[image: image1.png]Fraction of maximum level

OA1uM CycB 40ng/ul

IEE_5

20 30° 45 60’ 90' 5 20° 30’ 45’

60"

90"

o 20

Fraction of maximum level

4 60 8 100 ]

time

Cdc25

DNA

Wee1

- .

+CyeB (Cye, = 7)

Suct-associated H1 kinase activity 90

6 8 100

Biotin-dUTP

Lamin B3

CSF IEE__ 1x 2x__ 3x_3x+K2A

30000
25000 mitosis
cti CB40 cB20 B8 __cB4_ _cBOS (ng/l)

20000 0_30° 90 30° 90 30' 90’ 30 90" 30 90 30" 90"
15000 Y]
10000 - - - ——— o o | CTEETWa
5000 -

ol b - |Weel

Cti cB40 cB20 B8 cB4 cB08





Figure S1, related to Figure 2. 

(A) Immunoblots against indicated proteins of samples taken at different time-points from control interphase extract or extract where GST-cyclin B∆90 was added. (B) Immunofluorescent analysis of chromatin state (DNA, stained with Hoechst 33258), lamina (Lamin B3) and biotin-dUTP incorporation after 60 min incubation of sperm DNA in egg extract containing GST-cyclin B∆90. Bar, 10 μm (C) Comparison of inhibition of PP2A with OA in an interphase extract with addition of GST-cyclin B∆90 by numerical simulations. (D) Left, P13Suc1 associated Histone H1 kinase activity assessed at 90 min in extract containing GST-cyclin B∆90 at indicated concentrations (ng/μl).  Right, from corresponding extracts, at the indicated time-points aliquots were removed and analysed by immunoblotting for Greatwall and Wee1. (E) Immunoblot analysis of CDK1 and CDK2 (anti-PSTAIR antibody), and cyclin B2 in mitotic (CSF) and interphase (IEE) extracts, and supernatants after one, two or three rounds of CDK1 depletion (CDK1∆, 1x, 2x, 3x), and three rounds of CDK1 combined with a single round of CDK2 depletion (3x + K2∆). 
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Figure S2, related to Figure 3.

Loss of synchrony of mitosis entry with low CDK levels: Hoechst staining of nuclei incubated for 90 min in extract depleted of the majority of both Cdk1 and Cdk2, in the presence of 1μM OA.
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Figure S3, related to Figure 5. 

(A) Replication time-courses in an interphase extract supplemented with indicated concentrations of GST-cyclin B∆90, and extract where PP2A phosphatase was added. (B) Simulation of partial MPP inhibition (OA = 5 x IC50) which allows low level DNA replication. (C) Percentage of input DNA replicated in control extract or in the presence of OA (at 0.25, 0.5 or 0.75 μM), top, or fostriecin (at 50 or 100 μM), bottom. (D) State of DNA, nuclear membrane and lamina from the experiment in (C, top) was assessed by staining with Hoechst 33258 (DNA), and antibodies against nucleoporins (mAb414) and Lamin B3, respectively. (E) Top, immunoblot against Greatwall and Wee1 at different time-points in the presence of 1 μM OA, and with or without RO-3306 and NU6102 (at 20 and 50 μM, respectively). Below, replication efficiency in these extracts. (F) Immunoblot of replication complex proteins on chromatin at different time-points in control replicating extract. (G) Mock, Cdk2 or cyclin E (top), or Mock and Suc1 (bottom) immunoprecipitations blotted with PSTAIR, PP2A A- and C-subunit antibodies. (H) Replication time-courses from control extract, or extract in which NU6102 (NU, 100μM) or OA (0.7μM) were added at 0, 20, 30, 40, or 60 min. (I) Percentage of input DNA replicated in 120 min in control extract, or extract where OA (0.5μM) or OA and RO3306 (RO, 40μM) were added. (J) Replication time-course in control and 2 μM Staurosporine-containing interphase extract. (K) Percentage of input DNA replicated in 120 min in control extract, or extract supplemented with OA (0.5μM); OA and UO126 (UO, 100μM); OA and Staurosporine (S, 2 μM); or OA, Staurosporine, RO3306 and UO126 (0.5μM, 2μM, 40μM and 100μM, respectively). (L) Replication time-courses in control or extract containing OA, with or without recombinant CDK2-cyclin E complex with mutated all ERK/CDK consensus phosphorylation sites. (M) Replication time-course in control extract, or in the extract containing 0.7 μM OA, with or without 5 mM caffeine; mean of 4 independent experiments. (N) Percentage of input DNA replicated in control extract, or in the presence of 0.7 μM OA; 0.7 μM OA and 5 mM caffeine; 0.7 μM OA, 40 μM RO-3306 and 100 μM UO126; or 0.7 μM OA, 40 μM RO-3306, 100 μM UO126 and 5 mM caffeine. (O) Histone H3Ser10 phosphorylation status (left) and replication efficiency (right) analysed in nuclei incubated in control extract, or in the presence of 100 μM fostriecin (F), 40 μM ZM447439 (ZM), or fostriecin and ZM447439. 
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Figure S4, related to Figure 6.

