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i LB H Role of Reactive Sulfur Species in Mitochondrial Quality Control and

Ischemic Stress Resistance in Rodent Hearts

Mitochondria are the organelles that produce adenosine 5’-triphosphate, the
major energy molecule for cardiomyocytes, utilizing highly redox (reduction-
oxidation)-dependent oxidative phosphorylation system. Mitochondria constantly
undergo fission and fusion to maintain their integrity, which is critical for cardiac
energy homeostasis and physiological function. In failing hearts, mitochondria in the
cardiomyocytes are often found to be fragmented, and accumulating evidence suggests
that mitigating mitochondrial hyperfission during heart failure ameliorates cardiac
function. However, its molecular mechanism and practical therapeutic approach remain
to be fully elucidated.

In the first section, I examined the effect of cilnidipine, one of the approved
anti-hypertensive drugs, on mitochondrial fragmentation induced by myocardial
infarction (MI) in mice, based on our previous in vitro study showing that cilnidipine
decreased mitochondrial fragmentation after hypoxic stress. I revealed that treatment of
cilnidipine 1 week after MI improved cardiac contractile dysfunction, suggesting that
the maintenance of mitochondrial quality control by cilnidipine treatment can be an
attractive therapeutics for ischemic heart failure.

In the second section, I investigated the pathophysiological role of redox-
dependent mitochondrial fragmentation in mouse hearts. Our laboratory newly found
that dynamin-related protein 1 (Drpl) changes its activity for promoting mitochondrial

fission depending on the redox modification on its cysteine residue, such as



polysulfidation and depolysulfidation. Indeed, methylmercury (MeHg), an
environmental potent electrophile that is known as a cause of Minamata disease with
severe neurotoxicity, induces depolysulfidation of polysulfidated Drpl, thereby
activating Drpl, promoting mitochondrial hyperfission, and exacerbating pressure
overload-induced heart failure. Moreover, sulfide donor restores Drpl polysulfidation.
To test whether polysulfidation state of Drpl is a risk factor for cardiac diseases, I
examined the effect of sulfide donor on the pressure overload-induced heart failure
model in vivo where the cardiac function was worsened by MeHg exposure. I found that
treatment of sulfide donor sodium hydrogen sulfide rescued MeHg-induced cardiac
vulnerability to pressure overload, suggesting that modification of Drpl polysulfidation
is important for mitochondrial quality control and cardiac robustness.

Protein polysulfidation is mediated by reactive sulfur species (RSS), which have
highly reactive sulfur atoms. Due to its high reactivity, it has been suggested that RSS
have important roles not only in protein polysulfidation but also in highly redox-active
mitochondrial respiration, which means RSS may have critical role for maintaining
mitochondrial function during the myocardial ischemic stress. Therefore, I focused on
the contribution of RSS to myocardial ischemic stress resistance. This study revealed
that RSS level was decreased in myocardial ischemia reperfusion (I/R) injury in mice.
In neonatal rat cardiomyocytes (NRCMs), hypoxic stress-induced RSS decrease was
accompanied with increase in hydrogen sulfide (H2S), suggesting that RSS were reduced
to Hz2S under hypoxic condition. Treatment of RSS donor sodium tetrasulfide recovered
cardiac function in I/R-induced heart failure, indicating that RSS is protective against
cardiac ischemic stress. mRNA level of cysteinyl aminoacyl tRNA synthetase (CARS)
2 that is one of the RSS-producing enzymes was found to be decreased after I/R injury.
Moreover, CARS2 heterozygous deleted mice were more vulnerable to I/R injury, where
cardiac RSS level was significantly decreased compared to wild type mice, suggesting

that RSS synthesized by CARS2 contribute to cardiac ischemic stress resistance.



Moreover, CARS2 knockdown in NRCMs declined mitochondrial membrane potential
after hypoxic stress, indicating that CARS2 is required for maintenance of
mitochondrial quality during hypoxic stress. I also found that mRNA level of RSS-
catabolizing enzymes was decreased in I[/R-injured hearts. Furthermore, it was revealed
that mRNA level of cytosolic isoform of CARS2, CARSI1, was increased in I/R-injured
hearts. These results suggest that overall RSS synthesis and catabolism in cells
contribute to ischemic stress resistance.

