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Abstract 

The cell cycle is an ordered process in which cells replicate their DNA in S-phase and divide 

them into two identical daughter cells in mitosis. DNA replication takes place only once per cell 

cycle to preserve genome integrity, which is tightly regulated by Cyclin Dependent Kinase 

(CDK). Formation of the pre-replicative complex, a platform for origin licensing, is inhibited 

through CDK-dependent phosphorylation. Failure of this control leads to re-licensing, re-

replication and DNA damage. Eukaryotic cells have evolved surveillance mechanisms to 

maintain genome integrity, termed cell cycle checkpoints. It has been shown that the DNA 

damage checkpoint is activated upon the induction of DNA re-replication and arrests cell cycle 

in mitosis in S. cerevisiae. In this study, we show that PP2A-Cdc55 is responsible for the 

metaphase arrest induced by DNA re-replication, leading to dephosphorylation of APC 

component, Exclusion of Cdc55 from the nucleus bypassed the mitotic arrest and resulted in 

enhanced cell lethality in re-replicating cells. The metaphase arrest in re-replication cells was 

retained in the absence of Mad2, a key component of the spindle assembly checkpoint. 

Moreover, re-replicating cells showed the same rate of DNA damage induction in the presence or 

absence of Cdc55. These results indicate that PP2A-Cdc55 maintains metaphase arrest upon 

DNA re-replication and DNA damage through APC inhibition.  
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Introduction 

 In order to initiate DNA replication, a pre-replicative complex (pre-RC), containing 

Orc1-6, Cdc6, Mcm2-7 and Cdt1, is formed on the origins of DNA replication [1]. Once the pre-

RC is assembled on DNA, each component is phosphorylated by cyclin/CDK complex which 

causes pre-RC disassembly [2, 3]. In yeast, Orc1-6 undergoes a conformational change, Cdc6 

phosphorylation is subjected to its protein degradation and Mcm2-7 is translocated to the 

cytoplasm after being phosphorylated [4-8]. The CDK-dependent pre-RC disassembly prohibits 

further steps in the initiation of DNA replication, therefore cells strictly enforce that DNA 

replication occurs only once in each cell cycle [9]. It has been shown that mutations in the 

phosphorylation sites of pre-RC components induce DNA re-replication when several mutations 

are combined. For example, deletion of CDC6 N-terminus, where it is targeted by CDK (CDC6-

∆NT), stabilizes Cdc6. However, overexpression of this mutant alone is not sufficient to induce 

DNA re-replication. The combination of GAL-CDC6∆NT together with an Orc6 mutant that is 

unable to bind to the S-phase cyclin Clb5 (ORC6-rxl) induces DNA damage and mitotic arrest 

[10, 11]. The re-replication phenotype is enhanced when additional mutations are added, such as 

ORC6 phosphorylation mutant (ORC6-ps) or MCM7 nuclear localization mutant (MCM7-NLS) 

[11], suggesting that these mechanisms are additive to protect cells from re-licensing and re-

replication.  

 We have previously shown that DNA re-replication triggers DNA damage as evidenced 

by Ddc2 foci formation [10]. The DNA damage checkpoint is activated upon DNA re-replication 

in ORC6-rxl GAL-CDC6∆NT cells [10, 12]. A genome wide screening identified genes involved 

in this process, including Mec1, Mre11-Rad50-Xrs2 (MRX complex) and Rad17-Ddc1-Mec3 (9-

1-1 complex) [10]. Once DNA damage is recognized, the signaling molecules (Rad52 and 
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Rad53) repair the damaged DNA by homologous recombination. Cell proliferation resumes once 

conditions are favorable again. Thus, the DNA damage signaling pathway is required for cell 

viability in re-replicating cells. For example, deletion of the DNA damage signaling proteins 

allows extensive DNA re-replication. We previously proposed a model in which forced pre-RC 

assembly and re-licensing will lead to DNA re-replication and DNA damage that is sensed and 

repaired by the DNA damage checkpoint [10].  

