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Figure S1.Domains of Msn2 related proteins.Selected parts of a multiple sequence alignment of 

the identified Msn2 and Msn4 homologues shows the conservation of the 4 domains and the 

consensus sequence. 

Figure S2. Multiple sequence alignment of 22 protein sequences 

relatedtoSaccharomycescerevisisaeMsn2 and Msn4. 

Figure S3. Localization effects of Msn2 phosphomimetic mutations. (A) W303 msn2∆msn4∆ 

cells expressing either Msn2A5-GFP or Msn2D5-GFP were exposed glucose starvation and 

different stress conditions. Pictures were taken 10 minutes after induction. (B) W303 

msn2∆msn4∆cdc35∆pde2∆ cells expressing either Msn2D5-GFP or Msn2D6-GFP were grown in 

presence of 3mM cAMP to exponential phase and shifted to medium lacking cAMP. PKA 

activity was re-induced by addition of 3mM cAMP.  

Figure S4.mRNA level changes of genes encoding key enzymes of the (A) glycolysis 

gluconeogenesis, and (B) pentosephosphate cycle. Log2 values of expression change are 

indicated.   

Figure S5. The Msn2A6 expression profile resembles glucose-starved cells. The expanded 

compendium shows distinct expression pattern signatures for mutants similar to high and low 

glucose growth. 

 

Data file S1.Sheet Expression levels:Gene expression changes induced by Msn2A6 after 90 

minutes induction of expression by 17-ß-estradiol addition (6nM). Selected fold change (log2) 

and signal difference values of up and downregulated genes are listed. Sheet Carbon Pathways: 

Expression levels of genes of the primary carbon and energy pathways as derived from KEGG 

database (https://www.genome.jp/kegg/pathway.html)  

Data file S2.Values to reconstruct the heatmap of Figure 3 and Figure S4 for visualization with 

treeview. 

Data file S3.Data of metabolite measurements. 



Data file S4.List of protein sequences used for multiple sequence alignment 

Data file S5.Multiple sequence alignment of Saccharomyces cerevisiae Msn2 



    * :    : :                  
GAS TF I TPTVL D- - - - - - - - - - - - - - -
GAGTF I TPAVL D- - - - - - - - - - - - - - -
PNDKF I KPTMI L - S DAS L AE VE MMNNS
TGGRF I S PQL L N- NDPL L E NQL NAGQN
S S QQF I KPS MI L - S DNAS AI AKVATTG
S S QQF I KPS MI L - S DNAS VI AKVATTG
S S QQF I KPS MI L - S DNAS VI AKVATTG
AGNKF I S PS I L N- QE L - - - - - - - - - - -
AGS TF I TTS ML N- QDM- - - - - - - - - - -
PNQNF I RPS ML L - S S KAS TMAKI ATTG
QE GKF I KPS MML - ADTNTVAAE L AMKG
S GGRF I S S HL L N- NDPL L E TQI S TS QT
S S GRF I S PQL L N- NDPL L E TQI S TS QT
PAQRF I HPNML N- NDANHS - - - - - - - -
PPHQF VHPNVL N- S TDF S NTHNN- - - -
S DAKF VHPNL L M- NS HHAPY- - - - - - -
S NS KF I PPNL L V- NDS NQAADNNA- - -
ANE RF VNPS I VF E NGNNI PTQI NS NNG
ARKQF I KPS MML - S E NAS TAAKMATTG
- - - QF VDQYVVP- S L TAS PAARL AAS N
S NQNF I NPS MVL - S DNAS TS AKVATTG
NTQRF I NPS MVL - S DNAS AS ARAATTG
QDQQF I KPS MML - S DNAS AAAKL ATS G
QDQQF I KPS MML - S E NAS AAAKL ATS G
QDQQF I KPS MML - S DNAS AAAKL ATS G
QDQQF I KPS MML - S DNAS AAAKL ATS G
QDQQF I KPS MML - S DNAS AAAKL ATS G
I E QKF I KPS MI L - NE NAS KAAI AATS G
. . . 950. . . . . . . 960. . . . . . . 970. .

