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1. Name 

Karol Kramarz 

2. Diplomas, degrees conferred in specific areas of science or arts, including the name of the 

institution which conferred the degree, year of degree conferment, title of the PhD dissertation  

• Doctor of Biological Sciences in the field of biology 

University of Wrocław, Faculty of Biological Sciences, Department of Genetics and Cell Physiology 

Title of the PhD dissertation: “The role of Rad5 (Rad8Sp) orthologs in DNA repair in Saccharomyces 

cerevisiae and Schizosaccharomyces pombe” 

Year of degree conferment: 30th June 2016  

Degree conferred by the act of Scientific Board of Faculty of Biological Sciences of  

University of Wrocław 

Supervisor: prof. dr hab. Robert Wysocki, co-supervisor: Dr. hab. Dorota Dziadkowiec 

• MSc in biotechnology, specialization in medical biotechnology: 

University of Wrocław, Faculty of Biotechnology, Department of Biotransformation 

Title of the Master thesis: “The paralogs of rad8+ in DNA repair” 

Year of degree conferment: 29th June 2011. Supervisor: Dr. hab. Dorota Dziadkowiec 

• BSc in biotechnology: 

University of Wrocław, Faculty of Biotechnology, Department of Biotransformation 

Title of the Bachelor thesis: “Checkpoints in the cell cycle of yeast Schizosaccharomyces pombe” 

Year of degree conferment: 17th September 2009. Supervisor: Dr. hab. Dorota Dziadkowiec 

3. Information on employment in research institutes or faculties/departments 

1.10.2021 – present – assistant professor, leader of Academic Excellence Hub – Research Centre for 

DNA Repair and Replication, Faculty of Biological Sciences, University of Wrocław, project: 

“Decoding SUMO-interactions at replication stress sites: mechanisms and consequences for genome 

maintenance”, period of realization: 1.10.2021 – 30.09.2025 (no. IDN.CBNDR 0320/2020/20) 

7.10.2016 – 31.05.2021 – postdoctoral fellow in Institut Curie, Paris-Orsay, France, in the team of  Dr. 

hab. Sarah Lambert (Team DNA Recombination, Replication and Genome Stability); self-funded in the 

period 1.03.2018 – 31.05.2021 by the funding from Fondation ARC pour la recherche sur le cancer on 

the project “Processing of replication forks at the nuclear periphery: Mechanism and impact on genome 

stability” (no. PDF20171206749) 

1.10.2015 – 30.09.2016 – junior assistant in Department of Genetics and Cell Physiology, Faculty of 

Biological Sciences, University of Wrocław 
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4. Description of the achievements, set out in art. 219 para 1 point 2 of the Act  

Scientific achievements presented in this application comprise a total of eight co-authored 

publications (six original research articles and two review papers) produced between 2020 and 2024. 

My main habilitation achievement consists of a series of related publications H1-H5. The second 

habilitation achievement comprises publications H6-H8. The focus of presented manuscripts is set on 

investigation of the mechanisms of the Schizosaccharomyces pombe cells response to replication stress, 

based on the research conducted after obtaining my Ph.D. degree. The articles in Nature 

Communications (H1) from 2020 and in Methods in Molecular Biology (H3) from 2021, where I am the 

leading co-author, were developed during my postdoctoral fellowship at the Institut Curie in France, in 

the team led by  Dr. hab. Sarah Lambert (fellowship in the years 2016-2021). The series includes also a 

research article published in Nucleic Acids Research (H2) in 2024 and a review in Genes (H5) from 

2021, where I am a co-corresponding author. Both works result from my continued collaboration with 

Dr. hab. Sarah Lambert’s group from Institut Curie after I started to run the team at the University of 

Wrocław on October 1, 2021. The series of the main achievement is concluded by a research article 

published in Nucleic Acids Research (H4) in 2021, where I am the second co-author. This publication 

is the result of collaboration with my PhD supervisor Dr. hab. Dorota Dziadkowiec from Faculty of 

Biotechnology University of Wrocław during my postdoctoral fellowship in France. 

The second scientific achievement consists of a series of thematically related, original research 

papers published in Journal of Cell Science (H6) in 2020, where I am the second co-author; in Plos One 

(H7) published in 2024, where I am a co-corresponding author; as well as a review article in DNA Repair 

(H8) from 2022, where I am the leading co-corresponding author. These works were carried out during 

my postdoctoral fellowship at the Institut Curie and during my employment at the University of 

Wrocław in collaboration with Dr. hab. Dorota Dziadkowiec. 

My contributions to the works constituting the habilitation achievements are detailed in 

subsections 4.1 for the main achievement and 4.2 for the second achievement. Declarations from co-

authors, which allow for delineation of my individual, substantive contribution to the presented works, 

are included in Annex No. 6, while copies of the publications comprising the described scientific 

achievements can be found in Annex No. 7. The confirmation of employment at the Institut Curie – the 

employment certificate – is included in Annex No. 8. 
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4.1 Title of the main scientific achievement  

“Spatial mechanisms of replication stress response in fission yeast Schizosaccharomyces pombe.” 

4.1.1 List of publications included in the main scientific achievement 

H1. Kramarz K, Schirmeisen K, Boucherit V, Ait Saada A, Lovo C, Palancade B, Freudenreich C, 

Lambert SAE (2020). The nuclear pore primes recombination-dependent DNA synthesis at arrested 

forks by promoting SUMO removal. Nature Communications, 11:5643. doi: 10.1038/s41467-020-

19516-z  

 

IF2024 = 14.7 

IF5-year = 16.1 

Polish Ministry of Science and Higher Education points 2024 = 200 

Number of citations according to SCOPUS excluding self-citations per 19.02.2025 – 35 

 

My contribution to the creation of the presented work: 

1. Participation in the development of the concept of research work (formulation of research 

hypotheses based on the pilot experiments and the existing state of knowledge, design of particular 

experiments). 

2. Funding acquisition for the project realization from Fondation ARC pour la recherche sur le cancer. 

I was the leader of the project entitled: "Processing of replication forks at the nuclear periphery: 

Mechanism and impact on genome stability" (grant no. PDF20171206749, timeframe: 1.03.2018 – 

31.05.2021). 

3. Designing and conducting the following experiments: 

- I demonstrated that LacO-LacI-mCherry marked dysfunctional replication forks are relocated 

within the nucleus to the nuclear envelope (visualized by nucleoporin Npp106-GFP) based on 

live cell imaging fluorescent microscopy techniques (Figure 1B-C). 

- I introduced to the team of Dr. hab. Sarah Lambert advanced live cell imaging techniques for 

measuring the mobility of a single arrested replication forks within the nucleus, based on the 

calculation of Mean Square Displacement (MSD). LacO-LacI-mCherry system was used to 

visualized blocked forks, nuclear envelope was marked with Npp106-GFP. Images from the 

confocal microscope collected at intervals of 1.5 s for 5 min were assembled and processed in 

the Fiji software1. Mobility measurements were performed using the SpotTracker2 macro in Fiji. 

This method enabled the analysis of replication fork mobility in the wild-type strain, slx8-29 

and pli1Δ mutants (Figure 1D, 3B, 5D). 
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- I introduced and optimized a technique for recording long time-lapse movies for the observation 

of live single cells, in order to obtain 30-minute confocal microscope videos, to assess the 

duration of interactions between LacO-marked dysfunctional replication forks and the nuclear 

envelope visualized by Npp106-GFP (Figure 1 F-H). 

- I optimized a chromatin immunoprecipitation (ChIP) followed by qPCR analysis to confirm the 

re-localization and anchoring of stalled forks to nuclear pore complexes or nuclear envelope 

proteins (Figures 1E, 2B, 4E, 5C). 

- I optimized and conducted analyses of replication intermediates at stalled forks using bi-

dimensional gel electrophoresis (2DGE) in SUMO-targeted ubiquitin ligase mutants 

Rfp1/Rfp2-Slx8 and E3 SUMO ligase Pli1 mutant (Figures 3F-G and 7A-B, as well as 

Supplementary Figure 3). 

- I performed or co-performed analyses of replication restart frequencies in SUMOylation 

pathway mutants and mutants of studied nucleoporins and the proteasome (Figures 3D, 4B, 5E, 

5G, 6B). 

- I optimized the Rad51 recombinase chromatin immunoprecipitation technique in a set of 

nucleoporin mutants and analyzed all obtained data (Figure 4C). 

- I conducted fluorescence in situ hybridization (FISH) analysis in nucleoporin mutants to study 

their impact on mRNA export from the nucleus to the cytoplasm (Supplementary Figure 4). 

- I performed chromosome migration analyses after hydroxyurea exposure using pulse field gel 

electrophoresis (PFGE) to investigate the impact of nup132+ and pli1+ gene mutations on the 

restart of stalled replication. Additionally, I demonstrated cell cycle progression delays in 

analyzed mutants using flow cytometry (Supplementary Figure 5). 

- I developed a genetic system for artificially tethering stalled replication forks to nuclear pores 

based on the expression of the Ulp1-LexA fusion protein and its strong binding to LexBS 

sequences integrated near the replication block. This system was validated using live-cell 

microscopy and chromatin immunoprecipitation of Ulp1-LexA-bound chromatin. 

Subsequently, measurements of replication restart frequency were performed in the nup132Δ 

mutant (Figures 6C-G). 

- I performed and optimized chromatin immunoprecipitation of single-stranded DNA-binding 

protein RPA in wild-type strains and pli1Δ mutants to visualize the length of resection at forks 

in the absence of the SUMO ligase Pli1 (Figure 7C). 

- I constructed the majority of yeast mutants used in all experiments. Additionally, I obtained a 

key genomic integrant, SUMO-KallR, crucial for the review process, enabling the assessment 

of the impact of polymeric SUMO chain formation on stalled fork re-localization and DNA 

synthesis restart. 
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- Based on the obtained results, I developed a model of stalled replication fork re-localization 

within the S. pombe nucleus (Figure 7D). 

4. Data analysis, statistical analysis and interpretation of results obtained both personally and by other 

co-authors. 

5. Supervision and coordination of the work performed by other contributors. 

6. Preparation of the manuscript draft and graphical presentation of all results (creation of figures and 

tables). Co-authorship in writing the manuscript. 

7. Conducting necessary experiments required by the reviewers, co-participating in the preparation of 

responses to the reviewers' comments. 

8. Editing the manuscript according to the reviewers' comments and preparing the final version of the 

work (Figures, main text, supplementary materials). 

 

H2.  Schirmeisen K, Naiman K, Fréon K, Besse L, Chakraborty S, Ait Saada A, Carr A, Kramarz K*, 

Lambert S* (2024). SUMO protease and proteasome recruitment at the nuclear periphery differently 

affect replication dynamics at arrested forks. Nucleic Acids Research, 52:8286-8302. doi: 

10.1093/nar/gkae526 

* co-corresponding author 

 

IF2024 = 16.6 

IF5-year = 16.1 

Polish Ministry of Science and Higher Education points 2024 = 200 

Number of citations according to SCOPUS excluding self-citations per 19.02.2025 - 5 

 

My contribution to the creation of the presented work: 

1. Co-authoring the research concept (formulation of research hypotheses based on pilot experiments 

that I conducted during postdoctoral fellowship and the existing state of knowledge, experiment 

design). 

2. Obtaining funding for the project during my postdoctoral fellowship from Fondation ARC pour la 

recherche sur le cancer for the project "Processing of replication forks at the nuclear periphery: 

Mechanism and impact on genome stability" (grant no. PDF20171206749), which I led. 

Additionally, the funding I obtained thanks to establishment of the Academic Excellence Incubator 

– Research Centre for DNA Repair and Replication (grant The Excellence Initiative – Research 

University no. IDN.CBNDR:0320/2020/20) enabled performing important experiments for the 

manuscript at the University of Wrocław. 
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3. Designing and conducting the following experiments: 

- Design and construction of yeast strains used in key experiments (Figure 1, Figure 6C-D) for 

the analysis of DNA polymerases utilization in next-generation sequencing for wild-type cells, 

the nup132Δ nuclear pore mutant, and the rpn10Δ proteasome-deficient mutant. I participated 

in data analysis and formulation of conclusions. 

- I demonstrated the role of specific nucleoporins from the 'nuclear basket' subunits in the cellular 

response to global replication stress through drop dilution sensitivity tests using genotoxic 

agents and pulse-field gel electrophoresis (PFGE) along with flow cytometry analysis of cell 

cycle progression (Supplementary Figure 1A-D). 

- I conducted replication restart frequency analyses for the nuclear basket nucleoporin mutants 

(Figure 2A-B), replication profile analysis using bi-dimensional gel electrophoresis (2DGE) of 

DNA fragments, and densitometric analysis of the resection level of blocked replication forks 

(Figure 2C-D). I prepared also yeast strains used in microscopy analysis expressing Npp106 

nucleoporin fused to GFP tag and the LacO-LacI-mCherry system to visualize blocked 

replication forks. I then investigated the interactions between blocked forks and nuclear pores 

in mutants devoid of nuclear basket subunits (Figure 2E-F). 

- I prepared a fusion construct of the SUMO protease Ulp1 with a C-terminal GFP tag (Ulp1-

GFP) and assessed protein levels in wild-type and nup132Δ strains using Western blot and live-

cell microscopy to validate the Ulp1-GFP construct, key for the manuscript (part of Figure 3A-

B). 