 In this study, we explore the mechanism of mitotic arrest caused by DNA re-replication 

in S. cerevisiae. Here, we show that Protein Phosphatase 2A coupled with Cdc55 regulator 

subunit (PP2A-Cdc55) is responsible for metaphase arrest upon induction of DNA re-replication. 

It is known that PP2A-Cdc55 plays a role in cell cycle progression during mitosis. Nuclear 

Cdc55 prevents chromosome segregation and mitotic exit through inhibition of Anaphase 

Promoting Complex (APC) and Cdc14 [13-15]. When Cdc55 is localized in the cytoplasm 

through Zds1/Zds2 interaction, PP2A-Cdc55 promotes mitotic entry by inhibiting Swe1. We 

used a cytoplasmic Cdc55 localization mutant, cdc55-101, which excludes Cdc55 from the 

nucleus [13, 16], to show that nuclear Cdc55 is required for cell survival of re-replicating cells. 

This study revealed a novel role of PP2A-Cdc55 in DNA re-replication control.  

 

Results 

 To test if PP2ACdc55 is involved in the cell cycle response to DNA re-replication, we used 

cytoplasmic localization mutant cdc55-101 which contains a single mutation from Gly43 to Asp 

[13]. ORC6-rxl GAL-CDC6 cells with or without cdc55-101 were serially diluted on glucose or 

galactose plates to test their viabilities. On galactose plates, ORC6-rxl GAL-CDC6 cdc55-101 
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cells showed a more severe growth defect than the converse CDC55 cells, indicating that there is 

a genetic interaction between the re-replication mutations and CDC55 (Figure 1A, top). ORC6-

rxl,ps GAL-CDC6ΔNT cells similarly showed a severe growth defect when combined with 

cdc55-101 (Figure 1A, middle). ORC6-rxl,ps GAL-CDC6ΔNT MCM7-NLS cells induce 

extensive DNA re-replication and growth defects [10]. We observed mild synthetic lethality 

between ORC6-rxl,ps GAL-CDC6ΔNT MCM7-NLS and cdc55-101 even on glucose plates where 

Cdc6 was not expressed (Figure 1A, bottom). These cells showed severe lethality on galactose 

plates (Figure 1A, bottom). The tetrad analysis confirmed that there is a mild synthetic lethality 

in cdc55-101 ORC6-rxl,ps MCM7-NLS cells on glucose plates (Figure 1B). These results support 

a role for PP2A-Cdc55 in cell survival when DNA re-replication is induced.  

 Cells with elongated buds are reminiscent of mitotic arrest after DNA re-replication [10]. 

To test if PP2A-Cdc55 is involved in the mitotic arrest, the cell cycle profile was examined in 

DNA re-replicating cells in the presence or absence of cdc55-101. The majority of ORC6-rxl,ps 

GAL-CDC6 cells contained 2C DNA content, indeed confirming mitotic arrest. When combined 

with cdc55-101, cell cycle profile was changed; 1C DNA with reduced 2C DNA content. It 

suggests that the mitotic arrest in the re-replicating cells was reversed (Figure 2A, left). 

Consistent with prior reports, ORC6-rxl,ps GAL-CDC6 MCM7-NLS cells showed tight 2C arrest  

(Figure 2A, right) [10]. Addition of the cdc55-101 mutation in the ORC6-rxl,ps GAL-CDC6 

MCM7-NLS cells showed a reduced mitotic arrest, indicating that the cells escaped from the 

mitotic arrest. We conclude that nuclear Cdc55 is responsible for the mitotic arrest in over-

replicating cells. 