     .        .   :  :   
S VF KI DNE L TQL L ND- YNI NF
S VF KI DNE L TQL L NE - YNI NF
S S HKI DNE L S QI L S D- YNMNF
S AF KI DNE L TQL L NA- YNL S -
NDAI I DNE L TQI L NE - YNMNF
NDATI DNE L TQI L NE - YNMNF
NDTAI DNE L TQI L NE - YNMNF
S VF KI DNE L TQL L ND- YNI NF
S VF KI DNE L TQL L ND- YNI NF
S AF KI DNE L TKVL S E - YNI DF
S I VTL NNE L S QVL ND- YNMNF
S AF KI DNE L TQL L DA- YNMN-
S AF KI DNE L TQL L NA- YNMT-
APF KI DNE L TQL L ND- YNL S Y
S PF KI DNDL TQL L NE - YNMS Y
S PF RI DNE L TKF L E D- YNL S Y
S PF KI E NE L TQL L S D- YNL S Y
TQF NVDNDI S QTL NG- YNI NF
NTI AADS E L TQVL ND- YNMNF
S L PVI E DS VS F S TDS PF S F N-
GF TGI DS E L S DVL NG- YHL NL
PF TGI DRE L AE VL NG- YHI NF
NF KL L DHDVS QAL S G- YS MDF
S F KL L DHDVS QAL S G- YTMDF
TF KL L DHNVS QVL NG- YS MDF
NF KL L DHDVS QAL S G- YS MDF
NF KL L DHNVS QVL NG- YS L DF
GGML I KS PGNNS F NDNF NF NF
. . . 650. . . . . . . 660. . . . . .

                                  
Ashbya_aceri 
Ashbya_gossypii 
Candida_glabrata_MSN2 
Kluyveromyces_marxianus_MSN2 
Saccharomyces_arboricola_MSN2 
Saccharomyces_cerevisiae_MSN2 
Saccharomyces_eubayanus_MSN2 
Eremothecium_cymbalariae 
Eremothecium_sinecaudum 
Kazachstania_africana 
Kazachstania_naganishii 
Kluyveromyces_dobzhanskii 
Kluyveromyces_lactis 
Lachancea_fermentati 
Lachancea_mirantina 
Lachancea_sp. 
Lachancea_thermotolerans 
Naumovozyma_castellii 
Torulaspora_delbrueckii 
Vanderwaltozyma_polyspora 
Zygosaccharomyces_rouxii 
Zygosaccharomyces_bailii 
Saccharomyces_sp._boulardii_MSN4 
Saccharomyces_kudriavzevii_MSN4 
Saccharomyces_eubayanus_MSN4 
Saccharomyces_cerevisiae_MSN4 
Saccharomyces_arboricola_MSN4 
Vanderwaltozyma_polyspora_2 
                         

       
L I I DE M
L I I DE M
TML DDY
MML E DL
S ML DDY
S ML DDY
S ML DDY
L ML E E A
VVL DE M-
S L I DNL
E VL DDF
L L L GDV
L L L DDV
S L L DDF
- - - - - -
S L F DDF
S VL DE F
S L L E DS
L QL NS I
NL F NE Y
S L L DDY
S L L DDY
S I L E DF
S I L E DF
S I L E DF
S I L E DF
S I L E DF
S F L DDY
390. . . .

    .     
QRRMS DVVT
QRRL S DVVT
E RRHS E VVT
RRRMS E VAS
HRRF S DVI T
RRRF S DVI T
QRRF S DVI T
QRRMS E VVT
QRRMS E VVT
YRRAS E I I S
GNS L S E TVT
KRRMS E VVN
RRRMS E VVN
KRRPS E L AT
GRRPS E L AT
NRRMS E L AS
S RRPS E PAS
DRRHS TI VS
GPMHS E VVE
DRRNS E VVS
QGPI QDTVT
QGATQDVI T
ARRYS E VVT
TRRYS E VVT
TRRYS E VVT
ARRYS E VVT
TRRYS E VVT
DRRYS E VI T
. . . . . . 440

