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Abstract 25 

 Aurora kinase B (AURKB in human, Ipl1 in S. cerevisiae) is a master regulator of 26 

mitosis and its dysregulation has been implicated in chromosome instability.  AURKB 27 

accumulates in the nucleus in S-phase and is regulated by CHK1 but has not been 28 

implicated in in the DNA Damage Response (DDR).  Here we show that AURKB has a 29 

conserved role to recover from replication stress and restart replication forks. Active 30 

AURKB is localized to replication forks after a prolonged arrest. CHK1 phosphorylation of 31 

AURKB induces activating phosphorylation of PLK1 and both Aurora and Plk1 are 32 

required to deactivate the DDR. Clinical trials with AURKB inhibitors are designed to 33 

target established roles for AURKB in mitosis.  Our data suggest combinations of AURKB 34 

inhibitors and DNA damaging agents could be of therapeutic importance. 35 
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Introduction 36 

Genomic regions with a paucity of replication origins, regions replicated from 37 

unidirectional forks, and regions with convergent replication and transcription are at risk 38 

for replication fork “pausing” and rely on fork-restart mechanisms in an unperturbed S-39 

phase1,2. Replication forks also stall in response to DNA damage and there are 40 

mechanisms to stabilize replisomes and to restart replication from stalled forks. Factors 41 

promoting the fork stability and restart are part of the DNA Damage Response (DDR) that 42 

includes both the intra-S checkpoint that responds to stalled replication forks and the DNA 43 

damage checkpoint that responds to double stranded breaks, requiring homologous 44 

recombination to restart stalled forks. 45 

The essential function of the DDR during S-phase is to prevent replication fork 46 

collapse and promote replication re-start 3.  Replication stress, or replication fork pausing, 47 

is induced experimentally by depleting ribonucleotides (with hydroxyurea (HU)) or 48 

exposing cells to agents that modify the DNA such as ultraviolet (UV) light DNA modifying 49 

chemicals such as the alkylating agent methyl methanesulfonate (MMS).  UV, MMS and 50 

other DNA-modifying chemicals generate physical barrier that induces fork pausing1. 51 

ssDNA at stalled replication forks is coated with RPA that forms a signaling platform 52 

recruiting numerous proteins to activate ATR (Ataxia-Telangectasia and Rad3 Related) 53 

kinase in humans or Mec1 kinase homolog in yeast4.  ATR/Mec1 phosphorylates several 54 

proteins at stalled replication forks, represses firing of late origins and activates the 55 

effector kinases especially CHK1/Rad53, which promotes cell cycle arrest, regulates 56 

dNTP and histones levels to facilitate fork restart and recruits cryptic origins to complete 57 

DNA synthesis. 58 
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Aurora B kinase (AURKB in human and Ipl1 in yeast) is a master regulator of 59 

multiple events in mitosis, and its overexpression leads to chromosome instability in many 60 

tumors 5–7. AURKB exists in a four subunuit complex know as the Chromosome 61 

Passenger Complex (CPC), which also contains the subunits INCENP, Survivin, and 62 

Borealin5. Suppressing AURKB with chemical inhibitors impairs most CPC functions. 63 

However, the non-enzymatic partners of the CPC are essential for proper targeting and 64 

timely activation of the kinase 5,8. Two histone marks are required to recruit CPC to the 65 

inner centromere in mitosis:  Survivin directly binds histone H3 after it is phosphorylated 66 

on Thr-3 by Haspin kinase9,10, while Borealin interacts with Sgo1, which recognizes 67 

histone H2A phosphorylation at Thr-120 by Bub1 kinase 11,12.  AURKB can auto-activate 68 

by phosphorylating T-loops in trans, which is more efficient than activation in cis, 69 

suggesting that concentration of the CPC is sufficient to initiate a local signal.  However, 70 

there is also input from the DDR kinase CHK1 which phosphorylates AURKB on S331 71 

and has a poorly understood role in regulating AURKB activity13.  72 

Yeast have a single Aurora kinase, Ipl1, while vertebrates have at least two 73 

referred to as Aurora A and Aurora B.  Aurora A has been shown to regulate the entry of 74 

mitosis where it inactivates the DDR by activating Plk114.  Aurora kinases have many 75 

substrates in mitosis but a key form of signal transduction is that they can activate another 76 

important mitotic regulator Polo Like Kinase 1 (PLK1)/Cdc5 in yeast.  Yeast Cdc5 77 

regulates the DDR after prolonged G2 arrest induced by irreparable DNA double-strand 78 

breaks and Plk1 can similarly override the DDR in response to replication stress in 79 

vertebrates 15–18.  In human cells, PLK1 has also been shown to phosphorylate Rad51 to 80 

facilitate homologous recombination in response to double strand breaks and to 81 
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phosphorylate MRE1 to inactivate the MRN complex to limit its activity19,20. 82 

Here we show that the Aurora B kinase has an evolutionarily conserved role during 83 

S phase and is required for cells to recover from replication stress.  Active AURKB 84 

localizes to stalled replication forks where its activity is required to inactivate the stress 85 

response and allow replication forks to restart after the stress is removed.  AURKB activity 86 

in S-phase requires upstream activation by CHK1 and it is required to activate PLK1 87 

during fork restart.  Overall our data establish that Aurora B kinase has important functions 88 

in S-phase in the DDR. 89 

 90 

Results  91 

Cells lacking Aurora kinase activity are sensitive to DNA damaging agents. 92 

 We determined if there was a role for Ipl1 in the DDR in yeast by growing 93 

temperature-sensitive ipl1-321 cells at the semi-permissive temperature to limit them for 94 

Ipl1 activity in the presence or absence of sublethal amounts of hydroxyurea (HU) and 95 

methyl-methanesulfonate (MMS). We also treated the cells briefly with ultraviolet light 96 

(UV) light before incubating them at the semi-permissive temperature. The ipl1-321 cells 97 

are compromised for growth on YPD medium at 32 degrees showing they are limited for 98 

Ipl1 activity compared to the wild type and cells lacking Mec1, the yeast homolog of ATR 99 

(Ataxia-Telangectasia and Rad3 Related) kinase in humans. Cells with limited Ipl1 activity 100 

are sensitive to UV and to chronic growth in the presence of MMS and HU (Figure 1A). 101 

All three treatments have in common that they impose replication stress by blocking 102 

replication fork progression and activate the DDR. Yeast cells were also sensitive to brief 103 

acute treatments of MMS and viability dropped one hundred-fold after 90 minutes of 104 
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0.033% MMS treatment (Supplemental Figure 1A). 105 

