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Purification and Some Properties of Superoxide Dismutase from
Pilei of Lentinus edodes Fruiting Bodies

Masako FUWA, Keiichi IKEDA, Hiroaki KAWASAKI,
Fumiyuki YAMAKURA, Hikari TAKA, Reiko MINEKI,
Tsutomu FUJIMURA and Takashi MATSUMOTO

Crude extract of Lentinus edodes (L. edodes) contained more than three kinds of superoxide
dismutases (SODs) which were distinguished electrophoretically. All of these were found to be
insensitive to H,O, and cyanide. A centrifugal study of the crude extract in 0.25 M sucrose
solution revealed that most of the SOD activities are located in the cytoplasmic fraction.

We purified one of these superoxide dismutases from pilei of L. edodes to homogeneity by
ammonium sulfate fractionation, DE-32 ion-exchange, Sephadex G-100 gel filtration and Butyl-
toyopearl hydrophobic chromatographies. The purified enzyme showed that a single protein
band coincided with the single SOD activity band in native polyacrylamide gel electrophoresis
(PAGE). The purified SOD showed a single band in PAGE in the presence of sodium dodecyl
sulfate (SDS-PAGE) and its subunit molecular weight was estimated to 23=£0.5kDa. The
subunit molecular weight of SOD was also estimated by LC-MS analysis to be 22,184 Da. Using
the sedimentation equilibrium centrifugation method the molecular mass of native SOD was
estimated to be 84,240 Da. These observations suggest that the enzyme is a tetramer composed
of subunits of equal size. Metal analysis of the native enzymes revealed 0.64 g-atoms Mn per
mole subunit in the preparations whose specific activity were 3500 U/mg. Direct analysis of N-
terminal amino acid of this enzyme by Edman degradation using a protein sequencer cannot
detect any amino acid residue, but amino acid residue of N-terminal appeared as serine residue
after the treatment of the enzyme with tetrafluoroacetic acid in a vapor phase at 60°C for 10
min. Therefore, the N-terminal amino acid was modified with acetyl group. The modification
of N-terminal amino acid is the first example of Mn-SOD. Some of other physiological and

biochemical properties of the enzyme were also investigated.

Key words: Lentinus edodes SOD (1 % 4 @ SOD), purification (}%%1), modification of N-
terminal amino acid (N Kig7 3/ BEDEA)
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BREAEVZ, YR, EYR, EART L RAESE
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BEOAREEF OIS NS, I o OEMIIC 35
{LYERICiER Z#FIHT 2 3 3 v KU 7HBEAEL,
RFEDHHIH IR 282 1Bk v 2 7 £ 53 b
> TWW 5, WML SEBIT 2 K0 TREOEY)
HERTIRLIE D 13>, VRN THhEGKkKE NS 7
Wy F A VI EDESTE, ZA=N=FF VIR
Ly —F (SOD), W& I7—+¥, XA Fvi—+F
BEDR S T O OEE L —> & LTHV
TW3, SODRA—/N—FF Y N7 =% v 2%
ALK RIS LT 2 G2 il 4 2 iR b
T, EEhOOHRTOSEREOEVICLD,
N % Tic Cu,Zn-SOD, Mn-SOD, Fe-SOD &
Ni-SOD @ 4 fEfEanmosn<Tcw b, Fi< Cu,Zn-
SOD (3 EZAY OffaE, Mn-SOD (3 EAEY D
I ha v RFY T EME, Fe-SOD 3 & A,
Ni-SOD @ FEEAEYNC A LTV b, RS T
WA AN 3EE O SOD BEEBHFEAL TV S &
DEEZEFHONTEY, FIAEE T3 3HEIEHD
SOD 74 v # 4 4 (SODI, SOD2, SOD3) »3%Hl 5
NTW5, SODI (FAHIVE ICFAET % Cu,Zn-SOD,
SOD2 E 3 b3 v K 7IZHAAT 5 Mn-SOD,
SOD3 i fffasicF4Ed % Cu,Zn-SOD T&h %,

