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SINGLE MOLECULE APPROACHES 
TO DECIPHERING MOLECULAR 

INTERACTIONS IN BIOLOGY

8:00 a.m. 
registration & continental breakfast
Gallery, W.T. Young Library

8:45 a.m. Welcome
Dr. Eli Capilouto, University of Kentucky President

Auditorium, W.T. Young Library

9:00 a.m. Dr. Phillip Tinnefeld
DNA Origami Nanophotonics: from Superresolution to 

Functional Devices

In recent years, DNA nanotechnology has matured to 

enable robust production of complex nanostructures 

and hybrid materials. We have combined DNA 

nanotechnology with sensitive optical detection to 

create functional single-molecule devices such as 

nanoscopic rulers for superresolution microscopy 

and energy transfer switches. DNA origamis are also 

used to construct nanoscale force balances with 

FRET readout or for single-molecule placement in 

zeromode waveguides using nanoadapters. Especially, 

self-assembled nanoparticles forming optical antennas 

can enhance fluorescence and hold great potential 
for single-molecule detection at higher concentrations 

for biomolecular assays but also for diagnostic 

applications. I will discuss recent advancement in 

fluorescence enhancement and how to disentangle 
the complex factors that generally influence the 
fluorescence of single molecules near metallic 
nanostructures.

10:00 a.m. Break and refreshments

10:30 a.m. dr. taekjip ha
Genome Maintenance Up Close and Personal: 

Eavesdropping on Single Molecular Conversations

Single-molecule detection has opened vast avenues 

to investigate aspects of biological systems that are 

inaccessible by any other technique. Research in my 

lab is focused on pushing the limits of single-molecule 

detection methods to study biological systems with 

multiple components to better mimic the cellular 

conditions. In the first part, I will describe the surprising 
and deep insights, revealed by multi-color FRET and 

fluorescence-force spectroscopy, on the dynamics 
of DNA repair proteins on single stranded DNA. In the 

second part, I will describe a single-molecule pull-down 

(SiMPull) assay that combines the principles of a 

conventional pull-down assay with single-molecule 

fluorescence microscopy and enables direct 

visualization of individual cellular protein complexes. 

SiMPull can reveal how many proteins and of which kinds 

are present in the in vivo complex and is widely applicable 

to various signalling proteins found in the cytosol, 

membrane and cellular organelles, and to endogenous 

protein complexes from animal tissue extracts.

11:30 a.m. LUNCH

1:30 P.M. POSTER SESSION
Multipurpose Room, B108C, W.T. Young Library

2:30 p.m. Dr. carlos bustamante
Division of Labor and Coordination Among the Subunits 

of a Nearly Perfect Biological Machine

As part of their infection cycle, many viruses must 

package their newly replicated genomes inside a 

protein capsid. Bacteriophage phi29 packages its        

6.6 mm long double-stranded DNA using a pentameric 

ring nano motor that belongs to the ASCE (Additional 

Strand, Conserved E) superfamily of ATPases.  A number 

of fundamental questions remain as to the coordination 

of the various subunits in these multimeric rings. The portal 

motor in bacteriophage phi29 is ideal to investigate 

these questions and is a remarkable machine that must 

overcome entropic, electrostatic, and DNA bending 

energies to package its genome to near-crystalline density 

inside the capsid.  Using optical tweezers, we find that this 
motor can work against loads of up to ~55 picoNewtons on 

average, making it one of the strongest molecular motors 

ever reported.  We establish the force-velocity relationship 

of the motor. Interestingly, the packaging rate decreases 

as the prohead fills, indicating that an internal pressure 
builds up due to DNA compression attaining the value of ~6 

MegaPascals at the end of the packaging. This pressure, 

we show, is used as part of the mechanism of DNA injection 

in the next infection cycle. 

chem.as.uky.edu/naff-symposium



Philip Tinnefeld studied chemistry in Münster, Montpellier (France), and Heidelberg (Germany). 

In 2002, he received his Ph.D. from the University of Heidelberg under Prof. J. Wolfrum. 

He carried out postdoctoral research with S. Weiss (UCLA), F. C. de Schryver (KU Leuven, 

Belgium) and M. Sauer (Bielefeld) on the development of single molecule fluorescence. 
After habilitation in physics at Bielefeld University and three years as associate professor 

of biophysics at Ludwig-Maximilians-Universität Munich, he was appointed full professor of 

biophysical chemistry at Braunschweig University of Technology in 2010. 

