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Research programme and achievements 

All living organisms inherit their genomes in the form of chromosomes. The Chromosome 
Segregation Laboratory investigates molecular mechanisms that underpin chromosome 
segregation, in particular the contribution of structural chromosomal proteins to sister 
chromatid cohesion and mitotic chromosome formation. We also study how the cell cycle 
control network orchestrates faithful chromosome segregation. Advances over the past 
five years include:  
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Career History 

1997- 2000: Research Institute of Molecular Pathology (I.M.P.), Vienna, Austria  
Postdoctoral Fellow with Kim Nasmyth  
1995-1997: Memorial Sloan-Kettering Cancer Center, New York, USA  
PhD Student with Jerard Hurwitz-(Doctorate enrolled at the University of Tübingen, 
Germany)  

Major Awards, Honours and Prizes  

Fellow of the Royal Society, 2015 election  
EMBO Gold Medal, 2006  
EMBO Member, 2006 election  
Hooke Medal 2005 of the British Society for Cell Biology  
Balfour Lecturer 2003 of the Genetics Society  
EMBO Young Investigator 2002  
Promotionspreis 1997, Faculty of Chemistry and Pharmacology, University of Tübingen  

Membership of external committees, editorial boards, review panels, SABs etc 

Europe PMC and EMBL-EBI Literature Services Advisory Board (since 2017)  
Advisory Council, Institute for Quantitative Biosciences (IQB), University of Tokyo (since 
2017)  
EMBO Scientific Publications Advisory Board (2013 - 2018)  
EMBO Conference, Workshop and Practical Course Committee (2009 - 2013, chair 2013 - 
2016)  
EMBO/EMBL Symposia Committee (2013-2016)  



1. The biochemical reconstitution of topological loading of the cohesin ring onto DNA, as 
well as uncovering a structure-based mechanism for the DNA entry reaction into the 
cohesin ring. We also clarified the DNA exit mechanism and its cell cycle regulation by 
cohesin acetylation and we discovered a mechanism by which cohesin captures a second 
DNA which is likely important during the establishment sister chromatid cohesion.  
  
2. We described the roles of replication fork-associated protein factors Ctf4, Chl1 and 
Ctf18-RFC in the establishment of sister chromatid cohesion. Ctf4 recruits Chl1, which in 
turn contacts cohesin during DNA replication to prevent cohesin loss from chromatin as 
the replication fork passes. We found that Ctf18-RFC acts by enriching PCNA in the wake 
of the replication fork as a landing pad for the Eco1 cohesin acetyl transferase.  
  
3. We characterised the cell cycle regulation of the condensin complex and developed a 
joint computational and experimental approach to analyse how reduced dynamic 
condensin turnover in mitosis leads to mitotic chromosome formation in budding yeast, as 
well as how it changes the chromatin interaction landscape in fission yeast.  
  
4. We provided evidence of how Cdk-counteracting phosphatases control the 
phosphorylation timing of key cell cycle regulators to shape the timely progression of the 
cell division cycle, including by structural analysis of a new phosphatase substrate 
targeting motif.   
  
A key remaining puzzle in the chromosome biology field, that we will attempt to solve in 
the next five years, is the establishment of sister chromatid cohesion during DNA 
replication. What happens to the cohesin complex when the replication fork passes? How 
does cohesin ensure that replicated sister chromatids remain connected to each other? 
We aim to answer these question through the biochemical reconstitution of cohesion 
establishment during DNA replication. Taking advantage of our unique position at the 
Crick, next to John Diffley’s lab who have reconstituted complete eukaryotic chromatin 
replication, we will combine cohesin loading onto DNA with DNA replication in the 
presence of all known cohesion establishment factors. This will allow us to dissect what 
happens to cohesin during DNA replication so that it embraces both sister DNAs when 
the fork has passed.  
  