 We determined if human cells, limited for AURKB activity, were also sensitive to 106 

replication stress. HeLa cells treated with HU for up to eight hours retain high viability but 107 

lose viability when grown in the presence of HU and the AURKB inhibitor ZM44739 (ZM) 108 

for longer than 4 hours (Figure 1B). The sensitivity of HeLa cells to HU was seen with two 109 

different AURKB inhibitors (ZM and AZD1152-HQPA(AZD)) that have distinct chemical 110 

structures (Figure 1B). This sensitivity was not seen in cells treated with HU and the 111 

AURKA inhibitor MLN8237 (MLN) (Figure 1B) and sensitivity appeared after 6 hours of 112 

HU arrest (Supplementary Figure 1B). We confirmed that the concentrations of ZM and 113 

AZD used throughout these experiments inhibit AURKB activity but not AURKA activity 114 

by immunoblots using a Pan-Aurora kinase T-loop antibody (Supplemental Figure 1E).  115 

 116 

The chromosome passenger complex (CPC) localizes to stalled replication forks 117 

 A recent study utilized iPOND (isolation of proteins on nascent DNA) combined 118 

with SILAC (stable isotope labeling of amino acids in cell culture)-mass spectrometry (MS) 119 

to analyze replisomes at stalled replication forks over time21. Human embryonic kidney 120 

(HEK293T) cells were treated with hydroxyurea and replication forks were purified using 121 

iPOND. This study provides a comprehensive description of the active and stalled 122 

replication fork-associated proteomes. We mined the quantitative proteomic data set and 123 

found that CPC is recruited to stalled replication forks. The CPC proteins AURKB, 124 

Borealin (CDCA8), and INCENP accumulated at the stalled forks and their proportion 125 

increased between four and eight hours of hydroxyurea treatment (Figure 1C). We used 126 

a subset of the quantitative proteomic data to get those proteins that were enriched at the 127 
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later time points and applied unsupervised hierarchical clustering to determine the 128 

similarities in the accumulation of proteins at stalled forks (a subset of the data is shown 129 

in Supplemental Figure 1C). Borealin (CDCA8) and INCENP cluster immediately beside 130 

each other and are similar to proteins like BLM, WRN and SMARCAL1 that are required 131 

to stabilize replication forks. AURKB and PLK1 also cluster near each other and this 132 

suggests that there is a role for the mitotic kinases in the response to replication stress.  133 

 We confirmed that the CPC is recruited to stalled replication forks, but is not 134 

enriched at nascent forks by aniPOND (Figure 1D-F, Supplemental Figure 1D22). S Phase 135 

HeLa cells were labeled for 10 minutes with EdU and nascent replication forks were 136 

isolated from chromatin and associated proteins were detected by immunoblotting. 137 

Nascent replication forks contain Proliferating Cell Nuclear Antigen (PCNA). We identified 138 

AURKB, Borealin, and PLK1 present at nascent replicating forks, but not present within 139 

the negative control unlabeled (No EdU) or non-conjugated to biotin (No Click) samples. 140 

We also found serine 10-phosphorylated histone H3 (H3pS10), a known substrate of 141 

active AURKB, present at nascent replicating forks. However, these signals were still 142 

present after a 20-minute chase of the EdU signal away from the nascent fork (Chase), 143 

unlike PCNA, indicating that the CPC is present at replicating chromatin but not enriched 144 

at nascent replication forks.  We also localized the CPC to replicating chromatin during 145 

and after replication stress (Figure 1E). We measured higher levels of both Borealin and 146 

AURKB as well as AURKB activity on S10 of H3 on forks arrested for 6 hours in HU than 147 

2 hours (Figure 1E lanes 1 and 4, Figure 1F) consistent with the aforementioned iPOND 148 

data21.  Note the H3-pS10 activity at stressed forks depends on AURKB activity as it was 149 

lost after the addition of the AURKB inhibitor ZM447439 (ZM) (Figure 1E, lanes 4, 5).   150 
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These pools of CPC remained on the stressed DNA after removal of the HU to restart 151 

replication forks suggesting that the CPC remains at the chromatin that was stressed 152 

(Figure 1E, lane 7).  The increased recruitment of activated CPC to forks arrested for 6 153 

hours did not depend on AURKB activity although it did depend on the Haspin and BUB1 154 

histone kinases that localize the CPC to inner centromeres during mitosis (Figure1 E 155 

lanes 4,5,6).   Surprisingly, if we added an ATR inhibitor (VE822) to forks arrested in HU 156 

for two hours to induce fork collapse we detected an increase in H3-pS10 activity (Figure 157 

1E lanes 1 and 2)).  These data suggest that AURKB responds to collapsed forks.  Cells 158 

were washed out of HU into EdU to determine if the CPC moved with restarted replication 159 

forks after being stressed and little CPC was found on restarted forks. Treating restarting 160 

forks with an AURKB inhibitor resulted in less PCNA recruitment suggesting a role for 161 

AURKB in replication restart (Figure1E, lanes 8,9). We validated the effects of Haspin, 162 

BUB1, and AURKB inhibitors on documented histone targets H3-pT3, H2A-pT120, and 163 

H3-pS10 respectively in Supplemental Figure 3C. 164 

 165 

Aurora kinases are required restart stalled replication forks 166 

 We used an “analog-sensitive” ipl1 mutant (ipl1-as) to determine how MMS affects 167 

DNA synthesis in yeast cells in the absence of Ipl123. The protein kinase activity of Ipl1 in 168 

cells with the ipl1-as mutation is inhibited by the addition of the ATP analogue 1-naphthyl-169 

pyrazolo[3,4-d]pyrimidine (NAPP). We arrested ipl1-as cells with the mating pheromone 170 

⍺-factor and sampled cells for flow cytometry at twenty-minute intervals in the presence 171 

and absence of MMS and NAPP. Untreated and NAPP-treated cells replicated their DNA 172 

with kinetics that are similar to wild type cells (Figure 2A). Cells treated with 0.033% MMS 173 
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progressed slowly through S phase and accumulate with a G2/M content of DNA as 174 

expected for cells with an intact DDR.  The ipl1-as cells grown in the presence of both 175 

MMS and NAPP retained a G1-like content of DNA.  Thus, the slow movement of DNA 176 

replication in MMS-treated cells is dependent upon Ipl1. The effect was not specific to 177 

ipl1-as cells and NAPP as we obtained similar results using temperature-sensitive ipl1-178 

321 cells (Supplemental Figure 2A). Importantly, replication in cells lacking Ipl1 appears 179 

normal in the absence of replication stress (Figure 2A, Supplemental Figure 2A). The 180 

delay in DNA replication in response to MMS in cells lacking Ipl1 is dependent on Mec1 181 

