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Abstract of Thesis

Superoxide dismutase (SOD) is an indispensable antioxidant protein found ubiquitously in biological systems.
Anhydrobiotic tardigrades, renowned for their extreme resilience, possess an expanded repertoire of
antioxidant genes, including SODs. While the role of SODs in oxidative stress resistance, particularly during
desiccation, is well recognized, their molecular functions remain largely unexplored. Here, we present crystal
structures of RvSODI15, a copper/zinc-containing SOD from the anhydrobiotic tardigrade Ramazzottius
varieornatus strain YOKOZUNA-1. Notably, RvSOD15 exhibits a unique T-shaped catalytic copper center,
resulting from the substitution of a histidine ligand with valine (V87). However, its reactivity was modest in
functional assays. Structural analyses of the wild-type and V87H mutant revealed a flexible loop near histidine
87 that it conformational dynamics of this loop controlled by Tyr97, was observed in "Locked" and "Free"
states. Investigation of other RvSODs uncovered additional unusual variants characterized by features such as
electrostatic loop deletions, f3-sheet modifications, and atypical metal-binding residues. Binding studies with
azide and hydrogen peroxide complexes provided insights into potential substrate, product, and inhibitor
binding regions. Leveraging the alphaFold model structure, we classified RvSODs into alpha, beta, gamma,
delta, and epsilon subgroups based on their SOD fold characteristics. Intriguingly, our findings suggest that
RvSOD15 and some RvSODs may have evolved to lose their SOD function, challenging the notion that gene
duplications of antioxidant proteins alone account for the exceptional stress tolerance observed in
anhydrobiotic tardigrades. This study sheds light on the structural diversity and functional adaptations of

SODs, deepening our understanding of their role in stress response mechanisms.
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ARWIEClrE, MERERBEMIE RS CTEWZ & TMHND 7 ~ AT D 1 FiRamazzottius varieornatus
YOKOZUNA-1H3ED, Bt ¥ v I EThHA——FF T RURALZ—F (SOD) I[Z&EHB L. &/iish
EHSODTH HRvSODIS & IHEHIALICRIE L TV 2 F P U H 2 R &2 FEAERK L 7ZRvSOD157E F K
(V87TH) D7 AR, B L OEERT ¥ & OB IRDOXBRE MG % Sk EICAT 5 L 32, SODIEME % fliE
L. #iE & BERE O FEBIBAMR DB 24T\ BT D BLBREE G #R 2 1572,

1. RvSODISIE, {EMHEHLOCUA AU NCENLT B Z ETHOLNAE AT U H Y RBNY v (V87) IZ
BELEIN TS, XSS MAT DRSS, K¥ VRV BT =— 7 RTER OIS L a7 L, —i%
HI72S0D & B/ BB — 7, BREAN—T~DOT I JBIENR E OB AR >Z VA L, £
To. TV R ERMEIKTE & OB EROXMAE BEEREITIC L 0 | AR E A O BTERYAE & ik A3
HIA L. ZHHIEBEEIDOSODN TOREENLE & BT A ALEISHET 2 Z L BA LN o T,

2. IEHEPLOEERE RAFOUEENRKEDNLTWAZ LMD TRENZ L DI, IHVERIE DR E,
RvSODI15/El D SODIZ AR SSE DR D TR DY o 72, THMEH L& FEEAL L 7o VETHA BRI DV T H TG
ZREZAT LS, BAERICH AR EEER EFT2 600, MAEHHEROSOD & 2 & iEtTE)
IEWEETH o7,

3. 2. THLEMNITR S TARKIGIED B H 2 V8THE BAK DEIEMENT 72 HiBIE LTc, B XF T 870 < T
FHRRN—T RSB ERHLMNIRY, ZOA—TDar T xA—arZA4F 37 ZXTyr97Ic &k -
THIE SN, Ty s RigL T70—) RiEL LCEE SNz, 1 OfHT & A H¥ T, RvSODISIET-
EZIEEFEREETRLE LSO E LThH, EEFLOLREEMELS T OFEHNENZ L ARB ST,

4.  AlphaFoldE 7 W &i&EZFIH LT, R varieornatus 7369 2 2SOD% 7 4 —/L RO B DD
BT I N—TIHFE LT, BRI Z L2, RvSODIS &\ < 2 ?DSODASODIRER 2k 5 & 5 Ik L
T-REMEZ R L TRY, ZNETORRICH 72X 97 TPy v VBB FEE] 721 7T
E. 7~ AV AL DRI A N L A& G C X 2V AT B DS RIB S Tz,

LUIED X 51T, SODEL A b U AT, FRTHRIFIR 72 T RENT L O TV D23, R varieornatus
YOKOZUNA-1 i K DSOD % & Tehig{biltfn D L /3— h U —IFR< . T O FREREIXIZ E A SRS T
Tehole, ZAUTH U TARR ST, MEENZSARNE & BRBREIS IOt A T, R b L AREREIEICI 1T 5S0DD
HENZOWTOBRERD DD THY . SRICHMEXHEL2MALZETT D, EEBMAMRETH D,
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