 Next, we examined chromosome segregation status in ORC6-rxl GAL-CDC6 cells by 

propidium iodide staining and fluorescence microscopy. ORC6-rxl GAL-CDC6 cells showed 
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elongated bud morphology when incubated in galactose as reported previously (Figure 2B, white 

arrows) [10]. The elongated bud morphology in ORC6-rxl GAL-CDC6 cells was bypassed when 

Cdc55 was excluded from nucleus in cdc55-101 cells (Figure 2B). We next counted the cells 

based on chromosome segregation status. When incubated in galactose, 41% of ORC6-rxl GAL-

CDC6 cells contained attached chromosomes compared to only 5% with the addition of cdc55-

101 (Figure 2B right, indicated by black arrows). It suggests that mitotic arrest was bypassed 

when CDC55 was excluded from nucleus (Figure 2B). Taken together, these findings show that 

nuclear Cdc55 inhibits chromosome segregation in DNA re-replicating cells which leads to 

metaphase arrest. 

 Spindle Assembly Checkpoint (SAC) monitors spindle attachment and tension to the 

kinetochore [17]. Mad2 is a key component of SAC that inhibits the APC and its activator 

Cdc20, therefore, the cell cycle is arrested in metaphase after SAC activation [18, 19]. It has 

been previously shown that PP2A-Cdc55 plays a role through SAC activation when the spindle 

is not attached to the kinetochore [13]. To test if SAC is involved in the metaphase arrest induced 

upon the response to DNA re-replication, we tested the cell viability of re-replicating cells in the 

presence or absence of Mad2 with a serial dilution assay. ORC6-rxl GAL-CDC6 cells showed 

moderate lethality on galactose plates as previously reported [10] (Figure 3A). Deletion of Mad2 

did not affect the cell viability indicating that SAC is dispensable for a re-replication response 

(Figure 3A). Next, we examined the chromosome segregation status in these cells under 

fluorescence microscopy. We found that 52% of ORC6-rxl GAL-CDC6 cells showed attached 

chromosomes when grown in galactose (Figure 3B, bottom). Similarly, 41% of ORC6-rxl GAL-

CDC6 mad2Δ cells showed attached chromosomes, indicating that Mad2 does not pay a role in 

metaphase arrest (Figure 3B, bottom). Furthermore, both ORC6-rxl GAL-CDC6 cells, with or 

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted August 27, 2020. ; https://doi.org/10.1101/2020.08.27.269696doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.27.269696
http://creativecommons.org/licenses/by/4.0/


7 
 

without mad2Δ, showed elongated cell morphology indicative of mitotic arrest (Figure 3B, top 

with arrows). 

 It has been shown that PP2A-Cdc55 dephosphorylates and inhibits APC core components 

such as Cdc16, Cdc23 and Cdc27 [13, 14]. We determined if PP2A-dependent APC inhibition is 

mediated through Cdc16 dephosphorylation in re-replicating cells. By Phos-tag assay, we 

examined Cdc16 phosphorylation status in ORC6-rxl,ps GAL-CDC6∆NT cells with or without 

cdc55-101. ORC6-rxl,ps GAL-CDC6∆NT cells showed hypophosphorylated form of Cdc16 in 

galactose. Cdc16 was hyperphosphorylated in the presence of cdc55-101, showing that PP2A-

Cdc55 is responsible for mitotic arrest through Cdc16 dephosphorylation and APC inhibition. 

 DNA re-replication triggers a DNA damage response which recruits DNA damage repair 

protein, Rad52 to form foci on double strand DNA breaks [10, 12, 20]. We also tested a 

possibility that PP2A-Cdc55 might be involved in the DNA damage repair process. Rad52-YFP 

foci was counted in ORC6-rxl GAL-CDC6 cells with or without cdc55-101. 29.5% of ORC6-rxl 

GAL-CDC6 cells formed Rad52-YFP foci in galactose, confirming the DNA damage induction 

(Figure 5, top). Similarly, 35% of ORC6-rxl GAL-CDC6 cdc55-101 cells showed Rad52-YFP 

foci (Figure 5, bottom). Therefore, PP2A-Cdc55 is not involved in the DNA damage repair 

process.   

