


Table S1: qPCR data analysis of ACO1

Average Average Average Contrl Ct  Average Contrl Ct
Experimental Experimental Ct Value Value
Ct Value Value
TE HE TC HC
29.55 21.73 29.65 21.56

ACt Value (Experimental/ ACTE) = TE-HE = 7.82
ACt Value (Control/ ACTC) = TC-HC = 8.09
AACt value = ACTE- ACTC =-0.27

Fold change = 2 24¢t=1.2

Gene being Tested Experimental (TE): ACO! Stress
Gene being Tested Control (TC): ACO1 Control
Housekeeping Gene Experimental (HE): GAPDH Stress
Housekeeping Gene Control (HC): GAPDH Control
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Table S2: qPCR data analysis of ACO2

Average Average Average Control ~ Average Control
Experimental Ct  Experimental Ct Ct Value Ct Value
Value Value
TE HE TC HC
29.42 21.58 28.55 21.87

ACt Value (Experimental/ ACTE) = TE-HE = 7.84
ACt Value (Control/ ACTC) = TC-HC = 6.68
AACt value = ACTE- ACTC =1.16

Fold change = 2 24t = (.45

Gene being Tested Experimental (TE): 4CO2 Stress
Gene being Tested Control (TC): ACO2 Control
Housekeeping Gene Experimental (HE): GAPDH Stress
Housekeeping Gene Control (HC): GAPDH Control
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Table S3: qPCR data analysis of ADH1

Average Average Average Contrl ~ Average Contrl
Experimental Ct  Experimental Ct Ct Value Ct Value
Value Value
TE HE TC HC
24.175 18.01 25.84 18.565

ACt Value (Experimental/ ACTE) = TE-HE = 6.165
ACt Value (Control/ ACTC) = TC-HC = 7.275
AACt value = ACTE- ACTC =-1.11

Fold change = 2 -AACt=2.16

Gene being Tested Experimental (TE): ADH1 Stress
Gene being Tested Control (TC): ADH1 Control
Housekeeping Gene Experimental (HE): GAPDH Stress
Housekeeping Gene Control (HC): GAPDH Control
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Table S4: qPCR data analysis of ADH2

Average Average Average Control ~ Average Control
Experimental Ct ~ Experimental Ct Ct Value Ct Value
Value Value
TE HE TC HC
24.53 18.01 26.355 18.565

ACt Value (Experimental/ ACTE) = TE-HE = 6.52
ACt Value (Control/ ACTC) = TC-HC =7.79
AACt value = ACTE- ACTC =-1.27

Fold change = 2 -AACt = 2.41

Gene being Tested Experimental (TE): ADH?2 Stress
Gene being Tested Control (TC): ADH?2 Control
Housekeeping Gene Experimental (HE): GAPDH Stress
Housekeeping Gene Control (HC): GAPDH Control
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Table S5: qPCR data analysis of ADH3

Average Average Average Control Average Control
Experimental Ct Experimental Ct Ct Value Ct Value
Value Value
TE HE TC HC
19.49 18.42 21.17 18.31

ACt Value (Experimental/ ACTE) = TE-HE = 1.07
ACt Value (Control/ ACTC) = TC-HC = 2.86
AACt value = ACTE- ACTC =-1.79

Fold change =2 -AACt = 3.46

Gene being Tested Experimental (TE): ADH3 Stress
Gene being Tested Control (TC): ADH3 Control
Housekeeping Gene Experimental (HE): GAPDH Stress
Housekeeping Gene Control (HC): GAPDH Control
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Table S6: qPCR data analysis of ADH1

Average Average Average Contrl Ct  Average Contrl Ct
Experimental Ct Experimental Ct Value Value
Value Value
TE HE TC HC
21.65 18.2 22.04 18.47

ACt Value (Experimental/ ACTE) = TE-HE = 3.47
ACt Value (Control/ ACTC) = TC-HC = 3.57
AACt value = ACTE- ACTC =0.1

Fold change = 2 4¢t=1.07

Gene being Tested Experimental (TE): ADHI Stress
Gene being Tested Control (TC): ADH1 Control
Housekeeping Gene Experimental (HE): GAPDH Stress
Housekeeping Gene Control (HC): GAPDH Control
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Table S7: qPCR data analysis of ADH2

Average Average Average Contrl Ct  Average Contrl Ct
Experimental Ct Experimental Ct Value Value
Value Value TC HC
TE HE
25.975 18.2 26.35 18.47

ACt Value (Experimental/ ACTE) = TE-HE =7.775
ACt Value (Control/ ACTC) = TC-HC = 7.88

AACt value = ACTE- ACTC =-0.105

Fold change = 2 24¢t= 1,08

Gene being Tested Experimental (TE): ADH?2 Stress
Gene being Tested Control (TC): ADH?2 Control
Housekeeping Gene Experimental (HE): GAPDH Stress
Housekeeping Gene Control (HC): GAPDH Control
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Table S8: qPCR data analysis of ADH3

Average Average Average Contrl ~ Average Contrl
Experimental Ct Experimental Ct Ct Value Ct Value
Value Value
TE HE TC HC
21.935 23.43 24.135 23.595

ACt Value (Experimental/ ACTE) = TE-HE = -1.495
ACt Value (Control/ ACTC) = TC-HC = 0.54

AACt value = ACTE- ACTC =-2.035

Fold change = 2 “*4¢= 4,098

Gene being Tested Experimental (TE): ADH3 Stress
Gene being Tested Control (TC): ADH3 Control
Housekeeping Gene Experimental (HE): GAPDH Stress
Housekeeping Gene Control (HC): GAPDH Control
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Table S9: Citrate content in treated and control (untreated) culture of S. cerevisiae

Sample Extracellular Intracellular Total citrate
citrate content citrate content content
(ng/pl) (ng/pl) (ng/pL)
Control 29+3 13£2 42+3
Treated 1542 6+NA 214£2
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ACO: Aconitase

AD: Alzheimer's disease

ADH: Alcohol dehydrogenase

AgNOa: Silver nitrate

ALDH: Aldehyde dehydrogenase

ALS: Amyotrophic lateral sclerosis
ANOVA: Analysis of variance

Arg: Arginine

AsA: Ascorbate

Bax: Bcl-2-associated X protein

bel-2: B-cell lymphoma 2

BHa: Tetrahydrobiopterin

BK: Bradykinin

bNOS: bacterial NOS

BP: Biological process

BSA: Bovine serum albumin

Ca**: Calcium

CaM: Calmodulin

cAMP: cyclic adenosine monophosphate
Cav-1: Caveolin-1

CBF: Cerebral blood flow

CC: Cellular component

CcO: cytochrome ¢ oxidase
CCRD-RSM: Central Composite Rotational Design- Response Surface Model
cDNA: Complementary DNA

CFE: Cell-free extract

cGMP: cyclic guanosine monophosphate
cIMP: cyclic inosine monophosphate
CLS: Chronological life span

COz: Carbondioxide

CS: Citrate synthase

CTAB: cetyltrimethylammonium bromide
Cys: Cysteine
DAF-FM:4-Amino-5-Methylamino-2',7'-Difluorofluorescein Diacetate
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DAVID: Database for Annotation, Visualization and Integrated Discovery

DdH>0O: Double distilled water

DetaNONOate: Diethylenetriamine NONOate

DHLA: Dihydro lipoic acid

DNS: 3,5-Dinitrosalicylic acid

DR: Dietary restriction

DTNB: 5,5'-dithio-bis-(2-nitrobenzoic acid)
EDTA: Ethylenediaminetetraacetic acid
EDRF: Endothelium-derived relaxing factor
eNOS: Endothelial nitric oxide synthase
ERK: Extracellular signal-regulated kinases
ETC: Electron transport chain

FACS: Fluorescence-activated cell sorting
FAD: Flavin Adenine Dinucleotide

Fe: Iron

FITC: Fluorescein isothiocyanate

FMN: Flavin Mono-Nucleotide

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase

GCL: y-glutamylcysteine ligase
GO: Gene Ontology

GPCR: G-protein coupled receptor
GPx: Glutathione peroxidase

GR: Glutathione reductase

GRK2: G-protein coupled receptor kinase 2

GS-FDH: GSH-dependent formaldehyde dehydrogenase

GS: GSH synthetase

GSH: reduced glutathione
GSNO: S-nitrosoglutathione
GSNOR: GSNO reductase
GSSG: oxidized glutathione
h: Hour

HCLO4: Perchloric acid
HD: Huntington's disease

HDAC?2: Histone Deacetylase 2
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H>DCFDA: 2',7"-Dichlorodihydrofluorescein diacetate
HEPES: 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
Hmpl: Flavohemoprotein

HNE: 4-hydroxy-2-nonenal

H>0O»: Hydrogen peroxide

H>ONO™: nitrous acidium ion

HRP: Horseradish peroxidase

H>SOy4: Sulfuric acid

hsp90: Heat shock protein 90

ICDH: Isocitrate dehydrogenase

ICL: Isocitrate lyase

iNOS: Inducible nitric oxide synthase

InsP3RI: Inositol-1,4,5-trisphosphate receptor type I
10doTMT: Iodoacetyl Tandem Mass Tags

IRAG: Inositol-1,4,5-triphosphate receptor associated cGMP kinase substrate
JNK: c-Jun N-terminal kinase

KCI: Potassium Chloride

K2Cr207: Potassium dichromate

KMnO4: Potassium permanganate

KOH: Potassium hydroxide

LA: Lipoic acid

LDL: Low density lipoprotein

Leu: Leucine

L-NNA: NG-nitro-L-arginine

L-NAME: NG-Nitro- L-Arginine Methyl Ester
LOONO: Peroxynitrite intermediates

M: Molar

MAPK: Mitogen-activated protein kinase

MDA: Monodehydroascorbate

MDH: Malate dehydrogenase

MDH (DC): Malate dehydrogenase (decarboxylating)
MF: Molecular function

MLCK: Myosin light chain kinase

MLCP: Myosin light chain phosphatase
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mM: milli-molar

MMTS: §- methyl methanethiosulfonate

MOPS: 3-(N-morpholino)propanesulfonic acid
MRC: mitochondrial respiratory chain complex
MRSA: methicillin resistance Staphylococcus aureus
mtDNA: Mitochondrial DNA

N: Nitrogen

NaCl: Sodium chloride

NAD: Nicotinamide adenine dinucleotide

NADH: Nicotinamide adenine dinucleotide hydrogen
NADPH: Nicotinamide adenine dinucleotide phosphate hydrogen

