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Chapter IV 

 

net1 Phosphosite Mutant Cells Were Defective in 

Releasing Cdc14  
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Introduction 

In Saccharomyces cerevisiae, the localization of Cdc14 is tightly regulated 

throughout cell cycle, and Net1 is responsible for the regulation of the activity and the 

location of Cdc14. Net1 binds to Cdc14 and sequesters it in the nucleolus during the G1 

phase, S phase, and metaphase. It has been shown that overexpression of Net1 causes the 

distribution of Net1 protein throughout the cell. In such a cell, Cdc14 is no longer 

sequestered in the nucleolus but present throughout the cell. This indicates that Net1 

controls the cellular localization of Cdc14. Mislocalized Net1 leads to mislocalization of 

Cdc14 (Visintin, et al., 1999, Shou et al., 1999).  

In addition, Net1 inhibits the activity of Cdc14 when they form a complex in vitro 

(Traverso et al., 2001, Shou et al., 1999). It has been shown that Net1 binds to the active 

site of Cdc14 and inhibits Cdc14 phosphotase activity in vitro (Traverso et al., 2001). This 

mechanism also been reported in in vivo system. Deletion of Net1 leads to a delay of bud 

formation, elongation of bud morphology, and delay of mitotic spindle formation. Cells in 

the Net1 deletion background escaped from nocodazle arrest and prematurely exited from 

mitosis. These phenotypes are similar to those phenotypes caused by overexpression of 

Cdc14, although Net1 deletion is not lethal but overexpression of Cdc14 is. These results 

suggest that Net1 is a negative regulator of Cdc14 activity in vivo (Visintin, et al., 1999). 

This idea was tested by overexpression of Net1, which is lethal and leads to cellular arrest 

at telophase with high Clb2 and low Sic1 levels, similar to the phenotype with Cdc14 

deleted. Furthermore, deletion of Net1 rescues the temperature-sensitive lethality of tem1-
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1, cdc15-2, and dbf2-2. This implies that promoting the dissociation of Cdc14 from Net1 is 

likely to be a key for mitotic exit pathway.  

Cdc14 is initially released from the nucleolus in early anaphase when Net1 is 

phosphorylated by FEAR network. However, the FEAR network cannot maintain the 

release state of Cdc14 because Cdc14 moves back to nucleolus when the MEN is defective. 

The way to regulate the release of Cdc14 and sustain the cytoplasmic Cdc14 in the late 

anaphase is not clear.  

Recently, a mechanism for sustaining cytoplasmic Cdc14 was discovered. Dbf2-

Mob1 inhibits the function of the nuclear localization signal (NLS) of Cdc14 through 

phosphorylation. This leads to the blocking of the reuptake of the cytoplasmic Cdc14 back 

to the nucleus. When the Dbf2-Mob1 phosphorylation sites in the NLS are mutated 

(Cdc14-PS1,2 A), cells cannot sustain the cytoplamic release of Cdc14 in the late anaphase 

(Mohl et al., 2009). This mechanism explains why Cdc14 is phosphorylated, and it 

identifies which kinase is in charge of Cdc14 phosphorylation at the end of mitosis. 

However, it is still unclear what  phosphorylates Net1 and how Net1 phosphorylation 

maintains the release of Cdc14 from nucleolus at the end of mitosis. In our previous 

chapters, we demonstrated that Dbf2-Mob1 is the kinase that regulates the mitotic exit and 

we proved that Dbf2-Mob1 is responsible for Net1 phoshorylation in vitro and in vivo by 

genetic interaction assays. It would be interesting to test whether this process is the answer 

for late anaphase Cdc14 release.  

 

Methods 
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Growth assay  

This method is described in the Chap III. 

