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BIREHRMAEY N2a £, RAE¥R—RERIT RIS BNC AL 5HRHA

EEENEY N2a £ REFR—EIRITELSES BNC
SRR
B OE
RETEAEMHECLILLORFRREEYE L FE TR, REIELE
BTN A AR THERESIEE EER L. AHFRNERE
Kb EE S A SRRk, KN FHUAT R (Bacillus) % . WARTH T 2
FaFTE B (Bacillales) =3B LH R HHIFT AR AN 16S rDNA R4, 4l
THRDAER. BRMNEFE 2 KRB A TS R SRS R AT,
ST T AR RHR A R R AT o
MR K2 B A st md S EEE bk, TR1867 49 BRI
AT EEE, HLEASREER S T AT ENEE. AR
FEEERER 15 KEIT RS EE S TR R MBS . HP N2a BbETER
#, EEERARETETEE 1200 Umg. 49 RARENRS SEREFERBEIR
TRFHE. #—PRE N2a KIEFMREES 16S tDNA FFFERIERE N FHTE
BRI . N2a R EMHITE, RE23), P2 amiTE, TERITERY iso-Cl4:1, iso-C15:0,
anteiso-C15:0 M iso-C14:0.N2a 55 B. barbaricus. B. arsenicus, B. macauensis 1 B. gelatini
(¥) 165 IDNA FFFUABIUER Bk 99.4%. 97.9%. 96.1%F195.3%. N2a fIRHE (4°CH
K, 7%NaCl £K) FEHREE (MRS 40% L) AIHREEFEN
$¥1E, ANETHIN2a i) 16S tDNA FREIFEEREER. BTEL N2a BI8ER Bacillus HiFt.
R RBAEN R R LIRS, Rl Bacillus R EABEBHIRSE
ZFFERI. ASCRIE 16S rDNA Fr3l, FIARADERE(N]) « 4P« Sehidbix
(ME) + BRAUSR (ML) 70 JUH-HHENT (BI) A EEMTE T 181 MU &R AR
SRS, B A BIHURIRIE, SUUR ML, SRS,
Bacillus A REFR, FHRUTERFARRBAE TR A 9 M. FRUTHEEER
B. subtilis BT 1. Na BHRETA 7. A4, 4648 WARERE L3,
SRAVEREE. EHENCERE, WHESANNAEERE F -3, 42, 44

5



AREEMEY N2a £, AR —MERITEILES BNC Z{L5HERHAR

T 8 BT E R RARR B4R, Bi8E B ATEFREMS RS 165 rDNA
RIS TEE . A9 FEHFHRTERIER Bacillus SMOBAMR, P 4
MERAETRETHENE. &F 4 FEFRFELT 9 M2 NEF R
ARKER. L

M Bacillussp. N2a Btk oy BAEE T AN EES (BNC), KA 50 mol/L pH7. 5
TrisCl SR, BB BBRH B EIMATREMAR, E 4002 TOHENEEL
[EEITTRE, PEAENTE A AKTA FPLC $HTRIFACHASFIHEHT. DEAE-Sephadex
A25 B TATHENTLA NaCl BERELERR, 7E 0. 13 mol/L NaCl RltsRiE I, RZ.—
¥ 20000 ¥&4EFE G J5 ] Sephacryl S200HR 43 FifiEHT. BRIRTENAREEZEMN
JEBEA T RN 44, ELIE 80000 U/mg. Sephacryl S200HR 4793l xE BNC
4 F8% 230 kD, SDS—PAGE RIAIHESTEA 56 kD, K4 BNC REIFEIURA.
Bio—Rad Rotofor Z e B A2 B 3kiMI78 BNC ) pI=4. 2, BNC BH&EBE 25°C, £p& pHo—
11, FEHZEEMN. SRRENSEZREAS]. XEAHERTRY BNC BT/ MEEHAT)
RET B, BNC HTEILAE 13k, RACRHE/MERELTIRETENEBEL, &
FIRERBIRBIEREE. BNC 7E 4'CHI 25 CIIELAR A 3. 6 X 10°f1 4X10° M's™,
BNC {iRIR T S SR AREACHT = 4 I L E BRI SRR . BNC RS R TR E
PR FHUTEA/ N E SRS, FLUAK BNC B TRIERS. BNC R B7E AAME
P EHERNAE, aTLWEANRR/MNEES TR ENEEBIAE. BNC AFERTE
BEOTEILRE. BEUMERRIRENERAK, RICEREHIRRG).
XA EIUEKAENBEE: FETEREY: BTl RLSEs; ?-ﬁ‘rt'—iﬁlﬁ:
{RiEES;
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Isolation and identification of Antarctic marine bacteria
N2a with high catalase activity, purification and
characterization of a psychrophilic catalase and

phylogenetic relationships between Baci//us species

Abstract

Catalase (EC1.11.1.6) is a kind of high-active house-keeping protein among all organisms
surviving in oxic environments, which scavenges H;O, produced by cellular metabolism of
O; to prevent H,0; from oxidizing lipids, proteins and nucleic acids. Studies on psychrophilic
catalases are of significance to understand thel metabolism of aerobic psychrophiles.
Cold-adaptive catalases also have potential applications in dairy and water treatmert in paper,
food, textile and semimndm industries. Bacteria with high catalase activities from
Antarctic seawater have never been studied directly. Thus, an investigation of Antarctic
marine bacteria containing high-activity hydroperoxidases is conducted by isolation and
characterisation of the bacteria. The isolates are identified as Bacillus. The phylogeny of the
new Bacillus species and the new genera of Bacillaceae have not been thoroughly studied.
Therefore phylogenetic relationships between Bacillus species and related genera by
reconstructing 16S rDNA phylogenetic trees using several algorithms are established. To
better understand psychrophilic catalases, a novel cold adapted catalase (BNC) from the
Bacillus sp. N2a is purified and characterized, and its activatioﬁ energy, thermostability and
kea/ Kin are compared with several psychrophilic and mesophilic homologous. This catalase is
reported as the first characterized psychrophilic catalase from Gram-positive bacteria.
Forty-nine colonies are isolated from Antarctic surface seawater sample inoculated on
Marine agar plates. After subcultured and identified by several morphological, biochemical
and cultural methods, the Antarctic seawater isolates are all reciprocally similar. Cells are

straight, Gram-variable, strictly acrobic and motile rods, 2.5~5 pum long and 0.5-1 um wide.
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They form oval endospores subterminally. Cells grow on marine agar at pH 611 (optimally
at pH 7.5-8) and tolerated up to 6% NaCl (w/v). Colonies are whitish, transtucent, flat,
smooth, and circular with regular margins and approximately 1 mm in diameter within 24 h
when grown on marine agar at 20 °C. Their cell extracts show high catalase activity of 1200 +
295 U/mg. High activity of the catalase at low temperatures is in accordance with the
environmental conditions under which the microorganisms live. Identification of the Antarctic
seawater isolates by several morphological, biochemical and cultural methods show that they
belonged to the same species, among which the strain N2a is chosen as representative. This
strain is determined to be a member of Bacillus according to its 16S rRNA gene and fatty
acids profile. However, culturing properties (growth at 4 °C and in 7% NaCl) and relatively
high unsaturated fatty acids (>40%) of the strain N2a are different from those of the 16S
rRNA gene phylogenetic relatives, exhibiting the characteristics of psychrotolerant marine
bacteria. Thus these results support the hypothesis that the Antarctic isolates are novel species
of the genus Bacillus.

Neighbor-joining, maximum-parsimony, minimum-evolution, maximum-likelihood and
Bayesian trees constructed based on 16S rRNA gene sequences from Genbank of 181 type
strains of Bacillus species and related taxa manifest 9 phylogenetic groups, and the Bayesian
tree is confirmed the best evolutionary tree, although the phylogeny of five species is uncertain.
The phylogenetic analysis shows that Bacillus is not a monophyletic group. B. subtilis is in
Group 1. Bacillus sp. N2a is in Group 7. Group 4, 6 and 8 respectively consist of thermophiles,
halophilic or halotolerant bacilli and alkaliphilic bacilli, while the species in other groups differ
much in the phenotype. Group 2, 4 and 8 consisting of Bacillus species and related genera
demonstrate that the current taxonomic system does not agree well with the 16S rRNA gene
evolutionary tree. The position of Caryophanaceae and Planococcaceae in Group 2 suggests
that they might be transferred into Bacillaceae, and the heterogeneity of Group 2 implies that

some Bacillus species in it might belong to several new genera. The close relationship
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between B. thermantarcticus and Geobacillus in Group 4 seem that B. thermantarcticus
should be accommodated in Geobacillus. Group 9 is mainly comprised of the genera
(excluding Bacillus) of Bacillaceae, so some Bacillus species in Group 9: B. salarius, B.
qingdaonensis and B. thermcloacae might not belong to Bacillus. Four Bacillus species, B.
schlegelii, B. tusciae, B. edaphicus and B. mucilaginosus are clearly placed outside the 9
groups. It is proposed to respectively elevate B. schlegelii and B. tusciae to the rank of genus,
and B, edaphicus and B. mucilaginosus should be transferred into Paenibacillus. -

Catalase (BNC) from Bacillus sp. N2a is produced by the free-living bacterium from a
cold habitat, rendering it more representative of cold-adapted catalases than any other reported
psychrophilic catalases. After sonication of the harvested N2a strain cells, for the purification
of BNC, a three-step Wl consisting of (NH4),;SO; precipitation, anion exchange and gel
filtration is developed. All purification steps are done at 4°C and chromatography was done by
a Fast Protein Liquid Chromatography system (AKTA FPLC). The catalase is purified
approximately 67-fold with a yield of about 26%. It shows a single protein band on
SDS-PAGE and native PAGE. The purified catalase activity is about 80000 U/mg, The
isoelectric point of the catalase is determined to be 4.2. BNC has a molecular mass of about
230 kD and is composed of four identical subunits of 56 kD. The catalase show optimal
activity at 25°C and at pH range of 6-11. The enzyme could be inhibited by azide,
hydroxylamine and mercaptoethanol. These characteristics suggest that BNC is a
small-subunit monofunctional catalase. The activation energy of BNC is 13 kJ/mol and the
apparent ke/Kyy are 3.6x10°M* s and 4x10°M™ s? at 4°C and 25°C, respectively. High
catalytic efficiency of BNC at low temperatures enables this bacterium to scavenge H;O»
efficiently. BNC can be categorized in psychrophilic enzymes according to its relatively low
optimal temperature (25 °C) and low thermostability. BNC exhibited activation energy,
catalytic efficiency and thermostability comparable to some mesophilic homologues. Such
similarity of enzymatic characteristics to mesophilic homologues, though uncommon among

9
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the cold-adapted enzymes in general, has also been observed in other psychrophilic
small-subunit monofunctional catalases. The distinctive activation energy, thermostability and
ke / Ky of small-subunit monofunctional catalases blur the boundary between psychrophilic
and mesophilic catalases. The highly efficient mesophilic catalases with low activation energy
have naturally adapted to the cold environment. In reverse, BNC exhibited cold-adapted

characteristics not typical of psychrophilic enzymes.
Keywords: Isolation and identification of Antarctic seawater bacteria; 16S rDNA phylogeny of

Bacillus; monofunctional catalase; purification and characterization; psychrophilic enzymes
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151%F
1. 1 SR SEMRHR
L. L 1 S EREEYIE IR

TEMERS (hydroperoxidase, catalase, TEEEMEERE, ECL11.1.6) ZE4E
MR, R SRR LR R, EHEEESRT, B
B0, B, RUTSARE ML —. EHEE AR HO, AR Os
| SR LR oxic) FREFRRYER, RIS, HERI
BIEEE S, AR (ROD SATRAL AR, ROl TEAEE
LY. HO, MBS . TR R B B Bieh = 3L
. BT, BRI THEAR, SHESMATA,
EATEAMFITARLG, BRI, 7 ROL &, AR A AL R
Vi, AR T Ha0p T/ LA A, OB B B o TS A M,
TERA BRI, Bt B5H (rermeases) EEA4b, I H0, Al
LR AR R T S B R AR T — . BT
YIRS ALY ACH EA AR H0, MRS R FULEN, LMRIE H,0, 7%
FLEEARTRSBGANAL]. |

Fridovich BSEHit St RN & SRS SUEMLMBBEPTE 2 AR,
X BB R PUE S A PVH R I & (L4055 ROI (23 (DS ROL
B0, R A . @WIRRI R TR RRAE ROL, — A
Bscherichia coli SNHEMPIRMERSIEP AT KPR, SHAR 14umol
H,05. WEYERR, WIRVATOR MM, BUEHERBA A iR S AL
1, EAFRAHFETRESNTARSE, FLISTRUL SR 0T HbUAL.
SR KBS R R B A T SR RS ALK
2, BB T ROT BHE. UL, BRI SRR “4
AR Coxidative burst), bR, BN, ETHREN AR,
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R ST SRR, TR EYIENE T — e R B
B, EAS AN, ROL AR RAA BB, I
BERSHERH “BUUBR”, HATIREEMERMEIL, RANAT, MARIR
RIRES, RIS SRR, UL TR Ry
F512], RN RS MR R 206(5]. DL AR
WA A X B

AL T RAE BRSO B0, B K S8 BT ST
PN, R N=A: SRR, A
AR A 1],

L. 1. 2. BAThfET AL A58 (monofinctional catalase) 432, i 545454
1. 1. 2. 1EEA04 3K

RS UL A T IS R . 1000 T H AR A
B 1SR, RNBEIESROEL — (1], E AR, B
HEARFARE, SR, FREE, FRERS. NelAERERTES T
FONTHEA AT, AATHE (5 TET5-84D) (8, FraMmashis, Fess
NADPH, & /MR (4T 55-69K0) HO6, FTATOM LT ADR, H 0L ANADPHIL,
KA ECRIH NEESRES 150 MR, HR— i,

T R U A B TR BT R SR D RIS L AR 4 A
I EHTRIA] . FF3IC AR AU ETES00R DL b, REXERTTRGR
R TTTH AR SIS N2, BB IR MR, I8 2
RATHNE1), KRR EESTIRER TSI, B I BT,
FH— IR . BT AERAE, BoXETaS. 8. 1
ERRE I, TR AR R S LR, SR,
AR KRR, AT AR R IR, B — k)
B, TkES A WSl PAETEE. X— SRR OIS, B
KA T St R YRREh, BN e, 7B — Y
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FHEE, BERDKCFRERESEAEREEEY (1],
1.1.2.2 MR
BB R AR RO TAZE P . B MLLT R0 MHER (Por) RIkSE L0 84k,
HRPor’ —Fe" =0, WAUEW ] (Cpd ). BEEX—LTEURENBIES—HT
H0,584k, AR, KNES. REWTFM4-6]:
Enz(Por— Fe')y+ H0;—Cpd [(Por"— Fe" = O} H,0
Cpd I(Por*— Fe = 0)+H;0,~Enz(Por— Fe)y+ H,0+0,
B RMN2H,0,- 2 H,0+0;,

BRI SNSRI REER SRR T REEAEIVIT (NFREESZE Sk, X
FEBIENYRE (ECL 1L 1.7), EHTHEEMRZTERS, EREERATMTF
T ELIEPEIRSS. (1] B0, RERE, (L&Y | TRAEERENDE— I ETFEAE
ET&EE‘JL&% I. &Y SH—PRATEEAAYIS, 6]:

CpdI (Por*—f-Fe“’ =0)+HA—Cpd O(Por—Fe V—OH)+A’
Cpd II(Por—Fe Y —OH) + H,0,—CpdIII(Por—Fe"=00H") + H,0

WEY AU E YR T AR BT YERRE, (HrTREAN AT t3e A R IE HRE (6] .

BT M AR SN, BaSpliEE BRmE. BARSEE TR

| BIR, FHE3—EH-1, 2, 4-ZMprEI[7) . BThRbT EALE R R IR R BHERT
TEIRREEN 1% . TERRYIREE (0.3—0.5 mol/L) B, KE¥UMTRNEZITE
WA, NEXBWRIBERYIRER RNER T MR AR NER, AR
ENE RS REEH 0K BEK T-3mol /LI A A RTRERZME], 3 BB KR EEBHKES
ERIBUALT] . BRI R TS ENEENK A AR EIER X L, TR
SRETETIR. HRSMER A RE TS E B Kat BRI 3 ¥ 50540005, T Proteus
mirabilisi5S BB B RIA833000s™ [7] . FRITEALERSHIFFIERRENHE
ERMRARE, EAAERECERNETEMEATL.
P EXTEEMEBNFRTTLIRERMRER. B RIEET RSB
R EAARIRE, RI-1LASIA T BRI EEYRERN B S SRR
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- RI-1 EYSIhREST MR SR

Table 1-1 Property of the microbial monofunctional catalase

W5 BoERERA
oEEM GE 0 omee COURE T BB mE e e X
& U/m) b= o Em &)
(kD) (0
Halobacterium halobium 6422 62 4 45 7 55°C5min £RE7 35% 406 8
Methanobrevibacter

boriphi lus 120000 57.7 6. 3 N N ND 407 9
Methanosarcina barkeri 61500 54 6.3 15—55 4—10 ND 407 10
Bacillus Firms OF4 I 75000 ‘ 60 ND N 8—10.5 ND 404 i

III 8000 80 ND N broad, <6.5 ND 402
Comamonas  terrigena N3H 55900 55.4 8 ND N 6—9 55'C75min {RE5 44% 405 12
Deinococcus radiodurans  KatA 68800 65 ND 30 N 60°C30min {£8 30% 408 13
Desulfovibrio gigas 4200 61 ND ND 79 50°C1h {RE 85% 405 14
Halamonas sp. SK1 57900 57.8 ND ND 6—10 37°C20min £RE] 45% ND 15
Pseudamonas aeruginosa  KatB N 57 8% N 7-9.5 55°Clh fRE 1T% N 16
Rhodobacter sphaeroides 55926 75'§ 68 5 54 6.5—9 30°C30min {REF 50% 406 17
Rhodospirillum rubrum 1256 79 ND 30 6—8 ND ND 18

T j KatA MO 0 54 N 5—9 N 409
Sinorhizobium meliloti 19

KatC NDHok 85 5.5 ND 5—9 ND 408
Thermus brockianus 5320 42.5 4.7 90 8—9 90°C2h &S 410 20
Vibrio rumiensis S-1 395000 57.3 6.5 40 6—10 55°C15min {784 35% 406 21
Vibrio salmonicida VsC 195000+¢ 57 5.9« 010 8.8 50°C34min {REF 50% 405 22
Xanthamonas campestris  KatA 150000 56 N N 7 55'C10min {REF 50% ND 23
Neurospora crassa Cat-1 1404801 88 ) 4—12 85.015”;’ R D«
Thermoascus aurantiacus 26195 75 4.5 70 6—10 85°C8h {RE 20% 405 25
Trigonopsis variabilis TvC-II 55000 63 ND N 6—8 45°C3h {RE 10% 406 26