 (A) Coomassie staining of proteins bound to microcystin-agarose beads after incubation in interphase egg extract, where indicated bands were cut out for MS/MS analysis. (B) Composition of the phosphatase complexes removed, found in semi-quantitative MS/MS mass spectrometry using comparative spectral counts from control agarose and microcystin agarose depletions. (C) Phylogram of protein phosphatases catalytic (top), and PP2A-family regulatory (bottom) subunits.
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Figure S5, related to Figure 7.

 (A) Quantification of the % of input DNA replicated in the recipient extract for each condition of the experiment shown in Figure 7A. (B) % DNA replicated after transfer to the recipient extract in experiment shown in Figure 7B.

Supplemental methods: 
Proteomics

Proteins eluted from microcystin beads (or mock beads) were precipitated with methanol/chloroform, reduced with 10 mM DTT for 30 min at 37°C, alkylated with 55 mM iodoacetamide for 30 min in the dark before being analyzed on a 10% polyacrylamide gel by SDS-PAGE. After Coomassie staining, bands of interest were excised and gel pieces were destained with two washing cycles, each consisting of 25 mM NH4HCO3, 50% acetonitrile, 25 mM NH4HCO3, dehydrated with 100% acetonitrile and finally dried completely. Protein digestion was performed in a solution of 25 mM NH4HCO3 containing 20 ng/ml Trypsin Gold Mass Spectrometry Grade (Promega) at 37°C overnight, according to Shevchenko et al., (2007). Tryptic peptides were extracted from the gel with 50% acetonitrile, 5% formic acid and finally with 100% acetonitrile. All solutions (including the trypsin solution) were pooled and then desalted on Sep-Pak columns (Waters), dried to near dryness and peptides were dissolved in 2% acetonitrile, 0.1% formic acid in H2O (Solvent A). Subsequently, the peptide solution was analysed by RPLC on a Dionex Ultimate 3000, coupled online via an electrospray ionization source, to a maXis Ultra-high resolution qTOF mass spectrometer (Bruker Daltonics). More specifically, peptides were loaded onto a C18 chromatography column (75 μm i.d. x 15 cm long) and eluted, at a flow rate of 300 nL/min, as follows: from 0-5 min with a gradual increase of Solvent B (90% ACN/0.1 FA) from 2% to 10% in Solvent A, then another gradual increase of B from 10% to 35% until 29th min after which B remained at 90% between 30-35 min. From 36-45 min the column was recalibrated with 2% B. The 5 most intense ions were fragmented by CID while dynamic exclusion was applied for 0.4 min after two MS2 cycles.  MS/MS spectra were searched against the NCBI non-redundant database (latest update: 18.10.2010), with X. laevis taxonomy via Mascot (version 3). Carbamidomethyl was selected as fixed modification with Met oxidation, Ser, Thr or Tyr phosphorylation as variable modifications. A total of 2 missed cleavages were allowed. Peptide tolerance and MS/MS tolerance were 20 ppm and 0.02 Da, respectively. Relative abundance between samples was estimated by the spectral counting method (Liu et al., 2004).
Mathematical modelling
The sum of the phosphorylated and unphosphorylated forms for all enzymes is constant in time, which is a reasonable assumption for an extract blocked for protein synthesis. The time-rate of change of the active form of enzymes is described by nonlinear ordinary differential equations (ODE). The inactive forms are calculated by using the conservation condition that the total amount of the enzyme is constant. In case of Wee1 and Cdc25 a small activity is attributed to the ‘inactive’ forms. All substrates of Cdk1 (including Greatwall) are dephosphorylated by MPP, and Endosulfine is left out for simplicity the network. The wiring diagram used for the modelling is the following:
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All the variables are dimensionless and the kinetic parameters (rate constants) have a dimension of min-1. The concentrations of RO-3306 (RO) and okadaic acid (OA) are measured relative to their IC50 values. 

DNA replication is described by the logistic equation with the maximal rate being proportional to the unphosphorylated CycE-kinase.

