FH R R A 1A T B B ) R A

Molecular Systems Biology 8; Article number 823; doi:10.1038/msb.2012.55 mulecular
Citation: Molecular Systems Biology 8:623 systems

© 2012 EMBO and Macmillan Publishers Limited Al rights reserved 1744-4292/(12 hlﬂlﬂg‘jl'
www. molecularsystemsbiology.com

Regulation of yeast central metabolism by enzyme
phosphorylation

Ana Paula Oliveira'?, Christina Ludwig'®, Paola Picotti', Maria Kogadeeva', Ruedi Aebersold'? and Uwe Sauer'*

' Department of Biology, Institute of Molecular Systems Biology, ETH Zurich, Zurich, Switzerland and Faculty of Science, University of Zurich, Zurich, Switzerland
*These authors contributed equally to this work

* Corresponding author. Institute of Molecular Systems Biology, ETH Zurich, Wolfgang-Paul-Str. 16, Zurich 8033, Switzerland. Tel.: + 41 44 633 3672;

Fax: +41 44 633 1051; E-mail: sauer@imsb.biol.ethz.ch

Received 7.5.12; accepted 5.10.12



L.

Saccharomyces cerevisiae R £}

HEBER . — MR W RENE S B, A R AR
BN AR R

WEFRACHIAE . it Bl B 4] H A 2

1A HI R

2. 51 I Bl M R AL oG

3. REVI L ia

4EHEAMEALE AR SWE SE &
RN il

. O




1.The majority of functional phosphoenyzmes are still unknown.

2. Previous studies focused on the qualitative effect of protein
phosphorylation without considering the impact of phosphorylation
on the operation of the metabolic network as whole.

3.We quantitatively measured the phosphoproteome of S. cerevisiae
during growth under five environmental conditions.
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We quantitatively measured the phosphoproteome of S. cerevisiae
during growth under five environmental conditions.
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1. Phosphopeptide patterns

556 proteins with at least one phosphorylation site.

Of the 681 enzymes contained in the reaction network
of yeast metabolism, 70 with at least one phosphorylation
site, 10 of which do not have a phosphorylation site yet
listed in PhosphoPep.
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2.Degree of phosphorylation

Condition 2

®®0

Condition 1

®®®OO0
®E®000

Proteins measured by SRHM:

Total protein _ 6
fold-change 10

Phosphopeptides measured by Shotgun:

Phosphorylated protein 4
fold-change ™~ 5

Calculated degree of phosphorylation:

Fold-change in degree _ 4/6
of phosphorylation ~ 5/10

Phosphorylated protein fold-change

Total protein fold-change

®®O0

C Condition 1 Condition 2

Case |. Same total protein amount. Different amount of
phosphoprotein and of degree of phosphorylation.

®0e0 G000
®ee0 ©®O000

Case ll. Different phosphoprotein and total protein
abundance. Same degree of phosphorylation.

®G®00 ®B0
®e000 0600

Case lll. Same phosphoprotein abundance. Different
total protein abundance and degree of phosphorylation.

®000 ®0
®000 ®0

Case V. Very different protein abundance.
Phosphorylation detected only in high abundance.

®00000 O
OO0000



— SRE AR
3.The impact of phosphorylation on enzyme activity

A

Condition 1 Condition 2

Mo posi-translational modification.
O OD O O O All protein is catalytically active.
X ‘__). Vi X ‘:; ¥ Protein abundance is enough to
infer anzy me activity

@ D O @ @ @ 'O Phosphorylated pool is the active
pool. Phosphorylated protein is
X :"" ¥ X )’ Y required to infer enzyme activity.

®0®0 @0 Non -
-phosphorylated pool is the
@ @ DD @ D active pool. Non-phosphorylatad

X :‘,-l- Y X :)- Y protein is required to infer
anzyme activity.
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= 1%| VI A B R
. 1% / ’ / .1?2 - |t . ,.-f/'f
L = & L = T P ] o - - - =, ™ = e
D _ . glucose (black)
P galactose (red)
"T .
5o g Not dotected Prk2 [S163] anaerobic (green)
“% 4 ethanol (yellow)
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Total protein  Phosphporylated Non-phosphorylated
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(fmol pl™) (fmol pl™)
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5.Functional impact of phosphosite removal on metabolic activity.

A Enzyme Phosphopeptide Phosphosite Fold-change Constructed
(EthGIc) site mutations
Gpd1 RSS[P]SSVSPILK 503,827 6.2 Gpd1]S234)
(YDLOZ2W) -
S85IPISVSIPILK 524,827 20 Gpd1[S24A]
Gpd1[S25A]
S55[PISVS[PILKAAEKPFK 804 827 6.2 Gpd1[S27A
SSS[PISVSLK g4 a1 Gpd1[524/27A]
Gpd1[S23/24/25A)
SSSSIPIVSLK 505 1.2 Gpd1[S23/24/25/27A)
Pdai YGGHS[PIMSDPGTTYR 5313 a6 Pdat[s31aA]
(YER178W)
Pl NAVSTKPTPPPAPEASAESIPIGLSSK 8163 19.9 PIK2[S163A]
(YMB205C -
' ! | NAVSTKPTPPPAPEASAESGLSS[PKVHSIPIYTOLAYR 1678171 18 PRR2IS167A]
Pik2[S171A]
NAVSTKPTPPPAPEASAESIPIGLSSIPIKVHS|P]YTOLAYR 5163,8167,8171 | Only ethanol

phosphorylated serine residues ——— non-phosphorylatable alanine
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0.000 - ¥
o-ketoglutarate glecoss
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6.ldentification of functional phosphorylation sites for Pfk2 and Gpd1l
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