(Supplemental Figure 2B) but independent of the spindle assembly checkpoint 182 

(mad2::KanMx4) and kinetochores (ndc10-1), both of which are regulated by AURKB 183 

(Supplemental Figure 2 C,D). We analyzed the ipl1-as cells for budding, which is an 184 

indication of B-type cyclin activity that is required for both budding and DNA replication. 185 

The ipl1-as cells treated with NAPP were budded suggesting that the cells with a G1-like 186 

content of DNA had cyclin B activity (Supplemental Figure 2E). We used bromo-187 

deoxyuridine (BrdU) labeling to determine if temperature-sensitive ipl1-321 cells lacking 188 

Ipl1 activity initiate DNA replication. We synchronized ipl1-321 cells in G1 at the 189 

permissive temperature with ⍺-factor, sampled cells after releasing them to the restrictive 190 

temperature in the presence and absence of MMS. Chromosomal DNA was extracted 191 

and separated by contour-clamped homogeneous electric field (CHEF) electrophoresis 192 

which separates intact chromosomes. DNA was separated, blotted to membranes and 193 

probed for BrdU incorporation with anti-BrdU antibody. There was no BrdU incorporation 194 

in ⍺-factor-arrested cells as expected (Figure 2B). Untreated cells lacking Ipl1 incorporate 195 

BrdU and intact chromosomes become visible as cells complete replication. Incompletely 196 
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replicated chromosomes remain in the wells of the CHEF gels. MMS-treated ipl1-321 cells 197 

incorporated BrdU but intact chromosomes were not observed. We confirmed that ipl1-198 

321 cells initiate replication when treated with MMS by immunoprecipitating BrdU followed 199 

by qPCR. DNA replication in yeast initiates from well characterized ARS sequences in a 200 

temporal pattern such that an ARS can be described as early or late replicating24.  We 201 

measured BrdU incorporation into two early ARS regions by immunoprecipitating newly 202 

incorporated BrdU from cells released from ⍺-factor plus MMS for one and six hours24. 203 

We used quantitative PCR (qPCR) to determine the extent of BrdU incorporation in ARS 204 

sequences. Wild type cells treated for one hour with MMS incorporated BrdU in two early 205 

ARS sequences and much less into late ARS sequences (Figure 2C). We could detect 206 

approximately equal incorporation into early and late ARS sequences by six hours. We 207 

measured BrdU incorporation in the two early ARS sequences and much less into late 208 

ARS sequences in ipl1 cells after one hour and the same difference was seen between 209 

early and late ARS sequences after six hours. Cells lacking Ipl1 replicate DNA, however 210 

their replication is severely impeded in response to replication stress. 211 

 We hypothesized that Aurora functions to restart stalled replication forks because 212 

it is enriched at stalled forks in human cells eight hours after replication is arrested with 213 

HU (Figure 1C). We used flow cytometry to determine if MMS-treated yeast cells lacking 214 

Ipl1 activity could efficiently restart replication. Wild type and ipl1-321 cells were arrested 215 

with ⍺-factor and released to the cell cycle in the presence of MMS for 45 minutes and 216 

then the MMS was removed (restart). Wild type cells restart from MMS treatment within 217 

60 minutes and the majority of cells completed DNA replication and had a 2C content of 218 

DNA (Figure 3A). The ipl1-321 cells restart from MMS treatment more slowly suggesting 219 
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that Ipl1 is required for efficient restart from replication stress. This was confirmed by 220 

directly measuring total BrdU incorporation during restart (Supplemental Figure 3A) and 221 

by qPCR, following immunoprecipitation of BrdU, for early and late ARS sequences 222 

(Figure 3B).  BrdU was detected at both early and late ARS sequences sixty minutes after 223 

restart in wild type cells but BrdU is detected in early ARS sequences but not detected at 224 

late ARS sequences in ipl1 cells. 225 

 We determined that AURKB was required for restarting DNA replication during 226 

recovery from replication stress in human cells (HeLa) using DNA combing. Cells were 227 

synchronized at the beginning of S-phase, released into the cell cycle for one hour and 228 

then treated with HU for six hours in the presence of the thymidine analog 229 

Iododeoxyuridine (IdU). Cells were then washed out of the HU for twenty minutes in the 230 

presence of chlorodeoxyuridine (CldU) in the presence and absence of the AURKB 231 

inhibitor ZM. Isolated DNA was stretched on silanized coverslips to separate individual 232 

DNA strands (DNA combing) and the DNA synthesized during and after the HU treatment 233 

were visualized using specific antibodies (Figure 3C). Replication restart is evident by red 234 

stands that are adjacent to green strands. Forks that fail to restart are identified by green 235 

strands that lacked or had very short adjacent red strands. The proportion of replicons 236 

that restarted were reduced in cells that were treated with AURKB inhibitor ZM (Figure 237 

3C).  We found a higher proportion of strands that were only red in ZM treated cells 238 

indicative of forks initiated at new origins (Figure 3C). We also observed a smaller 239 

proportion of forks restarting in a DNA fiber assay after restarting forks with AZD 240 

(Supplemental Figure 3B), demonstrating that two different inhibitors of AURKB affect 241 

restart. We performed a restart experiment in human cells and used a western blot to 242 
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observe gH2AX after restart with AURKB inhibitors in order to address the possibility that 243 

we were inducing double strand breaks after restart with these inhibitors. We observed a 244 

trend towards lower gH2AX with these inhibitors, which was not significantly different than 245 

controls (Supplemental Figure 3C). We conclude that AURKB is required to efficiently 246 

restart replication from a stalled fork after replication stress, and that AURKB does not 247 

affect double-strand breaks after restart. 248 

 249 

 Cells require AURKB/ipl1 activity to inactivate the DDR 250 

 We determined if steps of restarting forks were inhibited by Aurora inhibition to 251 

corroborate our conclusion of a role of AURKB in restarting forks. The intra-S DDR 252 

checkpoint must be extinguished for DNA replication to restart24–26. The intra-S 253 

checkpoint activates the effector kinase Rad53 (yeast)/CHK1 (humans) by 254 

phosphorylation and dephosphorylation is a direct measure of extinguishing the 255 

checkpoint. We measured the phosphorylation of Rad53 in wild type, ipl1-321 and cdc5-256 