- I purified the Pmt3 protein (SUMO ortholog in S. pombe) and obtained polyclonal rabbit 

antibodies (anti-SUMO) and subsequently validated them based on the previously prepared 

pmt3Δ deletion mutant (lacking SUMO) as a negative control for Western blot. I developed a 

protocol for using the obtained antibody in Western blot (necessary for preparing Figure 3C). 

- I prepared in the H1 manuscript the SUMO-KallR mutant, which is unable to form polymeric 

chains, which was further used in analyses shown in Figure 3C and 5D-E and 6A. 

- I developed a genetic system for artificially tethering blocked replication forks to nuclear pores, 

based on the expression of a fusion protein Ulp1-LexA and its strong binding to the LexBS 

sequence integrated near the replication block (first used and validated in publication H1). This 

system was utilized in the experiments shown in Figure 5B-C. 

- I performed chromatin immunoprecipitation to check the binding of replication forks to nuclear 

pores in the nup60Δ mutant and wild-type strain after artificial tethering forks to the SUMO 

protease Ulp1-LexA and its strong binding to the LexBS sequence. This experiment was 

essential for responding to reviewers' comments (Supplementary Figure 5). It allowed us to 

demonstrate that artificially tethering forks to Ulp1-LexA does not affect the docking of active 

replication fork block to nuclear pores in the nup60Δ mutant and wild-type strain. 
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- I performed drop dilution assays to replication stress for nup132Δ and rpn10Δ mutants 

(Supplementary Figure 6A). 

4. Analysis and interpretation of my own results and the data obtained by collaborators. 

5. Supervision of the work of other contributors. 

6. Discussion and co-preparation of the manuscript draft. 

7. Co-authorship in manuscript writing. 

8. Co-preparation of responses to reviewers' comments, conducting some of the experiments required 

by reviewers. 

9. Editing the manuscript according to reviewers' comments and preparing the final version. 

 

H3. Kramarz K, Saada AA, Lambert SAE (2021). The Analysis of Recombination-Dependent 

Processing of Blocked Replication Forks by Bidimensional Gel Electrophoresis. In: Aguilera, A., 

Carreira, A. (eds) Homologous Recombination. Methods in Molecular Biology, vol. 2153. Humana, 

New York, NY. doi.org/10.1007/978-1-0716-0644-5_25 

 

IF2024 = n/a 

IF5-year = n/a 

Polish Ministry of Science and Higher Education points 2024 = 70 

Number of citations according to SCOPUS excluding self-citations per 19.02.2025 - 2 

 

My contribution to the creation of the presented work: 

1. Optimalization of the technique of bi-dimensional gel electrophoresis of DNA fragments in the 

laboratory of Dr. hab. Sarah Lambert. Performing representative experiments included in this work. 

2. Co-authoring the development of the concept and publication plan. 

3. Funding acquisition during my postdoctoral stay in the team of Dr. hab. Sarah Lambert thanks to 

the Fondation ARC pour la recherche sur le cancer for the project: "Processing of replication forks 

at the nuclear periphery: Mechanism and impact on genome stability" (grant no. PDF20171206749), 

which I led. 

4. Preparation of figures illustrating the stages of isolation of replication intermediates and the 

examples of final results that can be obtained using the presented method. 

5. Preparation of the original version of the manuscript. 

6. Participation in the creation of the final version of the manuscript. 
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H4. Muraszko J, Kramarz K, Argunhan B, Ito K, Baranowska G, Kurokawa Y, Murayama Y, 

Tsubouchi H, Lambert S, Iwasaki H, Dziadkowiec D (2021). Rrp1 translocase and ubiquitin ligase 

activities restrict the genome destabilising effects of Rad51 in fission yeast. Nucleic Acids Research, 

49:6832-6848. doi: 10.1093/nar/gkab511 

 

IF2024 = 16.6 

IF5-year = 16.1 

Polish Ministry of Science and Higher Education points 2024 = 200 

Number of citations according to SCOPUS excluding self-citations per 19.02.2025 - 3 

 

My contribution to the creation of the presented work: 

1. I conducted a pilot observation (Figure 1A), indicating that the mutation of rrp1+ gene significantly 

increases the toxicity of Rad51 recombinase overexpression, which served as the starting point for 

the project. 

2. I obtained the funding during my postdoctoral stay in the team of Dr. hab. Sarah Lambert from 

Fondation ARC pour la recherche sur le cancer for the project “Processing of replication forks at 

the nuclear periphery: Mechanism and impact on genome stability” (grant no. PDF20171206749), 

of which I was the leader. 

3. I designed and performed the key experiments in response to reviewers criticism, crucial for the 

positive completion of the review process and demonstrating the physiological role of Rrp1 protein 

in regulating Rad51 recombinase: 

• I introduced and optimized the immunofluorescence technique on fixed cells, and then 

performed the analysis of the accumulation of native Rad51 recombinase foci through 

immunofluorescence in the control strain and mutant lacking the Rrp1 translocase (Figure 

2A). 

• I optimized the chromatin immunoprecipitation of Rad51 recombinase and performed 

qPCR analysis of Rad51 binding to the centromere region, blocked replication forks, and 

control loci in the wild-type strain and mutant lacking Rrp1 protein (Figure 2F). 

4. Data analysis, statistical analysis, and interpretation of results obtained personally as well as by 

other contractors. 

5. I participated in discussing the content, critically editing the first version of the manuscript, 

preparing responses to reviewer comments, and the final version of the text. 

6. I developed a model of the interaction between Rrp1 protein and Rad51 recombinase (graphical 

abstract on the first page of the article). 
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H5. Schirmeisen K, Lambert SAE*, Kramarz K* (2021). SUMO-Based Regulation of Nuclear 

Positioning to Spatially Regulate Homologous Recombination Activities at Replication Stress Sites. 

Genes (Basel) 12:2010. doi: 10.3390/genes12122010 

* co-corresponding author 

 

IF2024 = 2.8 

IF5-year = 3.3 

Polish Ministry of Science and Higher Education points 2024 = 100 

Number of citations according to SCOPUS excluding self-citations per 19.02.2025 - 8 

 

My contribution to the creation of the presented work: 

1. Participation in the development of the concept and publication plan (selection of specific issues in 

the field of SUMOylation and the mobility of various types of DNA damage in the cell nucleus). 

2. Obtaining funding in frame of the Academic Excellence Incubator – Research Centre for DNA 

Repair and Replication (grant The Excellence Initiative – Research University number 

IDN.CBNDR:0320/2020/20) 

3. Preparation of the original version of the manuscript. 

4. Coordination and participation in the creation of figures visualizing the issues discussed in the 

review article.  

5. Participation in the creation of the final version of the manuscript, final editing of the text, 

preparation of responses to reviewers' comments. 

6. Sending the original and final version of the article to the publisher and handling the correspondence 

with the editorial office of the journal. 

 

 

SUMMARY 

Number of publications constituting the main achievement: 5 

Total IF of publications constituting the main achievement: 

in the year of submission (IF2024) of the application – 50.7 

IF5-year – 51.6 

Total score of the Ministry of Science and Higher Education for publications constituting the main 

achievement: 

in the year of submitting the application – 770 

Total number of citations to publications constituting the main achievement: 

 (without self-citations, according to SCOPUS as of February 19, 2025) – 53 
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4.1.2 Discussion of the main scientific achievement entitled “Spatial mechanisms of replication 

stress response in fission yeast Schizosaccharomyces pombe.” 

4.1.2.1 Introduction 

Cells are constantly exposed to DNA-damaging factors, both exogenous (e.g., UV radiation) 

and endogenous (e.g., reactive oxygen species). In each human cell, tens of thousands of DNA lesions 

occur daily, requiring efficient DNA repair mechanisms3. DNA damage can directly interfere with the 

replication of genetic information. The duplication of genetic material is a tightly regulated process that 

occurs in three stages4,5. Replication begins with initiation, which takes place at specific origins of 

replication (ori). During the elongation phase, replication forks, which form at ori, progress 

bidirectionally from the initiation sites. Replication forks are complex multimolecular structures that 

facilitate the local unwinding of the double helix and the synthesis of new DNA strands. In the 

termination phase, replication forks merge with converging forks traveling from the opposite direction. 

Although eukaryotic genomes contain multiple sites of replication initiation, only a subset of potential 

replication origins is activated during a single S phase to establish replication forks. The remaining, 

inactive ori are passively replicated by forks originating from adjacent sites. Excessive activation of 

replication origins can be detrimental to genome stability, as it potently depletes resources necessary for 

DNA synthesis, including the deoxyribonucleotide pool and essential replication factors6. On the other 

hand, slowed replication fork progression can trigger the activation of dormant ori, allowing completion 

of DNA replication before the cell enters mitosis. Changes in DNA replication dynamics are potentially 

hazardous and can lead to replication errors, contributing to genome instability. Alterations in DNA 

replication, collectively known as replication stress, manifest by stalling or slowing of the replication 

fork progression7. Replication stress can arise when replication forks encounter internal obstacles on 

DNA (e.g., tightly bound proteins on DNA or DNA-RNA hybrids), DNA damage, or secondary 

structures arising on the DNA template. Additionally, both the excess or insufficient activation of origins 

of replication and a lack of full coordination of replication during the cell cycle can lead to replication 

stress. Slowed or stalled replication forks can drive the activation of potentially mutagenic DNA repair 

pathways. Furthermore, replication stress increase the risk of the cell entering mitosis with unresolved 

intermediate replication structures8. This leads to the formation of specific DNA bridges at the sites of 

replication stress on unreplicated DNA, which, when stretched during mitosis, can break, resulting in 

DNA damage that is passed on to daughter cells9. Therefore, the activation of proper, tightly controlled 

DNA damage repair pathways and the resumption of DNA synthesis at stalled replication forks is crucial 

for maintaining the genomic stability of eukaryotic organisms. 

Homologous recombination (HR) enables both the repair of DNA double strand breaks (DSBs) 

and the reinitiation of stalled DNA synthesis during disrupted replication10,11. Mutations in genes 

encoding proteins that regulate DNA replication and HR are among the causes of aging and the 

development of cancers in humans12. These proteins, along with the repair mechanisms themselves, are 
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highly conserved and similar across eukaryotic organisms. Our current understanding of the metabolic 

processes that maintain genome stability is largely based on fundamental research conducted using 

model organisms such as baker’s yeast Saccharomyces cerevisiae and fission yeast 

Schizosaccharomyces pombe, which have provided key insights into the underlying DNA repair 

processes13. Importantly, the complexity of DNA repair in human cells, and the transformation of 

healthy cells into cancerous cells associated with defects in DNA repair, requires further investigation 

using various research models, including well-established simple unicellular organisms like S. pombe. 

During replication stress, single-stranded DNA (ssDNA) exposed at stalled replication forks is 

coated by the heterotrimeric RPA complex, which stabilizes ssDNA and prevents its degradation14. 

ssDNA-RPA fragments serve as a signal and binding platform for the recruitment of repair proteins14. 

Unrepaired stalled replication forks can be directly converted into DNA double strand break due to the 

dissociation of replication proteins and the replisome collapse, followed by the cleavage by 

endonucleases15,16. Yeast and human cells can utilize non-homologous end joining (NHEJ) or HR to 

protect against the loss of DNA strand continuity. The KU70-80 complex is a critical switch between 

HR and NHEJ17. KU70-80 blocks the initial resection of DNA ends (nucleolytic degradation of one 

DNA strand) by the MRN-Ctp1 complex at the site of DNA damage/arrested fork and facilitates DNA 

ligation – a process predominant in human cells, potentially increasing the risk of small 

deletions/insertions18. HR, catalyzed by the Rad51 recombinase, not only enables the resumption of 

DNA synthesis at blocked forks but is also required for efficient fusion with forks activated from the 

opposite replication origin10. The formation of a Rad51 nucleofilament is possible after the removal of 

RPA complexes from ssDNA by the main HR mediator, named Rad52 in yeast19. The nucleation of 

Rad51 on ssDNA involves additional mediator proteins that stimulate the formation and stabilization of 

the nucleofilament20. In the later stages of HR, mediator proteins assist in the exchange of homologous 

DNA fragments. The formation of the Rad51 nucleofilament on stalled replication forks leads to 

remodeling of fork structure by the recombinase. HR at replication forks must be tightly controlled due 

to the potential for uncontrolled chromosomal rearrangements, i.e., changes in chromosome structure, 

including the translocation, loss, or duplication of DNA fragments. 