W=FEERENHE, BE=MEERERE, KEEkadE. WHIdENERFF T ERH.
SEATAETATE, TRATARINIE, wEE /PR, 0 A0,
PSS AU A RAOATETTOTR b, XIEH (1990) MABEEERE P47
HERTEEMER2T]. F—% (1990) HBAHL TEAGB R R ER28].,
TOFTE (2005) A—BRIRETEEL. SREETRNI U B Raci 1 us sp. F26r 4L /8 %]
— R A AT PULEEE, JH T TIURTI(20]. AT (2006) AR
W (1994) 4RI AL T SUCEER BRI R(30, 31). SIS (2006)
ISR T AU SRR (32). B (2003) IAHUFRIRRIRAE(L T
EEMLEEHETRILE33]. HOTE (2000) RIS (1996) AN
S P BT T BAMERR (34, 351 BREES (2007, EAES (2002)
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LS (2002) S SRERTHFEPREN. ARSI A TR L,
SW5(36-38] . ZEL B A BERBERAMBAA AT, FIKEF (2007) 5T T Bacillus sp. F26
PR R [30] . BRI (2006) VA IS AENO st S LA 40];
B2 (2006) R (2004) X6 AT T RSN UL 4L, 42],
BIETEE (2004) FFHESE (2001) SHABHAFREIS E ISR (43, 44]; BB (2002)
S AR 45], TR 2002) A% (1990) A EAAm 5]
ST T BB ITIF 46, 47) . EN R ETIIORT BIEE TR
11.2.3 BEsH

e |

T R R S R B R S T AT AT AN (1), B
WIS MATFRET T, SO E RS R R, B TR
HIAEHE, NGETCRAE: N, P/ R 6 M, RHHBEFR, Cha
WK, KERBEOREE— MR REEORGE, BB BHR S o
A 52], NAEFS B S FTE TR E AT AR, EE SRR
GRS, S TR ERTRGT— R “SIE” (S
SRR, AR LR [66]. BANEE, BT
HRIURAKTET).

o IR A=A o i, EHA B SRR, NP &R —
RIS MBI, RESEEARGIERT o/ BEHR, RFHHis, Argfer
BFSBEAOME, TSN G %, BAREATEOR
AR SR AT B AT b, (R CHR AR K TR R
BRI IAROS, 69). MILRFMRETEAZEVNE. B RSN
55 o 4R, TIREF SRR S T AR AL R « S
RERMEEOHANE, TITTREES, HHTIRARE5s),
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R1-2 KA RIAAS
Table 1-2 Protein Data Bank accession numbers for catalases

ok RAg . KT EBRRIR BAKEE |8 %
(POB) S | TR

I CatF Pseudomonas syringae IM7S 48
EKTA catalase Exiguobacterium oxidotolerans 2J2M 49
PVC Penicillium vitale 2IUF 50

11 HPII Escherichia coli 1GGE 51
CAT-1 Neurospora crassa 1SY7 52
BLC Bos taurus (liver) TCAT 53
BrhRedE MLC Micrococcus luteus 1GVE 54
£ Pc Proteus mirabilis 2CAG | 55
CATA Saccharomyces cerevisiae 1AF4 56
I HEC Homo sapiens (erythrocyte) 1DGB 57

HPC Helicobacter pylori 1QWL 5
Enterococcus faecalis 1518 58
VSC Vibrio salmonicida a1sA | %
TEHESEN HmCPx Haloarcula marismortui 1ITX 60
vies BpKatG Burkholderia pseudomallei IMWV 61
MtCP Mycobacterium tuberculosis 1SJ2 62
Synechococcus PCC 7942 1UB2 63
SitEiLERs LPC Lactobacillus plantarum 1JKU 64
TTC Thermus thermophilus 2vaU 65

BEASEEEPO

NTFEERATRI, £rF 55 o HER “04” b, RUBERTREY
R R, MR PO AR T M EANHER T b, TG
B CRRPURARR L) MO, (3rmit, SOMRAIL MIASF ENET
T RIS, - ST B P AT Wy AR B MR (Fe-OBER0. 15
0. 19m). ENE—MEPREAGEL STy ATy SRR kB, 7
FRARITYR. MR TRAFR, ENIROEN GIAATEEY
), FEREH R s S R P ETAT, 7EMA R =SV aSF
F F—A KB B TR Z AR A, HisRAsnilit SR,
RS

SRR SRR BIOGRE, IIRE colfHPIVE L ARH] S5
ClnsfAsn, SEMEAILERMEATRIMIT0). THb M e R HPCRATEY:
B ERS, EEAR el R Ty S b T,
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I EEATESTENERME P TROALE, TTERFHLFASENARE SIS
BRI RO A TRRNHEEE, HRATREA—REMTERT A ([T1].
AR R R RE S |

A BT EASR L DEKEANKIV (ILATED) AHE, MRTsed LR
BB ECHEE. HENETE AWML aRNE =B SCET L
L H—ANRE, 6SCERTHMERASNEA, HAREESEMLERA. IR FRKE
RIE [ DA R A B AR A A B A R R . A RIS E SRR
AR IEY), BIRLSERMARbENRI52] . X—BHFMAEIER
eI TE, AHUETEEIALAY. XBRRXTENEREEENREZ—,

B KRBT E SRR A A s F M AR LT, FRA
His-IV5ERMl. TiE=KEEtEAAHIsM FOARBE=AR LS, FoolisTIER. &
FEEMREET NI RS — SN ENFE, ZEENEERER, ReET
PR ZEm4]. WCatFiAla301FLeussOE T EMARE— B HH LG
HxtmaEEmEiSkEtEf. ERTRETENERN30AL, RS —ME AR
FHLeuskIle, TISORHIE=KEENIA . X2 HFX—( EMNEERIREMEERAR, His-
IVEFIAZRE, 60%5—HBNPTE B I REEE350M & HLeu, TIE=KEEHER.
%&iﬂﬁmuﬁﬁmwis—[ﬂirﬁl (4], XHFFNFERERARE NI REMARE? BE
FEERSHMAEERM? E—F AP ERaHisTIER, B=FEHHRAHIs IV
SEEIXFEREH? FEEMNR, NRMNE RN RIEEE, BREELEHR
B SRR T KERREEETR.
KEEEGMEIN R

FECAT—1"FCys356fBRR FHITyr379 (SFefUrichri) ) B CIRFLISUMRABE.
X—3 R A R AT, R REEHEE R PR B TER(52] . SEMBTERR
&, WA I BASFBIyrfET, WA IRELER. XHRER TBIUEYE
{eRaEES, FHEAES mol/L O WASRIE(T] . FrLVRERIENEEA % SNADPH,
B E AT A T TSR, 7EHP 1 oh AHi s — Tyr SRR STRMSER 1 8 N1
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Tyr# B CZIAERL, BRADIX—IHHRIHP TR AERE(51].

HOFRERRAEMNEUIEE FERCys-CysH—HiE, ﬁ?ﬁiﬁ%ﬁmme TEX
WEK BRI RET EAL S B P R UM R AT R — R R B i—RYE
i SEMTRATTERLRBSRRYIAVIAL R VIR E R . X — S iR
TR, (AR TR TR, FFIRAEA AN NI
B e K HRSHCTIR (1], XFSLHRRESERENRIAERERATLERS “Bik” 3R
BHRRAEER? BT EMRRI AR XA RBR (PVCRAHEXMILE), Bril
BARERIKAENER. B—FRE R a4 R RAES MR Bk [51],
MNP R L BRI AL, RAEMTIIRINET, B RINEHHEN
(1], X—MRTERREZ AN fERAL.

NADPHZE &

BB =KL SNADPH, B 1#A —/"NADPHE S XA TEERE, WBLCH
His193, Arg202, Val301FHis304. XPUNMEFERLENADPHE & HIFFEAL R $—KEE
FEARNAL B A Arg202FHi s304, KHERIHEAHi s193R1Val301, FrLLEA145-GNADPH
AITTREHEA K. 3B REECHRIB A PP RN S SENADPHIIAL B, [ EMNARSEE
NADPH, Z5-&NADPHESE =BT tAREHE, Briln] AHERISE =B 7E P —3
BB A AR THis-TIE R, TINADPHES & HE MEFE ERA MOLAL R (4] o

NADPHIIZh e B LB e AL R PR R A ML 1T (72] . (BE—58 2K
BRIV 55 = KR ERIANADPH, EATERALEY 1T ARSI AR REAR S =258 (B
ﬁ%’é‘ﬂ%ﬂiﬁ%ﬁﬁ‘v@ﬁ) L5 NADPHEIREINR? —FMB AN R SE R — 2
REA Sl S I KU ZBHLPr=t/ NEERERT, BN E AT A EY
NEREFMA PR, FMETUANERE &R EY IR A ERKEE. Xt
WA BB =R R WL E R ARATE S, R YRERE 2 2RI
NADPH K BFFFE, {£8—LAYIH FNADPHYEABT I A TR TR (4], XFFREE
RACHIERE S DR AR, MR RIINADPHI A & e TS EBSE S ThRE, 4%
REANEILHE. TKirkeanFIABIEHEY I ERA RS S INADPHIK IR ETRE, T
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BREEMEY N2a 8. REF R —HEEIEMNEM BNC AUSHRAAR

T EEENY T IR RN AR EL A6, 73] . ZEH,OREEIRAT, LaYIEL
HOMIERMEK, (LM EENEK. BTHEYIrmasittt, LaYifFE
WHERK, BRSO BIRAT AR, 458 NADPHIE(L EMTER A RVIRES
BEs, RAEEMEEZEN(3].
ESROHTREE |

Heck& R IZE AR R/ T ARAIMS, %5MEB (UVB) Re{Rind il
EE, BTSRRI R R2H,0+0,—2H,0,. BT EALEEIRTUVBRIRUIRER
Inﬁwmmmﬁﬁ.m$NNMHm%xWWﬁM0mwmﬁ§(m5@)E%ﬁmm
(290 nm-320 nm), F7LAAT ASEMINADPHEEX —¥ R & RIEEEER. S ARBH
£, BENR—ER=MIXF R USRS RS MT TROE [74],
 Vetrano %8 T TSI FAL SR RAESIATE. SAFEELOM, Mg
BEREAL0, 5 B R R N A KRB, X — RN AR R &Y 15
a4k, X— AP IMIANSENADPHER, EHFEUE R IR RE. MY
AU

Enz(Por— Fe"}+HB+O,—Enz(Por— Fe"=0)

Enz(Por— Fe"=0)+HB—B-+H,0+Enz(Por— Fe™)
FABEH R EENDP, HAEUHRNETYEN, FEEEKREN%, XEART
BEREELEEE(75].

- EERERHSE CRTNH”

P AN SRS R P TR FIRAAEEALR,  ABURIA=SIHA.
FEHORERERN, BEUHMFICIMLOAT(T], KKk FREStNUFRSE
R, WEYENEYBEABERST, EUNRUNT-EZEWE. FIUAT S
—NEPH0,MA D, EE—ITYESHHO76] . XA GEpILRYFYHIEET
I, BREEERIRSHEL. 4

B EMEERNTEE, I FEENIRSFEE, —MHEAANREIH0.MIA
[[5, 49, 50, 52, 57, 59, 761 . ZE/MIEEATEEF, FBERR R, ﬁﬁ({iﬂ%ﬂ@&i%'
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MR MAEY N2a £, REFR—HEETEILEN BNC 4L 5 AHR

BEUFKAFHE. FRETREE AP [EDBEP S T, NRE—H
HEIAR, BRRAT B — ESER. BHE0S AR SRHEER 5
048], THEWHE, HULFEMLRN FBU BAWEEKD, SHEPRIE
KFRFEY[49, 59].

TEEFR M EN TSR (L 5m), EAKREEELR ", &
PRI LEEEAA. RS TRy “177.
FECAT-1H9 BB, Ser198MIEREMArgl 44BN TiBE, BREOSHREOERL
0.48mm, XIFHTFEEL. Ui AULE, WOX—HRM “177 RERN. FEXT
BRI A Ser ST MM BBE, WA T RHH0MABEN “117 &
AL SEOBE R8T, ST ORIEERLAY) | SR, ENHO0NKRE
168, ALA9 | ERBTRTEALANI, Fitl “I7” RATEMRSES, B
HAY TR — R, “I1” WFFEFHOMERET: BT “T77 SKATFUR
SRR TR SRS EHT 117 K3RRE, T “I7 SHL0SEag
BER “17 BOFFR. SEATUSRR KRR AT, ATERTRMEKRITE,
RACEERT AN, WA, “117 FRERRK, FABALAML08
B . BOKEBLRE “I1” FRREABYMELRE, “I77 FREERELE
M EEREEE ).

BEETHAA TR R —, FrHSHEAN AT e EEE
A — A SRR TSR T, SEREIHP TT, MLCAIPMCEEIEPERL
FUSERE B AR T TR I AR RITE PR S H SHIE AR . IR S0hsp (58
MATR1. 2m) SUEHLRL AN SRR, TAKSTF. X FEALUR 4
FR” JORRRE(4] . SBOBEO R RS ATT LS, ZE2IAEER R
FIRAT 2 AN AR s 5. (B BLBEA Bk IO, T IS
TR, RN BB SR AT TR S NS, SXR
FKEKATER, B SR ST BT MY, BSTEHE A T,  s
ARENSRSHIRREN. BT MR A B AR BRI, T RSE
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BREEMEY N2a B8 . RYE¥R—HKE TR BNC AL 51 AR

RAEAL, B3 EMERANEN EEAKRIBE. A BRI
Clu, WA, EHBUIKENK, KT ML, Apk— BRI
EEBETRIET A, CENIRRRe TR T IKK tth, SR
PEATHRA. ARHOMRRMAT, CIMORTHEMF, THETHHMAsD,
VAN THRFERTERIVR. SHOMAEHALAR, HifFe MORET LOHET
BT SHNE TR SRR A, 5— ORI TSt SAsnfy E LA
BN, KRR AR R T BIOA T R R R BT
WEPERT, BRTIOES TR, EhmER R 2 TR
%7 EAHECHSBAOERT CatFAIPYC, (ERTMECHIAs-Fe™ 08 B35 /s PFh 2
SN, IR, MR A BEREC R AR,
HEBEFKK EHTRREKNSTFREBHA, KRS ERERI(4]. '
B NEEAIERBENAE, SIS0 EER—FERA, FREE. 1IN
ST FOlu-Arg B FRIch A e260 L TAEEE, MREIIEY K, BEEIRERME69). (X
TR EETRIEE. BNEEFYMHO, BEERIER,
 ESANBESNIRSETREESESER, RSB, TIEBEAEERLS
BRI AR, T RBRTKY, B AR, FiL
SR RSB IEE52] . R R B S Thr3s2 —FE AT PR
SR, FETORESIST, FOSEIMROES S, SULHI R, Lo
FEBEERN, WP NIRRT RIETT], REMR AR SEERT,
R, EATREN N SRR, 50], BRI
A[50].
| SRR (10%) (AR R AR
IR, TIRMSIANEE. X— BN “RFHH” (fow through mechanism) [78].
BB, BRI EE. OB AR L0 XM L)
BasErE: EERD T B OTEH,0, ORI, TR T BRI et
WRRE
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MRS MEY N2a B3, RAYR—AERITELER BNC A SRR

BIRET ENERHATBDW R AR . BIhRETENERMET RS
FeRIUR R, DMEEEAINGE S B RMBA G ? RERATHAKITET
AU T, ﬁﬂﬁiﬂilﬁl»? 2 ARV Re N et et g ST B
FRE, MTFAERM—RE. ARBHREOSRE, EIREENRELREME
Py=aiag, ZEREEK, XEHRNSHE—PHRNIE,

A RENSEV S B RSN, BRI AR A A
SERHANTER, HIeETUECHRE SRR L, AATRHER
TMOEER, REBOEESEENE. AR ETENTEASRNTEERIK
[21], TORREE LR RS B (7)o RARIERE IR M AR
Bt RS e i SRR AT, HnERE i/ N PR EAE A 4
ARG, REEEl, BHERANINANME GERLT0. B
RS R SR 45 B A TR N A U RE. NIRRT AR AR
2 E A X AEEHE AT R E A B R Ee T EE SRR AR, R
PFABNRRE L, BRTASRitaiRRIE, NSRRI AETHRERTA(73], THARES
R T R —THRECRIAE; IR FIRFERIMRERERT, EELR
PLEREREHRKLT] ,

T EACEEHE L RN A R SRR R AL R0, IR L EHRAD. 5258
FUFLOAE SIS . SENEBAERM T BT T iR 5 & AT
EHIGE—. BINRE SR RN A P L ER R T USRS et TR
BRAFE RN MO RIRUGEES N RUBRLENR, LH5ITTEFIRFYRRYIEER
fett, DAY, A TS TSR EE PO, X2
EYHERRRUCENF R R, BEFHR R SNSRI, TEIEEE
FHARME—RABESHNEE79]. BUARE BT AREENS SRR,
XEEYFTRRA TR, TREBEKEMMIN Y —. BEENTIAELENE,
DR ERT, FUNTNEEALEIAR. SEASEBFURHRIRIS L KR
HEBTREEIRAL T AT YR T 41 STIRER RN, ARBERTENEY ST
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EREEMEY N2a £, RE¥R—HEELFULEA BNC SRR

B THHRE T F B,
1. 1. 3SR AT (Catalase-Peroxidase,CPX) R ELEA

PR LS, B R A E PR TE. 'S
LR B T B h R AU S MRS, (A SRt
SRR, FE SRR E 4, 80].

P A SRS B AT A, E LSRR T L
(RS, S TR MR E R (4] . CPXRUA TR L
B R E R[S0, ECPF S M ORI BB L, FREpE
B, S WREMER, RS —EESsI19). CPXUEERFIR
BT R, ERE RSS2SR (R
SRS EIFURIME, T ESHtARL]. CPOYRVE RS AVEIR A, CPX
TR F RPN, NSERAEEA (M),
ERRF S, C MR R RICPK RS AT B R AL, TEAALTREE,
B MR o R, TSR PTR SR F—ERA,
REEEE K, BTN, BRI RRI, BT,
B RIGE FAEREE. FFPIESIIPXLI300RSL] . CPZERHL =R ]
MRS [81]), HEUKTS MR, T EICPOBER AT A
HAZUEIS, S A RN PRI 1]

PALH,O M, CPYE AT RS B S EEAERL SEL0, VRIS
S ATERAA T OURN, PO RE R R, (A DELRRE
T RS T
CpdI(Por"—Fe=0)+2AH,—Enz(Por— Fe™y+ H0-+2AH

PS4 T BN, S MERE200 o BB ERRK ARSI, BITR
R, KSR A EEERAESI ), TECHRNREHI0] « SR,
BRI SR AICP R RRF, (iESET OPX T t— R SRS
TR, CPXEIMATENbE, KR B R R FRANERAL, M
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BRI EY N2a B8, REFR—FHEERT R EA BNC A 5HRR

FRAA MR (Hont CPEERERD), Arg-104, Trp-107, RHis-108% “ 48" 9
W, TiHis-270, Trp-321, FAsp-3817E O4SMIEM. SiteEmstaLl, CPxisg—4
RIREESETANNLE EFREETRNIIEFETTHA . T
SRR SRR S, EAEA— RS ATRA, SIMTEE
S REBEEN RN RN RN, ST SRR, B
B TREE R A IINA] . CPXIAEMCH AR, (BHKCH AR
CHRCP B AR — 44, (LR UL RS R & £ (82]
O HIER T CPXIL T R TR SRS MR R AT b

BARR B S HCox B RIS AL, BIEWES07 . CLEK TR,
{BRJURCPXE— Mt FHEArATrpl07 (EmtCPEEERRIRED) BRI FMet 255615
BTy 220 MR LISE O A, SRR A ST Ui A
ST TEREE, LABUREAHTBIES. S—i S LR
YIEX4], EHTroMPholile CRERMBTEULHIIHIRE L), MNSULRIEHT
T R AR SRS, S Tyr Tl AL RS, R AL T
SRR AR, Ll Tr-Tyr- Mot 3 R U S E M BT 5
SR, BT DR A FICPX AR R A e R
A NSRS, TS, REPRAAY | AR, RETRY
WS SR AY |, THREMT LR 5 KA | SULR
{8 TrpMBIRIR S RMILOME AR, SRR AT TR,
Trp-Tyr-Het UM B T EIRFR BT A7, (5 SR TR iR, Ut
B PEAR. (EotRITyr AAHIE T ER AT . Tyr. Net KRSt
BT, Tro-Tyr et MR TR R AFRTES RS TG &
TR R SHO AN, HO LA IR S R4 . A ST
KA R L M AR, |

P LT ECPILTIR, Tro-Tyr-Het L0 TF A R A
AT FUMIBRE L, P T — A FI: CPRTTHRSS BT et
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R N2a 58 . RAS R —FILRIT R EHE BNC 4k 54 FoA

B2 BB EALEE 4 T SRS R R S = T3
WEEEEE? (4]

$BpKatGARISITF, CPXATY EEBSIEMER R NRTRES Trplll, Aspldl,
Asnl42, Tyr238fMet264. FIFAEHIATLA =S ERFE AT K, EKS
YT EAIRER, B RO A | AR R AR L.

