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Research programme and achievements 

DNA organisation and segregation are inherently mechanical in nature. Understanding 
how cells organise and segregate genomes requires an understanding of molecular-
mechanical forces that drive their movements. The importance of this fundamental 
problem has been widely recognised, yet there have been very few attempts to address 
specific molecular mechanisms using single-molecule biophysics. This is mainly due to 
lack of appropriate physical tools to tackle mechanisms of DNA organisation at the single 
molecule level. The goal of our laboratory is to develop new physical tools and decipher 
molecular mechanisms and physical forces that rearrange and organise DNA.  
  
To achieve this, we pursue two lines of research. First, we have generated expertise in 
developing and using a combination of force spectroscopy and single-molecule 
microscopy to study molecular mechanisms of recombinant proteins in fully controlled in 
vitro experiments. To this end, we have collaborated with world-leading and pioneering 
biochemistry groups, which has led to the discovery of a highly conserved mechanism of 
cytoskeleton rearrangements, and provided novel mechanistic insights into chromatin 
organisation.   
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We continue this work in collaboration with groups both inside and outside the Crick. 
Inside, we collaborate with Frank Uhlmann’s group to understand the mechanics of sister 
chromatid cohesion establishment and maintenance. Outside the Crick we collaborate 
with Jan-Michael Peters at the Research Institute of Molecular Pathology in Vienna to 
understand how conformational changes in cohesin molecules generate mechanical work 
used to bend and shape DNA.   
  
In addition, we initiated a collaboration with Andela Saric’s group at the UCL Physics 
Department to explore quantitative mathematical models of cohesin function, which we 
believe will be essential to understand how cohesin works. Our physical measurements 
yield single-molecule rates and stiffnesses that will allow us to develop a coarse-grained 
mathematical model of cohesin and its interaction with DNA.   
  
The physical approaches that we developed aimed at measuring forces between 
individual cohesin molecules and DNA and between DNA interactions established by 
cohesins might be used in future to understand the role of cohesin mutations found in 
cohesinopathies in maintaining the physical stability of cohesin-DNA interactions. For 
example, our mechanistic analysis has the potential to uncover the role that regions with 
high-probability mutations such as those found in Cornelia-de-Lange syndrome or 
different cancers have in development and progression of the disease.   
  
Our second line of research is to develop new tools for applying and measuring forces 
generated by specific molecular mechanisms in live cells. Single-molecule approaches 
revolutionised cell biology due to their ability to quantify and manipulate the interactions of 
individual biomolecules. However, most experiments are done on purified molecules, and 
a paradigm change is required to bring these techniques into live cells. Two main 
challenges remain unsolved. First, in order to apply forces to specific molecules in cells, 
precise positioning of multiple force probes is required in live cells. Second, probes need 
to be specifically attached to the molecules of interest and avoid interaction with the rest 
of the cellular environment.  
  
To address these long-standing challenges, we are building on recent developments in 
magnetic micromanipulation, gene editing and crosslinker chemistry that together open 
up new ways to approach force measurement and manipulation in live cells.   
  
We are developing systems for generating microscale magnetic gradients to 
independently control positions of magnetic particles with high spatial resolution. We are 
investigating the use of magnetic tips and microwire matrices to generate micro-fields for 
manipulating particles at distances of 0.5 – 100 microns with forces going up to 100 pN. 
In parallel, we are investigating the chemistry that would allow us to bring magnetic 
probes and attach them in controllable ways to specific molecules inside cells, where 
microscale magnetic gradients will be used to apply and measure mechanical forces.  
  
The combination of these two approaches will enable us in future to perform highly 
precise mechanical manipulations of specific intracellular macromolecules and 
organelles, which we will use to understand the forces that rearrange and pass genomes 
from one generation to another.  