Post-translational modifications (PTMs) of proteins are a key aspect of the regulation of cellular 

responses to replication stress, determining the choice and activation of the appropriate repair pathways 

as well as the recruitment of the relevant repair enzymes21. One of the essential PTM is SUMOylation 

– the covalent attachment of a small ubiquitin-like protein, SUMO (Small Ubiquitin-like Modifier), to 

substrate proteins22,23. SUMOylation contribute to the survival of eukaryotic cells and regulates DNA 

repair processes in both yeasts and higher eukaryotes, including humans. SUMOylation affects the 

stability, nuclear localization, and function of modified proteins. Numerous studies have shown that 

disturbances in the SUMOylation pathway can be one of the causes of neurodegenerative diseases and 

cancer in humans, and on a molecular level, lead to reduced DNA repair efficiency at replication stress 

sites and generally disrupt DNA replication dynamics24,25. Therefore, a detailed understanding of the 
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mechanisms of SUMOylation holds potential for the development of the new anti-cancer strategies, for 

example, through the inhibition of SUMO attachment, which could limit the proliferation of cancer 

cells26. Unfortunately, global inhibition of the SUMOylation pathway is toxic, and mutations in the 

major enzymes involved in SUMOylation often lead to lethality, as demonstrated in yeast and mouse 

models27,28. Consequently, acquiring the most detailed knowledge about SUMOylation mechanisms and 

their impact on cellular responses to replication stress is fundamental for developing new, more specific 

therapies and minimizing the side effects of SUMOylation inhibition. 

Similar to the ubiquitination, SUMO is attached to its substrates through an enzymatic cascade29. 

The SUMO molecule is first activated by the cleavage at the C-terminus by the SENP SUMO protease 

Ulp1. Next, SUMO undergoes transesterification by the E1 enzyme (Aos1-Uba2), allowing it to be 

transferred onto target proteins through the action of the E2 conjugating enzyme (Ubc9) supported by 

the two E3 SUMO ligases (Nse2 and Pli1 in S. pombe), which determine the specificity of the reaction30. 

Interestingly, in fission yeast SUMO is encoded by a single gene pmt3+, and its mutation does not lead 

to cell death, as described for the SUMO ortholog from S. cerevisiae (SMT3). However, lack of gene 

pmt3+ is associated with a severe growth defects and hyper-sensitivity to genotoxic substances. Multiple 

DNA repair proteins undergo SUMOylation by the attachment of SUMO to one or more lysine residues, 

generating mono-SUMOylation and multi-mono-SUMOylation, respectively. Subsequently, additional 

SUMO molecules can be attached to SUMO molecules already present on proteins, leading to the 

formation of polymeric SUMO chains (polySUMOylation). SUMO chains ca be recognized by SUMO-

targeted ubiquitin ligases (STUbLs), which can lead to the ubiquitination of SUMOylated proteins and 

their degradation by the proteasome31,32. SUMOylation can also be directly removed from target proteins 

through the activity of Sentrin/SUMO-specific proteases (SENP), Ulp1 and Ulp233,34. DNA damage or 

stalled replication forks serve as sites for the simultaneous attachment of SUMO molecules to multiple 

substrates, a phenomenon known as "SUMO clouds". Proteomic studies have shown that the collective 

SUMOylation of replisome proteins is essential for effective replication and DNA repair processes, 

although the exact substrates on the replication forks have not yet been fully described35. 

Some types of DNA damage, including replication forks arrested on repeated trinucleotide 

sequences (e.g., expanded CAG repeats), can be relocated within the nucleus to activate a specific repair 

pathway36. Current studies suggest that most double-strand breaks undergo repair in the central part of 

the nucleus. These processes are collectively classified as canonical homologous recombination, which 

is possible when homologous DNA donor sequences are available on the sister chromatid37. Similarly, 

most transiently stalled replication forks do not relocate within the nucleus. In cases of specific, difficult-

to-repair DNA damage or replication forks that are unable to reinitiate DNA synthesis, nuclear re-

localization is required to activate the alternative DNA repair pathways. This constitutes an additional 

level of control that helps to maintain genomic integrity. Importantly, the nuclear re-localization of DNA 

damage or stalled replication forks is coordinated by SUMOylation38–40. The dynamics and 

spatiotemporal localization of DNA repair within the nucleus are a relatively new area of research on 
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the cellular response to replication stress. Over the past two decades, studies using various model 

organisms (including yeast S. cerevisiae and fruit fly D. melanogaster) have shown that nuclear pore 

complexes (NPCs) serve as docking sites for persistently stalled replication forks, hyper-resected DSBs, 

and degraded telomeres41,42. Relocation to the nuclear envelope of these difficult-to-repair DNA lesions 

and stalled replication forks allows for the spatial segregation of repair processes within the three-

dimensional, highly crowded nuclear environment. 

The lipid-protein nuclear envelope, which separates the nucleoplasm of the nucleus from the 

cytoplasm, is penetrated by macromolecular nuclear pore complexes43. NPCs enable selective transport 

of proteins and RNA between the nucleus and cytoplasm, but they also play a crucial role in maintaining 

genomic integrity44,45. Each NPC is made up of multiple copies of approximately 30 different proteins, 

called nucleoporins. Nucleoporins assemble into distinct subcomplexes, which together form the 

structure of the nuclear pore. This structure includes eight cytoplasmic filaments, a symmetric central 

scaffold, and eight nucleoplasmic filaments that create the nuclear basket. The central scaffold consists 

of an inner ring complex, surrounded by the outer rings located on the cytoplasmic and nuclear sides. 

The inner ring forms a central channel enriched in FG nucleoporins, which mediate selective molecule 

transport. The main components of the outer rings are Y-shaped complexes, Nup107-160 (known under 

this name in humans and S. pombe, and as Nup84 complex in S. cerevisiae). NPCs exhibit strong 

interactions with the SUMOylation pathway: the SENP SUMO protease Ulp1, under normal conditions, 

is associated with the nuclear pore, and in S. cerevisiae cells, it was shown that the STUbL Slx8 can 

interact with the Nup84 protein from the Y-complex34,38. 

4.1.2.1 A detailed description of the results included in the main scientific achievement 

Multiple valuable insights into replication stress response were gained thanks to the genetic 

system developed by Dr. hab. Sarah Lambert in fission yeast, which enables blocking of an individual 

replication fork using RTS1-RFB (the RTS1 sequence to which the specific Rtf1 protein binds, forming 

a replication fork block, RFB)18,46,47. It has been demonstrated that the RTS1-RFB replication block, 

despite causing a strong replication arrest at the RTS1 sequence inserted in proximity to the ura4+ gene 

on chromosome III, does not lead to a replication fork collapse or the formation of double-strand DNA 

breaks48. This is a crucial feature of the RTS1-RFB system, as its processing within the nuclear space is 

not driven by the activation of double-strand break repair pathways, which can be relocated inside the 

nucleus38. The active RTS1-RFB block undergoes a controlled, two-step resection: first, a short ssDNA 

fragment is generated by the MRN-Ctp1 complex, and then the ssDNA is extended by the Exo1 

exonuclease18,47. This process allows recruitment of the Rad52 mediator protein, the removal of RPA 

from ssDNA, and then efficient binding of the Rad51 recombinase. 

In 2016, after joining the team of Dr. hab. Sarah Lambert at the Institut Curie, I initiated a new 

research project. My goal was to investigate whether the inducible, protein-mediated RTS1-RFB 
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replication block used in S. Lambert’s group could relocate within the nuclear space and interact with 

the nuclear envelope to facilitate the reinitiation of DNA synthesis in S. pombe cells. 

Upon activation of the RTS1-RFB block, the majority of cells exhibit the relocation of 

dysfunctional replication forks to the nuclear envelope, as I demonstrated using live-cell 

fluorescence microscopy techniques (Fig. 1, H1). The visualization of the RTS1-RFB block was made 

possible by integrating LacO repeats binding the LacI protein fused with the red fluorescent protein 

mCherry, which appeared as a single focus under the fluorescence microscope. To analyze the duration 

of the interaction between the active RTS1-RFB block and the nuclear envelope in detail, I optimized a 

time-lapse imaging technique using confocal microscopy. This allowed me to measure in individual 

cells the interaction times of RTS1-RFB with the nuclear envelope, visualized using the fluorescently 

labelled nucleoporin Npp106-GFP, a component of the inner ring of the NPC (Fig. 1, H1). Additionally, 

I analyzed the mobility of blocked replication forks based on the calculation of mean square 

displacement (MSD) and demonstrated that their ability to move within the nucleus is significantly 

reduced upon interaction with the nuclear envelope. This suggested that blocked replication forks are 

docked at the nuclear envelope. To confirm this, I adapted and optimized the chromatin 

immunoprecipitation (ChIP) technique for nucleoporin Npp106-GFP and provided evidence that 

blocked RTS1-RFB replication forks are specifically relocated and docked at nuclear pores rather 

than other nuclear envelope proteins (Fig. 1, H1). Using fluorescence microscopy and ChIP, I showed 

that blocked replication forks relocate to nuclear pores following endonucleolytic processing by the 

MRN-Ctp1 complex, which generates a short ssDNA fragment at the fork. The relocation to the NPC 

occurred after further activity of the HR mediator Rad52 and the recruitment of the Rad51 recombinase 

to RTS1-RFB. Interestingly, in contrast to findings obtained from S. cerevisiae and D. melanogaster, 

replication fork arrested by a strongly bound protein in the RTS1-RFB system required remodeling by 

Rad51 recombinase. In the rad51-II3A mutant, which allows Rad51 binding to DNA but prevents its 

catalytic activity47, RTS1-RFB relocation to NPC did not occur (Fig. 2, H1). Similarly to other model 

organisms, SUMOylation and the SUMO-targeted ubiquitin ligase Slx8 were required for the 

observed relocation of the active RTS1-RFB block and the efficient restart of DNA synthesis at 

the fork. My measurements of replication fork mobility, based on MSD calculations, revealed that Slx8 

is necessary for the proper targeting of active RTS1-RFB towards the NPC – loss of Slx8 resulted in 

significantly increased fork mobility (Fig. 3, H1). However, Slx8 did not affect the protection of 

replication forks from nucleolytic degradation by Exo1 (Fig. 3 and Supplementary Fig. 3, H1), as 

demonstrated using bi-dimensional gel electrophoresis (2DGE). This advanced molecular biology 

technique enables the visualization of replication profiles of selected genomic loci near active origins. 

Due to its complexity, despite being described in 1987 by Bonita Brewer and Walton Fangman49, 2DGE 

has been used by relatively few research groups over the past three decades. In 2020, Dr. hab. Sarah 

Lambert and I received an invitation from Dr. Aura Carreira and Prof. Andrés Aguilera to contribute a 

book chapter on the application of 2DGE in analyzing the processing of blocked replication forks by 
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recombination for Homologous Recombination – Methods and Protocols (H3). The detailed protocol 

and methodology, based on the experimental data from the RTS1-RFB locus, along with relevant 

examples, provide a valuable resource for a broader community of researchers studying cellular 

responses to replication stress. 

In S. cerevisiae cells mutants devoid of genes encoding nucleoporins from various NPC subunits 

exhibit sensitivity to genotoxic agents38. This suggests a role for the NPC in the cellular response to 

DNA damage and replication stress. To analyze the role of the NPC in restarting blocked replication 

forks in S. pombe, we investigated the effect of the nucleoporin Nup132 – the most abundant protein of 

the Y-complex in the outer ring of the nuclear pore. Nup132 was required for the efficient response to 

replication stress (Fig. 4, H1). nup132+ mutation significantly affected the ability of cells to complete 

replication inhibited by hydroxyurea (HU), as confirmed by the separation of whole chromosomes using 

pulse field gel electrophoresis (PFGE, Supplementary Fig. 5, H1). HU inhibits ribonucleotide reductase, 

leading to depletion of available deoxyribonucleotides and cell cycle arrest in S phase. Nup132 was also 

shown to promote recombination-dependent replication (RDR) restart of blocked replication forks post-

anchoring to the NPC and post-remodeling by the Rad51 recombinase (Fig. 4, H1). In the nup132Δ 

mutant, despite unperturbed RTS1-RFB relocation to the NPC, I observed almost a 50% 

reduction in the frequency of DNA synthesis resumption compared to the wild-type strain. This 

was determined using a genetic system based on a nonfunctional variant of the ura4+ gene, adjacent to 

the RTS1 block. In the parental strain, the ura4+ gene is inactive due to a 20-nucleotide duplication 

flanked by microhomology regions, that cause the slippage of restarted replisomes50. As a result of DNA 

synthesis resumption via RDR, the duplication is lost, restoring ura4+ functionality. This allows for 

monitoring cell counts and calculating replication restart frequency based on the growth of mutants on 

uracil-deficient selection plates. 

Deletion of the nup132+ gene causes delocalization of the SUMO protease Ulp1 from the 

NPC51. Moreover, the loss of Ulp1 localization at the nuclear pores results in a decrease in overall 

SUMOylation of proteins in S. pombe cells, as Ulp1 participates in the maturation of SUMO molecules 

(C-terminal trimming to expose the GG motif). At the same time, the delocalization of Ulp1 leads to the 

excessive degradation of the SUMO E3 ligase Pli151. Therefore, we tested the effect of the SUMO E3 

ligase Pli1, responsible for the majority (~90%) of SUMOylation in the cell52, including SUMO chain 

formation and the direct impact of polySUMOylation loss on the relocation and restart of replication 

forks. It was shown that in both the pli1Δ mutant and the SUMO-KallR mutant (where all lysines in the 

endogenous SUMO molecule were mutated to arginines, preventing the formation of SUMO chains), 

RTS1-RFB relocation to the NPC did not occur. Interestingly, the lack of SUMO chains led to an 

uncontrolled, significantly increased frequency of RDR-driven restart of DNA synthesis at 

blocked replication forks, occurring in the nucleoplasm (Fig. 5, H1). Due to the involvement of 

STUbL Slx8 in the relocation of RTS1-RFB to the NPC, the role of the proteasome in restarting DNA 

synthesis at blocked replication forks was investigated. For this purpose, I prepared a mutant lacking the 
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rpn10+ gene, which encodes a regulatory subunit of the proteasome. rpn10Δ is one of the few viable 

proteasome mutants (most proteasome genes are essential for cell viability). Furthermore, the absence 

of the rpn10+ gene results in defective degradation of ubiquitinated proteins53. I demonstrated that the 

rpn10Δ mutant showed no defect in RTS1-RFB relocation to the nuclear pores, but exhibited a decreased 

frequency of RDR compared to the wild-type strain. Genetic analysis between rpn10+ and nup132+ 

genes suggested independent effects of the proteasome and SUMO protease Ulp1 on fork restart. 