NaNO;: acidified sodium nitrite

NHA: No-hydroxy-L-arginine

nNOS: Neuronal nitric oxide synthase
NO: Nitric oxide

NO™: nitrosonium ion

NOz: Nitrogen dioxide

NO:z: Nitrite

NOs: Nitrate

NOS: Nitric oxide synthase

N20s: dinitrogen trioxide

NOD: Nitric oxide dioxygenase

NOSIP: Nitric oxide synthase interacting protein
NOSTRIN: nitric oxide synthase trafficking inducer
O2: Oxygen

Oy": Superoxide

OAA: Oxaloacetic acid

O.D.: Optical density

ONOQO: Peroxynitrite

ORF: Open reading frame

PAGE: Polyacrylamide gel electrophoresis
PARP: Poly ADP-ribose polymerase

PBS: Phosphate-buffered saline
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PC: Pyruvate carboxylase

PD: Parkinson's disease

PDC: Pyruvate decarboxylase

PDH: Pyruvate dehydrogenase

PDZ: post-synaptic density protein, discs-large, zona occludens -1
Phe: Phenylalanine

PKA: Protein kinase A

PKC: Protein kinase C

PM: Plasma membrane

PMSEF: phenylmethylsulfonyl fluoride

polyQ: Polyglutamine

PTN: Protein tyrosine nitration

PTP: Permeability transition pore

PVDF: polyvinylidene difluoride

R?: coefficient of determination

rDNA: Ribosomal DNA

RLS: Replicative life span

RNS: Reactive nitrogen species

ROS: Reactive oxygen species

RS": Thiyl radical

RSNO: S-nitrosothiols

SD: Standard deviation

SDS: Sodium dodecyl sulphate

Ser: Serine

SERCA: Sarco/endoplasmic reticulum calcium ATPase
sGC: soluble guanylate cyclase

SR: sarcoplasmic reticulum

STRING: Search Tool for the Retrieval of Interacting Genes/Proteins
STREDP: stress-starvation response element of  Schizosaccharomyces pombe
TBST buffer: Tris buffered saline tween

TCA: tricarboxylic acid

Thr: Threonine

TRADD: TNF-receptor associated death domain protein

TRP: Transient receptor potential
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Tyr: Tyrosine

VASP: Vasodilator sensitive phosphoprotein
VDCC: Voltage-dependent calcium channel
VLCAD: very long-chain acyl-CoA dehydrogenase
XOR: Xanthine oxidoreductase

Yhb1: Flavohemoglobin

YPD: yeast extract, peptone, dextrose

7n: Zinc
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Statistical Analysis
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Results and Discussion
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Effect of NaNO; on ROS and ANS Generation
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Effect of NaNO, on Alcobol Production
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prodoction, & maper fermcosmve poodact, Ths may Nave
tappened dog bo wtendion in beockonnical pathaay s within
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a0 ffecT 90 the aefobl respiention of §. coveréstoe. Alostiel detiydioss.
(200 (ADE13) iz bmen repurtmd 60 0t % 5 S ves-ceepanae siavme durtng.
Dluosative styess usng GSNO [04,25), Thas, wlng OSNO sisdes altve
mvmnmmammmhm-inm
evertundly lesd 10 § 1 ethaned puod viathe [ecteenialve
patheay. However, mmmmnunmmhmad
GENO on sthanal peaduction Sy & crrevtiiae. Ardough mary thities oo
imetabelic etginesriag W £ covnaine have boes comdicsed {06 J0),
certaln diawtads s m complexity, mutaton, beman safety, costing,
wud tve consuptinn temaln [0 57), Parthetmen, weh procediunes
e pootiibisively expemive (75 191 Thes, ate of e oo s of
ingereat & an slwmtive, costefecive, mul sngle poces for
Iverronling ethand ptodoction by S ceresbiler.

Ax 5 cesslr, the otgectives of this soudy wers 50 examins the effoct of

XL, pewchd

bbbk
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A Sogytn

nitroantive strees by GSND on ethasel predurtion by £ deiee sed 1o
ook for ony changes in metabolic activiry from respimtion te feemen:
tation. This s the first ropart of iy bind that Siroctly corembtes wihasol
prodottion with « simple, tosefiective, and ecofiiendly proces
Involving sétrosative sirees

2, Marerials and methods
22, Yeur caltie and groweh

Wi type hapleld 8 condrinios V190 [ATOC 98400), 5 gift from Mol
Sanjay Ghosh CU, wiws msad for all experiments. Cells weyw grown in YPD
(2 % WAV yomet extroct, 2% WAV peptoos, and 2 W WAV dexticas)
annvcummmmumm;mmm
contadaing YPD agan plaes werk kept a2 4 € pelfrigerator and 50 %
ghyontol focks wnre kept af - 20 C Goezer. The glyceral stock was usel
for she prepaeation of gee@oculum, 200 ul. from the ghycerol stock wis
inoculated in 4 fresh YPD beoth sl inrulisted sveenight at 30 'C. Aftey
that, sreak plating was deae on YPD ag plote using the ovesnight
prown multuss aed inrubated oveenipht 4t 30 °C o isnlate segle col-
oudes. Followiay that, the cullurs was checka! (v commtisation ly
Phase contiwm mkreacopy. Then pre-(noculum was poepared by loooi
Lezing strogle isadated colnny in YD broth sl apain soeutuind overeight
M 30 C. The overnight grown 8 coreviskae cells worv then used &
tnoculum for farther nxperinincss.

22 Preyaramon of 5 nigowoghaaihione

OSNO was prepared necordiag to e method of Harr with sligy
medificasione | 7], 1o shoar, 0.5 M GENG was obtslned bry mining } M of
NaNO; (Sigma Aldvich) in double-distified water and | M USH (Hinw-
dia) In 1 Nllalnooldﬂ.l ViV) The concemsration of GSNO wom
o] (ThermaScantife MultukanGO) o
335 1ua The abore aentioued iastzument vees wsed fo1 all ethet spec
rophotomedrc stinlies.

23 Cell mabidty aney

Mid-log phase yoast cells were grows in YPD mecliven tiested with
ditteyere concearanions of GENG {0245 mM, 6.5 mM, | saseanM) aod
incubated overnight in shelilng cosdition. Pollowing m oversight n.
cubation, 1 ml of culnis toom ewch sample was senially dilsed ol
Pated on YPD 2p2 seadinm foe viahle coll count, Az n conteol, a culiure
with (o GINO wis ol The growth cucve v ersated by recording the
0.0, 0t 600 i for 11 5 ut 60 mio invervals [15) Toe growth cucve wim
wwd o exiculate the specific growth ue Additiosally, growth coave
wind also sraiiad upro 45

24, Peeparanion of ol feer extrocts (CFX) end exsimation. of proteis

Coull-frww extioet (CVE) of rwated and untreated rultwes v s
pated for differen esrymotic weays. Overnight grown cultuees of
treated and sutteated ssmuples werrn contrifigeed, and the mupesnataon
were discsoded The coll peliets wete brsed by widng glass beads aod lyes
butfes coptuiming 100 mM Trie WG (pH 7.6), 150 mM NaCl 1 M 508,
1 M DTT, 2 mM BEDTA, juetease nhibitor cockeail (Sigra-Aldpch),
sl 1 M PMSFE 2], mwamnwan
the Bradford peotocol. The standard survn frr estimation of protetn
tontentration was peeparsd by using S84 [55].

3. Avaay of reday homeostasss
21, Redwood o axidised ghatechions renio

The oncrstrations of GSH (reieed giwtathioas) and GESG
{oxidtend ghntuthione) werw determined using e mtheod deseribed by

Prowws Sachersaany L) (AL 63 T

Akerbocan of al. [37] CrFEs (from boeh ttested and untreatnd sassples )
were flost deproteinized with 2 M MCIO, Merek), 2 M EDTA (Himeding,
anul then neitsalioed with 2 M KOH (Hesedia), 0.3 M HIZES (Himedia)
1w pH 7, Afler cenunifging ote poition of the neutialized smugies a1
000 2 for 1 oadn, the supesmatants were collactad ta determine the meal
e vive il concenration (GSH + GSSG) uung Glutathiune Kedustase
1GH) dependens UTRE (Himelio) reductioo method. Anothes poctkon of
the samples wan tested with 2ovmylpnridioe (5051 V/V) for 60 min aond
od b deoecnise GSSG. Tine stas was dooe o5 412 i 8¢ 3 . Both
GSH and GSSG concentiatons were expressl s mmol/mp of grotsin.

52 Ghuothiene rafactsie auay

The glutathscne mdectaon sssay was pefocoe) sccordiog (o the
peotocol of Carlbers mad Musmervik witlh slight sodification [17]. In
beiwd, 7 oM GS5O (Himedia), 3 mM DTNB, 2mud 2 M NADSH (Himed iz}
wern uixed] with an assay bulfer containing | mM EDTA sl CFE. Time
wcan wos dooe ar 412 nm for 3 cdn. Reactson muxmire without CFE was
uh—-:-‘b-lh-.wm«mnwu-umuf
woten

33 Gemlsar amay

Catndwe activity wis sssayed according be the method of Asbi with
sight modifiction [2]. In beiel, MO, dogradation was messuinl
spoctrophotemetraally ar 240 am for 2 min. The yeaction mixmre
comtsined 0.1 M potssium phosphate befer ot phf 7.5, 50 mM EDTA,
HO; (Sigma Aldoich)y, and CFE Reaction mixtwre withour CFE was
m-r.mg«mrmuwuwmm
jeulsin’

34, Sawomghatione mduass (GANOR) assay

OSNO Resfuciase assay wits pecformsd pogontiog (o the geotocol of
Saheo et al with it wodificatsons (1), In bl 100 mM GSXO, 0.2
ﬂNADHMMdSmM!DTAmth”mHM
P B0 with CFE The comvession of NADH 10 NAD wos vecorded ar 340
nm for 5 min, Beaction mixtere without OFE was taless a3 o buseline.
Specifie pcrmvity was exgoessed & sl /g Of proesin,

A5 Contacnl mecrwcopy

Confocol micmacopy (Letes TS SP0) was veed 0o detect minnie axide
(NO) i seactive cyye spacios (ROSL NO sud BOS wirw dutersnd
Wng the 1nvitiogen geotocol, with some modficutions. In et 2 « 10
cellx werr washed amd in T pH 7.3 before belog fived
aul DAF-PM (lovitrogen| spacific for NO) werw thea added at » fical
comcentiation of 1.5pM and sscabated in the dark for 20 min Excitaven
WIS 9ot (0 455 i foc confocal microscopy and emsslon 6 515 mn. The
positren continl for WOS malysis was pespared with 0.1 mM M0,
ueatnl X coreisiae cella. Experiments for N0 mad ROS wete repested
independently at lemat thren tisses a30d micrographe (45X) were zaken,
The itivsety of fuoesesnoe vess guandified with ot least 50 vo. of cells
for wach sample assayed using the Lalca LAS X software

A& Aawitwe asnay

Acmzisaw m=azy was performml accordag to the protocol of Cotan
ot . [10]) wich slight meSfientions Tis bisef, the fimation of (Sociane
{Slpen-Abdrich) tiom de-aconitase wa Gerecmined

’ m..tmmum.l bag o peetidiy Ohal cntalimes Ont erbever
by of cow be uf aek [T Privete Viadder the wpey ified roadeihine of
the ooy Teethod.
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A aggns b

spectiophoecinettically st 240 rat for 5 min. The reaction mistiow
commaleed S00 M ceaconitme, 100 mM Tris CI g8 0 with OE. Re-
arthon masture wishost CFF win taken m a fenwline Specibic atovity was
wagerssed in mU g of protein.