SLRNEHIEMAE, SHRAEL AR, BIOEE R OAUEE S,
HHEARAT& AT EHS AR 4] FTUE TR BRI S L,
G e ARG S A RS SRR . FRRIERIRFE30%H, 1
REAFEEN1]. RERGEMTRE LSS HII R A FRE M AT E
WERRIBHRAICPXZ [ (1], BAGIBBE, S E SRR R N TS Mo R
SRS, FHAT LU BRRAHA  MERRE NI S L E B 5t
. TR RS R 4]:

HO, + Mn" -n" CH ) —Mn™ -Mn™+ 2HO
KO, + o™ Mn"—Mn" -Mn" (QH' ) + G,
P RO T BB HFS R, SR U

EEBRESMARNES, WRTEAYE. BYCELYE. VaBaURknT
FRSTERMTENEREE, BEETANENR TR 1].

1. 1.4 AR A
1. 1. 4.1 B S EAERBIK ,

Tolb ExS Rk A K0, MRS RS, BT 5 EiRgstt
ERFAER T ERFASRESH: B0, MENEETFRAAEERS, WAX
ELETk. Fiol B0, REUGTSEEAFE BN TR, BaTE08H
FHIMRN B0, BEEE, Flk HO, BEFEMN. JUEREEELRN B0,
BZHE . HO, BEBKMAE TR —RAAHE, ([EH2TRIRRA R
EEFRBAK. F— MK ERNETEE, B SO, IERMEMERE
EIEH HyOs. {BEF=tE R ERAYIURE T H,0, (FREMES. Sretank
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MR BUAEY N2a £8 . RE¥R—FEEL SUL 8 BNC AL 5HRHA

FERFEARY, SEAERRAEERE H0, XAARIFY), T HARE RS
%, Bl EIEEs AT FARANN AN E. EEGENEAHER TR
FRELR NI RNEE EFA RS A B e SR 20),
SE— PR RED Ze Y 2004 F 100 MEEEHHAREL —. |
AANAT, SEASRETUATS B0, MBUKAE, tHafblHT H0, 448
ZIEHIFE AR B H0, MR . st S WraiE e T 2R S SRR
(EMRR H,00)o I ENEESER SRR R ER PR A RBRTRAN HO,;
ssp /e S TRPRIaE. MRS EECIERENS, MURETE KERIK.
B SRAT, KIBERHERA, REERE, TRERDOBKHT, BFITFHMR.
BRI (1997). TEMES (2000). SKERTE (2000), IR (2001). ERE (2001)
&, REEE (2002) MAHEHSE (2006) TR Tt EAEBERMRYRERT S
HINA, WAKABRERBELNREKIERE, MNEWRENTHM[83-89]. 1%
Ml (2005) BT SENEEERDEFPRNA, ARSI RKYEE R
PR ENEREER H0, FTHALEF=RALY 127000 7T/ t &, REREFIFHR
3%, E A B M RETERREMNR [90] . TS (2006) (I8 T HIRIA R (911
EL7 Amorim %5 (2002) B T X ENABERSWER TZHINA, RE THEADF
REHRMER92]. HREH—AAL BERR, FATENSEBETUEFESS
TSI BB 2% (WETRRATE 8%, FIARTE—%, TEmEaH
33%4(93]. BEHR| Paar % (2001). Fruhwirth % (2002), #/F Costa % (200 Bf
%@Eﬂﬁﬁ%ﬁﬁ@@%ﬁ%ﬁ?ﬂﬁ%ﬁﬁi Paar & (2003) R T EEL=
HENSRERAEARCREN R K [94-97] . BE H0, KIEAKIEMER SLARTH
POKHITEAALL, REFIMNERERS QUELTER). SAMBTEh i
i L0 BEHORSE, MR SULASIE HO, (98], 5 00 % (2002) X
BHEE RIS SIS B0, - SA LK, KRR ER IR IR
W H0, F##(98]. EFE Yoon %(2007) FFERMEE €M MTE SR Terminox®
Ultra FARERRIIFRRALE, BEINEEHEE RN S P RBiELEMLL 24h[99].
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WIREEREY N2a £E. REFZR—FHEETELAE BNC A 5HRHAR

L1.4.2 R&Tk BRI

B SPER ISR EER A R HEMEREAN4(100]. SENERE
TS HE AN A AR R SPHE, EIUREONR. AEREILE

(ECL. 1. 3. 4) BALAMLE R B D-HI%EHE+O,~ MR HOp. EHAMA

LRI 2H,0,— 2 H0+0,, BRALN 2 B -D-H#E+0,—~2 AR (93] . i
FALSEE LA R R P ST A AEAEAER. XBHECSATER. *
M. P9, DKBUHK. TR, AT, B 59t AiELE RSB A RE(101].

TEASPRFAIRE R AT H0, A FLRF B BRI FU TR AN S, MEHAE
TR ERESR H05. Tarhan (1995) A DEAE HHEEE BT ENEELES T
FHFEE L0, RABEENER102]. WEA% (1999) IR T REERMUEEITE
- WEEBARESTRETMNA, X MERHRM RSN ENFRE
BTFRE—ARERT, 3R EE103]. Bl S B RAR R
POt RRASM R PAASHE, AN SRR REAESF[101]. i
SHERFHRFFRERNIER(101],
1. 1. 4. 3 HABHRRF

FERAETP, FTEYRET S SR TULEAN B, BESRIUABET:
EVRBEE PR B HAER (93] . RIS EMHERSME H0, U O, FItEMR, WL
BN HO /BN REFATRRRE. BHREEMEER104]. SEIERSEE
VIRI-Z M6, SHIERET CRI0E. Z8AR. B8y, ERESRS Mt
YRigt AT LU AP S AR DR N Taa SRS T et
SERMAE, BT ER AR TFHREAEYFRM[105]) . SRR RHENHK
Y e BT R IERR(106) . SENERHETUUA FERFESKHRM [107), WTLUFCAER
PR SIA101] . SEMEREA M ARTIE LA, EEF LEFRKKINA
. LEH Alacan % (2000) FIABBA A E AT AN SR TRETHBARAR
4, BRIREE(108]. 7ELFIEZE (cephalosporin) T4, R_BHE-T-HEKA
$iRR (Glutaryl-7-ACA) R EZ i 8}k . 2K FIB% R} Trigonopsis variabilis ZAMUARFER T
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MR HEY N2 B2, REFR—HERTEILEN BNC St 5HEHR

) D-EEREMEFEYS AL Glutaryl-7-ACA KRR, S E S BT IRAEDRAL[26]
TEFAAREMBELARE AR TZ P, SRR E109].

Shi Xunlong FHIE T 71 ilbRik U st EALERERY Bacillus subrilis BB
%?Mﬁ%ﬂ%ﬂ%@hﬁﬁ[lm. BATHAEYREFE, KHRBIRRERD.
FERIGEMEYRIE, FRERN Y ARTIFAAA. Lorentzen S44L T4
P V. salmonicida MIFEYESENERE, (EXRBITIAT2]). BRLEHEEE
A A AR T R S N B OE.

1. 2 (R SRR Rt R

HiER EASHES R T RARIGER (M 5C) FFE111], W#l (alpine)
ARk X Kbt 5K, dgE OUH 1000 m AT R HREH TR CGRiR7O-
RSB EBURES K AEYEAA SHR, RERFEREDRERERNYZ =
[111] . ZEESEATRE A RN, —FR ERTRTE KT A
fFE12CEK112]. RIVABSFESFENEREE, WA, K%, £FT
HA RN S AR B B AR ERE IR,

REMAEYHEES, ECLTHROEEMEYS, FEMHLES. EXRHH
B EBATE Pseudoalteromonas Moraxella Psychrobacter« Polaromonas «
Psychroflexus. Polaribacter Moritella. Vibrio 1 Pseudomonas %. #2XKMHEH
Arthrobacter Bacillus 1 Micrococcus . WHNEH HH, W Methanogenium
Methanococcoides F1 Halorubrum . &R 3% BB EYQIER B (Candida
Cryptococcus~ Penicillium 1 Cladosporium %) FVH (Chloromonas) Z[111] . iX &g
AEEREEFE OLeEFENELE BFED NRFE, FAEIREHE.

Morita K ARLERIEEKRE<ISC, ERAEKRE <20 CRIMEVRRAEAHE
¥ (psychrophilic microorganisms) [113]. #RIEFEABEAKIRAER, TLLEBENE
KRR A EEEAE, KT PR ERR A HEIE S B (psychrotrophs) SR B . Feller
AR Morita BIBRHE, ABATAHIBAERIFREARHER EFER, T1EIX—FRETE
FTEHERAY: BEENR, FEKERNFEE XBEEKRE, Rhemsc
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MR NEY N2a £, RA¥R—HEETFULEE BNC AL SRR

RESAEDRVEACRIS (11110 BTHAUMERE, Caviechioli 3 ERAKIEEEHA
AR (114]. BARNRE VNEES—SRE. FECFRMERE e 5
PEAE, KA (cold-adapted enzymes) SWEABBXPIAMES.
1.2. L {EEAYIERHRRAYIE

(ERE Y SRR BT INMEY GURBHE) AR, SAKAM
S TARRIET, SRE—EIEIEED. RVAR. BRRNESRSFEamR
A AR, RS AL G RENESIENRE. RAS MRS KT
YA B A E N SRPR 3 |
1.2. 1. 140

SR B IE R T, AN &SRR, B R RRES:
THERE S BTN KIEHERRE, HORE TR e, THRR
RORERL AR . BRI S BRI MR A R FE PR B T 4
RS SENA BRI T A AR, LM R R S R,
ﬁﬁé@ﬁﬁ%ﬂﬁmﬁﬁﬁrg%, — AN T AT R A AR (AR
FREEHTIA0° T, X EERE P AN, TRT EESAREE. RN
B RREEAR ERRR(111]. B RIARRR TARHER FRAHE
WK, FRERS (114, 115]. (REGEYIRERIRRSE P E & BRI
P, T AR DARAREEIR A B R ATERNTE [111]); A & B4 X (anteiso-
PR, iso-FEEBUD(116]) MIREHER, FUBETIARSIREIEE HEY MR F
1.2.1.2 tRNA. FHERAREIE

BRI E N ERATIRY: (AT (R MREHE I EEHREBER
SEH, TR GC A RIARL[117]. WEAE tRNA SERE RIS RIRRRERIR, XL
WAL tRA USRS, 2L, PRGBS, (RN MR,
A tRNA SRR T Z SR E, XHHT tRNA R HEER
S DUR SN 2% BT A TEhE (18] o (KBRS BB (RS RIEE RN
9T, {RIEHETR DNA SUBNERTBIRNEAHIRREYE, FRBIgier RNA RAEEL &
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MR EAEY N2a B8, REFR—FMEETFHES BNC AL 51 FHA

IR TR RA BB SR, FI, BRI R
R A RS TR (111).
1.2, 1 3AEES. FREASAENES
S RMHER BN R AR B (cold-shock response), TSHMEE
(cold-shock protein, Csp) &%, EfIE—F/MyFE (7.8kD) WML AED,
B &, RO 119 . (EBACEYIRSIER (housekecping
gene) PRI ARHIREA MR SAHHI120] . WIERNEE (cold-acclimation proteins
CAPs) 5 FIREACEYD . HGREIGE TREEKR, CAPs RUAR. B
ARt CAPs SR T ALK RARRRIER RATRTbH, ELANIR CAPS
HISHEEIAT Bb (121]. WS ARR B AR R . B VRS S Ik G
HATID), TG ABIEERRIKAL, BIDKRAEA K, NGRS
BEA. FAREANT (antifeese molecule) MBS ERETKBAKELEA
(ioo-binding protein) L FMEAME1L1],
1. 2. 1. 4 MR SRS 03
FEGET, SAMEDIARANRRER . TR AV — S
Tk, MR ERRER L AEs, EESIURRLTIGRRE. BT LA
FOREE, AMATTRIERETR s, IR ERD R LR
. TS ETRHEEIURAK S, F—h RN B SR TS
Rk, WA AR 121]. 2UANE S ARSI
TR EE, (SRS S U T SR A TR
%, MESTINHEMAR, AR, KESWERAKEE 0% WATAR
MTERMLETR, BRMMAARRET, WETANSHEHOSKOKE. £
BB CRRIRGT B2, (£ RBATEm122).
1. 2. 23RS (cold-adapted enzyme, psychrophilic enzyme)
IR RIER, (BRI E AR SERT? 7
TR E RS R R R R, T TR SR
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BIRIEEREY N2a 558 . REF R —AMERITEA LA BNC 51 AHR

R GRS EE A . FIHERR T R0, Feller
% (1996) JICERE = MAE: 1. Bt BRI T RV 2 &
0 % 30 TR MUK (k) SRAEINEE (ko / Ko) BET-RVEHOFIERS: 3. 7E30
ST (25°0) BRSSP BRI (123) . SR TR A
AR BRI X, RRMERB S SBETRELL 120, 122, 124,
125]., RTRERETEERIEETIOORN, T RS LA R LY
BEHTATE, BREFRARR R LR S,

FREFT LRSI AR k=A™, F—BEILRNIIEIE T AVELES B, WBSRLY
HRETRRE Y ko BPRTRK AR, E, SRS, MRS TREE TS, BRAEE
SR WS, TSRS AR TRCE RN, REHE
MBI EERE, —h, (CREELAET AR RS RRGS, EIRET
R A AR PR RTEARR VS B (126, (G ke BRI HLALIEETT
HIB LA LR, (AR R SR A YA BN
A B RS A CEHFIRM I, RO TSRS (o )
AN A AUFHRRPRESE(E, TR CRNEERBPERIE R
6), SRR BN ER 111,

(CEEE I AAIER ka BMAEIR R, M2 LTI (Rexibility) HOSAT,
EEA R R SRR LA SR AEG. RIS
=, (ERREBIENRERERARN, TR T TR — RS ARSI,
AR AT, XA TS B R MBR127). X
B e AR T B P SR 5 B L & 1R, B SRR,
Ko BE127], TR ko HARL) Ko BOSOACANED. BBAEALAE— SIS —
PERH e/ Ko IR KBGO Ko B0 Koy, BRI T
S RMEEEGL, SRR SRR T EONS, RS
BFFE AT, (RS NRA S SR O
(RFH, AR RS B AR SR R A B 5 e RN B BRI (127, -
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DHER A CRBERCRONERR, SR REET (R
IEREET R TERD, &N MR |, KA ERERERN, LR
R AR R (temperature-independent) K%, /NS TS AL S @R [120]

| KEHICEB R, SORIGE ORI, 128, (ERETRALE
ST RO S B Rt R R, SRR R
Wb IR R AR (ERBR LS RTINS
AR R ST, (R N R S AL S E R BRI
TR EREERERES. [124]
| ERRHERE SRS LRI, B RRERL S R 5,
FAMEN24, 128]: BTN S, RGN ARED: TR
Wb BESATIAERIE, BEROTKIERD: BRI S
(REHALHI; RETEANES: SRLAMLARSNES IR ESNE
KHFR (loop); FRAMERIMATS « BHETIERI, FRER. SEMATHER
) I SEEEED: BRI RS IR R
B (AEMARAER) SRIELS BERARER WA, BRLEH—
S EAET A MG, BT SRS 120]
L.2. 3FIIB X ENAES

(AR EE YRR, TGRSR E A
BT AMTHEERBUEAR, B R DR AR E, (BB
MR B A astrobiology, exobiology) BIATRAE], MIGEBUEMIESTA
TR R RN A TERER (111, 116]. (RRACEYTISR S RIS
FENT, BAEEYEANANSY. AR, &8, BHAR. AT
B, BT, G, EYEBSRT R SEAT MNATATR 111, 116). Rl
FERERAETREA X T2 B R R R SRR 0.
IREMENFTRAEE T, ASETB KIS S (bioleaching) [116].
1. 2. 4 {RBSEME S
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ERIEEREY N2a B8, RA¥ R—HHRET HI M BNC AL SRR

(TN SRR R RB A L BRI, BT RAFERIEINE,
(B S SRR T AR E YRR TH RS EER . &
BEAMFERBRERK, FRERAEREMEYERSZENERENEZR. K&
EYERY  S RERERY, RESRELEEE(116, 128]. FESEAERA
U IEAIE Desulfotalea psychrophila 1 Colwellia psychrerythraea SR,
WERHEE128]. DAHRHRAINEN KRS E NSRBI TR T TS,
EHRH T E s —BER (21, 22], BERHERREAEE TR Kn PR
MERE SRS, XHENMIA KBRS, BN RETENSBE.

1. 3 RN R AR F RS HFIHRARAR

4014y (bacterial taxonomy) 3% 4} (classification) , #ir4 (nomenclature) 14 €
(identification) , 3 LB RIS XR(129]. WEFAHSIEEAENIRESR
GRS A REAVER KRS a3, #5R %1052 (polyphasic taxonomy) ,
A ERARRRERAENEER (NAFRFRESKT) BEHRKTEFIIE.
HCANEFHIEIA (Class Bacilll) MESXEEFEREUT=RIR:

FARAEBAEIRN. 22K E5KOHMN; BAES: FHREESLLRER
S WESTHYE; ERVES: BE. RERHNEKEESREREE; B—HES
FUERIF; BHATIORMLEES: RIFERSRr=R: %K JUERHE K.

