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Abstract: Alicyclobacillus acidoterrestris, a genus of acidophilic andthermophilic resistant bacteria, is an important microbial resource of heat and
acid resistant enzymes, a variety of enzymes isolated from which have acid and thermal stability. Superoxide dismutase (SOD) is widely used in food,
clinical treatment, and cosmetic industry for its important physiological functions. In order to deeply explore the molecular properties of SOD gene in
Alicyclobacillus acidoterrestris, the Fe-SOD gene was cloned, sequenced and analysed using homologous cloning, thermal asymmetric interlaced PCR
and bioinformatics. The results showedthat Fe-SOD gene(GenBank accession number: JN614998) contains a complete ORF of 606 bp, encoding 202
amino acid, the deduced amino acid sequence shared the highest homology with Fe-SOD from A. acidocaldarius DSM 446 (78%). A acidoterrestris
Fe-S0OD is composed of five motifs and the active site of SOD contains the residues of His27, His82, Asp164, and His168, which has characteristics of
protein structures of FeMn SODs family. Cloning and bioinformatics analysis of A. acidoterrestris Fe-SOD will provide information for constructing
prokaryotic expression vector and obtainingthe gene engineering bacteriastrains of producing heat and acid resistant SOD.
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TEE M T A ST RN RS . TRk
AP SOD FRH K H B IR vef 53R IA 7% 52 [E b2
F v,

[l i =2 N 7 S (W ( Alicyclobacillus
acidoterrestris) &1 FEERE RN BT, AR FETERFIR HIIR 4
WEi, EAFREJIMURE, BB SZIRMESAT T ELIGAR
MG, A IR R REABEAE
BT, &AM ZEME 7 S5 30 1 2 Pl =
A T Wi v A B0, S e P T LA g 5 AT
HOGE RS HE, 7EE S TAE P~ R NME .

AR SCAE H AR 785 IR - IE PR 2 F AT BRSOD K
it LA I TR AR PR 0 A, R R0V e B
FNAZ il SAA K FRPCREL A T e 12 1 G AR 2F AT B
(DSM 3922T) Fe-SODE:[H JHAT T AMME B 55T
RGP 3RA B e T B S,
CAHAFRAS s i R R EFe-SOD L [N T FE B, 4%
TN ISODEER BEI, AR A FIFI F R - IR 2 2
T

1 MREREE
11 FH

ZR Fungal/Bacteriall DNA Kit , ZYMO
RESEARCH, Los Angeles, California, USA; pMD-18T
#1&, TaKaRa, Dalian, China; DNA #EZEIR 7
%, Takara, Dalian, China; TaKaRa LA Tag® DNA
Polymerase, TaKaRa, Dalian, China; H:Ah¥) A5 #r
af,

12 FENE

HZP-250 R AiRdRZE5 740, LIRS RS inik &%
AIRAF; SE-CI-1F B A XL TAE G, Ml
R SHAGIRA A ES-315 £ H & S K, H
K% FNT]; TGL-16B & X m s e obl, HifgzesFl
AL EE Ty B PCR X, Bio-Rad PTC-100; DYY-6C
BUHIKAX, JRaEii AN—AEs ).

13 WA

2 + 30 R 2F fU AT B (A.acidoterrestris DSM
39227): g f [ AP L o

AAM AR IR 5L BRI 2.0 9, BERRZ R 209,
MgSO, 7H,01.0g, CaCl, 2H,00.5¢g, KH,PO, 1.2,
MnSO, 4H,0 0.5 g, (NH,),SO, 0.4 g, 1% 7K 1000 mL,
W2 pH4.0, 121 °C. 30 min K& % .