37, Etimatiax of arhare! avd rediine sgar

Ethanol sad reducing segar enracions wern sxtsmaned s pey the
ol Of Thang et al. wehh skght odfivatisas [41]. a diel, over:
wight grows snteain! And Swated 5 corevicior Srath oudteoes weie
emtivifrgied 4t S000 ¢, and nprermatanas werw collecied. Afler that a5
peonunan were milved with equal volane of 20 % TCA o room e
peratute for 5 min ieul (hen costrifogad 2t 10,000 g, The
weee then teated with 375 val of 20 % CTAB a2 &5 'C A 10 salo end
agein centrfeged at 10,000 & These pretisated satiples weie thes
ilaed 100 fulds fie ethanel estimation. Pretresin] wenples us sl
Wi KMnOs solution and incabated a %9 G for 90 adn. Iitlal and Soal
O s recendm! 2t 526 nm. Standen] cxrve finr G sehinaol sstins.
e wes prepanrd by imiog shealine eDanol (Merck)l The 10 fold
Wiloted precressed sumple was nnost with DNS sobation for the o
st of separ cnxvsizaion Stalerd corve fur swiscing sagar exit-
Ma0om was goeparmt by wing ghacose (Nesch), Farthes, ethansl yiekd
amad peoductiviey wees detormsined s sentionmd by Mithes ot ol vk
slight ceoddiontion (4.1

38 Aléohal detyrdogmuse auay

Alcrasol defrvviropmane activiey s desermiined 32 pee the pescocel
wlf Waller with e wsodificatings [0 ks lickef, the pesction misture
vorsaloed 30 mM wodum phosphate baffer a2 pil 0.9, 05 W VNV a0m-
ablelyle (Sigma Aldrieh), S0 mt NN, anl Gued CFF The O.0,
was recarded o 340t for & i 1 determilne the formotian of § NAD
Srom PNADIE Beaction musture withot CN was bk se » Saselioe.
Specitic aetivity was expressed (o nli/tey of plotein

29, fn véra ssdy o akuohed delirdropenase

ADI weas sl o vdre by dvecly addiag GSNO m the CFE, Calls
wese Gest grown unader e previoady stenticned cosdition, and CPE
was prepassd. The CFE was then meated divectly with 0,25 mM GENG
Sor 00 utis. Following fhat, the ADH sctivity of treated sad urtsested
smupled determiboed, de poevioaly staond (5] The expesimat wis
repeatad with pore ATH (Sgma Akineh).

4. Gene expoession analysés of a1, adb2, ad\d by quantitative
Real Time P08

41 ANA wonen

FNA wodamion wos carvied oaf e scoondande with e pestocol
Uewdoped By Dr. KPC Lifle Scimmims in Iradis, wsiny their dwosloped kit
oootalning eslumns. Overmight grows tieged and (utresied 5 creviies
eulhaes were centitfped at S000g, and pellets wese wasied neioe wish
LX PBS. Aflfer adding baffess, the cuthie sedutioes wes tarsleised to the
Polim ralunn and centiifaged # 10,000 g The cobimmn wan discarded
anl lseprepancl wist adlel sad paodeond e 2 (Gustne enlans sl
roasrifsged at 10,000 g The cueme columo was then washed aod
crntrifegml ot 10,000 ¢ for 10 min. Prally, KNA wer shuin] & 50
mucloase free wizer Al quantified usisg | % agmooe TAE gel For cock
et of experimensal comtitjons, a1 Was two tnlogical (eplicatos were
o

43 fONA prepanatin

The sereplate for oA synthesss was 300 ng of NNA from vk
smstiple, N weza desstliam] 2465 “C ot 5 sxin with 102tM UNTP sad 10

I Modeaniry 210 (0002) A2
Table 3

Praeers iwed o this oaty

Trawme S (¥ -0

«@ UOPOUEATO D T
-t NACRIGN S TNTTY
v CEVACALOONOGALGITTE Y
-in WO NETOMEIY
-ty CIGTOCTCACGCIOACTTOY
-t CAMMITAT OFF IO ATA
pethd COATALATISTCATGAGAAT
e THETA AN LTI

=M rassdon hesoener. The trixtues wise (hen ssuadissely chilled oo e
The 1everse Dancipanse (RT) erayme (Thermo Schentific) win thes
mived 3% BT ypeecific bugter and incabated a1 43 'C for 60 min Sefur
Seing heat inactivated at 65 € for |5 mis

4.4 Quentinstvy rewl v PCX set o

Ouzvntitative Read-tane BON (Becad CPX50) sration was pefored
Wit SUPERZys ¢PCR saestermiy [0y, KPC Life sciessees) in the desited
mection coxditions. Qe partics [+ T was setup wdng syntfesied
DNA s s dtrgplate foe PR The (hluted INA seetijle wets used o S
emplate Uy snocher renction {T) This i deoe 10 ssre that e leo-
Tatacd INA i froe of DNA comaminatins. Acther segative coatral (NTC)
Wta 10 otmmplare was et op. This was & two-step PCR with denanustios
a1 68 € bur 15 5, srowsding, and sciension 3 60 € for 30 5 Por i,
e mrettiber of cycien weas 40, followed by o mell carve. Al » 1Y 40
artiosss were samed out ks moipdieate. Talde © contadng o liet of primess

€9, Stk malyzs

AR ndividual cesuln am expresiad a4 o |- SD (Staodand deels -
G} of at bt then indepeadas sgersomts fie ek Hologicsl
saenple, whers applitalie. To analyse fhe signifiouss diflermie Detwies
coeerol amd trewed sarpdes. Soalent cant wis seed w000 Sevel of
sigaificzner {p).

% Wesules
LN A ww&m-mqum

To detwrmune G b thale deive, eoll vialility of & oo Y100
waz wased & e precon of vark tiaze of GANG (0 mM,
0.25 M, 0.5 M, | =M}, After fs orenmight isculation under shakig
conditions, it was discavern] thae the pressace of 025 mM GENO (n Se
=unddizm had po effect oo ol visdility when compand to the ceoml (0
nM GINO). In the presence of 0.5 eiM il 1 M GSNO, snder the sume
exprimestal consditions, oealar vishiley was significanily adfecied by
sevuly 30 % a0 60 W, respectively, 48 soctprend o costtiel [Fig. M1]. 1
ocepearion 10 the costrol, the groweh cerve of £ coroviniae was fosnd 1o
e smalivewd] i prwmien of 025 nM GSNO [Ny, 521 Partmeroots,
wpecific gromth e was also eslanatn] fioo e growth cuve, anl ne
differrnco way found between contol ssd teated 5 covicior
(0220 ') As & resdl, the contertantinn of GENU was set 1o 0.25 M
$ac all subasquent expecimencs

S8 Mecr o reday Reseasnuty by the prasesce of S asrocapiantiisee

To dwestigate S alienation 0 redox homecstinls 01 whvo onder
sittsmattve atiess, GRG/CSH imtio, GK, GENON, and catalmaw aczivity,
weir vesme)

Accunding te che temilts, the wisd ot of exndiaed putshioes

' (G6IG) was docrrainl Ty 2.4 fold i redend glutstidene (GSH) was

tacrposal bry 1.6 fold i the 025 mM GSNO trestn] cells, moilting in =
3.0 Gl increw in (i GEM/GSS0 satio whees comprued 10 Sie costeol
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Tabie 2

Peenatom of todal ghossbiows (01 & 1NG0 CXILGR0 and sermity of gtstbdon netwtme (TR | Cutaiee sl Sabrmmgaret bt rodir o (HSNIE] 1 beehy
trownr! end emtroend Ll ) weohes of S covnae

Tl (% LN ed g R med e ot UNSG s g of Nt U Avarty el mg Cstbn Actony Lol AN 0 Nuwery (o
e o = . yenrm) L2 1 aiaindl
e R | Mool "o S ¢t e b g
e ™2 Vi ) _BL ¥ » tea T L. fzn
(E 1]
Al L

Covnrel

Trewed

Meam Sanrrinpmr mtreirs

Gwminnl M1l

N L Bt of Saltroveghsmfises w nline owde ONO) peserations: The proeser of 500 e sk 0 gran oobar merg Y I Grartetan o 49 am
sl combsabon of [15 pen) Pl ronttesl sned rrerepmantogg Miamacrmer snages of & comrvomanr rert o] (A snd B) snad 020 ool GO rrmed! 16 sl D0, Miengrapdn
e L R B 1w The moon Dharrseoml iy

1y (5] e detprmamd by sng Lowan LAS X wdlmarr and srproscrinedt e swun - S0

| The erayrme G s respabaile o cataly it tw conression of ks te Diputm] oclls | |- This sestil su@pumts Se puevioas findicg
GE5G 0 GSH [ 1) Asa result, we tesaed (e GR acmviey af 2ot necon| aboat the GEHUGSSG putie. Purthernmode, tresind oull abo showad 43

sl tstimeten] sstizizs. We dacovsend & 3560l jscrooes o (R actiemy ol hghes pctviy of GENOR (GENO pedusctam) a2 seszisend o comirsl,
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. L N 2 Btlert o 5 glasath o sxygen
species (ROS) peserstisn: The prrsencn of DOA wes vivesl
tied o rens cukorar cong SLDUR A fexcdalion & ©8) 1an
andl rvndsdont ol B0 see) 1T omired ed rertesgeeding
Drarsersne bavars of & dovervayr comieed (0 il 14
S I O 25 re N CESND v od 110 aiod 0] ot pundiine i
FOUT o 2000 it | (T st B) ML ovgmapha seew iy paerhdt
AL xS 100 g The vt Dhoomemat Indensity 10)

Loavw)
won determrdoed by iseng Lotes LAS X sefivnee aned popes
snied an e = N
Trvond
L ]
P
comrred

Moan Mossrrm e wte s
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Table 4
Larlpnation of ol vpendd et dh 1) wgphon ¢
A rereviens
Ny Arvmtae iy | g prewts )
Ot Tzodn
(2% e GO N [yt

loadicating tut cells wese expresleg these euriiees © nullfy the efiect
of GSNO [Trake 2], B the e of catalaoe, 5 peoeral stvess Tespose
entyrse, there i 2 2.6 fold incvesr bn specifie sctivity bu trestod cells
compared 10 commols [ 700w I ), lmplying thar aay ROS peodeced duning
1w process wis deianified.