 

Cell growth and synchronization procedure 

Cells were grown overnight in YP-2% Dextrose and diluted into 0.25 O.D.600 YP-

2% Dextrose. Diluted cells were grown at permissive temperature for about 1 doubling 

cycle then synchronized in G1 phase with alpha-factor added at 10 ug/ml for BAR1 Cells 

and 0.3 ug/ml for bar1∆ cells for at least 2.5 hours at 30 °C. The arrested condition was 

judged when greater than 90% of cells displayed the elongated “shmoo” phenotype under 

microscope. For cells that were going to test the phenotype under restrictive temperature, 

cells were moved to 38 °C for another 2 hours added with 0.2 ug/ml of alpha factor after 

the initial 2 hours treatment with alpha factor. Cells were released from alpha factor arrest 

condition by filtered through a 0.2 µm filter jar by washed and resuspend with 50 ml of YP-

2% dextrose twice, then resuspended in pre-warmed YP-2% dextrose. “Time 0” was 

collected before the release procedure. A 0.2 ug/ ml of alpha factor was added into cultures 

at either 90 minutes or 75 minutes after the first alpha factor release for cultures at the 

permissive or restrictive temperature, respectively. For western blot boiling extract 

experiment, 8 O.D.600 unit of cells was collected at each time point as indicated. For 

Fluorescence Activated cell sorting experiment, 1 O.D.600 unit of cells was collected at each 

time point. 

  

Immunofluorescent staining 
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The growth and synchronize condition was performed as previously described in 

method for FACS. 1 O.D.600 units of cells was collected at indicated time points. Cells are 

fixed with formaldehyde (HCHO) at a final concentration of 4% for 15 minutes at the 

original growth condition with constant shaking. Cells were collected by centrifugation and 

wash with 500 µl of Wash Buffer (1% β-mercaptoethanol in 1x PBS). After the wash, cells 

were digested with 100 µl of lyticase solution to make spheroblast at 30°C. Cells condition 

were checked under microscope before proceed further staining. Spheroplastes were diluted 

with 10X volume PBS and spot 30 µl of cell suspension to polyethyleneimine (Sigma P-

3143) coated slides and leave in a moisture chamber for 30 min at RT. Slides were then 

washed with 1xPBS and fixed with MeOH and Acetone. After fixation, slides were washed 

with 0.1% Triton X-100 and blocked with blocking buffer [2% BSA, 0.1% Tween20 in 

DPBS] and labeled with primary antibodies. Goat polyclonal anti-Cdc14 antibody was used 

to detect cellular localization of Cdc14. Mouse anti-Nop1 monoclonal antibody and rat 

anti-tubulin monoclonal antibody YOL1/34 were used to detect nucleolus and cell cycle 

stages, correspondingly. Secondary antibodies conjugated with Alexa fluor® 488, Alexa 

fluor® 633, and Alexa fluor® 546 were used to detect Cdc14, Nop1, and Tubulin, 

respectively. Images of cells were taken on a Zeiss LSM510 META inverted confocal 

microscope with 2-photon laser. Cell images were processed using ImageJ software. 

Tubulin, Nop1 and DAPI are presented in green, red, and blue, respectively. Spindle length 

measurements were also performed using ImageJ software. More than 100 cells are 

counted for Cdc14 localization profile. 
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Immunoprecipitation and Dbf2-Mob1 release/ kinase assay 

100 O.D.600 units of a log phase cell culture were harvested to prepare extracts for 

immunoprecipitation. Cells were washed once with 2 ml of ice-cold 1x PBS plus 5 mM 

NEM and frozen in liquid N2. Cell pellets were resuspended in 600 µl of lysis buffer [25 

mM HEPES/KOH (pH7.5), 300 mM NaCl, 2 mM DTT, 0.5% Triton X-100, 1 mM EDTA, 

2 mM EGTA, freshly add 1x Protease Inhibitor Cocktail (Roche), 5 mM NEM, and 1 mM 

AEBSF] and supplemented with 400 µl volume of acidwashed glass beads (500 µm). 

