
Supplementary Text S1

Abbreviations

• APC - Anaphase Promoting Complex

• ASC - Anaphase Specific Component

• CDK - Cyclin-Dependent Kinase

• CV - Coeffecient of Variation

• dSPB - daughter Spindle Pole Body

• DIC - Differential Interference Contrast

• FEAR - CdcFourteen Early Anaphase Release

• GAP - GTPase Activating Protein

• GBP - GFP-binding protein

• GEF - Guanine nucleotide Exchange Factor

• MEN - Mitotic Exit Network

• mSPB - mother Spindle Pole Body

• NLS - Nuclear Localization Signal

• ODE - Ordinary Differential Equations

• OE - OverExpression

• PDF - Probability Distribution Function

• PKN - Prior Knowledge Network

• SAC - Spindle Assembly Checkpoint

• SIN - Septation Initiation Network

• SPB - Spindle Pole Body

• SPoC - Spindle Position Checkpoint
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The FEAR Network

The FEAR network is centred on phosphorylation of Net1, which leads to disassociation of Cdc14 from

Net1 (Rock and Amon [2009]) (Figure ??). Net1 is phosphorylated by CDK, Cdc5 and Mob1-Dbf2

and some of this phosphorylation is reversed by PP2A-Cdc55 (Shou et al. [2002], Azzam et al. [2004],

Ptacek et al. [2005], Queralt et al. [2006]). The FEAR signal is initiated by release of separase (Esp1)

caused by destruction of securin (Pds1) by APC-Cdc20 upon release of the SAC. Esp1 functions in a

complex with Slk19 and in conjunction with Zds1/2 to downregulate PP2A-Cdc55 and exclude it from the

nucleus (Queralt and Uhlmann [2008], Rossio and Yoshida [2011]). This shifts the kinase/phosphatase

balance in the nucleus to allow the hyper-phosphorylation of Net1 by CDK and Cdc5 that is required

for FEAR. Further FEAR components are the nucleolar proteins Spo12 and Fob1, which participate

through a poorly understood mechanism (Stegmeier et al. [2004], Tomson et al. [2009]). Condensation

of the rDNA is also important for FEAR, mutants of the Hit1-Rsa1 snoRNP complex fail release Cdc14

in early anaphase (de los Santos-Velázquez et al. [2017]). There is some discussion whether Cdc14 is

limited to the nucleus in early anaphase (Yellman and Roeder [2015]). Certainly it is not detectable by

fluorescence microscopy outside of the nucleus at this stage, however the genetic interactions between

FEAR and MEN components (Jaspersen et al. [1998]) suggest that it may be present in the cytoplasm

at low levels, where it dephosphorylates cytoplasmic MEN components.

The MEN

Activation of the MEN is controlled by the SPoC which targets the Tem1 GTPase. Tem1 is regulated

by the Bub2-Bfa1 complex, which acts as a GTPase-Activating Protein (GAP), forcing Tem1 into its

inactive GDP-bound state (Pereira et al. [2000]). Bub2-Bfa1 localises asymmetrically to the Spindle

Pole Bodies (SPBs), with a preference for the SPB that is closest to the bud (the daughter-bound SPB

or dSPB, as opposed to the mother-bound SPB or mSPB). Tem1 also localises to the SPBs, primarily

through interaction with Bub2-Bfa1, although, to a lesser extent, independently (Pereira et al. [2002],

Caydasi et al. [2012]). Bub2-Bfa1’s GAP activity can be inhibited by phosphorylation of Bfa1 by Cdc5

(Geymonat et al. [2003]), which also resides at the SPBs (Botchkarev and Haber [2017]). Bub2-Bfa1

localization is regulated by Kin4, which kinase protects Bfa1 by disrupting its stable localization at

the SPB, keeping it away from Cdc5 (Caydasi and Pereira [2009]). This means that in the mother

compartment, where Kin4 resides, Bfa1 is kept active (Maekawa et al. [2007]). When the dSPB enters

the bud, Bfa1 is no longer protected by Kin4, allowing Cdc5 phosphorylation to occur. Kin4 itself

is excluded from the bud compartment by the bud-localised protein Lte1 (Bertazzi et al. [2011], Falk