      * . * * *    :  * :   
PHQQHS RGS I S HQVDF WNL
PHQQHS RGS I S HQVDF WNM
NL AS - ARNS I S HGVDF WNV
GYPS GPRGS I S HQVDF WNL
S I TN- S RNS I S HS L DL WNH
S MTN- S RNS I S HS L DL WNH
AI TN- S RNS I S HS L DL WNH
PQHQHS RGS I S HQI DF WNL
PL QHHPRGS I S HQVDF WNL
TAS S YARNS I S NS VDF WNL
S L TD- TRNS I S HNVDF WNM
AYPTHS RGS I S HQVDF WNL
AYPAHS RGS I S HQVDF WNL
AL TQ- S RGS I S HS I DF WNL
VF S QGS RGS I S HAVDF WDF
E L YN- - RNS I S YS TDAWNL
DL P- - ARGS I S YATDF WNL
PATAAS RNS I S HS I DF WNL
PI S D- NRGS I S HAVDF WNL
NS NKYTRGS I S YNVDTWNF
DVTG- S RGS I S HS VDF WNL
E MTG- S RGS I S HNVDF WNL
S MTD- S RNS I S HS I E F WNL
CMTD- S RNS I S HS I E F WNM
S MTD- S RNS I S HS I E F WNL
S MTD- S RNS I S HS I E F WNL
S MTD- S RNS I S HS I E F WNL
S L TN- QRNS I S HS I DF WNL
. . . . . . 460. . . . . . . 470.

HD3HD1

                                    * . *  *   *  *  * : * * * * * * * * : * * * * *  : * * *  *   * : * * * * * * * * * : * * : * * * : *  * .   
Ashbya_aceri E E KPF KCQE CTKAF RRS E HL KRHI RS VHS S DRPF PCTYCDKKF S RS DNL S QHL KTHRKHGDI
Ashbya_gossypii E E KPF KCQE CTKAF RRS E HL KRHI RS VHS S DRPF PCTYCDKKF S RS DNL S QHL KTHRKHGDI
Candida_glabrata_MSN2 I DKPF GCHL CS KAF KRS E HL KRHVRS VHS TDRPF S CHL CE KKF S RS DNL S QHI KTHKKS GS T
Kluyveromyces_marxianus_MSN2 E E KPF KCDQCS KTF RRS E HL KRHVRS VHS TE RPF HCQF CDKKF S RS DNL S QHL KTHKKHGDI
Saccharomyces_arboricola_MSN2 E E KPF HCHI CS KS F KRS E HL KRHVRS VHS NE RPF ACHI CDKKF S RS DNL S QHI KTHKKHGDI
Saccharomyces_cerevisiae_MSN2 E E KPF HCHI CPKS F KRS E HL KRHVRS VHS NE RPF ACHI CDKKF S RS DNL S QHI KTHKKHGDI
Saccharomyces_eubayanus_MSN2 E E KPF HCHI CS KS F KRS E HL KRHVRS VHS NE RPF ACHI CDKKF S RS DNL S QHI KTHKKHGDI
Eremothecium_cymbalariae E E KPF KCQE CTKAF RRS E HL KRHI RS VHS TDRPF PCTYCDKKF S RS DNL S QHL KTHRKHGDI
Eremothecium_sinecaudum DE KPF KCQE CTKAF RRS E HL KRHI RS VHS TDRPF PCTYCDKKF S RS DNL S QHL KTHRKHGDI
Kazachstania_africana NE KPF KCDTCYKAF RRS E HL KRHI RS VHS TE RPF ACTI CDKKF S RS DNL S QHL KTHKKHGE L
Kazachstania_naganishii E DKPF KCGQCVKAF KRS E HL KRHVRS VHS NDRPF ACTL CE KKF S RS DNL S QHL KTHKKHGDF
Kluyveromyces_dobzhanskii E E KPF KCDQCNKTF RRS E HL KRHVRS VHS TE RPF HCQF CDKKF S RS DNL S QHL KTHKKHGDI
Kluyveromyces_lactis E E KPF KCDQCNKTF RRS E HL KRHVRS VHS TE RPF HCQF CDKKF S RS DNL S QHL KTHKKHGDI
Lachancea_fermentati E E KPF KCQE CTKAF RRS E HL KRHI RS VHS S E RPF HCS YCDKKF S RS DNL S QHL KTHKKHGDF
Lachancea_mirantina E E KPF RCQE CPKAF RRS E HL KRHI RS VHS S E RPF HCS F CDKKF S RS DNL S QHL KTHKKHGDF
Lachancea_sp. DE KPF KCGDCTKAF RRS E HL KRHI RS VHS TE RPF HCPYCDKKF S RS DNL S QHL KTHKKHGDF
Lachancea_thermotolerans DE KPF KCQE CTKAF RRS E HL KRHI RS VHS TE RPF HCS YCDKKF S RS DNL S QHL KTHKKHGDF
Naumovozyma_castellii E NKTF KCE TCGKAF RRS E HL KRHI RS VHS S E RPF ACPTCDKKF S RS DNL AQHI KTHKKRGDV
Torulaspora_delbrueckii E VKPF KCKE CAKAF RRS E HL KRHI RS VHS TE RPF ACMF CE KKF S RS DNL S QHL KTHKKHGDF
Vanderwaltozyma_polyspora I E KPF KCGDCTKQF RRS E HL KRHI RS VHS KE RPF PCKYCDKKF S RS DNL S QHL KTHKKHGDF
Zygosaccharomyces_rouxii DVKPF KCKE CS KAF RRS E HL KRHI RS VHS S E RPF ACMF CE KKF S RS DNL S QHL KTHKKHGDF
Zygosaccharomyces_bailii DAKPF KCRE CS KAF RRS E HL KRHI RS VHS S E RPF ACMF CE KKF S RS DNL S QHL KTHKKHGDF
Saccharomyces_sp._boulardii_MSN4 KNKPF KCKDCE KAF RRS E HL KRHI RS VHS TE RPF ACMF CE KKF S RS DNL S QHL KTHKKHGDF
Saccharomyces_kudriavzevii_MSN4 KNKPF KCKDCE KAF RRS E HL KRHI RS VHS TE RPF ACMF CE KKF S RS DNL S QHL KTHKKHGDF
Saccharomyces_eubayanus_MSN4 KNKPF NCKDCE KAF RRS E HL KRHI RS VHS AE RPF ACMF CE KKF S RS DNL S QHL KTHKKHGDF
Saccharomyces_cerevisiae_MSN4 KNKPF KCKDCE KAF RRS E HL KRHI RS VHS TE RPF ACMF CE KKF S RS DNL S QHL KTHKKHGDF
Saccharomyces_arboricola_MSN4 KNKPF KCNDCE KAF RRS E HL KRHI RS VHS TE RPF ACMF CE KKF S RS DNL S QHL KTHRKHGDF
Vanderwaltozyma_polyspora_2 E S KPF KCTDCE KAF RRS E HL KRHI RS VHS S E RPF ACNYCE KKF S RS DNL S QHL KTHKKHGDF
                         0 . . . . . . 1170. . . . . . 1180. . . . . . 1190. . . . . . 1200. . . . . . 1210. . . . . . 1220. .
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Figure S1
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A