Samples were lysed using Bio 101 multi-beads vortexer at setting 6.5 (speed) and 60 sec 

(time) for three times with 3 minutes on ice in between. Lysates was collected and 

transfered to another eppendorf tube. The glass beads was washed once with 600 µl of lysis 

buffer without sodium chloride and Triton X-100 and combined with previous lysates into 

the same tube. Combined lysates were then centrifuged for 5 minutes at top speed and the 

supernatant was collected. At the same time, wash acid-washed anti-Flag M2 affinity gel 

with wash buffer [25 mM HEPES/KOH (pH7.5), 150 mM NaCl, 2 mM DTT, 0.25% Triton 

X-100, 1 mM EDTA, 2 mM EGTA, freshly add 1x Protease Inhibitor Cocktail (Roche), 5 

mM NEM, and 1 mM AEBSF] for three times before mixed with cell extracts. Clarified 

extract was incubated with 250 µl of 50% slurry of equilibrated affinity gel on rotator for 

1.5 hours at 4 °C. Affinity gel were collected and washed five times with wash buffer and 

divided to 25 µl beads for each reaction. When affinity gel was incubated with cell lysates, 

we started to assemble the preactivated Dbf2-Mob1 in vitro. We incubate purified Dbf2-

Mob1 with purified Cdc15 in Cdc15 kinase buffer [50 mM Hepes-KOH, pH 7.5, 5 mM 

MgCl2, 2.5 mM MnCl2, 5 mM beta-glycerophosphate, 1 mM DTT, and 20 µM ATP] for 20 
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minutes at room temperature. Then, mixed with equal total volume of Dbf2 Kinase buffer 

[50 mM Tris, pH 7.4, 60 mM potassium acetate, 10 mM magnesium chloride, 1mM DTT, 

and 10 µM ATP]. We used 0 µg, 0.025 µg, 0.05 µg, 0.1 µg, and 0.2 µg of preactivated 

Dbf2-Mob1 to treat affinity gel with NET1/Cdc14 complex on it in total 30 µl volume for 

each reaction. After 30 minutes incubation on rotator, we add 70 µl of HEBD buffer [20 

mM HEPES (pH 7.2), 150 mM NaCl + 2 mM EDTA + 0.1 mg/ml BSA + 1 mM DTT] and 

spin the affinity gel down to collect the supernatant. We washed affinity gel with another 

100 µl of HEBD and spin down to collect supernatant. Proteins in the combined 

supernatant was precipitated with 15% TCA on ice for 30 min and pellets was collected by 

spin down at top speed for 10 minutes at 4 °C. Pellets was washed twice with ice-cold 

acetone and resuspend with 40 µl of 1X SDS buffer. This is the sample we called “Sup”. 

The affinity beads was mixed with 50 µl of 1X SDS buffer and labeled with “Beads”. 

Samples were boiled for 5 minutes on dry base and fractionated on a 10% SDS-PAGE gel 

followed by transfer to a nitrocellulose membrane in wet chamber for 2 hours. Western blot 

analysis was performed with the primary antibodies at the indicated dilutions: polyclonal 

anti-Cdc14 (Santa cruz sc-12044, 1:500), monoclonal anti-Flag (Sigma F1804, 1:1000).  

 

Results  

The temperature-sensitive phenotype of net1-PS13M cells was rescued by 

CDC14P116L 

Given that (i) Dbf2 function is required for release of Cdc14 from the nucleolus in 

anaphase, which in turn is required for exit from mitosis, (ii) Dbf2–Mob1 directly 
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phosphorylates Net1, and (iii) a mutant of Net1 lacking Dbf2 phosphorylation sites was 

defective in exit from mitosis, an attractive hypothesis that emerges is that phosphorylation 

of Net1 by Dbf2–Mob1 promotes release of Cdc14. We therefore sought to determine 

whether the Net1 phophosite mutant has an altered ability to sequester Cdc14 in the 

nucleolus.  

To address this hypothesis, we first looked for genetic interaction between net1-

PS13M and CDC14TAB6 . The dominant TAB6 allele produces a Cdc14 protein with a 

Pro116 Leu116 point mutation the reduces the binding affinity for Net1 (Shou et al., 1999). 

