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Figure S1, Related to Figure 1. Diagrams of Eco1 Protein and Fusions 

(A) Primary structure of Eco1, showing the amino acid sequence of the N-terminal region 

containing the putative NLS and PIP box (underlined). Positions of the four Cdk1 consensus 

phosphorylation sites are also shown, with the sequence of phosphorylation site mutants 

used in this study. 

(B) Detailed diagram of fusion strategy and constructs. The integration construct contains 

homology to the 3’ region common to all strains in the TAP library. After Cre induction, ECO1 

is fused in frame with the kinase (CLN3-1) or phosphatase (MmCDC14B). Fusion constructs 

were made using previously created Cre and loxP plasmids (Guldener et al., 1996). The 

transcription termination sequence from CYC1, along with a URA3 marker, were cloned 

between two loxP sequences. The CLN3-1 cyclin allele is truncated at residue 403, before 



  

the PEST degradation sequences (Nash et al., 1988); the fragment of MmCDC14B contains 

residues 44-386 of the parent protein, lacking both nucleolar targeting and nuclear export 

signals (Gray et al., 2003). Both fusion ORFs are immediately followed by a termination 

sequence from the TEF1 gene. After integration of the fusion construct and selection for 

URA3, a plasmid containing PGAL1-Cre was transformed into the cells, which were streaked 

on plates containing galactose to induce the recombinase. These colonies were then 

streaked on plates containing 5-fluoroorotic acid (5-FOA) to select for cells that recombined 

out tCYC1 and URA3. 



 

 

 

 
 

Figure S2, Related to Figure 3. Variations in Eco1 Protein Level are Independent of 

Transcription 

Strains with ECO1-myc13 expressed under its endogenous promoter (PECO1) or a constitutive 

low-expression promoter (PCYC1) were grown asynchronously (asy) or arrested in mitosis with 

nocodazole (noc). Lysates were analyzed by western blotting for myc. 

 

 

 

 

 

 

 
 

Figure S3, Related to Figure 4. Eco1 Protein Stability Is Affected by High Temperature 

ECO1-TAP and ECO1-4A-TAP strains were grown at room temperature and then arrested in 

nocodazole at the indicated temperature for 3.5 h. 100 g/ml cycloheximide (CHX) was 

added and samples taken at the indicated times for western blotting analysis. 



  

 

 

Figure S4, Related to Figure 5. The NLS and PIP Box of Eco1 Are Essential for Viability 

Diploids heterozygous for both wpl1∆ and the indicated ECO1 allele were sporulated and 

dissected at 30˚C (restrictive temperature for eco1-1) to test for viability in a nonsuppressed 

(WPL1) background. Genotypes of representative tetrads are listed at right; gray lettering 

indicates the inferred genotype of dead spores. All N-terminal mutants also contain a myc13 

epitope tag at the C-terminus.



 

 

 

 

Figure S5, Related to Figure 7B. Timing of Chromosome Separation in Anaphase 

Histograms showing the times between separation of two marked chromosomes, in seconds, 

for the experiment summarized in Figure 7B. Note the difference in time scales in the two 

panels. 



  

