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ERARITE 3 16S DNA H71MEE E437] 918t 2%
NaClo] 7Fe MB 10 midl] #8758 353k 25°CelA 200
pmO= 24X|3F B BT vl FNE 1.5 ml microcentrifuge tube
o &7 10,000 rpmollA 123 AL A AHAE A AT
T 2ol AlF pellets FHBIATE Accuprep genomic DNA
Extraction Kit (Bioneer, Korea)s AME-3}] genomic DNAS &
2|3} BioneerAtollA] A)Z3) eubacteria®] Universal Primer 27F
forward primer$} 1522R reverse primerZ ©]-&3led PCRE 4-3)
Sttt SEE PCR W8 AHE-L Accuprep PCR Purification
Kitg o]&ste] FAStL F )tz oj2ste G7ES
A8 BAE 471488 NCBI9) GenBankZH-H A%
g AR FAEYE B2 B IS fOEAE o
HE7] 935} Neighbor-joining method(14)° 2J3} phylogenetic
analysis& 4-33tH .
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DPPHEOl| 2|8} &Hitst &Y £H

AAF 5L 4.0x10* M DPPH &9 2 mis} 243} v &8
YT F g Y 1mE TGS F, spectrophotometer
(Hanson OPRON-3000, Korea)2 525 nmol|A] &35 E 2459

o tiRFE AFEE A Su3AIQ] BHASH BHT 2 HAE-A
81A|?] o-tocopherol & 0.5% (wiv)2] FEZ2 AZTFE Az
DPPHEY 2mi%h 27 | mAS TS F FHE =23
3ttt FA} F<35 (Electron donating ability, EDAYS A]& 37}

T FEE 2B 3t HEEE B4 S the).
EDA(%)=(NZT-FFE=A B 47 H-F3 %) 2745 X100

Hydroxyl radical 27{&H4

HjeFel o] hydroxyl radical (OH) 2ABASS ZAF8H) €4
2-deoxyribose oxidation method ¥ (19, 23y Wyl %5}
Aok Alg &l 10mM FeSO/EDTA &9 02ml, 10mM 2-
deoxyribose 0.2ml , 1Y 0.2 ml$} 0.1 mM phosphate buffer
(pPH 74) 1ml, 10 mM H,0, 02 mlE 7}3}5L 37°CelA] 4477}
&¢F wkg A7 & 28% TCA (trichloroacetic acidr&< 1 miZ
7¥ete] Wg-& FA AT L F, 1.0% TBA (thiobarbituric
acidy& 1 miE 715t 100°ColA] 1087 7HGANE F4:3]
WZAA 532nmellA] FREE S5 AR dig 71F

Exiguobacterium sp. SC2-12] &8} &4 75

Alge gF7F HAFHA gL WiAE 7R SH5HT T OH
278432 HSA (hydroxyl radical scavenging ability)2 ¥7] 3}
Fow o 22 202 A4k AT

HSA(%)={1-[(absorbance of sample at 532 nm)/(absorbance of
control at 532 nm)]}x100

Superoxide radical (0,") £7{&4

Superoxide radical £AE35-2 4Ze] el pyrogallol]
A Atstol] gk Y-S 0]-83 Marklud®: Marklud®] H3HH el
e} S4890TH13, 33). & APdA AME AlE= 50 ml MB
of Higrd wFo wWi¥AES X APIHAT 50 mM
phosphate buffer 2.61 ml, 3 mM pyrogallol 90 piE F7}std 30
ZPHo 2 613t A3, standardE SH3IP oW, 1 F9
A8 50mM phosphate buffer (pH 8.24) 2.6l ml$} A8 50
ul, 3mM pyrogallol 90wl 37}k 325 nmof| A 302 7HAL
2 6317t 2331921 superoxide radical A~AEAIGHS oS}
22 Ao 23 e AcH20).