Because of this, CDC14TAB6 serves as a dominant bypass suppressor of the late anaphase 

arrest caused by inactivation of the MEN. If net1-PS13M fails to exit mitosis efficiently 

due to a defect in releasing Cdc14, we predicted that it too would be suppressed by 

CDC14TAB6. 

To perform genetic interaction assays, we spotted five-fold serial dilutions of single 

and double mutant cells on on YP-2% dextrose, and grew for 2-3 days under different 

temperatures. We found that at the permissive temperature, all the cells grew normally. At 

the restrictive temperature, the net1-PS13M cells exhibited poor growth whereas the net1-

PS13M CDC14TAB6 double mutant cells grew far better (Figure III-4a). The double mutants 

essentially grew as well as the CDC14TAB6 cells.  Thus, CDC14TAB6 potently suppressed the 

growth defect of net1-PS13M.  

 

Defective Cdc14 release in the net1 phosphosite mutant cells 

To further test our hypothesis that phosphorylation of Net1 by Dbf2–Mob1 
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mediates release of Cdc14 from the nucleolus, we performed immunofluorescence assays. 

We arrested WT and net1-PS13M cells at G1 stage with alpha-factor and collected time 

points after removing alpha-factor. Cells were fixed with formaldehyde and then 

permeabilized on pre-coated microscope slides with methanol/ acetone. The cellular 

localization of Cdc14 was detected by staining with polyclonal anti-Cdc14. Cell cycle 

stages were evaluated by tubulin staining and the nucleolar location was shown by Nop1 

staining.  

The length of the microtubule spindle is indicative of different cell cycle stages 

(Winey et al., 2001; Yeh et al., 1995). Tubulin forms a spindle, which then elongates to 

direct the segregation of chromosomal DNA. In budding yeast, the length of metaphase 

spindles is 1.5-2 µm. The metaphase spindles elongate during anaphase and reach a length 

of 10 µm during telophase. Ten to twelve micron spindles are observed at the terminal 

arrest of MEN mutants. 

In WT cells, Cdc14 was sequestered in the nucleolus in the G1 and S phases up 

through metaphase of mitosis (0-2 µm), and released from the nucleolus in cells with 

spindles ranging from 4-10 µm in length. This indicates that Cdc14 was released from the 

nucleolus in early anaphase and remained in the released state throughout anaphase and 

telophase. On the other hand, Cdc14 in net1-PS13M cells had a different releasing pattern. 

Cdc14 was released from nucleolus to nucleus with spindles 2-4 µm in length in a small 

percentage of the cells, but it was sequestered back to nucleolus with mitotic spindles 6-10 

µm in length with focal staining of Cdc14. This indicated that Cdc14 is partially released in 

early anaphase but cannot sustain the release stage throughout anaphase and telophase 

(Figure. IV-2a).  
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We quantified the localization of Cdc14 in about 100 cells in each spindle length 

category. We found that when spindle length is 2-6 µm there is partial released Cdc14 in 

net1-PS13M cells and in wild-type cells.  However, the percentage of cells with spindles 6-

8 µm in length and Cdc14 confined to the nucleolus was greatly increased in the net1-

PS13M strain compared to wild type. This was further exacerbated in cells with 8-10 µm 

spindles (Figure. IV-2b). These data are consistent with the hypothesis that phosphorylation 

of Net1 by Dbf2–Mob1 triggers the release of Cdc14 from the nucleolus during late 

anaphase. 

 

Phosphorylation of Net1 by Dbf2-Mob1 regulated the release of Cdc14       

Our previous data suggested that mitotic exit is regulated through phosphorylation 

of Net1 by Dbf2-Mob1. The immunofluorescence experiments further proved that this 

phosphorylation reaction is involved in the regulation of Cdc14 release from the nucleolus 

in late anaphase. Therefore we sought to test whether the phosphorylation of Net1 by Dbf2-

Mob1 can directly facilitate the dissociation of Cdc14 from the immunoprecipitated RENT 

complex.  