52 mvsmm mnwnch- mnma
ks ande {NG) genereion

o sty redoy bomeassass, it was ordtical 0 investigaie the gerer-
anoe of ROS and NO [12] namummm-nmu
wur expecioentid cooditions sing cosforl micoscepy ml s
Oemestence  istessity, Scpritingly, NO was only desected s
GENO-toatedd oolle [y 1) Untieated oelie comobinad o0 NO. Whe sl
ROG vt frend in botk the Uwated ol antieatnd exvpled, there was no
sigaificent dufersecn ke ROS gasration [Fle J) A3 & ressdt of the ob
tained data, 1t & posible o canchade that te effoct abwerved under sur
expetittental coaditions o selddy Gie 0 Be gearation of NG by 025
=M GENO.

54 wqu-ml--&v

It S peeviouly feen tepoctmd o etriosstren sad saalative stess
o atiect (he activiey of pconkase, a key cazvaie In (e TCA oycle 140,
441 As m rwanlt, we e the acusitee asay B ehis stady [Tale 3],
Albeugh senritase activity wes Oetecial In wtrested cells, it was tot
detacted tn cells tyvcoed with 0.2% mM GSNQ. The result wasw parocs-
fuly issipuing becausw it soggests that atanitise sclivily was np-
possaed] woder our experioes) condtiom.

S5 Effect af S nirssophriathises on ethansl prodiction

When 0.25 =M GEXO was prosent, ethasol jrodictien inrmesel
sgnificently (~ 15 fold) whes congeend 10 G conmel [Tl 4] The
wttiapal yleld was spproxtmately |3 bl and consmption
of sugzer wan il 15 % Righer undes the sress condition. The vodumetiie
pooductivity wan alio inoressed by appoocinstely 1.5 ok o the pres-
e of 025 mM GENQ. 76 % uf the thioieticsd ethisosd yield was foond
I e presenco of ©.35 MM GSNO whevens anly 59 % of the theocenical
wtiannl yorkd wan fouml (0 untresoed sple. Under o moperimeniad
coodition, these sevulls suggest & poasible shilt in meesbolic flux loe
TrpEation m fermemation.

5.6, Effest of Saivesofinthione on olvetud dedydrugesne soitniy

Proces Modnary 110 (NED 62 N

walng CVR | Table hL, bnplysag that GENO sty ot be tnvelved in ADH
poscsin modificesion. ADH mhidition was aleo stisdied weing 0.1 mM
2,2.2-rilhearosthansl. When the experinwet was done with pree AUH, &
ik vy of yesule was obeaiend [Fig. §33.

5.7 Effect of S rtrampiesithione on e exprossten of sdl gever (adb),
o2, aik3?

The exporssion leveds of thioe inpottsal genm {adil, ofld, &)
wele exannnl %o determine the smacn foc the locredsed esoymnic
activity of AN In the joessnce of 025 3 GINO. The expeessions of
wih! [Table STA] amd adh? [Talde S1B) weve found 1o be [ncressal by
snly 7 % md 5 W, tespectively, wheteas adi expression [Table 51C)
s Gonisad 10 e ncraxad by 4 Seld i the presence of 0.25 M GSNG
cofvpeied to the contral [Fig 1) This seselt siggessad that increased
AL emzyvie sctivity in the jeesency of 1125 M GENO was peisarily
e to an (ncroate (o2 cxpoestion.

& Discussion

W bavw mepored fir the Bist time in s sady e ebztinmbip
Betwenn GENO vires aod ethanod peodection by 5. conevising. Undes rub-
Soacc donn of GENG stress, we found soene signidicont chaspes Ut plyy-
kochemical poepertios of & revevisier compired & comtrod, tsdicating
thant the cefls were arempting o combes the stress for sarvival. A sig
sificzat 4.3 fold mcivaw is GENOR specific sctivity, for vaample, sug-
gests this 5 corevilie rells were ameupeieg oo cownterart the sress
Tmposnd by GSND by wpregedatiog s ersymes that £an reduce it 8 loers
OS50, Agadn. the highes serivaty ol GR easvestel GSSK 0o GSH, Liglytug
shat oo elevated Svel of reduond eqrivalents s requinst o maktan
tmbo Snmenstansy by rfm. GEH s cepteded o0 3 sties 1eeponee compo-
Benr that peosects cells fron) cesctoe speches medinted celular dammge,
wivtal toxicity, sl o an {33, €0), Intrmenlular G plays as lnpostt
10k bn the Ldddition of NO sctivity [45.10). When the G5H kvl de
avones, NO acvivity indecrs DNA Siage as weil 20 proasia masdifics-
ticos sush a3 prutelo fyrosse alisstion, Saitroyiation s w m 17,
1) Accondiag to soae pepacts, GENO 00w 4 o reservod of NO 'thot o
b trarepacind rmtsids the ol via 5 GSH tyampretes systmn |0, 00). Ax
4 vesult, the OGS ons also malenls the celluar redén balance i the
elimiration of the nitrmiog apese Catalosr, which & knows for &

Tabie 5
Tatieswthm o abrdmol dedrpdrogs teme srtivity of fromtod st aetrestrfl frontnd)
wrdl o R crrvior,

g Novdod debrydywgrrme Arboiny (ol Sng proes)
il s ug
A% el M=

Tl 6

Fatimparon ol whewtad 400y Onagrnase wt(viy of toost el s intrvated ool frve
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Hgaiw the petivity o aloohol defiydrogetane. In vt waly, we discovernd 25w A el OF DTy
that A setivity incemsed By 35 fodd in the presence of 0.25 mdt O + 323 tifarrmband Mot Samd
GENO wheen compared 10 the comrol {Talde 5. Inferestiogly, so chaoge 25 AL GRW) iend OV« 22,2 wifsrwthand N Soat
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ontalyse detoatfication of oxidants, was foumd 1 be igrmgulatal by 2.5
fold in the presence of 025 M GENO in the sama condition. Previon
reponts (4040 aler denmmstrated sar carskue belp with Se detosif)-
catian of sitsating apents suck 33 peroxynitrite {11, Cenfocal micro-
pragtu deacly demosarmsd mat NO wis genecated onlly i the presence
of GENG, and chern wan oo significont chasge in ROS vl afier GENO
treatarenty, iadicaring that Al the chaoges hservid wese dis 8o (he
foormiation of NO of sibiosative sress

Actiase i3 an inepoctoat voxyroe in the TCA cycle [17], T ltzae-
mdﬁm:lm&;‘ “clamer may be regpoasitie for the

ol ity in COw
mmmwu«mmumlmm’
chuster pondens 3t inactive dur b the formatn of Se [IFe-48)" pus
magnete clitter, reaulting in the nactivatioe of noonitase [H3, 541 M2
mmmmamsmmnmm:mmm
fhy s evetually swiiched frem the sespastary te tw K
pathiwey fde gesesation of eteegy, This |s evidest lrom efhaned estiing.
ton & our especinental setup, wheer <15 fold kicresss In ethanol
prodection sl with elevated yield (129 Shi} and tbenstele o
ducthvity (1.5 told) were sbssved under 0,25 sM GENO szreer oo
ditiee. Froen this, it ean be oooclminl that, in e pessence of
GSNO modlsoed nltiosktive gress, e fennamation padway may be

seated in onder to g the eneegy regpeted for ol survieel. Thes
we lookied betw whar was comsing this stbmdotion,

A significont lecronon ix the specific sctivity of ADH she supports o
foading of coremm] whasal predustion. letaietingly, it las been 1»
pocted that ADM serivity o be Salibited in £ coll & e pumence of
perexyritrite, & potent sitating ageet [55]0 11 Boe aleo e srporind
thar In the presesice of GENO, ATHE C0n 001 24 6 FITels cespone enyie
21,05 00), So we wantnd o know how GSNO, = o nitrosstive stres
epetit, toodithales pock Bochestiond charges  whethier tucugh strectsal
medification of ADI of intressnd speesdon of adh 2eoes (adh), athg
il OFTL To deterniion this, we fiost perfuetamd s i vitrs asuy of AUF
m see Af b aethviy changed Inteestingly, CFE mested with GSNO
domwed ao changes in ity ADH activery, This Smling suggposts that
paotein deved madifeation of ADH ey oot be possible b the piesence of
GENO. As o remilt, we weed gPCR 1o decermine the gquantitasve
expoession levels of alh], ol and a3 A sigratieant 4 Sl lnsiede it
odhd sapremion ather GSNO oot could be the maln resson foo
higher mezystonic octivity of ADH Howwer, these was no siguifican
change (n v ! dnd a2 exguesiion b the presetee of 025 mM GSXO
conpared o the contial. This fiscting smuppentedd shat AU artivity wae

af GENO, ding to

| - wrdly,

vequired 0 svercome the elfect of GENO srms & 0w esperimensa
coailition, which cenvbormtal peevicus Sadings. Accoeding to epenty,
GSNO- mediated pos romlenenal madNcatioas sk 06 5 nitsslanon
of p protein can ttmfoce with the eotein probels interactions by
moddocing phospborylation. ublquitisation, acetylation, e [47,50]
Mochsbtioos of s type have the pomtinl w safisence celldar uo-
centen by aliering e merivity of variows engyies ol pecoeine. As a
oault, there was o pomibiiny thar GENO anfisted post-crusiational
modification nf importars mmmseription Sxtor/s wmalil el in
(ncreased ol exmesaioo [).

Overall thess findings sulicsie thar uibtexk coscwssations of
GSNO chn infuce e ethasol fsnuentation pothovay without lespaleing
sel] viahlsty, Becaue the pranary poal of S fementation ssdustzy i to
schdeve higher yield with Sower costplenivies, (his ptoces clemly has
potential This meshod will peovide o simple, oot efiactive (GENO conts
ary very low), and soshasandous apprence Ax = result, this GSNO.
tearad & cereisioe will be beneficial and oeved Soe Moethanal produe-
too, Theagh many methads for (ermasiag ethanad predoction have
bhwmwmymmhwﬂnuﬂmm
became 11 i il 3 dabs y pb we believe that owarm
rwszaech ix pequiens] bodore it e be teed in adestry,

7. Conclosions

Accesding 1o the Sadings of this stuly, acenitame activery was aep-
peenied it (it presence 0 026 0¥ GSNO, mick could nealt ln wbi,
Whion af the TOA cyrle, Asa pesds, the metbalic thux of 5. coraiaios wax
witchad fruen iwpiration 10 lexmeutation, atd the ot gene was
overespiressed As o resull, O enmymatic scuyity of ADH wes icreised,
restiiting in meressed wtiansl production. This is the first teport with o
Buggheey iodeatrid] sirnificance an the selitiondlay betwoes GENO siress
and ethane! prodection. However, moee detailed ressasch i needad o

Jerstipmd the usdeslying modeculss mechatsam
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Abstract

Ains

The work sived o wdostnd the iportant clenges duing  ghcose  metsbolsm
Saccharomyces cerevivide under acklified  sodien nitrde (26 NaNO7) medbted  mbroditive
stress.