Z O & 91T SOD AH /S YN T B ELET
BIERTH 128, EYIOHFFN], GBI
hoEHEIN, INETHE K OEYN S SOD 2347
EERS S S R A s D, S SOD @ 1K
MBI L T3/ &A@t & DIFRIEEN IS s
I otc, TEEZEKT 2HFEED
SOD othT, E#EMREEEL 5 v 7 BLFERIC
SFLTOVAHIIZE 5 2 7 &D Pleurotus olearius®
L= v vy gD Ganoderma microsporum?’)
BETH B, WAPOEENEERHIN, WInd
Mn-SOD T#J 20 kD @ subunit ® 4 &Kk TdH % C
EMEESN TV, FhTHEED Humicola
luted” %, THEEKAEVES B VIEHTEMD Phanero-
chaete chrysosporium® T & SOD A4 ElRE L& 1
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TWwa, LaL, BYACHEMAICEST 24E9D
SOD icHx, BEHR® SOD 24 % 4 v ¥ 27 HB1k
SRR D0,

v A4 %7 (Lentinus edodes) \ZHTEHEHICET 5
F/ 37T, HRZEFUDILSET V7 TRAPIEM
i o fitxhn, TR OEFEEEERE IS WL
THEHIN TV AL, ¥4 747 ® SOD % 4y iks %
L, ZOBERFNRETZE LG in v, AREGT
3, ¥4 775 SOD AKEH L2 oWE AR5
BT, FHICAKBERO N K7 3 7 BBAMELFHEAT
INTVWERZEAERHLEDT, BEOKEEE #
HEEHLITHEDO N KigT 3 /BRICHOVTHET
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FHUFUAF VS (Ny - s8] Ly
M7 o= (v IRDEMETE ) 8
DE-32 (3 Whatman Japan (#) %, Sephadex G-
100, o544 voHFE~<—H— OLMW) 3 LKB-
Pharmacia (#%) (31 GE Healthcare Bio-Sciences
(F0)) B, Butyl-toyopearl 650s (38 — (¥k) %,
Z DD AT (34 TR DRl in %2 IV 72

Al

YA 5 BIEEE (D G #Aad Win) B
K OKEZEX (BR) THE - L 72 JMS 5K-16
i) ZfEH L7,

SOD HEERZ DFHE

YA o D) OESERE, & ) O
o DA% —40°C THASE L7, UG L 2D E 5y
Z5mm MICEK L, TOEE (2,782g) &£ 1400g
OB L0 3,000mL @ 1mM EDTA, 0.1 mM
T 2=V AFIVZAIT 3 =) 7I)A 1) F (PMSF),
ImM3I—F72 73 RE258L50mM I VA
U LERfT (pHT7.8) (LIT#E@EK A) SIIcHE)
FLER A O 1 BB L 7o, BERRR, BHE LIS
Nz ks % 12,000 % g T 30 53, 4°C TELSY
BEL BB AERIN L 72, CTO&E B LN B 0IEE
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B L A ERO IR L, B, 1,400 g
DifFhd & 3,000 mL OREETE A ZNA, HI)FLLT
I 1 RFfEIERE U 7o BERRRE TR, m0orBEic & D
@A L, JeicEil L BEiREAabEb
D%, ¥4 55 OMBERIKE L,

SOD D#5EL

SOD ofEBlic B 1 2 LI Ficidib Lic 2T Ok
(M) 4°C LIFTHEME L 7o, #R L TV 2 HBEEK
12 40% BAIC 7S B K O B L 7ok iR 7 v € =
U LZERZITINA, —BEGE U, RN L 7o %
12,000 X g < 30 43fd, =L 8EEL ThrE, To L
PEIRITE T 90% AEFICTE 2 X S FEEMEE 7 v € =
v L% fNA 2 HREER, Rk HE L Cob
ZEUIXL 7o BN L 72708 & /D8 o 2R (1 mM
EDTA, 0.0mM PMSF, ImM a—F7+%+7 3 K%
G 10mM ) YA Y o AR (pHT7.8) (LI NEHS
W B) T L, [6 C#EfKR B @ 5L % 12 Refilfi
I 6 I3 L 2208 5 3BT L oo iBHr TA U o RiatE:
Dkt 2w LA REIC X DRV 7R, K AR R
BThoh UwiEE(L L/ DE-32 1 4 238 h 5
& (3X25cm) IZEBEE, BT AITKEE T SOD
EEOHB 750 v a vEREKRBEHWTSH S
LSRN L 72 R TEIN S 1172 SOD i&H: 0
bb757vavidan vt vigfg, 0.1mM
EDTA =& 10mM V) Y8 AH ) v A 8E#EE (pH
7.8) T Ak L 72 Sephadex G-100 7 Vg 41 5
L (4x86cm) WS H, MREHODH L7 57
va vaEINL 7,

