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Supplementary Information

Table legends

Supplementary Information Table 1. Measured consumption patterns together with carbon and
reduction balance calculations for the reference and 9 different stress conditions from chemostats at
constant specific growth rate of 0.1 h™. Values are given as an average of at least three biological

replicates together with the standard deviation (STDEV).

Supplementary Information Table 2. Normalized mRNA intensities from the RNAseq for each
biological replicate. Additionally, calculated covariance and conservation scores are given.

Conservation scores are calculated based on data provided by Siepel et al., 2005.

Supplementary Information Table 3. Genes showing significant differential expression (p<0.001)
compared to the reference condition under high ethanol, high osmotic stress and high temperature

conditions.

Supplementary Information Table 4. Fatty acid composition in the cells under studied environmental

conditions in chemostats at specific growth rate 0.1 h™.

Supplementary Information Table 5. Hierarchical clustering (ward) of oxidoreductase activity genes
(G0:0016491) for studied osmotic stress conditions (0.2, 0.4 and 0.6 M NaCl) in chemostats at
specific growth rate 0.1 h™.

Supplementary Information Table 6. List of genes showing potential transcriptional regulation based

on comparison of transcriptional and flux changes between 9 different stress conditions.

Figure legends

Supplementary Information Figure 1. Condition-dependent genome scale metabolic model
reduction summary based on transcriptome data. Genome scale metabolic model iTO977 was reduced
separately for each condition and biological replicate based on assumption that transcripts with a low
expression levels at studied condition will not be translated. Black dots represent genes which produce

enzymes for reactions that are taken into account in each model.



Supplementary Information Figure 2. Hierarchical clustering of transcriptome results for studied

chemostat conditions at specific growth rate 0.1 h.

Supplementary Information Figure 3. Overview of significantly (p<0.001) differentially expressed
genes at studied stress conditions. Bar chart indicates the number of differentially expressed genes
compared to reference conditions at all studied stress conditions in chemostats at specific growth rate
0.1h™

Supplementary Information Figure 4. Intracellular ergosterol levels for studied stress conditions in

chemostats at specific growth rate 0.1 h™.

Supplementary Information Figure 5. Schematic representation of regulation in ergosterol

biosynthetic pathway.

Supplementary Information Figure 6. Clustering of 284 genes which were significantly
differentially expressed (p<0.001) under high ethanol, high osmotic and high temperature stress

conditions.

Supplementary Information Figure 7. Clustering of environmental stress response genes defined by
Gasch et al 2000 for 94 stress conditions reported by Gasch et al and 9 stress conditions from the

current chemostat study.

Supplementary Information Figure 8. Clustering of oxidoreductase activity genes (according to GO:

0016491) for currently studied 10 environmental conditions in chemostats at specific growth rate 0.1 h°
1

Supplementary Information Figure 9. Clustering of oxidoreductase activity genes (according to GO:
0016491) for currently reported osmotic conditions under chemostats at specific growth rate 0.1 h™

and previously published dynamic osmoregulation data by (Gasch et al., 2000; Lee et al., 2011).

Supplementary Information Figure 10. Clustering of oxidoreductase activity genes (according to
GO: 0016491) for currently reported osmotic conditions under chemostats at specific growth rate 0.1
ht.



Supplementary Information Figure 11. Clustering of significantly different intracellular fluxes
(p<0.01) calculated using condition-dependent metabolic models for 10 studied environmental

conditions in triplicates and flux balance analysis, where ATP drain function was optimized.

Supplementary Information Figure 12. Overview of transcription factor analysis under studied
stress conditions. (A) Overlap of TFs significantly regulated at studied stress conditions (p<0.001).
Circos plots illustrate TFs and main gene ontology groups they are regulating for high ethanol (B), salt

(C) and temperature (D) conditions.

Supplementary Information Figure 13. Summary of significantly regulated gene sets at studied
stress conditions (p<0.001). Red colour represents up, blue down, white both directional regulation

and grey represents no significant change.