His research is inspired by our emerging abilities to study and build matter bottom-up, starting from single molecules. He 

has contributed to the breakthroughs of single-molecule superresolution microscopy by discovering the switchability 

of commercially available fluorescent dyes such as Cy5 and by discovering the reducing and oxidizing system (ROXS) 
which nowadays constitutes the photophysical model of antifading formulas for fluorescent dyes. He then was involved 
in the development of three superresolution techniques including dSTORM, Blink Microscopy and DNA PAINT. In recent 
innovations, he combined optical single-molecule detection with DNA nanotechnology for self-assembled molecular 

devices with optical readouts including energy transfer switches, calibration nanorulers, nano-adapters, optical signal 

amplifiers and molecular force balances. Dr. Tinnefeld has authored more than 110 publications and patents. He 
has received several awards including a Schloessmann Award of the Max-Planck-Society, the Chemistry prize of the 

Göttingen Academy of Science and is recipient of an ERC starting grant.

Dr. Philip Tinnefeld
Institute of Physical & Theoretical Chemistry, 
Braunschweig University of Technology

Dr. Taekjip Ha
Co-Director of the Center for the Physics of Living Cells, 
University of Illinois

Dr. Carlos Bustamante
Raymond & Beverly Sackler Chair of Biophysics, 
University of California, Berkeley

Taekjip Ha earned a doctorate in physics from the University of California, Berkeley. Prior to 

joining the University of Illinois in 2000, he was a postdoctoral fellow at Lawrence Berkeley 

National Laboratory and a postdoctoral research associate in Steven Chu’s laboratory in the 

Department of Physics at Stanford University. Ha is a Gutgsell Professor of Physics and Biophysics 

and is an investigator with the Howard Hughes Medical Institute. He is a co-director of the 

Center for the Physics of Living Cells supported by National Science Foundation. He also serves 

as the Cellular Decision Making in Cancer theme leader at the Institute for Genomic Biology 

and as the director of Ph.D. program in Biophysics and Quantitative Biology.

Dr. Ha’s research is focused on pushing the limits of single-molecule detection methods to study complex biological 

systems. His group develops state-of-the-art biophysical techniques (e.g., multicolor fluorescence, super-resolution 
imaging, combined force and fluorescence spectroscopy, vesicular encapsulation, single-molecule pull-down) 
and applies them to study diverse protein–nucleic acid and protein-protein complexes, and mechanical 

perturbation and response of these systems both in vitro and in vivo. Ha is the author of more than 180 papers 

and has received numerous awards including Outstanding Young Researcher Award, AKPA; Research Innovation 
Award, Research Corporation; Searle Scholars Award; NSF CAREER Award; Fluorescence Young Investigator Award, 
Biophysical Society; Cottrell Scholar, Research Corporation; Beckman Fellow at Center for Advanced Studies, 
University of Illinois; Xerox Faculty Research Award, University of Illinois; Alfred P. Sloan Fellow; Beckman Fellow, 
Center for Advanced Study (CAS); Howard Hughes Medical Institute Investigator; Fellow, American Physical 
Society; Michael and Kate Bárány Award for Young Investigators, Biophysical Society; University Scholar, University of 
Illinois; and Ho-Am Prize in Science, Ho-Am Foundation, Korea.

Carlos Bustamante uses novel methods of single-molecule visualization, such as scanning 

force microscopy, to study the structure and function of nucleoprotein assemblies. His 

laboratory is developing methods of single-molecule manipulation, such as optical and 

magnetic tweezers, to characterize the elasticity of DNA, to induce the mechanical 

unfolding of individual protein and RNA molecules, and to investigate the machine-like 

behavior of molecular motors.

Dr. Bustamante is a professor of molecular cell biology, physics, and chemistry at the 

University of California, Berkeley where he also serves as the Raymond & Beverley Sackler Chair of Biophysics. He is 

also biophysicist faculty scientist at Lawrence Berkeley National Laboratory. Dr. Bustamante is the author of more 

than 250 publications. He is a member of the National Academy of Science and was also elected as a Member of 

the Chilean Academy of Science. His accolades include the Searle Scholar award, Alfred P. Sloan Fellowship, the 

Raymond and Beverly Sackler International Prize in Biophysics, the Vilcek Prize, National Science Prize of Peru, Hans 

Neurath Prize of the Protein Society, and the Southern Peru Copper Corporation Prize. He has been recognized 

as an Honorary Professor and Doctor Honoris Causa by the Universidad Nacional Mayor de San Marcos in Lima, 

Peru; Doctor Honoris Causa by the Universidad Nacional de Ingenieria in Lima, Peru; Doctor Honoris Causa by the 
Unive rsidad Peruana Cayetano in Heredia, Peru; Honorary Member of the Spanish Biophysical Society; and Doctor 
Honoris Causa from the Universidad Peruana Ricardo Palma in Lima, Peru.
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2015 Naff Committee Members
Professor Chris Richards (Chemistry, Committee Chair)

Professor Jason DeRouchey (Chemistry)

Professor Marcelo Guzman (Chemistry)

Professor Anne-Francis Miller (Chemistry)

For more information, contact Dr. Chris Richards at 

chris.richards@uky.edu