To confirm the role of Ulp1 in restarting blocked replication forks, I employed a strategy of artificially 

attaching Ulp1 to RTS1-RFB using a system based on a fusion protein Ulp1-LexA binding to a LexBS 

sequence inserted near the RTS1 sequence54. Artificial tethering of the Ulp1 protease to replication forks 

significantly increased the frequency of DNA synthesis restart in nup132Δ cells, indicating the necessity 

of deSUMOylation of replisome proteins as a regulatory factor for RDR (Fig. 6, H1). Given the impact 

of SUMO chains and the SUMO ligase Pli1 on the relocation and restart frequency of replication forks 

blocked at RTS1-RFB, the role of Pli1 at arrested replication fork was further investigated using bi-

dimensional gel electrophoresis. I showed that in the pli1Δ mutant, excessive resection at replication 

forks occurred (visible as a characteristic DNA structure in the form of a "tail" extending from the signal 

of replication fork-arrest towards a linear arc, Fig. 7, H1). In conclusion, polySUMOylation of 

proteins generated by the Pli1 ligase serves as an initiating factor for replication fork relocation 

to the NPC. On the other hand, Pli1 activity on replication forks is necessary for maintaining 

replisome integrity. Furthermore, replication forks must be remodeled by Rad51 recombinase for 

effective re-localization to nuclear pores, as summarized in the model (Fig. 7, H1). 

After publishing the above results and taking on the leadership of the Academic Excellence 

Incubator – Research Centre for DNA Repair and Replication at the University of Wrocław in October 

2021, we decided, together with Dr. hab. Sarah Lambert and her Ph.D. student Kamila Schirmeisen, to 

write a review article summarizing the current knowledge on SUMO-dependent re-localization of 

dysfunctional replication forks. The conducted studies (H1) suggested a different mechanism underlying 

the re-localization of a protein-mediated replication block compared to replication forks stalled at 

expanded trinucleotide CAG repeats in heterochromatin. In the protein-block system, not only was the 

catalytic activity of the Rad51 recombinase required – indicating fork remodeling – but also 

polySUMOylation, particularly the formation of SUMO chains on replisome proteins. In contrast to  

S. pombe, in baker’s yeast, mono-SUMOylation generated by Mms21 (Nse2 in S. pombe) was sufficient 

as a signal for re-localization, and Rad51 recombinase was loaded onto the stalled replication forks only 

after anchoring to the NPC55. It thus appears that, depending on the type of replication block, re-

localization to the NPC might be necessary, however, the Rad51 loading may either be required 

for transfer to the nuclear pore or remains strictly regulated after successful docking at the NPC 

(Fig. 2, H5). Based on these findings, a key question emerged: how is the appropriate DNA repair 

pathway activated depending on the type of DNA damage? It is known that SUMOylation acts as a link 

between processing or stabilization of stalled replication forks and their proper shift to the NPC. 



19 
 

Excessive SUMOylation, due to the absence of the STUbL Slx8, resulted in increased mobility of  

RTS1-RFB. Conversely, the lack of the SUMO E3 ligase Pli1, which significantly reduced overall 

SUMOylation levels, led to a decreased mobility of RTS1-RFB (H1). This confirms the role of 

SUMOylation in the spatial organization of DNA metabolism to ensure genome integrity. The 

mechanisms governing the re-localization of forks stalled at repeat sequences, such as multiple CAG 

repeats, differ from those involved in the re-localization of forks blocked by protein obstacles. Cells 

have evolved pathways that limit Rad51 access to repeated sequences to minimize undesired genome 

rearrangements caused by HR and to maintain repeat numbers at a stable level. In contrast, for 

replication blocks outside of repeated sequences, such regulatory pathways might reduce the efficiency 

of fork restart. Therefore, the mechanism for the RTS1-RFB protein block differs from those described 

for repeated sequences. These studies led to the formulation of an outstanding question in the article: 

which processes at the nuclear envelope and nuclear pore complexes ensure an efficient restart of 

DNA synthesis at stalled replication forks? (H5). 

During my employment at the Institut Curie, we established a collaboration with Prof. Antony 

Carr and Dr. Karel Naiman from Sussex University in England to investigate the dynamics of repair 

mechanisms at stalled replication forks controlled by the NPC. To achieve this, we planned to analyze 

polymerase usage by next-generation sequencing (polymerase usage–sequencing, pu-seq)56 at stalled 

RTS1-RFB forks in nup132Δ and rpn10Δ mutants. To perform the pu-seq analysis, during the time of 

my employment at the Institut Curie, I prepared a set of required mutants with complex genotypes, 

enabling increased ribonucleotide incorporation during DNA synthesis. This required introducing 

mutated catalytic subunits of the replicative polymerases δ and ε into strains carrying the RTS1-RFB 

block, as well as an RNase H2 mutation, which normally removes ribonucleotides incorrectly 

incorporated during replication. The increased presence of ribonucleotides on both the leading and 

lagging DNA strands allows tracking of the usage of mutated Pol δ or Pol ε on genomic DNA56. Pu-seq 

analysis under conditions of permanently inactivated replication block (RFB OFF) and after strong 

activation of replication stalling (RFB ON) revealed that forks restarted at the RTS1-RFB block are 

replicated in a non-canonical manner – both the leading and lagging DNA strands are replicated by 

polymerase δ56. This allows precise mapping of the restart site and determination of the process 

dynamics in the analyzed mutants. In the nup132Δ mutant, pu-seq analysis of two independently 

obtained clones showed that in the absence of a functional Y-complex, 40% of forks failed to 

efficiently restart DNA synthesis. However, those forks that successfully resumed replication 

maintained a replication speed comparable to that of the wild-type strain (Fig. 1, H2). 

Previous studies (H1) indicated that the observed decrease in DNA synthesis restart frequency 

at stalled RTS1-RFB forks in the nup132Δ mutant was due to the delocalization of the SUMO protease 

Ulp1 from the NPC. The localization of Ulp1 at nuclear pores in budding yeast is maintained through 

two mechanisms: via Y-complex nucleoporins and via nuclear basket nucleoporins57. Therefore, I 

initiated investigation on the role of nuclear basket nucleoporins in the restart of stalled replication forks, 
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as their function in S. pombe had not been previously investigated. The nuclear basket in S. pombe 

consists of five nucleoporins: Nup60, Nup61, Nup124, and Alm1, which can be deleted using standard 

genetic techniques, and Nup211, a protein encoded by the essential nup211+ gene58. First, I performed 

a standard analysis of the obtained mutants for sensitivity to genotoxic agents and found that the 

nup124Δ mutant did not exhibit sensitivity to the tested compounds. However, the growth of nup60Δ 

and nup61Δ mutants was inhibited in the presence of hydroxyurea. The loss of alm1+ resulted in 

hypersensitivity to both replication stress and DSBs induced by bleomycin. Next, I analyzed the ability 

of nuclear basket mutants to complete replication stalled by HU treatment (Supplementary Fig. 1, H2). 

Only the nup61+ mutation affected the ability of cells to complete replication, as visualized by the 

separation of whole chromosomes using PFGE. This indicates a differential involvement of 

individual nuclear basket nucleoporins in DNA repair processes. 

HU globally blocks replication, synchronizing cells at the beginning of the S phase of the cell 

cycle. To determine the role of the nuclear basket in the restart of stalled replication forks, the previously 

described RTS1-RFB system was used. Only in the absence of the nuclear pore proteins Nup60 and 

Alm1, the frequency of RDR restart was reduced by half compared to the control strain (Fig. 2, 

H2). In further analysis, I employed a technique of bi-dimensional gel electrophoresis of DNA fragments 

(according to the protocol presented in publication H3), which showed that activation of the RTS1-RFB 

block and resection at the stalled forks did not differ significantly from the profile observed in the wild-

type control strain. This indicated that controlled degradation of newly synthesized strands by Exo1, as 

well as stabilization of the block by recombinase Rad51, were not disrupted due to mutations in nuclear 

basket subunits. Based on these results, it was concluded that the replication restart defect observed in 

nup60Δ and alm1Δ mutants is not related to defects in the early processing steps of stalled replication 

forks (Fig. 2, H2). Considering that active RTS1-RFBs are relocated to the nuclear pore complexes,  

I used live-cell fluorescence microscopy (following the method introduced in publication H1) to analyze 

the localization of RTS1-RFB visualized through the LacO-LacI-mCherry system in the context of the 

nuclear envelope labelled with Npp106-GFP. Among the nuclear basket nucleoporin mutants analyzed, 

only in the alm1Δ mutant did I observe a failure of RTS1-RFB relocation to the nuclear envelope (Fig. 

2, H2). Based on the data obtained, we concluded that Nup60 and Alm1 promote replication 

restart in different ways: Nup60 after the forks anchorage to the NPC, while Alm1 before the 

docking of forks to the NPC. 

Due to the observed differences between the phenotypes of nuclear basket mutants, as well as 

the previously shown effect of Nup132 from the Y-complex on localization of the SUMO protease Ulp1 

at the NPC, we decided to examine the effect of nuclear basket nucleoporin mutations on the localization 

and expression of Ulp1. Deletion of the nup60+ gene, like the nup132+ gene, resulted in almost 

complete loss of Ulp1-GFP signal in live-cell microscopy and also caused a drastic reduction of the 

Ulp1 signal in Western blot analysis (Fig. 3, H2). This was associated with a decrease in the level of 

SUMO conjugates in the nup60Δ mutant, similar to the nup132Δ cells. The absence of the other nuclear 
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basket nucleoporins (Nup61, Nup124, and Alm1) had a slight effect on Ulp1 levels and did not lead to 

a reduction in SUMO conjugates. It suggested that Ulp1 was properly localized to the NPC in these 

nucleoporin mutants. Interestingly, detailed measurements of Ulp1 signal density at the nuclear 

envelope using a semi-automated image analysis method in the studied mutants showed that proper 

localization of Ulp1 at the NPC primarily requires the presence of Nup60, but also, to some extent, 

Nup124, while the influence of Nup211 was excluded (Fig. 4 and Supplementary Fig. 4, H2). 

Given the delocalization of Ulp1 in the nup60Δ mutant and the lack of re-localization of the 

active RTS1-RFB block in the alm1Δ mutant, we decided to investigate the effect of artificial tethering 

of the SUMO protease Ulp1 to RTS1-RFB in both mutants, using the previously described Ulp1-LexA 

– RTS1-LexBS system, developed in publication H1. Ulp1-LexA, in the presence of RTS1-LexBS-RFB, 

resulted in the constitutive attachment of replication forks to the NPC, regardless of the activity of the 

block in the wild-type strain. In the nup60Δ mutant, only the active block was relocated to the NPC, 

regardless of the expression of Ulp1-LexA, confirming the delocalization of Ulp1 from the NPC in this 

mutant and the lack of Ulp1 role in anchoring of the replication forks to the NPC. I performed a 

chromatin immunoprecipitation of Npp106-GFP and demonstrated that active RTS1-RFB 

interacted with the NPC regardless of artificial tethering to Ulp1-LexA, both in the wild-type 

strain and in the nup60Δ mutant, where Ulp1 is not present at the NPC (Fig. 5 in Supplement, 

H2). Due to the altered re-localization of RTS1-RFB in the alm1Δ mutant, as well as the unaffected 

presence of Ulp1 at the NPC in this strain, artificial tethering of Ulp1-LexA to RTS1-RFB resulted in 

constitutive attachment of the forks to the NPC, regardless of the replication block activity (Fig. 5, H2). 

