%33 BH 1 T RINE S N N Vol.33 No. 1

20154 1 A ADVANCES IN MARINE SCIENCE January, 2015

EtREFEFRRIENENLFERRIGIE
REZHEESH
FOBML,E OB E O ARERNY

(. BREHR FEBETIN IR F5 266061;2. BRBER BHEDERYFRELAXLEE IR F 266060

O EAASEACAW LR SRR EF AR H LA E A NE S EARIEAT W, & DPPHA, 1-
CTEECEZHMER AR E RO HEFHEAETHRRE NN TR - SR IERTEACEL AR RTT 5
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1.1 # #

A6k i S i PR UURR AL R 2012-07—09 [ 28 LR AL AR Bl 22 B 2R 48, WP AE SRR AR A B 1 R MR
FRREHEVIEHEG A LNRARRERE T LR Q8T , T 5317 7] 35 35 40 6 89 4 5 2k 3f
T4 CRAFE, MR E G #THE—- SR Bk R 5EE.

87K Zobell 2216E #57 £:(1 000 mL) : B E MR 5 g BEBk# 1 g, BUIRK 15 g, VGE B RALMEAK) : V(B X
AK)=1:2,

1.2 BF HO,MZHaE Rk iHIE

[] Zobell 2216 E J{A3E - 3 P IR G B H, O, fEH AW EEN 1. 0 mmol/L JEAE N SL 5 4, Xt A W An A
SEAEMAKHERIE LA RN AR ER, T 10 °C,150 r/min HFH I 24 h FRIASL
JEEETHT 600 nm FHEE FRE OD (H™ . LLSEH 4 OD {H/ X 4 OD {B < 100%6>>60 00 K4 , i i B A
w5 H, O, i 32 P ) 240 1

1.3 BEUHEREAELEHERN

¥ 97 18 2 A 15 PR T AR TE LS B Fh T Zobell 2216 E Wik 37 2, F 10 °C, 150 r/min R H 3G 24 h, ¥
FRW L 6 000 r/min,4 CE.L> 10 min J5 , IWEF AL PBS Wl H IR CER G, TR F R 41 5, 1A% 41 i
WE R 1. 0X10°A/mL, DU AR S W A5 % DPPH B & 2 A B E G BRAE TFRIERED.
1.3.1 DPPH @ @@ Bk h e

BUBE & 2 mL, A 0. 2 mmol/L DPPH FIJC/K Z B2 1 mL, iR 51576 % I8 T # 6 X B 30 min, F7E 6 000
r/min R &L 10 min, BCEIEWR T 517 nm 2 IR BE , 5 R i & AH R A B BE 25 1 mmol/L 48 M BR
5 BE PR BR L 28 4 ASERFR T K Z AU DPPH ¥, 0 BRAL LA S5 R TR A8 0 A AR B 8 B I W 3 DA S5 R R
BRI ZBRA WA AAE, F 517 nm 4510 E KRB EYY . DPPH B M EREN .

HHRR =11 A —A)D/ATX100% (D
K Ao xR IBOLEE s A; ke s HIBOEEE A, A B .

1.3.2 BEHEMHOHFEBREAWN T

AEREEREPREMA 1 mL 5 mmol/L #HBRELE M|, 1 mL 5 mmol/L /KB R-ZEHE R, 1 mL
3 mmol/LYUF/KE B B SIFMA 0.5 mL BFF AL G FIXZEK A FF 2 %1 10 mL,7E(37£0. 1) CHyfE
7K R 15 min f5,6 000 r/min .0 10 min, R JG AR AKME S B, 7E 510 nm P ERIENT . S5
B AR [R) R FR M BE Ry 1 mmol /L B BT IR M BR A BH X B, B BRI AN

BHE = (A, — A, /A, X 100% (2

KA HARNBOCRE ; A, HIMARERE B ROGE .
1.3.3 BAEwAFRE WA

B 4.5 mL 0.1 mol/L Tris-HCl Z & (pH=28. 2) TIRAE P KK IMA 1.0 mL 1. 0 mmol/L EDTA,
1.0 mLAF B ,2. 4 mL 28487K. T 25 CAKEBM 10 min, BAIA 2.0 mL 9 mmol/L 482 = By ¥ 7 )52 b7
60 min J&, /I A 0.1 mL 12. 0 mol/L HCl £ [k & 3 , F 325 nm AL R A (ADVT, 5755 % AE R
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W BE R 1 mmol/L BHL IR ML B8 M Bk X B . X BREL 1. 0 mL ZEME AR B AL &, B J7 B TR RE 5 485, T 458 0 %
E (A, BRAHEERE.

