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Abstract: An SOD gene (SODBa3) was cloned from the genome of Bacillus sp. SCSIO 15121 that was originally isolated from the
sediment of the South China Sea. SODBa3 contains 609 base pairs (bp) and corresponds to 202 amino acid residues. The pET28a (+)-SODBa3
expression vector was constructed in this study, and heterologous expression of soluble SODBa3 was achieved in Escherichia coli BL21 (DE3).
Enzymatic properties of the recombinant SODBa3 were then studied; the optimal pH and reaction temperature were 8.0~8.5 and 60 C,
respectively, and the specific activity of SODBa3 was 3215.6 U/mg. The results showed that the activity of SODBa3 was sensitive to
CH;CI-C,H5OH but was not affected by hydrogen peroxide, indicating that SODBa3 is a Mn*'-dependent enzyme. The thermostability of
SODBa3 was also studied by circular dichroism spectroscopy and by examination of changes in the activity of SODBa3 at various temperatures.
The results revealed that SODBa3 was relatively stable during treatment at 40~70 “C for one hour, and the residual activity was 50% after
incubation at 100 °C for one hour. The metal ion tolerance experiment indicated that 5 mM Mn>" had stimulating effects on SODBa3 activity;
SODBa3 showed good tolerance to 10% ethanol and dimethyl sulfoxide (DMSO), and the residual activities were 112.56%+9.77% and
98.55%+6.47% of the control activity, respectively. These findings indicate that microbial SODBa3 has high potential for utilization in the
industry.
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i3 . AN AL (Superoxide dismutases, SODs,
EC 1.15.1.1)2&—H0M 2 NEEn, HAEMHAER
AR IR, BB AR I s . R A
H1 SODs % H FHEE AL O 1 Hy0,, HaO, P
AR — P B R N ToE 1) HaO, AT 58 R4
H IR . RiEEE ST HErAR, 1P SOD
43 N=KZ: Cu/Zn-SOD, Fe B, Mn-SOD P & Ni-SOD,
Hor Ni-SOD = EAFAE TR WA A i o A
[Ff¥] SOD 7EAHMH /3 A XA E], A 1 7EdEL
R A T AT T 2 2 IR R &
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JRE IR B FEEE 245751, SODsH] FAEME4#iBh
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ZHRTR k. 55k, T SODsMAEYMLIREETER
RIS 2G4 AR A 25 2 Y. BT i S a8k
ARPERN G B R 2R, 1 Lol AR =R SR B A
o FH 2 R AR EE, 1X T SODs# e i 1
BRI EER . 4 B A e #ER E SODs A H i A 7834
R AR R ZERAT R AN B RO R, BRI
Fiti B ZE AT 1 T R T HFASODs £ % B2 5 3o

W T HhER 23 HITHAR, AEVIRRIREEE, i HIR
BE, UFZEYERER T EE . mE. SRS
5, NIRRT B A R SR T R
s AHENIFEERAEY) 7 B AT %558 SODs HIRkiIE
HIAZ Mo B0 EHTHERT 7 — PR S A 5 2 1
FFE& (Bacillus sp.SCSIO 15121), ‘B REWTE 60 CHiF#
WA, AR H A i iR SODs #5471 5
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111 @Sk

Bacillus sp.SCSIO 15121 43 & H 5 o E #E(89 °
29.22'E, 10°00.12'N)-3400 KGR, FEiT 2014
4 H 26 H, FerbmiffEit Rl MR e, AKX
FLERE LD, FEECREETE T-20 CYA R
JFURL pET-28a(+)4 H Novagen, USA, Escherichia coli
DHS5 F1 Escherichia coli BL21(DE3) (Promega)7 #{E
o H 3 DR ) o P AT 2 T 2
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1.1.2 K5

