Reviews and Monographs ERud=kars

)) ) EUFES LR R
Progress in Biochemistry and Biophysics
' '12024,51(1):20~32

www.pibb.ac.cn

BRI ERELIRIES
B iE 1 T AL H

oV ok FY A FRRY RBEY HEFC
(VNI P 2 SR DR B AR L S F AR 2R, A 4500015 2 AR 20AF Hpe, AN 450001;
3 A IEE S —BHR EEBEIRE, FRIN 4500015 © HRINKZEEE2EBRIGREE 222, #B 450001
S B IEEA 2 E B, KRN 4500015 © TTRE N HEE AT 24 BE, A5 450042)

WE A YEALE (MnSOD) HEALMIZr T4 A i LB A 7 T4 R AL S B4R R Mn™ " SOD 8L Loy 1
SR BB R 7 SRR T o B4R R R Min® " SOD i J5Uly it 48U SR S, USRI PR A R M A5 A AT BEA T . 7E18 48
Higie, Mn*'SOD Sil4 A i3 i Wit 2 69, RIFzZaYei - emgag re i S s . EIEEEitd,
A A 2 BB M SOD Fe A o Wy AL A, PRIEGEA M TR0 S 15 5 R e o AR SCHRE Hh T B2 9 1 ol SR e b Al
itk N\ M o A RO AE P AR AR A G BE D 2R o Bt 7 A PO PV P N AR RE T iy, e AR B SR R A SR A R0
PR i A B P P AR TRLE T s B AT SR 22 MR T 1 o it S A i A P OURR 62 30 7 = e T LA I O < 4 P B R
FEROBERC O T S IR . IR BEREARIY, 1K1 (B OHY) i Mn, B2 5 Mo fE AU AZ 8, i
S 5 Min I (7 B2 1738 S 1™ ] o PROHCPEARG IR T e S B AR DB PRI B b AT o e PR T LRI
A B AT, e A A B A 2 B 2 A X Rag iy GRS S 2B 1) o X SR 1y B
BT AR, R TIA05 240 0 PR 4 11 Pl SR SR A SR P S, O s il SR B P Tl R 4 11 ey R Y A B

T O

KEEia

FESES Q5. Q6

i H A AL W) 5 fL i (manganese superoxide
dismutase, MnSOD) & 3 T HLA% 4 i (% 2 A 44 il
JFAZ AR AR ST, FEAE A R A A A R
ik o HAFTERY 2 P LA SRR I 22 37 % W] MnSOD
TEA G E P B BRI . 2ok 20 Mg Gl
Hl o BT HRE>90% 40 ATP 41, Zokiiik i
BT IR DALERFFN I AR AR 2. MnSOD
1253 AR A B BRI R 4 (0,) At Ak
A (H0,), M#0A K=& —FhE e i, H
JE, HATKH 225 A G P (reactive oxygen
species, ROS, FEAFHHESE A HFMH,0,%) A
DA 4 i 1) 8 A SRS A A i S5 AR ) K o1
MIIRE, ATLMENGE S 0077 AR AR B0, e
HAr S8 . MBS . AR . I ST
Z AP AR Y, 2 ROS BARAr 2 T H4

B SA YL RE, AAET, SEr e, AR, AWsEAL, REE, BEAELE]

DOI: 10.16476/j.pibb.2022.0572

5%, HEEAEL. MnSOD Gtz 2 fb=1&
i 5 7R AF 2 AE A PO Y, Sk T B
FEBUS RIS AR, HEIT AT RE AR 8 4 ) H A
FIH,0, AR Ay ], R, BF5E MnSOD
PrEAb SRR 55 8 1 AL Do BE R LS 78 MnSOD fY AE 2
YEHIFIROS 15 556 4 . MnSOD H& A 931k
R AAREZCERE, BN AHE T
G f ol 3 R LA Y BT 5 4
MnSOD 2 ifit B 2 O A S, 2R,
R A A R R S P M TR S il I ELAT
FE A2 2E W R R At B b D £ R s g iR R 2
* RGN T TR R (52110549) B2 B0 H

o SRR

Tel: 18511068760, E-mail: johnsir@zzu.edu.cn

Wk H - 2022-12-20, 4532 H Y 2023-03-29




2024; 51 (D

KB, % SEEBEAYB R L FEIR SRR TS 21

e 5 AREER T SEiE 7R MnSOD Ak B2 N Y KA Ji
L, SRJE 1518 MnSOD i BE AR () Bl 02 3 77 2245
fE, e HCREAE B J1 2 R A A 25 A Sk A 4> T L
e R JLR MnSOD Hfb2# ik, anZ mifk
RS FEAL B 7, i8] MnSOD 32 3| Z f 1Y
PET, K BB IRT AT AR A i ) ROS KPR
i, AN ROS 15556 A R AL B

1 MnSODE /i HE AR I8

MnSOD 8 33 PAJE F5 FI A 2R B 1 Fh i 124 1k
A A M3 (superoxide radical, O,") Bkl O,F1
H,0, *", Mz L =L (1) ~
(4). HE—"HAH RS TR O, i 2
—ANTEPRAG IR A 8 LA [R) Ay o 25 45k,
TR, HR BRI T i . 55 A A
FH 3 0 83 5 A HLO, 1 B2 0 AT DL o P AE 2R
(2) sLHEEBIEIA (3) Ml (4) PIRBE AT,
TEEE R &Y, MnSOD 584 A 5 IE i —Fh
=44l (product inhibition) 4 44 1 rh[a] 7=
Yy, SRJG Rl 4 ek T A T 2248 B 1,0,
SN R E ke AR T R S R BGER &,
SEANT A AV B AL R Y A2 15 R ZE P ER
W, O, AL N =W H,0,, Mn* 50,2
(ST R 275 A i o S VA [ B 29 A = W S [ 8 8
Hkyo PRAGIIEAEAT BT 7 10 e TR g i) DIkt S 2
(turnover) S8 IH . RNEE ky/k, 19 HUAEYE A 44 R
4% (gating ratio) o [ 4% L& T MnSOD # A