BHE = (Ac — As)/Ac X 100% 3
i, Ac Jxf BRARIBOGE s As IR ANBOLE .,

1.4 FFEESREZRESN

16S rRNA F:H§" 4 7 1) DNA B A9 1l & PCR 5#¥) 2 MOCER[17 18E17,

B 442195 °C .5 min; 95 °C o1 mins55 °C,30 5,72 °C.1.5 min,30 A4EF ;72 C M 7 min, PCR =
Yk EE RS E A YRR A R R AT A I . M7 IR18 1 16S rRNA FH /5 57 National Center
for Biotechnology Information(NCBD) # 43 BLAST 434 . F 3 L% 3% [ BioEdit f42 F 41 1t %f HEF] (Clust-
alw multiple alignment) , RZ & B 047 X MEGA 4. 0 3% {4 5% 4F #: % (Neighbor-joining method) . F|F
EzTaxon-e Database £ 5 1 P B B AH B PR & S RO B AR, I SN E BR Y 16S rRNA B AR LM 31T
e #¢ (http: // eztaxon-e. ezbiocloud. net)M* |

2 SRS

2.1 MENEEERHFIESR

HRYE H, O, i 324 S0 50, X 52 5 2 AR A7 (9 145 BRAUHR g v VTR 4 Bl 54T 7 91 R AL T PR B Ak 1 07 3
LASEH 4 OD fH/ % FR41 OD B < 100%6>>60 616 4 B bk B A 3R P AL VE B 4k o JE 0 2t i 25 Bk R A = H,
O, M Z M FE R, A X LR RARAFEE LR 1. 0, B A& Rk A L5 H OD fH/ % B4 OD
{4 62. 632 ~140. 00 % {45 Y S+ 1 mmol/L Hy O, X BBk 563 Fl 720-2 # 4= K A A — & K fe i
ER L HREERE—SI. 25 RITEANTEERERSE B 12 DA, KM 19~3 540 m A5, d ]
W AR FE VIR X — Rk 5 b TR i B LR .

1l HLOMEXBERRRERS

Table 1 Results of hydrogen peroxide tolerance test and locations of samplings

B SHd ODfH/ %1 4 OD o G K/ m
630 100, 00 % BL09 178°45’10"E,59°21'36"N 3540, 0
657 86.21% BMO5 170°54'48"W,62°48'18"N 36. 3
583 91,67% BS02 175°32'28"W,61°07'29"N 91.1
645 97,96 % BS03 173°51'21"W,61°07'15"N 69.7

642-2 76,62 % BS03 173°51'21"W,61°07'15"N 69.7
621 75.29% BS04 171°34'37"W,61°11'52"N 48.5
624 91, 64% BS04 171°34'37"W,61°11'52"N 48.5
563 140, 00 % BS06 167°43'03"W,61°41'11"N 19.0
741 98.27% ICE-4 145°14'20"E,85°00'01"N 2 860.0
594 89.78% ICE-5 158°44'30"E,86°04'49"N 3 180.0
614 71.68% ICE-5 158°44'30"E,86°04'49"N 3 180.0
567 63.96% Mo6 172°11'25"W,75°13'37'N 491.0
569 97.69% Mo6 172°11'25"W,75°13'37'N 491.0

763-1 82.85% MAO1 178°57'35"W,82°01'52"N 2 295.0

720-2 106. 38 % SRO1 168°58'34"W,66°43'04"N 34.0
632 84.15% SRO1 168°58'34"W,66°43'04"N 34.0
541 66.05% SRO5 168°54'31"W,68°36'54"N 44.7