 Taken together, our data supports a role for PP2A-Cdc55 in mitotic arrest when DNA is 

over-replicated. This is the first study to show that re-replicating cells arrest the cell cycle in 

metaphase with attached chromosomes which is dependent on PP2A-Cdc55. Deletion of Cdc55 

causes sensitivity to hydroxyurea, replication inhibitor [21]. We recently reported that PP2A-

Cdc55 dephosphorylates Pds1, securin, to inhibit spindle elongation during replication stress 
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induced by hydroxyurea. PP2A-Cdc55 may act as a sensor to detect a degree of DNA 

replication, both in under- and over-replicated DNA. It has been shown that there is a genetic 

interaction between Cdc55 and Cdc6 [22]. It is of interest to study if PP2A-Cdc55 targets Cdc6 

to alter the function. It has been shown that PP2A function is controlled by its localization during 

an unperturbed cell cycle [13]. The nuclear Cdc55 inhibits anaphase and mitotic exit through the 

APC and Cdc14 inhibition, respectively. Therefore, Cdc55 nuclear localization might be 

facilitated by DNA re-replication followed by DNA damage followed by APC inhibition.  

   

Materials and Methods 

Yeast strains and cell culture:  

Standard methods of mating and tetrad dissections were used to create strains. All strains are 

congenic to W303 background. Yeast extract peptone media containing glucose (YEPD) was 

used to grow cells at 30°C. Serial dilution was performed on YEPD (glucose) or YEPG 

(galactose) plates. For FACS analysis, cells were first incubated in raffinose-containing media, 

and then glucose or galactose was added to the media for 2 hours. Synthetic Complete media was 

used for Rad52-YFP imaging to reduce background signal.  

FACS analysis:  

Cells were fixed with 70% EtOH and stained with propidium iodide as described before [23]. 

Flow cytometry analysis was performed using a BD Accuri C6 flow cytometer (BD Biosciences, 

San Jose, CA). 20,000 cells were analyzed per sample. 
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Microscope: Images were taken with a Nikon Eclipse 90i fluorescence microscope using a 

60×/1.45 numerical aperture Plan Apochromatic objective lens (Nikon, Tokyo, Japan) equipped 

with an Intensilight Ultra High Pressure 130-W mercury lamp (Nikon, Tokyo, Japan). Images 

were captured with a Clara interline charge-coupled device camera (Andor, Belfast, United 

Kingdom). The images were first obtained with NIS-Elements software (Nikon, Tokyo, Japan), 

then processed with ImageJ (NIH, Bethesda, MD). 

Western blotting and phos-tag assay:  

Cells were lysed by agitation in SDS sample buffer with glass beads using FastPrep (MP 

Biomedicals, OH) for 20 seconds, twice, at speed 6. Protein was separated by SDS-PAGE with 

10% polyacrylamide gel. Immuno blotting was performed using anti-HA antibody 3F10 (Roche, 

IN) at 1:2000 dilution, and anti-Pgk1 (Life Technologies, NY) at 1:2000 as a loading control. 

Phos-tag acrylamide gel was used to detect phospho-Cdc16-HA (Fujifilm Wako Pure Chemical, 

Japan).  
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Figure legends 

Figure 1. Genetic interaction between cdc55-101 mutant and pre-RC mutants. (A) Strains with 

indicated genotypes were serially diluted 10-fold and plated on YEPD (glucose) or YEPG 

(galactose) plates. The plates were incubated at 30 degrees for 2 days. (B) Diploid cells were 

sporulated and the tetrads were dissected on YEPD plates. The diploid genotypes are CDC55-

MYC/CDC55 ORC6-rxl,ps/ORC6-wt MCM7-NLS/MCM7-wt (top) or cdc55-101-MYC/CDC55 

ORC6-rxl,ps/ORC6-wt MCM7-NLS/MCM7-wt (bottom). The circled colonies contain all three 

mutations. 