44

1.4 F[H4 DNA#H

4 1 ZR Fungal/Bacterial DNA Kit 5 # , ¥ 50~100
mg 5 A\ 3 BashingBead ™ZL fi# 85 vh Z4# 5 min,
>8000 r/min &5.C» 1 min i L35 E T Zymo-Spin™ IV i
JEAS L JEAS 4 E DNAFHERIE, M DNA 454 22 nf
WRA), FEMAZ] Zymo-Spin™ IIC 43 8000 r/min &
> 1 min. [f) Zymo-Spin™ IC K Fin A TS,
8000 r/min 50> 1 min; FIIAIEHEZEM M, 8000 r/min
B0 1 mine AR5, [H] Zymo-Spin™ IIC 5 )Ly ik
A0 A\ DNA Y&, 8000 r/min &> 1 min B A3k 15
4l DNA.

15 St RtkT K Boe g

M GenBank 8% ) LR 51E LG ER 5 H A 14 )&
AR Fe-SOD & 5L )74, FIA Clustalw
(ftp:/fftp-igbmc.u-strasbg.fr/pub/Clustalw/) 18 2215 2|
Fe-SOD ZE[E fR1 X, FiFIH CODEHOP #f4 &1t e
J514) SODbs1. SODbs2 (% 1), VAEZ+ B3 IRZ 1
FF LR AR S 1 Fe-SOD 57 [X 3 [RIZH A B .
PCR S MiZkff: 94 °C, 5min; %4 °C, 30s; 65°C,
30s; 72 °C, 2min; 30 MEFR. VIR R THA K/ ()
A B AGE R pMD-18 T 8k, 54050 M/ i
BLAST #£/% (Chttp:/Avww.ncbi.nlm.nih.gov/BLAST ).

1.6 4R #HAAF PCR (TAIL PCR) # A

I Fe-SOD 2 H 2 K

F S A FRPCRIFFAT =5 438 I REREX
SODE:H 2K 741
1.6.1 45| ikt

FRAE 3845 1) Fe-SODE A {5 X DNAF 51, 5K
Uiy F13 A Uiy A2 43 B T = 2% [R) 1) FLIR G FE R
) 4 5 1% 5] #)SODFSP1, SODFSP2, SODFSP3 I
SODRSP1, SODRSP2, SODRSP3 (#1), 5% itk
BT 2R R BERARI e 51 LAD1-LADA (3£
1) BT HAKIFRPCRIM
1.6.2 TAIL-PCR¥ 38R KL

TAIL-PCR VA Z :

% —%PCR (20 uL), 2.0 uL 10>_A PCR buffer,
200 uM each of dNTPs> 1.0 uM SODLAD primers> 0.3
uM FSP1 (5%i) BRSP1 (3%i) » 0.5 U Ex Tag, 20~30
ng DNA, HH7K%20puL.

i

% —%PCR (25 puL) 2.5 pL PCR buffer, 200 pM
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each of dNTPs, 0.3 uM SODAC1, 0.3 uM SODFSP2
(5'%f) BERSP2 (3%f) , 0.6 UEx Tag, 1 puLA40f5H
BRI —SPCR™), MN7KA25uL.

RS —HCPCRI™, IM7KA 25 pL.

% =%PCR (25 uL), 2.5 uL PCR buffer, 200 uM

% 1 Fe-SOD ERE 1354
Table 1Oligonudeotide primers of Fe-SOD gene usedin PCR

each of dNTPs, 0.3 uM SODAC1, 0.3 uM SODFSP3
(5'%i) B{RSP3 (3%f) , 0.5 UExTag, 1 uL 10f5#H:

Primers Primer sequence (5'—3)"
SODbs1 AAAATATTAGAACAGCAGTTAGAAATAAT ggnggnggnca
SODbhs2 CAATATATTCCGGTCTTCTATTTTGATATT T narrtartangc
SODAC1 ACGATGGACTCCAGAG
SODLAD1 ACGATGGACTCCAGAGCGGCCGC(G/C/AN(GCA)NNNGGAA
SODLAD2 ACGATGGACTCCAGAGCGGCCGC(G/CIT)N(GCT)NNNGGTT
SODLAD3 ACGATGGACT CCAGAGCGGCCGC(G/CIA)(G/CIA)N(G/CIAINNNCCAA
SODLAD4 ACGATGGACTCCAGAGCGGCCGC(G/CIT)G/AT)N(G/CITINNNCGGT
SODFSP1 CCGAGAACAGGCTTTTTCCCTTCCATCAAC
SODFSP2 ACGATGGACTCCAGT CCGGCCAGG TAAATTGGCT GAGGCGATTAATAGC
SODFSP3 CACCATTTGGCGAGAGCAGCTTCCAGAACAG
SODRSP1 CCGAGAACAGGCTTTTTCCCTTCCATCAAC
SODRSP2 ACGATGGACT CCAGT CCGGCCCAGCCACGCCCAACCACTGCCAAAGC
SODRSP3 GTTTGGGAACACGCGTATTATCTCAAATATC
SODqcl GAATTCCCATGGCT CAT GAATTACCAGC
SODqc2 GAATTCCTCGAGCAGTGCAGTTTCGTAGTTC
#< 2 PCR Rz 14
Table 2 PCR reaction conditions
% —JPCR % —JPCR 7 = PCR
U =EIC i 18] /min:s F¥ RESC AT /mins IR BT & 18] fmin:s
1 93 2:00 1 94 0:20 1 94 0:20
2 95 1:00 2 65 1:00 2 68 1:00
3 94 0:30 3 72 3:00 3 72 3:00
4 60 1:00 4 BB IAMERR 4 94 0:20
5 72 3:00 5 94 0:20 5 68 1:00
6 ] 10/~ 43R 6 68 1:00 6 72 3:00
7 94 0:30 7 72 3:00 7 94 0:20
8 25 2:00 8 94 0:20 8 50 1:00
9 72 0.5Cls 9 68 1:00 9 72 3:00
10 72 3:00 10 72 3:00 10 B F B 6-7/MA IR
1 94 0:20 11 94 0:20 11 72 5:00
12 58 1:00 12 50 1:00 12 %R
13 72 3:00 13 72 3:00
14 2 F R 25/ B3R 14 BHHs  134MER
15 72 5:00 15 72 5:00
16 %R 16 %R

FHRE, $rEa KA, RN e a5 R R
Y514, LAIEIR LA AR PCRA™ 18 1 it S 45 i it

1.6.3 53| 0Z BRINIE
A3 ) RN 35— RIAF — %G P CRE it Fl 30t 4 S 1 4% s
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7RI,
17 FAREME R Fa0

IR M 9w b5 1 77 3R EXPASY  Proteomics
tools (http://183 www.expasy.ch/tools/). GenBank [
HRFIH BLAST Mgsat. ZEERT 51IF I R H
Clustalw program  (ftp://ftp-igbmc.u-strashg.fr/pub/
ClustalW/) . 15 5 Ik 0l #) A SignalP 4.0 server
(http:/Avww.cbs. dtu.dk/services/SignalP) . {5 5T [X F454E
X # & F| A ScanProsite (http:/Aww.expasy.ch/
tools/ScanProsite) . i 3 ¥ T Chttp/Avww.fruitfly.
org/seq_tools/promoter.htmi),

2 ZR51H8

2.1 L [F 4 DNA 2 Bl

HU50 pLifAr-T-80 “CHMRt IEFA B2 FUAT 1 H it
{5 AR T50 mL AAMIBIARS 37 3E, 45 'C 220
r/min¥s3:16 h, 12000 r/mins Cagi BGHT F e 44, FiE &
TR /4T DNASE BRI &5 URA HEAT LR 2 DNASRER, SE2
IS 45 WE HLS nL DNABEATES B s sk, &5 51
MEFR, FrSDNATEEE, 4.

23130 bp —»

9416 bp —»

& 1 E[EZH DNA Bk ([E
Fig.1 Electrophoresis cetection of genomic DNA
7 : M: A-Hind Il digest, 1: #E 48 DNA.