B L7c7 57 v a VICKRRET v E=Y L%
A, 40% fafnfiik 7 » &= v LAAKICHSEL L
%, oL A0% BEGgE T v =9 2250
10mM V) YA ) v LR (pHT7.8) TH#EkL
7z Butyl-toyopearl 650s ®DB/K 27 v< k#5 4 (25
Xldem) 1T, WRER7Y v =9 L EBE % 40%
(400 mL) 75 0% (400 mL) % T O B HI R A0
TiaH Lo BRIEEDOH 2757 v a vAEEILL,
25mM V) YIgA ) v AR (pHT.8) IC@ENTE,
6] UREM < b 5 U b L 72 2nd DE-32 #
54 (2X15em) IC@EB S, FERTETDITE

Hd 27527 va v (SOD-A) ZHEHIz, DRk
TilkHI B3R 50, R T2 )T
I FEXIKEHNCAE—DEGE 3 r Vil & A 4~
ZHDH TG L O NI T T 4 —EFREOR LT, 1S
B, T02nd DE-32 45 2 IcWELALT7 57 ¥ 3
YiZid NaCl 0 BEABTHEES N % 2 EED
SOD it A2#H>7 52 & 2 » (SOD-B, SOD-C) 73
177E L7z SOD-A, SOD-B, SOD-C @ Z D ExpET
MUY & e 2@BERIEEZT T, 311,000 U,
53,000 U, 12,000 U T& - 72,

BREHEDRE

SOD O EE S K OBREME+FY v F v —
FHYFUAF VS —HRICLDB VI IO —L D
BT % R L 72 McCord & Fridovich o 478
THIE LTz Ty v BOERIY VMG T )V
73 VA Y v s B & LT Lowry 0 5D
THEH L,

RUZIUIT I FERKE
RERDIRFEETO XY 727 ) Iv7 I K IVESIK
H (Native PAGE) 4, Davis @ HiE8 1o U5 4
2o MBI R S TRIO VAR LUELIKE L 72,
BRIKEIR O ¥ v 7 ORI CBB 4o, [
FIEME O #e L 3 Beauchamp & Fridovich o /Y
TiT-te NFYIVEEEF N Y v 4 (SDS) 25T
2 5 7% SDS-PAGE (% Laemmli @ 4510
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LETEEICL 39 FEAE

SOD @ 53 T8 (& H 37 282 43 b Y R i 0 25 1S
RAM-185C v — % —, SHAWINH 5 7 v& s 5 —
v, WIGEEERE 2255 L, Bl 9000
rpm, HIERE: 25°C, &E: 0.1 M U v EREEG
pH 7.0 DT THRIGE L 72, 4 FffblfE i 280 nm @
N T SOD D ikBRAE 2 BIEG0ER L, o iR
ORI TV 5 24 i H OWIERL D &
KA L0 FEERD I,

Mw = [2RT/(1-vo)w*] XdInC/dr*
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5HB, RBKUAER T BREERE, v I JAEOR
WA, o 3FIBROEE, o 3A#E, Ciderho
BrICB T BIAEOMEE (280 nm OBOLED), r (3[1]
Hsthibh S Ol CcH 5, £72, p 13 1.010 g/mL,
vIERO 7§ Bk 5 0735 S RE LTHE
H L7,