Supplementary Information Figure 14. Overview of preliminary batch (for ethanol and salt stress)
and turbidostat (for temperature stress) results which were used to determine the highest stress

conditions to be used in chemostat experiments at chosen specific growth rate of 0.1 h,



Color Key

[

|

T

N

]

1=

10

T
6
ue

Val

YOL103W
YKLO88W

*

YGL256W
YBLO68W

YHLO36W

*
*
*
*

YMRO54W
YLR133W
YKL127W

X kK XK Xk ¥

YGR199W
YKL106W
YKRO72C
YNRO57C
YILOOOW

*

YHRO046C
YBR021W
YMLO56C
YLLO28W

*
*
*
*

YKL218C
YALO22C

YNL267W
YJLO71W

YKL184W
YKLO08C

*

YKL140W

YMR261C
YBR0O01C
YDR173C
YBR132C

YPR184W
YFRO15C

*

YCRO37C
YLRO20C

*

YDR400W
YLR245C

YDRO058C
YDL0O80C

*

* X

*

YLR260W

YEROO5W
YORO081C
YDR147W
YKR089C
YMR313C
YCR028C
YOL065C

*

x ¥k X

X X X ¥

X ¥ X k ¥

X kK Kk X

X kX X ¥ ¥

*

YOR377W
YPRO21C
YDR261C
YOR347C
YFLO55W

YCL064C
YBR244W

YNRO12W
YHR144C
YML123C
YJL198W

YOL136C

YCRO0O48W
YHR216W
YGR287C

YBR161W
YOLO20W
YOR126C
YJL137C

*

YMR271C
YJL155C

*

YJR049C
YKRO58W
YNRO19W
YPL111W

YNRO34W
YORO054C
YBLO42C

YGRO087C
YLRO70C
YPRO26W
YDR111C
YJLO45W
YDR380W
YHR092C
YBR296C
YCL025C

YDR508C
YLR240W
YJLOOSW

YNRO56C

*

YGR177C
YFRO55W
YCR098C
YBR208C
YIR027C

*

YIR028W
YHLO16C
YPL265W
YALOG62W
YIR032C

X ¥ Xk ¥

X X K X ¥

X K % %

*
*
*

YLR377C

YKRO97W
YIR029W

*

YOR100C
YJR152W

YDRO046C
YELO69C

YFLO11W
YBR115C
YGL186C
YJR143C

*
*
*
*

YGR208W
YLR342W

YMR215W
YGROO7W
YGL248W
YKLO04W

*
*

*

YPL273W
YGRO55W
YGR191W
YDR321W
YLLO12W

*

*

x

YBL039C

X

YORO095C

*
*

YNL141W
YHLO11C
YKLO29C

YLRO92W
YJL200C

*
*
*

YERO73W
YERO062C
YJR109C

YGR121C

*
*
*
*
*

YDR368W
YLLO62C

YBROO6W
YOR155C

YBR145W
YDR345C
YDR287W
YGL154C

YGR0O32W
YLR258W

YDLO21W
YIL107C

*

YJR103W
YGR194C
YELO11W
YML100W
YOR273C
YBR068C
YPR138C

*
*

*
*

YMR250W
YELO41W

YLR438W
YDLO85W
YLR164W
YBR117C
YPLO36W
YGRO088W
YPL281C
YKLO026C

*

X kK K K KK K X

*
*
*

YGR248W
YMR105C

YBR299W
YGR289C
YERO53C

YMR169C
YDRS536W
YOR348C
YOL126C

X X K ¥ ¥

YJRO95W
YPROO1W
YPRO06C

*
*

YERO024W
YALO54C

YHRO096C
YCRO010C
YGRO043C
YGL205W
YMR118C
YGR256W
YDR384C
YOR388C
YMRO11W

X K K X K X X XK K KX

4E)

€ oovou
A4S

TJ0l

€ eedwe
T 9edun
€ gedwe
¢ 9edwe
Z ssdwie
T sedwic
T 00zouw
Z 0ozou
€ 00cou
T 00vou
Z oovou
T 0090W
Z 0090w
€ 0o9ou
T gedwi
€ gedwe
¢ gedwe
T 09Y03E
€ 090k
Z 09Yo3
T 0vYoi
€ 0vYoie
Z 0PYok
€ 0CYoi
Z 02YokK
T 02Yok



Color Key

094 0.96 0.98
Value

osmo200 2
osmo200 1
osmo200 3
osmod400 1
osmod00 2

osmoG00_2
osmoB00 3
osmoB00 1
ref 2

ref 1
ref 3
temp33_3

temp36_1
temp36_3
temp33 2
temp36 2
temp38_ 3

temp38 1
temp38_2
etohB0_1
etoh60_3
etohE0 2

etoh40 1
etoh40 3
etoh40 2
etoh20 2
etoh20 3

ref
ref 1

ref 2

etoh20_3
etoh20_2
etohd40_2
etoh40_3
etoh40_1
etoh&d_2
etoh&0_3
etohE&0_1
Eemp38_2
temp38_1
temp3&_3
femp36_2
temp33_2
femp36_3
temp36_1
temp33_3
osmoii0_1
osmoB&00_3
osmoB00_2
ocsmodd0_2
osmod00_1
osmo200_3
osmo200_1
osmo200_2



