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Superresolution Imaging Using Fluorogen Activating Proteins by Sted
Nanoscopy and Equilibrium Localization Microscopy
Qi Yan1, Suvrajit Maji1, James A.J. Fitzpatrick1, Keith A. Lidke2, Marcel
P. Bruchez1.
1Carnegie Mellon University, Pittsburgh, PA, USA, 2University of New
Mexico, Albuquerque, PA, USA.
Our center has recently developed the Fluorescence Activating Protein (FAP)
technology for genetically targeted fluorescent labeling of proteins in live cells.
FAPs are single chain antibodies that can specifically activate the fluorogenic
dyes thiazole orange (TO) and malachite green (MG) with nanomolar affinities.
When bound to FAPs, the otherwise dark fluorogens generate thousands of fold
increase in fluoresce intensity. The fact that FAPs are small in size (12 to 25 kDa)
and genetically encoded makes them an ideal fluorescence tag for live cell imag-
ing. Since no appreciable background from the fluorogen alone is detectable,
no washing steps are required to remove the excess fluorogen. Moreover, differ-
ent FAP-fluorogen combinations can result in spectrally resolvable probes for
multi-color imaging. We have demonstrated the utility of these probes for
both ensemble and single molecule based superresolution methodologies.
Because malachite green has a similar quantum yield and spectral characteristic
to the STED-efficient dye Atto647N, we tested the feasibility of using MG-
FAPs in STED imaging. We show that STED imaging could be performed
on both live and fixed and permeabilized cells expressing MG-FAP. When an
engineered, cytosolic expressible MG FAP H6.2-MG was fused to the N-termi-
nus of actin, actin filaments with FWHM of 110-122nm were observed, an
approximately 3-fold resolution improvement compared to a confocal image.
The reversible interaction between the fluorogen and the FAP allows the same
FAP to bind and activate fresh fluorogen from solution after one fluorogen dis-
sociates from the FAP. Consequently, multiple binding and unbinding cycles
result in a characteristic intermittency, leading to a high photon flux and photo-
bleaching-resistant system. Using low concentrations of the fluorogen gives
rise to sparse labeling of objects for localization microscopy with a localization
accuracy of <10 nm.
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The Use of Quantum Dot Blinking to Optimize of 3D Nanoscopy
Shingo Fukui, Takashi Jin, Keiko Yoshizawa, Tomonobu Watanabe,
Toshio Yanagida.
Osaka univ., Suita, Japan.
Fluorescence microscopy is a widely used tool in many molecular and cellular
biologically research, as it enables the observation of specific components or
processes in living cells, tissues, and whole organisms. However, the limited
resolution of fluorescence microscopy leaves many biological structures too
small to be studied in detail. Although subcellular structures often ranges as
small as nanometers, most optical microscopes have lateral and axial resolu-
tions of ~ 200 nm direction and ~ 500 nm respectively. Currently, novel imag-
ing methods, stochastic optical reconstruction microscopy (STORM), have
broken the diffraction limit resulting in significant improvements in resolution
by switching a fluorescent molecule ON (bright) or OFF (dark). Most recently,
STORM has spread the observed area from two (XY) to three (XYZ) dimen-
sions by applying cylindrical optics (3D-STORM). However, they are con-
strained by the specific optics or fluorescent probes.
To simplify the 3D-STORM method, we optimized both of the optics and the
probe. The Z position of the fluorophore was represented to be ellipticity of
point spread function of it by setting cylindrical lens after imaging lens. This
ellipticity dependence was responsible for the focusing length of the cylindrical
lens. We optimized the ellipticity dependency by verifying a distance between
two cylindrical lenses (concave and convex). The appropriate distance was
10 mm and the 3D resolutions of the position determination of fluorophore are
10 nm (XY) and 40 nm (Z) when the fluorophore emitted 1000 photons. Next,
we applied quantum dot (Qdot) to be a 3D-STROM because Qdot has intense
and stable fluorescence, and especially blinks stochastically. Since the fluoro-
phore rarely emits fluorescence in STORM method, we improved the Qdot
whose ON events were rare. In this meeting, we will discuss our method, which
is performed with Qdot , in detail.
Emerging Single Molecule Techniques I
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Rotating Magnetic Particles Probe: A New Technique to Measure Interac-
tions Between Protein-Coated Particles and a Substrate
Xander Janssen1, Alexander van Reenen1, Joost van Noorloos1,
L van IJzendoorn1, Menno Prins2.