DNAZKE ER4 35 5E: 165 (DNASTFFIRIFE (1400 bpll k), WASLEEEGRRE
SRE R EkA16S DNARSY, UAREGHBERARKEN. BeaTCEA
gyrBEF R R EMEEAY . HPLOERIDNARREA R (GCER). FRUEMILCR
B (165 rDNAFUUERTO7%) BIFRHERIBRONAZAZ . ZEFRZK /) (genome size) o

{23k 24HER SDS-PAGE. SAREIEIIE M AR RR P REENER B AL
SRR E R e A B R E AR SRR A28, HPLC WUe MR PP 2
R, RERNAMERTERHEMR, I EaT LU g TR,

- E RS ECR 4. 4X10%, HehguE L 7058l £[130]. 2007 4 1 A
31| 2008 4E 4 H7E Intemational Journal of Systematic and Evolutionary Microbiology L& %%
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AR REY N2a B, REFE R —HERETHLZA BNC 4L SRR

R RIFT, 2 28%k Bilg¥. HPLEXELHE TRIVHEA] (Proteobacteria) « JHER
FF&I] (Actinobacteria) . JFEEH| ] (Firmicutes) FIUFF B ] (Bacteroidetes) . ‘B 1RAE4E
IUkiEE, WRBERENEE, HWRBFABRNEE IR ETEEERED. XK
21 A “ATEESR” NP BRI TR, R BIRHWE O (hydrothermal
vent) FHEHIAN B QFE =] (Aquificae) [131]. #HIEAT] (Thermotogae) [132] + Hyli
B #T B 7 (Thermodesulfobacteria)(133] « % % ZX B - # # & ]
(Deinocoocus-Thermus) [134] FfREkFF B ] (Deferribacteres) [135]4%. FHAbInSE 4]
(Tenericutes) [136]+ %5EREi1] (Lentisphaerae) [137] . FEELIRE[ ] (Planctomycetes) [1:%8]
FPEIHE ] (Verrucomicrobia) [139] B AHUER BHRAERIF . RIS ERFA
EE AT UURIIEFEPIEE L IAE, WEREHE]T (Chloroflexi) . HiZFEfL
B1] (Gemmatimonadetes) - BEFFH 1] (Acidobacteria) . E{t4RE (] (Nitrospira) FUEEE
"] (Spirochaetes) (140, 1411; & WIC A FRYF %1% ] (candidate phylum) , 10
Marine Group A, Poribacteria, ABYI, Guaymasl, NKB19 %[139, 140]. BTLA4JE{&
BB AATFFREH R EEEYHERD, BHFXENEEEY,
{REMAD TR [142] « MNP KH BT R P G A B 2 R AT L
FHEAbHE XA, HAERHFEERERVAE. ITE. BERE. FREIEMES,
Heh v . o RFUAEART R FRSE SR A2RE[143],

1. 4 Fe30ERERE. BRRREIRFIE Y

AR UFRIREIEN TR ARI BN, AEiREKFF RS EREE R AR
BRI BRI N2a Bitk. 285€, N2a HHFRFTE (Bacillus). RIFETT
RN E R R B K A E R AR MRS R Bacillus B RAIRBH RS %
 FEASHE. RICET 180 ZFAIEER 165 rRNA ERMRGEREN, LUKEHA
Bacillus J& FARRAB IR RIFEERIN b 9 NKEE. et MEiRisnt b, 4
LT N2a HURETEHLEES BNC, BRAUHBB SRS S a2, &
A TRESEAERINERE. XU M AR E T EARE.
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BREEMEY N2a 8. REFR—FERITHHERM BNC A5 HRMA

2 EEKPEERLSEHEEERINFESERE -

BRASETHRERE “FR” FRtotXEKREZIRRIIFRIMIES, K
SHEERK H0, RE A 1. 45 umol /L [144). AFESEEEMENREEK
PEIAETEIREAMEE, TR N R &R A S B R Ry
RBNESNEH T, Hemandez HUERIARIEKAMEEZE 50 u mol/L H0, ISAF TIHEIE
FAK(145], IR KPR E SRR AR, EE RN AR
EREHERNERRE. AENTRENEREKSE H TS EREE ARk
HHNFEE,
2.1 MH5%7%
2.1 1 N E

B BRI HER B AER: (65°30.0° S, 71°45.7 E). FERLMEKEST
. 5 g BAKA 1 g BEFEET LK, WpH 7.5, 121 CKHE 20 min. EFFR
ZRTMAENEF LR N 1. 45 vmol/L. B4 CIREFHMEKEEREHIRAR ZIHEK
AR B, BANEARIIA 200 wL #K, LA 10 NPIR. 15°CHZR 10 K. KHifR
RN |
2. 1. 2 EiE LSRR E R

V1T FIRAREREREAR vk (146] . FITEBMREEA 250 nl B (& 20 ul ZEALHE
AGESEEE). 200 rpm, 20 CHFE24 h, B 15 ol REEE, HEHEK 2 min, KiEHE
FEXER. FAMMHFPEMS oL 20 mol/L H0, (10 L 10 mmol/L pH 6.8 BER
EREWEFIA 25u L 30%H0,), 25 “C/K¥ 3 min, BAAIMARRIFIRIE KB
%1 m, 25 CHHE 30 s /GBIMA2 ol 1 mol/L BRERFIERM, BEMA0.5 mL
10% WYL, 19 1%4ER%%, E 3 ninJ3, F0.010 mol/L FHiFiAHEEE
. ICRF IS ETABRRRINEIR (VA VED. 3 25 CEHHFE 1umol
WO, MBS R XH—MEHEAL. RREFFER: H0,+20 —»L+20H", Lh425,05"
20 +80¢7, BRI H0,4+28,05 —S0¢ +20H, 6 nl REHRFT &5 #4L
¥ (U/mL) =2X0.5X0.01X (V -V ) X107°X10°*=10X (V -V £, L
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Micrococcus lentus (JH Sigma) AZR, HEENS M lueus FEEEIE HRTHER.

SIERHERZIM R (BBl 752N KT R YeETH) Rt aibs
| EEEHE(L47). SRESRIREENEL OB, L pH 7.5, 50 mol/L Tris-Cl ZEHW
ERBEAIEVKB BT (Sonics VCF1500 #BFEBRH), BOEELHE. MXHE
O RE RS E S PR, 4 MRERIIG 3 7 4 . BETEPEDAHO,2E 240
m AbSMEEZE, B Agen FREEERIHE. RIEZRA 50 muol/L pH 7 BERRELIISEES
MY, H0, ¥R 20 mol/L. ER—EBHM (—BANEE 200 pL) mEl 1 ol BHRE:
Zr, ELERTRS, FREmA B RACHIT 40 muol/L ) HO,1 nl
BIERIL. FRIEN, B3 s i0R—K Ao B8, LARTE] () XABEE (v) 4B
B, BLRERE AR RAEE, BET 30 s TR RRFHRNVER. HO,AE
SRBIERECH 43. 6 (mol/Ly'em™ [21]. BHEBAIE LFHIE. & ol RESEHTETES
BT (U/mL) =A0D/At+43.6X 10°X REARMAIR (L) X60-+FHRIEER AR

(mL)e BAM lentus 1 E. coli Jyxd MRSk miEtEEbK. .

EO&BWEXA Bradford ¥ [148]. REBACHTEE: @ 0.02¢ FOHHE
G250 (MgH USB AF]) #iNA 10 ul FKZEE, ¥AFEHEM 20 nl BEAR, FRIZIEK
SEAZE 200 oL, WAUIIE, (REBERE. ACHI0, 25, 50, 75, 100, 125 F1 1501
g/nl 3t 7 FIRERAMiE AR S (BSA) K¥EHR. 7 FREER BSA &R 2001 L, 430N
A 2 ol ZDHEERE, BAEHE Snin, L2001 L FIEKS 2 ol SRR AY
ATESE, MR BSA B Asoson BB HISHFAERSR. FRESEIHAERE
sy B ENRIE LGB IR
2.1.3 B
2. L. 3. 1 ERASERA AT

FERE (FEAEEHETFN 149]8 (ERAERELETMY (1061475
% WER, AEEFREEN 25 C, rAXRBIREANE.

ATi#7Kk[149]: NHNO; 0.002 g H;BO; 0.027 g, CaCl, 1.14 g, FePO, 0.001 g,
MgCl, 5.143 g, KBr 0.1 g, KCI 0.69 g, NaHCO; 0.2 g, NaCl 24.32 g, NaF 0.003 g, Na,SiO;
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0.002 g, Na,S04 4.06 g, S1CL, 0.026 g, #18/K 1000 nL,

PERZEAL R TBEH Leifson MOF 35575 () [149]: HAfR1g, BFE 0.1
g (NH.),S0;05g, Tris0.5g, BA40.01 g, EfAE3 g, ATHK500mL, Z&IEK 500
mL. DAZKIEKERRSRSY, APHT.5, FEXKE. ATRKRMEEXE. $HIZE 50
C, THEIHMERATHRE, BLUTIEKE RN 200 (w/v) FESERAR, (4K
BEE 1%. THERESS 2.5 ol ABRERRE., KEEAERERKE L a R
5, SEES R, B EEMEMATE AR (AR 2: 1
BEZ lon B, TR EEEKERFREATRGNAEA RS R, HrE
b bl RNV T

Hutner EHELERBEFREESE) [149): %ﬂﬁ%‘z& MgCl, 1445 g, CaCl,2H,0
3.335 g, FeSO47H,0 0.099 g, (NHg)sMo7O4H,0 0.00925 g, & 254 (JLF) 50 mL,
Fra7K 950 ml, 38 pH 6. 8. & ERMR: EDTA2.5 g, ZnSO47H0 1095 g, FeSO47H0
5 g, MnSO4H,0 1.54 g, CuSO45H,0 0.392 g, Na;B,0710H,0 0.177 g, CoCl6H,0 0.203
g, NHNO;0.01364 g, Z78/K 1000 mL, JLTEREIRR.

ME— R R R TN ERZRAE 55 & (149] : 40 mL 1 molL pH638
Na,HPO,-KH,PO, Z2rP¥#, 20 nl Hutner FHEERIEEFFEE, 1 g (NH.)S04 20 g TR,
940 ml KIBK, TRIE2 g B, UpH 7 HBERE SR ERNE ARG, B
710K, HEKAMBHE.

A5 V-P A3 [149]: MRVP Wi%: 7 ¢ BERK, 5 ¢ Wi%iHE, 5 g NaCl, 1000
ol ZK. W pH 7, 435 ol RE, 121 CKE 15 nin. HH/E 30 CHEFR 7 KU
. FRARRE: Hn6 0. 02%FRLM 605 ZEREM, Bt hfatE (o 2 LIFD,
HEoEEARTE, BaER5EMmE. V-P RN B 1ol 574, A 0.6 mL 5%a-
EMM A, RS 0.2 oL 40% NaOH, BAISHANEE 60 min. Btk M
FFERMITIR IR B

FrigREh IR [149] : Christensen FPERBRERTRG: Friiei 3 g, FrifEREREL 0. 4 8,
BEE0.2g, BEEFE 0.5, HPERR0.1g, KH,PO, 1 g, NaCl5 g, BifREiEREH 0. 08

39



BIREENEY N2a B2, REXR—HRET AL ZES BNC AL 5HARR

g B0.012 g, BFAE 15 g, #EM8/K 1000 mL. & pH 6.7, BEREHSR7 KL, B
t: .

WBAERHREERE[149]: LA 40 mmol/L pH 10. 5 HEEENaOH Z2MRAC 10 mmol/L X
FHEAEBER 8 (p-NPP) . A 0.9% NaCl FHRAECHKE S, FREEWS pNPP
W1 19RATE 37T 6 h. FifE: 6.

RNA B5(149]: % RNA VTR, 0 1 mol/ L NaOH {2, {E pH VT 5. B
RNA BN /K B RNA JRBEX 0. 2%, 121 ‘CKEH 15 min, PR, RIZSERE
A1 mol/LHC] M FARE% . Ftt: BsRERHILEYE.

BLSERGRS [149]: 3ESREE 0.25 g FrERRi:, 0.3 g BICAREAN, 10 ¢ &
FifR, 5gNaCl, 15g ¥RfE, 1000mL ZIFK, HpH7, HFERAE. 112 CKE 20 min.
FREHEE. Wtk SRR, |

E2RLAMNA 24 h ATEACFRER (1061, B Staphylococcus aureus AFRTE
X, PLE coli AMAEXTHE; BahtbsfRAEEER(106]). £KERE. thER
pH FOB e FERIA TSR, SRS A E /R4,

BERBREAIF[106]: ¥5%: BHBR10g NaCl5g, 0.2% (w/v) WEAEME12.5
ml, EGRAFH10 g, ZE1EK 1000 ml, FpH 7.4, A3ERE, 115 ‘CKE 20 min.
BMEESE 14 K, MASHBHRAREESE. Mt 886, SRIE B EER

PV RRIESREE(106]: AR 10 g, NaCl 5 g, 4-PE 3 g, B¥K 1000 mL. i
o 7.6, WEUKRRLI06]: FIOSHLRRAIIA B IR RSHASS 0. 2%, KEREIPIR
BMEHE5 R, MABUR (0.33%L,-0. 67%KD. PAtE: BREAEHEIZAMENE.

HEFRHE(106]: BERRS5 g, NaCl5 g, B#K 1000 mL. W pH 7. 43353 ol
FRAE, BN 0.8 cmX6 cm B4R, 121 “CKEE 15 min, IS 4 . Bt @B4K
i, BHEERR AT,

3MALTLMI06]: M. T 100, R 1o BUE20g WK 1000nL,
WPH7 £ 7.2, 115 ‘CKH 20 min, PR . BF/EEF 2 K, I Benedict iR7 (1. 73%
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CuSOySH,0-17. 3TEREA- 105K NaCO3), ERKE 1 he .BH’&: BvR R
Y.

THRAESEE106]: Griess A Bi: 0.5 g MEEFBERAT 150 nL10%HER.
Griess Bidf: 0.1 g a-ZEHAT 20 nl ZRI2KA 150 mLIO%FREERR. —RHaAH:
0.5 g AT 100 nl IREIRR, FEFH 20mL ZRIBKHRE. & 0. 1%KNO; YA RRERSR
EEH TE7.6, %5 ol FRAE, 121 ‘CKHE 15 min, EEEER 1A, BOVEE
SRR 1 9% Griess A F Griess B 137, G017 &6 B i — R REs85.. BAA: /10 Griess
ARBZERA. BeFE, Sm_—FREIEE. Btk I Gress A MBZEAZE
B, MG RHEA.

TRRGERTI6]: 6. 10 g 479, 5 g FAW, 1 g NaNOy, 1000 L7
18K, Wl T.4. #3571 AJSH0 Griess A F Griess B & 1 ¥, FAtE: LEMFHFE.
Btk Baf.

RR[106]: & 0. IXKNO; P BREESREE pH 7.2 £ 7.4, 4% 5l B4,
121 ‘CK# 30 min, EHEAKENIHIE. HFTR. B FRE.
BREE(106): EERR1 g, NaCl 5g, H&HE 1 g, KHPOs 2 g, 0. 2%EHZIKA 6 ml,
s 20 g, 18K 1000 ml. i pH6. 8. 115°C’KE 30 min. ¥##I1ZE 50°C, LULIEK
EHRMA 2% (n/v) R, (HLVRROS 2%, 1B, BRSNS R, Mtk
BREESA A,

Wik (106]: HAMK10 g, NaCl 5 g, E¥7K 1000 mL. A pH 7.6, 4134 oL Z
RE, 116 ‘CKH 15 min, EEESE1 A, M5 HIRRGEHE, MUREMMEAR

(0.8 g M- HEEHEXFRET 76 nl 95%Z8EH 16 nl 3K HC1). PHtE: ZBAHE
af,

FNERMREE106]: BEGE 3 g, NaCl 5 g, NaHPO, 1 g, L-EHEM 1 g,
TS 12 g, ZEIEDK 1000 ml, AEERE, 121 CKE 10 min, EFEHESETR. B
5% 10% (w/v) FeClo FAtE: B5E. Bitf: F&E.

FEERAUKMERE(106): Thomley 357%: EHPR1g, NaCl5g, KoHPO40.3¢g,
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MZL0.01 g, Bf56 g L-AEERR 10 g, 7X18/K 1000 mL. ¥ pH 7.2, 121 CKE 15
min, B4 FREF. TRATHREE, 57 4R, FtE: BaE.

KBDRRR106): EARK10g, 4 NE3g BEE g WEH Lg NaHPO,
58, DREI10 g, FIEK 1000 L. SEARE, 121°CKH 30 min, FEHEHFF4
P 181 ol BEFRYRAMA SONGRAR 1.5 nl. FtE: H4RHE. Ptk TLELH.

BARCRAL(106]: EERRS g B 150 g, 7K 1000 wl. ¥ pH 7.4, 7%0AE,
115°CKHE 15 min. FRIER, E20°ci%$% 14 K. Btk & ARV ABE.

FSRiAE (Tween80) [106]: ZEEH 10 g, NaCl 5 g, CaCL7H;0 0.1 g, Bifig9
g ZEMK 1000 mL, pH7.4, 121°CKHE 20 min; Tween 80 t8F 121'CKE 20 min.
¥HIZ 50°CINA Tween 80 2 1 %R, IR, RIGEMHESRT K. Mtk BXRAE
MR EE. Btk T2E. AL Tween20 E4X Tween 80.

BEFP106]: 2.5% w/v) AEKEH 4 nl, BEAE4F 100 mL (BEAEYYEY 10
g¥TF 100 mL K)o BA5 ml 35R%, 112 'CKE 20 min. HEHESR 30K, WEF
TUTHS: CE—AHRBEEN; ML—4kE: FR-ASRL PH—h%
W MR AIRRE: B4 IERE, AREEER.

BRFETAR: 1.9 ¢/LiP50.2 mol/L NaOH & 2.5 nl BSIEHEZE 100 mL, fn
FREE 2 g, MAVER, 115 CKE. 4%IRIEKE 100 ol 7 121 CKE. BRER
STEEENTE, BIR. EEESE. Bt AR EYE. _

ZEYEA(106]): HE5REL: REEIE 108, ZMR45 10, 3RAE 208, ESRUK 1000 mL,
oH 7.2, PR, BEES X, Mtk EEREHREELE. |

KOH #l[150]: 2-mm HFHERBEER 24 h HME/KFARERE, JBUE 1 7 3% KOH %
B CETEFAD PHi5), ReREMF1 22 cn, MRE0 s ARRMEER
YRR AL, WDk KOH BrPAYE: WRRENARAE.
2.1.3.2 flERiRRA St

KA MIDI A TR AIERERFHlE (BEh) AR FEs(151], BA
SHREILIHT.
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21.3.2.1 Bl s

TSBA ¥4R: BEME2 g; NaCl0.5g; KHPO,025g; HiZiH 0.25 g; 1.5
g ZEMK 100 ml. EBEAR, W oH 7.3, 121 CKHE 15 min. KBAHE60 C.
BIAZR 9 cn BIPIR B 15 m), #3520 5525 L. MIEIISHIAHSR, 2841 C.
2442 h. FERZ 4 m BERIMEE=RRIRAEIRL 40 ng HAET 13 mmX 100 mn
BRMRE AR,
2.1.3.2.2 24k

WA 1: 45 g NaOH, 150 ol FFEZ, 150 ml Z1&/K. SEHFREKES, MA
NaOH $i#i85). BU1.0+0.1 ol 357 1, DUSHUREBRERERIRORE. #&H% 5
£ 10 s, 100C/K%E 5 min, BUHIRS 5 F 10 s. BB 100 C/KW 25 min. FEKEH
MERARREF=ESN. BULRE, AaXkrdl. (RATKK.)
2.1.3.2. 3 FEsk

WH2: 6 mol/L HCl 325 mL, HUAZFI275 ol FFEEH, 1B, EHERFMA2.0
mL+0. 1 nL &7 2, FEEEEHRY 5 F 10s. 80°C+1C/AK 10£1 min, BUHRAE,
FIERARE. RHMPBAR. CRAYKK.) |
2.1.3. 2. 4 REUS¥ER

FRERERTMA 1. 2540, 1 ol Skt-28F (1. 144681, BiERS 10 min,
BT EAME, EF. MRERERFMA3.0£0.1 nL 3857 3 (10.8 g NaOH A 900
ol 1K), HEEEIEAERES 5 nin. 3 min 200 rpn Bl EUH B GEHAD &
2/3 EFSHEH N, TUSERIELR, |
2. 1. 3. 2. 5 SARGIEM YRR TR

S GC-17A SAEMARAY, ZHE(E DB-FFAP (£ 30m, H420.32m, fBFO0.25
wm) EAEAE, LR 1 L, ASHERR 150 C, BL3 C/min FHEZ 220 CHERF 25min.
KIS (LA FID) AHERECHEUIS 250 C. BAVHES, Yok 60nL/min,
FeRims kRS & Supelco™ 37 Component FAME Mixm(Sigma)e R=KERER

Y B PR B AR R IR T (%) SEREERTE () IR RER R, PRI 2120
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B =T TR x B RIEA S 5K (equivalent chain length, ECL). IR
SR HARHES PRSI S RS FBGAY ECL LURKIERESHY ECL. ¥ BCL ${E 5308R%
1% (152, 153 ] HLBeH b & R AT D B P e

2.1.3.3 405 16S rDNA MIFF5RLERBENT

PRI DNA R/ (154]: H557 5 nl MR AR, W15 0
BIEEF VI 2 min. JURRAMIIIA 567 1 L pH 8 £ TE (10 mmoV/L TrissCl-1 mmolL EDTA)
Fovst, FIREWITER. A0 pL 106 w/v) MISOSFI3 Bl 20 me/ol BB
85K, ¥4, 37 CEF 1 h. A 100 uL 5 mol/L NaCl{ESIEMA 80 uL 10% (W)
CTAB/0.7 moVL NaCl ##, J8A1/5T 65 CIE# 10 min. MMAZAIE i/ R IEE (24:
1) BSJEEL Smin. # EERAFE OERMASARRR/ 805/ 708 (25: 24:
D BAEEL Smin, B EERATHRLOEEMA 0. 6 fFARRRE, Bl FLE,
F 1 mL 7T0%ZRESEERUTSE, B0 5 min F L, F LEMTEEM TE £ 100 uL
E DVA.