# of significantly changed genes

2500

N
o
o
o

—h
0
o
o

1000

500

2230
2049

16638

1039
626

161 174

EtOH EtOH EtOH Osmo Osmo Osmo Temp Temp Temp
20 g/L 40 g/L 60g/L 0.2M 04M 06M 33C 36C 38C



IN 11l

30 5
220 -
10 -
0 -

L

70

%60-
(@)]

80 -
50 -
-]
5 40 -
o
7))
O



Malomd-CoA

il

]

Acatyl-Col

SNF1

Acatoacatyl-Coh

___________ | 2 FA
HMG1
___________ R 4 Mavalonata

I H
A
Gl
i

Sl




Count

300 500

0 100

-2

Color Key

-1 0 1 2
Column Z-Score

I v

v O & v N D DO o
O F TS s P ?&o‘ﬁ
Q\/@QQ\/Q\/Q) PN W@QéQQ@
O «@ Q}O Q,‘Q /@o/@o/«o &S é@'
&0’4&;&’&0’ O O O PPk
S SIS
FFFFLFEESF
V4 \? Conditions

Genes



Tl |
; r ; _ _ ___; Il

LR VIR | I i O
|_|lm _ ‘:_;_ z}__ ‘____ W | _’ Ml _I_ ___ 1
_f :____ f__¥ ___v_____ : _____1__ _k______ #_ | f ’__ *_ ____ :_ _""_ f_ __ _4 __

| KPSt __.:___ﬁ __,:___,_ __,__ V e 7_ HA v_:_ _a__ AL Bt

< [ At o

| = _____ | ___ :_ 7__ 7______: _ | | i 4
| _4 4__ ____" ﬁ ____ 3' i ;_ ___:__ i e __ __ Al ~ (16t AL

i ___ ___ __";___ __:___ ______“_ _‘___ 4______ i\ | ___; | ________ ATl ! |

Wl G | _______; ittt G ORMELAEY i

il _________;_’_____s_ __* | _" _. N

n_rll.m Ul _j LA | T Ll i

—

——
—
=,
—_

| 0B ___

(4] L
gl g i
Ll | | ___;_ |
“”___ Il | | 4 J_ sl

_ T_ |
i 0 L RN
__f i _ __7_ _____ 7 _ __ .____ :H______ |
_ _ | * | ‘___1_ ____ | _ iyl i)

A e Sl

____ ___ _____d_ _______ __ | ___ ___ _ | _, i __ :________
| T T
ﬁ _ | __H r_ ___ _ | ______ __

l
|

Ef____ | _ __ {RNEIE L

|

I[]

it
|

Ll IRE |

_* __.—__ﬁ | 7_ __7 | r__ r__-___ *_ f H_

- Al A

Color Key
T
0
Column Z-Score

000SL 00001 000S 0

unon

O, 1
2
"\
2%

N

CITE
s\“gg 2

'
S

&

&

O
by
R

Y
e XYY

)
»

S

Y
ol

&
g‘;&
3;0;0(\
S i

K

O

b
a8,
e,
Foahd

3

SES

MoONN
0(‘(\0@"

N

&
S

"
y
&

&

&
e

&
3

S
N

o

N
S
N

gt

B2

N

(‘P

O

S

'



Seus9)

Color Key

Column Z-Score

00€ 002 00L 0S5 0

o)




Color Key

T
0
Column Z-Score

000L 008 009 0OF 00 O

ol

__=‘_—

___:

*_:,

Il Il

_ﬂ j_:,_i

IR{F
L
f

+ 7
:
7

;

*

A f

|

_,_




Count

120

40

-1

Color Key
Histogr

0 05 1
Value

|

0.6 M NaCl

0.4 M NaCl

0.2 M NaCl




Count
600 800 1000

400

200

-1

log2 FC

o

—

Aconitate gratase mitochondrial %
Acomtate ratase mtoc ondinal
Citr: tl tte S) |
uccrna nase upi u| 0R€] cytochrome b subunit, 1
% tochrome b subunit,
umarate léy é |toc
A ydrogé

nase u |qumo ] cytochrome b subunit, 1

Al d
Tmeror 0% prechontid
o&ero eg ci com ILex suTbunlt Rieske, mitochondrial

fﬁﬁs/&ngt c.ﬁ( %%?gﬁen extracellular

S ntha? 8) %}ex Hmtc%fhcindrlal

et % |ase )gBB 8 ordon (bR bt AeScRORaric
%D y t . mitoc| onde

g
Is;)ﬂt&lt( 8erlluégrgeda?1y(l$log glégunltl mitochondrial
Méigrg S‘eh drot %nEé/e c¥yt0ﬁ]afmic

r OaCet:

noc Jo)  C traﬁse (t)rranlg,port protein
gzﬁge(lteh ﬁ}] en seg elg/satlng)
s?aktat otr n rase cytoplasmic
m nlum rans orte
roX n r utar coenz meAre uctase 83
roxg elt éla_lutar c%e eAre uctase
ecmcg ate dehydro nasel
ans orto H58 extracellular