Superoxide radical scavenging activity(%)= (a-b)/ax100

a = standard®] WH&-%7} Wh-F o] FRE o)

b = sample®] ¥h-3-F 7} ¥H-g-50] FHE 2}o]

Bladel EF ¥ sTo o tiekeyo| aHit3 gty

Ao FH wE BeEEFe ) 3S(antioxidant
activity}> DPPHY | 23 AAgA5o 2 STt el
9] wjFE Akl somie] MB7F S0 250 mio} A4E
Zh2F o] mannitol, sucrose, lactose, xylose, maltose, fructose,
dextrose, glycerin®} Z}Z} 1% (wiv)e] F571 HEE A7lsidct.
Z4F pHE 7022 233 F MBel g Ea5E 44
2%(vIv)E HF3te] 25°CelA] 24, 30, 48417 Bl SFF 600 nm
AN AFEE Z4sk Z42he] vkl 1.5 ml microcentrifuge
wbeoll 7 12,000 pmellA 1087 AAEE S d2 A5e
< A3t B A o] g5, 3w vhE HH-8 23l
D2 AAE YA AL eI

25, Y, pHol| W2 st

250l o o] gaksl FAd el ek Fge Golr )
8) chekst 22270, 18, 25, 30, 35°C)8k 4] 50 ml MB7}F
EolS= 250 ml AEEka0 FFS HAEet 4N ES
HiFEE & 600 nmoll M =S St ksl 2442 b
GBS AAHEY St B 4HY 1 miE DPPH £ 2 mo)
A7kt 525 nmolA JeEllle $3EE Ax 395 248
Ak, ENaCl) F=9f 93 ikt Sl WE JIFS go}
B7) 88 50 ml MB7t B 250 ml AH2FEel~=29] NaCl
< 27 1-11%wWvE 7181 o FEE 2 wigst &,
A= AAFATE ST T3 pHol 23 s &
S AE] A8l 250 ml 4HETAT 50130 50ml
MBE] 28t pHE 4~102.2 ZA3IA 25 °C, 200 rpmOE 244
L g F ASE 2 AATSSE S 9Y. 4, pH
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exd 93 Pk ABAA R NFTE 2L AFAA
© MBS 2& 275}l AHgsisich
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AT Agte] SR RE itk ATl e WS dFE
Takaos-9] WH (3502 Eej3t ¥, DPPHY ot HA}3
T &A %50l Hold 755 ALt I F Aol
73 948 #FE BEskd sc2-1012 W9 2elas
o] FejehA, wiA, Asera 542 Table 13 20} 3
S UERE SC2-12 7P| Ehd o g e dFolql
o ARG ERSIT) g Beld s SC2-12 A5l 3
oA NaClE Q= dfgen 354 7H3vh 283 Vibrio
Z:9] Jeful =]l TCBS wiA|oA] A{3HA] A C™ catalase
%A, oxidase =32 YWERARIIL, D-fructose, D-maltoses ©]-%
sl 2k AASIAT. A4719] Al B4 ATE Bergey's Mannual
3} )52 AES A3 Exiguobacterium oxidotoleransSt w8 At
stk 3 168 DNA F7IMES BN 23 94
Exiguobacterium 2.2 FA o] Exiguobacterium sp. SC2-1Z
H st th(Fig. 1).

DPPHEHO|| 2|8t &5 #y
3a1sl B4 free radicaldll AAR} $AE Fodla] B

Table 1. phenotypic characteristics of isolated SC2-1 and Exiguobacterium
oxidotolerans T-2-27

Characteristics Strain E. oxidotolerans
SC2-1 T-2-27

Gram reaction + +
Cell shape Rod Rod
Growth at:

4°C + +

35°C + +

40°C + +
Mobility + +
Pigmentation Orange Orange
Maximum NaCl concn tolerated 0~11% ND
Na'*requirement for growth + +
Catalase + +
Oxidase - -
Methyl red + +
Acid produced from:
D-Fructose + +
D-Maltose + +
Mannitol + +
L-Arabibose - -
D-Xylose - -
Sorbitol - -

D-Galactose - -
Symbols: +, positive; -, negative; ND, no data
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Fig. 1. Phylogenetic tree based on 16S rDNA sequences comparing
isolated strain with members of Exiguobacterium and related genera.
DNA distance were established by using the neighbor-joining method.
The scale bar indicates 0.01 substitution per nucleotide position. The
numbers at the branch nodes are bootstrap values from 1000 bootstrap
trails.
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Fig. 2. Radical scavenging activity of culture supernatant of strain
SC2-1. The antioxidative activity was tested by DPPH method. The
concentration of BHA, BHT, and o-tocopherol added in reaction
mixtrue were 5 mg/ml. BHA: butylated hydroxyanisole, BHT: butyl-
ated hydroxytoluene.
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Fig. 3. Hydroxyl radical scavenging activities of culture supernatant
of Exiguobacterium sp. SC2-1 by 2-deoxyribose oxidation method.
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4NN E 22%, 2ol M 15% A= FAslsS U )
Atk wiFAIZte] HHo] W A8 7449 ) superoxide
radical 245 % 7HA8Ac).
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T ST 22). AAIE dEo] Niwa T2 AN=Z2- 413} A4
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superoxide anion& scavenging 3O F X Ao HAA o7 A
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Fig. 4. Superoxide radical scavening activity of Exiguobacterium sp.
SC2-1 by pyrollol auto-oxidation colorimetric method.
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Table 2. Effect of carbon sources on the production of antioxidant activity