FEGGH: AR SE R ARG &, RN T
1 EcoR 1 11 Xho 1 4 H Thermo Fisher Scientific Inc.
T4 %45 TransStart” FastPfu DNA PolyMerase I [ 1t
RSV AR AT . DNA i EGAFIEN H
Omega bio-teko FURFEEUAGIEI B g4
HABR /AT . Ni Sephraose™ 6 Fast Flow 1 PD-10 flii
IEFEM H GE Healthcare Life Sciences, UK. H B
EORAIER
1.1.3 &

PCR1X: Z£[E1A 4% S1000™ Thermal Cycler; ¥
YREOL: 75 Beckman Allegra X-30R BbRfX: Ffit:
Tecan Infinite M200 Pro; & /& KW fs: HAMRT
MLS-3781L-PC: #&IK: it FEmA g mAsR
PJS-2012R; HEFEMEIEAX: TBOH < MR I A FR
A SCIENTZ-1ID; pH it: #&[ Sartorius DB-10,

1.2 F&

12.1 AR EBEABhME

Bacillus sp.SCSIO 15121 F& K2 4Ll e B -
E AR AR AT TR, 8 AEYE R,
RIMFEERAHEA 3 MFERN SOD [FFURSAE
(Open reading frame, ORF), R#EH h—FhiEE A
L) ORF(SODBa3)(E B kit 514, 2 A T4
TR ERAF SR, SIYEMEEMT:

SODBa3 F 5-CCGGAATTCATGGCTTACAAAC
TTCCAG-3'(FRIZFIR EcoR 1 BEVIAL £7);

SODBa3 R 5-CCGCTCGAGTTATTTTGCTTCG
CTGTAAAG-3'( FRIZFRIR Xho 1 BEILL ).

PCR ¥ 42 A@95 ‘CAEVE 5 min; 295 CAF
P 1 min; @54 ‘CiE-k 30s; @72 CLEfH 1 minl0 s,
Q@FI@HEAT 30 MEFF; ©72 CLEM 10 min, A5
16 ‘C. ¥ PCR F=¥I7E 1 %I iepEseeH, T 120V B
JE T HLUK 20 min, B THR UG R G HE . [F11 600
bp A5k . PCR =4l pET-28a(+) 7 I EcoR
[ A1 Xno 1 FgY), 43 5lEISC. 42 B4R\ BURNBAR BE
JREE 301 [EEM, T4 EHRGIERE 20 min J5, A
K DHSo &S24/, VK 30 min, T 42 C
IKIBARBE 90 s, UKIB 2 min JE I 500 pL LB A
REFEEE, 37 °C 200 r/min ¥53% 1 he SERWIE OGRS
FTEFA 50 uL/mL [MRHEZ LB AR, 159% 16 h
FE A EHOE R, SRR RIE TR, R
BARK R LI o
122 F3 57

ORF 4 #1 K H £ 28 #2 & FramePlot 4.0beta
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(http://nocardia.nih.go.jp/fp4/) 5E . 155 KT 51 MR
H SignalP 4.0 il T. & C http://www.cbs.dtu.dk
/services/SignalP/). 7T HL STHEM A Expasy
1E 28 #2 [T (http://web.expasy.org/compute_pi/) » 14 FH
BLAST #1472 A /¥ 41 Lb %} (http:/www.nebi .nlm.ni
h.gov/blast/) . =R &5 TN AH  Automatic Modeling
Mode server (http://www. sbg.bio.ic.ac.uk /phyre2/html
/page.cgiid=index). % F5IILLXHEH MEGA 5.0 77 .
1.2.3 SODBa3 %A 54tk

VR U1 pET-28a(+)-SODBa3 # A 2| KT i
BL21(DE3) /&2 &4 fud, BAATIESR 121,
BL21(DE3)}57% % ODgoo N 0.5 L5 2 [, fil IPTG &
W 0.2 mM, FIFHINA 1 mM MnCly, 25 “CH55% 16 he
BV 4000 r/min, 4 °C 50> 10 min, YA 4. 300 mL
B4R 20 mL (50 mM, pH 7.2) PBS 2k B 2 F ik,
A BRE 15 min, 4 °C, 10000 r/min E5.C» 10 min, Y&
£ i,