XCretl
.302:43‘ §K Sianise JIBFL iz @

e OS kma
NUC OS ate Inase l

@Jnuc%os,dg s
erln 3 %et? Sl'gns gl'oc eonc ngéollc
r>'4uu){o f%lrmatey Srrscangr "

I
DUl <t=5—pﬁoso te 3— imerase

boS -Dho! )
osphoripo: mide ormP(‘ltransf%rase
0SPNOrIpo:! 1U|n|y glycinamidine e
Phospporipo: IUIIJD/IegL‘IIIdI(IIUIHeC Clo— |gase .
Phospnporiposylaminoimida: Ur:— qcar oxamide synthase
Ppospporiposylaminoimi un-_-
;IQ 10SPNO! cme gase

H:I gofsl ::Em ?Jqsgltraﬁz erase
Jrétr):s oré gitg Psogreﬁ%lmalﬁte mitochondr

i
a N am|n0transgrase cytosolic (1)

o

i m|r%|m|%§atzolecarboxamlde formyltransferase
R lhf?fr'ré%eahld?%raﬂs%se

midylaty
{\-\/I%%g': Og}blctre gtlon %volved |(| the elongation of fatty acid:

méeqa”

'\Em%r Srod ct
Elongation of fat ac%ls R otein 1
ool o Q"ﬁ% atls éhf‘se
88?5—ciac ,Igl C| rtﬂ——lnu 0|| hosphatidyltransferase
EU enr:n trg osPhate ta—-isomerase

gnet gﬁgp transtrans erase

enylosu cmate

"&fi e el st Eigl ®
s ”ce;rrl.;me'" e @

3% acetytr ns er
B SE” atl s |ne carboxy ase proe me2

M_u a —Qgecm: re ctlon 00ls acyl —-CoAs
ihydroorotat nas
rotidine xylase
lr?tatr% grlg)ct)g. eor osy trans eras
>y te carl amo Itr nsferase

ne synthe

ualene synt etase
u 1 onﬁg)x genase

3l n
brﬂ% ple | w s% Iutam%réo?hv 8Pate (1ehydrogenase IMD

28
2 Q)

Uxes

—al Xo lonine s ITe
Rietcegoieiiast™ L

M reduictas

| E'e qF— —g?w ptﬁate O-ac Igan fer e 2

ré al)e - lmgn }%/ hoslyhok ﬁas ate acyltransferase

Didiatd ke Pyroposphoki

unarate tas mit chondrl | (1)
de éﬁ% eE_h ?( '§

Cy|— roteln redticias Al
—carner— e|n] reductase [NA|
—carrjer—| equctase [NA
—carrier— ductast Al
oacyf—[ac! nt
x0acy|-[ac ntn
—0x0acy|—[ac ntn
—0x0acy|—[ac {rim
x0acy|-fac uctase
x0acy|-fac n] requctase %
x0acy|-fac n] requctase
acyl—[a n] reductase (1
acy|= protein| dehydrase (4
acy|—-[acy[—carr| protein] genygrase
acy|—-[acy[—carr| protein] genygrase
‘aCyl—| —protein) a arase
'|er—B ansierase (2
rilsmate mutase
X carrjer— Jotelr;]erqalonyltransferase
Y LophAN SythAS
l)g?o?%f r& ¥n tﬁsltr nsferaise
rlne ialmlt é/tr erase )
eosi | A) te reductase large chain 1
—p 0S| S ra ilate ISOlrlt ;ab;
1ode|-spe ||cre toq id for |auu.forb|o ;
oe—secncreic nvovec n tfie €longation of acig:
ode[-specific reac on, nvolveq In the elongation o a0| :
ode|-specific reaction, Invo|ved In the elongation o aC| :
oael—specjiic reaction, involved | tEtUlIdUllO aclas
crosomal pet: 0—-requc
crosomal pet: 0—-requc
CroSom: et 0—-requc
Uél 0—-reduc
osphate synthase

tty acids protein
ongation of fatty acids protein
ongation o a% acigs Jrotem
atase 1