In the next stage, we analyzed the frequency of RDR restart in the context of the artificially tethered 

Ulp1-LexA to RTS1-LexBS-RFB and found that the restart defect in the nup60Δ mutant was alleviated 

by directing Ulp1 to the active block, whereas Ulp1 was not responsible for the defect observed in the 

alm1Δ mutant. Furthermore, the inability to form SUMO chains (by introducing the SUMO-KallR allele, 

obtained in publication H1) increased the restart frequency only in nup60Δ, with no effect on alm1Δ 

cells. This suggested that the nuclear pore proteins Nup60 and Alm1 coordinate independent 

mechanisms for the restart of replication forks. Research by Rafael Daga’s team showed that Alm1 plays 

a key role in the proper localization of the proteasome at the nuclear envelope59. In publication H1, it 

was shown that the proteasome activity is required for RDR, via a pathway independent of the SUMO 

protease Ulp1. Considering Alm1's role in the proteasome localization, a detailed analysis of the 

proteasome's role in the restart of blocked replication forks was conducted using the rpn10Δ mutant, 

obtained in publication H1. The strain lacking the rpn10+ gene is sensitive to genotoxic compounds 

and, in addition to ubiquitin conjugates, also accumulates SUMOylated proteins (Supplementary Fig. 6, 

H2). Interestingly, introducing the SUMO-KallR mutation did not alleviate the RDR defect in the 

rpn10Δ strain, despite inhibiting the accumulation of poly-SUMOylated proteins. This is reminiscent of 

the situation described in the double mutant SUMO-KallR alm1Δ, where inactivation of 

polySUMOylation also did not alleviate the RDR defect (Fig. 5, H2). In summary, genetic data 
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suggested that Alm1 influences replication restart by coordinating proteasome activity. To investigate 

the role of the proteasome in DNA synthesis resumption dependent on HR, we performed a polymerase 

usage analysis in the rpn10Δ mutant at the RTS1-RFB block. The usage of polymerase δ below  

RTS1-RFB suggested that, compared to the wild-type strain, around 85% of replication forks were 

arrested and effectively restarted in rpn10Δ cells. However, the slope of the polymerase δ usage curve 

was much steeper in rpn10Δ compared to the wild-type strain, indicating slower DNA synthesis at 

the forks or instability of the replication forks after the restart (Fig. 6, H2). This slow/unstable 

replication results in an increased number of forks replicating the analyzed locus from the opposite 

origin. This scenario significantly differs from the pu-seq observations for the nup132Δ mutant, where 

the number of restarted forks was reduced by nearly half, but those forks on which DNA synthesis was 

resumed progressed at normal speed, resembling the profile observed in the wild-type strain. In 

conclusion, the presence of the SUMO protease Ulp1 and the proteasome at the nuclear pores is essential 

for regulating the resumption of DNA synthesis dependent on HR. Nup132 from the Y-complex and 

Nup60 from the nuclear basket ensure proper localization of Ulp1, which allows efficient initiation 

of DNA synthesis at blocked replication forks after their anchorage to the nuclear pores. Alm1 

from the nuclear basket is required for proper localization of proteasomes at the nuclear envelope. The 

role of the proteasome is to maintain proper speed of restarted forks. These pathways are 

independent of each other, and their cooperation is required for full restart efficiency (graphical abstract, 

H2). 

As mentioned in the introduction, Rad51 recombinase binds to single-stranded DNA, but in 

order to perform its diverse functions, both in DSB repair and in the stabilization and restart of 

replication forks, it must also interact with double-stranded DNA (dsDNA)60. Due to the potential 

toxicity of Rad51-dsDNA complexes, specific enzymes, such as DNA helicases and translocases, can 

remove Rad51 from both single-stranded and double-stranded DNA. Expression of the RAD51 gene in 

human cells is often elevated due to mutations in the p53 protein, making Rad51 recombinase tend to 

be overproduced in cancer cells, thereby increasing their resistance to DNA damage and chemotherapy 

drugs61. It has also been shown that overproduction of Rad51 is toxic to S. pombe cells62. Shortly before 

beginning my work at the Institut Curie in 2016, I observed that deletion of the gene encoding the protein 

Rrp1 led to a dramatic increase in the toxicity of overproduced Rad51 recombinase in S. pombe cells 

(Fig. 1, H4). This served as the starting point for characterizing the relationship between the Rrp1 

protein, previously described as a mediator of HR63, and Rad51 recombinase, which became the focus 

of doctoral project of Jakub Muraszko under the supervision of Dr. hab. Dorota Dziadkowiec. First, it 

was shown that increasing Rrp1 levels alleviates the toxic effect of Rad51 overproduction (Fig. 1, H4). 

To characterize the physiological role of Rrp1, I optimized a method to measure the level of native 

Rad51 foci on chromatin using immunofluorescence in both the wild-type strain and the rrp1Δ mutant. 

I demonstrated that the rrp1+ mutation led to a significant increase in the number of endogenous 

Rad51 foci (Fig. 2, H4). The observation of an increased number of Rad51 foci in the rrp1Δ mutant 
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raised the question of which chromosomal regions Rad51 binds to in the absence of the rrp1+ gene. To 

address this, I performed a chromatin immunoprecipitation of recombinase (according to ChIP 

protocol developed in publication H1) and demonstrated that Rad51 binds more strongly to 

centromeres in the rrp1Δ mutant (Fig. 2, H4). As a control, I used RTS1-RFB, a replication block 

used in the aforementioned publications (H1-H5), which serves as a binding site for Rad51, allowing us 

to conclude that Rrp1 regulates only the fraction of Rad51 directed to centromeres and not to 

blocked replication forks by the strongly bound protein complex. Takuro Nakagawa’s team showed 

that Rad51 in the wild-type strain binds to centromeres during replication64, and the data obtained in 

publication H4 suggested that this binding might be regulated by the Rrp1 protein. The interaction 

between Rrp1 and Rad51 was directly shown by co-immunoprecipitation and confirmed genetically in 

a yeast two-hybrid assay (Fig. 3, H4). Rrp1’s activity as a DNA translocase removing Rad51 from 

dsDNA was demonstrated through several biochemical analyses on purified proteins (Fig. 4 and 

Supplementary Fig. 2, H4). Interestingly, biochemical analyses also indicated binding of Rrp1 to Rad51 

complexes on ssDNA, but it did not lead to the removal of Rad51 from ssDNA, highlighting the effect 

of Rrp1 on a specific subfraction of the recombinase present on dsDNA (Supplementary Fig. 3, H4). 

The paper also demonstrated the role of Rrp1 as an ubiquitin ligase, with Rad51 as its substrate (Fig. 5, 

H4). Altogether, these studies enabled the proposal of a probable mechanism for the regulation of Rad51 

recombinase at the centromere by the DNA translocase Rrp1 (graphical abstract, H4). 

The publications included in my main habilitation achievement enabled the understanding of 

the spatial regulation of the mechanisms involved in the restart of blocked replication forks in the nuclei 

of S. pombe cells. The studies provided insights into the role of nuclear pores, the SUMO protease Ulp1, 

and the proteasome in the resumption of DNA synthesis at blocked replication forks. The role of Rad51 

recombinase in these processes was also analyzed, and a new regulator of Rad51, the Rrp1 protein, was 

described, with its functions more thoroughly characterized in section 4.2, as part of the second 

habilitation achievement presented in this application. 

4.1.2.3 Summary of the most important results and their impact on the development of the field: 

1. Replication forks stalled at the RTS1-RFB protein blockade are relocated to nuclear pores, which 

requires the formation of a Rad51 recombinase nucleofilament on ssDNA at the fork and the enzymatic 

activity of Rad51 recombinase. 

2. The relocation of RTS1-RFB to the NPC requires poly-SUMOylation of replisome proteins, and the 

SUMO ligase Pli1 acts at replication forks to protect the integrity of newly synthesized DNA strands. 

3. Relocated replication forks to NPC undergo proteasomal activity and deSUMOylation by the SUMO 

protease Ulp1. 
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4. The RDR recombination-dependent replication mechanism spatially separates successive stages of 

fork restart. Rad51 binding and activity occur in the nucleoplasm, while DNA synthesis resumption 

takes place after the removal of SUMO conjugates from the replisome, post-anchoring to the NPC. 

5. Nuclear pores create a space within the nucleus rich in SUMO protease Ulp1 and proteasomal 

activities, which perform distinct roles during the replication stress response. 

6. SUMO protease Ulp1 at the NPC is crucial for the efficient resumption of DNA synthesis at arrested 

replication forks. 

7. Proteasomes associated with the NPC modulate DNA synthesis dynamics after replication fork restart, 

independently of polySUMOylation. 

8. Bi-dimensional gel electrophoresis (2DGE) of the RTS1-RFB region allows the analysis of replication 

fork profiles stalled at a specific locus in the genome in the context of mutations in genes encoding 

proteins involved in DNA repair pathways, including homologous recombination. 

9.  SUMOylation modifies the functions of various DNA repair proteins, including those involved in 

HR, allowing control over the repair processes in space and time. 

10. Regulation of Rad51 activity has a crucial impact on genome stability. The DNA translocase Rrp1 

regulates the extent of Rad51 binding to centromeres, where excessive recombinase accumulation can 

lead to centromere structure destabilization. 

The studies included in the publications selected for my main habilitation achievement provided 

new insights into the cellular organization of the replication stress response in the model organism 

fission yeast Schizosaccharomyces pombe. These discoveries contribute to a more complete 

understanding of the DNA repair processes that resolve replication stress and maintain genome stability 

in eukaryotic cells. Importantly, the DNA repair mechanisms and cellular responses to replication stress 

in yeast are similar to those in human cells. Therefore, the presented findings not only expand our 

knowledge, but may also have practical implications for improving existing anticancer therapies that 

rely on inducing replication stress in cancer cells or reducing the activity of homologous recombination 

in tumors. 
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4.2 Title of the second scientific achievement 

“The role of Rrp1 and Rrp2 proteins from the SWI2/SNF2 family of DNA translocases and Srs2 

helicase in maintaining genome stability in cells of yeast Schizosaccharomyces pombe.” 

4.2.1 List of publications included in the main scientific achievement 

H6. Barg-Wojas A, Muraszko J#, Kramarz K#, Schirmeisen K, Baranowska G, Carr AM, Dziadkowiec 

D (2020). Schizosaccharomyces pombe DNA translocases Rrp1 and Rrp2 have distinct roles at 

centromeres and telomeres that ensure genome stability. Journal of Cell Science, 133:jcs230193.  doi: 

10.1242/jcs.230193,  

#equal contribution 

 

IF2024 = 3.3 

IF5-year = 3.9 

Polish Ministry of Science and Higher Education points 2024 = 140 

Number of citations according to SCOPUS excluding self-citations per 19.02.2025 - 1 

 

My contribution to the creation of the presented work: 

1. Edition of the initial version of the manuscript. 

2. Participation in the review process, preparation of responses to reviewers comments during 

subsequent rounds of the review, and editing successive versions of the manuscript throughout the 

article review process. 

3. Designing and conducting the key experiments in response to reviewer criticism, which was crucial 

for the successful completion of the review process: 

- I performed the live-cell fluorescence microscopy analysis to determine the number of RPA 

protein foci after overexpression of Rrp1 and Rrp2 (Figure 1C). 

- I introduced and optimized the chromatin immunoprecipitation technique for centromeric 

histone CFP-Cnp1 and I analyzed its binding at the centromere region using qPCR in a control 

strain and after overexpression of Rrp1 or Rrp2, demonstrating their role in maintaining proper 

centromere organization (Figure 2A-B). 

- I showed the disruption of centromere organization following Rrp1 and Rrp2 overexpression 

using live-cell fluorescence microscopy of centromeric histone CFP-Cnp1 (Figure 2C). 

- I conducted the co-localization imaging of Rrp1-EGFP and Rrp2-EGFP with Swi6-ECFP using 

live-cell confocal microscopy (Supplementary Figure 3A). 

- I performed a chromatin immunoprecipitation of overexpressed Rrp1-EGFP or Rrp2-EGFP and 

subsequent qPCR analysis to determine their binding to centromere, confirming Rrp1-EGFP 

interaction with the centromere core (Supplementary Figure 3B). 
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4. Statistical analysis and interpretation of results obtained both personally and by other researchers. 

5. Contribution to figure preparation. 

6. Participation in discussions on the manuscript content and preparation of the final version of the 

manuscript. 

H7. Baranowska G, Misiorna D, Białek W, Kramarz K*, Dziadkowiec D* (2024). Replication stress 

response in fission yeast differentially depends on maintaining proper levels of Srs2 helicase and Rrp1, 

Rrp2 DNA translocases. Plos One, 19:e0300434. doi: 10.1371/journal.pone.0300434,  

* co-corresponding author 

IF2024 = 2.9 

IF5-year = 3.3 

Polish Ministry of Science and Higher Education points 2024 = 100 

Number of citations according to SCOPUS excluding self-citations per 19.02.2025 - 0 

 

My contribution to the creation of the presented work: 

1. Co-authorship in writing the initial version of the manuscript and preparing the figures. 

2. Obtaining the funding for the project and covering the open-access publication costs thanks to my 

leadership of the Academic Excellence Incubator – Research Centre for DNA Repair and 

Replication (grant The Excellence Initiative – Research University number 

IDN.CBNDR:0320/2020/20). 

3. Designing the experiments to investigate the role of analyzed proteins in the cellular response to 

replication stress: 

- I optimized the pulse field gel electrophoresis (PFGE) technique for whole chromosome 

separation at the University of Wrocław. Subsequently, I performed the analysis of replication 

intermediate resolution in mutant strains lacking rrp1⁺, rrp2⁺, and srs2⁺ genes (Figure 1A-B). 

- I measured the DNA content under experimental conditions established for PFGE using flow 

cytometry for the studied mutants (Figure 1C). 

- I introduced, optimized and performed the bi-dimensional gel electrophoresis of DNA 

fragments at the University of Wrocław to visualize the replication profile of ribosomal DNA 

(rDNA) in wild-type and srs2Δ mutant strains (Figure 3C-E). 

- I developed a conceptual model illustrating the activity of Rrp1, Rrp2, and Srs2 proteins at 

specific genomic sites (Figure 7). 