Methods and Results

Confocal mcroscopy and FACS snalvss were perfrmed 1o mvestigate  the generation of
reactive mtrogen and oxygen species and redon boencostasis under maRsaing  siress wis ako
charncterved. gPCR amahses reveakd that the expression of ADF genes were upregdated
under such condimion whereas the 4002 gene was downregulated.  Some of the coryimes  of
mearboxybie acd (TCA) cycke were panially  whibited  wherens nmbae  metabolsm  and
akobolic fermentation were ncreased under nitrosative: stress. Kmetes of ethanol. production
was sbo charcterzed. Network smlyst was conducted 1o vildate our fisdings. In presence
of ac NaNOy, in vitro peotein tyrosre ntrution (PTN) Sarmmtion was checked by western
bloniyg using pure skobol detydrogerase (ADH) and sconitase.

Canclusbom

Akohote lenmentation mte was rereased under stress condtion and this altered metabolism
mght be conjored  with the deferse nuchmery 1o overvomme (he nEmsative stress,
Significance and impact of the study

This & the it work of thes kind where the roke of metabolism wnder mtrosative stress has been
charscteriad | S cervvisiae and @ wil provele a base to devebip an alenative method of
nddustra] ethanol production.

pted Article

B

CCC

Keywonls
Trcarboxylie ackd (TCA) excle, Makse metabolsmy, Alkotole fermentation, Prodon tyrasine
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Intreduction
Nitrosative stress & an i vive hostile condinon whch & crcated due to the "noxious' activity
of newthe mrogen speckes (RNS) (Yoshikawn of wl, 2016). RNS are $oomed durmg  the
reaction between reactive oxypen speckes (ROS) and nioe axide (NO) (Ridoour or af. 2004;
Peluffo and Radi 2007). Akeraton of the redox homcostass along with the modification of
mucronwkeuks ke DNA, protems. lpids are corsidered %0 be the nmjor consegencss of
mtrosative stress that kads w the modification  of plyscochemsal properties of the cell
(Kurutas 2016: Patrn e @l 2019; Patra er al. 2007; Carballal ez al. 2014). Usder strosative
stresy, the stroctum | modification of proteis und corymes by peolein tyrosioe ngration (PFIN)
and S-ntrosylation may resul i the aberation of ther activly. Heoce, PIN and S-ngrosyhition
arce consklered o markers of mitrosative stress (Bartesaghi and Radi 2018; Wang e al. 2014;
Barbosa-Sicard ef al. 2009). These mochfications of the protems may afioct the “normal’
celber finctions be ron metabolem serobic respration et (Bartesaghi and Rodi 2018;
Wang o al. 2014; Barbosa-Sicard er al. 2009; Witkiewicz-Kuchurczyk er al. 2020). To
overcome sich condiion, ool have different defense sotegies 10 detonfy the offect of RNS
Bke stemlating stress resporse enpmes  ghaathione reductase (GR), cnmlue. superoxide
dismuase (SOD) et as well as non-enzynuiie (GSH, NADH ¢ic.) responses, Ths mduction
of ereynwtic amnd non-cnaymmtic response under wress condifions ey canse akeration i the
cellubar respomses for the sarvivnl of the orgnisi (Bartesaghi and Radi 2058; Navano et
al. 2020; Lindemann C eral. 2013; Aquilano K ef al. 2014; Pollak N er al. 2007).
Saccharowces corevisine & one of the most cxiessively studied onssm n the ficld
ol nkrosative stress (Bhattacharjee of af 2010: Liv L et al. 2000; Horan er of. 2000: Anam
ef al. 2020). Previods studics showed that the growth of 8 cerevivize was not significantly
decreasesd in' the preseice of sub-toxic dose oF lower copcentmtion of RNS (Ying of al. 2017;
Nusuno R ef al. 2014; Pelaes-Soto ef af. 2020). It tus ako boen reparted that the fimcton of
the respmtory clon in & ovrevicioe may pot hanperad ander nirasative siress due %0 the
mactivation of sevemnl TCA ey cmmes, One mmpomtant eneyine of s cwek, acondtinse,
catalyzcs. the reaction from ctrie o socerse, and & ako a welkknown marker of redox stross
(Lashehak e al. 2014), Previoas: topors sugacst that it can be afiscied under wtrosative nsult
(Radi 2018; Lushchak er al. 2010). Thes, ATP synthesis oy pet nhibited under such
conditon (Ying «f al. 2017; Saboo ¢7 al, 2003). However, the exact mechanism of geremtion
of eoergy as well as the carute metbolsm  under soch condion bas not boen well
characierized.  Earlker smdics from our hib showed wpregubinon of ADH sctivey and higher

'D,c,«

204 | Page



le

t1C

ted Al

=

ethunol prodoction wsder ac NaNO: mednied nitrosative stress ising 8 cervvivioe (Sengupta
et al. 2020). A fow reports alo ndicated towards an meroase o akobol debydrogenme aclivity
under nirosative stress (Lin L er al. 2000; Jahoovi e al, 2019; Staab e al. 2008). Hence, all
these reports amply that the glcose metabolic fix nwy pet shiied Som respimtion towands
formocmation pathway under nitrosstive -stress (Ying er af. 2017; Fitainwnors e al. 2018;
Kitichantaropas of @l 2016; Tllmann eof @l 2011). Bae, defitive sdies reganding the
charmctertion of ghaose mesabolsm m 5. cervvisine under mtrosative stress condimon was
ot yet wel-established that can srswer those guestions.

Hence, the primary objective of our work was 10 characiertze the gucose metabalism
m 8, cerevisice under nitrosative stress by assayng ditierent key oymes: of the TCA oyele,
alcobol fermentation. mabte metsbolm and amplerot resctions. Further we mvestigated  the
aberation o redox homeostasis by estiruting the reduced w0 oxidind ghtathione (GSHAGSSG)
ratio, catabse and GR. In addiion to this, @ vitra study of the proten modification n acontase
and ADH emaemes wits abo performed under stress condition. Here, we have tred to delnente
the metsholie pathway m S covevisier under mtrosative stress. This stidy has o bage poeeatial
ns applicution for high ethanol producton at mdustnal scake and ot the same time serves us the
base w0 characierie the metabolic responses of 5. cerevisiae under ntrosative strcss,
Materiaks and Methods
Yeast culture and growth
Wikt type huphokl 8 cervvisioe Y190 [ATCC 96400) (2 wifl from Prof. Sanjay Ghosh, Cakeutta
University, Indt), was tsed for all the experimonts. Cells were grown for overnght i YPD

S (2% wiv yeast extract [HiMedis], 2% wiv pepione {HiMedi] and 2% w/iv dextrose [Merck) at

ACCe

FC ut 80 RPM. The strain wass preserved i 50% ghoorol stocks at -20°C Seesor. 200 pl
Fom the ghuerol stock was nocohited in oo fedh YPD broth and ncubated overmgdt at 30°C.
Steenk phitng was performed on YPD agwr w ensare purey and a single cobony. was calared
overmight -m YPD broth at 30°C, These collures were used as moculum for fisther experiments
at an 0.D.sso~0A5.

Prepamtion of acidificd sodium nitrite and determination of cell viability

A 100 mM ssock sohason of ac. NaNOs wos prepaced by adding NaNO: w2 N HCL This was
wed #s the 'NO donor” (Regev-Shoshani of af. 2013) asxd apphed 1o the cubure ot the early
log phase (0LD,me-0.3), Aller 12 howrx; cell smbiaty was determmed wsing serial dikgion and
gowih curves were also determined  based on O0.Du40 for 12 hours at 60-mn miervak. For the
control experment, the yeast was cubaed o absence of ac.NaNO..

'chp
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Crvernpght (12 howrsd grown culures of realed =l mnirsited samples (00000 = 18] e
cemmifuged and ool pelers were mised with bss bafler. containing 100 mdd Tris-HET pH 7.6,
150mdd Nal'l 2mM EDTA, protease mhshitar - codkiod [(Sigma-Aldrich), and | mM PMSF
aisd hesnd by ueng plass beads, Concentraten of protel woa sstembed ne per the protocol of
Bradfond wsing BSA s the standand (Bradford 1976),

Estimation of GEHHGSSG mito

The CGAH and G550 concentruton - was determesed avcending o the metod of Akerboom o
al. with shight nodificarion {Akerboom snd Skes 19813, In briel CPEs were firsn deprotenized
with 2 b HOKY, 2 mbd EDTA and then nostrakeod with 2 M KOH contammg 0.3 M HEPES
pH 7.0, Hall of the meurabiecd samples weee taken fo estmale e fy vive thiol comeenlmtien
(LSHAGSEG) by GR [Smm-Aklreh] dependent [FTNE [3.5-libo-bis 2-mlirobenade ooid) ]
reduction The ather half was treated with. 2ovimpyridine 301 wivi for | bl hmd. t
deiermme the G550 concentrainim by L1 spectroseoy of A2 pm Coreentmbion of GSH and
G550 were expressesd & mnalmg of profein

Dhetection af RIS nnd RNS

Conlocal micrmscogy

RNS and ROS were detected by confocal microscopy {Leia TCS SPH) fom Bose istitute,
Kokatn, 2 porthe protoesd of Tevitneaen with wome oeklicntions. Tn heiel, ZX 10 avemight
wown cell were wadled and ressperdel i PRS pH T4 and el wmng obsolae el
Thee, dyes (DAF-FM specifle e NO and HeDCFDA specific e ROS) were added ot o fioal

0 voncerration of 1.5 ph amd moobakad o 30 pmasics mothe dack, For confical necmscopy

cxitlnton wos fived al 495 mmoand cmesion ot 515 mn Micropraphs wone capiured ol 45X
rsgalssston and the miomity of hosescoomee’ wis feconled wing the Leica LAS X sofbware,
Fals

FACS (BD LsRForiessa ) omabse b ROS omd BRNS wore' done Fom IICE; Kolkaio, as perthe
protcil of Imamgen. Sampks woene prepaned 25 mcntiomned . abooe and dye-freo ocls werne
e s the Bonk: The phodemmikiplier ndss vollnge was kept of 190 ml e the FITC clupnel
at o flow rade of 12 phomin 0000 eventls were reconded o vach cmple and histograims were
prepaied by plomee the ool couta againsl Toreseenoe o e FITC clanmel  Exciaton and
emmsakin were &2t as above and deta were arabeed by ousmg FACS Dna sofiware:
Duamtification of citmnol and reducing suzar