2.2 Fe-SOD 2t Fff 5F X Fr B[4

F Fdegenerate PCRAJER 41 DNAY 115 £ 280
bp K /MKW, PCRF4)3IE v Bk pMD-18  T#k 4RIl
F . F314:GenBank blastELxt 234, HEMIEFR 551 5
KR T IR #4IE 246 IR % fli #F B DSM - 446 [] Fe-SOD
(ACV58017.1) FFFIAHLM It e i1, N 78%

2.3 Fe-SOD # & K 7 [& KA BT 7| 247
SRR RIT T 5 H3FM AL L

46

FLRIZHDNARNIR, 735 R 3eFE51¥LADL, LAD2,
LAD3, LADAFIEER:5|#ISODRSP1 (K1) AT M ;
BRI pL A0fE MR ISR —F#PCR™ Y (LADI1-
RSP1, LAD2-RSP1, LAD3-RSP1, LAD4- RSP1) A
BB, R FHSODACIHMISODRSP2IHAT SN ; 85 =45 L1
pL 1015 FlEn 5 5% PCR NI (SODAC1L-
SODRSP2/LAD1-RSP1, SODAC1-SODRSP2/LAD2-
RSP1, SODAC1-SODRSP2/LAD3-RSP1, SODACI-
SODRSP2/LAD4-RSP1) , KHISODACLFISODRSP3
HBEAT 36 [N 3R SOD A A 3 vyl 37 51) » HUEE = =
FMIPCRFM)# 5 nLBEATER iHE S rivk, 455 W3,

& 2 Fe-SOD ERERTFXFrFI5bE
Fig.2 Hectrophoresis detection of consened region of SOD gene
7£: M: DNAmarker DL2000, 1: Fe-SOD #&5 K A .

2000 bp—=

1000 bp—

[ 3 3' umA ZHUEEFF5! PCR =49
Fig.3 PCR product 3' ofend of unknown flanking sequences

7 : M: DL2000, 1-4: % =4 PCR =44, 58 #=4t
PCR =#1.

Yt iz [FTYAL 28— %6 LALAD3-RSP LN ASAR [JPCRY 14
Y, I SR X F AR EEY, SR/ S

S A AN B 7 B3R EL: A1 pLAE K ZH DNA A
R, BRI SM3umd BTk, R L)
LAD1, LAD2, LAD3, LAD4FI4E5 5|4)SODFSP1,
SODFSP2, SODFSP3 (% 1) HEATH 14 N 3R HLS i
SODJEKMEFH . BUE . =#HIPCR™#I%5 uL
BEATERNRWEEE I YK, 4558 K4,


http://www.expasy.ch/tools/
ftp://ftp-igbmc.u-strasbg.fr/pub/
http://www.cbs.dtu.dk/services/SignalP
http://www.expasy.ch/%20tools/ScanProsite
http://www.expasy.ch/%20tools/ScanProsite
http://www.fruitfly/

M EmBHL

Modern Food Science and Technology

2015, Vol.31, No.3

4 5' SRR FMMEFF! PCR =47
Fig.4 PCR product of 5'end of unknown flanking sequences
E: M: DL2000, 1-4: % =4 PCR /4, 5-8 #=4
PCR 4.
IR A3 — 5 LALAD3-FSP LR [1JPCRY 1
P, PP SR X PSR EEYS, ZRFFE

750 bp—>
500 bp——

5 S0D EEEFHIIE
Fig.5 Whole sequence validation of SOD gene

7£: M: DNA Marker DL2, 000, 1: SOD #MH 44 7| PCR
.

AFHEGAE: DL 1 L JEK4] DNA AR, A
SODqc1/SODqc2 (£ 1) N5|#), PCR ¥ HLIES)T
Ho HU5 uL PCR ZW)EAT Bl Hse I ra vk, 4558 0
K 5.