544-1 62.63% SRO5 168°54'31"W,68°36'54"N 44.7
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Btk I OD fH /%t B4 OD fH W fz B A/ m
697 76.00% SR11 168°58'34"W,72°59'55"N 64,9
701 63.25% SR11 168°58'34"W,72°59'55"N 64.9
695-2 72.58% SR11 168°58'34"W,72°59'55"N 64.9
694 82.43% SR11 168°58'34"W,72°59'55"N 64,9
528 63.84% SR14 168°58'39"W, 78°00’35"N 609. 0
532-2 60.74% SR14 168°58'39"W,78°0035"N 609. 0
R 98.94% 1S-2 19°24'21"W,62°17'51"N 1636.5

2.2 DPPHEHE.ZAHE(HO - )MMESEHEFTRENNAE

B 2 A 0L, 25 #RyE MBI #k % DPPH A E Z A HEHO - O MBE A HEMNTEREE S 25 HRIEHE
X DPPH A HEB EARF G RNE G REN 25,36 % ~84. 15% , H o DIE # 563 ME RS, Tk
84.15% ;25 BRYE MR B HO « R A EIRMIEBRAE ) G BR AL 65. 7290 ~88. 61 %0 2 [6); Ho v i #k 567
(VB BRAE J7 Bk, AT 3k 88. 6126l 4R =By A EAL R E W HEEM N B E A M EBERET MRS RN
25 BRE RN A & —EWERIEA BWEREE X 55 B R R 11, 260 ~45. 77 %, o DUEd
B 763-1 A B B EMERER R, 1Tk 45.77%,

SRR, Bibk 563 X% DPPH B & . R A MEMHO O OMBEA B EBRENTEAE B EHERE
F, 1S R A 84.15% ,70. 71%,42. 46 % ; Btk 630 ¥ 3 M EH A E WA A RGN EREN . BR TS
Bl % 83.89%,78.91%,45.56 %, BHk 563 M 630 ML E LR EMEB -SSR,

F2 S HEEHAKMEAEEREANNE

Table 2 Results of antioxidant activity of 25 isolated antioxidative strains

RS DPPH A 2B/ % BH hEERE % AR A R R/ %
R 42.66+1.38 68.43+0.02 35.75+0.13
583 62.91+0.03 83.03+0.53 42.32+£0.23
720—2 27.60+£0.53 73.59+0.18 40.62+£0.33
632 31.76+0.20 65.72+0.29 32.81+0.12
697 42.48+1.01 80.52+0. 37 16.27+0.05
701 43.47+1.61 70.52+0.34 41.34+£0.32
695—2 49.06+0. 26 81.57+0.19 11.2540.12
621 42.17+1.89 78.35+0.19 32.45+2.89
594 25.40+0.23 83.05+0.08 30.8940.73
614 52.70£1.06 79.22%0.11 31.98+1.76
645 70.71+0.43 79.35+0.25 31.01+£0.73
567 57.47+0.65 88.61+0. 37 43.04=£0.31
642—2 26.51+0. 36 76.73£0.15 38.3440.17
541 44.13%£0.16 83.37+0.18 31.9940.48
563 84.15+0.61 70.71+0.18 42.46+0.59
741 32.45+0.31 82.83+0.92 14.92+0.21
569 25.36+0.19 80.48+0.54 37.3610.06
657 53.48+0. 44 77.35+0.06 37.6910.44
624 76.96+0.15 81.63+0. 30 39.11+0.13
630 83.89+0.49 78.91+0.24 45.56+0. 07
528 64.58+0. 26 84.74+0.47 14.58=+0. 26
532—2 49.88+0.13 83.70+0.16 34.79+0.12
544—1 54.84+0.17 73.52+0. 33 32.75+0.12
763—1 42.33%£0. 38 83.29+0.33 45.77£0.04
694 44.30+0. 34 67.66+0.41 34.37+0.39

ERZ N IR 96.1240. 36 98.4740.15 81.7840. 48
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2.3 AREHRHRZERESN

