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SUPPLEMENTAL EXPERIMENTAL PROCEDURES 

 

Protein Expression and Purification (expanded) 

Constructs expressing recombinant proteins were generated by PCR; mutant variants were 

generated by two-step PCR, using internal mutagenic primers.  Fus3 and Fus3-K42R were 

expressed at 18oC in Rosetta(DE3)pLysS E.coli cells (Novagen) using the pBH4 vector to 

generate an N-terminal His6-tagged, TEV-cleavable protein.  Purification was carried out as 

described previously (Remenyi et al., 2005).  Kss1 and Ste7 variants were expressed in 

Spodoptera frugiperda (SF9) cells, using the Bac-to-Bac Baculoviral Expression System 

(Invitrogen), at 27oC.  Kss1 was expressed with an N-terminal TEV-cleavable His6 tag, while 

Ste7 was expressed with N-terminal TEV cleavable GST, and C-terminal His6 tag.  Kss1 

purification was similar to Fus3, while GST-Ste7 was purified by successive affinity columns, 

Ni-NTA (Qiagen) and Glutathione Agarose (Sigma).  Ste5 variant proteins were expressed at 

18oC in Rosetta(DE3)pLysS E.coli cells as either GST-fusions (pETARA vector) or MBP-



fusions (pMBP-MG vector, modified NEB pMAL vector).  Proteins were purified using Ni-

NTA, Glutathione Agarose beads or Amylose resin (NEB), and dialyzed into ‘Standard Buffer’ 

(150mM NaCl, 25mM Tris pH8, 10% Glycerol, 2mM DTT).  The Ste5-ms protein used for 

crystallography was expressed as an N-terminal TEV-cleavable His6 fusion (pBH4 vector) in 

Rosetta cells, and purified in manner similar to Fus3 (Ni-Nta, TEV cleavage, ResourceQ ion 

exchange) 

 

 

 

 

Structure Determination (expanded) 

All diffraction data was processed using HKL2000 (Otwinowski and Minor, 1997).  Heavy 

atoms positions were found by SOLVE (Terwilliger and Berendzen, 1999) and initial solvent 

flattened maps were generated RESOLVE (Terwilliger, 2003).  An preliminary automated model 

was built using ArpWarp6.0 (Morris et al., 2003).  Additional model building was done manually 

with Coot (Emsley and Cowtan, 2004), and TLS refinement was done using Refmac5 

(Murshudov et al., 1997) and Phenix (Adams et al., 2002).   

The cryopreservant for x-ray data collection (not mentioned in the main methods) was made by 

mixing 12% PEG 3350 and 34% Glycerol 1:1 (vol:vol) with hanging drop solution).   

 



 
 
 



 



 



 



 



 



 



 



 
 



Table S1. Constructs used in this study 
 

Plasmid Parent Vector Gene N-term. fusion C-term. 
fusion

Expression 
System

vMG500 pBH4 Fus3wt TEV cleavable His6 E. coli
vMG510 pBH4 Fus3-K42R TEV cleavable His6 E. coli
vMG515 pBH4 Fus3-K42R-(I161L, 243-254) TEV cleavable His6 E. coli

vMG530 vMG950 Fus3wt TEV cleavable His6 E. coli
vMG531 vMG950 Fus3-I161C TEV cleavable His6 E. coli
vMG532 vMG950 Fus3-I161L TEV cleavable His6 E. coli
vMG533 vMG950 Fus3-(161-163) TEV cleavable His6 E. coli
vMG534 vMG950 Fus3-(325-329) TEV cleavable His6 E. coli
vMG540 vMG950 Fus3-(I161L, 243-254) TEV cleavable His6 E. coli
vMG541 vMG950 Fus3-(I161L, 325-329) TEV cleavable His6 E. coli
vMG542 vMG950 Fus3-(I161L, 164-178, 243-254) TEV cleavable His6 E. coli
vMG543 vMG950 Fus3-(161-163, 243-254) TEV cleavable His6 E. coli
vMG544 vMG950 Fus3-(161-163, 325-329) TEV cleavable His6 E. coli
vMG550 vMG950 Fus3/Kss1 TEV cleavable His6 E. coli
vMG551 vMG950 Kss1/Fus3 TEV cleavable His6 E. coli

vMG800 pFBHt-b Kss1 TEV cleavable His6 SF9
vMG600 pFB1MG Ste7wt TEV cleavable GST His6 SF9
vMG610 pFB1MG Ste7EE TEV cleavable GST His6 SF9
vMG612 pFB1MG Ste7EE-ND2 TEV cleavable GST His6 SF9
vMG613 pFB1MG Ste7EE-ND1/2 TEV cleavable GST His6 SF9