{1 Stratagene 2 7] RoboCycler Gradient 96 PCR 4331 16S rDNA[106]: IEMIF|
#)5’ —AGAGTTTGATCCTGGTCAG-3" : A4 5’ ~CGGCTACCTTGTTACGAC-3” « PCR &
Rifk%: EFEZDNA 0.5 ul, BAHSIHE1 ul, 10XEWH (&M 2.5uL,
dNTP2 L, ExTaqDNA RAT (UEKEZEWAT) 0.125 wl6 Val), £HTF
7K 18 uL. PCR%MH: 94 'C 5 min Fi¥th; 94 °C 1 min, 55 'C 1 min, 72°C 90 s
3£ 30 MEFF, /5 72 'C 8 min. PCR=YIAH 0. SYERASHEAREARIK (Tris-ZMR-EDTA
SR BTN R —FHEERE DRETHF . ARRE, W8, BRE
FF RS R IRIRAAT SER03E5Y, WUFF4 55553 GenBank, FF311S DQ508485.

7E EzTaxon[155] P (http://www.eztaxon.org/) 158 55 DQ508485 AR{EB R MK
HEERAT 16S TDNA /751, FFM GenBank HFEIXLEFFSI. FFFILLYTA ClustalXl. 83
WO (56) . R & R W WA CPRS MBS E R %
(http://wwwephylo.ong/sub_sections/portal) #1t] RAXIL ¥t/ (RAXML with bootstrapping)
¥a32, LA Paenibacillus polymyxa S35V EESIEE, LA MEGA4 3R (157 MEBRAREW.
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2.24%
2.2. 1 BRI

SEFRAEEKES, 7 RS HIIRIRA RATEE. JLEH 49 bR, X3
W S ARG ROV B A AR, ATREEiIRTR—T. 49
AT EAEEEERAE, EVRERNEERT A ERRE e T
E coli Rt EWERE. 15 WABEYITRETNEEST 4 lentus, VIHSEIH
FHEHRERIERERRE N2a, HEFEFERBTENERETEE 1200 U/mg, T 4
lentus M £ coli BB AR -HEEETESHI% 900 U/mg 7170 U/mg. RAKE
BORiE—HE(S, 15,18, 21, 158], N2a WO iLEms L 2AIAES, RPIHOTEERIIAN G
B KRR L E SRR
2.2. 2 IS S AEB AL

WK 4 B B SR B AT BT S RIP SE R XA S B B M E BT
E. 49 BRAIBEAHFFE, 2.5-5 um 4, 0.5-1 pm K. SPERFHURE. EREAE
SEHPIE 4~35 CAEK, HEEEKRETEEN 20~28 C, HAK pH Y pH 6~
11. E5E4EKM NaCl IER 0~T% (w/v), 34 NaCl WREEKT SuitAplml. &
RUMS/KIESREERESE 24h MEAEE. 2% R, BER09ZE 1.2 m, JXEHLE
FEHCRIN, B, AEdER. DT ERABIME: KOH. S4ulE. FEA, V-P.
B, HS F=tE, FEERS. 3- BRI E. Tween 20 /Kf#. Tween 80 7KA#. JLAH
MEER. RIEL. ZBEN. L-ERERERS. BERIUKFEE. mﬁgﬁe@‘
FIFIEAR L, FIFRESRS. DFSEAMME: RVA 5. FRIERHRIERS. YR
i EAEAME. LI, FURATAIRE, R, B, JEO. FOM. YENEL.
HERFR. TEMKE. S5, HEE. LEm, 2%, 7 . 48R HE
HEFIRFE 2-1. 49 BRAIELA N2a HARR, #—PRTESL 168 (DNA FFFIRIARRTRRA M.
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#£2-1 Na 5RERTHREMNIREAHENER
Table 2-1 Phenotypic characteristics that differentiate N2a from related Bacillus species

Character 1 2 3 4 5
Gram-stain V. + + .+ \'
Long chain morphology - - - + +
Growth at/in . X
4C + - - - ND
47°C - - - - +
PH9.5 + + - + +
5% NaCl + - - - +
Anaerobic growth - + - + -
Motility -+ - + ND w
Nitrate reduction + ) - - ND -

Species: 1, N2a; 2, Bacillus barbaricus [159); 3, Bacillus arsenicus [160]; 4, Bacillus macauensis [161}; 5,
Bacillus gelatini [162]. +, Positive; -, negative; ND, not determined; v, variable; w, weak.

2.2. 3 41 16S IDNA RER BT

F1 N2a 9 16S IDNA FF51 (1434 bp) ARLUWEERSBVEIRDHIA[155]: Bacillus
barbaricus DSM 147307 (99.4%), Bacillus arsenicus DSM 158227 (97.9%), Bacillus
macauensis DSM 172627 (96. 1%) , Bacillus gelatini LMG 218807 (95. 3%) . WTLABE N2a
REMTHEBNAE. B 2-1BifBT Na FHREFAE.

Bacifls sporothermociurans DSM 105997 (U49078)
Bacifus megatenum 1AM 134187 (D16273)
Baciilus flexws DSM 13207 (AB021185)

Baciflus koreensis DSM 164677 (AY667496)
Baciilus foraminis LMG 231747 1(AJ‘H 7382
Bacifus kribbensis DSM 178717 (DQ280367)
Baciis asahilJCM 121127 Q.B1 09209)

Bacilus muralis LMG 20238 628748)
Baciiius sofi LMG 218387 (AJ542513)

Baciftus novalis LMG 218377 (AJ542512)
Baciiius vireti LMG 218347 (AJ542509)

Baciius bataviensis LMG 218337 (AJ542508)
Baciflus drentensis LMG 218317 (AJ542506)
Bacitus niaciniDSM 29237 (AB021194)

Bacilius pocheonensis DSM 181357 (AB245377)
Baciflus niabensis DSM 177237 (AY988119)
Bacitlus horkoshi DSM 87197 (X76443)

i e D e
Citlis panacrerrae
79 —T00L—— Baciftus funicuius JCM 112017 (ABD49195

Baciflus subtifs 1687 (Z99104 REGION: 38277...31 829)
Bacillus aigicola KMM 37377 (AY228462)
—— Bacifus halodurans DSM 497 270
95— Bacillis hemiceliosilyticus DSM 167317 (AB043848)
—————— Baciflss macavensis DSM 172627 (AY373018)
’ Bacillus gefatini LMG 218807 (AJ551329)
1 95 Baciius arsenicus DSM 158227 (AJE06700)
Baciftus sp. N2a (DQ508485
Bacillus barbaricus DSM 147307 (AJ42214
- - Paenibaciius polymyxa DSM 367 (AJ320493)

05 0.4 03 02 01 00

B 2-1 N2a FURCEBRAY 16S IDNA RIEREW
Fig.2-1. Maximum likelihood tree based on 16S rRNA (1434 bases) gene sequences showing the
phylogenetic relationships between Bacillus sp. N2a and the nearest neighbours of the genus Bacillus.

Bootstrap values (expressed as percentages of 1000 replications) greater than 50% are given at the nodes.
Paenibacillus polymyxa DSM 36" was the out-group species. Bar, 1% nucleotide substitution.
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2. 2. 4 HERERRRARK

ik 2-2 o7 WL N2a BSOS Asiime iR S (KT 80%), XeeMaF RS
HURFIE. {E N2a [ C14. C15 A C16 =HEERRMIME BMESK QOZE 30%), X
ENFAITREREFARRE K (FC15 5 C16 —FERTRR G HEH).

£ 2-2 Na SRGR BB EE®
Table 2-2 Fatty acid compositions (%) of N2a and related type strains

Feli’g 1 2 3 4 5
C130 0 0 5.8 0 0
iso-C13:0 47 0 0 0 0
iso-C14:0 133 94 34 46 0
Cl40 0 09 1.1 22 0
iso-C14:1 176 0 (] 0 0
iso-C15:0 . 142 19 106 217 60.7
anteiso-C15:0 142 4238 105 672 9
C150 0 09 16 0 0
iso-C15:1 - 24 07 42 0 0
iso-C16:1 112 0 ] 0 0
Cl6:107cis 6 49 253 0 0
Cl16:1011cis 1 28 42 0 0
is0-C16:0 2 6 19 16 46
anteiso-C16:0 1 0 0 0 0
C16:0 0 2 X 0 22
iso-C17:0 0 0 1.1 27 128
anteiso-C17:0 0 26 ' 0 97
anteiso-C18:1 2 0 0 0 0
Cl18:1011cis 5.1 0 0 0 0
At

Cl4 309 103 45 68 0
C15 30.8 634 269 889 69.7
C16 212 15.7 58.1 1.6 6.8
AR 826 80.5 488 978 9.8
TFIIEH® 459 84 337 0 0

Species: 1, N2a; 2, Bacillus barbaricus [159}; 3, Bacillus arsenicus [160}; 4, Bacillus macauensis [161); 5,
Bacillus gelatini [162]

2.3 148

2.3.1 AEEFRSSENERS

H IR E DK ASELRBESFNAEFR SEYBUTRAS, FURAEM
BERERASHEFREXBEK: Hrrd BT E R, ERmEERE g
FREt. ERIE/KIESREIRESEIRIZ AT Zobell BiFREE, Bf A TERERIFT
FAHEMHESR (B EFFENE O SHERSEFRNRE LRSI KA B,
HEAReEsREKPH “HER” 48, BREEFHNOHET R HREIRR
HK PRI, (BTSSR AR SRR EUR (HExd
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TRRK) RBAEK, PFUEFTEREFAMELERNA, XERAHFIERZH
BIFENERE. SRATUHERN, BREmIENEMmEEEK, ERErENEER
PR BTSRRI AN 49 BRANB T RER TR —FA A, SRR RE
BN FIREEEFFYFHEE KBRS, R 2-3 AT N2a A EALEE
IEYERITBR Vibrio rumoiensis (488 B & H,0, HIBUK) LSRR EJURGAED. XH
B REERIE T 3REED H0, Bl s k.

* 2-3 N2a SHEHMAEYRANTBRE- P SULERBETELR
Table 2-3 Catalase activity in cell-free crude extract from microorganisms

Catalase activity

Microorganism (Umg) Reference
Antarctic marine isolate N2a T 1200 this work
Halomonas sp. SK1 360 [s]
Rhodospirillum rubrum 88 (18]
Frankia strain R43 74 [158]
Halobacterium halobium 606 (8]
Vibrio rumoiensis 7300 21]

Catalase activity was measured in 50 mM potassium phosphate buffer (pH 7.0) at 25 'C
a.  Catalase activity was measured at 20 C.

PR A OGBS R A S0S RVERZRSMEMNERGIR A DNA $ifh
(163]. RTURSLARSTHIEEIER, WAERKTRARABERTE HO, BIthE
KRB, SHEREFHEAFZR163]. BIEHEBEETE Na AREREKS
H0, K FEMMEREKARNEZERE, X—4%RR Hemandez /38 [145] —F.
EA BN R ERK PR A S AAeS fiElE, DREM RS
HIHO,, EHAEEFHHRER EMES). XHEXR, BRRERKPRIREYERF
A HOIWEREW, SENHIHETHREERBRREHKESRANEERR.

2. 3. 2 TR L S INE TR

FEIEEERE, PSSR TRERME, MEREFFRESFHEER,

EREMTEBKEEMTRE B, MABEAUAAIRAER . KBRS AT PR
(H0, BP0 [16]913E 49 AMEER, (BRCRAEAR, FrCld S s
ERERARETEMEARERE. SHERTRerk(146]) Mt STRPERRA
AR EERIRERE S, FrUIeAvIfE. SRIESTRARBRMEEENE
S NNBERIBERE RO %, RREEEaT AR, feteBE iz
FEANABEETTAAMABNELE, BRERFAARSRER LT &
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[44, 47, 164) . {EXFTERRERERAC, FAERENERIRE, FEIMCRES
EAER. RIMPDOLEERERSMHRRERTIALS, 15, 18, 21, 29, 42, 45, 158], BAR
BONARBERESIAEARTRERME, B0 T ORGEREERE, HAREER
Yot AeS)EREA BN ER RN E, SRR EE T AR —3.
BRSNS R AR k. M RIS BALR U/nL, TURSR AR U/mg,
FrUAPE AR, (EFETVER —BEL BT . FIFERAN 15 MREER RIS
PARET M lentus, T EIEHEARKEHRAORREANRE. AHFFUEERATAT RN
SeEETHEE CRERHEE) (165)05E, EAEREAAARTIT, MTRERENBINERNT
BRIk, M lentus T EEEEETERI(7, 21], FRYEIERIPFMERREZ GER.
2.3. 3EEE

49 B RS EALEERE A E RSN, HRAVKEREEIEE RS, K2
HEHRAEREREET 30 'C, {5 HRAELE 35 CEK. (EXEERZ DT ENRFLR
FHIE, RUCKEMIATR—MESE.

KHLISk—E 8 Sk KT R HR OHRE, H3 Yoon FNFHEIRHEK
43 B B. marisflavi, B. aquimaris F B. hwajinpoensis[166, 167]. HTAVEIX=
PSRRI B BiK. AR ot X 2 S0 T4, SRR E % LR [168],
{EEEERAES H R AR K T L 30 0E FHUFFE T (169 AR 4R E 1 1 (170].
Logan 23485k B iR BB A B 5 KL - 580 Bacillus i B. fumarioli[171], B.
Iuciferensis(172) % B. shackletonii[173], {B—E&H R A ERHEKHIFFHE G+C% &
B¥ = KAHEIARE.

N2a 55 B. barbaricus ] 16S rDNA FH{LUEIR S, {852 Bacillus B 8] 16S tDNA
FMUESER (30 B. pumilus T B. safensis 3% 99. 9%), BEHAHE{UE 168 DNA ARl
BWTIE N2a 24 B, barbaricus. #8231, N2a F B. barbaricus REWHEERNRK, MF 2-1
A N2a (R K. TEHES A BAAT 16S 1DNA REERFFAEKEK. £
KEAETGE SRR N2a HREEERE; N2a HANEMENRME &8 40%, ¥
BT 165 rDNA RAREHARXENK, XURIKBENEERE. B barbaricus, B.
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arsenicus , B. macauensis, B. gelafini 5158 EEEEL. B . ARSI
B, HAFREERE Noa Nl BRItk N2a TRATRESR Bacillus B, L{imsh e EA
G-+C% & B DNA 73Sl A BE A

Yumoto %% [21] f1 Lorentzen % (22] 3 BIIRE T K B Vibrio rumoiensis R V.
salmonicida BIFRELIRERIT FULERE, (E5R B RMEME LIS RE P UL
SESRRAEYINTRE, PRS2 KR E. Noa S
BRERP R ERRE RS 1200 Umg, HRITH—SHICRLANERMNELS
RIFARRSL, AT LU R e R ST T4
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3 FIMHBRIEXBHARNARIILXR

EERRET KE Bacillus JBEIHF, FIEZE Bacillaceae PHBILTHZS
Bacillus BHIMEB. #IE List of Prokaryotic names with Standing in Nomenclature
(LPSN)PI (2008) [174] #7138, E BT Bacillus BRI 140 /M, 7E 2000 F AT
iBX 54 F; 7E Bacillaceae £ 30 ZMEH, 7E 2000 FEZRTEANN 6 1V&.

KRALSRANIREIAN Bacillus JB7 2% 78 (monophyletic group) [175], THEAFR
WERER SEF R AR A SR TS AT RIERF, BTl Bacillus IR EFH RARIL
BHRGREEXANRBT RIS, Priest £ FASUES KNG 368 BRIFE 2
FUZHEE SR 79 250176 . 1990 SELAJS, rRNA EEWENAERLEREFEM “40TH
R” NATHFESRFERE A HANARNREFHN, BLTASHHRAR
(177, 16S rDNA FRFUARHMERR A= 2RI BE S M ETAKIEZ —. Goto % [178]
1 Xu Z[179] SRS 16S rDNA 751K 165—23S $5RIBIRRIX ARSMFFFIBTFT T Bacillus
BRAERMRAR LS. ERFIFERNFZIEE D (554 69 %4540 %), A
FF55E (43%4 1057bp F01 220bp), FrAEERHA—ZL

SRR A HrFe 16S rDNA FRFRERR At (KT 1300bp), FEARH]
ERD, XAREREEMRME T EBNEGEEE: MATHENHE R AR
HARBERERIRAE T BDELH: BARRFREMUREIENHE S IHRT
(180, 1811 fH I, BRI MAHENTXBIRLLE S TS (ADERIE. &
NSRRI EEANEEERGEA R ZER(182]. |

%t 181 B Bacillus BRARIEL R FHEEHKE 21KH) 168 IDNA 751, FZFME
HATRGR 2T, BEERL Bacillus &M RS Bacillus LR FIRIRGER
EE¥XR.
3.1 5% ‘

1Bk 16S tDNA 3R B GenBank (B4 1) £ Bacillus BETVHE, FHUTHE
M ENBOREM R FATEE L ERORRF (BZE 2007 F9 A). Z—AEF
2% 165 rDNA FEFIRT, %S HiE AGTC B/ HIFS. EFHIFFIFIRFFE
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AGTC 4, WIS BLAST %A IR ENRIERRHIFS LU RERERIE 165 rDNA
FF5l, REGHEIEMEHER. LA ClustalXl. 83 {15614 TFFFILLRY, FEA
TuneClustalX %/ (Hall, 2004, hitp:/homepage.mac.com/bartyghall/ TuneClustalX htm) 1
e ClustalX 2¥(1% B, B /5 F Bioedi t7 84+ (1831 FRB L FFILLXT SR, 4 ClustalX
S48 quality scroes AL, 165 rDNA FEFURRTECBATDIERER ExTaxon Y
S BIIR 5 (1551 MEREAIGHFE (Bscherichia col) E SN BERIF. |

DA Modeltest 3.7 #f4[184] ) Hierarchical likelihood ratio tests (hLRTs) ! Akaike
infromation criterion (AICWFEEFFZHMBAMRAL. ERABAERENY) \ L%
MP) + Btk (ME) « K BURYE ML) i DUl (BI) A ELEEMTE R M
RU=FPBEAEF MEGA4 $K{$(157], bootstrap=1000, NJ 1 ME WHERA Maximum
Composite Likelinood 75 ¥ . ML # {f i RaxML-VI-HPC4 3§ i1 M 2% it 5
(httpz//phylobench.vital-it.ch/raxml-bb/) #4 & , {# FIBRIA £ %, bootstrap=100. FJ
MrBayes3. 1 #f-[1811E4T MM, MBKAEAVHRESH. nst = 6, rates =
invgamma, covarion=yes, Ngen = 4300000, Nruns = 2, Nchains = 4, Temp = 0.2, Samplefreq
= 100, Printfreq = 1000, Burnin = 30000. '
3.25R 511t

B. mycoides AB021192 (1513bp) H1 B. weihenstephanensis AB021199 (19 Z 1531bp)
5E4A8R], Brel & B. weihenstephanensis. 181 % 165 rDNA BIFF51 HEX 45 SR F modeltest
$KHFY HLRTS 850 NG BAERIRI(18S), v AATRREHOD 05854, FHltasR
FAF MEGA4 X143+ NJ FIME #%. Akaike infromation criterion (AICYRHERfISE GTR+I+G-
ABAERERI[186], G ULARI T JUn il

