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understood. A key open question is whether–and how, if so–the system deals
with impediments to motion, to avoid or minimize potential traffic jams.
Because more motors can exert a larger force, and drive the cargo further,
one might use more motors on average to address challenges to motion, but
this solution comes at the cost of increased average energy consumption.
Instead, we discover a cargo-level adaptation: when challenged with opposition
to motion, cargos dynamically increase their sustained force production capa-
bility to ‘power through’ the obstacle. This adaptation improves minus-end
force production, and improves ability to overcome obstacles between three
and four-fold.
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The complexity and specificity of many forms of signal transduction are widely
suspected to require spatial microcompartmentation and dynamic modulation
of the activities of signaling molecules, such as protein kinases, phosphatases
and second messengers. I will present studies where we combined genetically
encoded fluorescent biosensors, targeted biochemical perturbations, mathe-
matic modeling and superresolution imaging to probe the spatiotemporal regu-
lation of signaling molecules such as cAMP, Protein Kinase A, calcineurin and
Protein Kinase B.
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I will present our latest progress in multiphoton fluorescence microscopy.
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In the last decade, far field optical microscopy has undergone a revolution, in
which a number of methods have been developed that break the diffraction limit
of spatial resolution.Thesemethods allow imagingbiological structures and pro-
tein organization at the nanometer length scales, opening the door for exciting
new discoveries in biology. However, the super-resolutionmethods have certain
limitations. One such limitation concerns live cell applications and the trade-off
between spatial and temporal resolution, which makes it challenging to achieve
high spatiotemporal resolution simultaneously. We have recently developed an
all-optical correlative imaging platform to circumvent this problem and applied
it to study howmotor proteins overcome obstacles and roadblocks tomove cargo
from one place to other in the complex cellular environment.
An additional complication in super-resolution microscopy is the ability to
quantify the images to count proteins and extract information about protein
stoichiometry. This challenge stems from the complex biophysics of fluores-
cent dyes and fluorescent proteins. We have also developed ways to charac-
terize these photophysical properties in order to quantify super-resolution
images.
In this talk, I will explain the progress we have made in both correlated live-
cell and super-resolution imaging as well as quantitative super-resolution
imaging. I will also give examples of biological applications along both
lines.
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Fluorescence Correlation Spectroscopy (FCS) has been developed more than
40 years ago and has evolved into a major tool in the biophysical sciences
for the quantitative measurement of biomolecular dynamics and interactions.
In the past FCS was mainly used as a confocal, single spot measurement tech-
nique. Imaging FCS, i.e. the recording of FCS measurements at all pixels in an
image, became feasible only recently with the advent of fast, sensitive array de-
tectors and the development of new illumination modes in microscopy, in
particular light sheet microscopy. Despite the fact that the time resolution of
imaging FCS is lower than for single spot measurements, imaging FCS has
several advantages. The most important being i) that it contains much more in-
formation since spatial and temporal correlations can be evaluated between any
pixels or group of pixels in the image, and ii) the illumination modes (TIRFM
or SPIM) expose the sample to much lower light doses and allow more mea-
surements per sample.
We demonstrate the capabilities of imaging FCS using total internal reflection
(TIR) and single plane illumination microscopy (SPIM) as illumination
modes. We investigate the membrane active human Islet Amyloid Polypeptide
(hIAPP) on cell membranes using imaging TIR-FCS, FCS diffusion laws, and
time-lapse FCS videos, to elucidate the membrane action of monomeric
hIAPP. With the aid of the FCS diffusion laws, Imaging FCS can access in-
formation about sample structure even below the diffraction limit. And light
sheet illumination allows single cell observations over up to one hour (total
effective illumination time ~10 minutes) without visible cell damage. Second,
we use SPIM-FCCS to demonstrate the measurement of interactions of bio-
molecules in vitro and in live cells. These experiments show that Imaging
FCS provides quantitative images of biological samples under physiological
conditions.
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Cytokinesis in many eukaryotes involves the contraction of an actomyosin-
based contractile ring (CR)1,2. However, the detailed mechanism of CR
contraction is not fully understood. Here, we establish for the first time an
experimental system to study contraction of the CR to completion in vitro.
We show that CR of permeabilised fission yeast cells undergo rapid contraction
in an adenosine triphosphate (ATP) and myosin-II dependent manner in the
absence of other cytoplasmic constituents. Surprisingly, neither actin polymer-
isation nor its disassembly is required for contraction of CR although addition
of exogenous actin cross-linking proteins block CR contraction. Using CRs
generated from fission yeast cytokinesis mutants, we show that not all proteins
required for assembly of the ring are required for its contraction in vitro. Our
work provides the beginnings in the definition of a minimal contraction-
competent cytokinetic ring apparatus.
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