To address this question, we performed a release assay, in which Net1-3xFlag and 

the associated RENT subunits were immunopurified from extracts of wild-type or net1 

phosphosite mutant cells by capturing Net1-3xFlag on anti-Flag M2 affinity beads. Then, 

we treated these beads with Dbf2-Mob1 plus ATP. If phosphorylation of Net1 by Dbf2-

Mob1 can loosen the binding between Net1 and Cdc14, Cdc14 should be released from the 

beads into the supernatant. With wild type RENT complex, Cdc14 began to appear in the 
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supernatant when the immobilized complex was treated with 0.025 ug of Dbf2-Mob1 and 

the amount of released Cdc14 increased progressively as more kinase was added. On the 

other hand, Dbf2–Mob1 was unable to induce release of Cdc14 from net1-PS11M, even 

when 0.2 ug of Dbf2-Mob1 was used (Figure. IV-3). Taken together, these data suggest 

that Dbf2-Mob1 kinase is sufficient to release Cdc14 from wild type Net1, but not from the 

Net1 phosphosite mutant.  

     Temperature-sensitive MEN mutants are unable to grow at 37°C, and MEN gene 

knockouts are inviable at normal growth temperatures (e.g. 25°C or 30°C). If 

phosphorylation of Net1 by Dbf2–Mob1 is the principal means by which the MEN induces 

exit from mitosis, we would expect that a phosphosite mutant of Net1 would be inviable at 

all growth temperatures. However, net1-PS13M grows normally at 30°C. This suggested 

that there must be at least one other target for Dbf2–Mob1 that accounts for the essential 

nature of this protein kinase. One candidate for a ‘second’ target is Cdc14 itself. In prior 

work, this lab showed that Dbf2–Mob1 phosphorylates Cdc14 adjacent to a nuclear 

localization sequence (NLS) in the C-terminal region, and this inactivates the function of 

the NLS. By this mechanism, Dbf2–Mob1 promotes the redistribution of Cdc14 from the 

nucleoplasm to the cytoplasm during late anaphase. We speculated that the MEN thereby 

triggers exit from mitosis by a two-stage mechanism. Dbf2–Mob1 first phosphorylates 

Net1 to induce release of Cdc14 from the nucleolus to the nucleoplasm. Normally, this 

Cdc14 could enter the cytoplasm but it immediately returns to the nucleus due to the action 

of the C-terminal NLS.  However, upon phosphorylation of Cdc14 by Dbf2–Mob1, the C-

terminal NLS is inactivated, allowing Cdc14 to accumulate in the cytoplasm where it can 

dephosphorylate and activate its targets such as Cdh1. If this idea is correct and Dbf2–
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Mob1 has two substrates that account for its essential nature, mutation of the 

phosphorylation sites in both Net1 and Cdc14 would be expected to result in synthetic 

lethality. To test this possibility, we constructed a mutant that combined net1-PS13M and 

cdc14-PS1,2A (the latter mutant is lacking the phosphorylation sites adjacent to the NLS). 

Double mutant spores readily germinated upon dissection of tetrads, indicating that the 

double mutant is not inviable. This was further substantiated by spotting five-fold dilutions 

of single and double mutants cells on YPD and incubating the plates at 30°C and 38°C 

(Fig. IV-3).  

 

Discussion 

In order to exit from mitosis, it is necessary to phosphorylate both Cdc14 and Net1 

(Vinsitin et al., 2003). The mechanism responsible for Cdc14 phosphorylation in late 

mitosis has been illustrated (Mohl et al., 2009). However, it is unclear how Net1 is 

phosphorylated at the end of mitosis. In this work, we showed that Dbf2-Mob1 is 

responsible for phosphorylation of Net1 in late mitosis. This is also the key to promote late 

anaphase Cdc14 release, leading to mitotic exit. Besides regulating mitotic exit, this 

mechanism may also be involved in promoting cytokinetic exit. Net1 phosphosite mutant 

strains show chain-like budding morphology, when cells were grown at both cold and 

restrictive temperatures (Figure III-2a). This morphology indicates that cells suffer from 

defects in premature of mitotic exit before closing of the bud neck, and thus cells continue 

the next round of budding cycle. The chain-like morphology has been reported in tem1-1, 

cdc15-2, dbf2-2, and cdc14-1 cells (Grandin et al., 1998; Jimenez et al., 1998; Jimenez et 
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al., 2005). We also found a small portion of cells containing higher amount of chromosome 

DNA (4N) with FACS technology (data not shown).  