2 yeast cells by mobility shift of HA-tagged Rad53 assayed by immunoblotting. Cycling 257 

cells were treated with 0.01% MMS for forty-five minutes at the restrictive temperature for 258 

ipl1-321 and cdc5-2 and then the MMS was removed. Approximately 50% of the Rad53 259 

was hyperphosphorylated in wild type cells and became completely dephosphorylated 260 

three to four hours after removing the MMS (Figure 4A). In contrast, ipl1-321 and cdc5-2 261 

cells retained high levels of hyperphosphorylated Rad53 suggesting that the mutants 262 

could not extinguish checkpoint signaling. We confirmed that the change in 263 

electrophoretic mobility corresponded to a change in protein kinase activity by directly 264 

measuring the protein kinase activity in situ27. We renatured Rad53 after immunoblotting 265 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 27, 2021. ; https://doi.org/10.1101/2021.05.27.446025doi: bioRxiv preprint 

https://doi.org/10.1101/2021.05.27.446025


and incubated the membranes with 32P-ATP to detect autophosphorylation of Rad53. The 266 

activity of the Rad53 kinase matched the phosphorylation state and wild type cells 267 

activated and then deactivated the kinase but the ipl1-321 and cdc5-2 cells retained active 268 

kinase (Supplemental Figure 4A). HeLa cells in prolonged replication stress had 269 

increased phosphorylation of CHK1 at two distinct ATM/ATR sites, S345 and S317 270 

(Figure 4B, Supplemental Figure 4C). Phosphorylation of S345 declined over time after 271 

release from replication stress and returned to baseline after two hours. Inhibiting either 272 

AURKB or PLK1 resulted in increased and prolonged phosphorylation of CHK1 S345 and 273 

baseline signaling did not return after 4 hours (Figure 4B right panel). We obtained a 274 

similar result for the phosphorylation of CHK1 S317 (Supplemental Figure 4B and C).  275 

AURKB and PLK1 promote recovery from replication stress in an evolutionarily conserved 276 

manner.  277 

  Part of the intra-S checkpoint is the removal of Fork Protection Complex proteins 278 

such as Claspin, Timeless, Tipin from the fork after damage is resolved. Both Claspin and 279 

CHK1 remain on chromatin upon replication restart in the presence of AURKB inhibitors 280 

as opposed to AURKB, PLK1, and BUB1 that remain on chromatin in both conditions 281 

(Figure 4C, PLK1 quantified in Supplemental Figure 4D).   282 

  Aurora B phosphorylates Histone H3 on Serine 10 during replication restart (Figure 283 

1).  To corroborate a role of AURKB in restart we searched for additional substrates that 284 

have been implicated in silencing the DDR.  AURKA kinase abrogates the DDR just 285 

before cells enter mitosis by activating PLK1 through direct phosphorylation of its T-loop 286 

on T21028,29. We determined whether AURKB activates PLK1 during the restart of 287 

replication forks in S phase. Inhibiting AURKB, but not AURKA, reduced PLK1 activation 288 
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as measured by immunoblot in S phase (Figure 4D).  PLK1-pT210 was also increased in 289 

HU and during replication restart (Figure 4E, Supplemental Figure 4C). The high activity 290 

in restart was abrogated by AURKB inhibition (Supplemental Figure 4C). CHK1 291 

phosphorylates AURKB on S331 to fully activate its activity13. We generated cells 292 

expressing either WT or S331A AURKB behind an inducible promoter. Expression of 293 

AURKB S331A, but not wild-type AURKB, reduced PLK1-T210 phosphorylation in HU 294 

and during restart (Figure 4E). AURKB/Ipl1 activates PLK1/Cdc5 to extinguish the DDR 295 

and recover from replication stress. 296 

 297 

Discussion 298 

 We have uncovered an unappreciated, highly conserved function of the CPC in 299 

recovery from replication stress. Replication forks fail to restart in the absence of AURKB 300 

activity and the DDR is not turned off after the stress is removed.  We have provided 301 

evidence for an extensive signaling mechanism involving known CPC regulators at stalled  302 

replication forks.  The regulators that recruit (BUB1 and HASPIN) and activate (CHK1) at 303 

inner centromeres are also required to recruit and activate CPC at stalled forks.  AURKB 304 

is active at forks since it is phosphorylating Histone H3 on S10 and PLK1 on its activation 305 

loop.  We have provided evidence that PLK1/Cdc5 is also required to inactivate the DDR 306 

in yeast and essentially phenocopies Ipl1 mutant in their inability to inactivate Rad53 307 

kinase after recovering from replication stress.  While demonstrating that each of these 308 

steps is required for restarting forks is beyond the scope of this short report, we suggest 309 

that elucidating this pathway is an important area of future research.  310 

 AURKB kinase inhibitors are currently being tested as cancer therapeutics with 311 
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variable responses30. Interestingly, there was over 50% positive responses when the 312 

AURKB inhibitor Barasertib (AZD1152) was used in combination with low dose cytosine 313 

arabinoside in elderly patients with AML 31. Our data provide an important re-interpretation 314 

of this result as we can increase cytotoxicity of AURKB kinase inhibitors during S-phase 315 

in cells that never reach mitosis while the kinase is inhibited.  A major limitation of AURKB 316 

kinase inhibitors as chemotherapeutics has been the side effect neutropenia at the doses 317 

of inhibitors required to elicit mitotic defects. Thus, we suggest that re-purposing AURKB 318 

inhibitors in combination with DNA damaging agents will allow use of these inhibitors at 319 

lower doses and enable a productive line of future cancer therapeutics. 320 

 321 

Methods 322 

 323 

Yeast Strains and Media 324 

Rad53 was epitope-tagged with three tandem hemagglutinin (3HA) sequences using a 325 

marker swapping plasmid pCMY87 provided by Dr. Chris Yellman (University of Texas). 326 

A DNA fragment (3HA kanmx) was PCR amplified using RAD53 C-terminal tagging 327 

primers. Gel purified DNA was transformed into TAP-tagged Rad53 (Sp his5+) cells from 328 

the genome TAP collection and transformants were selected that were G418 resistant 329 

and his-. RAD53-3HA was amplified from the strain using the flanking primers 330 

GGACCAAACCTCAAAAGGCCCCG and 331 

GAATTCTGAGTATTGGTATCTACCATCTTCTCTC followed by transformation into wild 332 

type (CVY43) and ipl1-321 (2948-3-3) cells. The presence of the 3HA tag was confirmed 333 

by PCR using flanking primers GATCCTAGTAAGAAGGTTAAAAGGGC, 334 
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CAAAACGTCACTCTATATGTAATAAAAACCC and by immunoblotting protein extracts 335 

from cycling cells with 12CA5 monoclonal anti-HA antibody. 336 

The lithium acetate method was used for transformation and transformants were selected 337 

on YPD+G418 plates32. The ATP analogue 1-naphthyl-pyrazolo[3,4- d]pyrimidine 338 

(NAPP, Cayman Chemicals) was added to YPD at 75 μM. Hydroxyurea and methyl 339 

methanesulfonate (Sigma) were supplemented in the media as noted in the figure 340 

legends. Spotting assays were performed by growing cells to saturation and spotting 341 

serial ten-fold dilutions onto plates and incubating the plates at the indicated 342 

temperatures with plates sealed and submerged in waterbaths. Spotted cells on solid 343 

medium were irradiated with UV light in a Stratalinker (Stratgene), wrapped in aluminum 344 

foil and incubated at the indicated temperatures.  345 

 346 

Yeast Cell Cycle Experiments 347 

Cells were grown overnight in YPD to mid-log, adjusted to OD=1.0 and synchronized at 348 