- I created a diagram depicting homologous recombination pathways in the context of the 

analyzed srs2⁺, rrp1⁺, and rrp2⁺ genes (Supplementary Figure 1A). 

4. Statistical analysis and interpretation of results obtained both personally and by other contractors. 

5. Supervision and coordination of the work of other team members. 
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6. Designing and conducting additional experiments required by reviewers, as well as contribution to 

the preparation of responses to reviewer comments. 

7. Submission of the initial and final versions of the manuscript to the publisher and handling the 

correspondence with the journal editorial team. 

 

H8. Kramarz K*, Dziadkowiec D* (2022). Rrp1, Rrp2 and Uls1 - Yeast SWI2/SNF2 DNA dependent 

translocases in genome stability maintenance. DNA Repair (Amst), 116:103356. doi: 

10.1016/j.dnarep.2022.103356. 

* co-corresponding author 

 

IF2024 = 3 

IF5-year = 3.7 

Polish Ministry of Science and Higher Education points 2024 = 140 

Number of citations according to SCOPUS excluding self-citations per 19.02.2025 – 1 

 

My contribution to the creation of the presented work: 

1. Co-authorship in developing the concept and plan for the publication (selection of specific topics 

related to the activity of Rad5-like DNA translocases and their interactions with the SUMOylation 

pathway). 

2. Funding acquisition through the Academic Excellence Incubator – Research Centre for DNA Repair 

and Replication (grant The Excellence Initiative – Research University number 

IDN.CBNDR:0320/2020/20). 

3. Preparation of the initial version of the manuscript. 

4. Co-authorship in the preparation of figures visualizing the topics addressed in the review article. 

5. Co-authorship in the creation of the final version of the manuscript, including the final text editing 

and preparation of responses to reviewer comments. 

6. Submission of the initial and final versions of the article to the journal and handling correspondence 

with the journal editorial team. 
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SUMMARY 

Number of publications constituting the second achievement: 3 

Total IF of publications constituting the second achievement: 

in the year of submission (IF2024) of the application – 9.2 

IF5-year – 10.9 

Total score of the Ministry of Science and Higher Education for publications constituting the main 

achievement: 

in the year of submitting the application – 380 

Total number of citations to publications constituting the main achievement: 

 (without self-citations, according to SCOPUS as of February 19, 2025) – 2 

4.2.2 Discussion of the second scientific achievement entitled “The role of Rrp1 and Rrp2 proteins 

from the SWI2/SNF2 family of DNA translocases and Srs2 helicase in maintaining genome 

stability in cells of yeast Schizosaccharomyces pombe.” 

4.2.2.1 Introduction 

During my Ph.D. studies under the supervision of Prof. Robert Wysocki and Dr. hab. Dorota 

Dziadkowiec, I conducted research aimed at description of the new regulators of homologous 

recombination, in particular Uls1 protein from S. cerevisiae and the Rrp1-Rrp2 proteins from S. pombe. 

The results of these studies were published in articles D1, D2 (described in section 4.4.1), and also in 

article P1, which was published after I obtained my doctoral degree (described in section 4.4.2). These 

works served as a starting point for the research that forms my second habilitation achievement. 

DNA translocases from the SWI2/SNF2 family are the enzymes that regulate numerous cellular 

processes, including DNA replication, transcription, and DNA repair65. Proteins belonging to the 

SWI2/SNF2 family posses the ability to hydrolyse ATP to actively move along dsDNA66. The torsional 

tension generated on DNA as a result of translocation enables chromatin remodeling or the movement 

of proteins present on DNA. ATP hydrolysis by DNA translocases from the SWI2/SNF2 family is 

possible due to the presence of the SNF2_N (DExx) and Helicase_C domains in their structures. 

Furthermore, DNA translocases from the SWI2/SNF2 family may contain additional domains 

responsible for interactions with proteins, including histones (e.g., bromodomains, chromodomains, or 

RING-type domains). DNA translocases exhibit structural similarity to helicases; however, they are 

unable to separate double-stranded DNA67. 

One of the key enzymes belonging to the SWI2/SNF2 family is the Rad5 protein from  

S. cerevisiae (Rad8 in S. pombe, HLTF and SHPRH in humans). Rad5 combines the characteristics of 

a DNA translocase thanks to the presence of SNF2_N (DExx) and Helicase_C domains, as well as an 

ubiquitin ligase due to the presence of the RING domain. Rad5 acts as a switch between two pathways 

for repairing DNA damage that disrupts replication: translesion synthesis (TLS), which employs low-
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fidelity polymerases, and template switching (TS)68. The choice of the relevant repair pathway is 

mediated through SUMOylation or ubiquitination of the homotrimeric PCNA complex (Proliferating 

Cell Nuclear Antigen), which ensures DNA polymerase processivity at replication forks. Rad5 promotes 

PCNA polyubiquitination, thereby activating TS, which allows the bypass of DNA damage blocking 

replication through homologous recombination68. In S. cerevisiae, it was shown that during unperturbed 

replication, PCNA is SUMOylated, serving a protective function against inappropriate HR activity at 

replication forks. It was proposed that SUMOylated PCNA recruits the Srs2 helicase, which possesses 

anti-recombination properties, thereby preventing unwanted genome rearrangements69. One of the 

orthologs of Rad5 in S. cerevisiae is the Uls1 protein. Initially, Uls1 was described as a DNA translocase, 

similar to the well-characterized Rad54 and Rdh54 proteins70. Research conducted as a part of my 

Ph.D. work, published after obtaining my Ph.D. degree, provided new experimental data that 

allowed Uls1 to be classified as a SUMO-targeted ubiquitin ligase, with the Srs2 helicase as its 

substrate. I demonstrated a physical interaction between Uls1 and PCNA during unperturbed 

replication, indicating the presence of Uls1 at replication forks during DNA duplication. Since it was 

shown that Srs2 can be SUMOylated and that the SUMOylated form of Srs2 exhibits pro-

recombinogenic properties71, the presence of SUMO-Srs2 near replication forks could lead to premature 

or excessive recruitment of HR proteins. Uls1 activity resulted in the degradation of the SUMOylated 

Srs2 subfraction, thereby increasing the affinity of unmodified Srs2 for PCNA (P1). 

Parallel to the investigation on Uls1, I continued to study its orthologs in S. pombe – Rrp1 and 

Rrp2. Initial observations suggested that Rrp1 and Rrp2 played an equal role as mediators of 

homologous recombination in the Swi5-Sfr1 complex-associated pathway72. In S. pombe, the Rad51 

nucleofilament can be formed through two independent mediator complexes: Rad55-Rad57 and the 

aforementioned Swi5-Sfr173. Rrp1 and Rrp2 exhibit a similar function in the Swi5-Sfr1-dependent HR 

pathway, redirecting repair processes towards synthesis-dependent strand annealing (SDSA), as 

demonstrated in publication D1. Interestingly, studies from other groups revealed differences between 

the roles of Rrp1 and Rrp2 in DNA metabolism. The group led by Li-Lin Du indicated that Rrp2 could 

function independently of Rrp1 to protect cells from topoisomerase II-dependent DNA damage74. In the 

rrp2Δ mutant, the SUMOylated form of Top2 was degraded by STUbL, leading to genome instability. 

Additionally, Michael Boddy’s team independently showed that Rrp2 is an enzyme that protects proteins 

modified with SUMO chains from STUbL-dependent degradation75. On the other hand, research 

presented in publication H4 (described in section 4.1.2.2) highlighted Rrp1's role in removing the Rad51 

recombinase from double-stranded DNA, indicating that this function is unique to Rrp1 and not shared 

by Rrp2. 
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4.2.2.2 A detailed description of the results included in the second scientific achievement 

Due to the gap in our understanding of the Rrp1 and Rrp2 roles beyond HR regulation in  

S. pombe, the team of Dr. hab. Dorota Dziadkowiec conducted studies aimed at identifying genomic 

sites susceptible to the activity of Rrp1 and Rrp2 proteins. The Ph.D. project performed by Anna Barg-

Wojas led to the characterization of Rrp1 and Rrp2 functions in repetitive genomic regions such as 

centromeres and telomeres. My involvement in this project, during the employment at the Institut Curie, 

was crucial for the publication of those findings, as I obtained the key experimental data. 

Single mutants rrp1Δ, rrp2Δ, as well as swi5Δ and sfr1Δ, did not exhibit sensitivity to 

thiabendazole (TBZ), a chemical compound that disrupts microtubule formation and consequently 

affects centromere organization76. However, the rad57Δ mutant displayed TBZ sensitivity, and 

introducing an additional deletion of rrp1+ or rrp2+ further increased the sensitivity of the double 

mutants compared to rad57Δ strain (Supplementary Fig. 1, H6). This suggested a potential role for Rrp1 

and Rrp2 in centromere stability via a pathway independent of the Rad55-Rad57 complex. The effects 

of Rrp1 and Rrp2 overproduction in S. pombe cells were also investigated. Using confocal live-cell 

microscopy, I demonstrated that Rrp1 and Rrp2 overproduction led to a drastic increase in  

single-stranded DNA levels, visualized as clusters of the RPA complex. Moreover, I observed a 

significant number of ultra-bright RPA foci associated with strong ssDNA accumulation upon Rrp1 or 

Rrp2 overproduction, as well as the presence of ssDNA structures during mitosis, suggesting defects in 

genome segregation (Fig. 1, H6). Interestingly, TBZ exposure enhanced the toxicity of Rrp1 and Rrp2 

overproduction. Given these findings, I decided to examine the impact of Rrp1 and Rrp2 overproduction 

on centromere organization. To this end, I performed chromatin immunoprecipitation of histone Cnp1 

fused to a CFP fluorescent tag. Cnp1 is a variant of histone H3, normally localized only to the centromere 

core77. Upon Rrp1 and Rrp2 overproduction, I demonstrated via ChIP-qPCR that histone Cnp1 

binding to the centromere was increased. The signal of CFP-Cnp1 was detectable not only in the 

centromere core (cnt) but also in the outer, repetitive pericentromeric sequences (dg), suggesting 

an expansion of Cnp1 beyond the centromere core sequences (Fig. 2, H6). The defects in the 

centromere structure I identified through precipitation of Cnp1-associated DNA were further confirmed 

by visualization of CFP-Cnp1 localization in the nucleus using fluorescence microscopy. Under standard 

conditions, Cnp1 forms a single distinct focus due to the clustering of all three centromeres at the nuclear 

envelope. Cnp1 expansion beyond centromere core sequences results in stretched CFP-Cnp1 

structures78. I demonstrated that Rrp1 and Rrp2 overproduction increased the number of cells 

with aberrant Cnp1 localization (Fig. 2, H6). In summary, these findings suggested that the excess of 

Rrp1 or Rrp2 caused centromere disorganization. Furthermore, it was determined that excessive Rrp1 

and Rrp2 levels enhanced centromeric gene silencing in a Cnp1-dependent manner (Fig. 3, H6). 

Chromatin immunoprecipitation of overproduced Rrp1 and Rrp2 allowed me to demonstrate the Rrp1 

interaction with centromeric cores (Supplementary Fig. 3, H6). Interestingly, I also demonstrated that 
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overproduced Rrp1 and Rrp2 co-localized with Swi6, a marker of heterochromatin regions 

(Supplementary Fig. 3, H6). Both centromeres and telomeres are characterized by the presence of 

heterochromatin and serve as regions of gene silencing79. Additional studies revealed that Rrp1 plays  

a main role in maintaining centromere stability, while Rrp2 is involved in telomere stability, likely 

through the protection of SUMOylated Top2 (Fig. 7, H6). 

In 2022, together with Dr. hab. Dorota Dziadkowiec, we decided to write a review article 

summarizing our joint research conducted over the past decade in the context of findings from other 

research groups on chromatin remodelers (H8). Rrp1, Rrp2, and their ortholog Uls1 from S. cerevisiae 

are involved in the cellular response to replication stress and show affinity for specific chromosomal 

regions such as centromeres and telomeres. Human DNA translocases HLTF and SHPRH are orthologs 

of Rad5 from S. cerevisiae. Similarly to Rrp1, Rrp2 and Uls1 they posses RING domains and play key 

roles in the response to replication stress80. Both Rad5 and HLTF have been shown to participate in 

replication fork reversal and exhibit ubiquitin ligase activity with PCNA as a substrate, which 

determines the choice of repair pathway81,82. Notably, human PCNA can also undergo SUMOylation 

during unperturbed replication, which stimulates its interaction with the PARI helicase. PARI 

shares functional similarities with its yeast counterpart Srs2, thereby limiting homologous 

recombination at replication forks83. Our research demonstrated the influence of Uls1 on the binding 

of the Srs2 helicase to PCNA in S. cerevisiae (P1), as well as the role of Rrp1 and Rrp2 as HR mediators 

in the synthesis-dependent strand annealing pathway in S. pombe. Interestingly, Srs2 helicase can 

promote SDSA in both budding and fission yeast. Moreover, SUMOylated proteins are recognized by 

Uls1 in S. cerevisiae and its ortholog Rrp2 in S. pombe, with the activity of both proteins potentially 

regulated by their own SUMOylation. Amino acid sequence analysis of HLTF and SHPRH, along with 

Rrp1, Rrp2, and Rad8 from S. pombe, as well as Rad5 and Uls1 from S. cerevisiae, using the GPS 

SUMO software84, suggests that all these proteins may contain potential SUMO interaction motifs. This 

raises a broad question that forms the basis for further research: how are the activities of the 

SWI2-SNF2 Rad5-type DNA translocase group linked to the SUMOylation pathway in the context 

of the cellular response to replication stress, particularly concerning human proteins HLTF and 

SHPRH (Fig. 1, H8)? 

