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of molecules in the sample. Current fluorescence lifetime technology is too
slow by a factor of at least 1000 to detect this decay accurately within the
millisecond timescale of a typical biochemical transient. Our system, based
on a direct acquisition data collection approach, records the entire fluores-
cence decay with S/N > 100 from a single pulse form a 10 kHz microlaser.
Using this approach, we can resolve individual fluorescence lifetime compo-
nents comprising as little as 10% of a complex multi-exponential fluores-
cence decay. When used to monitor structural transitions by time resolved
FRET, we are capable of isolating individual structural states within complex
structural ensembles. Using this approach we were able to simultaneously
monitor the binding of myosin to different classes of binding sites on actin
filaments. This type of analysis is not possible with conventional fluores-
cence based stopped flow measurements.
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Fluorescence correlation spectroscopy (FCS) is a confocal microscopy method
mostly used to measure the dynamic properties of molecules in solution and in
biological membranes. In 2007, Dertinger et al. introduced a new two-beam
confocal method called dual-focus fluorescence correlation spectroscopy (2f-
FCS). [1] This development has been extremely important to the field because
it overcomes major artifacts that limit conventional FCS as a quantitative mea-
surement technique. In this poster we present two applications of 2f-FCS. One
is measuring the velocity profile in

a microfluidic channel with high

accuracy and sub-micrometer spa- oy I8 i e
tial resolution. Second, we present e y
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We present numerous applications of the recently developed dual-focus
fluorescence correlation spectroscopy (2fFCS) to the measurement of
translational diffusion of proteins and protein complexes. The method is
applied to measuring Ca”"-binding curves of wild-type and mutant of
the proteins calmodulin and recoverin. 2fFCS is also capable of quantify-
ing the conformational flexibility of macromolecular complexes, which is
exemplified on the peptide binding of the major histocompatibility com-
plex I (MHC I). Furthermore, we extended 2fFCS to measure fluorescence
correlation at the nanosecond time scale, allowing also for measuring ro-
tational diffusion. We performed a comparative study of translational and
rotational diffusion (and related hydrodynamics size) of proteins, and
present results for several globular proteins (BSA, human serum albumin,
aldolase, ovalbumin). In all cases, measurements are performed at pico- to
nanomolar sample concentrations, and with an accuracy of determining
hydrodynamic size of a few percent. For performing 2fFCS measure-
ments, a protein or protein complex needs only unspecific fluorescent la-
beling which is easily accomplished with commercially available dyes.
Thus it is hoped that 2fFCS becomes a widely used and easy to handle
technique in biophysical research.
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Confocal microscopy, one of the modern day fluorescence laser-scanning micro-
scopic techniques, is suffered from having sufficient out-of-focus signal. On the
other hand, in multiphoton microscopy ultrafast laser pulses are commonly used
to circumvent low multiphoton absorption cross-sections of common fluoro-
phores; due to broad overlapping two-photon absorption (TPA) spectra of fluo-
rophores and large spectral bandwidth of a short pulse, simultaneous excitation
of many fluorophores is common demanding selective excitation of individual
fluorophores if required. Addressing the first issue, our recent work has shown
that ultrafast one-photon pulsed illumination leads to increased signal-to-noise
ratio by controlling the fluorophore photo-physics.' Considering TPA, we
have demonstrated that photo-thermal corruption due to pulse pile-up effect is
largely solvent-mediated and a rather slow process which can be taken care of
by simple intensity modulation of a pulse-train.3'4 We have recently shown
how precise delay between pair of ultrafast pulses can lead to possible selective
excitation in microscopy.’ We have also demonstrated how gigantic peak-power
of a femto-second laser pulse (with rather low average power) leads to stable op-
tical trapping of latex nano-particles which is otherwise impossible with contin-
uous-wave excitation (at the same average power).® All these cutting-edge topics
will be discussed in the presentation.
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Fluorescence correlation spectroscopy (FCS) has been widely used investigate
molecular dynamics and interactions in biological systems. FCS typically re-
solves the component species of a sample either through differences in diffu-
sion coefficient or molecular brightness. Diffusion based assays currently
have a major limitation which requires that the diffusion coefficients of compo-
nent species in a sample must be substantially different in order to be resolved.
This criterion is not met in many important cases, such as when molecules of
similar molecular weight bind to each other. This limitation can be overcome,
and resolution of FCS measurements enhanced, by combining FCS measure-
ments with measurements of fluorescence lifetimes. By using of global analysis
on simultaneously acquired FCS and lifetime data we show that we can dramat-
ically enhance resolution in FCS measurements, and accurately resolve the con-
centration and diffusion coefficients of multiple sample components even when
their diffusion coefficients are identical provided there is a difference in the
lifetime of the component species. We show examples of this technique using
both simulations and experiments. It is expected that this method will be of sig-
nificance for binding assays studying molecular interactions.
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Macro imaging systems with fields of view of tens of centimeters across are re-
quired for the whole body imaging of plants and small animals, but rarely have
such systems been able to deliver molecular level information. We present a novel
advancement to camera and lamp based macro imaging systems which introduces
the capability of steady state anisotropy imaging. Our new fluorescence anisotropy
macro imaging (FAMI) system provides the capability of rapidly and easily mea-
suring molecular mobility both in-vitro and in-vivo. We show that the read-out on
in-vitro assays can be highly quantitative. We also used FAMI to non-invasively
examine the effects of temperature on live plants carrying fluorescent probes. The
results indicate that low temperatures increase the internal viscosity of plants, and
that the degree of increase is related to the anatomy of the plants. Our finding on
plants verifies the results of others which showed that temperature and the water
consumption of plant tissue are positively correlated and dependent on the tissue
type. We also discuss further applications of FAMI to Forster Resonance Energy
Transfer (FRET)-based sensors in assays and live animals.
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