23 degrees in YPD medium containing 100 nM of α-factor (Genway Biotech Inc) for three 349 

hours. Efficiency of the arrest was monitored by microscopy to obtain >85% as unbudded 350 

cells. Cultures of temperature sensitive mutants were incubated for the last 30 minutes at 351 

36 degrees to inactivate the protein. Arrested cells were washed three times with water 352 

and released into YPD medium in the presence or absence of MMS at temperatures 353 

indicated in the figure legends. Samples were collected at the indicated times, sample 354 

were fixed with 70% ethanol and prepared for flow cytometry as described previously33. 355 

Flow cytometry was performed with a BD FACScalibur flow cytometer in the core facility 356 

at the University of Virginia or with a BD Accuri C6 flow cytometer at North Carolina State 357 
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University. The DNA content of 40,000 cells was determined for each sample. Rad53 358 

hyperphosphorylation was detected by immunoblotting as previously described33. Cells 359 

were grown to mid-log at 23 degrees in YPD and adjusted to OD=1. MMS (0.01%) was 360 

added for 45 minutes and quenched with 0.5% sodium thiosulfate. Cells were pelleted, 361 

washed with water and resuspended in pre-warmed YPD and grown at 36 degrees. 362 

Protein extracts were prepared as described previously and immunoblotted with mouse 363 

monoclonal 12CA5 antibody. Real Time PCR was performed with a StepOne system 364 

(Applied Biosystems) following manufacturer’s instructions. Primers to amplify early ARS 365 

sequences: ARS1 (TTTCTGACTGGGTTGGAAGG, CGCATCACCAACATTTTCTG), 366 

ARS305 (GATTGAGGCCACAGCAAGAC, TCACACCGGACAGTACATGA) and late 367 

sub-telomeric ARS sequences: ARS440 (CGAAAGTGACGAAGTTCATGC, 368 

GCCATTGCTGATAAAGACGC), ARS522 (GTTTTAGCAGCTCCAAAAGAAAGG, 369 

GGACTTTAGATAGTAATATATGGCG). Standard curves were prepared for each primer 370 

pair using purified genomic DNA quantified using nanodrop and absolute amounts of each 371 

amplified PCR product was determined from the standard curves.  372 

In situ protein kinase assay on lysates from wild type and ipl-321 cells was performed as 373 

outlined in27. Yeast proteins were loaded onto an 8% electrophoresis gel and blotted onto 374 

a PVDF membrane, denatured at room temperature for 1 hour and renatured overnight 375 

at 4C. The membrane was washed in 30mM Tris pH 7.5 for one hour and incubated in 376 

kinase buffer for 30min. 10 μCi of γ-32 P was added to fresh kinase buffer and incubated 377 

at room temperature for one hour. The blot was washed in 30mM Tris, followed by 1M 378 

KOH for 10min and 10%TCA for 10min. Activity was detected via autoradiography. 379 

 380 
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Human Cell Culture and Drug Treatments 381 

Cells were synchronized into S phase by double thymidine block and release: 2mM 382 

thymidine (Sigma-Aldrich) was added to culture medium for 24 hours, washed out into 383 

normal medium for 12 hours, then treated with 2mM thymidine-containing medium for 12 384 

hours. Cells were released to into medium for 1-2 hours to resume S-phase before the 385 

addition of drugs.   ZM44739 (Enzo Life Sciences) was dissolved in DMSO and cells 386 

were treated with 500nM.  AZD1152 (MedChemExpress) were used at concentrations 387 

of 100nM. Control cells were treated with identical amounts of DMSO carrier. HeLa cells 388 

were checked for mycoplasma by PCR biannually. Immunofluorescence was performed 389 

as described (Bolton et al. 2002). 390 

 391 

Colony Assay 392 

HeLa T-Rex cells were synchronized into S Phase and treated with 2mM Hydroxyurea 393 

and DMSO or Aurora Inhibitors for 4, 6, or 8 hours before being rinsed in PBS and put in 394 

DMEM overnight at 37°C. The following day, cells were trypsinized and counted with a 395 

coulter counter and diluted and 50 cells were transferred to a new plate and cultured for 396 

12-14 days when colonies were visible in untreated samples. The plates were fixed in 397 

100% methanol for 20min at room temperature and stained with Crystal Violet (0.5% in 398 

25% methanol). Colonies were counted manually. 399 

 400 

Human Cell Line Generation 401 
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The S331A cells were generated through Quick Change site Directed Mutagenesis of 402 

previously made PcDNA5.0/FRT/TO-LAP-hAuroraB34. Tet-inducible cell lines were 403 

generated as described34. 404 

 405 

Immunoblotting 406 

Immunoblotting was performed as described35. Images were collected through 407 

autoradiography or imaged on a BioRad ChemiDoc. The antibodies used were: 12Ca5 408 

(mouse monoclonal antiHA produced in UVA hybridoma facility), Borealin (Banerjee JCB 409 

2014), AURKA (homemade), H3S10P (Mouse Millipore Cat#06570 multiple Lot#, Rabbit 410 

Cell Signaling Technologies Cat#D2C8 Lot# 3377S), H3T3 (EMD Millipore Cat#7-424 411 

Lot#3012075), H2AP.T120 (Active Motif Cat#61195 Lot#31511001), BUB1 (GeneTex 412 

Cat#GTx30097 Lot#821701160, PCNA (Novus Biotechne-Brand NB500-106 Lot # A6), 413 

H2B (Upstate Cat#07371 Lot#30216) H4 (Cell Signaling Technologies), PLK1P.T210 414 

(Cell Signaling Technologies Lot#A3730), Tubulin (DM1a, UVA hybridoma facility), P-415 

CHK1-S345(Cell Signaling Cat#133D3, Lot#2348S), P-CHK1-S317 (Cell Signaling 416 

Cat#2344S) P-ATR90, antiBrdU(Mouse-BD Biosciences 347580 Lot# 7157935 AbCam 417 

Rat Cat#AB6326 multiple lots #GR3173537-7, #GR3269246-1), gamma-H2aX (Upstate 418 

