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Supplementary Methods: MudPIT mass spectrometry and data analysis  

In order to analyze the purified protein complexes, TCA-precipitation, LysC/Trypsin 

digestion, and multidimensional protein identification technology (MudPIT) analyses were 

performed as previously described [1, 2].  RAW files were converted to the ms2 format using 

RAWDistiller v. 1.0, an in-house developed software. The ms2 files were subjected to database 

searching using SEQUEST (version 27 (rev.9) [3]. Tandem mass spectra of proteins purified 

from S. cerevisiae were compared to 11677 amino acid sequences consisting of 5880 non-

redundant S. cerevisiae protein sequences obtained from the National Center for Biotechnology 

(2009-10-27 release). Data sets obtained from H. sapiens were searched against 29375 amino 

acid sequences (2010-11-22 release). The databases also included 172 common contaminant 

proteins including human keratins, IgGs, and proteolytic enzymes.  Randomized versions of each 

non-redundant protein entry were included in the databases to estimate the false discovery rates 

(FDR) [4]. All SEQUEST searches were performed with a static modification of +57 Daltons 

added to cysteine residues to account for carboxamidomethylation, and dynamic searches of +16 

Daltons for oxidized methionine. 

Spectra/peptide matches were filtered using DTASelect/CONTRAST [5]. In this dataset, 

spectrum/peptide matches only passed filtering if they were at least 7 amino acids in length and 

fully tryptic. The DeltCn was required to be at least 0.08, with minimum XCorr value of 1.8 for 

singly-, 2.0 for doubly-, and 3.0 for triply-charged spectra, and a maximum Sp rank of 10. 

Proteins that were subsets of others were removed using the parsimony option in DTASelect [5] 

on the proteins detected after merging all runs.  Proteins that were identified by the same set of 

peptides (including at least one peptide unique to such protein group to distinguish between 
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isoforms) were grouped together, and one accession number was arbitrarily considered as 

representative of each protein group.   

Quantitation was performed using label-free spectral counting.  The number of spectra identified 

for each protein was used for calculating the distributed normalized spectral abundance factors 

(dNSAF) [6] and nonspecific proteins removed as previously described [4].  NSAF v7 (an in-

house developed software) was used to create the final report on all non-redundant proteins 

detected across the different runs, estimate false discovery rates (FDR), and calculate their 

respective distributed Normalized Spectral Abundance Factor (dNSAF) values.    

Supplementary Legends 

Figure S1. Data analysis workflow. The main dataset is a list of proteins detected in subunits 

purified from yeast and human of the following chromatin complexes: Sc_INO80/H_INO80, 

Sc_NuA4/H_TIP60, and Sc_SWR/H_SRCAP.  After the removal of non-specific proteins, 26 

orthologs proteins specific to three complexes are identified. Spearman correlations were 

performed between yeast and human baits for the 26 proteins. Using yeast data, we further 

estimate missing values in human purifications. To identify new conserved interactions 

associated with chromatin remodeling complexes we extended the analysis to all the orthologs 

proteins identified in the entire datasets. Three proteins were selected and used for validation by 

performing reciprocal purifications.      

Figure S2. Topological Data Analysis of a Merged Yeast and Human Dataset. Topological 

data analysis was performed on the protein abundance of a merged yeast and human dataset.  L-

infinity centrality filter with normalized correlation was used (resolution 45 , gain 4.0x). Proteins 

are colored based on the L-infinity centrality.  Color bar: red: high values, blue: low values. 

Biological functions of proteins in the respective flares which exhibit the lowest p-values or 
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highest count as determined by DAVID annotation tool are listed. For simplicity we show the 

GO terms that statistically best explain the protein list. 

Figure S3. Hierarchical clustering of 26 core proteins in the complexes. Hierarchical 

clustering was performed on the spectral counts of the 26 conserved proteins between yeast and 

human. For this clustering we used all the baits from yeast and human that were analyzed here. 

The Ward method was used and Pearson correlation as the distance. The three chromatin 

complexes are colored as follows: red represents the yeast INO80/human INO80 complex, blue 

the yeast Swr1/human SRCAP complex, and green the yeast NuA4/human TIP60 complex. 

Proteins that are shared between all three complexes are colored in purple.   