IE BB A S, F 30 mM BRISSER 2L B
M 5 mL, 500 mM KBS H 8 E, Wk 3.5
mL. {fH PD10 i shAtgbiTiish, BAATES) K
YL AL AR 10%0 SDS-PAGE %5 4 F i
L2
1.2.4 SODBa3 B&i% M T

SOD 3% 77352 K F A VUM (NBT) Jeid Jiik,
BARGIRI T (OHL 54 mL, 14.5 mmol/L DL-FARER
f2; 2mL, 0.05mol/L [¥] 3 umol/L EDTA (pH 7.8 &
ZEMVRECHD: 2 mL, 2.25 mmol/L ) NBT; 2 mL,
60 umol/L A% RIAIR A, FLhil s BTRA W, Tt
HE . QTEEA 3 mL KMEEHRIBREH, A
B, TREEAEEIIAE R b, fERIREIRAE A R
720 min, @HUHRE, M E ODsg HIEUE. LA
SRR BRI O i RIC IR E, AROEE
PO

PTG SR e AL N NBT 385 s R4
il 50%0M i 75 g 2o — NS B4
1.2.5 SODBa3 #&i% pH Fefki& R L8 E

HCii 50 mM AN [F] pH BRI 22 5 TR : NaAc/HAc
(pH 5.0~6.0), FHIRZZ M (pH 6.5~7.5), Tris-HCI (pH
8.0~9.0)F1H % #Z-NaOH (pH 9.5~10.0). %8 1.2.4 11
Jrik, T35 ‘CRillE SODBa3 7EANFIZE i i
W, DURCORBHE N 100%. K5 50 mM, pH 7.5 (%%
MCE T AFEEE(G0~90 C) FHi# 30 min, %[
1.2.4 7700 AN ER XS E4H SODBa3 BHE 115
Wi, DA KSR 100%.

1.2.6 SODBa3 #)#A% 7

WG BRAE 40~100 ‘CALEE 1 h J5 & T 50 mM, pH
8.5 MIZEMh, 1418 1.2.4 [J574E pH 8.5 IIZE ik
i, T 60 CRIEREE. ARSI TN
100%.

127 B=&#EnE sk

N AN FERE@40~100 C)%f SODBa3 45t
[PIEENR, SR B — il 200~260 nm Y FEl P £
RSO ARAY . B R FEEHIE 0.1 mg/mL, i
BT 1 mm A, [5G fd A %
B 100 nm/min, % 0.1 nm EEE— R EHE
1.2.8 HAUEF A= E A2 SODBa3 B 49 %
")

BRI 5 2K B9 10%(V/V) I BT, 0.1%(V7V)
() p-3idE ST 2 MR SR CRINBERL) 7S LRI
T4 CLEFE L h 5, %18 1.2.4 [J577E pH 8.5 25k
Wb, 60 C R IE G . DA Ab P BV A RS N
100%.

129 4 /&% T4 SODBa3 8% t9%h

TEAE A pH 7.0 R BCHI 48 & T, B85
SmM &R CGRINBREINZS AXTHRD 4 CAb#E 1
h i, 7518 1.2.4 B3R pH 8.5 HIZEaiiH, T 60 C
NI ERHE . DLRACIRBRR BTSN 100%.

1.2.10 SODBa3 /&, &R LA b5 E

SOD JEMEHL UK R A NBT Jefayk, Jeliihlbl g
i

1 S Y, FREL 200 mg NBT ¥4 T 100 mL 2251
K, FRA 2.45%10° mol/L ¥ NBT W&k, 7 REAE
H, BEHBLE.

2 YK, FREL 1.05 mg BIEER, MIA 418 uL
TEMED, H 50 mmol/L pH 7.8 BFRZE MK EZZE 100
mL, /% 2.8x107 mol/L TEMED #12.8x10™ mol/L ]
[ S8