The research discussed above showed that in S. pombe cells, Rrp1 and Rrp2 are essential for the 

response to replication stress through the HR pathway associated with the Swi5-Sfr1 mediator complex. 

The selection of this HR pathway enables the resolution of recombination structures via the SDSA 

pathway, which is regulated by the Srs2 helicase. Therefore, in the doctoral dissertation of Gabriela 

Baranowska from the team of Dr. hab. Dorota Dziadkowiec, a comparative study was conducted to 

analyze the impact of Srs2, Rrp1, and Rrp2 on the replication stress response in S. pombe. My 

involvement in this Ph.D. project led to the creation of publication H7. I analyzed the ability of strains 

lacking srs2+, rrp1+, and rrp2+ genes to complete replication after hydroxyurea treatment by 

visualizing whole chromosomes using PFGE (Fig. 1, H7). After 90 minutes of recovery in HU-free 
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medium, only the wild-type strain exhibited a doubled intensity of migrating chromosomes in the gel 

compared to the initial asynchronous culture, indicating the completion of DNA replication. The proper 

completion of replication required not only the presence of the Srs2 helicase but also the Rrp1 and 

Rrp2 proteins, suggesting their involvement in resolving branched replication intermediates that 

blocked chromosome migration in the gel (the diagram of HR pathways highlighting the presumed 

site of action of the analyzed proteins is presented in Supplementary Fig. 1, H7). Interestingly, double 

mutants srs2Δ rrp1Δ and srs2Δ rrp2Δ did not exhibit a greater delay in resolving replication structures 

compared to the single srs2Δ, rrp1Δ, or rrp2Δ mutants, suggesting that these proteins may have 

redundant functions in restarting replication blocked by HU. Both the wild-type strain and all analyzed 

mutants reached the G2 phase of the cell cycle after 90 minutes of recovery in HU-free medium, as  

I demonstrated by flow cytometry analysis of samples collected from cultures used for chromosome 

isolation. This suggests that differences in the resolution of replication intermediates did not result from 

significant variations in the duration of the S phase in the analyzed mutants (Fig. 1, H7).  

Our previous studies indicated that the overproduction of Rrp1 and Rrp2 proteins is toxic to  

S. pombe cells. Overproduction of Srs2 in S. pombe cells also has a detrimental effect, independent of 

Rrp1 and Rrp2 (Fig. 2, H7). Initial microscopic observations of overproduced EGFP-Srs2 suggested its 

accumulation in the nucleolus, a nuclear region containing genetic information for ribosomal RNA85 

(Supplementary Fig. 2, H7). To confirm this, together with Dorota Misiorna, in whose Ph.D. project 

 I serve as a co-supervisor, we examined the co-localization of EGFP-Srs2 in a strain expressing the 

non-ribosomal nucleolar protein Gar286 fused with mCherry. We observed that in more than 80% of 

cells, the Srs2 signal overlapped with the rDNA region visualized by Gar2-mCherry (Fig. 3, H7). 

Moreover, we showed that EGFP-Srs2 also forms foci outside the nucleolus, suggesting its interaction 

with other genomic regions, potentially experiencing replication stress. We confirmed these microscopic 

observations by directly performing chromatin immunoprecipitation of EGFP-Srs2 followed by qPCR 

analysis, which demonstrated that overproduced Srs2 interacts with the rDNA region (Fig. 3, H7). To 

determine the physiological role of Srs2 in the rDNA region, I visualized the replication profile of 

the rDNA locus using bi-dimensional gel electrophoresis of DNA fragments, a technique that  

I successfully implemented in my Academic Excellence Incubator team at the University of 

Wrocław. In the wild-type strain, I detected distinct, endogenous replication fork barriers within the 

repetitive rDNA sequences, ensuring unidirectional replication. This is crucial due to the high 

transcriptional activity of the rDNA region and potential collisions with replication forks. In the srs2Δ 

mutant, I observed increased replication fork stalling at natural replication barriers within rDNA  

(Fig. 3, H7). Based on these findings, we concluded that Srs2 binds to rDNA and is essential for 

efficient ribosomal DNA replication. 

Similar to the overproduction of Rrp1 and Rrp2, the excess of Srs2 led to the accumulation of 

single-stranded DNA, as shown by live-cell imaging of RPA foci. Unlike Rrp1 or Rrp2, however, 

overproduction of the Srs2 helicase did not result in the formation of large ssDNA clusters, which 
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appeared as very bright foci in live cell imaging. Instead, the excess of Srs2 led to chromosome 

segregation defects and genomic instability (Fig. 4, H7). Deregulation of Srs2, Rrp1, and Rrp2 protein 

levels resulted in DNA damage and activation of cell cycle checkpoints. In S. pombe, this phenomenon 

can be observed using standard light microscopy by measuring cell length. Following overproduction 

of srs2+, as well as rrp1+ or rrp2+, cells became significantly elongated and exhibited histone H2A 

phosphorylation, confirming the activation of cell cycle checkpoints (Fig. 5, H7). These findings led to 

the hypothesis that the Srs2 helicase may be involved in promoting efficient replication fork restart, 

particularly in the rDNA region, thereby preventing DNA damage and activation of the Chk1-dependent 

cell cycle checkpoint. 

The similarities and differences in the phenotypes induced by the overproduction of Srs2, Rrp1, 

and Rrp2 likely result from the specific sites of action of these three proteins. So far, no direct interaction 

between Srs2 and Rrp1 or Rrp2 was confirmed, although their potential cooperation outside of rDNA, 

such as in centromeres or telomeres, cannot be ruled out. Further characterization of DNA helicases and 

translocases using various model systems will contribute to a more comprehensive understanding of the 

regulation of cellular responses to replication stress, particularly in the context of repetitive sequences 

present in genomes. 

4.2.2.3 Summary of the most important results and their impact on the development of the field: 

1. The Rrp1 and Rrp2 proteins are involved in maintaining the stability of repetitive sequences in 

genome. Rrp1 is particularly important for centromere stability. Overproduction of Rrp1 and Rrp2 may 

lead to mis-localization of Cnp1 beyond the core of centromere. 

2. Rrp1, Rrp2, and Srs2 are required for completing replication arrested by hydroxyurea. 

3. The Srs2 helicase binds to rDNA and is essential for replication of rDNA region. 

The data presented as a part of the second habilitation achievement demonstrate the involvement 

of proteins regulating DNA repair mechanisms in specific genomic regions. Proper control of repair 

processes requires the activity and coordination of various enzymes in the context of repetitive 

chromosome regions, such as centromeres or rDNA. The obtained data define new research directions 

regarding the exploration of potential impact of SUMOylation on the recruitment of proteins to specific 

chromosomal regions. These findings may also have practical significance and contribute to the 

development of new anti-cancer strategies based on the use of specific inhibitors targeting selected 

proteins acting at defined chromosomal sites, such as centromeres or rDNA. This approach could reduce 

the toxicity of therapy compared to the use of globally acting inhibitors of DNA damage response 

currently applied in cancer treatment. 
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4.4 Other scientific and research achievements 

4.4.1 List of other scientific articles published in scientific journals before obtaining the Ph.D. 

degree 

D1. Dziadkowiec D, Kramarz K, Kanik K, Wisniewski P, Carr AM (2013). Involvement of 

Schizosaccharomyces pombe rrp1+ and rrp2+ in the Srs2- and Swi5/Sfr1-dependent pathway in 

response to DNA damage and replication inhibition. Nucleic Acids Research, 41:8196-8209. doi: 

10.1093/nar/gkt564 

 

IF2024 = 16.6 

IF5-year = 16.1 

Polish Ministry of Science and Higher Education points 2024 = 200 

Number of citations according to SCOPUS excluding self-citations per 19.02.2025 - 4 

This work was prepared as a part of my doctoral dissertation. It contains the analysis of the role of Rrp1 

and Rrp2 proteins as the mediators of homologous recombination in the path related to the Srs2 helicase 

in the fission yeast Schizosaccharomyces pombe. Particularly, using the technique of electrophoresis of 

whole chromosomes in pulse field gel electrophoresis (PFGE), I showed the role of Rrp2 in resolving 

intermediate replication products, independently of another mediator of homologous recombination, 

Rad55. 

D2. Kramarz K, Litwin I, Cal-Bąkowska M, Szakal B, Branzei D, Wysocki R, Dziadkowiec D (2014). 

Swi2/Snf2-like protein Uls1 functions in the Sgs1-dependent pathway of maintenance of rDNA stability 

and alleviation of replication stress. DNA Repair (Amst) 21:24-35. doi: 10.1016/j.dnarep.2014.05.008 

 

IF2024 = 3 

IF5-year = 3.7 

Polish Ministry of Science and Higher Education points 2024  = 140 

Number of citations according to SCOPUS excluding self-citations per 19.02.2025 - 7 

 

The main work prepared as a part of my doctoral dissertation, in which I showed the role of the Uls1 

protein from the baker's yeast Saccharomyces cerevisiae in the regulation of ribosomal DNA, and also 

performed a broad genetic analysis determining the factors important for the interaction between the 

ULS1 gene and the SGS1 helicase gene (preserved in evolution from yeast to higher eukaryotes, in 

humans known as BLM). 
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SUMMARY 

Total IF 

in the year of submission (IF2024) of the application – 19.6 

IF5-year – 19.8 

Total score of the Polish Ministry of Science and Higher Education: 

in the year of submitting the application – 340 

Total number of citations: 

 (without self-citations, according to SCOPUS as of February 19, 2025) – 11 

4.4.2 List of other scientific articles published in scientific journals after obtaining the Ph.D. 

degree 

P1. Kramarz K, Mucha S, Litwin I, Barg-Wojas A, Wysocki R, Dziadkowiec D (2017). DNA Damage 

Tolerance Pathway Choice Through Uls1 Modulation of Srs2 SUMOylation in Saccharomyces 

cerevisiae. Genetics 206:513-525. doi: 10.1534/genetics.116.196568 

IF2024 = 3.4 

IF5-year = 3.7 

Polish Ministry of Science and Higher Education points 2024  = 140 

Number of citations according to SCOPUS excluding self-citations per 19.02.2025 - 7 

The work was carried out as a part of my doctoral thesis, however it was published after obtaining my 

doctoral degree. In this work I showed the role of the Uls1 protein from the baker's yeast Saccharomyces 

cerevisiae during unperturbed DNA replication. I proved that Uls1 redirects the repair of intermediate 

DNA repair products formed at spontaneously blocked replication forks to the pathway associated with 

the Srs2 helicase. The SUMOylated form of Srs2 is a substrate for the Uls1 protein, which, taken 

together, allowed us to describe the possible mechanism of action of the Uls1 protein in S. cerevisiae 

cells. 

P2. Ait-Saada A, Khorosjutina O, Chen J, Kramarz K, Maksimov V, Svensson JP, Lambert S, Ekwall 

K (2019). Chromatin remodeler Fft3 plays a dual role at blocked DNA replication forks. Life Science 

Alliance 2:e201900433. doi: 10.26508/lsa.201900433  

IF2024 = 3.3 

IF5-year = 3.8 

Polish Ministry of Science and Higher Education points 2024  = 40 

Number of citations according to SCOPUS excluding self-citations per 19.02.2025 - 1 

One of the works prepared during my postdoctoral internship at the Institut Curie, in the group of Dr. 

hab. Sarah Lambert. This work was carried out in collaboration with prof. Karl Ekwall from Karolinska 

Institutet in Sweden. I participated in preparing a response to the reviewers and performing appropriate 
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precipitation of RPA-related chromatin in the analyzed fft3+ mutants, required for the acceptance of 

the article. 

P3. Litwin I, Nowicka M, Markowska K, Maciaszczyk-Dziubińska E, Tomaszewska P, Wysocki R, 

Kramarz K (2023). ISW1a modulates cohesin distribution in centromeric and pericentromeric regions. 

Nucleic Acids Research 51:9101-9121. doi: 10.1093/nar/gkad612 

IF2024 = 16.6 

IF5-year = 16.1 

Polish Ministry of Science and Higher Education points 2024  = 200 

Number of citations according to SCOPUS excluding self-citations per 19.02.2025 - 0 

Work carried out after my return to Poland and leading a newly established Academic Excellence 

Incubator – Research Centre for DNA Repair and Replication. As a group leader, I got involved in a 

project carried out by Dr. Ireneusz Litwin, employed in my unit. Particularly, I performed a series of 

chromatin precipitation experiments to demonstrate the binding of the chromatin remodeler Isw1 to 

baker's yeast centromeres. I participated in the discussion of the results and the scientific 

implementation of the project, as well as in writing the manuscript and the review process in the journal 

Nucleic Acids Research, including preparing adequate responses to the reviewers. 