XF 25 BRPTEALTE R MR BT 16S rRNA 3 H 551 % F BioEdit #4317 5 51 Xt , 485 FlF MEGA 4.0
BAF RSP EE R 25 MR AR A HFEER S EXERREREN (B D, HE 10, fHik
B EATEERRAE L ENMESHE, NHAKP R, 25 BRIGHE®RD B TARERN 5 9, H
A 14 #RJ8 T v-Proteobactria 4, (5 M E R HY 56 %, KL FBE; 4 #JB T «Proteobacteria 44, §F 16% ;4
B T Actinobacteria ¢ 40,5 16%: 4 2 # 8B F Bacilli 9, 5§ B E W 8% ;1A 1 # B F Flavobacteria
Mo 4%, WEAE BRI, 25 BRAE BT 15 M@, KRB A& B 6 8 (Pseudoalteromonas) 2 FE ¥
B, & 4 W, IR Y B (Salinibacterium) , &8 3 ¥EE . AR .25 BRI 0B T 20 M, B4
P

624(K1630916)
oo| seudoaiteromonas arctica A 37-1 2T(DQ787199) \
569(KJ630911
657(KJ630921
Pseudoalteromonas paragorgicola _KMM_3548T(AY040229)
630(KJ630917)

§ 9% Pseudoalteromonas marm Manod zEAY56303 1)
Shewanella vesiculosa M7 (AM98087T)
4 —1001694 KJ6309223
763 ]1(51(]6309 8)
541 07)

olwellta aestuarii SMK-10T(DQ055844) .
563(KJ630909 Y -proteobacteria
100 Glactecola arctica BSs20135T(EU365479)
741(K1630927)
Maglzngo(monas 5)rtmoryensts KMM 3633T(AB074193)
Pseudomonas pelagta CL-AP6T(EU888911)
621(KJ630915)
100 Marmobacterap 9ychrophllus 200417(DQ060402)

1004 594
I;/chrobacter)mwmans 88/2. 7T J3134255
% sychrobacter cryohalolentis K5T (CP000323)
168 532 2 KJ630906
1(KJ630908

100

70 1(KJ63092.
—Lmi Loktanella salstlacus LMG 215077(AJ440997)

695-2(KJ630
00 99 Sul ltobacter marmus SW-265T(DQ683726)

KJ63
100 61 630914
1001 Suaf; ltobacter lttoraltv Iso 37(DQ097527)

567( T 01791 keanokoites IFO 12536T(D55729)
10 anomlcro zumo eanokoites o
—Ij;4z -2(KJ63 } Bacilli
100 Smobaca mghalenszs YIM 70212T 168584) }

o -proteobacteria

77| —————100¢ R”i}(z.}f6 acter agilis DSM 20550 c%0748)

00 97, 583%KJ6309]2
—mﬂggzlzmlbactermm amurskyense KMM 36737 (AF539697)
9 720(2(KJ63 0926

100 Flavobacterium degerlachei LMG 219157(AJ557886)

Actinobacteria_c

Flavobacteria

Bl ETI6SRNAEFFIINEEMAAMGEEERNEAZEETN

Fig.1 Phylogenetic tree of the bacteria with antioxidant activity based on the partial 16S rRNA gene sequences
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AR B A S A B S AT I L T AR LA 3l A P A R AN AR A T S T AR TR R AR DL AR
e, X SR Y R A R AR R B LT G RS R A A8 . A SCHE 3 Xk B A6 R TR TR
P 145 BRIEARIEAT T PLRME BIBRAY I 28, 3015 T 25 AROU AL PEBOR /Y B bR ; 3£ % A DPPH A mi &
BEAMEMERAHEEREN LRSS TN T HARMLRE . =455 M 20 B X W iR A Ao RE
T R ERH N H, O, BA BRI Z 4k (35 E bk, X DPPH B 2% 2 B M@ A H R A F
—EREREES BN =F NEREN BT LRKR A ELERR.