7=y b OS5 TRIE Laemmli © 453101 &
%01%SDSA#&LHRY 727 )7 3 FEKKE
T h {8~ — 71 — % Phosphorylase b (94 kDa),
bovine serum albumin (67kDa), ovalbumin (43
kDa), soybean
trypsin inhibitor (20.1kDa), a-lactalbumin (14.4
kDa) ZA#EIC L THEE L7, £72, AB SCIEX
%58 API QSTAR PULSAR i B&5 it 2w
THTFEEE L7,

carbonic anhydrase (30kDa),

ZDDAHE

RhoeEEs A= IEMKTEN LGB 2 E
F& H 37 Z-7000 P22 50 Z 6 o0 i SR - G R T ©
HIE L 7zo #ERL T ¥ 7 BRFHEL O FLE 13 Maruyama
& Sugawara ® HEPD ICHEVEEEE 0.2% ) T
T IVEEBUAIMANIT LT 5 v ANT 4+ VR
T 110°C, 24 WeRIMIK AR L 720 [Rl—550F T Thik
SREL 2T X/ BRAKEERND ) V' F — A DA HTRE R
7 3/ BRI O ETHIC AW 7, MRk i i H

37 L-8500 BUEl 7 3 BRATET & FH WL THIE L 72,

R OBLENZ TR BFEBRTIES0mM ) VR
o AfEfTE HT.8) thT, %7/ pHREHDE
RT3 es pHITTHE L 72 50 mM Mecllvaine #2##&
iz SOD #E % 50 U/mL I F¥ LAIEL, 0
20 uL & F W TERAFTR I 2 E L 72,

N XKéw7 = /B

B 20~50ug %2 ~ U 7 v A4 o fEfRIC T 60
C, 10470, SHHTUIRL 7%, 7754 KoxA
FYVRAFARIBATOA R FoFr 4 vy —0 2 v —
& AB SCIEX #1:#! API QSTAR PULSAR [ E&
a2 W LC-MS, LC-MS/MS Zi#ric & v N
K7 3/ BRECY & PUE L 7o,

v A % JMS 5K-16 Otk &2 = 5 7
Native PAGE (& F 7c#5H % Fig. 1 1TR Lic, i
Mgt DfER D o, HBERK O I IZESKE) T
FE DRI 5 2~3 fEHD SOD O FEAELIER X N,
R OBENE DD\ SOD 28 FHE s i ge N v K
Th -1, EHEED SNIIEH GO Y Fiznd
nb 0.3% #@ER{L/kHEP 1 mM KCN F4E FTOGE
BEAEEKRELL, WIFNLEES NV Mn-
SOD & e & e,

Fig.1. SOD activity in the crude extract of
Lentinus edodes.
Twenty rl of the extract was loaded onto a
polyacrylamide gel and stained for SOD
activity bgf the method of Beauchamp &
Fridovich?.

—7, TOMEBERIKEE 0.25M ¥ a fiEEh T
5,000 g TELAHEE L 72 BEBIC I3 FIC Fig. 1 0o
FED/NEWSOD 757 ¥ a VA, WETITIE
FEDOAREZVSOD 757 v a v Lic (Fig. 2,

Fig. 2. SOD activities of the supernatant and
precipitate fractions by centrifugation of
the crude extract of Lentinus edodes
containing 0.25 M sucrose.

Upper lane: supernatant fraction, lower
lane: suspension of precipitate fraction.

SOD ofg#l [FEE ] © [SOD M=K D
JHEl |, [SOD o581l L HiETFEM L 72,
VA v OEERK ) S D SOD DOXEELEE D —F| %
Table-1 1T, 8L /3 D Native PAGE (Fig. 3-
A BEUOSHTE~S—H—EIERTERKIL 72
SDS-PAGE DftH (Fig.3-B) Z/rlL 7z, EBEHD
BRUKENICBWT O~y FEZ/RL, Native
PAGE T % v/s 7 Bgtam N v K &G
KB NV FR—H LI RREEF—2), s
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Table-1. Purification of SOD from Lentinus edodes

Total Total Total Specific R -
Purification steps volume protein activity activity Pu?t%%glon %&l)d
(mL) (mg) ) (U/mg) ’
Crude extract 7310 37500 111700 3.0
40-90% (NH.), SO, 236 8000 113800 14.2
1st DE-32 320 1120 497600 444 1 100
Sephadex G-100 225 250 460000 1840 4.1 924
Butyl toyopearl 144 140 373000 2664 6.0 75.0
2nd DE-32 415 89.6 311250 3474 7.8 62.6
Native PAGE SDS-PAGE
@ ® ©
© )
e —94kDa
s —67kDa
Sl -S0D @ —13KDa
w —30kDa
SOD 23kDa— s
W =20. 1kDa
¥ —14.4kDa
- “
Fig. 3. Polyacrylamide gel electrophoresis of purified SOD.
The gels are stained for protein. (A): Native PAGE
of purified SOD, (B): SDS-PAGE of purified SOD,
(C): SDS-PAGE of maker proteins