Cell Signaling Solutions Cat# 07-164 Lot#23646), Pan Aurora T-loop (Cell Signaling 419 

Technologies), Claspin (A300267A-Bethyl), IdU (from Burke), CldU (from Burke). All 420 

secondary antibodies were from Jackson Labs. Aurora A/B/C-P (Cell Signaling 421 

Technologies- Cat#2914S Lot#9) Timeless (Sigma SAB1406756-50ug Lot# 08242), 422 

PLK1 (Cell Signaling Technologies Cat#4513S), Total CHK1 (Santa Cruz, SC8408 423 
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Lot#K0118), Rabbit AURKB Total (Bethyl-A300431A). 424 

 425 

aniPOND 426 

HeLa TRex cells were grown to 90% confluency at 37�C and 5% CO2 to obtain at least 427 

1x108 cells per treatment to perform aniPOND as described in22. Briefly, cells were treated 428 

with 10 μM EdU (LifeTechnologies) for ten minutes or with 2mM HU with 10 μM EdU for 429 

six hours in a 37°C incubator. EdU containing media was replaced in chase samples with 430 

medium containing 10 μM thymidine and incubated for twenty minutes in 37°C. The HU 431 

containing medium in restart experiments was washed out and replaced with new medium 432 

for twenty minutes with fresh EdU (and AZD/ZM where mentioned) at 37°C. Nuclei were 433 

extracted and isolated on ice. The EdU was conjugated to biotin through a Click Reaction. 434 

When cells number per sample exceeded 1x108, 10mLs of click reaction buffer was used, 435 

otherwise 5mL of solution was used, with final concentrations 25 μM biotin-azide, 10 mM 436 

(+)-sodium L-ascorbate, 2 mM CuSO4 and rotated at 4°C for 1-2hr. Samples were then 437 

sonicated on ice using a Branson Sonifier-250 for 12 pulses each 10 seconds with 20W. 438 

Some of the sample was set aside as the “input” sample. The rest of the sample was 439 

incubated with streptavidin- coated agarose beads overnight at 4°C. Beads were spun 440 

down and washed before the proteins were eluted off the beads by boiling in SDS sample 441 

buffer and processed for immunoblot. 442 

Cell Fractionation 443 

Chromatin-bound samples were isolated using a modified version of the cell fractionation 444 

protocol outlined in36. Cells were lysed in Buffer A (10 mM HEPES pH 7.9, 10 mM KCl, 445 
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1.5 mM MgCl2, 34 mM sucrose, 10% glycerol, 1 mM DTT, 5 mM Na3VO4, 10 mM NaF, 446 

protease inhibitor tablet) with 0.1% Triton X-100. The supernatant was isolated after a 447 

4min spin at 1300g and labeled as the “cytoplasmic fraction”. The pellet was treated with 448 

Buffer B (3 mM EDTA, 0.2 mM EGTA, 1 mM DTT, 5 mM Na3VO4, 10 mM NaF, protease 449 

inhibitor tablet) for 1 minute on ice and spun at 1700x g for 4 minutes. The resulting pellet 450 

was resuspended in Buffer A with 1mM CaCl2 and 5 U micrococcal nuclease and 451 

incubated at 37°C for 10 minutes. The chromatin bound fraction was collected as the 452 

supernatant after a spin at max speed for 5 minutes. 453 

 454 

DNA Combing and Fiber Spreading assays 455 

DNA fiber spreading was performed as described37. Cells were pulsed with 20 μM IdU for 456 

twenty minutes, then the media was removed, the cells were washed twice with Hanks 457 

balanced salt solution (HBSS, Fisher), then treated with HU for 6 hours and 100 μM CldU 458 

for twenty minutes. The cells were then trypsinized, spun at 800 x g and washed in PBS 459 

and resuspended in a volume to bring the final concentration to approximately 1 x 106 460 

cells/ml. 2 μl of the suspension was place on a clean slide and lysed with 10 μl of lysis 461 

buffer (0.5% SDS, 200mM Tris pH 7.4, and 50mM EDTA) for 6 minutes. Then the slides 462 

were tilted to allow the solution to drip slowly down the length of the slide, and then air 463 

dried at room temperature.   Slides were fixed in a 3:1 methanol: acetic acid solution for 464 

two minutes, then air dried again. The slides were stored overnight a 4°C and the DNA 465 

was denatured in 2.5 M HCl for 30 minutes, then rinsed 3 times in PBS. The slides were 466 

incubated with blocking buffer (BB, 10% Goat serum, 0.1% Triton, PBS) for 1 hour and 467 

incubated in rat anti-BrdU diluted 1:300 in BB. Subsequently, the slides were incubated 468 
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for an hour in a 1:100 dilution of mouse anti-BrdU. Alexa-Fluor antibodies were used at a 469 

dilution of 1:350. Slides were air dried then mounted with ProLong Gold. 470 

 471 

Data Availability 472 

Data supporting the findings of this work are available within the paper and its 473 

Supplementary Information files.  The datasets  are available from the corresponding 474 

author upon request. 475 

 476 
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 575 

 576 

Figure Legends 577 

Figure 1. AURKB has a role in the response to DNA damage. A. Yeast cells limited for 578 

Ipl1 are sensitive to DNA damage. Ten-fold serial dilution of cells spotted onto YPD plates 579 

and grown continually with 0.01%MMS, 50mM HU, or after 50 uJ/cm2 of ultraviolet light. 580 

WT (W303), ipl1 (4145-1-3) and mec1 (JRY7274) B. Replication stressed HeLa cells are 581 

sensitive to two distinct AURKB inhibitors but not an AURKA inhibitor. HeLa cells were 582 

treated with the indicated drugs (100nM AZD1152 (AZD), ZM-0.4uM ZM447439, 50nM 583 
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MLN8237 (Alisertib, MLN), 2mM hydroxyurea (HU)) for 6 hours and ~350 cells were 584 

plated in 10cm plates and grown for 15 days. The number of colonies formed were 585 

counted after staining with crystal violet. P-values calculated by Anova with Tukey post-586 

test. C. Proteins at stalled replication forks. Quantitative iPond SILAC analysis of the 587 

indicated proteins Log2 Abundance Ratio of HU treated cells over time compared with a 588 

non-HU treated control (Data mined from Dungrawala et al., 201521). D. aniPOND of HeLa 589 

cells synchronized into S phase. Cells were pulsed with EdU for 10 minutes, and then 590 

chased with 10  µM Thymidine for 20 minutes. Negative controls for the EdU labeling (No 591 