T comcentramens of elanol and reducrse soper wone cstimnted ps per the protoee] of fhang
ot al with shight madifications (Zhang P er ol MY |0 shom, overight mown mmresied and
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treted culumds wen: comrifuged at S0 i, and supermatanis were collected. These were mixed
with an equel sokee of 20% TOA ol room apenere s 5 nin Followmg contrfuandson al
PO o saperaatants - were reated wish 1S wihmee of 2005 CTAB ot 65°C for 100 min anad
nynin. cepirfuged al 1000 g, Samples were dided 100 ok ool mmed with EMn sphation
and incobated ot 40°C for 90 min. Iratal ond el O.0, wese recorded at 3260w A standard
o for the ethanol estmmion was prepored wih absohie cthanol (Menck), For the rediicing
- s sstmanon, the peoirented snmplke wais dikses]  10-Bkd and pomed wiih DNS sobiiion,  afier
- owdwh OY wos recorded a0 e A aandand curve for pedicmg s cstomitkin was
| prepared with ghicose (Merck), The kineties ol ethanol peodhaction (viekd and productiviiy)
were abw dbotermined  (Mithra &f of. 2H1E)
Eneymaic assays
Al cnmmii assms wore bisad on spoctophctonictric. ambes. GE (Carlberg and
Munmervik 1975) and molsic symhase (MS) (Clell of @l 1978} were deicrmmed a1 412 nm
and catabiee (Aehi of ol 1984) and scomease (Castro of ol 1994) a0 280 ome Pyruvitle
carboykase (PO wss iensred afier Payoe amd Mo (PR and camare symibase (05 ) afier
Srere 1971 The other engme acivities wene defermined by changes i SATDH af 340 am;
mmnate deindmogemas (FOH), gocimie detndrogemise (KCDHD and mobsie detepdiogennse
= (MO (Bergnwyer of of, 1974), MDH (decarboavbating) (Geer of al. 19800, aklchyde
wor deldrogerase (ALDH) (Bostian and Betts 1978), und pmpawie  decarhoxylase  (PTC)
Conr iGosinars. e al 1971 Invall cosos specific sty wis cpressed inomllime of proten
o Estimation of the concentration of cifrate
st Indrncelidlar  and ¢xrncellular cittale concenmbon whs desermined by o Ciraie asaay ki
| (Seme-Akech) and exprossed mongpl.
© RNAolation and gPCR
o ENA seltion, cINA prepamsion ped qPCR wirs outsoumeed 1o D KPC Like - soiences, Endia,
For dhis, treuted o unireated sormples were centrifiged o 5000 g and aflés v wash sheps
with PESS, ENA - was mobied by ise of standand affinity  Solumes - und chiled o mekases froe
._1"-'-"- waber, S0 ng of RMA was oied as the wmplnie  or c[INA symbesis which was performed with
200 s of reverse tarecnplass (RT) cseyme (Thenmo Scientific) m RT bullier contaning 10
o ANTPs and 10 g random besner, Followimg moubased a0 4250 8o 60 o and heat
msctivation a3 6350 for 15 min The cERNA wis wed foe +RT qPCR (Biormd CFX-596) wsing
SUPERSym qPCR masser mee (D KPC Lie scenees). The Phkeed BNA saogie was wsad
as the weplete o - gPCE A sogive . comtpod (W TC ) was set up withot serplue. The
vwa-gtep PUR was ninied with denstorstion. st 4570 B 15 secand nmealing - and cxension
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was done at 60°C for 30 se for 40 cycks, Dllowed by a melt curve. The pamers for the
expermental and housckecpng fones wore desymed from NCBI and enlsted i Tuble ST
Fonctional annotation and network analysks

The chvnes, with aliered activey I peesence of 0.5 mM e NaNO:, were subjected for
fectoml enrichiment anabsis. Pist, the STRING database was wod o screen sienmetions
Ollowed by creatmg a Smcoomlly suemcting oetwork (SZklarezyk ef all 2019), Fow closely
assocmted enzymes were udded o the cetaork 0 merezse swbilty und obtain refable
predicions. The omtworks were amfyaed  and vewliad  wng Cyioscape (Verssa 3.7)
(Shamnon er al. 2003). Asnctstion of fectonally acivaied and deactnvored eriyons were
amtlyaed g Gene Ontobgy (GO) amehss by DAVID (Databsse  fr  Annotation,
Vawliztion and Imegrated Discovery) (Dennis of al. 2003). Enzyme sets were laken from
respoctive  networks, and ther smotators chissified o biokgieal  process (BP), cellular
component (C'C) and moleculir Snction (MF). For the GO analyses, Bonferromi comection
method was wed to dentify sanificant terms associted with the genes und the emor mites was
rediged by renwving the faibe dscovery ocones from sy prediction.

Western hlotting

Western hlots were produced fom 10% pobeenbimide seb (Laemmli e al. 1970) baded
with the pure ensymes  acongase (Sygrw-Akrich) and ADH (Stgoa-Aldrch), Following
tnsker o PVIDF membranes  the blots were probed weh el 3-ntmtyosine nonockonal
antbody (Siru-Alrich) at 1:1000 dittion  TBST and fllwing mcubstion with HRP
conjugsted  gont unti-mouse 196 secondary antbody (Sgms-Aldrich) at 110000 diktion =
TBST. bands were vianlized by wing chendluminescence reagent (Abcam),  bimages were
captured wsing DNR bio-smuging system misBIS Pro(USA) with GelQunt Espioces Analysis
Suftware.

Condition of stress and assays with pure aconitase aml akcabol debydmogenase

Puc proton (200 pa) was sxobated for 30 min at room tenperabise o presence of deéforent
concentrations (0.1 mM, 0.3 mM, 0.5 mM) of s NaNO: amd 0.1 nM peroxyitrite (positive
comtrol). An aliquot of 80 pg wus used 1o detenmine PTN by westem bioiting a5 desenbed
above, The tost was wsed Sor spectic activity  determination desenbied above.

Statistical analysis

Expermental data were sratstonlly anahaed by wseg two taikd pared T-test and expressed
as meansSD. Lewel of sigmeficance (p) = 0001 was considensd as: significant.  Mast of the
expormonts wore performed al keast 0 iophicate.
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Rexults

Effect of acidificd sodium nitrite on reday honwostasis

The wrowth curves of S, covevidoe (Fig S1), were sl between conmrol and 0.5 mM
0e NaNO: treated S cerevisine with 3 growdh rate of 0.22 ' for botly indxeating that the used
concemration of ae, NuUNO: was oot toxe W the cells, The redox bomeostass. of treated and
wireated cels was asscssed by GSHIGSSG o, GR acthvity and catabise actvity, The
GSHGSSG o was mereased by 4.2 Sld wnder the stress condition as conpared w0 the
comrol (Fiz 1A) There was oo sgnificom change o wind ghtathone  concentration but the
concentration of GSSG was decreased by 2.3 Bld (Fie S2A) whereas concontration of GSH
wis awreased 1.8 0k (Fig $2B) m trosted colk. In oddtion, GR acthity was ncreased by 4
Ol under the stress condtion (Fig 18) Activiy of catsbise was abo nereased, by
approximtely 2.4 fold under the stress condition as compared 10 the comrol (Fig 18), These
fdings suggest that the redox homeostasss of the cels were significantly aered wnder the
stress condition and the colls were trymg %0 compesrate and adaps, To study the akemtion of
redox homeostasks, the geremton and accumubstion of ROS and RNS within the cell was
vestignted by contoeal micrascopy (Fig.2A-1) and FACS (Fig 2K-N) The resubt showed that
ROS was gencruted in both treated and untrested colls with 0o significent churge, whik, RNS:
generation was only abserved i the 0.5 mM ac NaNO: treased cells (79%), chearly suggesting
that the changes ohsenwed i the treated cells were solely due o the generation of RNS. This
data & cormoborted with our previously publshed report (Seagupta ef al, 2020).

Effect of acidificd sodium nitrite on Kinctics of ethanol production

The offect of 0.5 mM ac.NaNO; on the cthanol yield and productivity was next determined.
We fousd that ethanol yield was mcreased by 1.2 fold and comsiemption of sugmr was ~14%
tgher undier the stress condtion. The volametric prodectivity was micreased, by approxamtely
1.3 0kl 0 the presence of 0.5 mM ac. NaNO:2. 699 of the thevrctical cthanol yickd was achieved
durg treatment whesoas only 59% of the theonstical cthanol yiekd was achioved © control
(Tabk 1) These resubs clkasdy indicated that akoholic fermentation mite was mereased ander
1e, NaNO: medmled mtrosative stress. Next, we chacked the efiect of 0.5 miM oc NaNO: onthe
TCA eyck and other bochemmcal pathwass, ©r which activey of some of the key erzyimes
were desermned.

Effect of acidificd sodium pitrite on key cnzymes of important blochemical pathways
The specifie actvity  of aconstiase was spproximately 5005 less i weased el as compared o
the cootrol (Frz 3A) and the combined comeentmnton of tracellular and exiricelhular carate
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was ako hahed (Tablke S2), idicating that the syothests of ctrade was decreased under stress
condition (Fig 3B} Mence, we assayed the actaity of CS und ths was sbo Sound 10 be
decreased by 50% (Fig, 3A), suggesting that the citrase metabolism as well as the TCA were
affectad. As the spectic activey of CS was sigmficantly reduced, the wliztion of pyrovate
was pext assessed. Pynoate 8 the ood product of gyeolysts and & an spomant secondary
metabolte that s frther wikaad i the TCA cyeke, either by Domton of acenyl-CoA or OAA
by the. actnvity of PDH or PC, respectively (Voet and Voet 1995). Imensstngly, 1 was Suod
thut the speedic acivey of PDH and PC were lowered by approxsmately  50% and 15%,
respecively, wnder the stress condition a5 compared 10 the comrol (Faz 3A), The fite of OAA
m TCA cycle needed © be establshed. for which we measwed the activey of MDH as it
catahnes the reversible comersion from DAA 1o mabte. Interestingly, actvty of MDIH was
mcreased by spproxmutely 1.3 Jold under the stress condtion (Fae 3AL All these resalts
mdicated that the TCA cyclke was amonted under the stress condition, but the higher activity
of MDH implied that the concentrution of muibite might be ncreased in presence of 0.5 mM
ac.NaNO3, In combimtion with chvated cthanol production, this poited wwards increised
pyravate concentrution  withan the cell under mtrosative stress. Ths was confiemed by
measuring the activity of MDH {decarbaxylating), that catahvzes the comversion fom mmlate
o pynnvaite, Here, the sctivity of this enzyme was 1.3 00kl incrensed i the treated cells (Fig.
3A). Furthermore, we assessed the specific activiey of PDC and this was sharply increased by
3.2 okl (Faz 3A) A drop of approximately $0% in the specific activey of ICDH was ako
observed under the stress condition (Fiz 3A). Based on these findings, we hypothesized that
the TCA ey wus partially inhbred under the suess condtion Thas, we abo deienmined the
setnity of ALDH, an mpodtant cwame for the PORLbypass pathay (Remize of al. 2000).
The actvity of ths cuyme was found 10 be decreased by 64% as compared to the control (Fig.
JA) Alng with the, the activty of MS, a0 mportamt cnzyne of ghoxyhite shum (an
anmsplerote varant of TCA cyek) (Chew of al, 2019), was decreased by approxmmtely 40 %
m 0.5 mM ac.NaNO: trested S cevevisioe ocls (Fig 3A)