3 S, FREL 0.29 g EDTA, F 50 mmol/L [¥)fi
BRI (pH 7.8)ERE 1 L, BLEL 1x107* mol/L 1
EDTA .

J:45 SDS-PAGE H[f] SDS, T 120 V R~ 2 h,
BERE T 1 SY 15 min, 2 544K 20 min, LA L
WIRAE BRI AT

XPT SOD 4@ B FRMEE, MNTE 2 TPl
HEIIAFIHIF, KA 10 mM H,0, 1 CH5Cl-C,HsOH
(3:5, V/MALER 1 he HEHN 3 SH4K, TIHL FEDE
ESSREER. T iartiiN
1211 #IELHH47

Hel K FH PS8 AR R 222K s SR Excel 2010
W2, BiEgit SPSS 19.0 bt T, RH
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One-way ANOVA Al Students” T test f56 % £l 1T
30T, RFEEFN p<0.05.
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2.1 SODBa3 7 7| 3 #f

ADU17255.1 B
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= B I )
w0
S
S

(%] 1 SODBa3 FIELE Mn—SOD FHIIEL%F
Fig.1 Sequence alignment of SODBa3 with some other
Mn-SODs

Bacillus sp.SCSIO 15121 4B YPV 15554,
ATLATE 70 CHEFR4AMF TFAEK, 24 165 DNA M7 Lt
%t, Hl Bacillus licheniformis AR 97.29%,
R ANEIGE . BSOS YOI — MR
5, POZUAERTMAEYIEZ, (HE FRANAS
WS R, MUFEEAME, FN&EE. mEhE
A A SRS TGOS Bl X W AE® W W, Bacillus sp.
SCSIO 15121 (143 EWIEsE T RS 25
P,

WX} Bacillus sp. SCSIO 15121 FPK 4347
IR, Hrb s 3 AMAEREN SOD (1 ORF, M
ri—/ SOD (SODBa3) 4% K 1 609 bp 411K,
GC EEA 45%, MNAE 202 N ILRRkAE . ST
W, ZIERRF SR A 515 5K - SODBa3 Z I Blast
SRR Bacillus sp. IR E SOD (Accession
No. WP_023855215. )AHBAEEIL E] 100%, {HEiXA
Tt PR AR 1 T T 7L . SODBa3 &ML 741 Al
H'e SOD Lbxt4s R ILE 1, HPHIH477E Mn-SOD
RHIE 7 %1 LPXLPYXXXXLEP F1 DXWEHXXY!®”,
Ui By SODBa3 #] f& & — 4~ Mn-SOD . i it
SWISSMODEL %t SODBa3 [ = £ 45 kAT,
SODBa3 #ll Bacillus subtilis *[f] Mn-SOD(PDB code
2rov) SHBLRE Bt A B 88.12%. FLiE Ml 3 4

80

HE R His27, His82, His168 Fl—A~ Asp164 )k,
X 4 NAFERRAE =R AT RN BARE, M RaETE
fty, XFIHE Mn-SOD 51 547,

2.2 SODBa3 Wy &k 4k,

B &I http://web.expasy.org/compute_pi/ 11 H ,
SODBa3 it 4 &N 2253 ku, pl N 533,
SDS-PAGE HEJk 45 2R i/ (5] 2) L 4H SODBa3 53 &
27 kaity, HCERRATEMK, USSR
BUESCHREI, AR BT N S 6 MRS BE
AR i A A W 5 D DR i T 2 1 Bk AT
SODBa3 7t BI21(DE3)H =il | n] ik, 1 H ]
VRS A R AT FHASRIDKEIR FEBE I AR T, K
ZHUE ITERKMEIR FE DA 300 mM B BEE T oK.