99 ACAATOGGTOGAAAGTTTOCACACGGTATTTOGAAAACATTCTATGAGTGOGTTACAATAGGCTITGAAACGACC
24 AATTACATAGGGAGGTTTGTOCACATGECTCATGAATTGOCAGCATTACOGTATGCATTTGACGEACTOGAACCG
1 M AHELPALPYAFDALEFP
52 CACATOGACGOCT TGACGAT GGA AATTCACCATGATOGTCACCACGOGACGTACGT TACGAACTTGAACAAAGCG

18 HIDALTMETIHHDRMHHOGTYVTNILNEKA
27 CTOGAAGGTCAAGCAGACTTGOOCAATAAAAGOGTTGAAGATCTGATCAGOGACCTCAACGOCGTTOCAGAAAAC
43 LEGQADLAN KSVEDLISDLNAVYVTFPEN
202 ATTOGTACGGCAGTOCOCAACAATGOCGOOGGOCACGOGAAOCACAGOCTGT TCTGOAAGC TGO TCTOGOCAAAT
68 I'RTAVRNNGGGHANHSLTEFWZ KTLLSTPN
277 GGTOOOGOCCAACCAACAGGTAAAT TOGC TGAGGOGATTAATAGCACTTTTGGTAGCTTTGATAAAT TCAAAGAG

93 GGGQPTGKLAEAINSTTFOGSTFDEI KTFKE
352 CAGTTCAACGCTOCAGOGACAGGOCGCTTTOOCAGTGGTTGOGOGTGGC TOGT TGTOGACGGOGGEAAACTOGOC
18 QFNAAATGRTFGSGWAWLVYVVDGGKLA

427 ATCATCAGCACAGCAAACCAAGACAACCOGTTGATGGAAGGGAAAAAGCCTGTTCTCGGOCTOGACGTTTGGGAA
143 I 1TSS TANOQDNPLMETGE KZ KTPVLGLDVWE
502 CACGCTTACTACCTCAAATATCAAAACAAACGTOCTGATTACATOGCAGOGT TCTGGAATGTOGTCAACTGOGAC

168 HAYY LKYQNIEKRPDYIAAFWNVVNWD
577 GAAGCAAATAAGAACTACGAAACTGCACTGTAAGACATACACATAT TOCAAAAGCTGTTCCTCAGGATGCTGOGG
193 EANKNYETAL*

652 AAC: “ATG

6 A acidoterrestris Fe-SOD 144K Yl SR BT 5
Fig.6 The nudeotide and deduced amino acidsequences of Fe-SOD
gene for A.addoterrestris

Note: The promoter is single underlined; the transcription start
site and transkation initiation site are boxed respectively; the terminator
is double underlined; theribosome bindingsite is dotted line.

TG [EIAT T B R B EA T U S 593 A, IESEPIT
RAFH 3 o Bume R — A L, ERANS
GenBank H [ 5 22 A —H.

MFEEREIR, STAIL-PCRIGE]—& 52 BT 7]
BEAE CORP) [2E R/ B (GenBank 7415 : IN614998) ,
HORFA:K606 bp, ZmhE20240E 1 (E6) o #ah%
fithy~_L3ife-25 bp T — 8 85, HesRE MR 5 N-35
bpfAIT, -10 bpkb B —HEMELS AL A 3R I —& &
Ui p AL 724 1B 1

24 SOD & HE 7| 24

AatIN614998

LA L PELPY ADALEPEIDEMT RIAVPEKIRTAVRNNGGAHA|

T H 0 N
AacACYSEOIT.] 1 @LF'LPYHDMEFIIU B 'VWLNIALIGE‘ULESKEVB!LISE VPENIRTAVRNNGGQHA|
B.a ADP33096.1 LM ANELPELPTATDALEPEIDK TVINLNEAfE G EEAT SVERL{EID LA VP ENIRTAVRNNGGOEA
BLEGP34768.1 6L PALPTATEAL P ERDIY T 1 EEREEER T Y VN LAA LEGED
B.c.EEN906SS. | o i
PAEGAR9211.1
AatING1 4998 LLOE L P LS PNOGGYP T LI A TS PGB FOK P KR FAAATGRFG GRANLYVDEGRLUTNS TN DP LNROKLPY
Aac ACVSR017.1 W LNYATEEN P aE FERIPREQRIAT]IRFOE GNANLVIIDNGE -STEHQDI-‘PLHG I
B.a.ADPI3096.1
BLEGP34768.1
B.c. EENQ65E.1
PAEGABS21LI
AarINGI 4998 [N OLDVWEEAYYLEYQRURPDY IEA FWRVVNWDELNEL T BRAIES