Kor. J. Microbiol

Cell growth (OD 600 nm) EDA (%)
Sourse Compounds
24 hr 30 hr 48 hr 24 hr 30 hr 48 hr
Mannitol 0.873 0.848 0.772 22 15 18
Sucrose 0.796 0.791 0.699 17 11 8
Lactose 0.835 0.941 0.857 24 17 13
Carbon® Xylose 0.797 0.745 0.789 18 12 3
(1%W/V) Maltose 0.970 0.925 0.865 41 34 28
Fructose 0.573 0.550 0510 33 18 14
Dextrose 0.604 0.587 0.603 24 21 14
Glycerine 0.877 0.844 0.763 28 25 14
YEDA (Electron donating ability)
P’Each basal medium is Marine broth (Difco Co., USA). Each value represents the average of three independent experiments.
= 2 gk FA2A AR 2o ¥ o7 AlgEr) 12 0.3
T
Eraglo| W S osl 1077 -
Exiguobacterium sp. SC2-18] A& AAFA o gk & c 0.6 {018 “é
AQe] Huk2 ZAFEY) ¥s)A MBOl mannitol, sucrose, é 04 | g
lactose, xylose, maltose, fructose, dextrose, glycerines Z}7Z} 1% 8 0z | 1009
(wivyd H71ete] A8 A, Table 20049 Z2o) T2 ©4ad '0 . | .
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Soll tigh FEFe dotbrr] f8te] thFsk =270, 18, 25,
30, 35°C)ell AEe Axt= Fig 59 2} Exiguobacterium
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Fig. 5. Effect of temperature on the producing antioxidative activity
by Exiguobacterium sp. SC2-1. The antioxidative activity was tested
by DPPH method. - O -, cell growth in broth; - @ -, activity of SC2-1
in broth: - A -, control in broth.

0 1 2 3 4 5 10 1t
NaCl concentration{%)

Fig. 6. Effect of NaCl on the producing antioxidative activity by
Exiguobacterium sp. SC2-1. The antioxidative activity was tested by

DPPH method. - O -, cell growth in broth; - @ -, activity of SC2-1 in
broth; - A -, control in broth.
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Fig. 7. Effect of pH on the producing antioxidative activity by
Exiguobacterium sp. SC2-1. The antioxidative activity was tested by

DPPH method. - O -, cell growth in broth; - @ -, activity of SC2-1 in
broth; - 2\ -, control in broth.
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ABSTRACT : Antioxidant Activity and Characterization of Exiguobacterium sp. SC2-1 Isolated from
Sea Water
Man-Chul Kim, Guen-Tae Park, Hong-Joo Son!, WooBong Choi’, and Moon-Soo Heo*
(Faculty of Applied Marine Science, Cheju National University, Jeju 690-756, Korea, 'Dept. of
Biotechology, Miryang National University, Miryang 627-702, Korea, 2Dept. of Biotechology
& Bioengineering, Dongeui University, Busan 614-714, Korea)

For the reseach of the natural marine antioxidant, an antioxidant-producing bacterium was isolated from sea-
water in Jeju costal area. The isolated strain SC2-1 was Gram-positive, catalase positive, oxidase negative,
motile and small rods. The strain utilized sucrose, dextrose, fructose, mannitol and maltose as a sole carbon and
energy source and NaCl required for growth. The radical scavenging activity of the culture supernatant was
detemined by DPPH method. This bacterium was identified based on morphlogical, biochemical characteristics
and 16S rDNA sequence analysis, and then was named Exiguobacterium sp. SC2-1. The optimum conditions of
culture for production antioxidnat were 25°C, pH 6-8 and 4% NaCl. The stain showed the highest activity and
growth cultured in medium which added 1% maltose. Hydroxyl radical activity of the supernatant of Exig-
uobacterium sp. SC2-1 was 73%. The SOD activity of the culture supernatant was estimated about 35%.