ongation of fatty acids
acyIglycero Uhlllu_v nclu-[”?]ho

MMMMTMTOOS
CCEERES
2232528

53¢
33838 &
8588g222> &3
55559 A2
a1 - o
SEEEAS8sS 28
oo
&g’
o
[V NIV
SENwS

c
12 pheeher et 1o
ansketolase 1 5

o 6-ph te 1-phosphotransf
L glate e pggpe -phosphovanserase

=i

S

253,
SO
289

0

S

P22

—l—ﬁ—l—b;));)mol‘l‘ll‘l‘l
35535 o

transport roteln

C"h &}l

itochon |% dlcarboxglate transporter
rrollne— —cle?box fate reductase
utam 5

amma-—g| ate reductase

Erans;io% OT&%I:%OR CP Qge extracellular

ﬁn&o —%ré én N eahm c?r%t aaSCId r%rnénﬂtragsf(elrase cytosolic (2)
c l XE/ tesI ||u| Ie cI n|t |t chondrial
e

ocltrateg ryH g :::;:Iﬂqﬁ 1 rpltoc on rla ﬂ
ran;}gor Fg uvate, mit

ru ?te dec kbo>3/ﬁase isozyme 1

et gieha

Fns&orto € h%iél extracellular
cokinase
a ar‘tnqp 1

take of aﬁ rte

?892% he%e |somerase
Eructose-| il)lﬁnﬁ‘uosghate aldolase
glosej%ho?p ate

E aﬁg‘gﬁyger —% Kina, hosse hfte dehydrogenase 1
nol
S|

ate mutase
sEa- e “Sen hal%ehgde dehydrogenase

el
E /Cerol-3 'EJ) dro enase [NAD+] 1
dramfl X for constant aintanence requirements

'Umgr

L

_gq




A.

Temperature

Osmosis

MSS11 RPH1
RGM1 SUM1
MSN2 SIN3
MET4 MET32
HAP4 SIN4
SPT20

Ethanol

AP

Franse
]
- |

GENE e, 516 5
_ — ) i
3\« 5333 i-:igg;;“ - . 5\}555 3133 etsiee 4173
. i £ i O L8 ,'-Ll- ﬂ
ooy S3EE sIZRSSus. : ] g T 3 -y

E =3

— .
is i;!;;!!ggjﬁ o
J'au,&mrw‘mp-’“



transmembrane transporter activity —---
transmembrane transport —---
structural molecule activity —--
structural constituent of ribosome —--
sporulation —---

ma processing —---

rrma binding —---

nbosome assembly —---

ribosome —--

nbosomal small subumit blogenesis —---

nbosomal large subunit biogenesis -

plasma membrane -

peroxisome —

oxidoreductase activity —

nucleolus -

nucleobase-containing small molecule metabolic process -
monocarboxylic acid metabolic process ~
mitochondrion organization —

mutochondnal translation -

mitechondnal envelope —

meiotic cell cycle -

Isomerase actvity —

ion transport —

generation of precursor metabolites and energy -
cytoplasmic translation -

cellular component —

cellular respiration —

cellular amino acid metabolic process -

cell wall organization or biogenesis -

cell wall —

etoh osmo temp




— 040 —

— 0,35

— 0,30
— 0,25
— 0,20

— 0,15

— 0,10

— 0,05

-
{L‘.l-
i
m
[
L
=
=
o
i
(=]
[
i=
[
LIk
O
wn
@
E
=
X

=
=
=
W



	mc-E16-03-0187-s01
	mc-E16-03-0187-s02
	mc-E16-03-0187-s03
	mc-E16-03-0187-s04
	mc-E16-03-0187-s05
	mc-E16-03-0187-s06
	mc-E16-03-0187-s07
	mc-E16-03-0187-s08
	mc-E16-03-0187-s09
	mc-E16-03-0187-s10
	mc-E16-03-0187-s11
	mc-E16-03-0187-s12
	mc-E16-03-0187-s13
	mc-E16-03-0187-s14
	Document5.pdf
	Binder3.pdf
	mc-E16-03-0187-s01
	mc-E16-03-0187-s02
	mc-E16-03-0187-s03
	mc-E16-03-0187-s04
	mc-E16-03-0187-s05
	mc-E16-03-0187-s06
	mc-E16-03-0187-s07
	mc-E16-03-0187-s08
	mc-E16-03-0187-s09
	mc-E16-03-0187-s10
	mc-E16-03-0187-s11
	mc-E16-03-0187-s12
	mc-E16-03-0187-s13
	mc-E16-03-0187-s14





