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Abstract 

Eukaryotic cells have two sets of genomes, the nuclear and mitochondrial, and both need to be 

accurately maintained. Also, the rate of transcription must be precisely regulated in these genomes. 

However, there are many natural barriers that dysregulate these processes. The aim of this thesis was 

to enhance our understanding of the Schizosaccharomyces pombe, Pif1 family helicase, Pfh1, and its 

roles in the nuclear and mitochondrial genomes. The S. pombe genome contains 446 predicted G-

quadruplex (G4) structures. By circular dichroism and Thioflavin-T assay we demonstrated that 

sequences from the ribosomal DNA (rDNA) and telomeres form G4 structures in vitro. The 

recombinant nuclear isoform of Pfh1 bound and unwound these G4 structures. Also, by chromatin 

immunoprecipitation combined with quantitative PCR (ChIP-qPCR), we showed that Pfh1 binds 

these sequences in vivo. This work provides evidence that G4 structure formation in the rDNA and 

telomere regions is biologically important and that unwinding of G4 structures is a conserved 

property of Pif1 family helicases. Using ChIP-seq we found that Pfh1 binds to natural fork barriers, 

such as highly transcribed genes, and nucleosome depleted regions, and that replication through these 

sites were dependent on Pfh1. By immunoaffinity precipitation combined with mass spectrometry, 

Pfh1 interacted with several replisome components, as well as DNA repair proteins, and 

mitochondrial proteins. Furthermore, Pfh1 moved with similar kinetics as the leading strand 

polymerase. These findings suggest that Pfh1 is needed at natural fork barriers to promote fork 

progression, and that it is not just recruited to its target sites but moves with the replisome. Based on 

these findings, we anticipated that lack of Pfh1 would affect expression of highly transcribed genes. 

By performing genome-wide transcriptome analysis of S. pombe in the absence of Pfh1, we showed 

that highly transcribed genes are downregulated more often than other genes. Furthermore, 

combining absence of Pfh1 together with Topoisomerase 1 (Top1), resulted in slower cell growth, 

reduced DNA synthesis rate compared to single mutants, and upregulation of genes associated with 

DNA repair and apoptosis. These data suggest that, cells lacking both Pfh1 and Top1 have severe 

problem in maintaining their genomes. By ChIP-qPCR analysis we showed that Pfh1 and Top1 directly 

bind to mitochondrial DNA. In addition, these cells upregulated many metabolic pathways and lost 

about 80% of their mtDNA. These data suggest that both Pfh1 and Top1 are required for maintenance 

of mtDNA. This is the first evidence showing that Top1 is present in S. pombe mitochondria. In 

conclusion, Pfh1 directly binds mitochondrial DNA, and natural fork barriers in the nuclear DNA, 

such as G4 structures. In the nucleus, Pfh1 is part of the replisome. Cells lacking Pfh1 and Top1 grow 

slower, rapidly lose their mitochondrial DNA, have slower nuclear DNA synthesis, and induce 

apoptotic pathways. Finally, this thesis emphasizes the importance of both Pfh1 and Top1 in 

maintaining the nuclear and mitochondrial genomes.  
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