Figure 2. cdc55-101 bypasses metaphase arrest in re-replicating cells. (A) Cells were grown in 

raffinose medium were treated with either glucose or galactose for two hours. Cells were fixed 

and treated with propidium iodide and the cell cycle profile was examined by flow cytometry. 

(B) Samples from (A) were examined by fluorescence microscopy. 100 cells per genotype and 

treatment were counted and categorized based on cell cycle stage and chromatid segregation 

status. Blue=G1, Orange= S/G2, Gray=Mitosis with segregated chromatids, Yellow= Mitosis 

with attached chromosomes. D is glucose and G is galactose.  

Figure 3. Mad2 does not affect the cell viability of re-replicating cells. (A) Indicated strains were 

serially diluted 10-fold and spotted on either Glucose- or Galactose-containing plates. (B) (Top) 

Cells were grown in raffinose-containing medium, and glucose or galactose was added for 2 

hours. Samples were fixed and stained with propidium iodide. Cells were examined by 

fluorescence microscopy. Arrows indicate cells with elongated buds. (Bottom) 100 cells per 

sample were counted and categorized based on cell cycle stage. Blue=unbudded, Orange=small 
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budded, Gray=large budded cells with segregated chromatids, Yellow=Large budded cells with 

unsegregated chromatids.  

Figure 4. PP2A-Cdc55 dephosphorylates Cdc16 in re-replicating cells. ORC6-rxl,ps GAL-

CDC6DNT CDC16-TAP CDC55 (CDC55) and ORC6-rxl,ps GAL-CDC6DNT CDC16-TAP 

cdc55-101 (cdc55-101) cells were grown in raffinose medium first, then galactose was added to 

the media for 4 hours. Samples were collected to detect Cdc16-TAP by western blotting (top) 

and Cdc16 phosphorylation by Phos-tag analysis (bottom). Pgk1 is shown as a loading control. 

Two individual clones for each genotype were tested. 

Figure 5. DNA damage induction is not affected by Cdc55. (top) Indicated strains were grown in 

raffinose-containing medium and then incubated with glucose or galactose for 2 hours. Rad52-

YFP foci was counted by fluorescence microscopy. (bottom) Percentage of Rad52-YFP was 

counted using the samples in A.  

 

  

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted August 27, 2020. ; https://doi.org/10.1101/2020.08.27.269696doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.27.269696
http://creativecommons.org/licenses/by/4.0/