BRI, % T 48 Ak B R 9 978 258 B H A T8 P B A B 9T R h T RLER AT I L 03 KU SR A G R
By #0205 A PR X SR AL U B2 R D B A FLIR L, F BT ST T XY DPPH A i AN B iy B R PR AR
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71, R PRI FXT DPPH B miz M g i R RA —EWERE . BERALEROTR EBE
TP R RS 8 BRORYR T ARG B 0 B B R U HEAT T BT AL B IR 0E T TR R, R
HR BT G R Y EEORIR . TERBBAEY T M B E P T ER W EMBTF . i Daniela S5
X A EE R L MU AT B R 40 Pedobacter sp. R BURIR & (R BEATPL A BE ) A I, SR B X S R B A )
SBRIPTEACRE S o A SCRE I B BOA R ZUAR S AL AR A B0 b il A A R 4 O B B 19 H AL TR PR B vk 9 DPPH
FHH S BRI A TE I 25. 360 ~84. 1520, 32 A H A (HO < )T BRFAE 65. 7206 ~88. 6124 5 If ik XU 50>
X 9 1 e 5 AR 1 AL TS R SR BT X DPPHL B i1 B 032 B i 3k (O » )i R F/e i AL H1 0 37. 186 0
1096, Ay BETT I, A SCH 3R 75 B 3% PE BRI B DPPH B 2 RITEBR R A i 2 RR I iR .

WA R LW FER MG VIR X — R AR, T2 M B AL FE R, EHMEZRE. N
145 BRACI P VTR A W) 0 B B0 25 BRITEALTE PRI, LB AT ik 17. 2065 % 25 BRIG MR bR 3 20 7 4%
E5RGRE LM, v-Proteobacteria M EHH B &L, & 14 Bk, & BB 5670, YR SR b+
EEA L2, STARA 602 HIKA 4 BB T o Proteobacteria 44, (& L B B R 167, 4B T
3 AFH, & BT A R L BIIE E] 1506 5 Actinobacteria_c 445614 2 4 4R, AR W 5 ARR R Y, HAGS Z AL
HIPLER L 1000 REMBTLEI 4L, —LRriR IR BHERE = & RS A A E RMANRSE . FHilt
X G AR b DX T 2% B R AT 7 T RO BE 9 BT B R R B T SRR

A M RE ok 19 B 58 A5 PR IE B 1 A8 M B A ) R R B AR ) 2 AL S S A U L LR TR RO A L O T T
6 TR S 5 0 R AT 59 2 7 SRS DR AR A4 A 7 AR 25T, ok o HOE R A 9 IR IR 26 0 2 B R A i B
PR TS Y IR B B AR TR IR . A SRR MU Y (9 R IR IR S S P B R B8 B R AR
W SURBF A B A 2 T AR SCR I U AR B A IR PTG A A0 RN B R R B R R SRR
. ARSCHTARG A B T ANTARRIT & U AR X — 45 2R i S ) 5T AR AL B 2 M BT R, 5 o A B A W B 4R
A TE PR R 9 I R A A

Bt PEREEREREBRRRLEN BRI,
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Screening and Diversity Analysis of the Bacteria With High
Antioxidant Activity Isolated From Marine Sediments of Arctic

WANG Zhen'?, LI Yang™?, CHE Shuai'?, LIN Xue-zheng'*"
(1. The First Institute of Oceanography, SOA, Qingdao 266061, China;
2. Key Lab of Marine Bioactive Substanc , SOA, Qingdao 266061, China)

Abstract; The bacteria isolated from Arctic marine sediments with high antioxidant activity were deter-
mined by their growth resistance ability to hydrogen peroxide, and their scavenging capacity for DPPH (2,
2-diphenyl-1-picrylhydrazyl) , hydroxyl radical and superoxide anion were also examined. Molecular identi-
fication and phylogenetic analysis were carried out on the basis of 168 rRNA gene. Twenty-five antioxidant
strains were isolated from 145 strains tested by their growth resistance ability to hydrogen peroxide in
vitro, accounting for 17. 2% of total strains tested. The results of scavenging test for DPPH free radical,
hydroxyl radical and superoxide anion showed that the scavenging ratio were up to 84. 82%, 88.89% and
45.73%, respectively, indicating these strains had high antioxidant ability. Molecular identification and
phylogenetic analysis revealed that these isolates belonged to five classes of the bacteria domain, 15 gene-
ra, and 20 species in total, and y-Proteobactria was dominant. A high diversity of antioxidant bacteria was
existing in marine sediment of Arctic in term of both species number and phylogenetic composition, which
deserve further study of adaptation mechanisms under oxidative stress and exploitation of novel bioactive
substances.
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