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quantitative fluorescence microscopy and cryo-electron microscopy, have be-
come a powerful approach to extract the underlying rules of how the micro-
tubule cytoskeleton acts as a dynamic system. For example, through this
approach the hierarchical functioning of a regulatory protein interaction net-
work at growing microtubule ends, formed around so-called end binding
(EB) proteins, can now be understood from the atomic to the micrometer
scale. In the future, the challenge will be to reconstitute even more com-
plex systems to be able to test directly our understanding of higher-order
cytoskeletal functions.
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Precise positioning of the mitotic spindle is important for specifying the plane
of cell division and the subsequent partitioning of the cell’s contents to the
daughter cells. Studies on different organisms and cell types have suggested
diverse centering mechanisms: astral microtubules grow out from the spindle
and push against the cortex, cortical dynein motors pull on astral microtu-
bules, and dynein-dependent organelle transport on astral microtubules leads
to a reactive force on the spindle. The different mechanisms lead to different
predictions for the precision of centering, how mutations effect the precision,
and the magnitude of the forces associated with spindle centering. We used
image processing to accurately track the position and orientation of the mi-
totic spindle during the first cell division in the C. elegans embryo. The
high precision of centering, < 1% of cell diameter transverse to the
anterior-posterior axis, increased after RNAi against gpr-1/2, genes encoding
activators of the cortical force generators; this suggests that centering is not
mediated by gpr-1/2-dependent cortical pulling forces. To measure the forces
associated with spindle positioning, we built a magnetic tweezers apparatus so
that forces could be exerted on the spindle via beads incorporated into the em-
bryo: forces of approximately 20 pN were required to displace the spindle
through 1 mm. These mechanical experiments constrain molecular models
of the centering process.
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Figure: Wide-field (left) and dSTORM (left) images of cel-
lular nucleus. Scale bar 2.5mm.

Fig. 1. 20 nm fluorescent bead imaged in confocal and
STED mode. The profile across the white box demonstrates
<26 nm resolution.
Stimulated Emission
Depletion (STED)
Microscopy (1–2)
has revolutionized
far-field fluorescence
microscopy by break-
ing the classical dif-
fraction limit: 25 nm
resolution and better
are routinelyachieved
in the focal plane.

While comparable axial resolution values have been obtained using two oppos-
ing objectives , single-objective STED microscopy can usually not realize
values on this size scale.
Here we present results obtained with a recently realized STED variant that
combines total internal reflection excitation for ~70 nm axial sectioning capa-
bilities with stimulated depletion for ~50 nm lateral super-resolution.
TIRF STED microscopy represents an attractive super-resolution alternative
for live cell microscopy featuring fast scanning with sub-100 nm 3D detection
volumes and reduced photo-damage through TIRF excitation.
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Galectins are a family of carbohydrate-binding proteins with an affinity for
beta-galactosides. They share a core sequence consisting of 130 amino acids,
and the beta-sandwich fold. Human Galectin-1 (hGal-1) is a well studied rep-
resentative of prototype galectins, non-covalently linked homodimers with two
specific carbohydrate recognition domains (CRD). It is differentially expressed
by various normal and pathological tissues and is involved in intra- and extra-
cellular processes like cell adhesion, formation of galectin-glycoprotein lat-
tices, signal transduction and regulating immune responses, inflammation,
allergies, and host-pathogen interactions. Furthermore oxidized galectins are
associated with the regeneration of the central nervous system after injury.
We use direct stochastic optical reconstruction microscopy (dSTORM) to study
the spatial organization of hGal-1 interacting with glycans like ganglioside
GM1 presented on the membrane of human SK-N-MC neuroblastoma cells.
Using the photoswitchable fluorophore ALEXA 647 as specific galectin
marker, we employ fluorescence on/off switching with standard widefield mi-
croscopy and spot analysis of single molecules in order to resolve clustering,
localization, and cross-linking of galectins on the cell surface with a spatial res-
olution of less than 50 nm.
We study spatial organization and its dependence on galectin concentration and
oxidation state, as well as inhibition of the specific recognition.
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Direct stochastic optical reconstruction microscopy (dSTORM) is an imaging
method that relies on the stochastic photoswitching of single fluorophores and
enables resolution of structures down to tens of nanometers in biological samples.
Recently, several proteins have been visualized with dSTORM in live cells by
using genetically encoded tags labeled with chemical dyes, including DNA-
associating proteins. However, despite its importance in cellular processes, live-
cell super-resolution imagingofDNAstructure itself hasnever beendemonstrated.
We present the imaging of DNAwith dSTORMbased on direct DNA labeling.We
optimized buffer conditions to achieve the reversible photoswitching required for
dSTORMin livingcells andusedit to resolvenuclear andmitochondrialDNAstruc-
tures. Furthermore, due to the excellent preservation of the dyes, we were able to
performtime-lapse super-resolution imaging.This illustrates that ispossible tomon-
itor the sub-diffraction limited organization of DNA in individual cells over time.

This protocol in
combination with
protein super-
resolution imaging
provides an advanta-
geous tool to study
processes related to
DNA dynamic
structural rearrange-
ments such as those
occurring during
cell division or in re-
sponse to cell stress.
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Transverse tubules (TTs) are hollow intracellular membrane structures,
coupling action potential propagation at the cell surface to intracellular
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