P T . 1.0 VHEEAY YLK YO R P IRV VWD Y AN
L O L 1. VW REAT LY QKR PD Y I PRV VNWDEY AT
BLEGPIT6s.1 161 ORI el e I T L N TR FADRR - -
BoEENOUGSE] 161 Lu;uunmmumﬁnpin‘nmv‘mn )
P L IR MR Al O, 0 VWREAY YLK Y QN RPDY ILARWNVVNWEEVELY

v

B 7 A acidoterrestris Fe-SOD & &S F5[ELE LT S
Fig.7 Multiple alignment of amino acid sequences
forA.addoterrestris Fe-SOD and other SOD

Note: Numbers on the left are the residue number of the first
amino acid acid in each line; abbreviations and accession numbers of
those SODs are as follows: Alicyclobacillus acidoterrestris DSM 3922
(A. & JIN614998), Alicydobacillus acidocaldarius  subsp.
acidocaldarius DSM 446 (A. ac. ACV58017.1), Bacillus atrophaeus
1942 (B. a. ADP33096.1), Brevibacillus laterosporus LMG 15441 (B. I
EGP34768.1), Bacillus ooagulans 36D1 (B. c¢. EEN90658.1),
Planococcus donghaensis MPA1U2 (P. d. EGA89211.1); identical
residues are shaded in black, and conserved residues are shaded in gray;
the conserved motif is underlined; the metal-binding site (i.e., His 27,
His 82, His 168 and Asp 164) are identified by dot.

HOMRERRY, BTG M Fe-SOD
ORI BRI G A IR 2F fU A R DSM - 446 ] Fe-SOD
(ACV58017.0) BAE MR S IMHLUE e, 978%. HAEIE
(1) 3~90™ 2 ik i 4 1L SOD ) Ny o W JE I S 25 A6) 3 5
95-198/Ma HEML 41 SOD ¥ Chifi of BA AL 1. B/ EE 1
H1 % F1Fe/MnSODs ZX itk # (I5ME A4 (motif) (K17).
motif [[ . motif[[IFImotif V73 A4 it J& 5 14 S le &
His 27. His 82. His 168F1Asp 164, H:dmotif V Aif it

47



M EmBHL

Modern Food Science and Technology

2015, Vol.31, No.3

B7 A, FEARMH B AD-X-[WF]-E-H-[STA]-[FY], DFIHZ

H&RE 4G, HAFe/MnSODsK kML 7Y friHE A 45

FHFAIE . SignalP 7 Ak A (55 Ik, UL T IRFA IR 4

FEFF B Mn-SODJE R Zifi iR 2 o2 AR R Y B 1, Tl

Mpl 5.67, 7522343 kus.

3 BR AR TR ST B (S LB Fe-SOD RUEEARYA
154

Table 3 Composition of amino acid of A.acidoterrestris Iron
superoxice dismutase

RBRABR 2B BB bt
20 A%, M ¥F #11%

A (Ala) %Ki 24 11.88
C (Cys) #Fkix 0 0

D (Asp) FAKHK 12 5.94
E(Glu) #FKHKE 12 5.94
F (Phe) KK 8 3.96
G (Gly) FKix 17 8.42
H (His)  F7Au% 9 4.46
I (lle)  HoKie 8 3.96
K (lys) KK 12 5.94
L (Leu) Hskix 20 9.90
M(Met) SRk 3 1.49
N (Asn)  F7KM% 18 8.91
P (Pro)  #KkH 9 4.46
Q (GIn) #KMK 5 2.48
R (Arg) FKi 5 248
S(Ser)  FAKMK 8 3.96
T (Thr) Kk 9 4.46
V (val) Bk 10 4.95
W (Tp) Hki 6 2.97
Y (Tyr)  #FKHKE 7 3.47