12 
 

Reference 

1. Bell SP, Dutta A. DNA replication in eukaryotic cells. Annu Rev Biochem. 2002;71:333-74. Epub 
2002/06/05. doi: 10.1146/annurev.biochem.71.110601.135425. PubMed PMID: 12045100. 
2. Dahmann C, Diffley JF, Nasmyth KA. S-phase-promoting cyclin-dependent kinases prevent re-
replication by inhibiting the transition of replication origins to a pre-replicative state. Curr Biol. 
1995;5(11):1257-69. Epub 1995/11/01. doi: 10.1016/s0960-9822(95)00252-1. PubMed PMID: 8574583. 
3. Diffley JF. Once and only once upon a time: specifying and regulating origins of DNA replication 
in eukaryotic cells. Genes Dev. 1996;10(22):2819-30. Epub 1996/11/15. doi: 10.1101/gad.10.22.2819. 
PubMed PMID: 8918884. 
4. Drury LS, Perkins G, Diffley JF. The Cdc4/34/53 pathway targets Cdc6p for proteolysis in budding 
yeast. EMBO J. 1997;16(19):5966-76. Epub 1997/10/06. doi: 10.1093/emboj/16.19.5966. PubMed PMID: 
9312054; PubMed Central PMCID: PMCPMC1170227. 
5. Drury LS, Perkins G, Diffley JF. The cyclin-dependent kinase Cdc28p regulates distinct modes of 
Cdc6p proteolysis during the budding yeast cell cycle. Curr Biol. 2000;10(5):231-40. Epub 2000/03/14. 
PubMed PMID: 10712901. 
6. Elsasser S, Chi Y, Yang P, Campbell JL. Phosphorylation controls timing of Cdc6p destruction: A 
biochemical analysis. Mol Biol Cell. 1999;10(10):3263-77. Epub 1999/10/08. PubMed PMID: 10512865; 
PubMed Central PMCID: PMCPMC25589. 
7. Perkins G, Drury LS, Diffley JF. Separate SCF(CDC4) recognition elements target Cdc6 for 
proteolysis in S phase and mitosis. EMBO J. 2001;20(17):4836-45. Epub 2001/09/05. doi: 
10.1093/emboj/20.17.4836. PubMed PMID: 11532947; PubMed Central PMCID: PMCPMC125267. 
8. Nguyen VQ, Co C, Irie K, Li JJ. Clb/Cdc28 kinases promote nuclear export of the replication 
initiator proteins Mcm2-7. Curr Biol. 2000;10(4):195-205. Epub 2000/03/08. doi: 10.1016/s0960-
9822(00)00337-7. PubMed PMID: 10704410. 
9. Ikui AE, Archambault V, Drapkin BJ, Campbell V, Cross FR. Cyclin and cyclin-dependent kinase 
substrate requirements for preventing rereplication reveal the need for concomitant activation and 
inhibition. Genetics. 2007;175(3):1011-22. Epub 2006/12/30. doi: 10.1534/genetics.106.068213. 
PubMed PMID: 17194775; PubMed Central PMCID: PMCPMC1840059. 
10. Archambault V, Ikui AE, Drapkin BJ, Cross FR. Disruption of mechanisms that prevent 
rereplication triggers a DNA damage response. Mol Cell Biol. 2005;25(15):6707-21. Epub 2005/07/19. 
doi: 10.1128/MCB.25.15.6707-6721.2005. PubMed PMID: 16024805; PubMed Central PMCID: 
PMCPMC1190345. 
11. Wilmes GM, Archambault V, Austin RJ, Jacobson MD, Bell SP, Cross FR. Interaction of the S-
phase cyclin Clb5 with an "RXL" docking sequence in the initiator protein Orc6 provides an origin-
localized replication control switch. Genes Dev. 2004;18(9):981-91. Epub 2004/04/24. doi: 
10.1101/gad.1202304. PubMed PMID: 15105375; PubMed Central PMCID: PMCPMC406289. 
12. Green BM, Li JJ. Loss of rereplication control in Saccharomyces cerevisiae results in extensive 
DNA damage. Mol Biol Cell. 2005;16(1):421-32. Epub 2004/11/13. doi: 10.1091/mbc.e04-09-0833. 
PubMed PMID: 15537702; PubMed Central PMCID: PMCPMC539184. 
13. Rossio V, Michimoto T, Sasaki T, Ohbayashi I, Kikuchi Y, Yoshida S. Nuclear PP2A-Cdc55 prevents 
APC-Cdc20 activation during the spindle assembly checkpoint. J Cell Sci. 2013;126(Pt 19):4396-405. Epub 
2013/07/28. doi: 10.1242/jcs.127365. PubMed PMID: 23886942. 
14. Lianga N, Williams EC, Kennedy EK, Dore C, Pilon S, Girard SL, et al. A Wee1 checkpoint inhibits 
anaphase onset. J Cell Biol. 2013;201(6):843-62. Epub 2013/06/12. doi: 10.1083/jcb.201212038. 
PubMed PMID: 23751495; PubMed Central PMCID: PMCPMC3678162. 