EdU) and the conjugation to biotin (No Click) were also included. Samples were subjected 592 

to western blotting of the respective proteins after normalization to the total amount of 593 

input protein. E. aniPOND of HeLa cells synchronized into S phase and incubated with 3 594 

mM HU to induce replication stress. Top, schematic of experiment, with red arrows 595 

indicating where EdU is incorporated in the various samples. Bottom, samples are 596 

subjected to western blotting of the respective proteins after normalization to the total 597 

amount of input protein in each sample. F. Quantification of CPC proteins from aniPOND 598 

samples, normalized to H2B. P-values calculated by one-way ANOVA with Tukey post-599 

test with multiple comparison correction. 600 

 601 

Figure 2. Ipl1 is required to complete replication in the presence of MMS. A. Flow 602 

cytometry. α-Factor-arrested ipl1-as cells (2946-14-2) were released into the cell cycle 603 

with the indicated treatment and samples were taken every 20 min for flow cytometry. B. 604 

Cells lacking Ipl1 enter S-phase but cannot complete chromosome replication. α-Factor-605 

arrested ipl1-321 cells (2498-3-3) in BrdU were released into the cell cycle for the 606 
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indicated time and chromosomes were separated by a CHEF gel. DNA was detected with 607 

ethidium bromide and BrdU incorporation was determined by immunoblotting. C. Origins 608 

of replication are activated slowly in Ipl1 cells in the presence of MMS. α-Factor-arrested 609 

wild type (CVY43) and ipl1-321 cells (2498-3-3) were released into the cell cycle in the 610 

presence of MMS for 1 and 6 hours. BrdU-containing DNA was recovered by 611 

immunoprecipitation and ARS sequences were identified by qPCR. Early ARS sequences 612 

were ARS1 and ARS305 and late ARS sequences were ARS440 and ARS522. Data are 613 

means and SEM of the amount of DNA recovered for the early and late ARS sequences 614 

normalized to the one-hour sample from wild type cells. 615 

 616 

Figure 3. AURKB/Ipl1 kinases are required for efficient replication restart. A. Wild type 617 

(CVY43) and ipl1-321 (2948-3-3) cells were α-factor-arrested and released into the cell 618 

cycle for the indicated time at 36 degrees and samples were taken every twenty minutes 619 

for flow cytometry. Cells on the right were released in the presence of MMS for thirty 620 

minutes and the MMS was removed to assay replication restart. B. Late origins of 621 

replication are delayed after replication restart in ipl1 cells. α-Factor-arrested wild type 622 

(CVY43) and ipl1-321 cells (2498-3-3) were released into the cell cycle as in Figure 3A 623 

and BrdU-containing DNA was recovered by immunoprecipitation. ARS sequences were 624 

identified by qPCR as in Figure 2B. Data are means and SEM of the amount of DNA 625 

recovered for the early and late ARS sequences normalized to the one-hour sample. C. 626 

HeLa cells fail to properly restart replication forks in the presence of AURKB inhibitors. 627 

HeLa cells were incubated with IdU nucleoside and HU and then restarted in the presence 628 

of CldU in the presence (n=4 fields) and absence of ZM (n=4) and the replicated DNA 629 
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strands were visualized by DNA combing. Statistics are students t-test.  630 

 631 

Figure 4. Replication restart requires CHK1 activation of AURKB to activate PLK1 to 632 

inactivate CHK1. (A-B) AURKB/Ipl1 and PLK1/Cdc5 regulates ATR/Mec1 633 

dephosphorylation. A. Cycling (labeled C) wild type (4159), ipl1-321 (4166-1-4 ) and cdc5-634 

2 (4189-14-3) cells tagged with 3xHA were treated with MMS for 45 min at 36 degrees 635 

(labeled M), the MMS was removed and cells were grown in YPD for the indicated times 636 

(hours). Proteins were separated by PAGE and HA was detected by immunoblotting. The 637 

arrow indicates hyperphosphorylated Mec1. B. HeLa cells were treated with HU overnight 638 

(HU, 3 mM) and washed into medium lacking HU (HU washout) containing either DMSO 639 

vehicle as a control or the AURKB inhibitor AZD-1152, 500 nM, or the PLK1 inhibitor BI-640 

2536, 100 nM, for the indicated time and cells processed by immunoblot to visualized 641 

CHK1 phosphorylated on S345 or total CHK1. Right panel, CHK1-pS345/total CHK1, 642 

normalized to no HU control. C. Cells require AURKB kinase to remove Claspin (CLSPN) 643 

from chromatin during restart. Cells were synchronized into S phase, treated with 6 hours 644 

of HU with and without AZD (500 nM), and washed out of HU to restart forks in the 645 

presence or absence of AZD at the same concentration. Cells were then fractionated to 646 

yield the chromatin bound fraction and immunoblotted visualize the amount of the various 647 

proteins bound to chromatin. Quantification for Claspin (CLSPN) and CHK1 normalized 648 

to No HU control, lower panels. D. AURKB phosphorylates PLK1 T-loop during S phase. 649 

S-phase synchronized cells were treated with the AURKB inhibitors AZD at 500 nM or 650 

ZM at 2 µM or AURKA inhibitor MLN at 100 nM and active PLK1 was visualized by 651 

immunoblot to detect phosphorylated T-loop of PLK1.  Quantification for PLK1-652 
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pT210/PLK1, normalized to DMSO control. E. HeLa cells conditionally expressing either 653 

LAP-AURKB (WT) or LAP-AURKB (S331A) were treated as indicated and the amount of 654 

active PLK1 assayed by immunoblot.  655 

 656 

Supplementary Figure Legends 657 

 658 

Supplemental Figure 1. AURKB has a role in the response to DNA damage. A. Plating 659 

efficiency. Wild type (CVY43) and ipl1 (2948-3-3) cells (107 per ml) were treated with 660 

0.033% MMS for the indicated time, diluted onto YPD plates and counted to determine 661 

the number of viable cells. B. HeLa cells fail to form colonies after being treated with HU 662 

and Aurora inhibitors. Cells were treated for the indicated time and drugs diluted and 663 

replated at the same cell number and then grown for 14 days in fresh media to form 664 

colonies. p-value=0.04 (Anova). C. Hierarchical clustering of quantitative iPond data. 665 

Clustering of Stable Isotope Labeling with Amino acids in Cell culture (SILAC) data for 666 

proteins that accumulate late at replication forks. D. The CPC is preferentially bound to 667 

replication-stressed chromatin in HeLa cells synchronized in S-phase as measured by 668 

iPOND. Cells synchronized by thymidine were treated with EdU for 10 minutes (S-phase), 669 

or chased with 10 uM thymidine for 20 minutes, newly replicated chromatin was isolated 670 

on streptavidin beads after treatment of chromatin with click-it biotin and the isolated 671 

chromatin was analyzed by immunoblot with the indicated antibodies. E. The AURKB 672 

inhibitors do not inhibit AURKA kinase at the concentrations used in this study. 673 