(=) (-5

SOD @ &1 3,500 U/mg TH - 72,

B, KB 2nd DE-32 Icikk 2 @B S 72
%, H I LEEF M) Y LOEBEEARTAERL
rECABRHBEDRILSZ 250D 80D 757 ¥ a
yHEIN S, Fh 5 EREED SOD % Native
PAGE Tik#) L 7259 % Fig. 4 IR L1, T Ok
B oA EKEELL 72 SOD (3 Fig. 1 Ok & ik
DR\ SOD, 2nd DE-32 12k L 72 SOD 37k H)
RO RKZ W SOD &EEZ 5N 5,

SOD-A

S0D-B

S0D-C

Fig. 4. Difference in mobilities by the electro-
phoresis of three SODs separated by 2nd
DE-32 chromatography
(SOD-A) Non-adsorbed fraction, (SOD-B
and SOD-C) Adsorbed fractions

% 72 SDS-PAGE 2 X 54y f& & L T3 Fig. 3-B
DFERMP 5 23+05kDa TH 5 EHfEES N, TD
FE9 T ESI-MS > & OHfEENE, 22,184 Da & 1313
—H LT\, —, FEREESRO SR E
X BN TREONEL S 13, EEVES T-EH 84,240
Da EEH s, AR TENCE -0V 72

=y 4 EEEEKR LTS D E b, &
7o, FEHEER OO - AN R <7 b oV e HED
(2 Mn-SOD I 78N & 7R Lie (RFEXRT — %),
Mn-SOD IR R <27 b v R L7 C
Eno, BRPOSBEMMEIToET A, BB X
CloEERIRY 72 =y bD4oyTE%A 23kDa &
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Table-2. Amino acid composition (moles per mole subunit) of Mn-SOD from Lentinus edodes and
other species a) Basidiomycota, b) Ascomycota, ¢c) Bacteria, d) Mammalia

Lentinus | Ganoderma Phanerochaete | Agaricus | Schizophyllum | Coprinopsis| Humicola | Escheria | Human
edodes | microsporum'® | chrysosporium® | bisporus commune'> cinerea lutea? coli!? liver!D

a) a) a) a) a) a) b) c) d
Lys 13 14 15 9 14 18 10 17 14
His 9 9 10 8 9 8 12 8 10
Arg 3 4 4 6 b) 7 7 6 4
Asx 21 20 20 22 22 21 18 24 22
Thr 15 9 9 11 15 8 13 11 7
Ser 13 10 10 11 10 14 16 9 7
Glx 21 21 22 18 18 25 16 19 23
Pro 9 9 9 10 9 10 10 9 10
Gly 17 14 17 17 17 16 22 13 19
Ala 23 26 25 16 21 30 20 27 17
Cys 1 0 0 4 0 0 0 0
Val 10 7 8 9 7 9 13 10 9
Met 1 2 2 2 2 2 2 2 2
Tle 11 15 10 12 13 14 8 6 11
Leu 20 20 22 25 20 18 10 21 20
Tyr 6 7 9 7 8 10 2 7 9
Phe 9 7 9 8 9 11 5 11 6
Trp 3 3 5 b) 6 ) b} 6 6
Total 205 197 206 200 205 226 189 206 198

RET % & 0.01 g-atom/mol LL R TH %5 DIt L RO N XKin7 2 /B
< ¥4 713 0.64%0.026 g-atom/mol T - 7z, L ID-SDS-PAGE # PVDF Ji i #%5 L, CBB-