NJ+ ME. MP 1ML S8 SIRHLm HHEF 2. BRNHERRI ST
EREHERFRER, EABISENRAFAEE TR B, TR
181 FAlEERIS R 9 ML (Group) (B 3-1a). |
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(a

Escherichia coli K12 MG16€55 (U00096)

B, tuscize IFO 152127 (ABO42062)
5L Asicyclobacilus acidocafdarius ATCC 270097 (AB042056)
1 Sulfobacillus thermosulfidoaxidans DSM 92937 (AB023844)

18

10

B. schiegelil ATCC 437417 (AB042080)

8. edaphicus VKPM B7517" (AB045043)

8. muciaginosus VKPM B-7519" (AB045091)
Pasnibacillus polymyxa DSM 28T (AJ32049%)
Thermobacilius xylandyticus CNCM 110177 (AJ005795)

®)

00, 8. coagulans ATCC 70507 (DO297928)
‘__ﬁ.L[a ginsengihumi DSM 18134° (AB245378)

1

B. shackletonil LMG 184357 (A1250318)

8. aerius MTCC 72017 (AJ81849)

8. aerophilus MTCC 7204" (A1831844)

£l stratosphericus MTCC 7305" (AJ831841)
B. Jicheniformis DSM 137 (X68416)

B. sanorensis NRRL B-231547 (AF3021180
B. amyioliquefaciens NBRC 155357 (AB255660)

100 Aneurinibacillus aneurinilyticus DSM 55627 (AB10150 B. velozensis LMG 224781 (AY603658)
7 Brovibacillus brevis DSM ;gf (AB101583) ( 2 B. atrophaeus JCM 90707 (AB021 181) Group
o Vulcanibacitus modesticatdus DSM 148317 (AM0S0346) & Mmdmkﬁ’ég;(ﬁfg?}n wwasat 1
\u ‘ S
TS o us lnulinus FQ 13538 UB1013%%) 80 8 aktituclinis MTCC 208" (AJ831842)
5 1u(;roup 2 8. vallismortis O5M 11031' mﬁ1'a
Group 3 B, subtilis IAM 121187 (AB0420€1)
50 Group 1 8. iquilensis ATCC BAA819" (AY197€13)
50 Group 4 B. mojavensis IFO 1571!"#802"91)
Group 9 8. carboniphilus JCM s'm {AB021182)
Group 7 B. oleronius DSM 356" (X82482)
Group 6 a8 spwnmmmdmansrmﬂ 10539' (1)43078)
50 Group 8 8. achdico ks DEM 14745' [AFS47209)
B. aquimaris KCCM 41589" (AF483625)
B vietnamensis JCM 11124" (AB099708
50 B. marisfavi KCCM 415887 (AF483624)
() = B. seohaeanensis DSM 16484" (AYEE7495)
B endophyticus CIP 106778 (AF295302)
B azotoformans DSM 1048° (DTEN9) B. humi LMG 22167 (AJE27210) J
B fasticiosus DSM 91 (XE0615) 8. tharmantarcticus DSM 9572' (AJASIEER 1
7% B litoralis KCTC 3298" (AYE088051 o Geobacifus stearotharmophius BGSC Wg {AYB08323)
B. niabensis DSM 17723" (AY998119) Grou ff"‘""-‘.;;f““ m""’:ﬁ“‘ mgg? 2‘;":’%
0 8 i KCTC 38007 (AY5502760 P 89 xybacilkis pushchinoensis (AX10478)
B. indicus NTCG 4374" (AJ583150) 5 B aealius N e ﬁ“ﬁﬁ‘gz"om
8. idriensis SMC 43522" (AYS0403) B S DSM 4216 (226938
8 herberstoinansis DSM 18534 (AJ781029 vi 8 ther . CNCM 14 378" (LZTaT8)
B. anthracis ATCC 14578' (AB190217 L B methancicus NCMB 131137 (XE4465) ]
100 B thuringiensis ATCC 10792" (AF290545)
8. waihenstephanensis DSM 118217 (AB021199)
I B. corsus 1AM 126057 (D16266)
4 99 8. preudomycoides NRRL 8817 (AF013121)
B. fuc¥arensis IMG 18422" (AJ41962%
8. funiculus JCM 112017 (AB049195) 100 [— B benzoevorans NCIMB 125557 (XB0611)
83 B. panacitorae KCTC 13929 (AB245300) B. nealsonii ATCC BAA-519 (AF234863)
100 - B. haimapatss DSM 87237 (X76447) B. siralis NCIMB 13801" (AFO71856)
8. horikoshii DSM 87197 (X7644% 80! 100 &a 2,‘{,,""".;.‘"“1;’2 :'5(1 13” égg‘ml
ecohnii us
g,msgz 2;";;: %m?as\ B. infantis SMC 4353-1' (AYD04032)
B megaterium IAM 13418 (D1627% @ B. ford§ LMG 220807 {AY442029)
B koroensis DSM 16467" (AYEET496) - & fotis %:;fgg’;zg;ﬁ*&?gggm
2] | (o prenus JoM stazs” artassan Group B b g
1 N T us ATCC 14574" (XT7T7790)
KMMzopfl‘ ATCC 33403 mﬂwm 2 B. Jontus {AM 12486 (D1ET A
Virldibacillus arvi (MG 22165" {AJB27211) 7510 8. inf DEM 1QTT U20385F
81]92 - 8 decisFrondis JCM 12601 (DQ4E5405) B. galactosidilyticus LMG 17892" (AJ535638)
Lysinibaciflus boronitolerans DSM 171407 (AB199591) B. ruris LMG 228667 (AI5356301
viil B. masstiensis CP 1084487 (AY677116) B. baroniphilus DSM 17376 (AR 198719)
Ureibacillus thermasphaericus DSM 108337 (X90640) B. salanatarsenatis JCM 143807 (AB262082)
i B odysseyi ATCC PTA-4993" (AF526913) 100 B. thioparans CECT 7196" (DQ371431)
B. sivestris LMG13991" (AJ00608E) B. jeoali CIP 1071047 (AF221081)
Carvophanon kstum NCIMB 9533" (X70314) 73] B. subforraneus DSM 13966" (AYE72838)
96 - B. psychrodurans DSM 117137 (AJ277884) B. foraminis LMG 231747 (AITI73E2)
B. psychrotolerans DSM 11706" (AJ277983) a9 B. bataviensis LMG 2183? {AJ542508)
8. insoftus DSM 5" (XB0842) 8. drentensis tMG 218317 (A J542506)
Jeotgakbacillus afmentarius JCM 1 0872" (AF281158) 84 : soll :?ﬁj. 1;::; #?ﬁilé'm
7 nov
Marinibacifus marinus DSM 1297 (AJ237708) ol 9 00 g e e Bad" (A5 42509)
B. fumnariof LMG 174839 (AJ250056)
B. niacini DSM 2923 (ABO21194

53

: 168‘?

B. pocheonensis Gsoil 420" (AB24537T7)
B. muralis tMG 20238 (AJEB28748)
8. simplex DSM 1321 (AJ439078)

-

B. asahii JCM 12112" (AB109209)

Group

B psyc)vusacd:aml‘yﬁcus ATCC 232967 (AB021195)
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0! 1008 alyicola KMM 377" (AY228482)
B. hwajinpoensis JCM 11807" (AF541968)
98 B. decolorafionis LMG 19507" [A)315075)

100 8. arsonicus DSM 15822 (AJB06700) Group
50 B. barbaricus DSM 147307 (AJ 422145 7 -
— 10 B macauvensis DSM 17262" (AY3731 B
661-B. gelatini LMG 21880" (AJ551329)
B. pseudofirmus DSM 8715" (X76439)
B. gibsonii DSM 87227 (X76446)
A, clrusi DSM 87167 (X76440)
B. patagoniansis DSM 161177 (AY258844)
B. oshimensis JCM 12683" (AB183030)
B. lehansis MTCC 76337 (AY793550)
B. macyase DSM 1634€" (AY032601)
B. arseniciselenatis DSM 153407 (AF084705)
B. okuhidensis JCM 10345" (AB0A7684) Group
B. hatodurans ATCC 275577 (ABG21187)
B. hemicelulosiyticus DSM 16731 (AB043346)
8. pseudalcaliphius DSM 87257 (X78449)
. akcalophius DSM 435" (X76438)
B. bogorfensis tMG 22234" (AYIT8312)
B. akibai JCM 9157" (ABO43258)
B. krulwichize NCMB 133047 {AB08E39T)
B. wakoensis DSM 25217 (AB043851)
B. okhonsis JCM 120407 {DQ026060) .
1 0088 B. saliphiius DSM 154027 (AJ493660) .

g B. sefentireducens DSM 15326" (AF0B4704
B. agaradhaerens DSM 87217 (X76445)

100 B, claridi DSM 87207 (X76444)
B. callulosilyticus DSM 25227 (AB0438S2) . Group
B. vedders DEM 97687 (243308) 8

95 8. horti JCM 9343" (07035
’TIJITEE mannanilyficus DSM 181307 (AB043364) ,
Caldakalibacillus hermarum CGNICC 1.4242" (AYT53654) (e)

Salimicrabium halophilus DSM 4771" (AJ243820)

10071 fistobacilius halophius NCIMB 2269 (XE2174)
Thalassobacilus devorans DSM 16966" (AJ717299)
Halolactibacillus halo phius DSM 17073" (AB196783)

2L Paraliobiacifus ryukyuensis DSM 15140 (AB0G7828)
91 Amph bacillus xylanus DSM 66267 (AJ496807)
Gracilibacilus halotolerans DSM 118057 (AF028922)
Cerasibacihis quisquffiarum DSM 150257 (AB107894)
98- Lenfibacillus salicampi JCM 114627 (AY057394)
Virnibacillus pantothen ticus 1AM 11061” (D16278)
Ormnithinibacillus bavariensis WSBC 24001 (Y13066)
53 g thermocioscae DSM 52507 (Z26939)
Pavcisalibacifus globulus LMG 2314387 (AM114102)
Terribacillus saccharophilus 1AM 15309" (AB243845)
Pelkgibacilus goriensis DSM 182527 (DQ519571)
Oceanabacillus iheyensis JGM 11309" (NC_004193)
gingdaonensis JCM 140877 (DQ115802)
8. salarfus DSM 16461" (AY667494)
Satsuginibacithis kocurii CHad" (AM492160]
Fitabacillus milosensis DSM 13259" (A J228042)
Tenuibacillus multivorans AS 1.34427 (AY319810
Piscibacillus safipiscarius JCM 121887 (AB184046)
Alkalibacillus haloalksliphius DSM 52717 (AJ238041)
Halalkalibacillus halophius DSM 184947 (AB264529)
Pontibacilfus chungwhensis KCTC 38907 (AY551298)
Saknibacillus aidingensis AS 1.3565" (AY12143€)
B. taeanensis DSM 16466" (AYE01978)
Exiguobacterium surantiacum DSM 208" (DOX19168)

19
S

69

B 3-1 Bacillus REABEBHEE#E 165 rDNA #HLAs, {3 MrBayes3. 1. 2 ¥pHuzE.

Fig, 3-1. Bayesian cladistic tree was constructed with the 16S rDNA sequences of the type strains of Bacillus
species and related genera (181 taxa, 1603 sites; GTRHHG plus covarion model) demonstrating 9 groups (a),
and the species in every group were illustrated as (b) Group 1 and 4, (¢) Group 2 and 5, (d) Group3, (e)
Group 6, 7 and 8, and (f) Group 9. Bootstrap confidence levels greater than 50% were indicated at the
internodes.
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FREEMAEY N2a B2, RAFER—HERIIELIE BNC 4 SHEAWA

Holder 5 Lewis[182] A B UREA T HrHERTREL NI, ME 5 MP SEXAE G2
BTk LU 5 FIRGM IS RIREX — 7K. MAHERTEAMT 181 £HHF51 1622
MEERRAL R BRI R KSR A, ﬁﬁﬁ%ﬁ%ﬁ%ﬁk? 0.5; H&
REBEAUAE, ERZINRGMET RSO R T ERT NI . ME WEMP . T
WML REFRIMEMIRABL. BR T4 6 fid 8, HEARHENMFNTAHF AT 50
RIS, MM RGO P — M RSO R A T I E N AR

REFE, X5 Moreira % [187] £ 23
3 RTSHRTEENRSR, i SAENT Bacills TABRE. FHAT
R 165 rDNA RGUNIIA 4. 46 A4 9 MEREREY ERHWE, (BRBEAFH
BFERE FHEHE Bt X5 Goto B Xu B FARM178, 179]. ZEE 1
819 MAH, Bacillus SR B, subnlis AL T4 1 (28 F) (B 3-1b), BAEFTEEE
BRGNP ERRRAL

A 2 R RGEMPERGL, FEHEA AP cluster (B 3-1c). B. cereus cluster
£F% 14 A Bacillus RIIANE (KRS B. mycoides WNLE), T B. insolitus cluster f.35
16 NFIEFH. B, insolitus cluster £ Bacillus (899 ANFH, PEEEFAH Viridibacillus.
Lysinibacillus Ureibacillus~ Marinibacillus 7 Jeotgalibacillus FiM& LA RAF=HHIH)
Kurthia 1 Caryophanon. XANR 4 RIE cluster 55 Zhang %, La Duc %A1 Rheims &
FRARIE— 2 [188-190]  IXFFRIFHERETR, B, insolitus cluster ] 9 4 Bacillus JRIFTAT Y
BT A RALEETR

A 3 LEEHBRE, 54 cluster 3£ 32 7 (B 3-1d). B NJ F1ME WA
FEANT 10%. 45 RB/NHERE @), BEN MIMP RPN THLA; ZMERS
1 BhE; TEBl MM WHRELE4A 2 BEL. WREHZRZERE, NATERE
FHAA 182, Regieiinrdik.

4 4 REEAEARLIRER OF, E3-1b), CHEMEREMPERL. HP
B. thermantarcticus 55 Geobacillus thermoglucosidasius ATCC 437427 (X60641)i 165
1DNA HHIEER 98. 3% . #R4E Nicolaus %[191), N%8H B thermantarcticus ¥ \VE
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#H Geobacillus. T Bacillus JREIFSH 4 NERES Geobacillus i) 168 IDNA #{UltE
#192%, 5 Geobacillus % BAF.

£H 6 FLR Nielsen ZENIHI IRNA group6[192], ‘B7E 5 ARG PIHIRAL. B
B. macyae5M193], 416 thrEEbE B E A4, X5 Ghosh Z[194]1H6E—H. A7
R BT R RO, HPHPINHEEE B. hwajinpoensis H B, decolorationis ¥
RINA 6[167]; MP. ME FINJ IR TH 7 M4 6 MRLFEAREY. {HBIFIM
WEMEA 7 F4l 6 HEATT (B 3-1e). XHT4H 7 FABMFRITE AL, PTEk
AEHAE T AL 6, X5 Nowlan F[195]HE—3. BItRAKLEE N2a R4 7 FH
BRIPRAY 16S rDNA AR B (LS8 %) [ 2-1 28 1th3R B N2a 3] Bacillus barbaricus
DSM 147307 AR Bacillus arsenicus DSM 158227 BE—#2, BiliN2a tETF4L7.

4 8 A 9 7 5 FEEA ARSI P EMB RS, B 165 rDNA FF5I7E 89 bp 55
90 bp (B. subrilis IAM 121187 AB042061) Z IEE—BHBEAFF, XEEAIE5HEAN
BAF. 4 8 B (B mannanilyticus ANk (1961 )e Caldalkalibacillus
9 168 IDNA FF IR EEKIFFIAEWE N T 92%, g A4 8 ML T R
HEAA, FLIERALS FATRA (B 3-1o), 419 TEHSRITERIR I
HRZ MR B R 3-16), {84 9 #ﬁ@%ﬁ*}eacﬂlm JBHIF: B. taeanensis.

B.salarius.. B. qingdaonensis 1 B. termloacae. MG ERTLIANI 4 MFATRER
J&TF Bacillus. B 3 MEAHFFEERIRR RIS [197-199] BUAALA 8 (N] HHER
G, XARERBTEEMREHEBZMA I AENFF. B=MENFRTER
P, B ERGSCR BN 16SDNA FFUILIEL T 92.5%, 1=
MRENEREFSX.

- F 4 Bacillus IREA BRI TRHUIR MBI 3-1a). 25 B. schlegelii 1 B. tusciae
R G+C T RAFRIEIEE BIRAOPENE [200], BN 16S TDNA FFFI5HE 180 Bk
MERIFFFARIMENT 90%, FTLIKEES BROIHHIR. T B. edaphicus 1 B.
mucilaginosus 127 Paenibacillus polymyxa BAE—A" cluster ; EA1 16S rDNA FEFIA!
BREERE RIS R 96%Z 9T% (P elgii F P chinjuensis), BTLLXFEEA
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BATEAB B Paenibacillus.

7E NJ FIME #h, Ureibacillus B. thermcloacae F Exiguobacterium LA/INF 50%H3Z
RERE—E, ARNBTEM—A4: {B7EBL. ML RIMP =FEMT, Ureibacillus
BrFH2, ERAEMTHI, XHEMZHHE B WP E AT SO, EFAN
W RIS PAERKR (R 3-1). HH 44 Bacillus |
AT BL R S ARG 50%, TSR GERIeh 5 METES %
i) Bootstrap SHFS/INF 50%, Sporolactobacillus imdinus ] 168 DNA 5 53 EHI
PP I 03%, ST, FOUREIAAG 4 STHRAEFAKSE, HE
W EEE (201], X NARFTA 7 B Bacillus. BI A ML PR ETA 7 M4 9 204,
(B R EAET 50% . =ANERE B. infernus B. thermoamylovorans ¥ B. coagulans
BAAA 4 8F, 23EREHAET 35%. Boone %4 B. infernus 5 B. methanolicus &
ZE—#2[202] ; Combet-Blanc 244 B. thermoamylovorans 5 Geobacillus ¥ Saccharococcus
BAE—i2[203], (EIXPIAEE RASE EHIER |

R 31 RGUHAIE SN AE S R BRI LN TR E

Table 3-1 Disputable positions of 5 species in 5 phylogenetic trees

BI ML ME NJ MP
B. infernos Group3 Group3 Group4 Group3  Groupd
B. thermoamylovorans Group4 Groupl Group4 Group4  Groupl
B. coagulans Groupl  Groupl Group4 Group4  Groupl
B. azotoformans GroupS5 Group2 Group3 Group3  Group3
Sporolactobacillus imulinus * * Group7 Group4  Group?