M 1 2 3 4 5 6 7 8

66.20 ku

45.00 ku
35.00 ku|

25.00 ku|

18.40 ku
14.40 ku

&l 2 E4AFE N S0DBa3 #£MmHAY SDS-PAGE [E
Fig.2 The SDS-PAGE profile of purified recombinant protein
SODBa3
7£: M, Marker; 1, IPTG #-%/2 E. coli BL21(DE3),
pET28a-SODBa3 ¥%&%9; 2, IPTG #/5 E. coli BL21(DE3),
pET28a-SODBa3 _Ei#; 3~8, 80. 150. 200. 300. 400 F= 500 mM

2.3 pH xf SODBa3 & 14 th & v
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1k

0

Residual activity / %

pH
[E] 3 pH Xt SODBa3 SEMHISAAN
Fig.3 Effects of pH on the activity of SODBa3
i RAFREF ESEATRI A, TR FE
FTAE 0.05 7K L) LA 69 B £
SODBa3 fEAR[E(pH 5.0~10.0) A2 iR 3 :
AN, S5 LA 3. SODBa3 fERS MG (pH 7.0~10.0)
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N HIBE R LT, AXTEREE KT 50%, pH /T 6
TS 2R %, SODBa3 fividi pH N 8.0~8.5. fEL.
HRAE I Bacillus J&T1 SOD H, 5 A/b i iE MG # & 7E
BRMETEE Y, AUAHT 7o B — 2D,

2.4 B ST SODBa3 & M By % ui

S e T R ENREE(30~90 “C) R, SODBa3 i
PRI, AR ILE 4. BEREAE(L, SODBa3 [f)
BB 14~100% A, BREHRGE1E 60 C, &
TEUKT 60 CHWE 2 FEES . 1) SODBa3 (1)
BOERME R 60 Co

110
100

0

Residual activity / %
AN ~
P <
T T T T IQ:\ T T T 1

30 20 50 60 70 80 %0 100
Temperature / ‘C
[E 4 JREEXT SODBa3 SEMHIS/NT
Fig.4 Effects of temperature on the activity of SODBa3
E: RARBEH ZoVEATRIT AT, RR6 B FE
AL 0.05 7K L) BA 69 R FEHE F,

2.5 SODBa3 # # 44 &

SODBa3 fEA[EIEE(40~100 C) Ni¥E 1 h, 7£
Tris-HCI (pH 8.5)ZiH, T 60 C FIE/HE, 45
RILE 5. SODBa3 [MESTE 40 CHIFEE MR &,
50 ‘C~70 CLREFR TS, 80~100 CHESEE TRt
P, HTERNSE SODBa3 7£ 100 CALFE 1 h )&,
SBEREATISRATIA ] 50%, HHikr] )L SODBa3 /& —/Mif
g, FEEIEEE K SIS T IX — 5 R (E 6).
110
100
90
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70
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20

1
030 46 SIO 6IO 7IO éO 9I0 1(|)0 liO
Temperature / ‘C

5] 5 SODBa3 HUFARREM
Fig.5 Thermal stability of SODBa3

a c b be

Residual activity / %

E: RARRE G ENBITRIT A, REWNE S5
KA 0.05 K () BA R FHEF,
40 °C 50 C - 60C___70C__80°C _90°C 100°C

il Ao |

E 6 TEIRELIE 1 h 5, SODBa3 jEMEHEKIFEN
Fig.6 Native PAGE analysis of SODBa3 after incubation at

various temperatures for one hour

2.6 [B = #if 47 SODBa3 44 & %

[5] — €2 (circular dichroism spectroscopy, CD)A]
AR SRear U2 11 ) — R 25 R AP B I AR E M. E
AN fIIEE R » SODBa3 £ 200~260 nm i [ 4 F L H
ANFIFEREAFAE, 7E 210 nm A1 225 nm AMERL 2 MK
EB(E 7). 24 SODBa3 7£ 40~70 ‘CALFERT, 210~225 nm
KPR @, SRR AN N BE I 24
FIRAETEN, X 45 A _FTHR R g MR R IG FE A —
2, Uil SODBa3 &l .

10

—40C .