FoiER» SRR &S iz SOD BAIRF & LT Mn
5L SOD ThHh AT Ebh-tz,

BROREH

3o pH ZEM AR T 5 7212 25°C < pH
2.9, 4.0, 6.6, 9.0, »DWVIIALTCHZIET 5
721z pH 7.8 T 37°C, 45°C, 60°C iz <11 30
SyREAE U, BRAIEZAE L e, pH ZEM IS
WTIE, pH2.9 TRELEENES S KEL
7o, pH4.0 DI ETiRid s A ETEWDRD 3D
SNBHotc, —F, BLEHIRITC TRIZEA
ETEM DD IFEED St 5 e by, 45°C TIRK
50%, 60°C TI3#y65% it < DiFMENKbNTI,

BEO7 I /EHEK

BT 3 /BRIy 72=y DS TFED 22.1
kDa %31, wbITWEKETRLI, i, HT
R ORIRE D S Rl s e, VIS
J LENTIS ET— RIS ASH B L 72 T RO Mn-
SOD @ 7 ¥ / [k & &€ T Table-2 IZ/R L 72,

R350 Tt LNy FEU DL, FEEICHEH L7,
Rl R AEED 520 idd S5 Lo 0.6 mol/L
TIGHR T 24 BEERILEE L 721%, 7o FA vy —72
T VY —THIT LD, WFNOEE O ARET
Hotce TNIFABEZDON KT I /BOT 3/
F g OIRIET 175 <, BT AL 3 Elisk ik
HEMS N TV R AREESHER S N, Y1 87 1R
Y)Y WO EZAYI TS D, FREKEYO
M & v 7 B TD N R 7 3/ R DAL E i
B72FUbLESNzdONBLZ VDT, ) 7t
FEfR % SUME T 60°C, 10 43 fETALER 4 2 i 7 & 7 LAk
HhESuerA4 vy —r v —8 LU LC-MS-MS
ZElAGDOLE T, NKRin7T 3/ BOEEEAA 1,
ZDER, NKEO7 I/ Bhw) vyTbb, <
Ntk v—27 v ZABPETE 2 (Fig. D)o F1e,
LC-MS-MS ic & % N Kl X7 F F 0 EH BN
10425 TH 5 (Fig.6) T &EH 6 N KlfE~<7F FoD
7 3/ BBECHIIEFE (3 AcSNTLPPLPY & #E€ & 11
foo IEDFERN S, RBEZDO N Kt 7 3/ BRI
L) UBTEFMMEESNTVWE LD EHEES NS,
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-1.200 | g
|
=1.40
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Fig.5. N-terminal sequence analysis after the de-acetylation
The N-terminal amino acid sequence after the de-acetylation of enzyme on PVDF
membrane of 1 D-SDS-PAGE was determined by automated Edman degradation.
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Fig. 6. MS/MS spectrum

MS/MS spectrum of the ion at m/z 1,042.5. The amino acid sequence of the precursor ion is
shown in the upper part of the figure. The molecular weights of the fragments are given below
the sequence. Detected molecular masses of the fragments are indicated in the MS/MS spectrum.

£ K

VA 5 FFEERO RO BRI 3 ESIKEITIC
KCN TlES N WEEKO SOD iG»#E» 5h
720 T DFEHIE, Belinky S5 & 2 HE 0HH FEEPY
oHEEREcOBLARB ORI ohicy, i
% @ KCN TRHE S s\ SOD 7 A3 i Kok
SN, kB Yy — v bIA DREREBELIL TV,
Lo L, BfECHTED SOD OikE)/ ¥4 — v g
BRI >TW, COBEVEMHET 720, ¥4
5 r FEREOEOHBERE D O L BITHFAET 51
5D Mn-SOD 2458 L 72, 2@ Mn-SOD 3+ =
B 725 7 TR T D a4y il O A R S F R B R o
SOD Th b EEZOND, CORES L Mn-
SOD O 4y TP MK X, BhiclREshTuna
Mn-SOD &[] U < 4y &H 84 kDa Clal— D+ 7
1=y PEERGLICAERBEEZGLTVWA T &N
b - foo Phanerochaete chrysosporium 7> 5 O
Mn-SOD & ¥4 % 7 @ Mn-SOD (3K kBN 7555
BT RKRERENBDHONLDT, 7 3/ BHKD
b otz HDH0VIESOD OERES» SEB SN
5o HFEFH D SOD & H#k L 7z (Table-2),
4 %/ SOD THHMT I /RO GBI E
Z 50, iz EN S IRIER UK ER LT,
BroeEaARPLERICEAL TS, fthdo Mn-
SOD LKL TREBEZEGFBED LN >T, B
AN B W TIE, Mn-SOD (38 I 3 v R