One possible reason of why phosphosite mutant cells showed morphology of 

mitotic exit defect and growth defect is that it failed to release Cdc14. We test this idea 

with genetic interaction assays using a Cdc14 mutant (cdc14P116L), which has a lower 

binding affinity to Net1. The net1-PS13M cdc14P116L double mutant cells rescued the 

temperature sensitive phenotype of net1-PS13M cells alone, which indicated that net1-

PS13M might have defects in Cdc14 release. On the other hand, double mutation of net1-

PS13M and cdc14-PS (1,2A) cells cannot rescue the temperature sensitive phenotype of 

net1-PS13M cells. However, unlike the cdc15-2, net1-13M double mutant, net1-PS13M, 

Cdc14-PS (1,2A) double mutant showed similar growth defect as shown in net1-PS13M 

cells alone. This indicated that the defect caused by net1-PS13M is down stream of the 

cdc14-PS (1,2A). It is also possible that there is another target of Db2-Mob1 that must be 

mutated in order to cause lethality phenotype.  

In our previous data, cells with phosphosite-mutated net1 grew normally, similar to 

that of WT cells at permissive temperatures. Surprisingly, we found focal localization of 

Cdc14 in the mutant cells in our immunostaining assay. Similar observations have been 

reported. Shou et al. showed that Cdc14 localized in nucleolus in cdc5 mutant cells but the 

cells showed no obvious growth defects (Shou et al., 2002). Since Cdc5 is responsible for 

activating the MEN, the reason why cells show focal Cdc14 in the cdc5 mutated cells may 

be due to the failure of Dbf2-Mob1 kinase activation. It is possible that there is still some 

baseline release of Cdc14 that escaped our detection by our indirect immunostaining 

method, and thus this baseline release is sufficient for cell to exit from mitosis under 
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permissive temperatures. It is also possible that there is another minor pathway to support 

the basal growth even when majority of Cdc14 is sequestered. 

We found the focal nucleolus localization of Cdc14 in the cells with Dbf2-Mob1 

phosphosite mutated Net1. We further tested the ability of release Cdc14 from the RENT 

complex by adding activated Dbf2-Mob1 to the immunoprecipitated RENT complex on the 

beads. Significantly, we found that about an eight-fold difference in the ability to release 

Cdc14 between WT and mutant Net1. This result is positively related to the data from the 

in vitro kinase reaction where the phosphorylation level of the phosphosite mutant Net1s 

are about 80% lower than that of WT. Taken together, it strengthened our hypothesis that 

Dbf2-Mob1 is in charge of Net1 phosphorylation and promoting the release of Cdc14.     
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Figure legends 

Figure IV-1. net1 phosphosite mutant displayed genetic interactions with 

cdc14 mutants  

(a) cdc14P116L mutant rescued temperature-sensitive growth of cells with net1-

PS13M. 0.3 O.D.600 unit of cells of NET1-WT, cdc14P116L, net1-PS13M, and cdc14P116L 

net1-PS13M double mutation background were diluted with five-fold serial dilution and 

plotted on YP-2% dextrose from left to right. Plates were incubated at the indicated 

temperature for 2-3 days before the picture was taken.  

(b) Double mutation of net1-PS13M and cdc14 (PS1,2A) cells showed temperature 

sensitive phenotype as net-PS13M cells alone. 0.3 O.D.600 unit of cells of NET1-WT, cdc14 

(PS1,2A), net1-PS13M, and double mutation of cdc14 (PS1,2A) net1-PS13M background 

were diluted with five-fold serial dilution and plotted on YP-2% dextrose plates as 

described for panel (a). 