 

Research outputs 

Nöbauer T., Skocek O., Pernía-Andrade A., Weilguny L., Traub F.M., Molodtsov M.I., 
& Vaziri A (2017). Video rate volumetric Ca2+ imaging across cortex using seeded 
iterative demixing (SID) microscopy. Nat. Methods, 14(8):811-818. DOI: 
10.1038/nmeth.4341 
Obtaining signals from individual cells in tissues is challenging because they are blurred 
and deteriorated by tissue scatter. This is similar to looking at taillights of a car in front of 

https://doi.org/10.1038/nmeth.4341


you during a heavy rain and fog. Here we developed a sophisticated algorithm to capture 
locations and signals from individual cells in highly scattering tissue and dramatically 
reduced the time to generate such an image. This technique allowed to capture signals 
within a 3D mouse brain containing multiple layers of neurons. 
 
Molodtsov M.I., Mieck C., Dobbelaere J., Dammermann A., Westermann S., and 
Vaziri A. (2016) A force-induced directional switch of a molecular motor enables 
parallel microtubule bundle formation. Cell 167, p. 539-552. DOI: 
10.1016/j.cell.2016.09.029 
In order to divide, cells completely rearrange their cytoskeleton to form mitotic spindle. 
Many motor proteins are implicated in cytoskeleton microtubule rearrangements, but how 
different motors work together and how mechanical forces they generate influence 
rearrangements are not understood. Here we discovered a mechanism of microtubule 
organization fundamentally different from all known before. We showed that a two-protein 
system can use force generated by microtubule tips to guide growth of new microtubules 
along the pre-existing ones forming parallel microtubule bundles. The mechanism can 
account for the generation of parallel microtubule networks required for spindle assembly 
and cell polarization. 

 
Davidson I.F., Götz D. *, Zaczek M.P. *, Molodtsov M.I. *, Huis in ’t Veld P.J., 
Weissmann F., Litos G., Cisneros D., Ocampo-Hafalla M., Ladurner R., Uhlmann F., 
Vaziri A and Jan-Michael Peters. (2016) Rapid movement and transcriptional re-
localization of human cohesin on DNA. EMBO J. DOI: 10.15252/embj.201695402 
Cohesin is a ring‐shaped protein complex required for the spatial organization, 
expression, repair, and segregation of eukaryotic genomes. Multiple evidence suggests 
that in cells cohesin is recruited to specific genomic sites and then translocated by 
unknown mechanism that depends on transcription. It has also been suggested to move 
along DNA and form DNA loops leading to three‐dimensional genomic organization. Here 
we showed that single molecules of cohesin can move on DNA in a manner consistent 
with topological entrapment and can pass over some DNA‐bound proteins and 
nucleosomes. The molecules were constrained, however, by transcription and DNA‐
bound CTCF. These results indicate how transcription can provide directionality to 
cohesin movements with CTCF being a boundary element. 

 
Tinsley J.N. *, Molodtsov M.I. *, Prevedel R., Wartmann D., Espigulé-Pons J., Lauwers 
M., and Vaziri A (2016). Direct Detection of a Single Photon by Humans. Nature 
Communications 7, 12172. DOI: 10.1038/ncomms12172 
Rod cells in human eye are known to respond to individual photons. Yet whether single 
photon event can be perceived by a human brain remained a fundamental question. Here 
we have built a single photon quantum light source and developed mathematical model of 
human vision to show that humans are capable of distinguishing signals as low as just a 
single photon. 
 
Mieck C.*, Molodtsov M.I.*, Drzewicka K., van der Vaart B., Litos G., Schmauss G., 
Vaziri A., and Westermann S. (2015) Non-catalytic motor domains enable processive 
movement and functional diversification of the minus-end directed Kinesin Kar3. 
ELife 4:e04489. DOI: 10.7554/eLife.04489 
Kinesins are molecular motors responsible to transport along microtubules. They can 
have different structures, but all require two subunits that work together to create a 
walking-like movement. Here we discovered unconventional mechanism used by kinesin-
14 that has only one active subunit. We show that it can nonetheless move along 
microtubules and an advantage of such mechanism is that the movement of the motor can 
be easily reversed by external force. 
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