~ St —s0TC 80 GC
g —60°C 90 C
s Op g 10T
g i
2 -10 e | | |
5 \ 240 250 260
& aspo\ Y o
X 4 -~
< 20f

5L

& 7 TEIREALEE SODBa3 HYE — & i&[E
Fig.7 Circular dichroism spectra of a purified SODBa3 sample

after incubation at various temperatures

2.7 SODBa3 4 J& 3 kA

& 8 %7 SODBa3 & /B HHE XA EMHIKE
Fig.8 Identification of the metal cofactor type of SODBa3 by
native PAGE
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vE: 1, SODBa3 &4 2; 2, 10 mM H,0, 422 SODBa3;
3, CH;CI-C,HsOH(3:5, V/V)4 22 SODBa3.

Fe-SOD #1 Mn-SOD [F]J& T~ SODA W5 %, €Al
TR ER ARG, HAEMELAX 53, T Fe-SOD 1
TH BRI EERR, T Mn-SOD 7EAH R AL E 2
RAER, Kt Fe-SOD Xt H,0, #U, i Mn-SOD
X CH3CI-C,HsOH U, 852387 LR EL SODBa3
% 10 mM H,0, AMEURK, %} CH3Cl-C,HsOH(3:5, V/V)
HUR(E 8), £F4 Mn-SOD HH1E, iX—455A0 FikAy
JFHEEAT 25 SR — 5

2.8 4B % Fxt SODBa3 & 4t & v

1 TEI&BEFXI S0DBa3 EMF/
Table 1 Effects of various metal ions on the activity of SODBa3

EHBT SR E/mM AAAF B /Yo
Control 100+3.55
Mg** 5 78.92+3.11%*
Ca?" 5 81.98+2.38*
Zn** 5 83.1145.56*
Cu* 5 110.11+3.21
Co* 5 86.09+4.74%
Ni?* 5 98.41+6.04
Ba** 5 73.89+3.69*
Mn?** 5 135.26+7.87*

vE: KA Students’ T test AT AT, “*” & T4 0.05
K B (AN B A B S

KHI 8 Fh4r R B It SODBa3 4@ B it 5%
PE, N T EREEEFUUE, MRAEE S TE 50
mM Tris-HCl pH 24 7.0 B 7 E 30 min, 2850
SERRE, SERWE 1. BERATE, Mo RS
YEF, AR 135.26+7.87%. Cu* Fll Ni* B3
SEEFE, NIRRT 110.1143.2 A1 98.41£6.04%,
He &8 s 1 B A I R R sEma s/ o

2.9 A AE R W 5 A 5 1 SODBa3

T HY R 7

S LU T ARG HLVE ) 0 7 R0 A8 P4 77 %
SODBa3 BH&MIM, R WK 2. fEATIER 5 Ff
HLAFRI, B (10%, V) HETR(10%, V/V)
X HERE R R R, AR R 112.56+9.77
H1 98.55+6.47%, il SODBa3 X £ EEAN I FE EAK
BRLF RSS2, T AR I — &

82

YRR . fEAEY it F b s A, W H A R A AL
VAT E,  RAFRIE LA 2 A H T AR
i, Ptk SODBa3 1EAEYHLt il 2 )5 T B AT UK
A . #4377 Tween 20+ Triton X-100. EDTA LA
JANVER] B-ME TR Z0 B s B fE A, H2
SODBa3 % EDTA K HIM 2 AR LT, 73
XTHET 82.13+2.83%F1 80.20+7.45%.