1Eindhoven University of Technology, Eindhoven, Netherlands, 2Eindhoven
University of Technology and Philips Research Eindhoven, Eindhoven,
Netherlands.
We demonstrate a new rotating magnetic particles probe technique to measure
the interactions between protein-coated magnetic particles and a substrate. The
rotational behavior of particles is quantified in a rotating magnetic field and
allows the study of association kinetics. By using multiple particles in parallel,
good statistics are obtained in a single measurement.
We describe the rotating particles probing technique and its application to a
study of binding between streptavidin-coated particles and a glass substrate, as
a function of ionic strength, pH and protein blocking. An increase of binding is
observed for increasing ionic strength and decreasing pH. The results are in
agreement with calculations of the electrostatic interaction between a spherical
particle and a wall. For low ionic strength, the particles stay at a finite distance
from the substrate due to the electrostatic repulsion between the negatively
charged particles and the negatively charged glass substrate. For increasing
ionic strength, the electrostatic repulsion is shielded and the particles come in
contact with the substrate, generating non-specific binding between streptavi-
din and glass. When the pH is decreased below the pI of the particles, the par-
ticles become positively charged, resulting in high binding due to the negative
charge on the glass. With the same technique we have quantified the reduction
of binding by protein blocking of the surface. Our results show the feasibility of
the rotating particles probing technique to study biomolecular interactions,
which opens further applications such as the characterisation of ligand-receptor
binding and torsion stiffness of biomolecular complexes.
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On-Chip Single Molecule Detection of Unlabeled DNA Targets
Anders Gunnarsson1, Peter Sjövall2, Peter Jönsson1, Fredrik Höök1.
1Chalmers University of Technology, Göteborg, Sweden, 2SP Technical
Research Institute of Sweden, Borås, Sweden.
Ultrasensitive biological sensors for low-abundant DNA and protein detection
have emerged as an important tool for improving biomedical diagnostics, drug
discovery and advanced bioanalytical assays in fundamental research. We re-
port on a single-molecule readout scheme based on total internal reflection fluo-
rescence microscopy (TIRFM) demonstrating a detection limit in the low fM
regime for short (30 mer) unlabeled DNA strands1. Detection of target-DNA
is accomplished by mediating the binding of suspended fluorescently labeled
DNA-modified small unilamellar vesicles (Ø~100) to a DNA-modified sub-
strate by unlabeled complementary single-stranded DNA. On top of rapid and
sensitive detection, the technique is also shown capable of extracting kinetic
data from statistics of the residence time of the binding reaction in equilibrium,
i.e. without following neither the rate of binding upon injection nor release
upon rinsing. The potential of this feature is demonstrated by discriminating
a single mismatch from a fully complementary 30-mer DNA target2, an impor-
tant capability for single nucleotide polymorphism (SNP) diagnostics. Further-
more, means of using lipid vesicles as barcodes, utilizing the potential of
time-of-flight secondary ion mass spectrometry (TOF-SIMS) to discriminate
different lipid compositions, will be disclosed.
[1] Gunnarsson, A. et al. Nano Lett. 8(1): p. 183-188, 2008.
[2] Gunnarsson, A. et al. Nucleic Acids Res. 2009 37(14):e99
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Integrating a High-Force Optical Trap with Gold Nanoposts and a Robust
Gold-DNA Bond
Daniel H. Paik1, Yeonee Seol2, Wayne Halsey1, Thomas T. Perkins1.
1JILA/University of Colorado, Boulder, CO, USA, 2NIH, Bethesda, MD,
USA.
Gold-thiol chemistry is widely used in nanotechnology but has not been
exploited in optical-trapping experiments due to laser-induced ablation of gold.
We circumvented this problem by using an array of gold nanoposts (r¼ 50-250
nm, h ~ 20 nm) that allowed for quantitative optical-trapping assays without di-
rect irradiation of the gold. DNA was covalently attached to the gold via dithiol
phosphoramidite (DTPA). By using three DTPAs, the gold-DNA bond was not
cleaved in the presence of excess thiolated compounds. This chemical robust-
ness allowed us to reduce nonspecific sticking by passivating the unreacted
gold with methoxy-(polyethylene glycol)-thiol. We routinely achieved single
beads anchored to the nanoposts by single DNA molecules. We measured
DNA’s elasticity and its overstretching transition, demonstrating moderate-
and high-force optical-trapping assays using gold-thiol chemistry. Force
spectroscopy measurements were consistent with the rupture of the strepavi-
din-biotin bond between the bead and the DNA. This implied that the DNA re-
mained anchored to the surface due to the strong gold-thiol bond. Consistent
with this conclusion, we repeatedly reattached the trapped bead to the same
individual DNA molecule. Thus, surface conjugation of biomolecules onto



184a Sunday, February 21, 2010
an array of gold nanostructures by chemically and mechanically robust bonds
provides a unique way to carry out spatially controlled, repeatable measure-
ments of single molecules.