*NE T4
PAEATRER, KBS FHRUTEIRA AR IHE, B2 9 AR
REENFHRAE, SINsREERHR—SNZ RSN
9 MAZ M EMREFE R RIESHEEN RGP ZRNRR. (B4 8 B TRSH
(B3-1a), HKEA6 (M 5BIH) A9 ME SN #). BT BIHETRSCHF
ZIKT 0.5, BI M ML WERBHEHZARERA LT EAE. FETEEPHE
N EHRGEA BRI LT ERZE NTTIAELE B BRIFFEELS, FHTE
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FOBREEMTA . 42 M4 4, {8 Videanibacillus BT 9 MEZ 5. HABBHER
R 1R Vidcanibacillus %t 2EHIFFEIR}. Caryophanaceae 1 Planococcaceae( LA Kurthia
PR T 2, X5 Yoon FHRE—2[204], HEAHERG¥ L5 Bacillus X5
B, BT LI R A TR R R |
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WREEREY N2a £8. RAFER—FEREITEMERS BNC AL 5H AR

4 EIEFFRARRRS S S BAL SR
YEWETE: BNC: Bacillus sp. N2a it B AVEEE; VRC: Vibrio rumoiensis 38N EEE; VSC:
Vibrio salmonicida 38/ E§; PMC: Proteus mirabilis ;I AtEES:; Rz: Reinheitszahl
index
(RS EHEBIAMOTA TSP EIREBEY EaEsNEREER Y, A

WESEEGIE. AR BRI ST IE RIS T A e RN M [205] .
Yumoto ZE[21] ¥ 5EIRIE T IAFEAE Vibrio rumoiensis F{KEITEMERE (VRC) fItE
J&, Lorentzen % (221551 T 3k B 38R IR Vibrio salmonicida WHRIEIT EALERE
(VSO)o IXEAWIH TR T IRBE SR, XAMMEERNEFKERERE
V£ ER: RC KETEN 10°CE) 70 CHEE R T4 d S aEiERE; VSCH
K TERBRPESMEMET Proteus mirabilis KT EAERE (PMC). EANHTFFFINE
{RETE AR R B RERE A R SR R R F—2Rad L
SEFTTRFELE . ko B Knnn IHRIGURERB R eSS HERERARRT]. FF
Mk B REtRHE/KIN) Bacillus sp. N2a Bidk 4 Biaifu i —FHRIBS FALEAE (BNC),
KT HMFHERLRE. AANEIRRe S EAFERERH TR, HtH
BB, DUCESEAMRRT NSRS, SR EUGRERBEZKM
HE MRS g,
41 RIS HE
4.1.1 B4 A

EEMERSESEE: § 1L RIBKE 83 EAMR, SgNaCl f13 g BEHRHE, pH72. 1L
S 200 mL $E5EE, 20 C, 200 ipm FARIESTF 24h EIRBAEKEY. 4 °C, 5000
g BB A,
4.1. 2 dAifidRE

B0 44354 10000g (Hitachi 20PR-520), SOTCAFAINES, AMLEFISERER 4C. 49
23g BIAERT 3650l pH7. 5 50mol/LTrisCl (G2 A), LA 75 WIhSRABASRERE 10
W (Vibra cell VCF1500, Sonics), %K1 min, [EIfE2 min. BEOHUERE, IOAGRR
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BEREEREY N2a £, RE¥E—FRRITFULER BNC AL 5H AR

K ZE A0%ARIRE, B O A INBREREE S TORMIREE, BOBaIIE. TTiE&nt
WABIHIR, BLJG L DEAE-Sephadex A25 BB FAL#eAE (3emX 10cm), FEiRTH
LG AKTAFPLC &, LAJGE 1 nl/min KA F4H, 0-0.3 mol/L NaCl
BEREYEE 40 min WEEFEEASY. BEZ ¥ 2000 ¥R4E)5 L Sephacryl S 200HR (Z357G
T XK16/70 K, % 0. 15 mol/L NaCl 25k A FAEVEME, i 0. 17 ml/min, WAEHE
P14, T2 2000 9.
4. 1. 3BEEMSEERANE

WENERGERER LMD, kSR BAre X RS ER
4o SEMDEREEFRBREYE: 4—FRELE I (worthington )
(http:/Awww.worthington-biochem.com/HPO/ ):  ELEFRFHIA 1.4 mL 2.5 mmolL 4 —&HEH
ELARA 0.17 mol/L HEANR A (HUATAD), B 1.5 mL £ 1.7 mmol/L iFAL
2 (BLAZES, LA 0.2 mol/LpH7.0 H@ﬁ?&&%ﬁﬂ@%ﬁzﬁ#mﬂ%ﬂ), 25 "CE# 3 E4min
JEIA 0.1 mL RHIRERERIEK (MEZR), TR 510 nm AERIEBEAE 4
ZF 5min Z RIIHIME. HEEBIREFROCER A 0.02 X 0.04 ZjE. FEHEHE
ARH UmnL=A Asjon X 3 mL/(6.58X0.1 mL). MR ETH (8FE=8) &
(http://www.sigmaaldrich.com/img/assets/1 7540/HRP_Assay_pyro.pdf): 2.1 mL Z&{8/K, 0.32mL 0.1
mol/L pH6.0 RUBERELAOSTEL BRI, 0.16 mL 0.5%(w/w)it EALEA 032 mL S%(wh)
R R FRIUHAR VERFGEUAIE) MALEREES, 20 CEHA 5min
JEIRA 0.1 mL Rl R EEETEK G, B3 mL BISKAHHEE R, FEHeET
420 o AEAETOBIE 5 min 2 SHOHINE, 45 105 2R —VE, TERESRETY
B 205 EKAE 0.16 £ 028 2/, 20 'C, 420 s WABE=RYER 1 mg LLKHTHE
(purpurogallin) 5& SCA 1 ANE 17 BAAL SEHEHE AR A UmL~( A AB§- A A7K) X3 mL/(12
X0.1mL). BRI E N EF BT
4.14 RBEHHRLL B IX(PAGE)
SDS—PAGE (Mini-PROTEAN I, Bio-Rad)##f% Laemmli ¥{206]. 5X _HHEZri: 25
u g REYIE, 77.5 mg “HRIMHERZ, 0.1g SDS, 0.5 mL Hif1, 312.5 1 L 1moV/L pH6.8 Tris-Cl,
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300u L 200K, 185, Bkl 3.02gTrs, 144 g HERM 1 gSDS AZEEKE
AZ 1L. SmL12%5 B 48K 1.665 mL, 1.5 mol/L pH8.8 Tris-Cl 1.25 mL, 10%SDS
50n L, 30%AEBEE/NN - B SXONAAEBL 2 mL, 10%6ERE 258 L, NNNN-
DYFIEEZ /% 10 1 Lo 2 mLA%IRAME: 718K 1.428 mL, 1mol/L pH6.8 TrisC1 0.25 mL,
10% SDS 20 1 L, 30% PABERE NN - 5 SN R8HH 266.7 1 L, 10%3HiEREL 251 L,
NNN'N-IUFEZ R 100 L. HfS5 EREMBRSEENKTH S mn, BOE
R FRIK A AEIE 200 V. R ATYARIE B FRRRAC SR Fdk . L 025% B Tl
FEHE R250 (45% FREER 10% Z.BR) Jefs, ZRIBKIEE. JERRPERIKA 4 %IRAEIR 2 mL,
75 %A BER SmL: @K 2415mL, 1.5mol/L pH8.8 Tris'C11.25 mL, 30%PksBERY
NN- B SO 1.25 mL, 10%30BiRe% 25 L, NNN'N-JUEZ, % 101 L;
FEAHE H YK A B PR I SDS MM A, ERRIAERER. 6%
P PKETINFEFLARXFRINEE, ERWK A AIEN 10mA, 7E4°CokfEbeik. BkERIE
RREBES, —HEAEMNEDERE R250 o6, 5—mRe. Rk ¥
FABKYERER 3 I, SEAURT . 10 0.03%id WS S0mL, %32 10min /FEITEN
SR, FRIAARIBKYTRR 3 K, VRIS 2% =Lk (v/v) —2 %481k
0 /%) B 00T]. PORPHCATIUTIR, TG 1 7988 (4 SmL: 35ml)
RURAERERT, BF 5Smin JFEHWE, BBk, BRERARE, WREET
FHEEEEE, NHHAERN.
415 UEBUFER
12%SDS-PAGE JUH R ES T8, HESFEIFE (Fermentas): X E 8 —F4L
BEHEEH(116kD), 4MiEEE(66.2kD), FS5REEEAESKD), HULFRESEE(35KD),
KIGHFEARREIE P T8 Bsp981(25kD). Superdex 200 10/300GL FREHRIRER S T8,
BASTERE (Sigma): FAFTEMEEE (247kD), FMEAEA (68kD), ¥k
BRGES (48kD), HMm4ZEE (15.5kD). Bio-Rad Rotofor Cell SR ERKMERS
B, Pt {ER Bio-Lyte 3/10 Ampholyte. #EEERZ Specord 100 462
BRI S Soret 7.
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4.24%5

Kl 4-1 St EEES (BNC) FRRGMARAHEYK: A JE3SME PAGE, A%IRZERL, 7. 5% Bifk.
FIKEREZDHRIE R250 Joft, B iERBSIEIYE. BSDS-PAGE, 4WR4ERS, 12%9B5RL.

FINERTRNEEE, FKERS TEINE.

Fig. 4-1 native PAGE (a) and SDS-PAGE (b) analysis of purified BNC.
(A) 1 pg of native BNC was stained by Coomassie blue in lane 1 and FeCl;- K;Fe(CN)s inlane 2. (B) Lane
1, 2 pg of BNC was loaded. Lane 2, molecular mass standards.

F 41 Bacillus sp. N2a TE4LEEE (BNC) 4ifkk
Table 4-1 Purification of Bacillus sp. N2a catalase (BNC)

Step Catalase activity Purification
Total (fold) yield
Volume protein  Activity  Total Specific (%)

(mL) (mg) (Uml)  (U) (U/mg)

Cell extract 106 316 3500 371000 1200 1 100
(NH,),SO, 2 110 13000 286000 2600 22 77
Ton exchange 11.1 2 10000 111000 59000 49 30
Gel filtration 9 0.8 11000 99000 80000 67 27
4.2. 1 B4l

ZITRMREYTE . R TR RENAERS I =04k (R 4-1) , 195 H k4R BNC.
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A SRR, W VSC M1 RC BLAREAZTEMEBHAL T LR R
(21, 22] . XFEEFRANAEFENT, 76 NaCl 3K 0. 13mol/L BHEER IR E &, T
B EEREE CRIMRIE) 1RIK, FTUUX—SREATINEH, FRITFMMLMN
R THTIMERAET BNC ZERFEEIKERESHA—FW (B 4-1) , iERLIk
BeosEiake,

4.2.2 7B, FHEASKEELR

SDSPAGE 3178 BNC AL T 56kD CFE 4-1B) o VTG BNC A% 230KD,
8 BNC AUk B SR, IS, 255tk B/ BNC ) pl=42,
X GBS TSR pl /T 7 552 —38,19-22]. 4L BNC ] Soret #E1F
405nm. Rz=ODys/OD2s5=0.67, /NF4% BRI EMEAE[19-22], $iBARTHE BNC #Y
MAFERNTEROSGENESS, EAGIEPHRRTHSMAFKER. 7 1 mmol/L &
— WP SRBULFAZ, 8 BNC RE - WRBENE R,

120
100

HX 5 (%)
83338

pH

B 4-2 pH X BNC iR, 254 pH £ 50 mmolL B rmR-FRINE, ¥ pH7 BREN:

EA 100%.

Fig. 4-2 Effects of pH on activity of BNC. Catalase assays were done in a buffer of the potassium phosphate,
pH3t0 12 . '

423 Bi& pH. BERESHEE
BNC #985& pH 7€ pH6 2| pH11 (B 4-2), XFHEER), (RRTERIRIE pH TEERAZ

B TR E LS ERTRES,11,19-21]0
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gmooo i Ea=13kJ/mol
=}
>, 15000 |
:é -4
© -
2 10000
© 4
3 , 94
@ 5000 33 34 35 38 37
Q 1000/T
0

0 10 20 30 40 50 60 70 80 90 100
' Temperature (C)

B 4-3 FENERE T BNC (iEtE. P CAELTERT MRXEon A 2R B AEI 1000 54, 8

BFRRGHAR, HESMAESBNC A (B H 13 K, |

Fig, 43 Effects of temperature on activity of BNC. Inset: The logarithm of the specific activity (V) was
plotted against the reciprocal (x1000) of absolute temperature (T). Activation energy (E,) was calculated from
the slope of the plot (0 °C to 25 °C).

BiFE 4.3 AT BNC BUEAEH 25 'C. BRI 0 CF 25 CRIBHEM2S CF
60°CHIERHFA17r B3, ¥i8 BNC ZEREBHZWE N TSR S H AR InV
=mA—E/RT, B 0CE 25 CEESIEHE BNC i5iLEE E,=13 k_]éot

100
80
60
40

Residual activity (%)

20

0 1 L 1 i
30 35 40 45 50 55 60 65

Temperature ('C)

Bl4-4 BNC HpdeEtt. BTENRIRRE FASHE 15 min(M), 30 min(0)F 40 min(A), STED

7 25°CHE.

Fig. 44 Effects of temperature on the stability of BNC. BNC was pre-incubated in the buffer containing 50
mM pH 7.5 Tris'Cl for 15 min(s), 30 min(c) or 40 min( A ) at indicated temperatures prior to the reaction in
50 mM potassium phosphate at 25 °C. The heat inactivation of the enzyme is completely ireversible,
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B 44 %8 BNC 7£ 60 C15 min 755 12%H3iEtE, {2 BNCZE65 C10 min EFHEH.
424 BRALAER -

F A— BB AR ARURPER A FRRMEANE, BNC TS {LYIBSEHE, BNC 51041
FINEAT 1min G, 7E SO%INHIBIHDEFIREESH14: NaN;1.7 v mol/L, HEFE
R 0.3 1 mol/L, 2-3h5Z.8% 2mmol/L. 43IE 4°CHI 25 CHIANFIVREE HoO, A TS,
k18 BNC LR NEHESH (K 42), EZEMMTBLH T, SASEXAEER.

#4-2 FERAMCET BN REEIH%¥SH
Table 4-2 Kinetic parameters of BNC at 4 °C and 25 °C
NEE wEE® -
V aax [H0)|@ Va2 ke Kn _ kolKy
HE mM mM  M's?
4C 7200 136 149000 415  3.6x10°
25°C 77000 15 175000 436  4x10°

®The calculated parameters (apparent Ky, and ko) were obtained by fitting the Michaelis-Menten
equation to a plot of reaction velocity versus substrate concentration using CurveExpert 1.38 software. Units
Of ¥ ad ki are mol Hy O mol heme™ s

4,311

SRR =R BIHAE LR, MR — SRR L
SF4208], RIFAEERE IR OOMATE, B EREE O A,
BNC Ki5tE5% NaCN FIEhRERRNE], YHAREE O MAEM=Ek: BNC &)
Soret # 1R A MAF. BNC RFEEIES, Tl EMMBREtE, THyE—T
BREAEIE, AR HRE pH T, XSRS BNC R Ak — LA,
TR B Th Rt S EE8,11,19-211, '

BRI SN AR R R TN T AP 4] AATEE (4
R T5-84KD) MBS A/ (AT R 55-6910) (FE, ATRERSEIRT/ NIE
B (% 4-3). BC RT/MEBRETEILEE, JAGTIEE, SSRGS, &
SER NP BT UL BT,
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R 43 YK E SR SRR
Table 4-3 The stability of microbial large-subunit monofimctional catalases

coli

i

{FETEE TM SR 20 °C 42 hiR%K 25%

" UENTE BESITRE  ERE sEY
BRI =l (kD) (kD) M's”) FiEAE R
s 80 °C 15 min; 8% SDS ik 30 min; 40 nM DIT
rriion % 7 AWM 4 CRBGS MR ZEROTK
(5:3:10) 30 min EEJTEENE [209]
Aspergillus 1.9 M A2 9 MRS 2% SDS ;40 oM 3—
nidulans . =1 h1RHREN 8% [210)
niger ) g C 25 min {5 88% [7,211]
85 °C 15 min 5% 4 MKCl AEEFTIEHHR
Newrospora .4 s 5K:93 °C 70 min 8% 3.5M £ 48h ik
pishe I 8 AM AUXI0 Tyort e ag bk 2% 1. 5 SDS
MEYETETE [24]
Escherichia P o . L ex1c’ 74 'C 2 hi5k 10%;4 M ERAT20 C 4 h

[7,212]

AIURRER HEE, BE—HEERE4HE.
KRBT EWEREE S, FRIFFEEE. KRR RS
WHEAEMEFE TR (4], TBacillus sp. N2aEBRAEFEAAXTRE MK, AZR
. EhEFSIAEME . BTUIN AR T BacillusHiVFE #2611 (WIB. anthracis,  B. cereus,
B. firmus, B. haloduran, B. subtilis), " A/ NER AT SRS, TATAATIRE
HENER. ERE T TSR EUSERRENTEWEFNER, BEitEiEE
PR R B TR F AL SR IN2a E A iE SR SN K. AT LAHERINZaZE SR DRSS 4R
EARERT, FERESKFRPMLAE T ATERS. '
(RERFE LR —RET RN PR, FRTRIENEER126213). RiEFCR
BHiAR InV=InA—E/RT, {KEMHENRNERSZHBREWEREN. BRDNTER
ThEE SN S B TEL REA RIEER A R R R A TRER, REiELaer&fHm

FEATAMR, BXSIENERNETREL, XA REERE. dkaq T

R, BMERR BV Thermus brockianus K/ NEZE B TIRESELSEE, SHELREHE/D
TREEVNEOR. EREIARER. MEELTEENERBNELREELR
B[N LA ZR GRS 5 PBAR AR LAEE RRRRRE, WLARRY “JRIEEE ROBIAYEE” [120)
B BNC WA /N R RS EUERHITELREER, BRA 0CRMAMERN

FEBSCEHIAK (F42), R BNC BRI ANERIEHICR TR EAR N
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R 4-4 BEIEILEEECRL
Table 4-4 Activation energies (E,) of the enzymes
5 P2/ E, kJ/mol) &EIER
Micrococcus hateus 3.31 [21]
bovine liver 3.68 [21]
Vibrio rumoiensis 4.39 ([21]
Halobacterium halobium 6.81 [8]
INEEBThEST TS Proteus mirabilis 8.12 [22]
chicken erythrocyte 10.8 [214]
Bacillus sp. N2a 13 AHAR
Vibrio salmonicida 14.56 [22]b
Thermus brockianus 29 [20]c
. Neurospora crassa 3.1 [215]
FTERDINAES Penicillium vitale 6.2 [216]
{KERECRS Greenland cod 35.3 [126]
KB EE LR Bacillus TA41 38.4 [126]
K8 o -JEkiE Pseudoalteromonas haloplanktis 37.2 [213]
KRR Cryptococcus adeliae 47.7 [126]

Activation energies were calculated from Arrhenius plots. *Calculated according to the activity from 0 °C to
20 °C. *Calculated according to the activity from 4 °C to 12 °C. “Calculated according to the activity from 30
°C 1090 °C.

I 4-4 FTJLBNC F5E7E 60 C 15 min $1K 88%; TGBNCE 65 C 10 min 760
‘C30 min W5E2KiE. EHRK BB Bacillus F)/MEETENEREHHIRE K
[217,218]. B4R BNC RBGEEPER T VRC A1 VSC[21, 22], {EARYE BNC HIRIERIK
{RABERHSERE (25°C) MBRIREREE, FTLIE BNC A 4{KIERS. %K 4-5 VRC
R VSC M TS il NI SRS, WK 8 Xanthomonas campestris 11
Halobacterium halobium Wt EHLERE, XAF-ESRRRAEEE—REBIRAISE. +
BATETENTEHIEEHERNRK, PMC 7E 65 CHIBSE¥IZHIR Pseudomonas
aeruginosa ITEACEEER 280 £5(7], TR 4-5 PR LML EULEEEE 65 CEREYR
B ANt E AL EREA 300 f; (KIS BNC, VRC #VSC e EE i ER. BT
PUMER S S S B AR e MM ESIHA KR TRE AR EEE
(F45).

B IR E S B RIR B E SR A R KT 2 R Bh 1% (4, 7).
RS RRARE FRR KR NER, MR ENSERE SR SR
- HI07], BTLATHEAR ) e 1 Ko NFFFRAUE, B IR BT B RIS S AT
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NS EME IR ke T Ko B R T SLIUBE Vine FITK R R — RS BT
WEIRE. XF BNC XF MRS AR S, EEAMN THASARRMR LRI
Voax W1 Kn[219], FILVENARBEEMNSH. BARUNSHEELNE, BIOE
A ke Ko BTSRRI B . AN RS R SR
#, BRIy HesHIER (diffusion-controlled rate) #4[22] . ZE{KIRTF, BNC i
Fea/ K KB R B THRES E N EREEZRIOBENSE—HE. IHREABHEREN
# Bacillus sp. N2a ZE{RBAFHRE. BR/PTERTRT SN ERHRE RIS RT
FAZL, ERTIEAEESRENNEESIEZ—, NaTHELERIK, Brild
DRI 28R/ ME AT EH SRS RR IR RHR AR AR . rhiRNs PUC
7E ACREUNEHES) 104082, F1VSC 5 BNC iXFHFMRIEESMHML (R 4-5). K 4-2
FR 4-5 3L LB ES BNC, VSC I VRC ZEZRAMEU RS Z P EBIILEEE R,
MFE 4-5 FAILURIL, 7F 21 F/NEESTRGT ELEEEP, (KRS VRC MIENRERR
BN, GRS VSC LR RIUR, RS BNC MEILATRL: 6 Fehia R
g, XHHE 11 HHEREESR.