We will also continue to investigate other aspects of cohesin function, including the 
interplay between the local chromatin landscape and binding of the cohesin and 
condensin complexes to chromosomes, with important implications for the understanding 
of Cornelia de Lange syndrome and other human developmental disorders. We have also 
started to biochemically characterise the condensin complex to begin to evaluate different 
current models of mitotic chromosome formation. These studies will be conducted in 
parallel with our continuing work to decipher how phosphorylation timing of cell cycle 
regulators is established during the cell cycle through the interplay of kinases and 
phosphatases that act on each substrate.  

 

Research outputs 

Y. Murayama and F. Uhlmann. (2015) DNA entry into and exit out of the cohesin ring 
by an interlocking gate mechanism. Cell 163, 1628-1640. DOI: 
10.1016/j.cell.2015.11.030  
Building on our successful biochemical reconstitution of topological cohesin loading onto 
DNA, we completed the reconstitution of both dynamic loading as well as unloading. We 

https://doi.org/10.1016/j.cell.2015.11.030


realised that both loading and unloading follow a very similar trajectory through sequential 
ATPase and kleisin gates, only one of which can be open at any one time. This formed 
the basis for our unified DNA passage proposal both into and out of the ring.  
 

Y. Kakui, A. Rabinowitz, D. J. Barry and F. Uhlmann. (2017) Condensin-mediated 
remodeling of the mitotic chromatin landscape. Nat Genet. 49, 1553-1557. DOI: 
10.1038/ng.3938  
In addition to understanding the molecular mechanism by which SMC complexes work 
with DNA, we need to know the patterns with which these interactions occur in vivo. Here 
we probed how the condensin complex shapes intra- and intermolecular DNA interactions 
as chromosomes condense in mitosis. This uncovered a characteristic size-range of 
condensin-mediated intrachromosomal interactions in the hundreds of kb length scale. 
This provides a framework against which we can now develop models of how condensin 
achieves this.  
  
M. Godfrey, S. A. Touati, M. Kataria, A. Jones, A. P. Snijders and F. Uhlmann (2017) 
PP2ACdc55 phosphatase imposes ordered cell cycle phosphorylation by opposing 
threonine phosphorylation. Mol. Cell 65, 393-402. DOI: 10.1016/j.molcel.2016.12.018   
The eukaryotic cell cycle comprises a robustly ordered series of phosphorylation events. 
In this study, we show that the phosphatase PP2ACdc55 counteracts and thereby delays cell 
cycle phosphorylation by cyclin-dependent kinase specifically. Strikingly PP2ACdc55 
counteracts threonine but less so serine phosphorylation. This reveals an ordering 
principle based on the phospho-amino acid identity that might be also relevant in other 
signalling networks.  
  
Y. Murayama, C. P. Samora, Y. Kurokawa, H. Iwasaki and F. Uhlmann (2018).  
Establishment of DNA-DNA interactions by the cohesin ring. Cell 172, 465-477. DOI: 
10.1016/j.cell.2017.12.021  
SMC complexes not only topologically load onto one DNA, they engage in interactions 
between more than one DNA. Here we have biochemically reconstituted sequential 
entrapment of two DNAs by cohesin. Unexpectedly, this is only possible if the second 
DNA is a single stranded DNA. ds-ssDNA cohesion can then be converted to ds-dsDNA 
cohesion by DNA synthesis. This is reminiscent of what is found at replication forks where 
cohesin establishes sister chromatid cohesion.  
  
T. L. Higashi, P. Eickhoff, J. S. Sousa, J. Locke, A. Nans, H. R. Flynn, A. P. Snijders, 
G. Papageorgiou, N. O’Reilly, Z. A. Chen, F. J. O’Reilly, J. Rappsilber, A. Costa and 
F. Uhlmann. (2020) A Structure-Based Mechanism for DNA Entry into the Cohesin 
Ring. Mol. Cell 79 (6), 917–933. DOI: 10.1016/j.molcel.2020.07.013  
Cohesin is a ring-shaped protein complex that topologically entraps DNA to fulfil key 
functions in chromosome architecture. In a collaborative and multidisciplinary approach, 
we used cryo-EM, biochemical and biophysical techniques to describe how ATP-fuelled 
structural changes of the cohesin complex drive the DNA entry reaction into the cohesin 
ring. This solves one of the outstanding riddles in molecular biology.  
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