Figure S3

B

W303 msn2∆msn4∆

Msn2-GFP Msn2A5-GFP Msn2D5-GFP 
exponential growth

glucose starvation

5% ethanol

Msn2D5-GFP 
10% ethanol

heat shock (42°C)

weak acid stress
(sorbate)

W303 msn2∆msn4∆cdc35∆pde2∆

Msn2-GFP Msn2D5-GFP Msn2D6-GFP 
exponential growth

+ cAMP

- cAMP

readdition of cAMP

W303 msn2∆msn4∆



Figure S4
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gene
deletion

-
hap3
nth1
asc1
tsl1
pfk27
tps3
muc1
maf1
gsy2
gsy1
nrg2
erf2
shr5
reg1
hxk2
tco89
pfk1
pfk2
gcr2

sok2
cyc8
tup1
srv2
elm1
sch9
ram1
gpr1
gpa2
ccr4
ras2
pde1
snf1
hap2
glk1
hap4
pgm1
mig2
ste14
glg2
glg1
nrg1
rce1
mig1
tpk3
tpk1
sip4
tos3
sak1
pkh1
rim15
tpk2
gis1
rim11
ira2
bcy1
ira1
gph1
tps2
gpb2
msn2
hsp12
yck1
gpb1
pde2
mth1
fbp1
yak1
gpg1
snf4
pgm2
ras1
rgs2
std1
gal83
msn4
hxk1
sdc25
sip2
sip1
nth2
snf3
rgt2
cat8
adr1
rgt1
tor1
yck2