Nocodazole-arrested cells were treated with100nM AZD (AZD) or 400nM ZM447439 (ZM) 674 

for 1 hour and the amount of active AURKA (46 KD) and AURKB (41, 36KD) kinases 675 
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measured by immunoblot against a Pan Aurora phospho-T-loop antibody and antibodies 676 

against an AURKB substrate Phosphoserine-10 of histone H3 (H3-pS10).  677 

 678 

Supplemental Figure 2. Ipl1 cells respond to MMS through the DNA damage checkpoint. 679 

A. ipl-321 do not complete DNA replication in MMS. α-Factor-arrested ipl1-321 cells 680 

(4145-1-3 ) were released into the cell cycle for the indicated time at 36 degrees and 681 

samples were taken every twenty minutes for flow cytometry. B. The Ipl1 response to 682 

replication stress requires Mec1. α-Factor-arrested ipl1-321 sml1 (4145-1-3), mec1 sml1 683 

(4161-10-2), and ipl1-321 mec1 sml1 (4145-10-4) cells were released into the cell cycle 684 

in 0.033% MMS at 36 degrees for the indicated time and samples were taken every 20 685 

min for flow cytometry. C. The Ipl1 response to replication stress does not require Mad2. 686 

α-Factor-arrested mad2::kanmx4 cells (2492-6-1) were released into the cell cycle in the 687 

presence or absence of 0.033% MMS at 36 degrees for the indicated time and samples 688 

were taken every 20 min for flow cytometry. D. The Ipl1 response to replication stress 689 

does not require the kinetochore. α-factor-arrested ndc10-1 cells (2495-12-3) were 690 

released into the cell cycle in the presence or absence of 0.033% MMS at 36 degrees for 691 

the indicated time and samples were taken every 20 min for flow cytometry. E. Budding 692 

data from experiment shown in Figure 2A to show cells had entered S-phase under all 693 

conditions. 694 

 695 

Supplemental Figure 3. AURKB is required for efficient replication restart. A. Wild type 696 

(CVY43) and ipl1-321 (2948-3-3) cells were α-factor-arrested are released into YPD plus 697 

BrdU and sampled every 20 minutes. The +MMS indicates cells treated with 0.033% MMS 698 
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for 30 min after α-factor release and then the MMS was removed to monitor replication 699 

restart. Equal amounts of DNA (nanodrop) were denatured, captured by slot blot and 700 

BrdU was detected by immunoblotting. B. Replication from restarted replication forks was 701 

measured as in Figure 3C except cells were treated with the AZD AURKB inhibitor rather 702 

than ZM and assayed by DNA fiber spreading rather than combing. C. Restart experiment 703 

was performed by stalling S-phase synchronized cells in 3 mM HU for 6 hours, then 704 

washing out into the labeled inhibitor ant taking whole cell extracts at 10, 20, and 30 705 

minutes. ZM, 2 µM, BI, 100 nM, Haspin inhibitor (5ITU), 1 µM, BUB1 inhibitor (BAY-706 

1816032), 1 µM. 707 

 708 

Supplemental Figure 4. AURKB/Ipl1 and PLK1/Cdc5 regulate ATR/Mec1. A. In situ 709 

kinase assay of cycling wild type, ipl1-321 and cdc5-1 cells tagged with 3xHA (labeled C) 710 

treated with MMS for 45 min at 36 degrees (labeled M), the MMS was removed and cells 711 

were grown in YPD for the indicated times (hours). Proteins were separated by PAGE and 712 

Mec1 kinase activity was detected by autophosphorylation after kinase renaturation and 713 

incubating with 32P-labelled ATP followed by autoradiography. B. Quantification of PLK1 714 

T-loop phosphorylation during S phase after Aurora kinase inhibition. C. Cells were 715 

treated as in Figure 4B, then immunoblotted for pan-Aurora T-loop phosphorylation 716 

(AURKA, yellow, AURKB, blue), PLK1 pT210, H3-pS10, and H2B as a loading control. 717 

D. Quantification of chromatin bound Claspin (CLSPN), CHK1, and PLK1. Claspin and 718 

CHK1 stay bound to chromatin across multiple experiments after AURKB inhibition, while 719 

chromatin bound PLK1 is unaffected by AURKB inhibition. 720 

 721 
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 745 

Strain Genotype Source 

CVY43 bar1::hisG URA3:BrdU-inc Oscar 

Aparicio 

JRY7274 mec1::TRP1 sml1-1 Jasper Rine 

2492-6-1 bar1::hisG ipl1::KANMX:ipl1-as5:LEU2 

mad2::KANMX 

This Study 

2495-12-3 ndc10-1 ipl1-321 This Study 

2498-3-3 bar1::hisG URA3:BrdU-inc ipl1-321 This Study 

2946-14-2 bar1::hisG ipl1::KANMX:ipl1-as5:LEU2 URA3:BrdU-

inc 

This Study 

4145-1-3 sml1::HIS3 ipl1-321 This Study 

4145-10-4 mec1::TRP1 sml1::HIS3 ipl1-321 This Study 

4159 bar1::hisG URA3:BrdU-inc RAD53-3HA:KanMX This Study 

4161-10-2 bar1::hisG ipl1-321 mec1::TRP1 sml1 This Study 

4166-1-4 bar1::hisG URA3:BrdU-inc ipl1-321 RAD53-

3HA:KanMX 

This Study 

4189-14-3 cdc5-2 RAD53-3HA:KANMx4 This Study 

  

  

 746 
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Figure 2. Ipl1/Aurora is required to replicate DNA under replication stress 
conditions in S. cerevisiae. 

C
ipl1-321

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 27, 2021. ; https://doi.org/10.1101/2021.05.27.446025doi: bioRxiv preprint 

https://doi.org/10.1101/2021.05.27.446025


IdU + HU
6hr

CldU ± ZM
20min

ZMControl

A

C

B

R
ep

lic
at

io
n 

at
 A

R
S 

se
qu

en
ce

s

p=0.0002

p=0.0005

Ti
m

e

WT ipl1 ipl1WT

α-factor    YPD α-factor    MMS    YPD

Figure 3. Ipl1/Aurora B is required to restart replication forks after release from 
replication stress.

an
ti-

Br
dU

 IP

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 27, 2021. ; https://doi.org/10.1101/2021.05.27.446025doi: bioRxiv preprint 

https://doi.org/10.1101/2021.05.27.446025


Figure 1. Aurora B is required for recovery 
from replication stress. 
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