Network and functional ansotation stadies with the altered protein activitics

To valdate our fndings obtained fom the biocherocal ermatic assays, we mmestigried the
oot of ntrosative stress on difiorent metabolic comyoes of S corvvisiae wing bomfemsitics,
Under ntrosative stress, the eazynwes - weh akered activity were subjected 10 a network analvsis
and Gectiomal aomaton stxdies, OF the actaated cozynes, MDH and PIXC predominantly
patiopatod B the notwork with o noomum pavber of comections (Fae 4AL Due w0 the
morcased weivey of these creymes, the yoast celolir system was predicied o be imolved
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promaly o the biobgeal processes of pynnate  and mukie oetbolem, and =
ghcoacogenesis (Tabke 21 The network formed by eroymes with doensssed actnity costamed
CS, bovknate hase, PDIL and oconkase weh maxiomum comectivey (Fig 4B), The teems for
predicied biological processes with these emames were TCA cycle, phoxylmte cyok, and
brsyrthcsss of gitanate and scctate. Intemis of ceflobw location, most of the ereymes were
pradicted 10 be bcated m the macchondrn.  Addriomally, the most eriched  mokculor
fectons were prodcted 0 be MDH octnty and ADH iINAD) sctivey doe 1o the actvated
ereyenes i the treated yoast cels. On the other hand, the ALDH sctivey. trsfemse activity,
ransforcing acyl groups. scyl groups comeried o akyl on s, und hase activty might
be reduced due o the docrased uctvity of cnrymes particpating i these fnctions. (Table 2),
Effect of acidified sodium nitrite on ADH and AC0 geoes expression

As we found that cthanol production and ADH scthily tod scrcased and acontase sctivity
had decreitsed i the presence of 0.5 mM nc.NnNO:.mW the expressiom of ADVT and
ACO genes, As Fig. 5 shows, expression of ADIE, ADH and ADH3 wese rercased by, ~2.1
fokl, ~2.4 Pl and ~3.5 fold respectivedy, under the stress condition is compared 10 the coniro),
FExpression of ACO2 was uhvost 5006 bwer i oested cols as conparcd %0 the comrpl.
Suprsingly, the expression of ACOS was frad 1o be ncreased by 1.2 Bl © treated cell in
comparson 10 the control (Tabke $3-S7,Fig 5)

I vitro Protein tymosine nitration (PTN) study with pore aconitase and ADH

As varmton in gheose metabolism was observed with a spnificant upregulstion of ADH and
dowrregdation of aconitase, we assessed the proicin tyrosine mtmton (PTN) formuton for
these two envymes. PIN formwtion wus obsened m aconiase ©lowing teatoest wieh 0.3
mM and 0.5 mM e NaNO; bt not with 0.1 mM 8. NaNO; trealed  acontnse  or without
reament.  The specific activiy  of acorstuse wos gradally reduced with the of higher
concemmtions of treatment of ac NaNO:, The reduction m sconitase activey weas omximal
the postiive control of 0.1 mM peroxynitrite treatment (Fig, 6A). Differcat resdls were
obtamed wih pare ADIL PTN fonmution was only observed in 1.1 mM peroxymiritc treited
ADH, whik it wits absere 95 o result of ac NaNO: treatment. The speciic octnity of ADH
rennined  wmltered @ ac NaNO: treated  samples bt dmstically  decreased i 01 mM
poroxyntrite trestod ADH as conpared o the untreated ADH (Fiy 68).

Discussion

In this present stody, we demonsteate varation m g@cose membolsm in S convvisiar undor
mrosative stress that & mediosed by 0.5 oM ac.NaNO;. Resilts fom FACS and confoeul
mcroscopy conficmed  thar ROS was equaly prodhiced n both eated and untreated  cells, bur
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RNS was generated only m the presence of ae. NaNO:, Hence, the obsenved phenomem were
due to the nirosstive  stresy under o oxpermental  condtion. Changes i the redox
homweostiss & a key marker of nrasative  siress (Kmrutas  2016; Macke joayk of @l. 2022),
Under owr expermental condiion, an ecreased GSHGSSG ratio, clevased comcenenition of
GSH and reduced concentration of GSSG were observed, that in combimation suggest that the
treated cole responded by msng the intacellubir redoced equnakest ® the foem of GSH
(Astuti o al, 2016} GSH 5 a wel-known stress respoese component (hat hiedps 1o combat
reactive-speoies meduled - damage (Agquilane K e el 2014). Previows  repons have ako
suggested thot the declood keved of GSH nay induce dektenows: actwvry of NO m the form of
DNA damage and peotem modification (Aquilano K ef al. 2014; Kalinina and Novichkova
2021: Leier al. 2016; Sies et al, 1997 Forman ef al. 2009). Ths obsenvation was comoborted
with the bigher sctiviey of GR which catalyass the conversion of GSSG 1o GSH uder stress
(Forman ef al, 2009), Though reporied data suggests that GR activey  can be inhbiied =
Sehizosaccharmmyces pombe under the peroxyntrte medinted nrosative stress (Sahoo of al
2006), Nasurro ¢7 @l recemly reporied thut GR sctivity can be stimubited o the presence of
NO (Navarvo ef al. 2020). Here, we abso found 0 sharp ecrease in GR uctnay i presence of
0.5 mM ac, NaNO: Thos, it can he concluded that GSSG was comerted 10 GSH by the activity
of GR 1o maimain the redox homeostusis under our experimental condition. [n sddiion, sctivity
of catalise, an mporant stress response enayre (Pates of l, 2019), was ako meressed o the
treated cell, and ths mudn be molved o detoxdy reactne species that were gemerated by the
acton of #c NaNO: (Navarro of al. 2020; Bhattacharjee ef al, 2010; Gebicka and Didik
S 2009; Sahoo ef al. 2009),

In X corevisiae ADHI. ADH3, ADHA, and ADFS prodoce ethanol from acctakdehyde
whereas ADH2 i involved i the reverse seaction Le. producton of acetaidehyde from ethunol.
It can be expected, that the elevated expression of A and A3 genes wnder the stross
condition resulled o bgher e actvity  and this most el comribued o higher cthanal
production. That cxpression of ADH2 was mduced indes stress condion maght be due 1o the
higher cthanol production. This cnryme can asstst m peneration of reducing equnokents o the
form of NADH and pamtain the redox satus of the cell (Maestre of of, 2008). Though S
cerevisiae 1 a craleros-posene ongaesm (Pleiffer er al, 2013), e ncevased percentages of
theoretical ethanol yieki, higher mite of siggar wtilization ndicated that the fermestation rate
under the stress. condeion  was: upregslited,  Overall, these resubs siggaesied & probabie
meiabole reprogaumming wwands Remertation: I addoon, we found that the acivey of PDH,
CS. scontase, 1CDH were reduced o wreated colls, chacly indicating @ partial blockmg: of the
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TCA cycke. These resudls are i Bne with carfier reposts which showed the dowmmegulation of
mitochondral profers, mainly the TCA cycke envymes, wnder nrasative stress (Auger of al
20115 Abello er @f. 2009). The actiity of CS & considered us a morker of netochondrial
fnction, and the reduction i its spevific notvity sugpested that the meochondran was highly
afcted in the presence of 0.5 mM ac NaNO: (Borvs e al. 2019), Ths was abso sypported by
the bgher expression of ACOJ, The pexdect of that geoe not only catalyzes the conversion
fom cemte W sociraie (Stanb er ol 2008). bt 5 abo mvolved B certam worelted cellular
processes, thus sctege as o pooolighting profen (Gancedo e al. 2016). One of the mportant
fctons of ACOTp & w0 maigain the ety of mtochondrial DNA (Gancedo er al. 2016;
Chea e al. 2007; Yargan and Krebs 2012). Heoce, the bgher opression of the ACOJ
mduated that the mochondrial activiy meght be affected under the stress conditions we
appied. Unbke ACOL the pene expression of ACOD was redoced and overall specific sctivity
of acontase was dropped by 0%, suggesting that ac NaNO> might afieet tramscription  of
scontase. Amodel of gucose metubolism in S cerevisiae i the peesence of (.5 mM acNaNO;
& proposed in Fig 7. The rate Bmiting enzyme of the TCA eyele 5 ICDH, which catalyzes. the
comversion  from soctmite © o-ketoghutnrte (Voet and Voet 1995), and ths crayme activity
mdeaum!.mhuuibhofl’mtw&h catahzes the conversion from pynnate (0
scety] CoA (Vectand Voot 1995), This explams the obsenved reduction i cierse messbolism
Other reports hive ako suggesied that the aetvity of PDH and IODH can be afecied undes
rtrosative and oxdative stress (Auger et al. 2011: Ferver-Sueta G ef al. 2018), Formuton of
acetyl CoA from pyrunute 5 the ey stiep or alizing ghicose vie respiration patbmay (Voet
S and Voet 1995), bin acetyF-CoA can abo be synhesized vir the PDH-bypass patbvay, a POH-
mdependert nllematne  rote which requins the actvity  of PDC and ALDE among the other
croymes (Remdar of ol 2000). Though the activiey of PDC [abo a crctal ersyme of the
Lrmentation pathway (Voet and Voct 1995)] was fosnd 1o be mcreased, the actnaty of ALDH
[oxidees  sectakichyde to scctnie (Remie of al. 2000)] was decreased under the stross
condion. Reduction in ALDH ucthvity might affect the iacetybCoA production. In addiion,
actvity Of MS was decreased s a resuk of teamment, whch might be doe to the bower
avaibibility of acetykCoA. Reduced activity of MS might ako affect the ghoxylale cyck, an
mmpkrote v of the TCA cycke present n 8, corevidne (Chew e al. 2019). Acetnt-CoA
& abo a postnve alosieric modulwor of PC, an smporant anapkooi eozyme that replenss hes
the mermediotes of TCA ¢yek by catahzing the ceacton from pymvate to oxakiacete sod
(Voet and Veet 1995, Adina-Zada er ol 2012). Any dephoon o the prodwcton of acetyl-
CoA wxdor our expermemal condition nught be imerfecing with the actvey  of PC (Voet and
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Voct 1995; Adina-Zinda v al. 2012). Heoce. all these resuts sugpested  thot the requirement
for replenshing the miermediates. of the TCA cycke might be redoced o presence of e NaN(O;,
ndicating a partial blocking of the TCA cycle under the stress condition