R 2 NEIBHUAF. HIFFRIFIZE4FIXT SODBa3 SEMES/MN

Table 2 Effects of various organic solvents, inhibitors, and

denaturants on the activity of SODBa3

HAGER) . AR KA OB E /Y
Control 10042.35

Tween 20 0.1% 28.54+2.10%
Triton X-100 0.1% 19.36+4.07*
ZEZ Ethanol 10% 112.56+9.77

LB LB Ethyl Acetate 10% 68.33+3.94%
LM Acetonitrile 10% 83.17+5.13*

— ¥ A T DMSO 10% 98.55+6.47
7 8f Acetone 10% 76.37+6.29*
-3 B f-ME 0.1% 33.40+3.55%
JkF Urea 2M 80.20+7.45%
EDTA 1 mM 82.13+2.83*

7E: A Students’ T test #4743+ 047, “*” & T4 0.05
AP B HERFEWEF,

2.10 SODBa3 B vk X By 5 M it L3

I SR A 49 T 4531 (11 SOD — i LA L4 1 4
FasetE, —se gAY IAFa e SODII IR %3 . fELE
IBERISODH, BEffs CARME TVESHZER)
1) A& Sk IR T IR A B Bacillus  licheniformis 1)
sopM20M", HELEREIAFI9780 U/mg, HSRSODBa3
(IS L SODM201I, {H 2 #fs e MEE = T-SODM20.
AR e R 1 5& Thermus thermophilus HB27H1—/>
SOD, fE100 ‘CAbFEI hilR57%MIEE, 110 CALEE
1 it 20%[HEE". SODBa3 ke & M Alix /il
BONHEE, {HZSODBa3fi#E /3215.6 Umg, T
T thermophilus HB27 1 [F]iX 1~SOD . HH 7] I,
SODBa3 HA H ke e 1
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Table 3 Comparison of the basic properties of SODBa3 with those of some other thermostable SODs

kR AR eBE B Lk
iEpH 8.5; RKERHLEE60 C; 100 CLIE . )
Bacillus sp. SCSIO15121 . 3215.60 Umg ( AANBT* ) FHR,
1 ha250%49 847
FiEpH 8.0; RIERAIRESS C; 90 T
Geobacillus sp. EPT3 ] RARAE [6]
1 min| R57% 89 87%
KiEpH 8.0; RIERHRESS C; 95 CRHE n
Bacillus licheniformis ] 9780 U/mg ( #ALNBT# ) [11]
10 mind &50% 4984 7%
Bacillus subtilis ATCC 9372 FRiEpH 8.0; 55 ‘CALILI0 minf| 4 75% 49 547% 2553.21 U/mg(AF R Z8rik) [12]
. . . L 840 U/mg (4@fiL&.%C-
Chlamydia pneumoniae iEpH 7.5; 90 CA 230 min| 4 10%49B47% e 9 [13]
RS A )
KiEpH 7.5; RERFRESS C; 80 CHHE L
Thermomyces lanuginosus ] 1760.8 U/mL ( #ALNBT#* ) [14]
28 minF| & 50%49 547%
FiEpH 5.0; KIERALEZR0 C; 100 CH3E ) 4
Thermus thermophilus HB27 1417.5 U/mg(ARFK = 8rik) [15]

1 hf)&57%0 B 5

3 ZHig

AT T FE R TRR A R oy B — AT
(R 5 2 AT 8 (Bacillus sp. SCSIO15121), Bl 43
BRIZHINFT, 315 7 3NA R ASODIORF o AHH 7T 5
Hrpr—/~SODBa3, Jf# | pET28a(+)-SODBa3#ik
B, SEELT HAE KA BL2 1L(DE)3 (AT i R
ik, &% G EIEpH N8.0~8.5, Huid N I FE
60 C, LLEEIE }N3215.60 Umg. SODBa3HA KT
M, 100 CHEE hEIA S0% Mg 5H'E
SOD LL# 5 & Bl, SODBa3 & H i #4 2 5 M fe it 1
SODZ —. #H4h, SODBa3 Xf H,0, A &, *t
CH;CI-C,H;sOH#U, /& —/"Mn-SOD. M4k, Mn*
Xf SODBa3 fiff i A 2 #E4E A, B vl xf i 135.26+
7.87%. fxJ5, SODBa3X} L BEA — FF I I ANA 4711
M52 P H . B3 25 A o ek B 112.56+9.77 A
98.55+6.47%. IXLELE K ISODBa3E TN A
BKIIME.
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