ASC1
TSL1
PFK27
TPS3

NRG2
ERF2
SHR5
REG1
HXK2
TCO89
PFK1
PFK2
GCR2

SOK2
CYC8
TUP1
SRV2
ELM1
SCH9
RAM1
GPR1
GPA2
CCR4
RAS2

G-protein beta subunit and guanine dissociation inhibitor for Gpa2p
Large subunit of trehalose 6-phosphate synthase/phosphatase complex
6-phosphofructo-2-kinase
Regulatory subunit of trehalose-6-phosphate synthase/phosphatase

Transcriptional repressor
Subunit of a palmitoyltransferase
Palmitoyltransferase subunit
Regulatory subunit of type 1 protein phosphatase Glc7p
Hexokinase isoenzyme 2
Subunit of TORC1
Alpha subunit of heterooctameric phosphofructokinase
Beta subunit of heterooctameric phosphofructokinase
Transcriptional activator of genes involved in glycolysis

Nuclear protein negatively regulates pseudohyphal differentiation
General transcriptional co-repressor
General repressor of transcription
CAP (cyclase-associated protein)
Serine/threonine protein kinase that regulates cellular morphogenesis
AGC family protein kinase
Beta subunit of the CAAX farnesyltransferase (FTase)
Plasma membrane G protein coupled receptor (GPCR)
Nucleotide binding alpha subunit of the heterotrimeric G protein
Component of the CCR4-NOT transcriptional complex
GTP-binding protein

IRA2 GTPase-activating protein
BCY1 Regulatory subunit of the cyclic AMP-dependent protein kinase (PKA)
IRA1 GTPase-activating protein
GPH1 Glycogen phosphorylase required for the mobilization of glycogen
TPS2 Phosphatase subunit of the trehalose-6-P synthase/phosphatase complex
GPB2 Multistep regulator of cAMP-PKA signaling
MSN2 Transcriptional activator
HSP12 Plasma membrane protein involved in maintaining membrane organization
YCK1 Palmitoylated plasma membrane-bound casein kinase I (CK1) isoform
GPB1 Multistep regulator of cAMP-PKA signaling
PDE2 High-affinity cyclic AMP phosphodiesterase
MTH1 Negative regulator of the glucose-sensing signal transduction pathway
FBP1 Fructose-1,6-bisphosphatase

MSN2 A6

Figure S5
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Uniprot ID for protein sequences similar to ScMsn2 
 
R9X9G1 
Q75DD8 
Q6FU62 
W0TE20 
J8PK04 
A2Q129 
A0A0L8RDU3 
G8JQ41 
A0A120K2A0 
H2AMS0 
J7S9G1 
A0A0A8LDU0 
Q6CIG0 
A0A1G4MF34 
A0A1G4J958 
A0A1G4IX78 
C5DGW1 
G0V8Q0 
G8ZQC6 
A7TH69 
C5DWZ7 
CDH11741.1 
A0A0L8VLY4 
J6EQA0 
A0A0L8RFN9 
P33749 
J8LLC8 
A7TTK9 



Table S2: Oligonucleotides used in the study. 

 
 
 

Name sequence 

O6 5`-TGGCCGTTTACGGTCGACCATG-3`   

O18 5`-GATGATGATGTCGACACTAA TTTATCACGCCG-3`, 

O19 5`-GTCGA CGTTTCTAGTGATCTCTTATTG-3`, 

O4 5`-AGCCATGGT ATGGTGACCCTGCTGTGGG-3`. 

O12 5`-TTTGGATCCTTCCTCTGTCA AAAATGGC-3` 

O13 5`-AAAGGATCCAAAATCGGTTC TTCCCTTCGG-3` 

O1 5`-CTAAAATGACGGTCGACCATG-3` 

O15 5`-TTTGGATCCTATGGTAGCGT CATTGTTTTTCGGG-3` 

O16 5`-TTTGGATCCCGTAGAATTGGAGTTT GAATTAGAAATGGAG-3` 

O17 5`TTTGAATTCCTATTGCTTGGATTAATTTTCGGATGGTTCCAAAGGT

CCAAAGAGTGAGAAATAGAGTTCCTCG-3` 
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