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Model for Harnessing the Device Stiffness in Dynamic Single-Molecule
Force Spectroscopy
Gaurav Arya, Arijit Maitra.
University of California, San Diego, La Jolla, CA, USA.
Single-molecule force spectroscopy methods use optical traps or tiny cantile-
vers to impose controlled forces to individual molecules for studying their
mechanical behavior and transitions along specific paths called reaction
coordinates. A powerful application of these sophisticated approaches is the
extraction of activation energy barriers and intrinsic rates of transition from
measurements of the rupture force, i.e., when the molecules stretched at a speed
undergoes sudden unfolding.
Existing analyses of force measurements relies heavily on theoretical models
for reliable extraction of kinetics and energetic properties. Despite significant
advances, there remain large gaps in fully exploiting the experiments and their
analyses. Specifically, the effect of pulling device stiffness or compliance has
not been comprehensively captured. Hence, the best models for extracting mo-
lecular parameters can only be applied to measurements obtained from soft
pulling devices (e.g., optical tweezers) and result in well-documented discrep-
ancies when applied to stiff devices (e.g., AFM). This restriction makes pulling
speed the only control parameter in the experiments, making reliable extraction
of molecular properties problematic and prone to error.
Here we present an analytical model derived from physical principles for ex-
tracting the intrinsic rates and activation free energies from rupture force
measurements that is applicable to the entire range of pulling speeds and device
stiffnesses. The model therefore is not restricted to the analyses of force mea-
surements performed with soft pulling devices only. On the contrary, the model
allows better design of experiments that specifically exploit device stiffness as
a control parameter in addition to pulling speed for a more reliable estimation
of energetic and kinetic parameters. The model also helps explain previous dis-
crepancies noted in rupture forces measured with devices of different effective
stiffnesses and provides a framework for modeling other stiffness-related issues
in single-molecule force spectroscopy.

952-Pos
Extracting Complex Network and Effective Free Energy Landscape of
Protein Fluctuation from Single-Molecule Time Series
Tamiki Komatsuzaki, Chun-Biu Li, Akinori Baba.
Hokkaido University, Sapporo, Japan.
The complexity in kinetics observed in single molecule measurements arises
from the morphological feature inherent to the underlying multidimensional en-
ergy landscape or, in general, state space. However, how can one extract such
dynamic information from a set of single molecule time series? Recently we
developed two methodologies for extracting an effective free energy landscape
composed of local equilibrium states [1,2] and a multiscale state space network
(SSN) from single molecule time series [3,4]. Both are designed as free from
a priori assumption such as local equilibration. The state is defined not by the
value of the observable at each time but by a set of subsequences of the observ-
able. These methods enable us to lift degeneracy_different physical states
having the same value for a measured observable_as much as possible under
the limitation of scalar quantity. The morphological feature of the free energy
landscape and the SSN naturally depends on the time scale of observation. The
length of the subsequence constructing the states in the multiscale SSN can tell
us the extent to which the memory of the system can predict the next state. We
present the brief overview with some examples such as strange diffusion
kinetics in conformation fluctuation of Flavin-Enzyme System (H. Yang et al
Science, 302, 262 (2003)) and show the multiscale SSN buried in the
observation.
1. Baba A., Komatsuzaki T., Proc. Natl. Acad. Sci. U.S.A.104,19297 (2007)
2. Komatsuzaki T., Baba A., Kawai S., Toda M., Straub J.E., Berry R.S., Adv.
Chem. Phys.to be appeared
3. Li CB, Yang H, Komatsuzaki T. Proc. Natl. Acad. Sci. U.S.A.105, 536
(2008)
4. Li CB, Yang H, Komatsuzaki T. J. Phys. Chem. B accepted for publication.
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Influence of the Experimental Set-Up on Single Molecule DNA Dynamics
When Analyzed by Tethered Particle Motion
Catherine Tardin1, Manoel Manghi2, Julien Baglio3, Laurence Salome1,
Nicolas Destainville3.