# A model for CDK1 regulation including Greatwall and PP2A

# Initial conditions

init CDK1=0, MPP=1, Cdc25=0, Wee1=1, Gwl=0, CycEP=0, SP=0, DNA=0.01

#Differential equations

CDK1' = k25*(CycT-CDK1) - kwee*CDK1

PP' = kapp*(MPPT-MPP) - kipp*Gwl*MPP

Cdc25' = Va25*CDK1a*(Cdc25T-Cdc25) - Vi25*MPPa*Cdc25

Wee1' = Vawee*PPa*(Wee1T-Wee1) - Viwee*CDK1a*Wee1

Gwl' = kagwl*CDK1a*(GwlT-Gwl) - kigwl*MPPa*Gwl

CycEp' = kpe*CDK1a*(CycET - CycEp) - kdpe*PPa*CycEp

DNA' = k1*(CycET - CycEp)*DNA*(DNAT - DNA)

Sp' = kps*CDK1a*(ST - Sp) - kdps*PPa*Sp

#Algebraic equations

CDK1a = CDK1/(1+RO)

MPPa = MPP/(1+OA)

aux CDK1a = CDK1/(1+RO)

aux MPPa = MPP/(1+OA)

k25 = k25_1*(Cdc25T-Cdc25) + k25_2*Cdc25

kwee = kwee_1*(Wee1T -Wee1) + kwee_2*Wee1

#Parameters

p CycT=0.1

p MPPT=1, kipp=2, kapp=0.2

p GwlT=1, kagwl=2, kigwl=2

p Cdc25T=1, k25_1=0.02, k25_2=2, Va25=2, Vi25=2

p Wee1T=1, kwee_1=0.02, kwee_2=2, Vawee=2, Viwee=2

p CycET=1, kpe=20, kdpe=0.2

p ST=1, kps=2, kdps=2

p DNAT=1, k1=0.075

p RO=0, OA=0

@ TOTAL=100, METH=stiff, XLO=0, XHI=100, YLO=0, YHI=1.05

@ nplot=8,yp=CDK1a,yp2=MPPa,yp3=Cdc25,yp4=Wee1, yp5=Gwl,yp6=CycEP,yp7=DNA,yp8=SP 

done 
Non-phosphorylatable cyclin E

An ORF was synthesized encoding Xenopus cyclin E1 with mutations of the following residues: S68A, S97A, S102A, S386A, T394A, S398G, cloned into pCold TF, expressed in E.coli and purified as an active complex with CDK2 produced as a GST fusion protein from a bicistronic pGEX6P-1-based vector containing an IRES and GST-CAK1. Protein inductions were performed overnight at 18°C after cooling 0.5L mid-log phase cultures and adding IPTG (1mM). Induced cyclin and CDK cell pellets were lysed together in buffer A (50mM phosphate buffer pH 7.0, 300mM NaCl, 0.25% tween-20, 1mM DTT, 10% glycerol), with 2mM MgCl2, protease inhibitors, 1mg/ml lysozyme, 10U Benzonase, for 15 min at room temp then 15 min on ice and sonicated. Precleared (10,000g, 15 min) lysates were incubated with 2ml glutathione-agarose beads for 2h. After washing 3 times with buffer A, complexes were cleaved from the column with 1:20 (w/w) GST-3C-protease o/n at 4°C, concentrated by ultrafiltration and dialyzed against Tris pH 7.5, 150mM NaCl, 1mM DTT, 10% glycerol.
Buffer composition
Kinase assay. IP buffer: 50 mM Tris pH 7.5; 150 mM NaCl; 1 mM EDTA; 1 mM EGTA; 0.1% Triton-X 100 and protease inhibitors. Wash buffer: 25 mM Tris pH 7.5; 10 mM MgCl2; 1 mM DTT. Kinase buffer: 50 mM HEPES pH 7.6; 10 mM MgCl2; 1 mM DTT; 0,02% Triton-X100; 100 μg/ml Histone H1; 50 μM ATP; 0.1μCi/μl 33P ATP.
Antibodies
Antibodies used were: polyclonals: PP2A-B subunits: B55, B56ε, B56, B”/PR48 (Moshida et al, 2009); XCDK1, Greatwall, Wee1, XCdc25, Xcyclin B2 (gifts from T. Lorca); XCDK2 (C-terminal peptide) and Xcyclin E1 (gifts from C. Bonne-Andrea); XLamin B3, (gift from N. Morin); Cut5 (gift from D. Maiorano); XCdc45 (whole protein); geminin, Cdt1, XCdc6, MCM4, ORC2, RPA (gifts from M. Méchali); CDK1 Y-15-P (Cell Signaling). Monoclonals: mAb414 (gift from N. Morin); MCM3 (gift from M. Méchali); PCNA (Thermo); PSTAIR (Sigma); PP2A-A subunit, 6F9 Ab (Abcam); PP2A-C subunit, 1D6 Ab (Millipore).