 

Figure IV-2. Dbf2-Mob1 phosphorylation site mutant cells were defective 

in releasing Cdc14 in late anaphase  

Wild-type (WT) and phosphosite mutated (PS13M) net1 cells were harvest at 

stationary growth and immuntained as described in the method section. 

(a) net1-PS13M cells shows nucleolus localization phenotype of Cdc14. Strain 

types were labeled at the right side of each panel. Images were grouped by the spindle 

lengths as indicated at the left side. Cells were collected and fixed with 4-5% of 
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formaldehyde and fixed on the slides with Methanol/ Acetone after lysozyme treatment. 

The cellular localization of Cdc14, Tubulin, and Nop1 were monitored by staining with 

polyclonal anti-Cdc14, monoclonal anti-Tubulin, and monoclonal anti-Nop1 and shown 

with green, red, and blue color, respectively.  

(b) Quantification of the immunostaining results in each spindle length group. We 

divided spindle length into 0-2, 2-4, 4-6, 6-8, and 8-10 µm group as labeled at the bottom. “ 

No release ” means the Cdc14 signal is completely overlap with the Nop1 signal. “Partial 

release” means the Cdc14 signal is overlap but also out side of the Nop1 signal. “Full 

release” means the Cdc14 signal decorate the whole cell and not specifically localized with 

the Nop1 signal. Data is collected from about 100 cells in each spindle length category. 

 

Figure IV-3. Dbf2-Mob1 phosphorylation site mutant cells were defective 

in releasing Cdc14 in in vitro. 

WT, net1-PS11M, and net1-PS13M cells were collected at their stationary growth. 

Net1 in both strains are tagged with 3xFlag tag so that we can capture the Net1/ Cdc14 

complex by anti-Flag beads. Immunoprecipitated protein extracts were incubated with 

various amount of purified and pre-activated Dbf2-Mob1 as indicated on the top. Strain 

type is labeled at the left side. Proteins collected from the supernatant were labeled as 

“Sup”, while proteins extracted from the beads by boiling were labeled as “Beads”. 

Extracts from either Sup or Beads were analyzed on the 10% SDS-PAGE and blot for 

monoclonal anti-Flag for Net1 and polyclonal anti-Cdc14 as indicated at the right side. The 

rough quantification data comparing the amount of Cdc14 released at the highest Dbf2-
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Mob1 used was marked at the bottom of each panel.    
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Figure IV-1. net1 phosphosite mutant displayed genetic interactions with 

cdc14 mutants 

(a) 

 

 

(b) 
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Figure IV-2. Dbf2-Mob1 phosphorylation site mutant cells were defective 

in releasing Cdc14 in late anaphase  

(a) 
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(b) 
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Figure IV-3. Dbf2-Mob1 phosphorylation site mutant cells were defective 

in releasing Cdc14 in in vitro. 
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Future Directions 
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Summary 

In this thesis, we showed that Dbf2-Mob1 phosphorylates Net1 in the in vitro 

assay, and we found the effective phosphorylation sites in Net1. We also showed that 

phosphosite mutant cells exhibited defects in mitotic exit by growth assays, morphology 

assays, Fluorescence-activated cell sorting (FACS), and western blots. The phoshosite 

mutant cells also exhibited defects in Cdc14 release in genetic assays, immunofluorescent 

assays, and the bead releasing assays. We conclude that Dbf2-Mob1 is the key kinase 

phosphorylating Net1 and promoting Cdc14 release in the late anaphase.  

 

Future questions 

The mechanism we proposed may be applied to other unsolved mechanisms.  

