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O-025 (P-054) 
Ultrafast tracking reveals the function of structural domains of single 
proteins 
K. Holanová1, Ł. Bujak1, A. García Marín1, V. Henrichs2, M. Braun2, Z. 
Lanský2, M. Piliarik1. 
1Institute of Photonics and Electronics of the Czech Academy of Sciences, 
Prague, Czech Republic; 2Institute of Biotechnology of the Czech Academy 
of Sciences, Vestec, Czech Republic. 
Protein-protein interactions and their dynamics have been extensively 
studied mostly by fluorescence. Fluorescent labels are usually incorporated 
to discriminate biological processes under study from the complex 
background or visualize small molecules.  
To overcome spatio-temporal limitations of fluorescence [1], we employ 
interferometric detection of scattering (iSCAT). iSCAT detects the light 
scattered on a protein molecule or a scattering label via its interference with 
a reference wave, e.g. light partially reflected at a glass coverslip. By these 
means, it is possible to image very small scattering labels [2] or even 
unlabeled proteins [3]. 
PRC1 (protein regulator of cytokinesis 1) belongs to the 
Ase1/MAP65/PRC1 family of microtubule-associated proteins (MAPs) and 
plays an important role in cytokinesis. These proteins serve as rigid 
connections between MTs and can interact with other proteins. Each 
structural domain of the PRC1 protein seems to play its role but details 
remain unclear [4].  
We studied two different domains via a specific attachment of scattering 
labels. 3D maps of PRC1 on a single microtubule were measured and 
analyzed. We observe that each domain has a different behavior and we 
propose a new functional model of the interaction.  
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Nucleotide and Osmolyte Induced Folding of FtsZ from Staphylococcus 
aureus  
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Fernández-Tornero1, J.M. Andreu1. 
1Centro de Investigaciones Biológicas, CSIC, Madrid, Spain; 2Institute for 
Physical Chemistry Rocasolano, CSIC, Madrid, Spain. 
The essential bacterial cell division protein FtsZ uses GTP binding and 
hydrolysis to assemble into filaments that treadmill around the Z-ring, 
guiding septal wall synthesis and cell division. FtsZ is a structural homolog 
of tubulin and a target for discovering new antibiotics. We have found that 
purified FtsZ monomers from the pathogen S. aureus (SaFtsZ) require bound 
nucleotide to keep a folded structure in solution. Nucleotide-less apo-SaFtsZ 
is essentially unfolded, as assessed by NMR and CD, and crystallizes in a 
non-native structure. Addition of GTP (≥ 1mM) dramatically shifts the 
equilibrium towards the folded protein, rendering SaFtsZ active for 
assembly. Other mesophile FtsZs are also stabilized by nucleotide binding. 
Apo-SaFtsZ also folds in CD with glycerol, and other stabilizing osmolytes 
such as TMAO, ethylene glycol, betaine and proline, which enable high-
affinity GTP binding (Kd 20 nM in 3.4 M glycerol, determined by ITC) 
similar to thermophile stable FtsZ. We have devised a competition assay to 
detect any molecules that bind overlapping the nucleotide site of SaFtsZ or 
EcFtsZ, employing glycerol-stabilized apo-FtsZs and the specific 
fluorescence anisotropy change of mant-GTP upon dissociation from the 
protein. This robust assay provides a basis for robotic screening for high 
affinity GTP-replacing ligands, which combined with phenotypic profiling, 
may yield the next generation of FtsZ-targeting antibacterial inhibitors. 
Finally, by solving several SaFtsZ crystal structures, we identified a cavity 
behind the nucleotide-binding pocket that harbors distinct compounds, 
opening the way for designing extended inhibitors. 
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O-027  
Mechanically and biochemically induced pathways regulating integrin-
dependent cell adhesion 
D. Mueller. 
Nico Strohmeyer, Mitasha Bharadwaj, Patrizia Spoerri, Reinhard Fässler 
and Daniel J. Müller 
Integrin-mediated sensing of the biochemical and biophysical properties of 
the extracellular matrix (ECM) allows cells to control adhesion and 
signaling. Currently, the understanding emerges on how different integrins 
binding to the same ECM ligand cooperate during initiating adhesion and 
how cells sense and respond to mechanical cues sensed during adhesion 
initiation. First, we will report how fibroblasts during initiating adhesion 
respond to mechanical load by strengthening integrin-mediated adhesion to 
fibronectin in a biphasic manner. In moderate load regime, fibronectin-
engaged α5β1 integrins sense mechanical load via catch bonds and 
immediately trigger signaling cascades. This signaling activates additional 
integrins to bind fibronectin and to strengthen cell adhesion. If the 
mechanical load applied to fibronectin-bound α5β1 integrins exceeds a 
threshold, the bond properties of the individual integrins change and 
fibroblasts fail to activate additional integrins. This unique response to 
mechanical load regulates integrin-mediated adhesion much before visible 
adhesion clusters assemble. Additionally, we will report that αVβ3 integrins 
first outcompete α5β1 integrins for ligand binding and later induce signaling 
cascades that increases α5β1 integrin clustering. Finally, we will discuss 
how G-protein coupled receptors regulate the conformational equilibrium of 
α5β1 integrins and thereby regulate the adhesion formation of fibroblasts to 
fibronectin. The regulation of α5β1 integrins by GPCRs translates into 
changes in the spreading and migratory behavior of fibroblasts. The 
discussed results highlight how fibronectin-binding integrins coordinate 
adhesion initiation of fibroblasts to fibronectin via diverse signaling 
pathways and how these can be used to control cellular attachment 
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Molecular to cellular mechanics at short timescales 
F. Rico1, L. Leda2, R. Annafrancesca3. 
1Aix-Marseille Univ; 2U1067 Aix Marseille Université, Inserm, CNRS; 3Eq. 
MOSAIC, Inst Fresnel CNRS. 
The mechanical properties of living cells provide structural stability and 
mechanical flexibility, crucial for their function. Thus, molecular 
understanding of the mechanics of the cell is relevant to understand 
biological function. Atomic force microscopy (AFM)  [1]) is a unique 
technology that combines nanometric-imaging capabilities with piconewton 
force resolution. While conventional AFM has been extensively used to 
probe cell mechanics, its time resolution is limited to a few 
milliseconds  [2]. We have recently adapted high-speed AFM (HS-AFM) [3] 
to probe the mechanics of individual cytoskeletal proteins and adhesion 
complexes at microsecond time resolution, providing a more detailed 
description of the unfolding mechanism  [4–6]. We have also adapted HS-
AFM to probe the viscoelastic properties of living cells  [7]. Here, I will 
first introduce HS-AFM for force measurements on single cytoskeleton 
molecules. I will then show that probing cell mechanics at the shortest time 
scales (~10 µs) provides a description of the response of the ultimate 
components of the cytoskeleton. At high frequencies, cells exhibit rich 
viscoelastic responses that reflect the state of the cytoskeleton filaments. 
Compared to benign cancer cells, malignant cells revealed a remarkably 
different scaling law at short timescales compatible with a more tensed 
cytoskeleton. Microrheology over a wide dynamic range provides 
mechanistic understanding of cell mechanics and a univocal fingerprint, 
applicable to diagnosis or prognosis of disease. Finally, I will discuss the 
application of HS-AFM to determine other mechanical behavior of living 
cells, such as poroelasticity, with microsecond time resolution. 
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