Table S1. List of Strains and Plasmid Constructs 

 
Strain Genotype 

BY4741 WT S288C (ATCC 201388): his3∆1, ura3∆0, leu2∆0, met15∆0, MATa 

8GS6-A2 ECO1-TAP:SkHIS3 

MD025 ECO1-myc13:HIS3MX6 

NL183 URA3:ECO1-4A, MATalpha 

NL184 URA3:ECO1-4A-TAP:SkHIS3, MATa 

NL186 URA3:eco1-1(G211D), MATalpha 

NL187 URA3:eco1-1(G211D), wpl1::kanMX6, MATa 

NL188 URA3:eco1-1(G211D), mad2::kanMX6, MATa 

NL191 ECO1-TAP-loxP-tCYC1-URA3-loxP-CLN3-1, leu2∆0:pGAL1-Cre:LEU2, MATa 

NL192 ECO1-TAP-loxP-tCYC1-URA3-loxP-MmCDC14B, MATa 

NL200 ECO1-TAP-CLN3-1, leu2∆0:pGAL1-Cre:LEU2, MATa 

NL201 ECO1-TAP-MmCDC14B, [pNL022], MATa 

NL214 URA3:ECO1-4A-TAP-CLN3-1, MATa 

NL216 URA3:ECO1-4A-myc13:HIS3MX6, MATa 

NL217 URA3:ECO1-4D, MATalpha 

NL218 URA3:ECO1-4A, mad2::kanMX6, MATalpha 

NL221 URA3:ECO1-4D, mad2::kanMX6, MATalpha 

NL231 ECO1-TAP-CLN3-1, wpl1::kanMX6, leu2∆0:pGAL1-Cre:LEU2, MATa 

NL232 ECO1-TAP-CLN3-1, mad2::kanMX6, MATa 

NL243 ura3::lacO256:LEU2, his3::pCUP1-1-GFP-LacI:HIS3, MATa 

NL246 NL243, ECO1-TAP-MmCDC14B 

NL252 NL243, ECO1-TAP-CLN3-1 

NL253 NL243, URA3:ECO1-4A-TAP-CLN3-1 

NL254 NL243, ECO1-TAP-CLN3-1, wpl1::kanMX6 

NL255 NL243, URA3:eco1-1 

NL256 NL243, URA3:eco1-1, wpl1::kanMX6 

NL257 NL243, URA3:ECO1-4A 

NL258 NL243, URA3:ECO1-4D 

NL259 NL243, wpl1::kanMX6 

NL293 trp1::lacO256:TRP1, ura3::lacO256:LEU2, his3::pCUP1-1-GFP-LacI:HIS3, MATa 

NL300 URA3:eco1-∆32-myc13:HIS3MX6, wpl1::kanMX6, MATa 

NL301 URA3:eco1-4A-∆32-myc13:HIS3MX6, wpl1::kanMX6, MATa 

NL304 pdr5::kanMX6, ECO1-TAP:HIS3MX6, MATa 

NL305 pdr5::kanMX6, URA3:ECO1-4A-TAP:HIS3MX6, MATa 

NL314 pSCC1-scc1(TEV268)-HA3:hphNT1:pSCC1:natNT2:pMET25-GFP-SCC1, 
trp1::TRP1:pGAL1-NLS-myc6-TEV-NLS2, ura3::lacO256:LEU2, his3::pCUP1-1-
GFP-LacI:HIS3, MATalpha 

NL315 NL314, URA3:ECO1-4A 

NL320 ECO1-TAP-MmCDC14B(C314S), [pNL022], MATa 

NL321 NL293, URA3:ECO1-4A 

NL324 URA3:eco1-∆13-myc13:HIS3MX6, wpl1::kanMX6, MATa 

NL325 URA3:eco1-4A-∆13-myc13:HIS3MX6, wpl1::kanMX6, MATa 

NL326 URA3:eco1-∆PIP-myc13:HIS3MX6, wpl1::kanMX6, MATa 



NL327 URA3:eco1-4A-∆PIP-myc13:HIS3MX6, wpl1::kanMX6, MATa 

NL328 NL314, wpl1::kanMX6 

NL333 kanMX4:pCYC1-ECO1-myc13:HIS3MX6, MATa 

NL334 URA3:kanMX4:pCYC1-ECO1-4A-myc13:HIS3MX6, MATa 

NL338 esp1-2, MATa 

NL339 esp1-2, URA3:ECO1-4A, MATa 

NL340 URA3:ECO1-2A-1-TAP:SkHIS3, MATa 

NL341 URA3:ECO1-2A-2-TAP:SkHIS3, MATa 

NL342 URA3:NLS-eco1-∆32-myc13:HIS3MX6, wpl1::kanMX6, MATa 

NL343 URA3:NLS-eco1-∆13-myc13:HIS3MX6, wpl1::kanMX6, MATa 

NL344 URA3:NLS-eco1-∆PIP-myc13:HIS3MX6, wpl1::kanMX6, MATa 

NL346 NL293, esp1-2 

NL347 NL293, esp1-2, URA3:ECO1-4A 

NL398 natNT2:pGALS-HA3-CDC4, ECO1-myc13:HIS3MX6, MATa 

    

    