The detected clevassd spavific actnity of MDH and MDH (decarboxyliting) enzynwes
under the soress comdition are very beeresting i this observotion sugpests thos, under the stress
condition, OAA formed by PC was rerowed 10 pyrnate v omwition of maksie, 1t bas been
reporfed that OAA canoot cross the meochondrml membaire - but ralite can (Voet and Voot
1995), Reponts sugeest tot the affty of MDH (decarboxylntingd & very low (A = 50 mM)
bt malsie mewbolsm as well asactnity of the MDH (decorboxylating) may be mduced during
the advorse condtors e swoaton m § cerevivioe (Redeepovic ef al. 2003) MDH
(decarboxyliting) abo contnbutes o the geocaation of itracellular e of NADPH (Kouf of
al. 2013) that pliys a magor roke in the protecton aguinst oxdative stress and abo paricipatos
in differens biokigical m(’t‘kddim).mw_.ﬁhg a possbl sress response
actaity of MDH (decarboxybtimg). On the other land, actnity of MDH & aks very impartunt
to generate cysosolie NADH, an important componen of encrgy metabolsm and an antioxidant
cofactor (Voct and Voet 1995: Mivagi o7 al. 2009). Therefore, @t & lkely that under the stress
concliton, when the encryy genemton vt TCA cyele was heavily compronmsed, upregabition
of MDH and MDH (decarboxybining) belped @ generate encrygy ntermedistes which o wirn
cosed the reroning of gocose metabole Az towands fementation. Again, higher activity of
MDH (decarboxyliting) has been abo reported durge akohole fermoentntion o 8 cerevitine
(Redaepovic ef al. 2003). This cuzyme can be strongly creased during the switching fom
respiration %o fermentation kS cerevisiae (Xiao ef al. 2018). We fisther observed exrenses
m the actnvity of PDC and ADE, sugsesting o higher mate of cthanol fermentation. Thas, o
metsbole  reprogramnung  Sowards fermentation meght lave tken phice in the peesence of
ae NaNO:2m 8 conmviviae.

The expermcntal  resols were sipporied by bomformatis  aralyses  where
forertation was prodicied. os strongly  actvaled, I conbration  wih  chyvated  malote
metholc metabolism. o contrast, the TCA cycke and ghoxylite shimt were predicsed 10 be
sowed down under the stress condition, confirming that varition B gucose metsbolym m S
cereviviae durmg ntrosative soress. The metabole roprogramming mght oot only be iwolved
m encrgy gpooeraton but ako seemed to be o part of the stress respoese. This. repregrammedd
ghcose metabolsm  was couplked with the antioxdam machoery of the cel whvh m
combmatkon were abk o o e cell vobiley 0 abnost walicred kvel m 0.5 mM
ae. NaNO; reased colture as compared 10 the conerol.
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In vitro study of PTN was fiatier camicd oot wigh pare acontase and ADIL PTN & one
of the mportant marker of redox stress (Corpas ef al. 2009; Cipak Gasparovic of al. 2017).
As mentioned carier, oconitaze B very sensiive 10 redox saress (Radi 2018; Luxhehak of al
2010). Aconiase cootars 8 4Fe-4S chster in s acthe ste (Frick and Wittmamn 2005} and
this & very prone 10 oxidaton that kads 1o &5 inactvation (Radi 2018; Wachnowsky e al
2019; Fridovich 2003), Treatmeee with 0.3 and 0.5 mM pe. NaNO: prodoced a poseive signal
or PTN and reduced the specdic activey of the treated cooyme. Twosine nitration  Bxreosss
the negaine clunge of the proteln i obo sdds conparathvely  buky substents that m
combnaton may aler focol charge dsibution as well as the proscin confgurtion (Radi
2018), This cxplars the partal nhibition of acontase. However, e NaNO) trestnwent. was not
bk to mduce the ormmtion of PIN i ADH. Ths ename remmined walered  without o
clange i westomn blots or specifio activity, suggestng. that ac NaNO; could not alfect the
actraty of the ADH v PTN fmmution,

In conchsion, our findings reveal that the mefirous actvey of seadified. sodum ntrite
wis substuntally reduced by metabole reprogramming towards fermentation, conjoined  with
the anti-oxklant Uelense system This siudy provides insight into the sariation o gucose
messholsm . 8. cevevisioe under acidified sodim mitrse medinted ntrosatine  stress and
contributes 10 A beter vederstanding of the mechanstes behixl the process,
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Figare captions

Fig. | Effect of 0.5 mM acifified sodium nirite on (A) GSHIGSSG ratio, (B) specific axtivity
of ghtuthione reductase, and catalsse. Data are expressed as the change i the percesmage of
specific activity s compared o the conrol  Assays were perfonmed i wipleate o each
bobgical samplke and expressed as mean:SD, White and blick bhars represent control and
ac NUNOz-treated colls, respectively.

Fig. 2 Effect of 0.5 mM acidified sodmum ntnle on reactive nitrogen species and reactive
oxypen species peocration. Confocal miceoscopy  amahss  lor the penerstion of reactive
nitrogen species (A-D) and ructive oxygen species (Ff). Mcrogmphs  were recondod a1 45X
mugsfication. Bar= 100 pm The mean fhorescent micosity  $or reactae matrogen - species (E)
aod resctive oxygen specks (J) were determined by wsing Leien LAS X sofware and
represented as meantSD, FACS ambysis ir the eactive: nitrogen specics (K, L) and reactive
oxvien specks (M, N) FACS amabyss was done by ising FACS Do soffware.

Fig. 3 Effect of 0.5 mM acklificd sodien e on (A) the specific actvity of virioes sekevant
erwymes. Dato are expressed ax the chunge m the percentage of specific actnay 18 companed
to the control * (B) Citrale contert of extracellubir and peaceilulsr Fuctons combmed. Assays
were done in opleate and represented as meantSD. White and blick bors represem control
and ac NaNO;-treated cell. respactively.

Fig. 4 Network representation: of enzymes. 1 the presence of 0.5 mM acidified sodum parite.
Network representation of (A) emymes  with increased  activities and (B) erymes with
decreasend pethitics. Highlighted colowr denotes the cozymes wii experinentally vahdated
Fig. 5 Efect of 0.5 mM acidificd sodum nitrite oo theee A0S andd two ACO geoes. The
expression. kevel of the penes was rormalized  with that of GAPDH (ghvernbehyde. 3+
phosphate debydrogense) m each set and expressed as the relfive Sk change as compared
to the confrol. White ard black bans represent control and ac NaNOx-trented cells, respectively.
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Fig. 6 Etfect of diffirent concentmtions of acidified  sodaen nerge (0.1, 03, 0.5 mM) and 0.1
mM  peroxynitrile  an (e specific  acthitly  of pare protems  (econttase and  akcohol
dehydrogenase) akong with the protein tyvosine niration (PTN) fanmation,. Westem blotting for
PTN umd specific activiy of (A) aconkase, (B) akohol delndrogemise. Data are expressed m
Aand B as the change o the perventage of spacific activey as compared 10 the comtrol. The
assays were performed in inpicate and oxpeessed s mean=SD,

Fig. 7 Proposed switching of glucose metabolism in the presence of 15 mM acidificd
arrows represent downeegubited cronmes m the peesence of 0.5 mM aekdificd  sodum parite.
In ths coodition, cncrgy gemeration through TCA cycke was comprommeed duc (o the bwer
sctrity of pyrivate debydrogenase (PDH), cirwie: synthase (CS), acontase (ACO), wocitrate
dehydrogemase (ICDH). pynaate carboxylse (PC)but the ghaose metabole ko was rerouted
vim hyher actaty  of mabite  dehydrogenese  (MDH)  and  mabite  delwdrogenase
{decarboxyhting) [MDHDC]] twwards pyrovate which was fimher membokzed via the
frmereative pathway with the help of higher activity of pyruvate decarboxyhse (PDC) and
akobol delydrogemse (ADH) which reated 0 higher producton of etanol In addason,
actvity of mabile syetfise (MS) and aldebyde dehydrogensse (ALDH) were rodwced that
gt afkct the ghoxylote shae (e amaplrotic vurmnt of TCA cycke) and PDH-bypass
pathway (an alermative route of sceyb CoA syrthesis without the activty of PDH).
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Table | Estimation of cthanol comcentration, gucese consumption, cthunol yell, pescentige
of theoretwal yield and vohametric productnity of treated and woreated (control) samples of

S corevisioe
Sangle ghanol Cihcose Ethanol Yof Vohmmetric
concentrton  consamed yield theoreticnl  Productvity
®L) (#1) (g of yeld g'Lh)
ghcose)
Cantrol §503 15203 030 59 0.3%
Treated G=035 17204 (.33 o4 0.50
| Pagn
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Table 2 Functionu] enrichenent by acthution’ deactvation of eruymes

“Ewrichiment by activated enaymws dwe (o stress

Term Yo of P-Valoe Benjumini
genes adjusted P-
Valoe
Hological mosate motubole process 36 J8E-10 8IE9
Process A v
mukie aetabolic process 263 IRE-10 8.7E-9
Fenmentation s 9.7E3 4082
Celtlar mitochoadrial mtriy 36 11ES 4164
Components
eytosol 421 2.1E2 9AE-2
e m"’"“ 158 I5E-5 6164
Molecwlar akobol debvdrogenase : g
Prnition (NAD) activh IS..8 | WE-4 23E-3
Pyruvale hmase activity 263 36E-4 38E-3
Enrichment by deactivated carymes due 1o stivss
iricurborylic acid cyek 88 28E-18 15613
- late k 192 6.6k | 2E-0
Biological Syt o ’
Procesy »
scctate biosynthetic process 115 1.2E-4 9.1E-4
423 4311 90E-10
Pervcisoma ] mars

Celhlar 2 ;

Com y maochondrial mckod 154 1.3E-4 9264
febnd : tivity 192 LTE-7 G3EH
mpsfrase activiy,

tansferring acyl groups,
Mo weyl b § s 154 DRE-6 | 3E-4
Function akeyl on mansier
hase activiy 230 11E-4 9704
|Page
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