Fe/MnSODs % Ji& G, 1 5 — 4 J& F1“7Z 44 ”SOD
(cambialistic SOD), J&5#E A 7 AIFIHMN. FefE N4
¥, Fe/MnSODs— 2 2~ B4 NI B 4R
PSR, HAR — M FR NG5 o- B8 IR Coify (1151 or R JiE
Jo 34 B4 B A s M. 7R [ A W5k Y 9 Min-SOD il
Fe-SOD (1) 2 4 1% /77 %] [A] Y& M #BAR =1, AN [\ T
Cu/Zn-SOD ¥ 41, HEWM AR B T —A> 3 [ 4H %
(27131 ) /e R R b B S IR E R A (0 R, A
BRI, S5CulZn-SODIM E & HAR, Hl&EA
1R /0 B R A £ R R I e TR Pk AT T X 50
AR A8 AR £ R L T PRI 2 10 A B Fe-SOD I 24 B4 1R /77
B, BAVI T HEERAR (£, =SEEIRMN
OER, AEFENER, HAFe/Mn-SODZ AR A 1
FIRRIE, SE/KMERIE L & 48.02%, Bi/K MEE FERR 5

48

39.60%.

ANl 1IMn-SOD AIFe-SOD ) 73 1 45 i #B B A
B EEYE, S 5-BEEEFONESERE TS S
B R R — A A i PR T M SIS
HL R B TRST (34N His TR IL AT LN ASP AL 5 48
T4A, UEINH,0, RATEEDVWEHAY Y [ {x
SR, R EFR IR 2 TOAT HiFe-SODEIE RN /5
AT 73 BT I, BN T8 A Fe/MnSODs K %
BRI (RS, B A Fe/MnSODs S ik S (1) 25 1145
FHIE o

LR, X SOD HIRAME T B 78 /I B B
T3z B2 FAAR BN R BT AR 5 TR AR 2
R, TEPIEEE. Jem AR A REH RN i 527 f
FE iR A T TR A T EEAER . Rk, F4R—
Pl 45 KRB & 5%, FREUHT SOD
PR BRI E N A AR 2 e TROCVEIR Y. B AT
W 15 SOD BB 45k 4R . BN W ik
VIR RN, B AT RIA B 2V AR ol bL o i
fiff LA ALl ok, C4 oA TR L |
B RS E PERGEEAIEE . B S5 M5 ThRE IR R UL K
W ity P TR AR A S5 ] R AR

3 g

3.1 ASCHIH [FIJE e B AT AIL-PCRE AR SREL TR +
HEFR IR % #IAT 1 (A. acidoterrestris DSM 39227) Fe-SOD
F N gmidfF 5] (GenBank & 3¢5 A IN614998) , H
ORF4:K:606bp, #4202 M2 FEMR, L7 5 22.343
kDa, HIS%H fN5.67, HEZIEEERFA S5RIET IR
PHRIRER LA AT DSM 446(1SOD (ACV58017.1) 5
IR s, NT78%. R LRI ER L AT BFe-SOD
A Fe/MnSODSZ R RIS AN , vV 0 8 4
JB B 4 A TC K His27. His82. His168H1Asp164, FL A
Fe/MnSODsZ L 1) T ] G54 RHE

3.2 R ARIARR ZF AT B R I PO R P AR R
A A0 PR EEIE SLRE 7T, R TR B AR o A )
BRI IR ZEAAT RiFe-SODEE A (1o &
RGBTt — D F R IA Bk, 3RS
HE PR AR IR BT JEfil .

