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PART II: Research and teaching
A. Narrative report
Research

Application of single-molecule fluorescence microscopy and spectroscopy to the study of protein dynamics
and DNA-protein interactions:

Studying biological processes at the single-molecule level can offer us an improved understanding of the underlying
molecular mechanisms. Through the removal of ensemble averaging, distributions and fluctuations of molecular
properties can be characterized, transient intermediates identified, and catalytic mechanisms elucidated. Our group
utilizes and further develops novel single-molecule techniques to study problems in the following fields:

DNA replication

By combining mechanical manipulation of individual DNA molecules with optical microscopy we are able to study the
activity of nucleic-acid enzymes on the single-molecule level. In collaboration with Tom Ellenberger and Charles
Richardson (both Department of BCMP, HMS) we focus on the study of the DNA replication machinery of the
bacteriophage T7. The direct observation of the interactions of the different components of an individual replication
complex with the DNA and each other provides valuable insight in the molecular mechanisms controlling DNA
replication.

In collaboration with Johannes Walter (Dept. of BCMP, HMS), we are working towards a characterization of the
eukaryotic replication fork at the single-molecule level. We will investigate the dynamics of fork progression during
replication in cell-free extracts, an environment that that closely mimics the cellular context, but is still compatible with in
vitro single-molecule techniques.

Viral fusion

Specific fusion of biological membranes is a central requirement for many cellular processes. It is the key molecular
event during the entry of enveloped viruses into cells and represents an important target for antiviral therapeutics. Many
structural and biochemical studies have contributed towards an understanding of the molecular workings of the viral
proteins that mediate fusion, but little is known about the orchestration between multiple copies of these proteins that
may be needed to catalyze the kinetically highly unfavorable fusion process. In collaboration with Stephen Harrison
(Dept. of BCMP, HMS), we are characterizing the kinetics of viral membrane fusion by a fundamentally new strategy:
reconstituting viral fusion in vitro with only the bare minimum of molecular components and monitoring the dynamics of
the fusion process at the single-particle level. These @olecular moviesQwill allow us to dissect the reaction kinetics at a
level of detail inaccessible to conventional ensemble experiments.

Teaching

| have initiated a new course, BCMP232: ®hysical Principles in BiologyQthat will be taught in the spring semester of
2006 together with Drs. Chou and Shih (both Dept. of BCMP, HMS). We aim to help students develop an intuitive grasp
of the quantitative principles underlying the behavior of biological macromolecules. This course will be geared towards
graduate students in the biological sciences, with little or no background in physics and math.



B. Funding Information

2006 2011 NSF CAREER Award PI
Under the hood of the replisome: single-molecule mechanics of DNA replication
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C. Report of current research activities other than those mentioned above
None
D. Teaching

1. Local contributions
a. Harvard Medical School teaching

2006 Harvard Medical School, BCMP232: Physical Principles in Biology; Course Director, Instructor
2004 B Harvard Medical School, BCMP200: Molecular Biology; Guest Instructor, Discussion Leader
2005 B Harvard Medical School, BCMP201: Proteins: Structure, function, and catalysis; Guest Instructor

b. Local invited teaching presentations

2003-2005 Harvard University, Dept. of Chemistry and Chemical Biology
Freshman Seminar 22e: Molecular Motors and pumps; Guest Instructor

2003 Harvard College
Quantitative Reasoning 46: The Visual Display of Quantitative Information; Head Teaching Fellow

2003 Harvard University, Dept. of Chemistry and Chemical Biology
Chemistry 163: Frontiers in Biophysics; Guest Instructor

2002 Harvard University, Dept. of Chemistry and Chemical Biology
Chemistry 162: Molecular Spectroscopy; Guest Instructor

c. Advisory and supervisory responsibilities:

Postdoctoral fellows:

2005 b present Samir Hamdan, PhD

2005 b present Satoshi Habuchi, PhD

2004 b present Jong-Bong Lee, PhD
Graduate thesis advisees:

2005 b present Candice Etson (Biophysics)
2004 b present Daniel Floyd (BBS)

Rotation Students:

2006 Meghan Thurlow (Chemistry and Chemical Biology)
2006 Nathan Tanner (BBS)

2006 Cindy Jao (Chemical Biology)
2005 Dale Muzzey (Biophysics)

2005 Richard Hite (BBS)



2. Regional, national, or international contributions

2006 Invited lecturer, Single-Molecule Biology (Cambridge, UK)
Contributing speaker, session chair, Biophysical Society Meeting (Salt Lake City, UT)
Invited lecturer, Research Seminar, Kavli Institute for Theoretical Physics (Santa Barbara, CA)
Invited lecturer, Research Seminar, Northeastern University (Boston, MA), Dept. of Physics
Invited lecturer, Research Seminar, Bowling Green State U. (Bowling Green, OH), Dept. of Chemistry
Invited lecturer, Research Seminar, New England Biolabs (Ipswich, MA)

2005 Invited lecturer, Belgium Royal Academy of Sciences (Brussels, Belgium)
Invited lecturer, Research Seminar, Brandeis University (Waltham, MA), Dept. of Biochemistry
Invited lecturer, session chair, NanoTech Insight @5 (Luxor, Egypt)
Contributing speaker, Single-Molecule Biophysics (Aspen, CO)

2004 Invited lecturer, Research Seminar, University of Leuven (Leuven, Belgium), Dept. of Chemistry
Invited lecturer, 6™ Annual Linz Winter Workshop (Linz, Austria)
Invited lecturer, Research seminar, University of Bayreuth (Bayreuth, Germany), Dept. of Physics
Contributing speaker, Biophysical Society Meeting (Baltimore, MD)

2003 Invited lecturer, Research seminar, University of Delft (Delft, the Netherlands), Dept. of Physics

Invited lecturer, Research Seminar, Harvard Medical School (Boston, MA),
Dept. Biological Chemistry and MolecularPharmacology

Contributing speaker, Biophysical Society Meeting (San Antonio, TX)
Contributing speaker, Nanoscale optics of single quantum systems and biomolecules,
Royal Academy of Sciences (Amsterdam, the Netherlands)

E. Report of clinical activities

None
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