et al. [2011]) and is activated by phosphorylation by Elm1 kinase (Caydasi et al. [2010]). Aside from

regulation of Kin4, Lte1 has additional MEN-promoting activity, possibly acting through Bfa1 (Caydasi

et al. [2017]). Lte1 has homology with other GEFs, and it was this acitvity which was thought to oppose
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the GAP activity of Bub2-Bfa1 towards Tem1 (Bardin and Amon [2001]), however no GEF activity

towards Tem1 was detected in vitro (Geymonat et al. [2009]). Upon entry of the dSPB into the bud,

the Bub2-Bfa1 complex becomes inactive, allowing Tem1 to recruit the kinase Cdc15 to the SPB (Rock

and Amon [2011]), which in turn recruits the Dbf2-Mob1 complex (Rock et al. [2013]). There Cdc15

phosphorylates Dbf2 (Mah et al. [2001]), activating the Dbf2-Mob1 complex which in turn leads to the

full release of Cdc14. The exact details of the mechanism by which Mob1-Dbf2 promotes mitotic exit

are not yet understood, however it is known that the complex enters the nucleus (Stoepel et al. [2005]),

phosphorylates Net1 (Ptacek et al. [2005]) and phosphorylates Cdc14 near to its NLS, allowing Cdc14

to leave the nucleus (Mohl et al. [2009]).

Most of the MEN proteins localise to the SPB through interaction with the MEN scaffold, Nud1,

however Kin4 interacts with Spc72 (Gryaznova et al. [2016]). To an extent, Bub2-Bfa1 may be considered

an additional scaffold, as Tem1 localization is partially dependent on Bub2-Bfa1 (Caydasi et al. [2012]),

as is the localization of Cdc14 (Pereira et al. [2002]). Bub2-Bfa1 is also important for localization of

Cdc5 to the SPB (Botchkarev et al. [2017]). Together with Cnm67, Nud1 and Spc72 form the outer

plaque of the SPB, situated on the cytoplasmic face of the structure (Fu et al. [2015]).

As FEAR release is not essential for MEN activity it has been difficult to pinpoint exactly how it

contributes to mitotic exit. Cdc15 and Mob1 kinase activity are both inhibited by CDK phosphorylation

(Jaspersen and Morgan [2000], König et al. [2010]), limiting their activity in metaphase, and phospho-

rylation of Bfa1 is important for SPoC function (Caydasi et al. [2017]). Patterns of Cdc15 and CDK

localization at SPBs suggest that their SPB localization is mutually exclusive, and so FEAR activity

may be required in anaphase to allow Cdc15 to interact with the SPB (König et al. [2010]). Furthermore,

CDK and Cdc14 have been shown to contribute to regulation of Bfa1 by Lte1 in the absence of Kin4

(Caydasi et al. [2017]).

Scope of the model

Our proposed model aims to represent the above aspects of regulation of Cdc14 localization from

metaphase to late anaphase. The roles of the MEN in cytokinesis and spindle positioning are considered

outside of this scope, as is the execution of mitotic exit. In certain cases we have found differing pheno-

types published for similar mutants, see for example length of mitosis in FEAR mutants (see Stegmeier

et al. [2002] and Yellman and Roeder [2015]) and the role of Bmh1 in the SPoC (see Caydasi et al. [2014]

and Falk et al. [2016]). In these cases we have chosen a specific account to form the basis of the model.

Some mutants, such as those of LTE1 (Low Temperature Essential), show differing phenotype at low

temperature (Shirayama et al. [1994]), so our model aims to represent the cell cycle at 30◦C. The impact

of loss of SPoC function on cell viability is not generally detectable in yeast in lab conditions, as the

efficiency of spindle alignment is so high that it will generally occur prior to cytokinesis regardless of
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whether it is monitored. There are two independent spindle orientation pathways, based on either Kar9

or Dyn1, loss of either of these proteins leads to a significant delay in spindle alignment and so these

mutants are used to detect SPoC defects (Scarfone and Piatti [2015]). In our model we assume that for

any SPoC phenotypes, we model a cell defective in one of these pathways.
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