BH Ik

[1] Fink R C, Scandalios J G. Molecular evolution and
structure-function relationships of the superoxide dismutase
gene families in angiosperms and their relationship to other
eukaryotic and prokaryotic superoxide dismutases [J].
Archives of Biochemistry and Biophysics, 2002, 399(1): 19-36



M EmBHL

Modern Food Science and Technology

2015, Vol.31, No.3

(2]

(3]

[4]

[5]

(6]

[7]

(8]

Johnson F, Giulivi C. Superoxide dismutases and their impact
upon human health [J]. Molecular Aspects of Medicine, 2005,
26(4-5): 340-352

Haki G D, Rakshit S K. Developments in industrially
important thermostable enzymes: a review [J]. Bioresource
Technollogy, 2003, 89(1): 17-34

Dolashka P, Moshtanska V, Dolashki A et al. Sructural
analysis and molecular modeling of the Cu/zZn-SOD from
fungal strain Humicola lutea 103 [J]. Spectrochimica Acta Part
A: Molecular and Biomolecular Spectroscopy, 2011, 83(1):
67-73

2 T, ke, T A Mg AT R g AT Geobacillus sp. ZH1
S A BBl 1 5 R 5 2208 ] B W ik, 2012,31(3):
375-379

LI Hebin, HONG Xuan, HUANG Xiu-mei. Cloning and
expression of manganese-containing superoxide dismutase
from offshore hot spring Geobacillus sp. ZH1 [J]. Journal of
Oceanography inTaiwan Strait, 2012, 31(3): 375-379

Cerny G, Hennlich W and Poralla K. Spoilage of fruit juice by
bacilli: isolation and characterization of the spoiling
microorganism [J]. Zeitschrift fUr Lebensmittel-Untersuchung
und -Forschung, 1984, 179(3): 224-227

McKnight 1 C, Eirora M N U, Sant Ana A S, et al
Alicyclobacillus acidoterrestris in pasteurized exotic Brazilian
fruit juices: Isolation, genotypic characterization and heat
resistance [J]. Food Microbiology, 2010, 27(8): 1016-1022
Schwermann B, Pfau K, Liliensiek B, et al. Purification,
properties and structural aspeds of a thermoacidophilic
alpha-amylase from Alicyclobacillus acidocaldarius ATCC
27009 [J]. European Journal of Biochemistry, 1994, 226(3):
981-991

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Bai Y, Wang J, Zhang Z e al. A new xylanase from
thermoacidophilic Alicyclobacillus sp. A4 with broad-range
pH adivity and pH stability [J]. Joumal of Industrial
Microbiology & Bictechnology, 2010, 37(2): 187-194
Meandrich L, Merone L, Manco G. Structural and Kinetic
overview of the carboxylesterase EST2 from Alicyclobacillus
acidocaldarius: a comparison with the other members of the
HSL family [J]. Protein and Peptide Letter, 2009, 16(10):
1189-1200

Parker M W, Blake C C. Iron- and manganese- containing
superoxide dismutases can be distinguished by analysis of their
primary structures [J]. FEBS Letters, 1988, 299(2): 377-382
Beyer W, Imlay J, Fridovich I. Superoxide dismutase [J].
Progress in Nucleic Acid Research and Molecular Biology,
1991, 40: 221-253

SR L, BIGE 4%, ZE B A\t S AL 0BG I (hMnSOD) 11
T RER [3] 2544 97k R, 2001,8(6):352-356

ZHANG Yan-hong, LIAO Xiao-quan, YUAN Qin-sheng.
Progress in the Studies of Human Manganese Superoxide
Dismutase [J]. Pharmaceutical Biotechnology, 2001, 8(6):
352-356

FRIT 56 P 7o 1 AR E S B il 2B AL e R R
7o IR IR[D] 28 22 L FR Alk K2, 2007

GUO Fang-xian. Purification, gene cloning and expression of
themostable SOD from the thermophilic fungus chaetonium
thermophilum [D]. Taian: ShanDong Agricultural University,
2007

Liu Y D, Gao J, Qiu G Z, et al. Expression, purification and
molecular modeling of iron-containing superoxide dismutase
from Acidithiobacillus ferrooxidans [J]. Transactions of
Nonferrous Metaks Society of China, 2008, 18(6): 1361-1366

49