vMG700 pBH4 Ste5-ms TEV cleavable His6 E. coli
vMG705 pBH4 KCK-Ste5ms (C724A) TEV cleavable His6 E. coli

vMG720 pETARA ΔN-Ste5 TEV cleavable GST His6 E. coli
vMG711 pETARA ΔN-Ste5-ND TEV cleavable GST His6 E. coli
vMG721 pETARA Ste5 (316-916) TEV cleavable GST His6 E. coli
vMG723 pETARA Ste5 (518-916) TEV cleavable GST His6 E. coli
vMG724 pETARA Ste5 (691-916) TEV cleavable GST His6 E. coli
vMG726 pETARA Ste5 (280-750) TEV cleavable GST His6 E. coli
vMG733 pETARA Ste5 (518-851) TEV cleavable GST His6 E. coli
vMG734 pETARA Ste5 (518-786) TEV cleavable GST His6 E. coli
vMG735 pETARA Ste5 (518-777) TEV cleavable GST His6 E. coli
vMG738 pETARA Ste5 (583-786) TEV cleavable GST His6 E. coli
vMG739 pETARA Ste5 (593-786) TEV cleavable GST His6 E. coli

vMG750- pETARA Ste5-ms (mutant variants) TEV cleavable GST His6 E. coli
vMG770 [21 variants]

vMG775 pMBP Ste5-ms (mutant variants) TEV cleavable MBP His6 E. coli
vMG795 [21 variants]

pBH4 is a pET derived bacterial expression vector  that makes your protein with a TEV-cleavable N-terminal His6 fusion

VMG950 is a vector for bicistronic expression of gene of interest with GST-lambda phosphatase (gene is expressed with a TEV-cleavable N-terminal His6 tag)

pETARA is a pET derived bacterial expression that makes your protein with a TEV-cleavable N-terminal GST fusion and C-terminal His6 fusion

pMBP is a pET derived bacterial expression that makes your protein with a TEV-cleavable N-terminal MBP fusion and C-terminal His6 fusion

pFBHt-b is a shuttle vector (pFastbac-Ht-b, Invitrogen) for SF9 expression that makes your protein with a TEV-cleavable N-terminal His6 fusion

pFB1MG is modified pFastbac1 vector (Invitrogen) for SF9 expression that makes your protein with a TEV-cleavable N-terminal GST fusion and C-terminal His6

* numbers for Fus3 genes denote regions swapped with Kss1 sequence  
 



Table S2. Crystallographic Statistics 
 

HgCl2
native λ1 (peak) λ2 (inflection) λ3 (remote)

Space Group P212121 P212121

Cell 46.8, 63.6, 69.1, 90, 90, 90 45.9, 63.2, 68.9, 90, 90, 90
Wavelength 1.11587 Å 1.00556 Å 1.00949 Å 1.04796 Å
Resolution (last shell) 50-1.6Å (1.66-1.60Å) 50-2.1Å (2.18-2.10Å) 50-2.1Å (2.18-2.10Å) 50-2.1Å (2.18-2.10Å)
Unique Reflections 25696 12160 12123 12128
Redundancy 4.3 (3.9) 7.4 (7.4) 5.2 (5.1) 7.5 (7.4)
Completeness 92.4% (93.9%) 99.8% (99.8%) 99.7% (100%) 99.8% (99.8%)
I /σ 19.3 (4.0) 20.8 (5.0) 18.1 (4.4) 20.8 (5.0)
Rsym 0.046 (0.311) 0.07 (0.326) 0.056 (0.334) 0.058 (0.357)
Mean Figure of Merit 0.563; 0.75 after solvent flattening

Refinement Statistics
Resolution Range 22.17 - 1.60
Reflections Used Work (Test) 24227 (1224)
Rcryst/Rfree 0.209 / 0.237
Overall Figure of Merit 0.845
r.m.s.d. bonds/angles 0.005Å / 0.952o

Average B factor 29.91Å2
Overall Bwilson 20.23Å2

Ramachandran Analysis 94.4.% / 4.2%
(Preferred / Allowed)

Data Statistics

 
r.m.s.d. is the root-mean squared deviation from ideal geometry 
 

Rsym = ΣhklΣi ΙIhkl,i – <Ihkl,i>Ι/ΣhklΣiΙIhkl,iΙ 
 

Rcyst and Rfree = ΣΙFobs – FcalcΙ/ΣΙFobsΙ.  Fobs and Fcalc are observed and calculated structure factors.  Rfree is calculated 
from a set of randomly chosen 5% of reflections, and Rcyst is calculated with the remaining 95% of reflections. 
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