1IPBS - CNRS - Université de Toulouse, TOULOUSE, France, 2LPT CNRS -
Université de Toulouse, Toulouse, France, 3LPT - CNRS - Université de
Toulouse, Toulouse, France.
Among the various experimental techniques now available to explore the in-
teraction between a chosen protein and a double stranded DNA, the single
molecule technique of Tethered Particle Motion (TPM) is the only one to per-
mit the observation of the dynamics of the DNA polymer at mechanical equi-
librium as it consists in tracking the movement of a bead tethered to the glass
surface by a DNA molecule. Relatively easy to implement on a microscope,
the details of the experimental set-up might nevertheless have some strong
influence on the collected data. Considering that the DNA molecules under
studies have a size varying between a few hundred to a few thousand base
pairs, they are assimilated to semi-flexible polymers. With the help of both
experiments and simulations, we show that the beads used for the labelling,
whose diameters are usually about a few hundred of nanometres, can slow
down the observed dynamics due to their own drag force. We also quantify
the bias resulting from the detector averaging effects in this case of TPM ex-
periments.

954-Pos
DNA Origami as a Nanoscopic Ruler For Super-Resolution Microscopy
Ralf Jungmann1, Christian Steinhauer2, Thomas L. Sobey1,
Philip Tinnefeld2, Friedrich C. Simmel1.
1TU München, Garching, Germany, 2LMU München, Munich, Germany.
The possibility of highly parallel formation of nanostructures using self-assem-
bly of DNA molecules provides a powerful tool for bottom-up fabrication. The
DNA origami technique, involves folding a long single-stranded DNA scaffold
using short DNA staple strands that can only bind at particular points along
this scaffold. With this technique large numbers of identical structures can be
assembled simultaneously in a single experiment. One of the most attractive
features of the origami technique is the precise addressability of the DNA struc-
tures formed. Each staple strand can serve as an attachment point for many
different kinds of molecules or other objects.
Due to their small size, DNA nanostructures are commonly imaged using
atomic force microscopy or electron microscopy, but with recent advances in
far-field fluorescence microscopy beyond the diffraction limit (super-resolution
microscopy), structures in the sub-200 nm regime become amenable also to
optical analysis.
We here show that the distance between fluorescently labeled staple strands
bound on specific positions of rectangular DNA origami structures can be
accurately determined using a variety of super-resolution techniques such as
single-molecule high-resolution imaging with photo-bleaching (SHRImP),
direct stochastic optical reconstruction microscopy (dSTORM), and Blink-
Microscopy.
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Near-Field Fluorescence Correlation Spectroscopy Approach to the Study
of Living Cell Membrane Dynamics
Carlo Manzo1, Thomas Van Zanten1, Maria Garcia-Parajo1,2.
1IBEC-Institute for Bioengineering of Catalunya, Barcelona, Spain, 2ICREA-
Catalan Institution for Research and Advanced Studies, Barcelona, Spain.
We developed a near-field (NF) microscopy-based fluorescent correlation spec-
troscopy (FCS) approach that allows to measure protein and lipid mobility on
living cells plasma membrane at sub-diffraction scale. The near-field excitation
is obtained by means of an aluminum-coated optical fiber with sub-wavelength
aperture (<100 nm in diameter), effectively reducing the illumination area of
about one order of magnitude compared to standard confocal FCS. The use
of this kind of probe also provides capability for dual-color FCS and fluores-
cence cross-correlation spectroscopy (FCCS) and guarantees the overlap of the
excitation areas. The optical fiber is attached to an oscillating tuning fork and
a shear force based feedback keeps the probe in the close proximity of the cell,
preventing the membrane from fluctuating outside the evanescent field volume
while minimizing probe-membrane interactions.
We demonstrated the feasibility of the dual-color NF-FCS approach by measur-
ing the diffusion of phosphoethanolamine or sphingomyelin simultaneously
with GPI-anchored protein on the plasma membrane of living CHO cells.
The comparison of these results with those obtained by confocal FCS highlights
the advantages of the reduced illumination area in detecting anomalous or
heterogeneous diffusion.
Although other techniques have been shown to provide comparable illumina-
tion sizes, the NF-FCS approach offers the further advantage of dual-color
FCS and FCCS and therefore represents a powerful tool to unravel the details
of a variety of membrane processes occurring at the nanometric scale.
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