-
fying examination, the student proposes a
dissertation committee comprising at least four
members of the faculty, at least three of whom are
members of the Molecular Biophysics Graduate
Program. The constitution of the dissertation
committee must be approved by the Steering
Committee.

Within 30 days after forming the dissertation
committee, the student presents to the committee
a written summary of his or her proposed topic
and preliminary research progress toward the pro-
ject’s goals. This initial meeting generally involves
a 30-minute oral presentation by the student, fol-
lowed by discussion and suggestions from the
members of the committee.

Every student must hold at least one meeting
of his or her dissertation committee each year.
Additional meetings may be called at any time by
the student or by the committee. The dissertation
committee monitors the student’s progress based
on research accomplished, course grades, and
journal club and other presentations.

DISSERTATION DEFENSE

Acornplete copy of the dissertation must be
approved by the dissertation committee
before a public dissertation defense can be sched-
uled. The defense is composed of a public lecture
describing the main observations of the research,
followed by an oral examination by the disserta-
tion committee. Attendance during the oral
examination is restricted to faculty of the gradu-
ate school, and participation is restricted to the
examination committee.

COURSE DESCRIPTIONS

5101 ENZYMOLOGY
This course focuses initially on advanced concepts
in enzyme catalysis and builds on the content of
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the first-year Core Course. The initial topics, which
include steady-state and transition-state kinetics,
isotope effects, and the structural aspects of catal-
ysis, are presented mostly through lectures and
offer the student an understanding of the general
principles of the study of enzyme mechanisms.
The latter two-thirds of the course is devoted to
using specific enzymes as examples of catalytic
principles. (1.5 semester hours)

5104 CYTOSKELETON AND CELL SIGNALING
Cellular morphogenesis, the movements of cells
and the transport of materials within the cell all
rely on structural elements known collectively as
the cytoskeleton. This course focuses on the
response of three major structural components of
the cytoskeleton — microfilaments, microtubules
and intermediate filaments — to cell signaling.
Topics include cytoskeletal assembly mechanisms,
generation of contractile forces, transport of mem-
brane-bounded organelles along microtubules,
mitosis, development, and regulation of cyto-
skeletal structure and function. The course also
highlights how a complex set of cellular processes
can be analyzed at the molecular level by employ-
ing an integrated combination of cell-biological,

SOUTHWESTERN GRADUATE SCHOOL OF BIOMEDICAL SCIENCES

biophysical, biochemical, genetic and molecular-
biological methods. (1.5 semester hours)

5124-01 PROTEIN STRUCTURE AND FOLDING
This course covers basic principles governing
protein structure and folding. Topics include
stereochemical mechanisms by which protein
secondary and tertiary structures are generated
and stabilized, methods of prediction of tertiary
structure from amino-acid sequence, and the
organization of folding motifs into protein struc-
tures. Instruction is based on didactic material,
discussion of the primary literature and student
projects utilizing computer graphics. (1.5 semester
hours)

5125-01 TOPICS IN COMPUTATIONAL BIOLOGY
Directed lectures, reading and discussions and
exercises focus on the role of computational
methods in systems and cellular and molecular
biology. Course content is subject to change but
has included analysis of protein sequence data for
protein structure prediction and protein taxon-
omy and evolution; molecular mechanics and
dynamics; mathematical modeling of regulatory
pathways and signaling modules. (1.5 semester
hours)

5154 MAGNETIC RESONANCE SPECTROSCOPY
This course introduces the principles of nuclear
magnetic resonance and electron spin resonance,
emphasizing applications of both methods to
biomedical research. Topics include uses of high-
resolution, multidimensional NMR and isotopic
enrichment for structure elucidation. (1.5 semes-
ter hours)

5155 MATHEMATICAL METHODS

This course covers partial differential equations,
statistical methods, matrix formulations, sets of
integrodifferential equations and kinetic equa-
tions. The specific problems chosen for analysis
are selected for relevance to research now in
progress in the Molecular Biophysics and Neuro-
science programs. (1.5 semester hours)

5157 X-RAY CRYSTALLOGRAPHY

The course gives an introduction to the deter-
mination of crystal structures of biological macro-
molecules using X-ray crystallography. It covers
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the following major topics: properties of crystals
and foundations of X-ray diffraction; the phase
problem and methods for its solution, including
isomorphous replacement, molecular replacement
and multiwavelength anomalous dispersion;
model building and model refinement; and model
analysis. (1.5 semester hours)

Recommended prerequisite: Mathematical Methods
course or equivalent.

5164 STRUCTURE AND FUNCTION OF ION
CHANNELS

The operation of the nervous and muscular sys-
tems rests upon the activities of a constellation of
ion channels, which mediate electrical signaling
by action potentials, intracellular communication
by electrical and chemical synaptic transmission,
transduction of sensory stimuli, and the excita-
tion-contraction coupling. Drawing upon the
techniques of biophysics, biochemistry and molec-
ular biology, students in this course consider the
structures and functions of representative chan-
nels. (1.5 semester hours)

5303-01 MOLECULAR BIOPHYSICS: PROTEIN
INTERACTIONS

This course covers the behavior of biological macro-
molecules in solution. Topics include hydrody-
namics (sedimentation, viscosity and diffusion),
energetics and kinetics of ligand binding, the
molecular basis of free energy transduction, and
the forces that promote cellular organization.

(1.5 semester hours)

5303-02 MOLECULAR BIOPHYSICS: SPECTROSCOPY
This course covers optical spectroscopy. Emphasis
is on applications in biomedical research. Topics

include interaction of light and matter, absorption
spectroscopies (UV/vis and infrared), fluorescence,
and circular dichroism. (1.5 semester hours)

5095 CONTEMPORARY TOPICS

One or more courses are offered in the format of a
journal club on topics related to the program.
These courses offer students an opportunity to
keep abreast of recent research results, to sharpen
critical appraisal skills and to develop public-
speaking skills. May be repeated for credit.

5096 DIRECTED STUDY
Selected faculty provide tutorials for advanced
analysis of a chosen topic. The format is deter-
mined by the program but may incorporate any
of the following: directed readings and discus-
sions, lectures, laboratory work, and attendance at
seminars and conferences. May be repeated for
credit.

5094 RESEARCH
Students enroll in this course while conducting
dissertation research prior to being admitted to
candidacy. May be repeated for credit.

5098 THESIS RESEARCH
Students enroll in this course while conducting
thesis research leading to a master’s degree.

5099 DISSERTATION RESEARCH
Students enroll in this course while conducting
dissertation research after admission to candidacy.
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