Figure S4.  Clustering analysis on yeast and human baits before and after missing value 

estimation.  Hierarchical clustering was performed on the baits using (A) original spectral 

counts for the 26 orthologous proteins and (B) using fitted values from the regression analysis 

(human vs. yeast) for the proteins in the INO80 and INO80C human baits. Baits were separated 

in three chromatin complexes: red represents the yeast INO80/ human INO80 complex, blue the 

yeast SWR1/ human SRCAP complex, and green the yeast NuA4/ human TIP60 complexes. 

INO80 bait represented in the black box with an asterisk was correctly placed after correction in 

(B) in close proximity with the protein baits belonging to the yeast/human INO80 complex.  

 Figure S5. Clustering analysis of all orthologous proteins identified in the yeast 

and human datasets.  Unsupervised hierarchical biclustering analysis of the baits and prey 

proteins using normalized abundance levels.   The bait proteins pertaining to the three 

chromatin complexes are colored as follows: red represents the yeast INO80/human INO80 

complex, blue the yeast Swr1/human SRCAP complex, and green the yeast NuA4/human 

TIP60 complex. Proteins that are shared between all three complexes are colored in purple. 
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Figure S6. Statistical analysis on TMA19, YAP1802 and DDH1. (A) Qspec [7] analysis was 

performed on the wild-type and control purifications to determine the differential abundance 

change. Significant fold changes (in blue) and z-statistics (in orange) were obtained for these 

proteins. (B) Changes in gene expressions. Significant P-values of these proteins were observed 

in mutants of the INO80, NuA4 and Swr complexes.   

Figure S7. Gene Ontology enrichment analysis. Gene ontology analysis was performed on 

associated proteins of yeast TMA19/ human TPT1, yeast YAP1802/ human PICALM, and yeast 

DDH1/ human DDX6 using DAVID tools for functional data annotation.   

Table S1. List of proteins detected in the human wild-type using baits from: human INO80, 

human SRCAP, and human TIP60 before contaminant extraction, after contaminant extraction, 

and list of a subset proteins detected in the human wild-type using baits from human Ino80, 

human SRCAP, and human TIP60. 

Table S2. List of proteins detected in the yeast wild-type using baits from: yeast Ino80, yeast 

NuA4, and yeast Swr1, before contaminant extraction, after contaminant extraction, and a list of 

a subset proteins detected in the yeast wild-type using baits from yeast Ino80, yeast NuA4, and 

yeast Swr1. 

Table S3. List of peptides of a subset proteins detected in the yeast and human wild-type using 

baits from human INO80, human SRCAP, human TIP60, yeast Ino80, yeast NuA4, and yeast 

Swr1.  List of a spectral counts for subset proteins detected in the yeast and human wild-type 

using baits from human INO80, human SRCAP, human TIP60, yeast INO80, yeast NuA4, and 

yeast Swr1. 
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Table S4. Spearman Correlation coefficients based peptides calculated from 26 orthologs 

between yeast and human bait purifications. Spearman Correlation coefficients based spectral 

count calculated from 26 orthologs between yeast and human bait purifications. 

Table S5. List of orthologous proteins detected in yeast and human topological network for each 

of the three main network flares.  

Table S6. List of orthologs between proteins identified in the baits of human INO80, human 

SRCAP, human TIP60, yeast INO80, yeast NuA4, and yeast Swr1. The dNSAF values are 

included in the table after extracting contaminants.  List of expression profiles from a subset of 

mutants of yeast INO80, yeast NuA4, and yeast Swr1 complexes obtained from Lenstra et al. 

[8].  List of orthologs between proteins identified in at least two purifications of human INO80, 

human SRCAP, human TIP60, yeast INO80, yeast NuA4, and yeast Swr1.  List of orthologs 

between proteins identified in at least two purifications of human INO80, human SRCAP, human 

TIP60, yeast INO80, yeast NuA4, and yeast Swr1.  List of proteins identified in at least two 

purifications of human INO80, human SRCAP, human TIP60, yeast INO80, yeast NuA4, and 

yeast Swr1 and have a P_ value (in microarray data) less than 0.08.  

Table S7. List of protein abundance in the DHH1, TMA19, and YAP1802 yeast purifications, 

list of protein abundance in the DDX6, TPT1, and PICALM human purifications. 
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