BNC MICIRERYRIET EI SRS VRC 55 VSC #T /MR B ThRT E SRS (KIREE
VRC HItLiERR, FERER V rumoiensis XAE H0; HEK([21], VRC & V.
rumoiensis TERENWIMEH UG R . TR BEIIRIEHE V. salmonicida i) VSC[220],
DIFREHAME F R R RGEMBRREAG, Pl VSC X K0, KRR (22]. A
VRC J% VSC #tt, SR B7EratRIE/K B A4S MAER BNC EREAR BRI E L
£

AN EST FAL S EE HA BRE L IRRS 5P IR R R SRR . IRTELRER L
ERFHE P BT EA S A RRER KB AL IRy . ABXTH, BUBNC AR
[k B S BRFEH AT RS F N EEBENRRIITERIFAAE, ETRERN
il
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R 4-5 PEESTIRST AN SRR LB
Table 4-5 Characters of small-subunit monofunctional catalases

LiZ-5 o a
B PIR ) A M) Bt 4308
6.68X10°(4°C)
Vibrio salmonicida 57 7X10°(37C) 50°C34min #1255 50%, 60°Comin FEH: [22]
50°C15min $#3%k 30%, 55°C15min 355k 65%, 60 b
Vibrio rumoiensis 57.3 1.6X10'(20C) Cl5min FEtE {21]
50°C15min 1% 35%, 55'C15min 5k 77%, 60

Bacillus sp. N2a 56 3.6X10°(4) *Cl5min #i5 88% b~
Badilus fimus 60 4.58X10°(25C) PS I [11)°
Bacilus sp. TE124 55 M 55°C30nin Ttk (218]
Bacteroides fragiis 60 1.36X10°37T) 65°Chmin $15% 50% [7
Bordetella pertussis 54 3.86X10°(37C) 65'C10min $1% 50% (7]
Brucela abortus 56 3.23X10°(37°C) 65'Cémin % 50% ]
Halobacterium halobium 62 4,.3X10°(55°C) 50°Cbmin 3% 44% (8]
Helicobacter pylori 58.5 2 14X 10°37°C) 65°Clmin $3% 50% (7
Listeria seeligeri 55.9 1.93X10°37C) 65°Clmin $i% 50% [7]
Micrococeus luteus 56.9 2.06X10°(37C) 65°Cémin $% 50% n
Proteus mirabiis 50.4 ' 3.25%X10°40) 70°C15min $#25k 50% (22
Pseudomonas aeruginosa 57 1.06X10°(37C) 65°C0. 05min 5%k 50% [71
Pssudomonas syringae 53.5 3.05X10°(37°C) 66°C0. 2min 15 50% (7
Rhodobacter sphaeroides 75, 63 8.9X10°(30°C) 30°C30min 5k 50% (17
Saccharomyces cerevisiae 58.4 2.84X10°(37°C) 65°C0. Lmin $35% 50% 7
Xanthomonas campestris 56 3.62x10°(37°C) 30°C10min $% 20%, 50°C10min 5% 40% f7, 231
Thermus brockianus 425 4X10°(700) 90°C2h FEHARE [201°
Chicken erythrocyle 57.5 3.9X10°(%5°C) 65'C60min #35% 50% [214]°
Bovine fiver 59.8 2.28X10°(37C) 65°C0. 3min #5355 50% {7
Human erythrocyte 59.8 7.34X10°(37C) 65°CO. 2min $74K 50% 7

The first three enzymes are from psychrophilic microorganisms, while the others are from mesophiles except
a thermophile Thermus brockianus. All enzyme assays were done in a buffer of the potassium phosphate,
PH7.0, except the catalase of B. firmus in 50 mM Mes-NaOH (pH6.5) and the catalase of 7. brockianus in 20
mM Tris buffer (pH8). The thermostability of VSC and PMC was determined in 10 mM diethanolamine, pH

9.0.

*The experimental k, values were corrected to obtain the results for an ideal tetrameric molecule fully
saturated in heme. Unit of k. is mol Hy O, mol heme™ s™.

Ky ke a1 ke / K, are calculated according to data in ths reference.
koo and ke / Koy are calculated according to data in this reference.
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i 1 GenBank accession numbers for 16S rDNA sequences of Bacillaceae species used in this study

Strain

DSM 14745T
DSM 15084T
MTCC 7303T
MTCC 7304T
DSME72T
JCM9157T
DSM485T
KMM 37377
MTCC 7306T
KCTC 106341
NBRC 15535T
ATCC 14578T

KCCM41589T
DSM 153407
DSM 15822T
LMG 22165T
JCM 121127
JCM 90707
DSM 1046T
ATCC 14574T
DSM 14730T
LMG 21833T
NCIMB 12555T
LMG 222347
DSM 17376T
JCM9731T
DSM 25221
1AM 126057
KCTC 3880T
ATCC 4513T
DSM 87207
DSM 87167
ATCC 7050T
DSM6307T
JCM 13601T
LMG 19507T
LMG 21831T
VIPM B-7517T
CIP 106778T
LMG 22081T
DSMAIT

1AM 12464T
DSM 1320T
LMG 231747

GenBank Accession No.
AF547209 1548 bp
AJS04797 1403 bp
AJ831843 1494 bp
AJB31844 1488 bp
X76445 1521 bp
AB043858 1546 bp
X76436 1505 bp
AY228462 1545 bp
AJ831842 1506 bp
AY605232 1532 bp

AB255669 1472 bp
AB190217 1306bp +
X55059 2nd-77th

AF483625 1507 bp
AF064705 1533 bp
AJBO6700 1515 bp
AJB27211 1505 bp
AB109209 1504 bp
AB021181 1515 bp
D78309 1432 bp

X77790 1442 bp

AJA22145 1421 bp
AJ542508 1502 bp
X60611 1430 bp

AY376312 1434 bp
AB196719 1500 bp
ABO21182 1504 bp
AB043852 1505 bp
D16266 1486 bp

AY550276 1493 bp
AY724690 1487 bp
X76444 1522 bp

X76440 1505 bp

DO297928 1549 bp
X76437 1506 bp

DQ465405 1305 bp
AJ315075 1503 bp
AJ542506 1438 bp
ABO45093 1490 bp
AF295302 1470 bp
AY443036 1416 bp
XB0615 1428 bp

D16268 1483 bp

AB021185 1529 bp
AJ7T17382 1534 bp
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Corection Note

1

3

5

4

2 bases, acconding to AY553033 and AB211544
11*

3 bases, according to X60603

2 bases, according to DQ001307 and DQ001308

o

Append sequences according to AE017225 Region9336-10845

2 bases, according to AJ865469
o

5

35 bases, according to ATCC 29788T (X60609)

4*
1 base, according to AJ542507

7 bases, according to DSM 53917 (D78311)
4

1 base, according to NBRC 13626T (AB271747)
1"

4

1 base, according to NBRC 12583T (AB271762)
1 base, according to AB023412

Added 15 bases according to AJ542506 and DQ275176

15 bases, acconding to AF006076
2 bases, according to DQ485415

Added 18 bases according to AY443034 and AY443037

[
3 bases, according to NBRC 15306T (AB271750)
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B. fordi
B. fortis
B. fumariol
B. funiculus

B. golatini
8. ginsenohum
B. gbsoni

B. haimapalus

B. halodurans

Salimicrobium halophius

B. hemicalulosiyticus

B. horkoshii
8. horti
B. humni

B idiensis

B. indicus

B. infantis

B. infemus

8. insofitus

8. jeotgal

B. koreensis
B. kruwichiae
B. lehensis

B lentus

B ichenibrmis
B. Roralis

B. luciferensis
B. macauensis
B. macyae

B. mannaniyticus
B. marisfiavi
B. massilensis
B. megatonum
B. methanciicus
B mojavensis
B. muciaginosus
B. murais

B. mycoides
B. nealsoni

B. nigbensis
B. niacini

B. novalis

B. odyssayi

LMG 22080T
LMG 22079T
LMG 17489T
JCM 112017
LMG 178921
LMG 21880T
DSM 18134T
DsMmsrzT
DSM8723T
ATCC 27557T
DSM4TMT
DSM 167317
DSM 16534T
DSM8719T
JCM 9943T
LMG 221677
JCM 11807T
SMC 4352-2T
MTCC4374T
SMC 4352-1T
DSM10277T
DSM ST

CIP 107104T
DSM 16467T
NCIMB 13904T
MTCC 7633T
AM 12466T
DSM 13T
KCTC 3898T
LMG 18422T
DSM 17262T
DSM 16346T
DSM 16130T
KCCM 41588T
CIP 108446T .
1AM 134187
NCIMB 13113T
O 15718T
VKPM B-7519T
LMG 202387
ATCC 6462T
ATCC BAAS19T
DSM17723T
DSM 2023T
LMG 218377
ATCC PTA4993T

AY443039 1462 bp
AY443038 1541 bp
AJ250056 1466 bp
ABO49195 1530 bp
AJ535638 1496 bp
AJ551329 1485 bp
AB245378 1499 bp
X76446 1506 bp

X76447 1504 bp

AB021187 1508 bp
AJ243920 1425 bp
AB0A3846 1535 bp
AJT81029 1464 bp
X76443 1529 bp

D87035 1512 bp

AJBZT210 1504 bp
AF541966 1507 bp
AYS04033 1437 bp
AJ583158 1505 bp
AYS04032 1367 bp
U20385 1506 bp

X60642 1431 bp

AF221061 1505 bp
AYB57496 1370 bp
ABOB6897 1507 bp
AYT93550 1541 bp
D16272 1486 bp

XB8416 1545 bp
AY608605 1505 bp
AJ419629 1502 bp
AY373018 1365 bp
AY032601 1512 bp
AB043864 1547 bp
AF483624 1506 bp
AYBT7116 1472bp
D16273 1486 bp

XB4485 1549 bp

AB021191 1526 bp
AB045091 1484 bp
AJG26748 1504 bp
ABO21192 1513 bp
AF234863 1215bp
AYS98119 1478 bp
AB021194 1526 bp
AJ542512 1503 bp
AFE26913 1516 bp

80

*
rad

2 bases, according to AJ250057, AJ250058 and AJ25005¢

1*

2 bases, accornding to AY37309, AJ880003 and AB111933

2 bases, according to AB111938 and AB055007
2 bases acconding to NC_002570

"

"

2 bases, according to AJ316317 and DQ108404
2 bases, according to AB043865 and DQ333286
7 bases, according to AB111936 and AB112007
1 base, according to AJG27209

"

3
5 bases, according to U20384

4 bases, according to AF478084 and AJ920000

12 bases, according to AY347311 and AB018595
Deleted the last 13 bases™
3 bases, according to JCM 2511T (D78315)

2bases, according to DQ374637, AY514023 and DQB54980

1 base, according to AM489493 and DQ350816
3

Added 12 bases according to AF006077

1.

2 bases, according to AJ542510 and AJ542511
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JCM 13040T
JCM 10945T
DSM 9356T
JCM 12663T
KCTC 13929T
DSM 16117T
Gsoil 420T
DSM8725T
DSM8715T
NRRL B-617T
DSM11713T
ATCC 23296T
DSM 11706T
DsM27T
JCM 11075T
JCM 14087T
LMG 22866T
ATCC BAA-1126T
DSM 16461T
DSM 154027
ATCC 43741T
JCM 14380T
DSM 15326T
DSM 16464T
LMG 18435T
LMG18991T
DSM 1321T
NCIMB 13601T
DsM4216T
LMG 21838T
NRRL. B-23154T
DSM 10599T
MTCC 7305T
DSM 13966T
1AM 121187
DSM 16466T
ATCC BAAS19T
DSM 95721
CNCM -1378T
DSM 5250T
BM-B-436T
ATCC 10792T
FO 153121
DSM 11031T
DSM 9768T
LMG 224787

DQO26060 1467 bp
ABOA7684 1452 bp
X82492 1519 bp
AB188000 1467 bp
AB245380 1476 bp
AY258614 1402bp
ABASITT 1495 bp
X76449 1518 bp
X76439 1506 bp
AFO13121 1520 bp
AJ277984 1486 bp
ABO21195 1507 bp
AJ277983 1488 bp
AY456263 1481 bp
AF169531 1411 bp
DQ115802 1572 bp
AJ535639 1423 bp
AF234854 1434 bp
AY667494 1380 bp
AJ4E3650 1524 bp
ABO42060 1515 bp
AB62082 1413 bp
AFUB4704 1449 bp
AYB67495 1401 bp
AJ250318 1503 bp
AJ06086 1528 bp
AM30T8 1522 bp
AFO71856 1523 bp
226935 1524 bp
AJS42513 1441 bp
AF302118 1410bp
U49078 1497 bp
AJB31841 1494 bp
AY672638 1230 bp
ABO42061 1563 bp
AYB03078 1435 bp
AY197613 549 bp
AM93655 1173 bp
127478 1544 bp
2268391527 bp
DQ371431 1472bp
AF290545 1482 bp
AB042062 1512bp
AB021198 1530 bp
248306 1478 bp
AYB03658 1404 bp
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3*
3 bases, according to ATCC 700005T (AY988596)
11 bases, according to AB043850

13 bases, according to DSM 12442T (AJ841871)

2*
1 base, according to AF168534 and AF169535

Vo

1 base, according to DSM 2000T (Z26934)

2 bases, according to DQ206426 and AY669375
1 base, according to DQ314539

2 bases, according to LMG 11160T (AJ628743)

2 bases, according to DSM 4216T (X60643)
2 bases, according to AI542514

1'

2 bases, according to AY608980

2 bases, acoording to AB121094 and AY197333
1.

1’
1 base, acconding to AY608741
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B. vietnamensis

B. vireti

B. wakoensis

B. weihenstephanensis
Amphibacilus xylanus
Akalibacilus haloalkaliphius
Anaxybacilus pushchinoensis
Caldakalbacilus thermarum
Cerasbacilus quisquiianum
Exiguobacterium auraniacum
Fiobacius miosensis
Geobacilus stearothermaphius
Graciibacilus helotolerans
Halakalibacils halophius
Halobacilus halophius
Halolactibacilus halophius
Jeolgaibacilus alimentarius
Lentibacilus saicampi
Lysinibacilus boroniolerans

Oceancbacilus heyensis
Parafobacilus ryukyuensis
Paucisalibacilus globulus
Pontibacilus chungwhensis
Saccharococcus thermophius
Saknbacilus aidingensis
Tenubacilus mutivorans
Tembacius saccharophius

Ureibacilus thermosphaericus
Virgibacilus paniothenticus
Vudcanibacllus modesticaldus

Priscbacius salpiscark
U Corions

Aneurinbecilus aneuriniyticus
Brevibacilus brevis
Caryophanon latum

Kurthia zopfi

Paenibacilus polymyxa
Sporolactobacilus inuinus
Sulfobacilus thermosulfidooxidans
Thermobacilus xylaniyticus
Escherichia coll

JCM 111247
LMG 21834T
DSM2521T
DSM 11821T
DSM6626T
DSM 5271T
DSM 12423T
CGMCC 1.4242T
DSM 15825T
DSM6208T
DSM 13259T
BGSC 9A20T
DSM 11805T
DSM 18494T
NCIMB 2269T
DSM 17073T
JCM10872T
JCM 11462T
DSM 17140T
DSM 1297T
JCM 11309T
WSBC 24001T
DSM 15140T
LMG 23148T
KCTC 3890T
ATCC 43125T
AS 1.3565T
AS 1.3442T
1AM 15309T
DSM 16966T
DSM 10633T
1AM 11061T
DSM 14931T
CHedT

JCM 13188T
DSM 18262T
ATCC 27009T
DSM 5562T
DSM 30T
NCIMB 9533T
ATCC 33403T
DSM 36T-
IFO 13595T
DSM9293T
CNCM H017T
K12MG1655

AB099708 1388 bp
AJ542509 1430 bp
AB043851 1524 bp
AB021198 1531 bp
AJ496807 1505 bp
A238041 1412 bp

AJ104781338bp

AY753654 1485 bp
AB107804 1484 bp
DQO19166 1552 bp
AJ238042 1491 bp
AYB08928 1562 bp
AF036922 1541 bp
AB264529 1492 bp
X62174 1491 bp

AB196783 1491 bp
AF281158 1508 bp
AY057384 1521 bp
AB199501 1484 bp

AJ237708 1523 bp

7 bases, according to DQ385062
2 bases, according to AJ563531
Deleted the last 8 bases*

3 bases, according to D82065, AF275708 and ABO73167

2
4

1 base, according to AY608932

5 bases, according to AY121438
V.o

o

NC_004193 Region:91493-93058 1566bp

Y13086 1451 bp

ABOS7828 1500 bp
AM1141021441 bp
AY553296 1427 bp
X70430 1538 bp

AY321436 1472 bp
AY319933 1479 bp

© AB2438451515 bp

AJ717299 1506 bp
X90640 1488 bp

D16275 1491 bp

AMO50346 1526 bp
AM4G2160 1502 bp
AB194046 1520 bp
DQ519571 1433 bp
AB042056 1520 bp
AB101582 1489 bp
AB101593 1486 bp
X70314 1489 bp

M58500 1557 bp

AJ320493 1521 bp
AB101595 1503 bp
ABOB9844 1500 bp
AJO05795 1554 bp

1*
1*
1"

1"

2 bases, according to DSM 446T (AJ496806)
1 base, according t X94194

5 bases, according to NBRC 15304T (AB271756)
7 bases, according to X70319 and AJ91302

10 bases, according 10 X70321

3bases, according to ATCC 15538T (M58838)

2

1000396 Region:4033554-4035095 1542bp

82
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* Several wrong bases were corrected according to homologous sequences by BLAST
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Supplementary Fig. S4.

Supplementary Figure: The phylogenetic trees were derived from 16S rRNA gene sequences. Bootstrap
percentages (NJ, MP and ME trees were based on 1000 replications, ML tree was based on 100 replications)
are not given at branching points. Escherichia coli was used as the outgroup.

Supplementary Fig. S1. Maximum-parsimony tree was obtained using the Close-Neighbor-Interchange
algorithm with search level 3 in which the initial trees were obtained with the random addition of sequences
(10 replicates). All alignment gaps were treated as missing data.

Supplementary Fig. S2. Neighbor-joining tree. The differences in the composition bias among sequences
were considered in evolutionary comparisons. Alignment gaps and missing data were eliminated in pairwise
sequence comparisons. Bar, 0.05 changes per nucleotide position.

Supplementary Fig. S3. Maximum likelihood tree was searched using RAXML-VI-HPC version 4.0.0
(Stamatakis, 2007). RAXML executed 100 rapid bootstrap inferences and thereafier a thorough ML search
with GTR model of nucleotide substitution. All free mode] parameters was estimated by RAXML. Bar, 0.01
change per nucleotide position.

Supplementary Fig. S4. Minimum Evolution tree was searched using the Close-Neighbor-Interchange
algorithm at a search level of 2. The differences in the composition bias among sequences were considered in
evolutionary comparisons. Alignment gaps and missing data were eliminated in pairwise sequence
comparisons. Bar, 0.05 changes per nucleotide position.
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