 

SUMMARY 

Total IF 

in the year of submission (IF2024) of the application – 23.3 

IF5-year – 23.6 

Total score of the Polish Ministry of Science and Higher Education: 

in the year of submitting the application – 380 

Total number of citations: 

 (without self-citations, according to SCOPUS as of February 19, 2025) – 8 
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5. Presentation of significant scientific or artistic activity carried out at more than one university, 

scientific or cultural institution, especially at foreign institutions 

Research Internship Location: Institut Curie, Centre de Recherche, UMR3348, Orsay, France 

Funding Source: Postdoctoral fellowship carried out in the research group of Dr. hab. Sarah 

Lambert. The fellowship was self-funded through a grant from the Fondation ARC pour la 

Recherche contre le Cancer in France, supporting outstanding young researchers in France 

in the period of March 1, 2018, to May 31, 2021 on the project: Processing of replication forks at 

the nuclear periphery: Mechanism and impact on genome stability (Grant no. PDF20171206749).  

Total Duration of the Fellowship/Employment: October 7, 2016 – May 31, 2021 

After obtaining my Ph.D. degree from the University of Wrocław in June 2016, I successfully 

completed the recruitment process and undertook a postdoctoral fellowship at the leading 

research institution – Institut Curie, Paris-Orsay, France, from October 7, 2016, to May 31, 2021, 

under the supervision of Dr. hab. Sarah Lambert, an expert in DNA repair field. The employment 

certificate confirming my employment at the Institut Curie is included in Annex No. 8 (a sworn 

translation into Polish and a copy of the original in French). During my nearly five-year stay in France, 

my research facilitated the initiation of several new projects, which are continued to this day. The most 

significant outcome of my work was the discovery of a spatiotemporal mechanism controlling the 

resumption of DNA synthesis at stalled replication forks in the model organism Schizosaccharomyces 

pombe, which was published in Nature Communications (H1. Kramarz et al., 2020). Moreover, during 

my employment in Dr. hab. Sarah Lambert’s group, my research contributed to several publications, 

including H3. Kramarz et al., 2021; H4. Muraszko et al., 2021; H6. Barg-Wojas et al., 2020; and P2. 

Ait-Saada et al., 2019. After my return to Poland in 2021, and establishing a research group at University 

of Wrocław, I continued my collaboration with Dr. hab. Sarah Lambert, as evidenced by our joint review 

article published in Genes (H5. Schirmeisen et al., 2021). Furthermore, our recent studies on the role of 

the nuclear pore subcomplex, the nuclear basket, in regulation of the restart of stalled replication forks 

were published in Nucleic Acids Research (H2. Schirmeisen et al., 2024). Sarah Lambert visited the 

University of Wrocław in 2023 as part of the IDUB program, which funds short-term visits of 

internationally renowned experts, and delivered an open lecture for researchers from University of 

Wrocław entitled "DNA replication fork rescue: a journey to the nuclear periphery" on September 11, 

2023. 

Since completing my doctoral studies, I have also continued the long-lasting collaboration 

with Dr. hab. Dorota Dziadkowiec from the Faculty of Biotechnology at the University of 

Wrocław. Our cooperation led to creation of the several scientific publications that contributed both to 

the main achievement (H4. Muraszko et al., 2021) and to the second habilitation achievement (H6. Barg-

Wojas et al., 2020; H7. Baranowska et al., 2024; and H8. Kramarz and Dziadkowiec, 2022), as well as 

manuscripts published prior to obtaining my Ph.D. (D1 and D2). 
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Upon my return to the University of Wrocław in 2021, I also got involved in collaboration 

with Prof. Robert Wysocki, which led to a publication in Nucleic Acids Research (P3. Litwin et al., 

2023). This research involved both my team from the Academic Excellence Incubator and members of 

Prof. Wysocki’s Department of Cell Genetics and Physiology. 

Recently, I established collaboration with the group led by Dr. Marcin Suskiewicz at the 

CNRS Center for Molecular Biophysics in Orléans, France, to conduct joint studies on 

SUMOylation in eukaryotic organisms. This enabled a research stay in 2023 for Dr. Ireneusz Litwin, 

a member of my research team, to optimize in vitro SUMOylation techniques for the Ctp1 endonuclease 

from S. pombe. The obtained results will become a part of a manuscript characterizing the role of Ctp1 

SUMOylation in cellular responses to replication stress, in collaboration with Dr. Suskiewicz’s group. 

6. Presentation of teaching and organizational achievements as well as achievements in 

popularization of science or art 

6.1 Scientific Supervision of Master's Students, PhD Candidates, and Erasmus+ Students 

During my doctoral studies (2011–2015), I participated in the training of master’s students Anna 

Barg-Wojas and Seweryn Mucha. The pilot experiments that I conducted during my employment in 

Institut Curie outlined the main research directions for the PhD thesis of Kamila Schirmeisen, a student 

from the University of Wrocław, whom I trained in the team of Dr. hab. Sarah Lambert during her 

Erasmus+ stay in 2017. This experience later encouraged Kamila Schirmeisen to pursue a Ph.D. at the 

Institut Curie under the supervision of Dr. hab. Sarah Lambert. Additionally, I trained and supervised 

another S. Lambert’s Ph.D. student, Shrena Chakraborty. Since October 1, 2022, I have been serving as 

a co-supervisor for the Ph.D. thesis of Dorota Misiorna (supervisor: Dr. hab. Dorota Dziadkowiec). 

Due to my employment in a research position – both during my postdoctoral fellowship at the 

Institut Curie (2016–2021) and at the University of Wrocław (2021–present) – I was unable to serve as 

a direct master thesis supervisor. Nevertheless, since 2023, I have been the scientific advisor for master 

student, Ms. Julia Kończak, who conducts research in my group under a specific work contract. 

Furthermore, starting in October 2024, I am the scientific advisor for a student from Katholieke 

Universiteit Leuven in Belgium within the Erasmus+ international exchange program. Mr. Mika Haenen 

conducts research tasks as a part of the Academic Excellence Incubator over the two semesters (from 

October 2024 to July 2025). 

6.2 Teaching Activities 

During my doctoral studies at the University of Wrocław (September 26, 2011 – September 9, 2015), I 

conducted the following courses for students: 

• 2014: Cell Cycle Regulation – Laboratory 

• 2014: Molecular Biology – Laboratory 

• 2013: Molecular Organization of the Cell – Seminars 
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• 2012: Genetics – Laboratory 

• 2012: Gene Expression Regulation – Seminars 

During my employment as a junior assistant at the Department of Genetics and Cell Physiology at the 

University of Wrocław (October 1, 2015 – September 30, 2016), I conducted the following courses: 

• 2016: Molecular Biology – Laboratory 

• 2016: Molecular Genetics – Laboratory 

Due to my employment in a research position, both during my postdoctoral fellowship at the Institut 

Curie (2016–2021) and at the University of Wrocław (2021–present), I have not conducted teaching 

activities since 2016. 

6.3 Organizational Activities 

During my postdoctoral fellowship at the Institut Curie, I served as the representative of 

postdoctoral researchers in the Scientific Units Council of the Institut Curie, within the UMR3348 (Unité 

Mixte de Recherche) faculty, from 2020 to 2021. 

After returning to Poland in October 2021, I established my own research group – the Academic 

Excellence Incubator – Centre for DNA Repair and Replication. Currently, my team consists of:  

an assistant professor, Dr. Ireneusz Litwin, a research assistant, Dr. Katarzyna Markowska,  

an independent biologist, MSc Aleksandra Broczkowska, a PhD student, MSc Dorota Misiorna, a master 

student employed under a specific work contract, Julia Kończak and an Erasmus+ exchange student, 

Mika Haenen. 

As part of the Academic Excellence Incubator funding, I have obtained the key laboratory 

equipment, including: a Bioruptor Pico biological sonicator (Diagenode) valued at approximately 

160,000 PLN and a Qubit 4 fluorometer (Thermo Fisher) valued at approximately 15,000 PLN. Both 

instruments are crucial for the reproducible realization of chromatin immunoprecipitation experiments. 

Additionally, I established a unique research workstation at the University of Wrocław for conducting 

two-dimensional DNA electrophoresis, enabling the visualization of replication profiles. This 

workstation includes UV lamps of high-power for fixing replication structures, equipment for 

electrophoretic separation of DNA based on mass and shape, a gel documentation system and Southern 

blot apparatus for detecting replication fork signals. The total value of this setup is approximately 85,000 

PLN. 

On October 13, 2023, I participated in a meeting with visiting international experts as part of the 

mid-term evaluation of the whole Excellence Initiative – Research University (IDUB) implementation 

at the University of Wrocław. I represented one of the 7 Academic Excellence Incubators established at 

the University. 



46 
 

6.4 Science Popularization Activities 

1. Authorship of a popular science review article in Polish: 

M. Kramarz, K. Kramarz (2009). Scientific, Economic, and Socio-Legal Conditions for the 

Production and Sale of Genetically Modified Food in Poland, Acta Sci. Pol., Biotechnologia 8: 

5-12. 

2. Lecture for sponsors and donors of the French foundation supporting young researchers (Fondation 

ARC pour la Recherche sur le Cancer): Title: "Processing of replication forks at the nuclear 

periphery: Mechanism and impact on genome stability" during 24th Young Researchers’ Days (24e 

journées Jeunes chercheurs de la Fondation ARC), Online, November 30, 2020. 

3. Authorship of a popular science article for Przegląd Uniwersytecki (Issue 3, 237/2021, pp. 24-25): 

Title: "Excellence Incubator in Science – DNA Repair and Replication Research Center: Decoding 

SUMO-interactions at replication stress sites: mechanisms and consequences for genome 

maintenance." 

4. Interview for Echo24 TV about the awarded research project that led to the establishment of the 

Academic Excellence Incubator – Centre for DNA Repair and Replication: 

https://www.youtube.com/watch?v=8nOwTXaZJAY 

6.5 Reviewer Activities 

So far, I have reviewed 5 scientific articles for international journals and I served as an expert 

evaluator for grant application for the Czech Science Foundation in 2023. 

• 2025 Frontiers in Microbiology, IF2024: 4, 100 points of the Ministry of Science and Higher 

Education 

• 2024 Nature Communications, IF2024: 14,9, 200 points of the Ministry of Science and Higher 

Education 

• 2024 Archives of Microbiology, IF2024: 2,3, 70 points of the Ministry of Science and Higher 

Education 

• 2023 Biochimica et Biophysica Acta (BBA) - Molecular Cell Research, IF2024: 4,6, 140 points of the 

Ministry of Science and Higher Education 

• 2022 Plos One, IF2024: 2,8, 100 points of the Ministry of Science and Higher Education 

 

I am a member of the Reviewer Board of the journal Frontiers in Microbiology, IF2024 4, 100 

points of the Ministry of Science and Higher Education, and Acta Biochimica Polonica, IF2024 1.7, 70 

points of the Ministry of Science and Higher Education. In 2022 I served as the reviewer of master thesis 

conducted at the Faculty of Biotechnology of University of Wrocław and Institut Curie in France. 

https://www.youtube.com/watch?v=8nOwTXaZJAY
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7. Apart from information set out in 1-6 above, the applicant may include other important 

information about professional career 

7.1 Awards and Honors 

1. Distinction in the Wrocław Scholarship Program for young researchers in the field of 

biological and medical sciences named after Ludwik Hirszfeld during Ph.D. studies (2014). 

2. Recipient of the "Academy of Development – Key to Strengthening the Polish Economy" 

scholarship from the European Social Fund (2014), Human Capital – National Cohesion 

Strategy, European Union, for the project: "The role of Uls1 and Rrp1-Rrp2 proteins in DNA 

repair in yeast S. cerevisiae and S. pombe" during Ph.D. studies. 

3. Postdoctoral fellowship funding (March 1, 2018 – May 31, 2021) awarded by the Fondation 

ARC pour la Recherche contre le Cancer, a French charitable foundation supporting 

outstanding young scientists in postdoctoral training. Project: "Processing of replication forks 

at the nuclear periphery: Mechanism and impact on genome stability" (Grant No. 

PDF20171206749). Funding amount: 170 367 EUR, Institut Curie, Orsay, France. 

4. Winner of the competition for the establishment of 8 Academic Excellence Incubators at 

the University of Wrocław under the Excellence Initiative – Research University program. The 

funding (4 000 000 PLN) enabled the creation of a new research group (Academic Excellence 

Incubator – Centre for DNA Repair and Replication) in the period from October 1, 2021, to 

September 30, 2025. 

5. Best Lecture Award, 1st Polish Yeast Conference, Rzeszów, Poland, June 22-24, 2022. 

6. Team Award from the Rector of the University of Wrocław for scientific and organizational 

achievements in 2023. 

7. Rector's Award of the University of Wrocław for individual scientific achievements in 2024. 

7.2 Future Research Directions 

The Academic Excellence Incubator – Centre for DNA Repair and Replication, which  

I established in 2021, pursues several independent research axes related to SUMO-dependent 

mechanisms of S. pombe cells’ response to replication stress. In particular, my research group focuses 

on characterization of the biological role of polymeric SUMO chains in maintaining centromere stability 

and regulation of homologous recombination. Another ongoing research project explores the impact of 

SUMOylation on the activity of the endonuclease Ctp1 in the context of centromeric replication stress. 

Future plans include implementing human cell models using commercially available cell lines. This will 

allow us to investigate how mutations in the SUMOylation pathway affect the genomic localization of 

DNA repair proteins in humans. 
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