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Backgrounds 
   Stressed cells coordinate a multi-faceted response span
ning many levels of physiology. Yet knowledge of the compl
ete stress activated regulatory network as well as design 
principles for signal integration remains incomplete. We d
eveloped an experimental and computational approach to int
egrate available protein interaction data with gene fitnes
s contributions, mutant transcriptome profiles, and phosph
o-proteome changes in cells responding to salt stress, to 
infer the salt-responsive signaling network in yeast. The 
inferred subnetwork presented many novel predictions by im
plicating new regulators, uncovering unrecognized crosstal
k between known pathways, and pointing to previously unkno
wn ‘hubs’ of signal integration. 



Material and Methods 
    1.aMutant and number 

of replicates in 

parentheses. 

   2. bNumber of genes 

with smaller (defective) or 

larger (amplified) 

expression changes 

compared to the wild-type 

strain. Note, this table 

includes noncoding RNAs 

that were excluded from 

the inference. The table 

lists the number of targets 

identified from the 

originally interrogated 

‘source’ regulators and 

validation mutants 



      Unless otherwise noted, cells were grown to 
log phase in batch YPD cultures at 30°C for at 
least seven generations before addition of a 
final concentration of 0.7 M NaCl, after which 
cells were grown for 30 min. cdc14-3 and 
isogenic wild-type cells were grown at 25°C, 
shifted to the non-permissive temperature of 
35°C for 90 min, and then treated with a final 
concentration of 0.7 M NaCl at 35°C for 
anadditional 30 min before sample collection. 
Relative physiological changes were compared to 
the time point collected immediately before 
addition of NaCl (i.e., 35°C for 90 min 
without NaCl). 

 



Microarray analysis 



Phospho-proteomic analysis 
      we next measured changes to the phospho-proteome 

before and at 5 and 15 min after NaCl treatment, using 
chemical isobaric tags for phosphopeptide quantification 
(see Materials and Methods). Nearly 600 of 1,937 
identified phospho-sites (mapping to 973 proteins)showed 
a ≥ 2-fold change in phosphorylation, roughly split 
between sites with increased and decreased modification. 
Over 10% of the altered phospho-proteins represented 
kinases and phosphatases (including regulators of cell 
cycle progression,actin organization, and signal 
transduction) as well as transcriptional regulators (such 
as activators Hot1, Sko1, and Sub1 and repressors Mot2, 
Dot6, and Dig1). Proteins affected at the later time 
point were involved in cytokinesis, bud-site selection, 
and actin reorganization implying downstream 
physiological effects on these processes 





Integer linear programming-based (IP) approach 





   Validation analysis to verify 





New insights into stress signaling 







   New insights into ESR regulation 
and coordination 







  The orthologous mammalian networks are 
enriched for growthregulating and disease-
causing genes 
      Striking the correct balance between growth rate and stress 

defense is fundamental for proper cellular function, and improper 
balance is thought to be a critical driver in diseases such as 
cancer We therefore interrogated the set of human genes 
orthologous to the yeast NaCl subnetwork. We found that this set 
is enriched for genes linked to cancer, mostly through somatic 
mutation,according to the COSMIC database: of the 35 human genes 
in the COSMIC dataset with yeast orthologs, 8 were orthologous to 
nodes in the consensus-node network, representing a 2.5-fold 
enrichment above chance. We also compared the yeast network to 
Mendelian disease genes in the OMIM database. We identified 25 
additional yeast genes whose orthologs are linked to heritable 
disease, with weak enrichment forgenes associated with prostate 
cancer. The network was also enriched for yeast proteins whose 
mouse orthologs are required for pre/perinatal viability, normal 
growth rate and body size, and male and female fertility .These 
results highlight that stress-responsive signaling is likely 
important for proper regulation of growth rate, and thus may 
provide insights into cancer biology. 



conclusion 
      We exploited these predictions to show that Cdc14 

phosphatase is a central hub in the network and that 
modification of RNA polymerase II coordinates induction 
of stress defense genes with reduction of growth-related 
transcripts. We find that the orthologous human network 
is enriched for cancercausing genes, underscoring the 
importance of the subnetwork’s predictions in 
understanding stress biology. 



discussion 
1.创新点 

   1.designed an integer linear programming (IP) 

approach to integrate and interpret our disparate datasets by 
inferring a signaling subnetwork. The novel facets of our 
computational approach include a means to integrate these 
varied data sources, using new types of input paths to the IP, 
and a multi-part objective function. 

   2.运用所构造的网络对人体进行了预测，发现了人体中的这些途径 
许多致癌基因，突破了物种的跨度，具有启示意义。 

2.启发 
    由零到整再到零的实验思路，逻辑严谨，推理与验证还有运用一体化思

想。 

3.改进的地方 

   提出了许多预测的交联途径，但是并没有进行验证，仅仅只是为了试验

的正确性而选择性的验证了一些研究的已经很透彻的途径，或许可以对
一些新颖的预测途径进行探讨，从而发现更多的规律。 

    

    


