Patagay connectivity il

signaling coordination

Y -] =]

~

[~ [ ©
J.rv 4Ol LI T ’(JJ_‘ fuur
v |

signaling network

~—-




e Material and Methods
e Results

* Disscution




Backarotinds

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
N plicating new regulators, uncovering unrecognized crosstal

{ between known pathways, and pointing to previously unkno
Q n 2‘Yubs’ of signal integration. Q\
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Marcerial znd Wertrhods

Mutant®

Source regulators

hoglA 3)

pde2A (3)
nckdA ) o1 01 with smaller (defective) or
msnZA () o ” larger (a}mplified)
AMIDIAG) - - expression change_s
compared to the wild-type
e — = strain. Note, this table
rim15A () s L® includes noncoding RNAs
npr2A (2 75 & that were excluded from
npr3A (2) 184 g the inference. The table
swe3A (2) 108 i lists the number of targets
swesA (2) 84 55 identified from the
l\ whi2A (2) 118 201 originally interrogated
| _oph3AQ) 235 1 ‘source’ regulators and  /
| sublA (2) 431 g7 validation mutants ,
tpk1A (2) 35 9% N\~ A\ ~(

YA
ygri22wA (2) 106 502 Y ¢ A
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final concentration of 0.7 M NaCl, after which
cells were grown for 30 min. cdcl4-3 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
‘he time point collected immediately before

ddi}ion of NaCl (i.e., 35° C for 90 min \ A
~7\ B

Jwithqut NaCl). ~N-7 S
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Phosono—oroteomic analrsis

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

f cycle progression, actin organization, and signal
transduction) as well as transcriptional regulators (such
N as activators Hotl, Skol, and Subl and repressors Mot2,
| f jot6 and Digl). Proteins affected at the later ti ,
k\f Qoh;i were involved in cytokinesis, bud-site selectioﬁ?\

J . [/and /actin reorganization implying downg}réam

/physip)ogical effects on these processes *\ r




Gene Fitness Contributions Downstream Targets Phospho-proteomic changes

Yeast gene-deletion library DNA microarray profiling Isobaric tagging of phospho
pretreated with NaCl and of 16 ‘source’ mutants peptides before and 5, 15 min
challenged with severe stress responding to NaCl after NaCl treament
(from Berry et al. 2011) (Table 1, Figure 1) (Figure 53)
List of 225 genes important Matrix of 3, 300 gene targets List of 553 phospho-sites
for acquired stress resistance of at least one of 16 on 173 proteins that change
after NaCl pretreatment ‘source’ requlators >=2X after NaCl treatment
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Subnetwork Inference

bc-nnect 16 “source’ regulators to downstream
targets, via implicated TF/RBPs

Minimize total number of nodes while

maximizing inclusion of proteins with fithess
contributions and phospho-changes

n 0 &

Background network of 1071 TFs/ RBPs whose
5,130 proteins and 29,936 edges targets overlap specific source-targets
Protein—Protein/Kinase—Substrate TF / RBP
interactions gene [ transcript targets
(see text for references) (see text for references) ? e

R &



Legend Node labels from experimental data  Edge types in background

Node types in background network OO source network
O Protein O <> Phospho change — Known direction
&> Transcription factor @ <> Fitness contribution ===+ Unknown direction

or RNA-binding protein
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A Combine background network and experimental data

Source-target pairs
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Source-target paths Hit-source and h Receptugsnume
? . .’ . ; source-source paths paths
e33TTILIITL ‘eoe 99
oootohhse 37 93

<> <o L] B] LR L]
C Solve IP to infer ensemble of subnetworks

« Connect source-target pairs,
hit-source pairs, and Solution 1 Solution n
receptor-source pairs

» Assign a direction to each
undirected edge

IP objectives:
[\ «Favor proteins with
O Phospho changes
@ Fitness contributions
s Sparingly include proteins | Elp i El
without evidence of r
relevance
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Valicdation analysis to verify

Validation mutants

cdcl4-3 [3]': 929 346
nnkl1A (1) 94 378
bekIA (1) 107 169
yakIA (1) 226 248
Ein2A (1) 52 766
pho85A (1) 614 342
cka2A (2) 155 63
 ckalA (2 58 133
/\ ckb1A ckb12A (2) 129 176
arf3A (2) 466 33

\\ scd6 A (2) 0 0 (
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WNew insigacs into stress signaling
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Direct
Interactions

I24
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CK1 kinases (2)
CK2 complex (3)
HOG pathway (8)
Msn2/4 (2)

PKA pathway (7)
PKC pathway (4)
RAS pathway (7)
RIM pathway (4)
SNF1 pathway (2)
STE pathway (4)
TOR pathway (8)
RP regulator (4)
Dot6 (1)

CK1 kinases
CK2 complex
HOG pathway
Msn2/4

PKA pathway
PKC pathway
RAS pathway
RIM pathway
SNF1 pathway
STE pathway
TOR pathway
RP regulator
Dot6é (RiBi regulator)
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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 1in 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
fancer. The network was also enriched for yeast proteins whose )
mousé\ orthologs are required for pre/perinatal viability, normal /
rate and body size, and male and female fertility . These
ighlight that stress—responsive signaling ?§(*fi~
r proper regulation of growth rate, and t‘ﬁs
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coneclision

phosphatase 1s a centra
modification of RNA polymerase Il 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 1n
understanding stress biology.




cdiscilssion

.designed an integer linear programming

approach to integrate and interpret our disparate datasets by
inferring a signaling subnetwork. The novel facets of our
computational approach include a means to 1integrate these
varied data sources, using new types of input paths to the IP,
and a multi—part objective function.

2. 15 F Pl iy i ) 9 2 5 N AR BEAT T Fti EWTA%$%E%%%
WEZEURRN, R TOMERE, BRAREREX

| 2. 8K

W B B ST SR, R, T R AR ) — A
A8,

\fBEﬂ ib:iwi] \ /

ﬁk'“% BN, (AT, UBY (

ﬁﬁi%%ﬁ?*ﬁﬁnME%ﬁﬁMM%ﬁ,,ﬁﬂ

f-f-,ﬁ AN AHAH I 1/ 1 nw=:

/”%qu

L)

W\ﬂ%ﬁ