GIn1434

PRI PR3 (RIS A P B A O SR, T T4
LY 73 336 A Tl T PR b E PR B0 B R AL SO | D
i ki G PR AT
Mn**SOD+0, =Mn*'SOD+0, (k,) (1)
Mn*'SOD+0,+2H"=Mn*'SOD+H,0, (k,) (2)
Mn*SOD+0,=Mn*'SODO,?> (k,) (3)
Mn**SODO,> +2H'=Mn**SOD+H,0, (k,) (4)

2 WRMEN R E SR BT

MnSOD J2& i A [i] A9 IV 26 p ) — SR A Bl U 28
i, BATESH 1M E 1. WEED R AL
[T A MnSODs HA = BE Ry R, s dE e ih
TRST Y S R 2H 0T HL e B LT ] 110 2 ) 45
o BRI . BRAES AN RITER, ASCEHA
Z$MnSOD (HuMnSOD) 2327515 . Mn &+
A TER IS, I H S 44 R ik I
(His26. His74. His163. Aspl59) Fl1ANFE )&
AT (H,OE OH (WAT1), {7 T His26 HIXF{7,
B TR S AN ECALEE 13X S AN ECARTE B T i
WPEAL AR “ N BR (inner sphere) 7. His30 Al
Tyr34 DA B Hopth JUAS S SE R % 36 T B T # l JIK 4
(0,) HEAFIF=Y (O,MH,0,) Bl “WER™ 1Y
HE . His30 Fl Tyr34 Z M K29 5 ARk (=
), BRI AR YR N ER”
B “T17, 14K (WAT2) Sl 7E 115 Tyr
MM AE (K1), Gnl43, Tyr34, WAT2 Al
His30JE R T~ “4hER (outer sphere) 7, 5 WATI

e\

v

Fig.1 Structure of the active site of HuMnSOD (PDB 7KKS, oxidized type)
El1 HuMnSODHE)EMALRZEME (PDB 7KKS, HLE)
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Fig.2 MnSOD catalyzes the disproportionation of
superoxide radicals in two parallel pathways of fast— or
slow—cycle depending on temperature
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Fig.3 The six—coordinated crystal structure of EcMnSOD
captured at a low temperature ( 100 K )
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Fig. 4 MnSOD functions as an allosteric enzyme activated by low temperature
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Abstract Manganese superoxide dismutase catalyzes the dismutation of two molecules of superoxide radicals to
one molecule of oxygen and one molecule of hydrogen peroxide. The oxidation of superoxide anion to oxygen by
Mn*'SOD proceeds at a rate close to diffusion. The reduction of superoxide anion to hydrogen peroxide by
Mn*'SOD can be progressed parallelly in either a fast or a slow cycle pathway. In the slow cycle pathway,
Mn*'SOD forms a product inhibitory complex with superoxide anion, which is protonated and then slowly
releases hydrogen peroxide out. In the fast cycle pathway, superoxide anion is directly converted into product
hydrogen peroxide by Mn**SOD, which facilitates the revival and turnover of the enzyme. We proposed for the
first time that temperature is a key factor that regulates MnSOD into the slow- or fast-cycle catalytic pathway.
Normally, the Mn*" rest in the pent-coordinated state with four amino acid residues (His26, His74, His163 and
Asp159) and one water (WAT1) in the active center of MnSOD. The sixth coordinate position on Mn (orange
arrow) is open for water (WAT2, green) or O, to coordinate. With the cold contraction in the active site as

temperature decreases, WAT2 is closer to Mn, which may spatially interfere with the entrance of O, into the inner
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sphere, and avoid O,/Mn*" coordination to reduce product inhibition. Low temperature compels the reaction into
the faster outer sphere pathway, resulting in a higher gating ratio for the fast-cycle pathway. As the temperature
increases in the physiological temperature range, the slow cycle becomes the mainstream of the whole catalytic
reaction, so the increasing temperature in the physiological range inhibits the activity of the enzyme. The biphasic
enzymatic kinetic properties of manganese superoxide dismutase can be rationalized by a temperature-dependent
coordination model of the conserved active center of the enzyme. When the temperature decreases, a water
molecule (or OH ) is close to or even coordinates Mn, which can interfere with the formation of product
inhibition. So, the enzymatic reaction occurs mainly in the fast cycle pathway at a lower temperature. Finally, we
describe the several chemical modifications of the enzyme, indicating that manganese superoxide dismutase can
be rapidly regulated in many patterns (allosteric regulation and chemical modification). These regulatory
modulations can rapidly and directly change the activation of the enzyme, and then regulate the balance and
fluxes of superoxide anion and hydrogen peroxide in cells. We try to provide a new theory to reveal the

physiological role of manganese superoxide dismutase and reactive oxygen species.

Key words manganese superoxide dismutase (MnSOD), allosteric regulation, covalent modification, reactive
oxygen species (ROS), redox, temperature, enzyme catalytic mechanisms
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