Collectively, these results suggest that RSS synthesis and catabolism contribute
to cardiac homeostasis through protein polysulfidation and the maintenance of
mitochondrial quality control, thereby inducing cardioprotective effect. The present
study proposes that RSS are the key factors, along with reactive oxygen species and
reactive nitrogen species, for understanding the molecular mechanism of cardiac
pathophysiology. Moreover, this study suggests that the contribution of RSS to
mitochondrial respiration (sulfur respiration) in the heart, proposing new insights for

cardiac redox biology.
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WTHE JEMERRE 9 7+ (Reactive Sulfur Species: RSS) & X idh A A& 25 E SR IZ EH#E
Loy, BENGEMRTE L TARATEREREICELASH, =X LVF—RECV T
FTNMNREEXZDPEELRBEIBHBE LRI ERRENTEL, RRX T, HEHEIL.
BIPLEAME VSR M LRIZRT B O0MOMAEHFIC RSS B LRSS R AED
EI2CEETAENICONTT R EHAOTHRI LT,

TP LBEELOLGMBECI PV R TRREIAALTVWAZLICEBL, Ik
IRV TOR5HEREET D GTP A ¥ /%7 E dynamin-related protein 1 (Drpl)®
EHAEZHEETAIIERZ2LORFAN L=V ORER, ~ T RLHEEETLIZBWT
S bR T7TOBRBSHEME L, DEEEZRIESEIFAKEELSIEERLE,
Ele, RERAEFTVWE CO»AIATANKBEEZVRICBRET LI, FVREBLINLTND
Drpl OBAEE EEARMIC L D LHECK TAFE I NN, HEH X, RELI
Drpl ZR VMBI ELZ/EAEZ L OHMALKEFT NI D LOEEIZLY, AFVKEZE
L LDBICEEBRMEEA LV AR T DALAERAFECKEEINDZEERHLE,
PLEX Y DIEOBEREHERIC Drpl # VX7 B OR U FE(L O BEERRIL I iz, KIT,
HEEEIL, B2 FOEEMRE S TEN L OEREHEFICRIETEELZFA I, <7 RAb
DR B H#ERE T VICR T 5 RSS MIBHNMBRELZH WA A -V 7 ORKE. KEE
RTOLHMBELEMLHEABTRSS BB L, —FH, BR#EHY TH HHILKENEHE
LTWBZERHALNIR T, 2T, DO E M ERIC RSS i 54 CTH 2 Uik 7 b
VU LERFBELEEZA BOLEEREO LDEERT & LHEENBEEIXESINTE,
IHic, HEEIX, DHFMBROELLZ VAT AU R—2ALVT 4 FERBETHHI Fav
FUT7RERMT AT A =/ tRNA G kBEE (CARS2) KEH L, £O~TuRiEv 7 R L
AR~ ZZHVWTELHERET VIZBIT D LBROE{LE@BIT Lz, TORKE,
CARS2 ~7 o RE~TVATHHAR v R LB L TLHD RSS ENEAD L, HEIXNY
mL., LDAENEL T\, iK% O LTIk CARS2 X° RSS ARk - fA#HICED
LEERDO mRNABAKR U CTIERTLTWE, —F, Bl EEREZ O LK CARS2 ~7 1k
BLOBRCTHMEERESR CARSI © mRNA 238/ L., RSSRKR#V TV IR L& TN
HEEEMN R E N,

UEDRERIE, o7 8FR) mEHSS CARS2 ICHKT HEMRES FREO AR &R
WA, I bRV TOEFEREZN L COHOBEREMERICESE TS Z EEELL
TRLEBDTH D, RERIT. MAHOLBIIB T A2MBERMOFBAEFTNER L
LEEBEBELRMRTHY, BFEZELE — B CHLZMHICITHEIE LW & fm LT,
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