Plasmid Description 

pNL020 PGAL1-Cre:LEU2, integrating vector 

pNL022 PGAL1-Cre:kanMX4, CEN/ARS 

pNL057 pGEX-GST-ECO1 

pNL058 pGEX-GST-ECO1-4A 

pNL068 TAP-loxP-tCYC1-URA3-loxP-CLN3-1-tTEF1 

pNL075 TAP-loxP-tCYC1-URA3-loxP-MmCDC14B-tTEF1 

pNL077 TAP-loxP-tCYC1-URA3-loxP-MmCDC14B(C314S)-tTEF1 

pSR13 lacO256:LEU2, integrating vector 

pSR10 lacO256:TRP1, integrating vector 

pNL062 PCUP1-1-GFP-LacI:HIS3, integrating vector 

pNL076 PSCC1-scc1(TEV268)-HA3:hphNT1 

pFU118 PGAL1-NLS-myc6-TEV-NLS2:TRP1, integrating vector 

 
 



  

Supplemental Experimental Procedures 
 

Biochemical Analyses 

Cells were lysed by suspension in urea buffer (20 mM Tris-HCl pH 7.4, 7 M urea, 2 M 

thiourea, 4% CHAPS, 80 mM -glycerophosphate, 50 mM NaF) and beadbeating using glass 

beads. Immunofluorescence microscopy was performed as described (Sullivan et al., 2008). 

Primary antibodies used were -myc (1:1000, 9E10, Covance), -PAP (1:5000, P 1291, 

Sigma), -HA (1:1000, 12CA5, Roche), -Cdk1 (1:1000, sc-53, Santa Cruz), -Clb2 (1:200, 

y-180, Santa Cruz), and -tubulin (1:500, YOL1/34, AbCam). Secondary antibodies 

conjugated to either horseradish peroxidase (GE Healthcare) or fluorophore (Li-Cor) were 

used at 1:10,000 dilutions. Fluorescent westerns were detected on an Odyssey scanner and 

quantified using ImageQuant and Prism software. 

 

For analysis of Cdk1 kinase activity toward Eco1, bacterially-purified GST-Eco1 and GST-

Eco1-4A were incubated with Clb2-Cdk1 and Clb5-Cdk1, purified as described from yeast 

(Loog and Morgan, 2005) and normalized for activity towards the general substrate histone 

H1, with Clb2-Cdk1 approximately 15-fold less concentrated than Clb5-Cdk1. Reactions were 

performed in kinase buffer (25 mM HEPES pH 8, 15 mM NaCl, 1 mM MgCl2) plus -32P-ATP, 

stopped with SDS sample buffer, and analyzed by SDS-PAGE and autoradiography. 

 

Cohesion Assay 

Strains containing ura3::lacO256:LEU2, his3::PCUP1-1-GFP-LacI:HIS3 were cultured in YPD 

media and arrested in metaphase with nocodazole. Temperature-sensitive strains were first 

arrested at room temperature with alpha factor, then inactivated by raising to 30˚ for 1 h, and 

finally released into a metaphase arrest using nocodazole. 100 M CuSO4 was also added to 

fully induce expression of GFP-LacI. Cells were then fixed in 4% paraformaldehyde for 10 

min, washed, and resuspended in PBS for mounting on poly-lysine-coated slides. 

 

Anaphase Synchrony Assay 

In our previous studies of anaphase synchrony (Holt et al., 2008), we used a strain carrying a 

lacO256 array, labeled with LacI-GFP, at the TRP1 locus of chromosome IV (Straight et al., 

1997), plus a tetO336 array, labeled with TetR-GFP, at the URA3 locus of chromosome V 



(Michaelis et al., 1997). In otherwise wild-type cells, the TetR-GFP focus separated about 90 

seconds after the LacI-GFP focus. Our recent work has revealed that the delayed separation 

of the TetR-GFP dot is due to abnormally strong cohesion at the tetO array (H. Eshleman and 

D.O.M., unpublished observations). For the current work, we constructed a new strain in 

which chromosomes were labeled with lacO256 arrays inserted at both TRP1 and URA3 as 

described (Rohner et al., 2008). Unlike the GFP foci in our previous work, the two foci in this 

strain separate at about the same time during anaphase.
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