v

TIRAEL TV 5, flildE I Mn-SOD 237/ L T
WAHHIIRHE <, HFEFCRFEONHEEA
5N5, TOEFRIFETIRZVY, WEEKEY
OHE ITFAES % Cu,Zn-SOD & ik L Cafig(k
KETRELLBOVEVSHEPBEKRLTVWEDh b
LNV, Cu,Zn-SOD DIE4E, @i /K35 iRk
% (Catalase % glutathione peroxidase 75 &) & HfFE
LTWRWERIEORFEMW N B O, o HEHE % i
5 ENHREVOT, WEEINS ORI
BIl+Hn8EEET 5, L, HTEMICBLT, @&
BRI KB RBER O RS HIEICB VLT TE WL
IREET SOD Ml < K H IR db b L9 5E, =
CITHAET 5 SOD & Mn-SOD Tdh 2 4505 5,
L%, HTEMICBVT, Mg o0& bkRo 67
I P IR KR S IR A AT 5 By 7S AL
HERD DD, KEITOVWTHRRFTT LN ENDH 5,
BEA STV S Mn-SOD @ N K 7 3/ I
BALTIE, DY OBETAFA4 = vERESNKEK
Uic e > TWb, ¥4 7 ® Mn-SOD IZ2 W\ Tl
N K7 3 7 Bht) vEETLI ST 2 F Lk
INTWBEIENHIAL /oo NKUGT 3/ BROE
i LTlE, SFTHUIVE 7F0HE, 3

ZF UK, Yo sy IV, 2 FOUES ERES
NTW3, Fodhcr VEICE ZEMIZ, —

W FR D & v IS 55, Cu,Zn-SOD
IZoWTE, v yRE DFRMERD SO Cu,Zn-SOD
DN KT I/ BBIZT v F VETEMIN TV,
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£ b ®D Cu,Zn-SOD ZRIGRE RIS 2 LT 2TV
fexnmn?, i, FEEOCEEBRTT - 723
Sicid, N7 & F thtec 220, Mn-SOD
IZBE L Tld, Bacillus stearothemophilus (FlE),
Escherichia coli (HiE&), Saccharomyces cerevisiae
(BRD, E M 5 O Mn-SOD @ N K7 3/
g 3L B A2 1T TVt W, 5E-> T, Mn-SOD
DN Kiig 7 3/ BRPEF BRI ZZ T TV EHDT
ODHThBEBEZ NG, 112, WEEA» S HRE
I N7 Mn-SOD @ N Kb 7 3/ BRER 3L &
EZZFTOELEPIAIHTHLDT, 5%, o
Mn-SOD @ N K7 ¥ / RO EOGMITE] L T
IHEEBEREHOCCTEESNTT 5 2 L b0 ELEED
N3, —fICE”KAEYO Mn-SOD (3~ 7' F VR
FREHB, I b3y ) TIBTRICUNESZ S
ZOTCTNRKIGT I/ BRIE T FufbanTOizn,
—J, HIE D Cu,Zn-SOD & N Kig 7 3 7 k)
TrEFULENTVE DML, FHERPE b
OMIAEICHEET 522 DY v 7 HD N Kb 7
I VBT FIEEZITVEN, TOEHKIL
COh->TOVIBY, MREICHEESTZ YA 57D
Mn-SOD & 7 & F Wb EZ T 508, T DEFRICH
LTHHREDEZAARHPTH B, BIE, V157
Mn-SOD O—kEEic>W T bathTdh 5,

&

AR AZFTTHIcdhlicy, HELITER R
7% 0 & U Bia SR X St AR R A i 52 AT
B HRatt His) OFEERAR, JITFHE KR
CICEBRMEI D v 1 4 7 & TR SV E L
BRI GRAHE (B et WiR) B UREE
BREHICECEILE L B4, £/, R
BT & 25 RO WIE KR T o1
BITROCEETHE - MfrLcilEE L,
SV LET,
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