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted August 27, 2020. ; https://doi.org/10.1101/2020.08.27.269696doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.27.269696
http://creativecommons.org/licenses/by/4.0/


13 
 

15. Touati SA, Hofbauer L, Jones AW, Snijders AP, Kelly G, Uhlmann F. Cdc14 and PP2A 
Phosphatases Cooperate to Shape Phosphoproteome Dynamics during Mitotic Exit. Cell Rep. 
2019;29(7):2105-19 e4. Epub 2019/11/14. doi: 10.1016/j.celrep.2019.10.041. PubMed PMID: 31722221; 
PubMed Central PMCID: PMCPMC6857435. 
16. Utsugi T, Hirata A, Sekiguchi Y, Sasaki T, Toh-e A, Kikuchi Y. Yeast tom1 mutant exhibits 
pleiotropic defects in nuclear division, maintenance of nuclear structure and nucleocytoplasmic 
transport at high temperatures. Gene. 1999;234(2):285-95. Epub 1999/07/09. doi: 10.1016/s0378-
1119(99)00197-3. PubMed PMID: 10395901. 
17. Amon A. The spindle checkpoint. Curr Opin Genet Dev. 1999;9(1):69-75. Epub 1999/03/11. doi: 
10.1016/s0959-437x(99)80010-0. PubMed PMID: 10072359. 
18. Kim SH, Lin DP, Matsumoto S, Kitazono A, Matsumoto T. Fission yeast Slp1: an effector of the 
Mad2-dependent spindle checkpoint. Science. 1998;279(5353):1045-7. Epub 1998/03/07. doi: 
10.1126/science.279.5353.1045. PubMed PMID: 9461438. 
19. Hwang LH, Lau LF, Smith DL, Mistrot CA, Hardwick KG, Hwang ES, et al. Budding yeast Cdc20: a 
target of the spindle checkpoint. Science. 1998;279(5353):1041-4. Epub 1998/03/07. doi: 
10.1126/science.279.5353.1041. PubMed PMID: 9461437. 
20. Lisby M, Rothstein R, Mortensen UH. Rad52 forms DNA repair and recombination centers during 
S phase. Proc Natl Acad Sci U S A. 2001;98(15):8276-82. doi: 10.1073/pnas.121006298. PubMed PMID: 
11459964; PubMed Central PMCID: PMCPMC37432. 
21. Liu H, Wang Y. The function and regulation of budding yeast Swe1 in response to interrupted 
DNA synthesis. Mol Biol Cell. 2006;17(6):2746-56. Epub 2006/03/31. doi: 10.1091/mbc.e05-11-1093. 
PubMed PMID: 16571676; PubMed Central PMCID: PMCPMC1474790. 
22. Boronat S, Campbell JL. Mitotic Cdc6 stabilizes anaphase-promoting complex substrates by a 
partially Cdc28-independent mechanism, and this stabilization is suppressed by deletion of Cdc55. Mol 
Cell Biol. 2007;27(3):1158-71. Epub 2006/11/30. doi: 10.1128/MCB.01745-05. PubMed PMID: 17130241; 
PubMed Central PMCID: PMCPMC1800676. 
23. Epstein CB, Cross FR. CLB5: a novel B cyclin from budding yeast with a role in S phase. Genes 
Dev. 1992;6(9):1695-706. Epub 1992/09/01. doi: 10.1101/gad.6.9.1695. PubMed PMID: 1387626. 

 

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted August 27, 2020. ; https://doi.org/10.1101/2020.08.27.269696doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.27.269696
http://creativecommons.org/licenses/by/4.0/


.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted August 27, 2020. ; https://doi.org/10.1101/2020.08.27.269696doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.27.269696
http://creativecommons.org/licenses/by/4.0/


.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted August 27, 2020. ; https://doi.org/10.1101/2020.08.27.269696doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.27.269696
http://creativecommons.org/licenses/by/4.0/


.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted August 27, 2020. ; https://doi.org/10.1101/2020.08.27.269696doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.27.269696
http://creativecommons.org/licenses/by/4.0/


.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted August 27, 2020. ; https://doi.org/10.1101/2020.08.27.269696doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.27.269696
http://creativecommons.org/licenses/by/4.0/


.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted August 27, 2020. ; https://doi.org/10.1101/2020.08.27.269696doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.27.269696
http://creativecommons.org/licenses/by/4.0/