(1) Exit from cytokinesis. In the morphology assay, a small portion of the cells 

show undivided, chain-like multibudded shape with DNA distributed into each bud. This is 

the signature of cells that go on to the second round of the mitosis but exhibit defects in 

completing cell division process. This morphology has been reported in all the MEN 

component mutant cells and the cdc14-1 cells.  However, the detailed mechanism is still 

unclear.  It would be interesting to test whether Net1 phosphorylation is also the key 

mechanism for cytokinesis. 

(2) Regulation of meiosis. It has been reported that Cdc14 cellular localization is 

tightly regulated in meiosis and that cdc14 mutant cells (cdc14-1) exhibit dyads 

morphology and uneven distribution of the DNA into each spore (Marston et al., 2003). In 

addition, the MEN component, Cdc15, plays an important role in spore formation (Pablo-
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Hernando et al., 2007; Diamond et al., 2009). Therefore we sought out to test whether 

Dbf2-Mob1 regulates meiosis through regulating Cdc14 release by phosphorylating Net1.  

In our preliminary work, we test the sporulation rate and the morphology of the 

spores in the WT, PS10M, and PS13M cells in w303 background. We found that the WT 

cells started to sporulate within 24 hours, while more than 95% of the PS10M and PS13M 

cells were still unsporulated. Less than 50% of the cells in PS10M and PS13M were 

sporulated in day 4 (Figure V-1). In addition, we found that the phosphosite mutant cells 

exhibit abnormal spore morphology and uneven DNA distribution (Figure V-2a-b). 

Furthermore, we found that cdc14P116L rescued both the abnormal morphology and the 

sporulation rate in 10M and 13M cells (Figure V-3). However, Cdc14P116L WT double 

mutants show defects in meiosis. Taken together, we propose that Dbf2-Mob1 could 

regulate meiosis through the control of  Cdc14 cellular localization by phosphorylation of 

Net1. 
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Figure Legends 

Figure V-1. Phosphosite mutant cells exhibited defects in sporulation  

net1 phosphosite mutants showed delayed in sporulation. Net1-WT, PS10M, and PS13M 

cells grew on YP-2% dextrose plates at 25 °C for 24 hours and transferred into sporulation 

media. Cells were formaldehyde fixed and stained with DAPI to indicate DNA localization. 

DAPI staining is presented in bright white dot. The days in the sporulation media is labeled 

at the left side of the images. Cell type is marked on the top of each image. 

 

Figure V-2. Phosphosite mutant cells exhibited abnormal spore 

morphology  

(a) The sporulation morphology and nucleus distribution in WT cells. Net1-WT cells grew 

on YP-2% dextrose plates at 25 °C for 24 hours and transferred into sporulation media. 

Cells were formaldehyde fixed and stained with DAPI to indicate DNA localization. DIC 

represents the light field imaging.  

(b) Phosphosite mutant cells exhibited abnormal spore morphology and uneven distribution 

of the nucleus. net1-PS10M cells grew on YP-2% dextrose plates at 25 °C for 24 hours and 
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transferred into sporulation media. Cells were formaldehyde fixed and stained with DAPI 

to indicate DNA localization. DIC represents the light field imaging.  

Figure V-3. Cdc14P116L rescued the sporulation defects in net1 phosphosite 

mutant cells  

Diploid cells with either NET1 WT/ net1∆ or net1-PS mutant/ net1∆ were combined with 

Cdc14 WT/ Cdc14P116L. Cells grew on YP-2% dextrose plates at 25 °C for 24 hours and 

transferred into sporulation media. Cells were formaldehyde fixed and stained with DAPI 

to indicate DNA localization. DAPI staining is presented in bright white dot. The days in 

the sporulation media is labeled at the left side of the images. Cell type is marked on the 

top of each image.
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Figure V-1. Phosphosite mutant cells exhibits defects in sporulation 
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Figure V-2. Phosphosite mutant cells exhibited abnormal spore 

morphology 

(a) WT cells 

 

(b) net1-PS10M cells 
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Figure V-3. Cdc14P116L rescued the sporulation defects in phosphosite 

mutant cells 

 

 

 

 

 

 

 

 

 


